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Abstract: This study investigates co-movements between the GPR generated by the Crimean Penin-
sula’s annexation in 2014, the Russia–Ukraine war in 2022, and the volatility of stock markets in
the G7 states. Using wavelet analysis, concentrated co-movement was found for all indices in both
periods. Contrary to the general perception, we find that the G7 financial market response in 2014
was robust. Using a time-varying parameter vector autoregression (TVP-VAR) test, we found a larger
reaction in the amplitude of the G7 financial markets in 2022 than in 2014. The financial markets in
France, Germany, and the UK showed a similar reaction in 2022. We have identified some common
aspects, even if the political and military contexts of the two studied events were completely different.
Our findings offer new and interesting implications for understanding how geopolitical risk affects
financial assets for market participants with multiple investment horizons and strategies.
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1. Introduction

The geopolitical events that took place after WW2 constituted factors of uncertainty
regarding local or global action. Geopolitical risks (GPRs) involve acts of terrorism, tensions
between regions or states, nuclear threats, terrorism, and war, all of which affect the peace
process in international relations [1]. GPRs influence national and international economies
and financial markets, as they are exogenous factors that affect their equilibrium. The mode
of transmission of shocks from the GPR to the main financial markets is being resolved [2].

The state of uncertainty caused by GPR causes investors to adjust their investment
strategies in financial markets. Consequently, the participants were attentive to the influ-
ence of GPR on financial asset prices. For investors, tracking the impact of GPR contributes
to investment decisions. For authorities, designing appropriate policies is beneficial for
reducing volatility and strengthening market stability and balance. Stock return predictabil-
ity has profound effects on financial and monetary policymaking, investment decisions,
and risk management [3].

In general, financial markets are negatively impacted by significant GPR, as they lower
stock prices and cause higher return volatility [4]. As stocks are affected by GPR, investors
look to adjust their portfolios; consequently, there will be fewer riskier investments which
will exacerbate the volatility of financial markets and further large price swings [5]. As
a result, the time–frequency field’s interactions between GPR and stock market volatility
allow the identification of potential heterogeneity resulting from the diversity of investment
decisions [6].

The literature related to the Russia–Ukraine dispute is dominated by the different
sanctions imposed on each other by the US, the EU, and Russia [6–8]. Military and political
tensions affect large equity markets but can also cause abrupt shifts in risk exposure.

Mathematics 2024, 12, 370. https://doi.org/10.3390/math12030370 https://www.mdpi.com/journal/mathematics

https://doi.org/10.3390/math12030370
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com
https://orcid.org/0000-0002-1897-575X
https://orcid.org/0000-0003-4090-1439
https://doi.org/10.3390/math12030370
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com/article/10.3390/math12030370?type=check_update&version=1


Mathematics 2024, 12, 370 2 of 22

However, there has been no comparative study of markets’ reactions to the two Ukraine-
related GPR events. Furthermore, the difference in amplitude between the market reactions
in 2014 and 2022 is unknown.

Based on previous findings and the objective of this research, we compare and analyze
the link between GPR and stock volatility in the G7 states to fill a gap in the literature.
Therefore, this research examines whether GPRs impacted stock markets during these
two events and provides solutions to mitigate their effects in the future. Methodologically,
wavelet analysis was used to characterize the relation between the GPRs and G7 markets.
A frequency-based approach allows a global view of developed markets and is useful for
all stock market participants as they make decisions within different timeframes.

Previous research has demonstrated that GPR influences asset prices through various
pathways. Thus, economic announcements [9], political events or tensions [10], event-
related news [11], acts of terrorism [12], and supply disruption [13] can influence the
uncertainty (risk) of assets. The greatest weight is given to the news in the research carried
out on the segments of the stock markets, taking into account different time periods. For
example, Chen and Li (2023) demonstrated that fundamental and nonfundamental news
generated volatility of different intensity and magnitude even if scheduled or unsched-
uled [14]. Moreover, the asset price is affected with different intensities during the events
or after their development [15]. Geopolitical risks can remain net transmitters of shock, but
they turned into net receivers of shock over a period [16].

The main contributions of this study are as follows: First, we propose a common ap-
proach to GPR and volatility in the G7 states to research how they affect returns on financial
assets. Second, an analysis was performed to compare the time–frequency influence of
GPR. Finally, it provides a comprehensive understanding of the inhomogeneous responses
to the shocks induced by these two military events. Given that stock volatility and returns
are fundamental indicators for stock market participants, their predictability is important
in guiding portfolio management [17,18]. Our results complement the literature by con-
sidering nonlinear models that demonstrate predictability within a particular timeframe
and frequency.

The remainder of this article is organized as follows: Section 2 provides a summary
of the literature, Section 3 organizes the data and discusses the methodology, Section 4
describes the findings, Section 5 includes discussions, Section 6 contains robustness tests,
and Section 7 offers a set of conclusions.

