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Abstract: The conflict between Russia and Ukraine has been causing knock-on effects worldwide.
The supply and price of major commodity markets (oil, gas, platinum, gold, and silver) have been
greatly impacted. Due to the ongoing conflict, financial markets across the world have experienced
a strong dynamic regarding commodities prices. This effect can be considered the biggest change
since the occurrence of the financial crisis in the year 2008, which explicitly influenced the oil and
gold markets. This study attempts to investigate the impacts of the Russian invasion crisis on the
dynamic connectedness among five commodities and the G7 and BRIC (leading stock) markets. We
have applied the time-varying parameter vector autoregressive (TVP-VAR) method, which reflects
the way spillovers are shaped by various crises periods, and we found extreme connectedness among
all commodities and markets (G7 and BRIC). The findings show that gold and silver (commodities)
and the United States, Canada, China, and Brazil (stock markets) are the receivers from the rest of the
commodities/market’s transmitters of shocks during this invasion crisis. This research has policy
implications that could be beneficial to commodity and stock investors, and these implications could
guide them to make many decisions about investment in such tumultuous situations. Policymakers,
institutional investors, bankers, and international organizations are the possible beneficiaries of these
policy decisions.

Keywords: Russia and Ukraine conflict; commodities; G7 and BRIC markets; TVP-VAR; connectedness

JEL Classification: G11; G15; H12; J15

1. Introduction

The conflict between Russia and Ukraine has been causing knock-on effects worldwide.
The supply and price of major commodity markets (oil, gas, platinum, gold, and silver)
have been greatly impacted.1 Due to the ongoing conflict, financial markets across the
world have experienced a strong dynamic regarding commodities prices. This effect can be
considered the biggest change since after the occurrence of the financial crisis in the year
2008, which explicitly influenced the oil and gold markets.2 Given this effect, the price of
both Brent and West Texas Intermediate (WTI) crude oil has climbed to more than USD
100 per barrel on February 24 while facing the Russian and Ukraine conflict. This invasion
has equally changed gas prices, which augmented to USD 3.54 per gallon, and gold prices
crossed the figure of USD 1900 per ounce (Liadze et al. 2022).

Accordingly, the prices of commodities are strongly connected with the stock mar-
ket (Naeem et al. 2022). Therefore, an appropriate connectedness among the five major
commodity markets and G7, and BRIC (Brazil, Russia, India and China) markets may be
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beneficial for investors in their decision-making processes during the Russian and Ukraine
conflict. To the best of our knowledge, this is the first study to examine the rapport between
the G7 and BRIC stock and commodity markets before and during the Russia–Ukraine con-
flict. Thus, the investigation of connectedness among the major commodities and countries
will be beneficial for investors and policymakers regarding right and quick decisions for
easy investment during the Russian and Ukraine conflict as well as better outcomes by
minimizing financial losses.

However, recent studies have found connectedness between the Russia and Ukraine
conflict during the short time frame data on key global economies, such as the United States
of America, Canada, the United Kingdom, and the European Union (Liadze et al. 2022;
Yousaf et al. 2022; Mbah and Wasum 2022). Studies have found negative impacts on the
stock market, commodity price, and energy price (Yousaf et al. 2022; Berninger et al. 2022).
For example, Yousaf et al. (2022) investigated the conflict between Russia and Ukraine in
the G20 and other selected stock markets using the event study approach. They identified
that the day of invasion revealed a strong negative impact of this military action on a
majority of the stock markets, especially on the Russian market. Tosun and Eshraghi (2022)
investigated the financial market reaction to announcements of companies remaining in
Russia during the eventful two weeks following the invasion. They found a higher trading
volume and selling pressure on remainders, and it was difficult to make any effective
decision during the time of political conflict. In general, the Russia–Ukraine war created a
challenging economic impact on other countries and on the global economy. Wang et al.
(2022) revealed that the total volatility spillover increased from 35% to 85%, exceeding
the level seen during the pandemic. The role of commodities changed in both return
and volatility spillover systems. Crude oil became a net transmitter of return spillovers,
whereas wheat and soybeans became net receivers of return spillovers. Silver, gold, copper,
platinum, aluminium, and sugar became net transmitters of volatility. Geopolitical risk
Granger caused the spillover indices. High levels of return and volatility spillovers are
associated with high levels of geopolitical risk (Wang et al. 2022). The purpose of the current
study is to investigate the impacts of the Russian invasion crisis on the financial markets,
in particular to identify the main sources of energy market price changes among G7, BRIC
and the five commodity markets. According to the recent work by Balcilar et al. (2021),
Papathanasiou et al. (2021), and Zhang et al. (2021), the current approach used consists of
the time-varying parameter vector autoregressive (TVP-VAR) coming from Antonakakis
et al. (2020), which improves the classic technique of Diebold and Yilmaz (2012). Moreover,
this method will answer whether these markets’ spillovers or connections are higher during
the Russia–Ukraine war compared to normal times. We have chosen this methodology
because it overcomes restrictions of the basic methodology, as it allows for fluctuations over
time and thus provides a more robust estimate. Additionally, the gradation of every roll
window width is not an obligatory condition, as roll window analysis is not incorporated,
which preserves the use of every available information. Due to the short sample of our
paper (1 September 2021–23 February 2022) and during 24 February–24 March 2022, this
is a good advantage in case of a conflict between Russia and Ukraine. Moreover, G7
economies represent the developed part of the world and have strategic importance in
world GDP, development, trade, investments, and supply chain of commodities (as the
largest consumer of the world in PPP) (Waheeduzzaman 2011; Wei et al. 2020; Jiang et al.
2020). Conversely, BRIC markets have played a momentous role in world development,
trade, investment, and sectoral cooperation since their inception in 2001 (Iqbal 2021). As
a result, BRIC countries in light of other emerging economies (China and India) have
emerged as two leading importers (largest consumer base in terms of population) and
production hubs of the world, whereas Russia is the principal producer and exporter of
energy commodities (Huynh et al. 2020; Shahzad et al. 2019). In the last two decades, the
BRIC market group has attracted a large segment of capital inflows, where the highest
amount of FDI, FII, and strategic cross border investments are being made (Sauvant 2005;
Singhania and Saini 2018; Naeem et al. 2022). Correspondingly, in the last 15 years, the
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pace of development has slowed down in developed countries after the global financial
crisis (GFC) and the European debt crisis, while BRIC countries have emerged as an engine
of world economic growth (Radulescu et al. 2014; Siddiqui 2016).

