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Abstract
The purpose of this study is to investigate the asymmetric effects of economic 
policy uncertainty (EPU), geopolitical risk (GPR), and market sentiment (VIX) 
on European Union (EU) stocks by sectors of economic activity. The design and 
methodological approach of our research are rooted in parametric and nonparamet-
ric quantile-based techniques. We employ monthly data covering eleven sectors of 
economic activity in addition to GPR, Global EPU, European Union EPU, United 
States EPU, and VIX. Our dataset covers the period between February 2013 and 
September 2022. Our findings show a generally low predictive power of the con-
sidered EPU measures on the stock returns of the EU sectors. Notwithstanding, the 
analysis reveals that EPU from the EU has the highest predictive ability on the EU 
sectoral stock returns while EPU from the US has no significant predictive abil-
ity on the stock returns from the EU. Our findings also highlight the asymmetric 
effects of various EPUs on EU stocks. Moreover, certain sectoral exposure to EU 
stocks, found to serve just as diversifiers in normal market conditions, could become 
a hedge and safe-haven against GPR in extreme economic conditions. Our findings 
also highlight the role of the VIX as a good gauge to hedge against the downside 
risks of the EU stocks. The originality of our work is two-fold. First, we extend the 
study of how global factors influence the EU stock market to the most recent period 
including the Russia–Ukraine conflict. Second, we perform this study on a sectoral 
basis. Therefore, the value of our findings is that they provide notable implications 
for market regulation and portfolio management.
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1 Introduction

Due to their importance to market participants and policymakers, studies that 
seek to understand the driving factors of stock market returns remain topical in 
the landscape of financial market research. Evidence points to the fact that global 
factors, comprising policy uncertainty and geopolitical risk, significantly influ-
ence investor sentiment and are pivotal to financial markets (Bossman et  al., 
2023a; Mensi et  al., 2023a, 2023b; Naeem et  al., 2021; Xiao et  al., 2018). In 
regional and global financial markets, investment decisions taken by market par-
ticipants are significantly influenced by economic policies (Dash et  al., 2021). 
Elevated levels of policy instability and/or uncertainty could delay decisions and 
result in negative outcomes not only for economic agents but also for the world 
economy in general (Julio & Yook, 2012). Moreover, the price dynamics in finan-
cial markets are influenced by changes in investors’ sentiment and geopolitical 
risk, all of which affect and are affected by fiscal and monetary policies and gov-
ernment stimuli that alter the economic environment (Agyei et al., 2021, 2022b; 
Bossman et al., 2023b).

The above-cited studies provide evidence that there exists an intricate inter-
play between economics, geopolitics, market sentiment and the performance of 
stock markets (see also Albaity et al., 2023; Klement, 2021; Shen & Hong, 2023). 
Therefore, before framing our work within the extant body of knowledge, we 
present herein a solid theoretical grounding of the research question we address, 
which concerns establishing a potential link between the global driving factors 
and European Union (EU) sectoral stocks. Among these factors, we have eco-
nomic policy uncertainty (EPU), geopolitical risk (GPR), and market sentiment 
gauged by the Chicago Board Options Exchange’s CBOE Volatility Index (VIX). 
In respect of EPU’s influence on EU equity markets, we argue that this linkage 
might be explained by considering an equity investor as an economic agent who 
takes the risks of an investment in stocks, expecting to be fairly compensated 
for bearing those risks. Therefore, an increase in uncertainty of economic poli-
cies should negatively affect precision in estimates of both, risk and return, and 
make  the investor’s risk aversion augment. As economic policies differ between 
distinct regions and sectors of economic activities, it is expectable that the same 
level of EPU at the global or the EU level would not affect in the same way differ-
ent sectors and industries. This reasoning helps further justify the addressed herein 
question regarding EPU’s impact on EU stocks per sector of economic activity.

In what concerns GPR, a country’s and/or region’s geography defines in 
major proportions what weaknesses it may face and what opportunities it should 
be prepared to catch (Bergesen & Suter, 2018; Klement, 2021; Scholvin, 2016; 
Scholvin & Wigell, 2018). For instance, out of the great investors’ concerns of 
the current century, almost all, except the Covid-19 pandemic, are geopolitical 
in their nature. E.g., the globalization narrative at the beginning of century XXI 
is clearly linked to China and its growing influence in the world economy. In 
its turn, the subprime crisis has its roots in the US. The US also give origins to 
the quantitative easing and the low-interest risk environment during the second 
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decade of the century. Next, the China–US trade war, which has been developing 
since 2018 onwards, is clearly linked to the geography, economy and politics of 
these two countries. Finally, the still ongoing since February 2022 military hos-
tilities between Russia and Ukraine is another example of geopolitical risk events 
(Bossman & Gubareva, 2023; Bossman et al., 2023a, 2023b; Shen & Hong, 2023; 
Yousaf et al., 2022b). All the above-mentioned episodes have had their particular 
impacts on the performance of the stock markets around the world, which have 
differed across countries and geographies. In particular, due to its neighboring 
geographic location to the Russia–Ukraine conflict, EU economies and finan-
cial markets are relatively vulnerable to the conflict-triggered increases in GPR 
and, hence, the nexus between GPR and the EU stocks requires being addressed 
more deeply and more extensively (Bedowska-Sojka et  al., 2022; Bossman & 
Gubareva, 2023; Boungou & Yatié, 2022; Yousaf et  al., 2022b). This argument 
provides further justification for the question regarding the linkage between GPR 
and EU stock market performance.

Now, we succinctly describe the rationale for global market sentiment to be con-
sidered as a performance driver for EU stock markets. First, we explain what VIX 
is and what it is supposed to measure. The CBOE Volatility Index, or VIX, projects 
the probable range of immediate future changes in the US stock markets, above and 
below their current level. As VIX reaches its highest levels when the equity mar-
ket is most unsettled, investors, academic scholars, and market participants tend to 
refer to VIX as a fear gauge. In this sense, VIX is a measure of global market senti-
ment. As such, several studies have investigated the causal influence of VIX on the 
European stock indices’ behavior (Bosssman et al., 2023a; Li et al, 2020; Magner 
et  al., 2021). The general conclusion of these works is that VIX exhibits remark-
able predictive ability for certain European stock markets during, at least since the 
Covid-19 outbreak onwards. Following this way of thinking, we decide to explore 
the theoretically expected and experimentally corroborated linkage between global 
market sentiment and the EU stock market, but now, on a per-sector basis. After 
having provided the above-developed succinct justification, which offers a fair theo-
retical grounding to our reasoning that is aligned with the previous literature (see, 
e.g., Albaityet al., 2023), we indulge in framing our research within the landscape 
of contemporaneous knowledge, generated along the strands corresponding to the 
global driving factors analyzed herein.