2. Literature

With the escalation of the conflict in Ukraine, political and military risks have attracted
the interest of researchers, as the uncertainties related to armed conflict have attracted both
attention and fear. The literature presents a link between GPR and the uncertain state of
financial markets. Recent models commonly used for this purpose include the economic
policy uncertainty index (EPU) [19], the financial stress index (NFSI) [20], and the volatility
index (VIX) [21,22].

The escalation of the war caused problems in the global supply chain, imbalances
in raw materials and energy markets, financial and economic sanctions applied by both
sides or other neutral states, and events reflected in financial markets. Studies on stocks
published after the outbreak of conflict in Ukraine, such as [23,24], show a strong correlation
between war and financial assets. Zhang et al. (2022) claimed that the war broke out as
the largest military event since World War II, and at the end of February 2022, financial
markets in Europe and the US experienced a negative shock [6]. Lo et al. (2022) considered
73 countries to evaluate the influence of the Russia–Ukraine war on stock markets [25]. The
authors presented evidence that financial markets reacted considerably to war-induced
risks and that volatility was higher than asset price dynamics. Sun and Zhang (2022)
conducted a comprehensive analysis of a sample of 86 states. The authors analyzed the
influence of heterogeneous factors on returns around the date of the war outbreak [26].
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Research focusing on regional markets or companies after the war has revealed nega-
tive aspects. Bougias et al. (2022) conclude that the war caused greater volatility in assets
and corporate security in European companies [27]. After the escalation of the dispute
between Ukraine and Russia in 2022, Fang and Shao (2022) demonstrated increased volatil-
ity in the agricultural, energy, and extractive markets [28]. According to Singh et al. (2022)
the Russia–Ukraine military conflict caused a migration of investors’ priorities to the en-
ergy, aerospace, and defense sectors [29]. Umar et al. (2022) demonstrated an increase in
abnormal returns in Europe on the pricing of metals and energy [30].

The literature review includes comparative analyses conducted before and after
24 February 2022. Adekoya et al. (2023) found a link between high stock market and
oil market prices before and during the conflict [31]. Yousaf et al. (2022) compiled a study
of financial markets in the G20 countries. The authors presented evidence that most states
experienced abnormally negative shocks before and during the days after the start of the
war, particularly on the Russian market [32]. Another comparative study was conducted
by Ha (2023) to examine the volatility of financial markets from January 2018 to April 2022.
The author demonstrated that the war waves impacted global connection and that the gold
and oil markets played the role of transmitters [33]. Using quantile regression, Bossman
and Gubareva (2023) analyzed the impact of GPR on the G7 and E7 states. Based on an
analysis period between 24 February 2022 and 25 July 2022, the authors established that
the impact is asymmetric and specific to each analyzed state [34].

GPR is another fundamental factor influencing financial markets, as it provides incre-
mental explanations for uncertainty in economic policy, financial stress, and volatility [3].
He (2023) pointed out that GPR can significantly influence trading decisions and investor
sentiment [35]. Abbassi et al. (2022) concluded that stock prices depend considerably
on trade and are fragile to GPR [36]. Shaik et al. (2023) showed that GPR affected stock,
gold, and oil returns during the disruptive events of the worldwide economic downturn,
COVID-19, and the 2022 Russia–Ukraine war [37]. Salisu et al. (2023) emphasized the
predictive value of GPR in the global financial cycle (GFCy) [38]. Li et al. (2023) found
that GPR affects the cost of natural resources, which are necessary for a healthy economy
and way of life [39]. Agyei (2023) investigated the asymmetric relationship between stock
markets and the GPRs of seven leading emerging economies in a dispute between Russia
and Ukraine. The author emphasized that the emerging countries analyzed were suitable
for diversifying and hedging portfolios against GPR risk [40]. Elsayed and Helmi (2021)
demonstrated the main role of GPR in the transmission of volatility and spread dynamics
in financial markets [41]. Several researchers have demonstrated the significance of crude
oil returns and GPR on stock prices from a dynamic perspective [42–45].

The integration of stock markets in developed countries through the correlation
between volatility and returns has been demonstrated over time. US markets play a
key role in managing uncertainty in global financial markets. Uncertainty is rife across the
globe, as heightened volatility in US markets spills over to global markets [46]. The G7
capital markets are representative because they have high levels of development, regulation,
supervision, good capitalization, and liquidity [46,47].

The phenomenon that denotes the transmission of shocks to other countries due to
some generating factors is called the “contagion effect”. Although there is no consensus on
the causes that determine the occurrence of this phenomenon [48], research demonstrates
that extreme events can cause shocks that are transmitted between stock markets [49]. Such
shocks are caused by the increasingly intense links between stock markets and are trans-
mitted from large markets to neighboring ones through different channels and to smaller
markets. This phenomenon was accentuated during the COVID-19 pandemic [50–52] and
during the war in Ukraine [53].