The empirical analysis discloses that among the other nations, four major economies
including the US, Canada, China, and Brazil are the major receivers of losses among G7
and BRICS countries. Similarly, the analysis displays the fact that gold and silver are
the receivers from the rest of the commodities/market’s transmitters of shocks during
this invasion crisis. Our empirical findings will be of interest to market participants
and policymakers, as they show that among the five commodities, natural gas remains
relatively intact through retransfer mechanisms and can thus form a practical diversification
element when added to a portfolio. Similarly, the central banks from these economies
should proceed carefully regarding the management of these commodities and should
reduce any information asymmetric among the stakeholders of commodities to sustain the
market functioning.

The suggesting sections concerning this manuscript are organized as observed: Section 2
describes the review of existing and past literature on the concerned area. Section 3 contains
the data and methodology of the paper. Section 4 shows results and discussions. Section 5
concludes the study with some policy implications and limitations.

2. Literature Review

In the past, the invasion of Russia on Ukraine was also considered the most crucial
and critical geopolitical disaster, and many worldwide leaders have given their opinions
on this crisis.

The current analysis deems to pursue the resource dependency theory in the current
perspective. This theory has been utilized by previous literature to see the outcomes in
politics. For instance, the analysis of Sprout and Sprout (1957) appeared to not only explore
the physical resources, e.g., geography and metals, but also to check the effect of invasions
on mental factors including thinking capability and other human reactions. Similarly,
another analysis by Pfeffer and Salancik (2003) emphasized the relevant role of scarce and
crucial resources, while Beitz (1979) corresponded by stressing at resource fairness that may
serve as the root of peace. Advancing the discussion, the study of Reuveny and Barbieri
(2014) has explored the relevant impact of war on the utilization of natural resources and
has asserted the significant impact on minerals. Selznick (1949) examined the connection
between political affairs and enterprises and highlighted the role of political affairs even at
the international level on multiple firm-level strategies. Each country owns a specific bundle
of resources, e.g., climate, location suitability, fertile land, resources having high demand,
and excess availability of common natural resources (Davidson 1980). Given to this, the
resource dependency theory supplements a composition to deal with key questions: what
are the resources that Russia lacks in terms of quality and quantity? This theory further
provides the theoretical background regarding energy sources in Ukraine which are lacking
by Russia and urges it for invasion. What are the resources that Russia is interested in
acquiring or relocating to their own country? What will be the policy implications of the
ongoing war on available resources of Russia and the rest of the world? Hence, the theory
facilitates the geographic regions in Ukraine that can be marked as the interest in Russia to
be acquired.

The geopolitical risk (GPR) has changed the relationship between European, Russian,
and global commodities, where European markets and Russian bonds are collectively
transmitting the shocks and affecting returns and volatility in the short and long term
(Umar et al. 2022a). Geographical positions of the countries and firms to the war location
have implications of returns if countries are located within the boundary of 1000 km,
in which it has generated greater negative returns in the four-week time from the war
(Federle et al. 2022). Further, during this conflict, results are generated by negative dy-
namic conditional correlations that USD, JPY, silver, Brent, WTI, and natural gas are found
to be a safe haven compared to the Russian rouble to the as indicated (Mohamad 2022).
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Additionally, Umar et al. (2022b) found the changes in the behaviour of returns among
various financial assets due to GPR even in the normal market conditions, and it is depen-
dent upon the type of market and market situations. Diverse assets depicted different risk
patterns in terms of magnitude and timeframe. Bonds and equities have a war impact in
the long term, and cryptos have nullified in the short term, while the Swiss franc, gold,
silver, green bonds, and oil are the most shock-fighting assets (Bedowska-Sojka et al. 2022).
After the Russian invasion, oil was strongly connected with bitcoin, bonds, gold, US dollar,
and stocks. Oil also changed its status from a net receiver to a net transmitter of spillovers
(Adekoya et al. 2022)