In particular, it is widely known that the impact of economic policy uncer-
tainty (EPU) on asset values might manifest itself in a variety of ways. First, any 
uncertainty surrounding economic policies may cause enterprises and other eco-
nomic players to modify or postpone crucial decisions such as consumption, sav-
ing, investment, and employment (Gulen & Ion, 2016). Second, EPU, by impact-
ing both supply and demand mechanisms, might cause financing and production 
costs to grow and, finally, result in increased disinvestment and contraction of the 
overall economy (Julio & Yook, 2012). Third, policy uncertainty may raise risks 
in financial markets by lowering the value of government-provided market safe-
guards (Pástor & Veronesi, 2012). Finally, inflation, interest rates, and estimated 
risk premiums could also be impacted by policy uncertainty (Gubareva, 2021a; 
Rebucci et al., 2022).



324 Eurasian Economic Review (2023) 13:321–372

1 3

In financial economics research, the discourse on the impact of EPU has received 
increasing attention following the 2007–2008 global financial crisis, during which 
investors and regulators were concerned about the possible negative implications of 
economic policies on stock market performance (Arouri et al., 2016). An important 
opportunity to reassess the impact of EPU on stock market performance newly arises 
in 2020 within the COVID-19 pandemic setup (Yousaf et al., 2023). In its turn, the 
currently unfolding military conflict between Russia and Ukraine also represents a 
challenge for geopolitics as it has substantially amplified geopolitical risks (Boss-
man & Gubareva, 2023; Bossman et al., 2023a, 2023b). Common to these unprec-
edented events, the degree of change in economic policies, targeted at curbing the 
externalities, has been noted to be essential for withstanding financial turbulences 
transversal to diverse capital markets.

The COVID-19 pandemic, for instance, has been noted to have caused signifi-
cant changes to the dynamics in bond markets (Bossman et  al., 2022a; Gubareva 
& Umar, 2020; Gubareva, 2021a, 2021b; Gubareva et  al., 2023b), traditional 
and digital currency markets (Bossman et  al., 2023b, 2023c; Mensi et  al., 2023a; 
Narayan et al., 2020; Umar & Gubareva, 2020; Wang & Park, 2021; Yousaf et al., 
2022a), faith-based assets (Bossman, 2021; Bossman et  al., 2022a, 2022b, 2023c; 
Umar & Gubareva, 2021a), interest rates (Gupta et  al., 2021; Umar et  al., 2022a, 
2022b), commodities (Hanif et al., 2023; Umar et al., 2021), and sustainable stocks 
(Akhtaruzzaman et  al., 2022; Gubareva et  al., 2023a; Umar & Gubareva, 2021b; 
Umar et  al., 2021). Common to these studies, cross-asset and cross-market con-
nectedness as well as comovement patterns are significantly modified in the turbu-
lent periods of the pandemic. The underlying reason for such significant changes 
in financial markets has been attributed to the introduction of unexpected eco-
nomic policies, targeted at curbing the spread of the pandemic and limiting its con-
sequences on the global economy. Such elevated levels of policy uncertainty and 
market sentiment instability make investors look for safe-haven and hedge assets, 
thereby, altering market connectedness (Agyei et al., 2022a; Bossman et al., 2022d; 
Gubareva et al., 2023b; Hung & Vo, 2021; Mensi et al., 2023a, 2023b).

Similarly, several consecutive packages of sanctions against Russia and those 
that support it in its illegal aggression against Ukraine have heavily impacted the 
Russian economy, exacerbating cross-market and cross-asset connectedness (Boss-
man & Gubareva, 2023; Bossman et al., 2023a, 2023b). As a result, the relationship 
between geopolitical risk and financial markets has received a great deal of atten-
tion. Through the event study analysis, various financial markets have been found 
to have sensibly responded to Russia’s invasion of Ukraine (Sun et al., 2022; Yousaf 
et al., 2022b). Furthermore, the prices and returns of various assets have also been 
impacted by geopolitical risk (Bedowska-Sojka et al., 2022; Bossman et al., 2023a, 
2023b; Boungou & Yatié, 2022). Common to these works, the impact of geopolitical 
risk on financial markets is explained by the fact that geopolitical risk is accompa-
nied by high uncertainty and turmoil, which triggers risk transmission and spillover 
effects (Bossman et al., 2023a, 2023b; Mensi et al., 2023a, 2023b).

Owing to the heterogeneity among various financial assets, two important 
issues are worth noting. First, in as much as global policy uncertainty is impor-
tant, the role of regional uncertainty factors in shaping the dynamics of assets 
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from regional markets cannot be overlooked owing to the degree of financial mar-
ket integration (Asafo-Adjei et  al., 2022b). Second, the impact of policy uncer-
tainty within regional market blocs on various assets from the region needs to 
be empirically ascertained to influence economic policy design, market regula-
tion, and risk management. Given that the effect of the recent geopolitical risk on 
the European Union (EU) is relatively stronger (Sun et  al., 2022), an empirical 
analysis of this phenomenon is worth undertaking. Therefore, we analyze three 
major economic policy uncertainty (EPU) metrics, namely: Global EPU (GEPU), 
European Union EPU (EEPU), and United States EPU (USEPU). Our goal is to 
investigate how these EPU metrics affect the EU stocks from different sectors 
of economic activity. In addition, we ascertain the effect of geopolitical risk and 
investor sentiment on various EU sectoral stocks.

In this study, we document asymmetric relationships between the fluctuations in 
various EPU metrics and diverse EU sectoral stocks. The main contribution to the 
existing body of knowledge is as follows. To the best of our knowledge, the exact 
impacts of different metrics of economic policy uncertainty, geopolitical risk, and 
market sentiment on the EU equity sectors have not been adequately documented. 
This issue has been becoming vitally important due to increasing interdependencies 
among country-specific and regional economies and capital markets. It is worth not-
ing that the interrelations among the member states of the European Union (EU) are 
likely to be relatively more intense than within and between other regions around the 
globe. This relative strength of the financial and economic interdependence of the 
EU countries has its roots in the existence of numerous EU-wide and bilateral agree-
ments and treaties as well as common market regulations and economic policies. 
Solid ties among the EU member states are likely to result in high levels of intercon-
nectedness between the respective capital markets, hence, urging a detailed assess-
ment of the EU stocks’ performance under the influence of common driving factors, 
such as EPU, geopolitical risk and market sentiment. Our research responds to this 
necessity. We investigate how the above-mentioned drivers influence the returns of 
the EU equities per sector of economic activity under bearish, bullish and normal 
market conditions. Our research resorts to parametric and nonparametric quantile-
based techniques. We provide relevant insights to policy makers, market regulators, 
and financial market participants, by documenting how economic sectors react to 
substantial changes in common driving factors at distinct states of the markets.