Currently, the connection between the two analyzed events is unclear. The annexation
of the Crimean Peninsula on 21 March 2014 escaped the attention of researchers, and the
financial literature on this subject is quite limited. Research related to the annexation of
the Crimean Peninsula has dealt with various aspects of this conflict, including military,
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political, social, and economic aspects. Some authors have focused on legitimacy, public
opinion, human rights violations, and crimes against humanity [54,55]. Few studies on the
economic influence of the Crimean crisis have focused on the economic impact of reciprocal
sanctions, trade or tariff barriers, limited access to EU capital markets, travel visa rejections,
asset freezes of individuals or companies, and the withdrawal of large European or North
American companies [56–60]. It is estimated that the annexation of the Crimean Peninsula
generated less volatility in the main markets, but its amplitude is not known. In addition,
the fact that there are two connected events was not considered.

Although they arouse fear and uncertainty, relatively few studies have been conducted
on the influence of military conflicts on financial markets before the start of the conflict in
Ukraine in 2022. Furthermore, due to the lack of literature and volatility estimations, there
is no agreement on the response of financial markets to wars. Therefore, a time–frequency
model is used to analyze and compare time-varying stock returns. This study is an early
exploration of the integration of two military events in Ukraine to study their effects on
volatility and stock returns.

3. Data and Methodology
3.1. Data and Sources

This study investigates the interactions between the GPR generated by the Crimean
Peninsula’s annexation in 2014, the Russia–Ukraine war in 2022, and the volatility of stock
markets in the G7 states (Canada, France, Germany, Italy, Japan, the UK, and the US). For
the annexation of the Crimean Peninsula, the analyzed period is between 20 February
2014 and 31 December 2014, and to capture the Russia–Ukraine war, the analysis period
is between 24 February 2022 and 31 December 2022. The week of five trading days is
used for all analyzed states. Daily data were collected on representative stock indices
(TSX, CAC40, DAX40, FTSE MIB, NIKKEI, FTSE250, and SP500) from the www.stook.
com platform and daily returns were determined. Daily GPR index data were collected
using the platform https://www.matteoiacoviello.com/gpr.htm, accessed on 23 July 2023.
The first logarithmic difference between the daily closing prices was calculated using
Equation (1):

Ri,t = ln(Pi,t
)
−ln(Pi,t−1,

)
, (1)

where ln is the natural logarithm; Pi,t−1 is the price of the stock in period t − 1; Pi,t
is the price of stock i in period t; and Ri,t is the yield of stock i in period t [32,40,61].
Tables 1 and 2 contain the descriptive statistics for the two analyzed periods, and plots
of stock returns from the G7 states are shown in Figure 1. Statistical data were processed
with EViews 13 software (Quantitative Micro Software, Irvine, CA, USA) and MATLAB
version 9.13.0 (R2022b).

Table 1. Series statistics for G7 stock returns in 2014.

Index TSX CAC40 DAX40 FTSE MIB NIKKEI FTSE250 SP500

Mean 0.0004 0.0002 0.0004 −0.7471 0.0008 −0.0004 0.0009

Median 0.0008 0.0006 0.0010 0.4600 0.0009 −0.0003 0.0009

Maximum 0.0251 0.0329 0.0307 27.1400 0.0471 0.0356 0.0237

Minimum −0.0244 −0.0370 −0.0350 −33.6900 −0.0335 −0.0454 −0.0211

Std. dev. 0.0067 0.0106 0.0110 9.6257 0.0122 0.0150 0.0070

Skewness −0.6226 −0.0893 −0.1880 −0.2699 0.1272 0.0353 −0.2726

Kurtosis 5.1890 4.0446 3.7125 3.3475 4.5860 3.1579 4.5179

Notes: The sample’s statistical characteristics are shown in this table. The returns on G7 stock markets are included
in the sample. The series period starts from 20 February 2014 to 31 December 2014.

www.stook.com
www.stook.com
https://www.matteoiacoviello.com/gpr.htm
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Table 2. Series statistics for G7 stock returns in 2022.

Index TSX CAC40 DAX40 FTSE MIB NIKKEI FTSE250 SP500

Mean −0.0006 −0.0002 −0.0005 −0.0002 −0.0005 −0.0004 −0.0003

Median −0.0002 −0.0010 0.0002 0.0003 0.0003 −0.0011 −0.0016

Maximum 0.0329 0.0349 0.0360 0.0353 0.0320 0.0383 0.0540

Minimum −0.0315 −0.0390 −0.0404 −0.0531 −0.0282 −0.0311 −0.0442

Std. dev. 0.0101 0.0124 0.0134 0.0142 0.0115 0.0125 0.0153

Skewness 0.1556 0.0296 −0.0802 −0.4236 0.1148 0.1556 0.0928

Kurtosis 3.1845 3.3959 3.3583 4.0241 3.0455 3.1452 3.5733

Notes: The sample’s statistical characteristics are shown in this table. The returns on G7 stock markets are included
in the sample. The series period starts from 24 February 2022 to 31 December 2022.
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3.2. Methodology

A wavelet (or ondelette), notated ψ(t) ∈ L2(R), is a square-integrable continuous
function with a real or complex value, usually called the mother wavelet, which satisfies
some constraints as