Researchers focused on the relationship between stock markets and energy markets for
taking investment decisions and a better understanding of the price fluctuations between
the markets (Lin and Su 2020; Peng et al. 2021). The relationship between the two markets
have been changed dramatically during the world financial recession, i.e., the global
financial crisis (GFC), the great crash of the stock market (GCS), and the European debt
crisis (EDC) (Wen et al. 2019, 2020a; Aromi and Clements 2019). The COVID-19 situation
also had a significant effect on the global energy markets. In addition, Bouri et al. (2021b)
found that US stock, crude oil and gold spillovers seem to intensify during crisis periods.
Sharif et al. (2020) outlined that price of oil had a significant effect on US markets and
job security, operations of the business, and amenities of mandatory regions were directly
impacted in the period of COVID-19. Moreover, Bouri et al. (2021a) found that the dynamic
total connectedness across the five assets (gold, crude oil, world equities, currencies, and
bonds) was moderate and quite stable during early COVID. Abuzayed et al. (2021) found
that bivariate systemic risk contagion between the global stock market and each individual
stock market evolved during the sample period and intensified as COVID-19 spread
worldwide. Iqbal et al. (2022) found an intensive extreme spillover among the realized
volatility of various energy, metals, and agricultural commodities more intensive during the
COVID-19 pandemic. As a result, the investors have changed their investment decisions
and strategies in stock and energy markets (Mazur et al. 2020; Wen et al. 2020b).

Wars and other natural disasters always hamper economic growth massively. Recently,
the two major global economies of Russia and Ukraine have been in the battle and are
busy assaulting each other. Both countries are utilizing their military powers to encounter
the enemy. This fight has had huge global economic consequences all across the world,
as every country is either directly or indirectly globalized in today’s time. In addition to
such losses, it is further estimated that global GDP will reduce by 1% in the year 2023
due to the globalization effect (World Bank 2022). This loss can be estimated as a USD
1 trillion-dollar reduction in the total GDP of the world. Similarly, the conflict between
Ukraine and Russia will add almost 2% to 3% to net inflation across the world (World Bank
2022). In parallel, Ukraine and Russia are major providers of merchandise that include
wheat, titanium, corn, etc., on the global stage. Thus, the conflict between both countries
can give more to economic complexities regarding the supply of such commodities across
the world. Due to the special rebate received by suppliers, the value of such merchandise
can move beyond the approximations due to the major chunk and contribution of both
states in the global merchandises market. Similarly, this war between Russia and Ukraine
can hamper the supply of smartphones, aircraft, and other similar products and thus can
intensify the price level of such commodities.

Despite the consequences for other nations, this war can lift the inflation rate to
20 percent in Russia during this year. After COVID-19, this war can prove mounting to
more inflation in the Western region of the world. It can be expected that economic growth
in the UK can reduce from 0.8 to 4.0 percent in the year 2022 and to 0.5 percent in 2023.
Currently, the inflation rate in the UK is 7 percent, which can lower to 5.3 percent excluding
the effect of the current war (World Bank 2022). However, the February 2022 outlook
report exemplifies that this inflation can go by the rate of 2.7 percent and 2.3 percent in
2023 and 2024, respectively (European Central Bank 2022). The ongoing war between
Ukraine and Russia has intensified the other economic issues, e.g., the monetary policy



J. Risk Financial Manag. 2022, 15, 352 5 of 20

uncertainty, hampering business confidence, and damaging of overall consumer demand,
which was already at the bottom level due to COVID-19-driven price increases. Referring
to such damages, it can be further expected that the Russia–Ukraine conflict can increase
economic damages on both sides, such as the disruption of trade flows initiates major
shortages in the complex food value chain: production, processing, packaging, storage,
transportation, and retail sales. In turn, manufacturing will result in excessive logistical
costs and high-risk premiums due to missed delivery deadlines and damaged goods (Van
Bergeijk 1995). Meanwhile, studies have investigated the connectedness between the
commodity price during the COVID-19 period and have found that commodity prices
were adversely affected (Mokni et al. 2021; Umar et al. 2021; Iqbal et al. 2022). Wang et al.
(2022) studied geopolitical risk and the systemic risk in the commodity markets under
the war in Ukraine. They found that a role of commodity changes in both return and
volatility spillover systems. Recent studies have found a negative relationship among
the global economy, stock market, energy market, commodity price, and resources due
to the Russia and Ukraine war (Liadze et al. 2022; Yousaf et al. 2022; Mbah and Wasum
2022; Berninger et al. 2022; Deng et al. 2022). Similarly, investors have an additional
penalty due to the ongoing business corporations from the Russia and Ukraine war (Tosun
and Eshraghi 2022). Lastly, the world economy is suffering a lot as a result of war crisis
(Mbah and Wasum 2022).

Theoretical Review

Even though the prevailing literature provides a sufficient indication of the relevant
impact of the Russia–Ukraine 2014 war on the economy, it is uncommon how this ongoing
war will affect the efficiency of the commodity market. The existing situation provides
credible descriptions of the ongoing conflict between Russia and Ukraine from the past,
but fresh evidence is missing. Specifically, several studies are unable to supplement the
theoretical background of such conflicts, and thus, a theoretical explanation is missing in the
literature. Thus, the current analysis argues the testable hypotheses that fully encompass
the role of energy markets and other energy resources, e.g., crude oil in the Russia–Ukraine
war. The scholarly evidence on this interesting phenomenon is missing, and the literature
has not ascertained the direct role of this conflict on energy markets in both countries
(Van de Graaf and Colgan 2017). Belyi (2016) explained some limitations of resource
measurements in his study. However, Stulberg (2017) has argued that energy markets and
energy act as a tactical curb for Russia, Ukraine, and the European Union. Lee (2017) reveals
that the conflict between Ukraine and Russia was aroused due to the historical conflict of
gas. Similarly, extracting some more understanding from the analysis of Colgan (2013), it
can be further identified that four fundamental paths are playing a fundamental role in
the ongoing Russia–Ukraine war. These resources are internal energy markets owned by
Ukraine, existing energy resources in Ukraine, Ukraine’s ability to confront the Russian
energy dominion in the EU market, transit routes of Ukraine’s gas, and the dependency of
the EU and Ukraine on Russian gas (Colgan 2013).