In summary, our findings are seven-fold. First, we document that various eco-
nomic policy uncertainty measures have a generally low predictive influence on the 
EU sectoral stocks across various quantiles. Second, European Union EPU possesses 
the highest predictive ability on the EU sectoral stock returns. Third, the effects of 
economic policy uncertainty, geopolitical risk, and market sentiment on the EU sec-
toral stocks are asymmetric. Fourth, various economic policy uncertainty measures 
have negative (positive) relationships with EU sectoral stocks across the bearish 
(bullish) periods of economic activity. Fifth, the downside risk of EU stock returns 
could hedge against economic policy uncertainty at bearish conditions only. Sixth, 
the EU stocks could hedge against GPR in stressed market conditions. In addition, 
seventh, investor sentiment could favorably hedge against the downside risk of the 
EU sectoral stocks.
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The remainder of the study is systematized as follows. Section 2 provides the lit-
erature review focused on the strands of research addressing each of the analyzed 
driving variables. Section 3 presents the data metrics and econometric approaches. 
Section 4 discusses the empirical findings and Sect. 5 concludes the study.

2  Literature review

In the literature review section, we have three subsections that include each variable 
separately so that we can understand the different opinions related to the research 
topic. In other words, each of the three subsections addresses one of the three driv-
ing variables, namely, economic policy uncertainty (EPU), geopolitical risk (GPR), 
and market sentiment (VIX). Such segregation of the literature allows us to provide 
a more focused discussion of each of the three global driving factors employed in 
our research.

2.1  Economic policy uncertainty—EPU

As referenced in the previous section, the influence of EPU on asset values might 
manifest itself along several strands; namely affecting crucial decisions of economic 
agents such as consumption, saving, investment, and employment; altering financing 
and production costs, and raising risks in financial markets by casting doubts about 
government support. Moreover, inflation, interest rates, and estimated risk premiums 
also depend upon EPU (Gubareva, 2021a; Rebucci et al., 2022). Hence, it is theo-
retically justified to explore the nexus between EPU and stock market performance, 
especially so given the recent COVID-19 pandemic setup (Yousaf et al., 2023) and 
the currently unfolding military conflict between Russia and Ukraine (Bossman & 
Gubareva, 2023; Bossman et al., 2023a, 2023b). Below, we discuss a set of relevant 
recent works on this subject matter.

Among recent studies dedicated to the effects of EPU on stock market returns are 
Kundu and Paul (2022). This paper contributes to the existing bode of knowledge by 
answering the question of how stock market returns and volatility respond to EPU 
under bullish and bearish market conditions. The authors use monthly frequency 
data on G7 countries from 1998 to 2018 and employ the two-regime Markov-switch-
ing VAR model for each country and all countries for the two extreme states of the 
market. Their outcomes indicate that an increase in EPU makes stock returns decay 
and volatility grow in the immediate future. Interestingly enough, the authors dem-
onstrate that an increase in EPU makes stock returns in future time periods augment 
because investors start demanding higher uncertainty premiums, which also leads to 
a decrease in volatility. The results show that the influence of EPU is significant (not 
significant) in the bear (bull) market. Further, the authors apply the three-regime 
Markov-switching VAR model for separate countries and the G7 as a whole. Their 
estimation of the three- regime model corroborates their findings from the two-
regime Markov-switching VAR model.
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In parallel, Albrecht et al. (2022) investigate EPU and stock markets’ co-move-
ments. The authors study the direction of the relationship between EPU and equity 
markets. They analyze time-variant co-movements between the EPU index and a set 
of stock market indices, namely, S&P500, UK100, Nikkei225, and DAX30 at dif-
ferent investment horizons. Their investigation indicates that, during financial tur-
bulences on a global scale, the EPU index lags behind the analyzed equity markets 
at longer horizons, especially in the US, Germany, and Japan. The lag between the 
movements in the EPU index and the chosen equity market indices is within the 
2-to-6-month interval for investment horizons longer than 32 months. Moreover, the 
authors provide evidence of the existence of the short-run effects of EPU on stock 
markets.

In what specifically concerns the US geography, Javaheri et  al. (2022) explore 
EPU and the US stock market trading. This research assesses the effects of EPU 
and economic factors on the stock market indices in the USA using, among other 
approaches, the quantile-based models. The authors find that declining economic 
and political uncertainty indicators make the stock market indices increase. In addi-
tion, their outcomes imply that the influence of inflation and GDP variables fol-
lows nonlinear patterns. In addition, the results based on the quantitative regression 
techniques demonstrate asymmetric effects of inflation and GDP on stock market 
transactions.

An interesting study of Germany EPU and its linkage to geopolitical risk in the 
context of the Russia–Ukraine conflict is performed by Shen and Hong (2023). The 
authors demonstrate that the still ongoing military hostilities between Russia and 
Ukraine have increased geopolitical risks and global economic policy uncertainty, 
causing an increasingly strained international environment. They take Germany as 
an example to analyze whether the time-varying risks can be transmitted from geo-
political risks to EPU. Their study is based on the time-varying Granger-causality 
tests. Shen and Hong (2023) conclude that the risk emanating from geopolitical 
risks and EPU is influenced by the Russia–Ukraine tensions. Moreover, the authors 
demonstrate that this unidirectional relation possesses asymmetric features. They 
show that augmented geopolitical risks might amplify Germany’s EPU.

The above-discussed paper indicates that the EPU and its influence on stock mar-
ket performance represent a hot and important research topic. We see, that a set of 
European countries, such as G7 member-states, receive certain attention from the 
research community, however, to the best of our knowledge, there is no study dedi-
cated to the EU stock market performance and their dependence on diverse EPU 
indicators, especially from the perspective of the equity returns, analyzed by sectors 
of economic activity. Our research bridges this gap.

2.2  Geopolitical risk—GPR

In respect to GPR, as already outlined in the Introduction, a country’s and/
or region’s economic vulnerabilities and grown opportunities in a major part 
depend on the respective geographic location and proper and neighboring politi-
cal environment. Moreover, major crises of the current century are geopolitical 
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in their nature. They have substantially influenced the worldwide stock market 
performance with their particular impacts differing across countries and geogra-
phies. Because the EU is a geographic neighbor of such countries as Russia and 
Ukraine, which are currently involved in a military conflict, the EU economies 
and financial markets are relatively vulnerable to conflict-triggered increases in 
GPR. Hence, it is no surprise that the linkages between GPR and diverse financial 
markets have been gaining considerable attention in the recent literature (Agyei, 
2023; Albaity et  al., 2023; Bossman & Gubareva, 2023; Umar et  al., 2023b). 
Below, we provide a discussion of the relevant recent works on this subject.