∫ ∞
−∞ ψ(t)dt = 0 and

∫ ∞
−∞ |ψ(t)|

2dt < ∞ [6,37,40,62–72]. Starting from
the mother wavelet ψ(t), the daughter wavelet family ψτ,s(t) is obtained through scaling
and translation operations on the time axis. The variable τ ensures the displacement of
the function on the time axis ψ(τ) = ψ(t− τ), and s allows the matching of the wavelet
function with the transformed time series ψ(s) = ψ

( t
s
)
. A continuous Morlet-type wavelet

was used, consistent with Daubechies [68] and Mallat [69], and is defined in Equation (2)
as follows:

ψM(t) = π−
1
4 ·eiω0t·e−

t2
2 , (2)

where i is the imaginary part of the wavelet function centered at the point (0, ω0/2π), and
ω0 represents the center frequency of the wavelet. The relationship between the frequency
and scale defined in Equation (3) is:

f =
µ f

s
≈ 1

s
. (3)

Equations (4) and (5) can be used to estimate the wavelet transformation of x(t) and
y(t) as follows:

Wx:ψ(τ, s) =
∫ ∞

−∞
x(t)

1√
⌊s⌋

Ψ∗
(

t− τ

s

)
dt, (4)

Wy:ψ(τ, s) =
∫ ∞

−∞
y(t)

1√
⌊s⌋

Ψ∗
(

t− τ

s

)
dt. (5)

The wavelet power spectrum (WPS), which measures the degree of volatility across
time dimensions, can be created after transforming x(t) and y(t) using the prior in relation
to (6).

WPSx(y) =
[
Wx(y)(τ, s)

]2
. (6)

The magnitude and time-averaged wavelet spectra are two instruments that can be
used to extend the WPS to a bivariate function. Time series x(t) and y(t) have the following
wavelet coherence, expressed by Torrence and Webster (1999) [73] in Equation (7) [67]:

R2
x,y(τ, s) =

∣∣∣S(s−1Wxiyj(τ, s)
)∣∣∣2

S
(

s−1|Wxi (τ, s)|2
)
× S

(
s−1

∣∣∣Wxj(τ, s)
∣∣∣2) , (7)

where R2 ∈ [0, 1], Wxixj is the wavelet cross spectrum (WCS) between x(t) and y(t), Wxi and
Wyj are the wavelet transformations of x(t) and y(t), s is the parameter of scale, τ is the
parameter of location, and S is the smooth operator.

4. Results

For each G7 state, two paired time series are formed, consisting of the values for the
GPR index and the volatility of each stock index. Figures 2–8 show a contour map for
each analyzed state containing the wavelet coherence, magnitude scalogram, and time-
averaged wavelet spectrum. Such a graphical representation is frequently encountered in
the economic literature [70–72]. The associated colors in the figures show the strength of
the phase difference, varying from low intensity (blue) to maximum intensity (yellow). The
yellow areas show high coherence between the pairs of variables, whereas the blue areas
have the opposite meaning.

Figures 2–8 show eight one-way arrows, a cone of influence (COI), and two axes (left
side of each figure). The Ox axis includes the analyzed period, and the Oy the normalized



Mathematics 2024, 12, 370 8 of 22

frequency in the form of a coefficient between zero and one. The phase difference analysis is
represented by the direction of the arrows in the scalogram. If the arrows point to the right,
the time series are positively correlated, and if the arrows point to the left, the correlation is
negative. Arrows pointing right and up (↗) or left and down (↙) highlight that the first
variable (GPR) has the primary role. Arrows oriented to the left and up (↖) or the right
and down (↘) indicate a leading role for the second variable (stock returns). The ↑ and
(↓) arrows show that GPR leads stock return with π/2. The COI describes the significant
dynamics of the interaction between the analyzed pairs with a dashed white line. Thus,
positioning within the COI shows significant dynamics, and outside the COI is a faded
area indicating insignificant dynamics. The pairs of time series shifted together on a certain
time scale according to a zero-phase difference [74].

4.1. Comparative Analysis between GPR and Canada Stocks in 2014 and 2022

Figure 2 shows the dynamics of the correlation between GPR and Canadian stock
returns. A medium level of consistency was observed for both 2014 and 2022. The heat
map was mostly blue in 2014, with a few clouds of arrows pointing to the left and up.
The most consistent cloud of arrows was found in the first 80 days after the annexation
of the Crimean Peninsula. During Ukraine’s invasion in 2022, the commotion was more
pronounced than it was in 2014, which means that Canadian financial markets responded
more strongly to military conflict. Arrows point to the left and right in the range of
normalized frequencies between 0.03125 and 0.0625, indicating a slight negative correlation.
In 2022, the co-movement is significant in the low-frequency band, with the arrows pointing
to the right and down.

Mathematics 2024, 12, x FOR PEER REVIEW 9 of 23 
 

 

 
Figure 2. Geopolitical risk index and stock returns in Canada in 2014 and 2022. 

4.2. Comparative Analysis between GPR and France Stocks in 2014 and 2022 
Figure 3 compares the trade-offs between GPR dynamics and French stock returns. 