Moreover, recent studies found a negative impact of the Russia and Ukraine war on
the global economy, stock market, energy market, commodity price, and resources (Liadze
et al. 2022; Berninger et al. 2022; Deng et al. 2022). Tosun and Eshraghi (2022) found that
investors have imposed a significant penalty on the remaining firms following the invasion.
The review of Mbah and Wasum (2022) revealed that the global economy has begun to
feel the impact of this crisis. Inflation, which is already ravaging most global economies, is
steadily rising due to the sharp increase in oil, natural gas, and food price shown within
a few days of this crisis. Thus, the world economy is experiencing a negative impact on
household consumption, increased uncertainty, unpredictable stock swings, supply chain
disruptions, bulging utility bills, decreased investment due to political risks, and economic
growth impediments. Yousaf et al. (2022), based on a regional analysis, outlined that
the European and Asian regions are significantly and adversely affected by this event.
Chatziantoniou et al. (2022), in their research, also proved a strong impact of the 2014 war



J. Risk Financial Manag. 2022, 15, 352 6 of 20

and other collapses in recent years; more specifically, oil and the Canadian market from G7
are transmitting strong volatility shocks.

3. Data and Methodology

To understand the spillover effects of before (1 September 2021–23 February 2022) and
during (24 February–24 March 2022)3 the Russian invasion of Ukraine, we use five major
commodity spot prices, namely crude oil (OIL), natural gas (N.GAS), platinum (XPTUSD),
silver (XAGUSD), and gold (XAUUSD), and we use the G7 (Canada, France, Germany,
Italy, Japan, UK, and US) and BRIC (Brazil, Russia, India, and China) MSCI market indices
for the period from 1 September 2021 to 24 March 2022. The chosen countries stand for
major advanced and developing economies, affecting global development with their high
degrees of commodity needs. Moreover, the data were collected from the Bloomberg
database system.

As per Table 1, all the commodities are yielding positive average returns. Except for
Canada, all other countries are experiencing a negative average return. Natural gas and
crude oil are the most volatile commodities, and Russia has shown the highest volatility
followed by the UK and Italy. Here, we may undoubtedly observe the direct impact of
the Russian invasion on commodities as well as markets4. Here, in Table 1, other than
platinum and natural gas, all other commodities including all the sample markets are
having negative skewness, which shows that the tail of the distribution is left-skewed and
longer or fatter towards the left. Gold, silver, and platinum are out of commodities, and
Brazil, the US, and Japan are nearing the standard value of Kurtosis, i.e., 3, which depicts
the mesokurtic shape of returns in this distribution. All returns series are stationary at a 1%
significance level as per the unit root test of the ADF test (Dickey and Fuller 1979), and the
Philips–Perron test (Phillips and Perron 1988).

Table 1. Summary statistics of daily returns of five commodities, G7, and BRIC markets.

Commodities and
Stock Markets Mean Std. Dev. Skewness Kurtosis JB ADF PP

Gold 0.001 0.008 −0.477 3.728 8.34 *** −26.01 *** −25.58 ***
Silver 0.001 0.016 −0.395 3.806 7.38 *** −17.34 *** −17.40 ***
Platinum 0.001 0.017 0.323 3.685 5.13 *** −16.04 *** −16.06 ***
WTI Crude Oil 0.004 0.023 −0.685 8.375 178.17 *** −19.66 *** −19.72 ***
Natural Gas 0.001 0.058 0.559 5.960 57.96 *** −16.76 *** −16.93 ***
Canada 0.001 0.010 −0.291 4.018 7.97 *** −23.75 *** −24.80 ***
France −0.001 0.014 −0.987 6.573 96.50 *** −17.83 *** −18.98 ***
Germany −0.002 0.015 −0.618 7.370 119.45 *** −19.66 *** −18.76 ***
Italy −0.002 0.024 −2.521 32.564 5209.36 *** −25.55 *** −24.57 ***
Japan −0.001 0.011 −0.325 3.326 3061.89 *** −13.04 *** −13.03 ***
UK −0.002 0.024 −5.770 58.843 18,832.04 *** −15.27 *** −16.18 ***
US −0.001 0.011 −0.258 3.168 1703.51 *** −11.49 *** −11.46 ***
Brazil −0.001 0.017 −0.308 3.173 2369.90 *** −12.32 *** −12.35 ***
Russia −0.009 0.065 −3.918 28.792 4208.21 *** −18.93 *** −18.65 ***
India −0.001 0.016 −2.902 20.200 1908.44 *** −11.29 *** −11.29 ***
China −0.002 0.019 −1.629 14.153 781.84 *** −15.21 *** −15.22 ***

Note: The above table illustrates the descriptive statistics for five commodities, G7 and BRIC markets (gold, silver,
platinum, WTI Crude Oil, natural gas, Canada, France, Germany, Italy, Japan, UK, US, Brazil, Russia, India, and
China). The period was selected daily from 1 September 2021 to 15 March 2022. Moreover, Std. Dev., JB, ADF, and
PP represent standard deviations, Jarque-Bera, Augmented Dickey and Fuller, and Phillip and Perron, respectively,
with superiors signifying *** p < 0.01.