For instance, Albaity et al. (2023) investigate the heterogeneity of GPR, EPU 
and sentiment influence on oil and Islamic banking stocks during the COVID-19 
pandemic. The authors analyze 137 conventional and Islamic banks in sixteen 
Middle East and North Africa countries, by means of the unconditional quan-
tile regression technique. The data sample spans from February 2020 to July 
2021. Albaity et  al. (2023) demonstrate that COVID-19 investor sentiment and 
EPU negatively influence bank stock returns. However, oil returns are positive 
and significant only in the first quantile. In its turn, GPR negatively impacts bank 
returns up to the median quantile, while the impact is positive in the upper quan-
tiles. Moreover, the authors show that Islamic banks outperformed conventional 
banks in all quantiles. In addition, it is found that GPR negatively influences the 
Islamic bank returns up to the 75th quantile. This research provides important 
insights into the heterogeneity of market conditions and dependencies of Islamic 
bank stocks on GPR, EPU, and market sentiment, which are the global drivers 
that among others should be considered when implementing investment decisions 
and policies.

In their turn, Bossman and Gubareva (2023) investigate the asymmetric impacts 
of GPR on stock markets in E7 and G7 countries during the Russia–Ukraine con-
flict. The authors employ the quantile-on-quantile regression is employed to study 
the behavior of the E7 and G7 stocks and find that GPR influences equity markets in 
a market-specific and, also, asymmetric manner. In particular, they find that among 
the G7 stocks, the only European equity market resilient to GPR is France, along 
with Japan and the US equities. The authors duly highlight the portfolio and policy 
implications of their results.

In parallel, Bossman et al. (2023a) investigate the performance of the EU sectoral 
stocks amid geopolitical risk, market sentiment, and crude oil implied volatility dur-
ing the period of the Russia–Ukraine tensions. Their work examines the asymmet-
ric relationships between the EU stocks per sector of economic activity and GPR, 
oil, oil implied volatility, and market sentiment during turbulent times of geopoliti-
cal unrest. Employing both, parametric and nonparametric quantile techniques, the 
authors use daily frequency data on eleven sectors in addition to crude oil prices 
and three sentiment-driven indices, namely GPR, the crude oil volatility (OVX), and 
investor sentiment (VIX) over the period between January 2020 and October 2022. 
Their findings from the causality-in-quantile-means test indicate that the EU stock 
returns from different sectors are asymmetrically predicted by WTI, OVX, VIX, and 
GPR. The results from the quantile regression and quantile-on-quantile regression 
metrics demonstrate, among others, that in bearish periods, the EU stocks could 
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hedge against GPR. Their outcomes provide relevant insights for portfolio managers 
and market regulators.

Zhang et al. (2023) investigate the linkages between GPR and stock market vola-
tility from a global perspective. This study uses dynamic panel data from thirty-
two countries, including several EU countries and resorts to the bias-corrected 
least-squares dummy variable estimator. The results show that GPR has a significant 
positive effect on stock market volatility, which is not affected by control variables. 
In addition, the authors conclude that the GPR impact on stock market volatility 
is more significant for emerging economies, crude oil exporters, and countries at 
peace. Their research offers new evidence for the linkage between GPR and stock 
market volatility.

As we see from the papers addressed above, GPR and its influence on stock mar-
ket performance are relevant and contemporaneous research subjects. We see, that 
the nexus between GPR and EU stocks have already received certain attention from 
scholars and researchers. However, further and deeper research into this subject mat-
ter is highly desirable. Our work helps to advance the knowledge frontiers in this 
domain.

2.3  Market sentiment—VIX

In what concerns market sentiment, we gauge it by employing the CBOE Volatility 
Index, or VIX. It projects the probable range of immediate future alterations in the 
US stock markets. VIX reaches its highest levels when the equity market is most 
unsettled. Therefore, academic scholars and market participants tend to refer to VIX 
as a fear gauge. Considered from this point of view, VIX is but a measure of global 
market sentiment. It is worth noting that several studies have investigated the causal 
influence of VIX on European stocks’ behavior (Agyei & Bossman, 2023; Bossman 
et al., 2023a; Li et al, 2020; Magner et al., 2021).

For instance, Magner et al. (2021) investigate the predictive power of stock mar-
kets’ expectations volatility. The authors employ implied volatility indices as a tool 
for estimating changes in the synchronization of stock markets. In particular, they 
assess the predictive power of implied stock market volatility indices on synchro-
nizing global equity indices returns. The authors design the correlation network of 
twenty-six stock indices and implement in-sample and out-of-sample tests to assess 
the predictive power of VIX, VSTOXX, and VXJ implied volatility indices. To 
measure markets’ synchronization, they use the Minimum Spanning Tree length and 
the length of the Planar Maximally Filtered Graph. Their results demonstrate a high 
predictive power of all the volatility indices, both individually and jointly, though 
the VIX predominates over the analyzed indicators. The authors conclude that an 
increase in the markets’ volatility expectations, captured by the implied volatility 
indices, is a good Granger predictor of an increase in the synchronization of returns 
in the following month. Hence, they argue that estimating, monitoring, and predict-
ing returns’ synchronization is essential for investment decision-making, especially 
for diversification strategies and regulating financial systems.
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Agyei and Bossman (2023), in their turn, explore the nexus between inves-
tor sentiment and Greece, Ireland, Italy, Portugal, and Spain (GIIPS) stock mar-
ket returns. Their study analyzes the conditional and unconditional co-movements 
of stock market returns of GIIPS economies incorporating investor fear in their 
time–frequency connectedness. The authors resort to the bi-, partial, and multiple 
wavelet approaches. Their results explain that the high interdependencies between 
the stock market returns of GIIPS across all time scales are partly driven by investor 
fear, implying that extreme investor sentiment could influence stock market prices 
in GIIPS. The lagging role of Spanish stock market returns manifests at zero lags at 
high (lower) and medium frequencies (scales). At lower frequencies (higher scales), 
particularly quarterly-to-biannual and biannual-to-annual, Spanish and Irish stock 
markets, respectively, lag all other markets. The authors conclude that in spite of 
minimal portfolio diversification and safe-haven benefits, obtainable with the GIIPS 
stocks, their volatilities could be hedged against by investing in the US VIX. There-
fore, their results provide important implications for international portfolio design 
and risk management.

Mensi et  al. (2023b) study spillovers and connectedness among G7 real estate 
investment trusts, focusing on the effects of investor sentiment and global factors. 
The authors employ the TVP-VAR methodology to investigate dynamic spillo-
vers. They study the impacts of sentiment, geographical risk, policy uncertainty, 
US Treasury rate, and volatility on the intensity of the spillovers and find that their 
effects across quantiles are non-linear and non-monotonic. In particular, the authors 
assess the influence of VIX on the dependent variable, which is spillover magnitude. 
The study is performed separately for the entire sample, the pre-COVID-19, and 
COVID-19 periods. However, differently from other driving factors, the authors find 
that investor sentiment impact grows monotonically from near zero negative values 
for the lower quantiles to positive figures for the upper quantiles. Nonetheless, in 
general terms, the authors conclude that the lower and upper quantiles of returns are 
more susceptible to changes in driving factors, including VIX than those quantiles in 
the middle.