The results show a similar reaction in French markets in both periods. The scalogram is 
mostly blue in terms of average coherence for both 2014 and 2022. This was noticeable in 
the first few days after the annexation of the Crimean Peninsula and was less pronounced 
immediately after the start of the war in 2022. In 2014, the arrows on the bands of normal-
ized frequencies between 0.03125 and 0.125 were oriented horizontally and positively cor-
related; in 2022, a less pronounced negative correlation was found. These conclusions 
were confirmed by the blue color of the COI. Although stronger commotion was observed 
in 2014, its intensity was lower, as can be seen in the time-averaged power spectrum (right 
column). 

Figure 2. Geopolitical risk index and stock returns in Canada in 2014 and 2022.



Mathematics 2024, 12, 370 9 of 22

4.2. Comparative Analysis between GPR and France Stocks in 2014 and 2022

Figure 3 compares the trade-offs between GPR dynamics and French stock returns.
The results show a similar reaction in French markets in both periods. The scalogram is
mostly blue in terms of average coherence for both 2014 and 2022. This was noticeable in
the first few days after the annexation of the Crimean Peninsula and was less pronounced
immediately after the start of the war in 2022. In 2014, the arrows on the bands of nor-
malized frequencies between 0.03125 and 0.125 were oriented horizontally and positively
correlated; in 2022, a less pronounced negative correlation was found. These conclusions
were confirmed by the blue color of the COI. Although stronger commotion was observed
in 2014, its intensity was lower, as can be seen in the time-averaged power spectrum
(right column).
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4.3. Comparative Analysis between GPR and Germany Stocks in 2014 and 2022

Figure 4 shows the dynamics of the GPR co-movements and stock returns in Germany.
The results show the average levels of coherence in 2014 and 2022. If the heat map is
colored blue in the lower-left part, in 2022 the map is predominantly colored blue. In 2014,
a predominantly positive average coherence was found in all frequency bands, indicating
that German stock returns are positively determined by GPR shocks. During the Ukrainian
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invasion in 2022, the situation changed significantly, as coherence was weaker and negative.
Although more pronounced commotion can be found in 2014, its intensity is much lower
than that in 2022. In addition, a similar dynamic of the markets in France, Germany, and
the UK can be found in 2022.
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4.4. Comparative Analysis between GPR and Italy Stocks in 2014 and 2022

Figure 5 shows the dynamics of the GPR co-movements and stock returns in Italy.
Similar to other G7 stock markets, the heat map is colored blue in the lower left, with all
other areas showing high coherence in 2014. In the (80–180) day range, coherence was
particularly high in the bands of average normalized frequency, suggesting that during the
annexation of the Crimean Peninsula, Italian stock markets experienced some significant
stress. In 2022, the scalogram is dominated by blue, which means a lower frequency of
war on Italian shares, but of greater intensity. In the first few days after the beginning of
the war, a negative commission manifested, and the arrows were oriented to the left in the
band of normalized frequencies greater than 0.25.
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4.5. Comparative Analysis between GPR and Japan Stocks in 2014 and 2022

Figure 6 shows the dynamics of GPR and stock returns in Japan. Environmental
coherence is observed for both 2014 and 2022. In the lower left panel, a blue color appeared
in 2014. In the first 30 days after the official annexation of Crimea in 2014, the Japanese
market reacted negatively. In addition, significant reactions were found in the range of
(120–200) days in the same year. In 2022, the commotions were average but of much higher
intensity. The reaction of the Japanese markets to the normalized frequency band greater
than 0.25 is strong and mainly negative.
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4.6. Comparative Analysis between GPR and UK Stocks in 2014 and 2022

Figure 7 shows the dynamics between the GPR and UK equity returns. An average
level of coherence was found for both analyzed periods. The heat map is dominated by the
dark blue color in both periods. In 2014, the cloud of arrows pointing to the right or up
observed in the normalized frequency band between 0.0625 and 0.125 indicates average
negative commotions. In 2022, co-movements are more significant and differentiated. The
days since the beginning of the Russia–Ukraine war brought a slight negative commotion
in the normalized frequency band between 0.0625 and 0.125. The greater intensity with
which the UK market reacts in 2022 compared to 2014 is visible in the right-hand column.
An evolution similar to that of markets in France, Germany, and the UK is noteworthy,
and is an aspect that explains the degree of integration of the largest financial markets in
Europe in accordance with Liu et al. (2022) [3].
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4.7. Comparative Analysis between GPR and US Stocks in 2014 and 2022

Figure 8 shows the dynamics of the trade-offs between GPR and US stock returns. In
the US, medium and high levels were found in 2014 and 2022, respectively. The heat map
is predominantly blue for 2014. In 2022, a permanent reaction of US stocks is found in the
lowest frequency band. If, in 2014, the arrows are oriented differently on the frequency
bands, showing an oscillating evolution, in 2022 the arrows are oriented to the right,
horizontally, showing a positive commiseration of the stocks. In the band with the highest
frequency, the impact of sanctions was not as pronounced as in the case of other G7 states,
an aspect also reported by Wu et al. (2023) [46]. The reaction of actions immediately after
the start of the military conflict was dominated by GPR, as the arrows were orientated
toward the right, up from the normalized frequency band between 0 and 0.0625.