Further, from Figure 1, clear spikes are detected at the end of February and March
during the invasion time. Here, all the commodities are presenting positive peaks, while
gold, platinum, and crude oil have experienced a greater intensity of volatility (Dodd
et al. 2022; Costola and Lorusso 2022). Conversely, all the markets exhibit a downfall, i.e.,
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negative volatility has greater impacts than positive shocks supported by many past studies
(Dimitriou et al. 2013; Boungou and Yatié 2022; Boubaker et al. 2022).
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To examine the return spillovers between the five major commodities, G7 and BRIC
markets in a time-varying manner, we utilized the TVP-VAR method of Koop and Korobilis
(2014) and integrated it using the connectedness method of Diebold and Yilmaz (2014). This
particular system enables the variations to differ in time through a Kalman filter evaluation,
which depends on the decay elements. By doing this, the TVP-VAR method eliminates the
concern of the frequently randomly selected rolling window size, which might cause quite
unpredictable or squashed parameters and a lack of important observations (Antonakakis
et al. 2018, 2020; Gabauer and Gupta 2018; Korobilis and Yilmaz 2018). This version
also provides unique qualities to acknowledge prospective structural breaks and offers
considerable factors to acknowledge the connection amongst the factors.

Based upon the Bayesian information criterion (BIC), an autoregressive parameter
vector method with time-varying (TVP-VAR) by Antonakakis et al. (2020) is built on the
subsequent formula:

yt = AtZt−1 + εt εt ∼ N(0, Σt) (1)

vec (At) = vec (At−1) + ξt ξt ∼ N(0, Ξt) (2)

where yt, Zt−1 and εt are the K× 1 dimensional vector, and At and Σt are the K× K dimen-
sional matrices. vec (At) and ξt are K2 × 1 dimensional vectors, whereas Ξt is a K2 × K2

dimensional matrix. As the dynamic connectedness approach of Diebold and Yilmaz
(2012, 2014) rests on the Generalised Forecast Error Variance Decomposition (GFEVD) of
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(Koop et al. 1996; Pesaran and Shin 1998), it is required to transform the TVP-VAR to its
TVP-VMA representation by the Wold representation theorem:

yt =
∞

∑
h=0

Ah,t, εt−i where A0 = IK.

The H-step ahead GFEVD models the impact a shock in series j has on series i. This
can be formulated as follows:

θ
g
ij,t(H) =

∑H−1
h=0

(
e′i AhtΣtej

)2

(e′jΣtej)∑H−1
h=0 (ei AtSt A′tei)

(3)

θ̃
g
ij,t(H) =

θ
g
ij,t(H)

∑K
k=1 θ

g
ij,t(H)

(4)

where ei is a the K× 1 dimensional zero vector with unity on its ith position. As θ
g
ij,t(H)

stands for the unscaled GFEVD (∑K
j=1 ζ

g
ij,t(H) 6= 1), Diebold and Yilmaz (2009, 2012,

2014) suggested to normalize it by dividing θ
g
ij,t(H) by the row sums to obtain the scaled

GFEVD, θ̃
g
ij,t(H).

The scalable GFEVD is at the core of the connectivity approach and facilitates calculat-
ing the total directional connectivity to (from) all indexes from (to) index i. While the total
directional connectivity TO describes the effect that index i has on all the others, the total
directional connectivity OT describes the impact that all indexes have on index i. These
connectivity steps can be calculated by:

Cg
i→j,t(H) =

K

∑
j=1,i 6=j

θ̃
g
ji,t(H) (5)

Cg
i←j,t(H) =

K

∑
j=1,i 6=j

θ̃
g
ij,t(H) (6)

Computing the difference between the TO and the FROM total directional connected-
ness results in the net total directional connectedness of series i:

Cg
i,t(H) = Cg

i→j,t (H)− Cg
i←j,t (H) (7)

4. Results and Discussion

This study was conducted on five commodities, G7, and BRIC countries before and
during the Russia–Ukraine war. During the invasion crisis, a drastic rise in the prices of
commodities, a dramatic fall in the prices of securities, and a huge setback in trade and
cross-border investments, more specifically in G-7 and BRIC economies (Wang et al. 2022;
Saâdaoui et al. 2022; Orhan 2022) has occurred. This has led to high volatility around the
world, especially from the invasion crisis (February 2022-on going). We used daily prices
and yield data for five commodities and twelve markets (most developed and developing
economies across the world). The data were collected from the Bloomberg database, by
applying the formula: ri,t = ln(pi,t)− ln(pi,t−1), daily return was calculated.