Najaf et  al. (2023) investigate the nexus between the build-up of the Rus-
sia–Ukraine conflict and stock returns, providing evidence from the Russian and 
Ukrainian stock markets. With the sake to analyze the impact of the conflict-related 
news on stock returns, the authors employ data for the United States, Russian and 
Ukraine stock indices, oil price and VIX. They control the oil price, US stock 
returns, Chicago Board VIX, and the difference in stock returns from Russia and 
Ukraine. This study presents the two main results. First, the conflict-related news 
between the two countries enhances volatility and causes a significant decline in the 
stock market indices for both countries. Second, the Russian stock market faces a 
steeper decline in the build-up and the actual beginning of the military operation 
than the Ukrainian stock market. The authors explain this finding by arguing that the 
Russian markets fear the adverse economic consequences that stem from the sanc-
tions the US and the Western world keep imposing against Russia. The study con-
cludes that global portfolio investors should stay away from the stock markets of the 
countries involved in military conflicts, in particular, and away from equity markets, 
in general, looking instead for safe-haven assets.
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The above-discussed paper indicates that the VIX and its influence on stock mar-
ket performance represent a hot and important research topic. We see, that a set of 
European countries, such as G7 member-states and GIIPS economies, receive cer-
tain attention from the research community, however, to the best of our knowledge, 
there is no study dedicated to the EU stock market performance and their depend-
ence on diverse VIX, especially from the perspective of the equity returns, analyzed 
by sector of economic activity. Our research fills in this void.

3  Data and methods

3.1  Data

We use monthly data on eleven EU sectors (consumer discretionary, consumer ser-
vices, consumer staples, financials, healthcare, industrials, information technology, 
materials, oil and gas, telecom, and utilities), the Chicago Board Options Exchange 
market sentiment (VIX) index, and the geopolitical risk (GPR)1 index developed by 
Caldara and Iacoviello (2022). All data cover the period from February 2013 to Sep-
tember 2022. The choice of our dataset is justified by the possibility to incorporate 
into the study several time intervals subjacent to important events and specific mar-
ket conditions of global and EU importance. Namely, these situations encompass the 
oil collapse in 2014, quantitative easing and low interest rate environment, Brexit, 
the China–US trade war, the COVID-19 pandemic, and the ongoing Russia–Ukraine 
military hostilities. Following Bossman et al. (2023a, 2023b, 2023c) and Khan et al. 
(2022), the natural logarithm transformation of the GPR and all EPU series (GEPU, 
EEPU, and USEPU) is utilized to ensure the stability of the series. For all other data, 
returns are used. Except for the GPR data constructed by Caldara and Iacoviello 
(2022), all data were gleaned from Bloomberg. We construct our sample to cover the 
EU stocks performance throughout the 2014–2016 oil price plunge uncertainty, the 
Brexit vote in 2016 and the 2018–2019 US–China trade wars as well as the recent 
two major events of a global reach; namely, the COVID-19 pandemic, which has 
experienced its peak in March 2020 (Gubareva, 2021a), and the factual invasion of 
Ukraine by Russia on February 24, 2022 (Bossman et al., 2023a, 2023b, 2023c). In 
particular, these two recent events present a unique scenario to observe the behavior 
of various sectoral stocks from the EU in extreme policy uncertainty, market senti-
ment, and geopolitical risk conditions.

The sample statistics (Table 1) show that, over the sample period, among the con-
sidered EU sectors, the mean stock returns are negative for financials, oil and gas, 
and telecom but positive for consumer discretionary, consumer staples, consumer 
services, healthcare, industrials, information technology, materials, and utilities. 
The return series for consumer services, financials, and industrials are leptokurtic. 
The series for consumer staples and oil and gas sectors are positively skewed while 
all other sectoral series are negatively skewed. Among the logarithmic forms of 

1 Data downloaded from https:// www. matte oiaco viello. com/ gpr. htm on November 02, 2022.

https://www.matteoiacoviello.com/gpr.htm
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the geopolitical risk (GPR) index and economic policy uncertainty indices (GEPU, 
EEPU, and USEPU), GPR records its mean at 4.57, peaking at a 5.78 high. EEPU 
records the highest mean of 5.35 among the EPU indices while the series with the 
highest peak is the USEPU, at 6.32. Together with consumer staples, healthcare, and 
telecom, the series for VIX and EEPU fail to reject the normality hypothesis while 
all other series reject the normality hypothesis. In terms of stationarity, all series—
except GEPU—were stationary, allowing us to use both parametric and nonparamet-
ric quantile-based metrics.

Interesting trajectories of the analyzed series are shown in Fig. 1. Notably, all sec-
toral stocks recorded a sharp drop in returns in 2020, which marks the COVID-19 era. 
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Fig. 1  Time series plots. Notes: This figure shows the plots of monthly return series for eleven EU secto-
ral stocks (consumer discretionary, consumer services, consumer staples, financials, healthcare, industri-
als, information technology, materials, oil and gas, telecom, and utilities) and investor sentiment (VIX) 
in addition to the natural logarithm transformation of geopolitical risk (GPR), global economic policy 
uncertainty (GEPU), EU economic policy uncertainty (EEPU), and economic policy uncertainty of the 
US (USEPU). The sample period covers February 2013 to September 2022. The vertical axis of each 
plot displays the return or natural log transformation while the horizontal axis keeps track of calendar 
time (in years). Source: Bloomberg, except for GPR extracted from https:// www. matte oiaco viello. com/ 
gpr. htm

https://www.matteoiacoviello.com/gpr.htm
https://www.matteoiacoviello.com/gpr.htm
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It was within that period that GEPU and USEPU recorded their peaks. For EEPU, its 
peak is found in 2016, which could be traced to Britain’s exit decision in 2016 (Boss-
man et al., 2022d; Kadiric & Korus, 2019). Another comparable peak of the EEPU is 
found in 2022, which corresponds to Russia’s invasion of Ukraine, which started in late 
February 2022. This explains the fact that the peak in GPR is also spotted in 2022. It is 
important to reiterate that these events provide an opportunity for us to document the 
asymmetric effects of various policy uncertainty measures, geopolitical risk, and inves-
tor sentiment on the EU sectors of economic activity.