The comparative analysis between the co-movements identified in 2014 and 2022
based on Figures 2–8 documents important aspects. Positive or negative, in-phase or out-
of-phase, co-movements between the GPR and stock returns provide a consistent picture
of the behavior of stock markets in the presence of major military turbulence. Focusing
on the G7 markets during the GPR events reveals a significant positive correlation
immediately after the annexation of the Crimean Peninsula for France, Germany, Italy,
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Japan, and the US. For Canada, the co-movement is insignificant, while for the UK, the
connection is negative.

Mathematics 2024, 12, x FOR PEER REVIEW 15 of 23 
 

 

the US. For Canada, the co-movement is insignificant, while for the UK, the connection is 
negative. 

 
Figure 8. Geopolitical risk index and stock returns in US in 2014 and 2022. 

After the start of the war between Russia and Ukraine in 2022, there is a much more 
intense connection between GPR and stock returns in all analyzed states, an aspect that 
can be observed on the right side of Figures 2–8. The connections between GPR and stock 
returns are positive for all states analyzed. Co-movements become stronger towards the 
latter part of 2022 for Canada, Japan, the UK, and the US. 

Overall, a significant reaction, much more intense in 2022 compared to 2014, to the 
occurrence of the GPR events is documented for the stock returns in the G7 states. Because 
our results provide important time and frequency information, they have implications for 
portfolio management. The fact that we document significant positive co-movements be-
tween GPR and stock returns in particular in 2022 suggests limited long-term portfolio 
diversification gains. 

5. Discussion 
A dynamic connection is observed in both 2014 and 2022. Developments at the level 

of the analyzed states are different. For each state, some commonalities existed between 

Figure 8. Geopolitical risk index and stock returns in US in 2014 and 2022.

After the start of the war between Russia and Ukraine in 2022, there is a much more
intense connection between GPR and stock returns in all analyzed states, an aspect that
can be observed on the right side of Figures 2–8. The connections between GPR and stock
returns are positive for all states analyzed. Co-movements become stronger towards the
latter part of 2022 for Canada, Japan, the UK, and the US.

Overall, a significant reaction, much more intense in 2022 compared to 2014, to the
occurrence of the GPR events is documented for the stock returns in the G7 states. Because
our results provide important time and frequency information, they have implications
for portfolio management. The fact that we document significant positive co-movements
between GPR and stock returns in particular in 2022 suggests limited long-term portfolio
diversification gains.

5. Discussion

A dynamic connection is observed in both 2014 and 2022. Developments at the level
of the analyzed states are different. For each state, some commonalities existed between
the 2014 and 2022 commitments. Without exception, the G7 stock markets reacted to the
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annexation of the Crimean Peninsula. This indicates that the annexation of the Crimean
Peninsula in 2014 has not been adequately detailed in the economic or financial literature.
Thus, explanations can be found for the fact that in the absence of extensive research,
some researchers have treated the 2022 war between Russia and Ukraine as a black-swan
phenomenon [23,24,32]. In our opinion, both the annexation of the Crimean Peninsula and
the ongoing Russia–Ukraine war were preceded by political and military events. Therefore,
we are justified in stating that Fama’s efficient market hypothesis is more appropriate [75].
Based on the concepts of investor rationality and informational efficiency, Fama states that
financial asset prices reflect information and adjust immediately in an efficient market.

A common element of all analyzed states is the reaction of the markets to the mutual
sanction packages imposed by the NATO states and their responses to them by Russia. A
significant commotion is found in the normalized frequency bands higher than 0.25, where
there are clouds of left-pointing arrows due to mutual sanctions imposed by NATO states
and Russia. Such co-movements also existed in 2014, but they were fewer in number and
had a lower intensity for all G7 states.

The effect of contagion due to the connections between markets also appears during
the two main political events analyzed, a phenomenon observed during the COVID-19
pandemic [50]. A widening of contagion channels in the international financial system
during the Russia–Ukraine war compared to periods without geopolitical events and a
transmission of shocks to other stock markets is possible. Such a complex phenomenon
requires the application of a detailed robustness test in the final part of the research.

The comparative analysis allowed for the completion of the results obtained by
Shaik et al. (2023) [37] concerning the influence of the GPR index on stock markets and
gold and oil returns between January 2007 and April 2022. We noticed that, not long after
the start of the war, the stock market was saturated with GPR shock spreads, an aspect
also observed by Wu et al. (2023) [46]. Our study provides evidence that contributes to
the expansion of the results of Bossman and Gubareva [34]. The longer analysis period
compared to other studies allowed us to generalize the asymmetric influence of the GPR
on all G7 states. Thus, we can say that we do not agree with the fact that Japan was the
second-most resistant country to the effects of GPR in the analyzed period.