4.1. The Connectedness Network Spillovers

This Russia–Ukraine war has shattered economic activities, trade patterns, market
returns and commodities supply chains. We applied the network connectedness of the
TVP-VAR method suggested by Koop and Korobilis (2014), which is an advanced version
of the traditional Diebold and Yilmaz (2012, 2014) method and estimate for the return
spillovers amongst the sample commodities and markets for the period 1 September 2021
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to 24 March 2022. Invasion effects can be observed from the results of the invasion on the
returns connectedness on commodities and on all sample markets.

From Figure 2a, it can be asserted that prior to the occurrence of the invasion crisis,
platinum and natural gas were net recipients of spillovers, and the remaining commodities
were net transmitters. It is evident that there is strong connectedness between gold and
silver, as both commodities massively influence each other. This description relating to gold
and silver has also been stated by (Balli et al. 2019; Naeem et al. 2022; Mbah and Wasum
2022) in their studies. Conversely, the US, China, Japan, and Brazil are the net transmitters
with comparatively low intensity, and the rest are recipients. It is quite apparent in the
case of capital markets that the UK and other European markets are the most connected
markets due to a member of regional economic integration (EU) in the sample countries
transmitting the risk/return to each other among European countries. Canada is one of the
largest transmitters in the network and is connected to the US, UK, Italy, Germany, and
France. The UK is the largest receiver of the spillovers due to major EU countries in the
sample data. Before the crisis, Russia, the US, India, China, Japan, and Brazil reflected a
lesser connectedness pattern.

Subsequently, an opposite picture is displayed in Figure 2b, where a nest of connections
has been presented not only among commodities and capital markets but also within each
other, which reflect the consequent effects of the crisis already proven by (Wen et al. 2020a;
Bouri et al. 2021a, 2021b; Umar et al. 2022a) in the past, such that commodities were also
treated as an alternative investment, more particularly gold and silver. During the invasion
crisis, gold and silver are net transmitters, and crude oil, platinum, and natural gas are
net recipients. Conversely, most of the capital markets are net transmitters, as they are
most affected by the crisis, but only the US, Brazil, China, and Canada are the recipient(s).
Conclusively, the ongoing invasion has enormous consequences for sample countries, and it
has affected the overall economic positioning of all the sample markets. From the literature,
the studies of (Mazur et al. 2020; Bedowska-Sojka et al. 2022; Federle et al. 2022) have also
asserted similar effects in the past.

Additionally, a nest is formed among the commodities and markets reflecting high
intensity of volatility spillover because risk is being transmitted among them during this
GPC. During war, gold and silver among commodities and Japan from markets changed
their status from net transmitters to net receivers (Wang et al. 2022). Conversely, natural gas,
platinum, and Canada turns net transmitters during the Russian invasion. An interesting
observation can be seen that commodities were hardly connected with markets during
pre-war time, but huge spillover connectedness is detected during the war (Wen et al. 2020a;
Bouri et al. 2021a; Umar et al. 2022a).
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Figure 2. Network connectedness spillovers between the five commodities, G7, and BRIC markets.
Additionally, within the network, the size of the node indicates the magnitude of the contribution of
every index to the connectivity of the system, while the colour indicates the origin of the connectivity.
The size of the node indicates the level of overflow, and the colour determines whether the market is a
net sender (green) or a recipient (pink) of spillover. The finite directional layout algorithm determines
the position of the vertices, with the number of vectors determining the route of the vertices. The
width of the arrow indicates the strength of the multiple gradients, and the colour determines the
direction of the gradient from the strongest (red) to the weakest (black). Note: The outcomes are
constructed on a first-order TVP-VAR model with a first-order delay length and a 20-level generalized
forecast error variance within the estimates. (a) Pre-Russian invasion of Ukraine. (b) During Russian
invasion of Ukraine.
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4.2. Averaged Total Returns Spillovers

To clarify the effect of ongoing GPC, we have also presented the total time-varying
(averaged total returns) spillovers between the five commodities and all the sample coun-
tries. In Figure 3, it is shown that before the start of war, the spread of COVID-19 was
settling down. The spillover effect was decreasing from its peak level of 86% during the
second wave of COVID-19 in the month of September 2021 to around 57% in the month
of January 2022. However, this spillover augmented in February due to the sudden start
of border tensions between the two companion counterparts. After this, a strong spike
in spillover effect was observed that crossed the level of 65%. However, this increasing
level stopped and settled at 60%, as the war force was limited and peace talks between the
two countries were opened. This again supports the findings of (Adams et al. 2015), which
suggest that return spillover collectively increased among all the commodities and markets
during war crises (Boungou and Yatié 2022; Chatziantoniou et al. 2022; Umar et al. 2022b).
In the process of such uncertain events, even limited diversification opportunities were
available due to a high degree of spillovers among all markets and commodities (Wen et al.
2020a; Jiang et al. 2020; Naeem et al. 2022).
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4.3. Net Total, “To”, and “From” Return Spillovers

To better understand the spillovers, more specifically during critical periods, we
analysed the time-varying behaviour of interconnectedness between commodities and
stock markets. Consequently, we also applied the total return spillovers (TO, FROM, NET)
as exhibited in Figures 4–6 from all commodities and markets to each commodity and
market, respectively. In Figures 4 and 5, total dynamic spillovers to/from each series are
displayed and are bidirectional.