3.2  Methods

Our methodological approach involves two steps. To ascertain whether various EPU 
measures and VIX have a predictive influence on EU sectoral stock returns across 
various quantiles, we employ the causality-in-quantile test developed by Jeong et  al. 
(2012). The asymmetric relationships between the variables across the bullish, bear-
ish, and normal conditions of economic activity are tested using the parametric quan-
tile regression (QR) and the nonparametric quantile-on-quantile regression (QQR) 
approaches. Here, we reiterate that the chosen sample allows us to incorporate into the 
study several time intervals subjacent to important events and specific market condi-
tions—such as the oil collapse in 2014, quantitative easing and low interest rate envi-
ronment, Brexit, the China–US trade war, the COVID-19 pandemic, and the ongoing 
Russia–Ukraine geopolitical tensions—of global and EU importance. In the face of 
these events and with data sample spanning from 2013 to 2022, it is important to note 
that markets evolve through bearish, bullish, and normal conditions, necessitating that 
the responsiveness of EU stocks belonging to various sectors of economic activity is 
envisaged from not only the median (normal) condition but also from the bearish and 
bullish states of the market. This partly informs our choice of both parametric (i.e., 
the classical quantile regression) and nonparametric (causality-in-quantile-means and 
QQR) quantile-based econometric techniques. The steps involved in the causality-in-
quantile means test and the QQR regression approach are described below.

3.2.1  Causality‑in‑quantiles

The predictive power of EEPU, GEPU, USEPU, GPR, and VIX for returns of any EU 
sectoral stock across various quantiles of the EU sectoral stock returns is examined 
through the causality-in-quantiles test proposed by Jeong et al. (2012) in the following 
steps:

If yt is the stock returns from any EU sector and xt is any of EEPU, GEPU, 
USEPU, GPR, and VIX, we can evaluate the hypothesis that, in the � th quantile, if 
{yt−1,… , yt−p, xt−1,… , xt−p} is the lag vector, xt possesses no causal influence on yt , 
given that:

In the � th quantile, if we have {yt−1,… , yt−p, xt−1,… , xt−p} as the lag vector, xt 
has a causal influence on yt when:

(1)Q�

(
yt|yt−1,… , yt−p, xt−1,… , xt−p

)
= Q�

(
yt|yt−1,… , yt−p

)
.
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Here, the � th quantile of yt is Q�(yt|∙) . t predicts the conditioned quantiles, 
Q�(yt|∙) , of yt such that the quantiles fall within the range0 < 𝜃 < 1.

Further, when Zt = Yt,Xt are accompanied by vectors yt−1 = yt−1,… , yt−p and 
xt−1 = xt−1,… , xt−p , their conditioned distribution functions may be expressed as 
Fyt|Zt−1

(yt|Zt−1) and Fyt|Yt−1
(yt|Yt−1) , respectively, given Zt−1 and Yt−1 as conditioned 

vectors. Fyt|Zt−1
(yt|Zt−1) is assumed to be strictly continuous in yt for practically all 

Zt−1.
So, if Q�

(
Zt−1

)
≡ Q�(yt|Zt−1) and Q�

(
Yt−1

)
≡ Q�(yt|Yt−1) , we arrive at 

Fyt|Zt−1
{Q�

(
Yt−1

)
|Zt−1} = � , with the probability P = 1.

From Eqs. (1) and (2), the hypothesis for each causality-in-quantile test may be 
noted as:

3.2.2  Quantile‑on‑quantile regression

Sim and Zhou’s (2015) QQR model is designed in a manner that combines non-
parametric steps with Koenker and Bassett’s (1978) quantile regression (QR) metric, 
which is a straightforward extension of the traditional linear regression model that 
quantifies the relationship between the regressor and the conditional distributions of 
the regressand. Therefore, by its feature, the QQR metric helps to assess, in totality, 
the relationship between the regressor and the regressand across the distributions of 
both the regressand and regressor, providing a comprehensive view of the connec-
tions between the variables (Asafo-Adjei et al., 2022a; Bossman et al., 2022e).

In any market event within the evolvement of financial markets, diverse bearish, 
bullish, and normal conditions may be observed at different conditions of EPUs, 
GPR, and VIX. Therefore, rather than using classical metrics like linear regression 
and QR, an amalgamation of the two models will render a wide-ranging understand-
ing of the fundamental interrelations between EPUs, GPR, and VIX, and the EU 
sectoral stocks. In this study, we apply the nonparametric QQR metric to model the 
effect of various EEPU, GEPU, USEPU, GPR, and VIX quantiles on different return 
distributions of the EU sectoral stocks.

The QQR model is formularized as:

Here, Yt denotes the return on a given EU sectoral stock; Xt is any of EEPU, 
GEPU, USEPU, GPR, and VIX at day t ; ��(∙) is an unknown parameter determined 

(2)Q�

(
yt|yt−1,… , yt−p, xt−1,… , xt−p

)
≠ Q�

(
yt|yt−1,… , yt−p

)
.

(3)H0 ∶ P
{
Fyt|Zt−1

{
Q�

(
Yt−1

)
|Zt−1

}
= �

}
= 1.

(4)H1 ∶ P
{
Fyt|Zt−1

{
Q𝜃

(
Yt−1

)
|Zt−1

}
= 𝜃

}
< 1.

(5)Yt = ��(Xt) + u�
t
.
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as the estimated slope coefficient between the observed values of Yt and Xt ; � is the 
�th quantile of the conditional return distribution of a given EU sectoral stock, and 
u�
t
 is the quantile residue with a zero �th quantile.
In what concerns the bandwidth ( h ) in a nonparametric QQR metric, the correct 

specification is essential. A wider (narrower) bandwidth comes with a larger bias 
(variance) for an estimate. To balance the variance and bias, we stick to Sim and 
Zhou’s (2015) recommendation of h = 0.05.

4  Empirical results

This section presents and discusses the empirical results from our analysis in three 
steps. First, the causal influence of each of EEPU, GEPU, USEPU, GPR, and VIX 
on various EU sectoral stock returns is ascertained based on the quantile-causality-
in-means test. Second, facilitated by a parametric approach, we analyze the QR 
results, detailing the effect of each of EEPU, GEPU, USEPU, GPR, and VIX on 
various EU sectoral stock return distributions. Third, through the nonparametric 
QQR approach, we analyze how various quantiles of each of EEPU, GEPU, USEPU, 
GPR, and VIX affect various EU sectoral stock return distributions.