Explanations for the asymmetric evolution of share prices in the G7 states can be
obtained if their cointegration is considered. Evidence of a heterogeneous response to
uncertainty shocks [76], dynamic cointegration [77,78], and repeated disturbance of long-
term equilibrium [79] has been demonstrated in the literature, as well as the asymmetric
response of stock markets to uncertainty [47]. We consider that through unidirectional or
bidirectional connections, changes in uncertainty have an effect on stock prices in the G7
states. A possible explanation for the reaction of the analyzed states in the short term may
be the connections between all G7 markets, similar to Nusair and Al-Khasawneh (2022) [79].

Investors pay attention to unfolding events to gain information to help them make
portfolio-shaping decisions. The periods when actions are led by GPR and the frequency
with which such phenomena occur are of particular interest. In addition, the dynamics
of the lead lag on each frequency band contribute to better investor information in such
periods, characterized by uncertainty and stress, to determine the potential of covering
the actions.

6. Robustness

The method based on vector autoregression of time-varying parameters (TVP-VAR)
established by Antonakakis et al. (2020) [61] was used to test the results of the con-
nection between GPR and the volatility of financial markets during the military events.
One such method involves a variance–covariance duality analysis using the Kalman filter
designed by Koop and Korobilis (2014) and a lag length of order one [80]. This method
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establishes the spillover effect between the G7 states and has been used in other similar
studies [33,35,39,40,61,81]. The TVP-VAR test uses the following equations [82]:

Xt = Btzt−1 + ut; ut|Ωt−1 ∼ N(0, Σt) (8)

vec(Bt) = vec(Bt−1) + vt; vt|Ωt−1∼ N(0, ξt) (9)

with

zt−1 =


Xt−1
Xt−2

...
Xt−p

 , B′t =


B1t
B2t

...
Bpt

 (10)

where Xt and zt−1 are N × 1 and Np × 1 vectors, Bt and Bit are m × mp and m × m di-
mensional matrices, ut is an m× 1 vector, and vt is an m2

p × 1 dimensional vector. The
variance–covariance matrices that vary over time Σt and ξt are m×m and m2

p × m2
p dimen-

sional matrices. The Ωt−1 shows all the data that are available up until t − 1. Moreover,
the vectorization of Bt, which is an m2

p × 1 dimensional vector, is represented by the vector
vec(Bt). The connectedness index uses generalized forecast error variation decompositions
(GFEVD) [83]. The variance of the step error h in the forecast variable i is due to shocks to
the variable j.

∼
ϕ

g

ij,t(h) =
∑h−1

t=1 ψ
2,g
ij,t

∑N
j=1 ∑h−1

t=1 ψ
2,g
ij,t

, (11)

where
∼
ϕ

g

ij,t(h) denotes the h-step ahead GFEVD, ∑N
j=1
∼
ϕ

g

ij,t(h) = 1, and ∑N
ij=1

∼
ϕ

N

ij,t(h) = N [81].
The total directional connection TO others or the spread transmitted by the variable i

to all variables j is determined as follows:

TOjt = Cg
i→j,t(h) =

∑N
j=1, i ̸=j

∼
ϕ

g

ij,t(h)

∑N
j=1
∼
ϕ

g

ij,t(h)
·100. (12)

The total directional connection FROM others or the spillover received by variable i
from other variables j is expressed by the relation:

FROMjt = Cg
i←j,t(h) =

∑N
j=1, i ̸=j

∼
ϕ

g

ij,t(h)

∑N
j=1
∼
ϕ

g

ij,t(h)
·100. (13)

The total net directional connection is the difference between TO and FROM as follows:

NETjt = TOjt − FROMjt = Cg
i→j,t(h)− Cg

i←j,t(h)jt
. (14)

A positive result indicates a net transmitter, while a negative result indicates a net
receiver. The global connectedness (GC) is determined as follows:

GCij =
∑N

j=1 TOjt

N
=

∑N
j=1 FROMjt

N
. (15)

The robustness test values consisting of a spillover matrix are presented in Tables 3
and 4 and the global connectivity is shown in Figure 9. Positive values on the NET
line calculated with relation (15) show transmitter spillover, whereas negative values
show spillovers of this effect. Table 3 shows that the global connection among the G7
markets, measured by the total connection index with relation (16), was 57.02% in 2014.
The value displays the percentage of fluctuations in one of the studied markets, which
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can be accounted for by the relationship between GPR and all other G7 markets. In 2014,
the results show that the following states were net beneficiaries: Canada (−4.90%), Japan
(−57.01%), and the UK (−0.49%) were net recipients.

Table 3. Average connectedness matrix (2014).

State Canada France Germany Italy Japan UK US GPR FROM

Canada 50.42 7.23 6.92 6.74 0.32 5.54 22.42 0.41 49.58

France 4.43 28.32 23.52 20.23 0.40 13.84 9.00 0.26 71.68

Germany 4.51 24.40 29.91 17.00 0.23 15.26 8.57 0.12 70.09

Italy 4.22 22.43 18.47 32.20 0.69 13.35 7.76 0.90 67.80

Japan 6.36 11.73 8.93 7.12 39.43 7.32 18.46 0.64 60.57

UK 5.62 16.58 17.25 14.13 0.88 33.50 11.77 0.28 66.50

US 17.08 12.33 10.59 9.72 0.76 9.90 39.03 0.58 60.97

GPR 2.46 0.68 0.33 2.99 0.28 0.80 1.46 91.00 9.00

TO 44.68 95.38 86.01 77.93 3.56 66.01 79.42 3.20 456.19

NET −4.90 23.70 15.92 10.12 −57.01 −0.49 18.46 −5.80 57.02

Notes: Average connectedness between GPR and G7 stocks during February–December 2014. The values are
expressed as percentages.