Figure 4 shows the spillover transferred to other commodities and markets, where
except for natural gas, all other commodities showed a substantial return spillover to other
commodities and markets. Platinum, silver, and gold have shown strong spillover variation
during the months of February and March even before the invasion started because Russia
is one of the largest exporters of these commodities in the world markets 5. Conversely,
almost every market has transmitted return spillover to other markets, and some have
reflected spillover effects before the war as well, but post-war peaked spikes can be seen in
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each market. Canada seems to be exceptional, as it shows a continuously rising spillover
effect since September 2021 due to a slowdown in the economy, but the spillover was
further aggravated during the event (Sher 2020). Another important observation is that G7
(except Canada) markets were largely impacted by this war (Federle et al. 2022; Umar et al.
2022b). The US, India, China, and Japan are the largest transmitters to commodities and
other markets of the study. This is proven because the US and Japan are one of the largest
economies, while India and China are the principal emerging economies in the world.
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From Figure 5, quite a different image is observed, as WTI crude oil is a prominent
recipient of return spillover because EU countries are consuming almost 40% crude oil
from Russia (Schiffling and Valantasis Kanellos 2022). Next, platinum, gold, silver, and
natural gas (less intensity) are also receiving return spillover from other commodities and
markets, but gold and natural gas are experiencing comparatively less spillover effects.
In the case of capital markets, other than Canada, all other markets show huge spikes of
return spillover from other commodities and markets. Importantly, all European countries
were experiencing (receiving) spillover effects not only before the war but also during the
war, as they have strong trade ties with both warring countries (Jiang et al. 2020; Berninger
et al. 2022; Adekoya et al. 2022). Regarding the BRIC countries, Russia, China, and India
are the key players in return spillovers from the commodities and capital markets.
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Additionally, it is observed from Figure 6 that all the commodities are net recipients
of return spillovers throughout the sample period, but the quantum is less in the case of
natural gas. Crude oil and gold are the most impacted commodities from this invasion crisis,
and it is supported by the outcomes from past studies (Billah et al. 2021; Chatziantoniou
et al. 2022). Contrariwise, except for the US, China, Japan, and Brazil, all the remaining
countries are net transmitters of return spillovers; here, France, Germany, the UK, Italy, and
India show rocket spikes. Similar findings were proven by (Adams et al. 2015; Boungou
and Yatié 2022; Yousaf et al. 2022; Chatziantoniou et al. 2022) during the war and pandemic
crisis situations. All markets are either net recipients or transmitters post-wartime, but
India is the only country that was initially a net transmitter and at the end of March, it
turned into a net recipient market. This is because the Indian market recovered from the
shock nearly to its pre-war level. It is evidently important for the investors, hedgers, and
diversifiers from the world to capitalize on this finding on the line of (Mirzaei et al. 2021;
Bedowska-Sojka et al. 2022; Mohamad 2022) for international investment diversification.

In past studies, (Yoon et al. 2019; Mensi et al. 2022) have suggested that crisis situations
place more emphasis on spillovers, which is somehow matched with this research outcome,
i.e., the commodities are total positive transmitters, and at the same time, net total spillover
is negative. Hence, all the commodities are net recipients from other commodities and
markets. Conversely, our empirical results clearly proved that from the sample G7 and
BRIC markets, the US, China, Japan, and Brazil are the net recipients, and the remaining
markets have transmitted their losses to other markets and commodities. Thus, special
attention should be given to France, Germany, UK, Italy, and India, who have shown rocket
spikes (Zhang et al. 2020; Cepoi 2020; Boungou and Yatié 2022; Yousaf et al. 2022), which
has proven to be similar to findings in the research of past crisis situations.
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4.4. Robustness Checks

In this particular section, we performed a few robustness analyses. Along with the
TVP-VAR-based connectedness outcomes, we provide 50-day rolling-window VAR and
quantile VAR (QVAR) results. Various window sizes happened to be utilized; nevertheless,
the 50-observation rolling window revealed close correlations with the TVP-VAR results
and is also utilized as a benchmark model in Diebold and Yilmaz (2009, 2012). Given that a
VAR model could be determined as an equation-by-equation ordinary least squares (OLS)
style, it is a provisional mean-based method and thus is vulnerable to outliers. Suppose
we choose each formula by a quantile regression (or the slightest absolute deviation (LAD)
regression), in such a case, we concentrate on the conditional median-based computation
and can thus probably eliminate the outlier sensitivity issue of the VAR model. Although the
dynamics of all three models appear quite comparable, a deeper look discloses that the TVP-
VAR model readjusts quicker than its other options, as stressed in Antonakakis et al. (2020)
and Korobilis and Yilmaz (2018). This is essential for the forecast of the interconnectedness
and thus the risk of the analysed system. This time delay is not too problematic if we only
want to track the evolution during the crises. Nevertheless, the outlier sensitivity issue of
the VAR model causes inaccurate results, which are more apparent in the Russia–Ukraine
war regime.

Figure 7 explains two various sensitivity analyses. Panel A shows the variations in
the dynamic total connectedness by readjusting the forecast horizon. We observed that
after January 2022, the variations in the measurement enhanced significantly. This could be
discussed because the network was more consistent during the Russia–Ukraine war, which
showed a boost in its efficiency. Additionally, the variations in the dynamics appeared
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to smooth out until the completion of the period, which might lead to the switch of the
sample markets back to standard time.