4.1  Quantile causality‑in‑means analysis

In this sub-section, we present the causal influence of EEPU, GEPU, USEPU, GPR, 
and VIX on various distributions of the EU stock returns based on the quantile-
causality-in-means test. This approach could be used to test the predictive ability 
of an independent on a dependent variable in terms of quantile mean and variance. 
However, in this analysis, we resort to the quantile mean only, as applied in existing 
works (e.g., Agyei, 2022; Alsubaie et al., 2022; Bossman et al., 2022c; Umar et al., 
2023a). The outcomes from the causality-in-quantile-means analysis are pictorially 
(numerically) presented in Figs. 2, 3, 4, 5 and 6 (Tables 2, 3, 4, 5, 6), for EEPU, 
GEPU, USEPU, GPR, and VIX, respectively. For every plot in each figure, the thick 
horizontal line shows the critical value (CV) at a 95% confidence interval, i.e., a 5% 
significance level. In each case, the predictor variable is named first, followed by the 
response variable, which includes the EU sectoral stock returns.

The tested hypothesis reads that changes in a given EU sectoral stock return are 
Granger-caused by changes in a named predictor variable. A rejection of the tested 
hypothesis at 1% (CV = 2.567), 5% (CV = 1.96), and 10% (CV = 1.645), means that 
variations in a named sectoral stock are Granger-caused by changes in the predictor 
variable. Taking into consideration the above guide, and with reference to both the 
graphical (Figs. 2, 3, 4, 5, 6) and numerical (Tables 2, 3, 4, 5, 6) test statistics, we 
can ascertain whether any of EEPU, GEPU, USEPU, GPR, and VIX significantly 
predicts the returns for any EU sectoral stock.

The results show that the null hypothesis is maintained across several quan-
tiles for most pairs. Yet, there are some interesting observations to be men-
tioned. First, in terms of GEPU (Fig. 2; Table 2), the hypothesis is rejected for 
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the industrials and telecom sectors. Thus, the stock returns from these sectors in 
the EU are significantly predicted by global economic policy uncertainty across 
the quantile range of 0.35–0.60. Second, for EEPU (Fig. 3; Table 3), we find a 
significant predictive power for it vis-à-vis the stock returns from consumer dis-
cretionary (across the quantile range 0.20–0.35), consumer services (across the 
quantile range 0.40–0.50), industrials (across the quantile range 0.15–0.60), and 
information technology (across the quantile range 0.40–0.50). Third, in terms of 
USEPU (Fig.  4; Table  4), the hypothesis is maintained for all sectors. Fourth, 
for GPR (Fig.  5; Table  5), the hypothesis is rejected for consumer discretion-
ary (across the quantile range 0.40–0.55) and IT (across the quantile range 
0.25–0.45). Lastly, in terms of VIX (Fig. 6; Table 6), the hypothesis is rejected 
for information technology (across the quantile range 0.35–0.65) and materials 
(across the quantile range 0.60–0.65).

Therefore, among the various EPUs, the EEPU has the highest predictive 
power while the USEPU has no predictive power on stock returns from the EU. 
To learn more about the connection between these variables, we delve into their 
asymmetric relationships using the QR and QQR techniques in the subsequent 
sub-sections.

Fig. 2  Causality analysis: GEPU and EU sectoral stocks. Notes: This figure shows the plots of test statis-
tics from the causality-in-quantile means on the predictive power of changes in GEPU on changes in the 
returns of EU sectoral stocks. The vertical axis of each plot measures the test statistics while the horizon-
tal axis keeps track of the quantiles of stock returns
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4.2  Quantile regression (QR) analysis

In this sub-section, we present the relationship between each predictor variable (i.e., 
GEPU, EEPU, USEPU, GPR, and VIX) and various distributions of the EU sectoral 
stock returns via the parametric QR metric. The outcomes from the QR analysis are 
numerically presented in Tables 7, 8, 9, 10 and 11, for GEPU, EEPU, USEPU, GPR, 
and VIX, respectively.

The results on the effects of the various EPUs, as presented in Tables 7, 8 and 9, 
share a similar pattern. We observe three important features. The first is that GEPU, 
EEPU, and USEPU have significant negative effects on stock returns from vari-
ous EU sectors across the lower quantiles, specifically across the quantile range of 
0.05–0.35. The fact that these negative effects are spotted across the bearish markets 
suggests that stock returns from the EU, without discriminating among the sectors, 
have a negative relationship with economic policy uncertainty, be it either GEPIU, 
EEPU, or USEPU. Second, at normal trading conditions, which correspond to the 
median quantiles (0.40–0.50), several mixed (positive and negative) relationships 
lack statistical significance. Third, across the bullish market conditions, i.e., for the 
quantile range 0.55–0.95, consistent positive relationships are found between vari-
ous EPUs and EU sectoral stocks. This means that EU stocks lose their hedge ability 
against various EPUs during bullish periods.

Fig. 3  Causality analysis: EEPU and EU sectoral stocks. Notes: This figure shows the plots of test statis-
tics from the causality-in-quantile means on the predictive power of changes in EEPU on changes in the 
returns of EU sectoral stocks. The vertical axis of each plot measures the test statistics while the horizon-
tal axis keeps track of the quantiles of stock returns
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Thus, the empirical findings from the QR analysis—between EPUs and EU sec-
toral stocks—suggest that the analyzed sectors of EU stocks could hedge against the 
downside risk of economic policy uncertainty across extreme periods that resem-
ble bearish market conditions for various sectoral stocks. On the contrary, at bullish 
conditions of economic activity, EU stocks fail to serve as a hedge against all forms 
of economic policy uncertainty. It is worth noting that these characteristics of EU 
stocks vis-à-vis various EPUs are similar to their characteristics against geopoliti-
cal risk (GPR), as reported in Table 10. Thus, similar to what is found for the EU 
stocks’ relationships with various EPUs, the results from Table 10 indicate that the 
relationships between GPR and the considered EU sectoral stocks are significantly 
negative, insignificant, and significantly positive across the bearish (0.05–0.35), nor-
mal (0.40–0.50), and bullish (0.55–0.95) conditions of economic activity, respec-
tively. These findings regarding the GPR influence on various sectoral stocks are 
consistent with Bossman et  al. (2023a, 2023b, 2023c), Bedowska-Sojka et  al. 
(2022), and Umar et al. (2022a, 2022b), who underscore mixed impacts of GPR on 
various financial assets.

In terms of investor sentiment (VIX), as reported in Table 11, the results show a 
consistent negative relationship between VIX and the EU sectoral stocks across all 
quantiles. The negative relationships communicate potential hedging attributes of 
VIX against the EU stocks. Thus, as equity investors hedge against the downside 

Fig. 4  Causality analysis: USEPU and EU sectoral stocks. Notes: This figure shows the plots of test sta-
tistics from the causality-in-quantile means on the predictive power of changes in USEPU on changes in 
the returns of EU sectoral stocks. The vertical axis of each plot measures the test statistics while the hori-
zontal axis keeps track of the quantiles of stock returns
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risk associated with financial markets, as quantified by the CBOE VIX, they may 
achieve a shield against shocks from various EU sectors. And all the way around, 
investments in the VIX, which cater for changes in financial markets, provide a pos-
sibility of hedging against shocks from the EU sectoral stocks. This observation is 
consistent with the existing literature that finds the VIX as a hedging instrument 
(Asafo-Adjei et al., 2022b; Owusu Junior et al., 2021).