Table 4. Average connectedness matrix (2022).

State Canada France Germany Italy Japan UK US GPR FROM

Canada 28.71 11.35 12.93 13.26 1.73 11.29 20.53 0.20 71.29

France 9.47 23.61 20.54 18.58 1.48 16.44 8.95 0,92 76.39

Germany 10.46 20.04 22.98 18.05 1.22 17.09 9.44 0.71 77.02

Italy 11.40 19.54 19.41 24.62 0.63 15.13 8.61 0.65 75.38

Japan 16.00 6.83 9.07 5.98 33.24 8.79 19.95 0.13 66.76

UK 10.27 17.81 19.07 15.68 2.31 25.67 8.92 0.26 74.33

US 23.00 10.99 12.42 10.84 1.21 9.72 31.73 0.10 68.26

GPR 1.04 1.58 0.98 1.11 0.65 0.65 1.02 92.97 7.03

TO 81.64 88.14 94.42 83.52 9.24 79.13 77.43 2.97 516.47

NET 10.35 11.75 17.40 8.14 −57.53 4.80 9.15 −4.06 64.56

Notes: Average connectedness between GPR and G7 stocks during February–December 2022. The values are
expressed as percentages.
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Figure 9. Dynamics of global spillovers. The sample period starts in the left from 20 February 2014 to
31 December 2014 and the right from 24 February 2022 to 31 December 2022.

Positive values in the GPR column show that the GPR is a net transmitter of spillovers
in all states analyzed, indicating that the transmission of shocks from other G7 markets is
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supported by the GPR. We find an increase of global connection in the percentage to 64.56%
by 2022 (Table 4). Therefore, Japan (−57.53%) is a net spillover receiver, while all other
states are net transmitters: France (+23.70%), Germany (+15.92%), Italy (+10.12%), and the
US (+18.46%).

Figure 9 shows the dynamics of global spillovers in both periods. Global connectivity
between G7 markets was found to revert to a level of 59.6% between 20 February 2014
and 31 December 2014. Connectivity peaked toward the end of the 2014 year. In 2022, the
connection increased to 73.8% between 24 February 2022 and 31 December 2022, and a
peak was reached in March.

The graphs from Figure 10 show the contribution of each G7 state to the global
connectivity in 2014 and 2022. The total net directional connection suggests that the net
transmitter of spillover waves in the system appears to be the US, similar to the findings of
Wu et al. (2023) [46]. On the whole, the results of wavelet analysis were confirmed to be
reliable. From Tables 3 and 4, it can be seen that, on average, 60.8% of shocks in the returns
of a given index are very likely to spill over to affect the returns of other indices. Overall,
the results show that the G7 markets are highly interconnected.
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7. Conclusions

This study investigates the relation between GPR and stock market volatility in the G7
states. The index created by Caldara and Iacoviello (2022) was used in comparison with
the stock market returns from the G7 economies to describe the GPR brought on by the
annexation of the Crimean Peninsula in 2014 and the Russia–Ukraine war in 2022. We used
the TVP-VAR test to verify the accuracy of the results.

Using wavelet analysis, we demonstrated the link between the geopolitical risk related
to the two events studied in the analyzed states. A different reaction of the G7 state stock
markets was found in both 2014 and 2022. Contrary to general perception, we found that
the response of the financial market in 2014 was significantly more robust. In addition, the
difference between the commiseration of markets in 2014 and 2020 was significant. An
extremely interesting result is the fact that, in the confiscation of national markets, there are
some common aspects, even if the political and military contexts of the two studied events
are completely different. In all markets, we identified intervals of slight coherence along
the high-normalized frequency spectrum.

Through asymmetric and heterogeneous market responses, G7 stocks can be used to
diversify portfolios during a GPR. These results support the use of G7 stocks by investors
pursuing downside hedging and diversification. The results will allow investors, adminis-
trators, and authorities to substantiate their decisions during large-scale military conflicts.
As the G7 states have strong economies, developed and stable financial markets can be
used for diversification or hedging strategies by tracking market dynamics over different
timeframes and frequencies. Developed markets are sources of contagion, and a change in
GPR leads to volatility sensitivity. Evidence from this study can be used and developed for
other benchmarks, markets, or events that generate volatility.

This work has some limitations. First, this research considered the G7 states but
ignored other states such as China and Russia. Additionally, it only investigated co-
movement in a sample period of 2014 and 2022. To discover the possibilities of coverage or
diversification, other values could be considered. Besides GPR, other variables such as VIX,
NFSI, and EPU could be tested. It would be interesting to expand the research at the level
of the E7 states, as it is known that they represent a source of portfolio diversification.
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