Lastly, Panel B shows the variant of the dynamic connectedness when we enabled
the decay factor of the variance–covariance to presume various values. Thus, the decay
factor of the VAR coefficient was kept constant at 0.99 because it was unconvincing that the
connection throughout variables transforms from one day to another by more than 1%. We
discovered that the dot grey area showing the variant of the dynamic connectedness by
determining various TVP-VAR requirements did not consist of the dynamic connectedness
of the VAR and QVAR values. This marks the time delay issue of the rolling-window
models again. The VAR model acted significantly dissimilar to the other two models after
January 2022, while the QVAR and the TVP-VAR model shared comparable co-movements.
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Our robustness results are also consistent, where we found that after January 2022, the
variations in the measurement enhanced significantly and the network was more consistent
during the Russia–Ukraine war, which shows a boost in its efficiency. Furthermore, the
variations in the dynamics appeared to smooth out until the completion of the period,
which might lead to the switch of the sample markets back to standard time. The decay
factor of the VAR coefficient was kept constant at 0.99 because it was unconvincing that the
connection throughout the variables transforms from one day to another by more than 1%.
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5. Conclusions, Policy Implications, and Limitations of the Study

This research investigated the effects of the Russian invasion crisis on the dynamic
connectedness between five commodities, G7, and BRIC (leading stock) markets. This study
contributed many dimensions to the literature on the spillovers of returns and volatility
among sample commodities and markets during GPC caused by the Russian attack on
Ukraine. More specifically, return spillovers and volatility behaviour were dissimilar in
neighbouring markets (EU) and non-neighbouring markets. This study found that due to
this invasion crisis, a very strong connectedness among all commodities and markets (G7
and BRIC) exists. Furthermore, the findings display that gold and silver are the receivers
from the rest of the commodities and all the sample markets, whereas platinum, natural gas,
silver, and crude oil are the transmitters of shocks during this invasion crisis. Except for the
US, Canada, China, and Brazil (recipient), all other countries are net transmitters, where
European countries have shown large intensity. Some recent studies found in the literature
have also supported the current conclusions of this study, such as (Zhang et al. 2020; Cepoi
2020; Boungou and Yatié 2022; Wang et al. 2022; Yousaf et al. 2022; Chatziantoniou et al.
2022). These studies unveil the phenomenon regarding high market contagion in phases of
financial crises in the wake of a huge gain in connectedness in several commodities and
financial markets. Particularly, during such a war crisis, global uncertainty has increased
and influenced the time-varying connectedness patterns between the commodities and
capital markets.

Furthermore, the time-varying net connectedness results express strong responsive-
ness behaviours among all commodities and capital markets, more specifically among
EU markets. This study has policy implications that could be beneficial to commodities
and stock investor decisions about investments and hedging in such tumultuous situa-
tions. Policymakers, institutional investors, bankers, and international organizations are
the potential users to make policy decisions. Geopolitical risk level and connectedness
amongst sample commodities and markets could be the guiding force for policymakers to
understand the level of systematic risk, in light of these links between commodities and
their effect on financial markets, and they could be utilized to prepare strategies to diminish
the effects of return spillovers between commodities and stock markets in such crises.

This study was conducted in during a specific period and concluded in a short time,
which carries some limitations and will set the path for future research. Due to the paucity
of time and dynamicity of the environment, this study has some limitations. First, from
the BRICS combination, this study drops South Africa because BRIC countries are the
top GDP contributor countries among these major emerging economies, while the South
African economy (market) is the least integrated with the rest of the world in terms of
trade, investments, markets, and commodities flow6 (Waheeduzzaman 2011; Wei et al. 2020;
Billah et al. 2021). Second, this study also left out Ukraine and Gulf markets which are the
main sources of the commodities, more specifically oil and natural gas. Future research
can target these research gaps to give a more robust understanding of this geopolitical
crisis. Moreover, further studies can be conducted on sectoral indexes for a wide-ranging
investigation of the dynamics of sectoral changes and their risk and returns. However, this
study was conducted immediately after the start of the war, and the results are showing
short-term consequences; future research might be conducted by taking long-term data sets
post-war, which will be useful for diversifiers and hedgers post-war.
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Notes
1 Read more: https://www.reuters.com/business/energy/is-war-ukraine-impacting-russian-gas-supplies-europe-2022-03-07/

(accessed on 20 June 2022) and https://www.eia.gov/todayinenergy/detail.php?id=51498 (accessed on 20 June 2022).
2 Read more: http://allcoinpedia.com/russia-ukraine-conflict-and-its-impact-on-global-markets/ (accessed on 20 June 2022).
3 According to The Guardian website, on 24 February 2022, Russia launched a full-scale invasion of Ukraine: https://www.jw.org/

en/library/series/more-topics/russia-invades-ukraine-bible-meaning-hope/ (accessed on 20 June 2022).
4 More details at: https://www.jpmorgan.com/insights/research/russia-ukraine-crisis-market-impact (accessed on 20 June 2022).
5 Read more: https://www.reuters.com/business/energy/is-war-ukraine-impacting-russian-gas-supplies-europe-2022-03-07/

(accessed on 20 June 2022) and https://www.eia.gov/todayinenergy/detail.php?id=51498 (accessed on 20 June 2022).
6 Read more at: https://www.statista.com/topics/1393/bric-countries/#dossierKeyfigures (accessed on 20 June 2022).
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