4.3  Quantile‑on‑quantile regression analysis

In this sub-section, we analyze the relationship between each predictor variable 
(i.e., GEPU, EEPU, USEPU, GPR, and VIX) and EU sectoral stock returns via 
the nonparametric QQR method. This analysis is distinct from the QR analysis 
because, while in the QR analysis, we gauge the effect of the predictor variable 
on the distributions of the independent variable (i.e., a named EU sector), in the 
QQR approach, we envisage this relationship by considering how various quan-
tiles of the predictor variable relate to the various distributions of the predicted 
variable. The real market conditions witnessed by any of the predictor variables, 
at any point in time, may be different from the conditions in various sectors of 
economic activity. Hence, to explore the overall relationships between these 

Fig. 5  Causality analysis: GPR and EU sectoral stocks. Notes: This figure shows the plots of test statis-
tics from the causality-in-quantile means on the predictive power of changes in GPR on changes in the 
returns of EU sectoral stocks. The vertical axis of each plot measures the test statistics while the horizon-
tal axis keeps track of the quantiles of stock returns
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variables, across the bullish, normal, and bearish conditions of all variables, the 
application of the QQR approach is appropriate. Following the conventional prac-
tice, the outcomes from the nonparametric QQR analysis are presented in Figs. 7, 
8, 9, 10 and 11, for GEPU, EEPU, USEPU, GPR, and VIX, respectively.

In terms of economic policy uncertainty and EU sectoral stocks, Figs.  7, 8 
and 9 share some similarities, as the QR results demonstrated. Here, in the QQR 
analysis, the results demonstrate a mix of positive and negative effects of vari-
ous EPUs (GEPU, EEPU, and USEPU) on stock returns from EU economic sec-
tors. The findings highlight the fact that the relationships between the variables 
are asymmetric, demonstrating the relevance of the econometric approaches 
utilized in this study. Notably, from the various three-dimensional plots, we see 
that, across the median quantiles of both EU sectoral stock returns and any of 
the EPUs, the relationships are mainly negative while across the extremes, they 
are positive. Therefore, we may infer that, in normal market conditions, diver-
sification may be fairly consistent whereas, in bullish and bearish states, hedg-
ing against various EPUs with the EU stocks may not be inconsistent. A similar 
conclusion may apply in the case of geopolitical risk (GPR), as in Fig.  10, but 
the following peculiar observation is worth noting. For GPR, the EU stocks from 

Fig. 6  Causality analysis: GPR and EU sectoral stocks. Notes: This figure shows the plots of test statis-
tics from the causality-in-quantile means on the predictive power of changes in GPR on changes in the 
returns of EU sectoral stocks. The vertical axis of each plot measures the test statistics while the horizon-
tal axis keeps track of the quantiles of stock returns
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various sectors could serve as a hedge only when the market condition is bear-
ish for both stock returns and GPR. That is, EU stocks may not be a hedge only 
when GPR is in a bullish condition (0.75–0.95) whilst stock returns are in a bear-
ish condition (0.05–0.20). Thus, in a coincidence between amplifying levels of 
GPR and worse periods of stock markets, the EU stocks may fail to withstand 
the downside risk of GPR. Therefore, we refer to Bossman et al. (2023a, 2023b, 
2023c) and Umar et al. (2022a, 2022b), who emphasize that managing GPR at its 
normal or lower levels will be beneficial for financial markets.

Fig. 7  QQR analysis: GEPU and EU sectoral stocks. Notes: This figure shows the 3D plots of the beta 
estimates from the quantile-on-quantile regression between global economic policy uncertainty (GEPU) 
and EU sectoral stocks. The z-axis of each plot gauges the beta estimates while the x- and y-axes keep 
track of the quantiles of GPR and stock returns, respectively (color figure online)
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Figure 11 presents the relationship between investor sentiment (VIX) and EU 
sectoral stocks. The relationships between VIX and EU sectoral stocks across 
most quantiles are negative, indicating the VIX’s position as a hedge against the 
downside risks of the EU stocks. However, we note that VIX and various stocks 
are positively related across the upper quantiles (0.90–0.95) of stock returns and 
mainly lower quantiles of VIX. This suggests that during stock markets’ bullish 
conditions, VIX fails to serve as a hedge for the downside risk of the EU stocks. 
Note that, among the sectors, the VIX partially serves as a consistent hedge for 
consumer discretionary, consumer services, and financials.

Fig. 7  (continued)
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In what concerns policy implications and analysis in the context of COVID-
19, the visual investigation of Figs. 7, 8, 9, 10 and 11 allows us to identify the 
regions of the chars that correspond to the pandemic expansion, as the locations, 
which are characterized by low levels of returns and high levels of EPU, GPR 
and VIX. Amidst the COVID-19 outbreak expansion, aggressive social-distanc-
ing measures and lockdowns have negatively impacted the performance of capi-
tal markets (Gubareva, 2021a, 2021b). Our results corroborate with the previous 
studies providing insights for designing and implementing policies capable of 

Fig. 8  QQR analysis: EEPU and EU sectoral stocks. Notes: This figure shows the 3D plots of the beta 
estimates from the quantile-on-quantile regression between the EU economic policy uncertainty (EEPU) 
and EU sectoral stocks. The z-axis of each plot gauges the beta estimates while the x- and y-axes keep 
track of the quantiles of GPR and stock returns, respectively (color figure online)
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withstanding severe financial stresses transversal to the global market similar 
to COVID-19 and enabling the countries and the regions to recover by properly 
addressing severe systemic crises. Once again, we reiterate that among the sec-
tors, the VIX partially serves as a consistent hedge for consumer discretionary, 
consumer services, and financials. However, a certain caution should be taken in 
order not to assume automatically that what has been found to work during the 
COVID-19 pandemic, will be workable during future disease-driven or econ-
omy-driven stress episodes, as hedge strategies feasible for normal market con-
ditions may fail during periods of global crisis (Umar & Gubareva, 2020). Wrap-
ping up, the effect of major policies, implemented by governments to mitigate 

Fig. 8  (continued)
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the effects of the COVID-19 pandemic have produced positive effects on GDP 
on a country, regional and global level. By large, the most important policies are 
social distancing, financial help to businesses and households, and vaccination 
along with ejecting liquidity by central banks on financial markets, cutting inter-
est rates, and implementing quantitative easing (Haddad et  al., 2021; Hartley 
& Rebucci, 2020). The large-scale policy responses have softened the COVID-
19 adverse effects on EM liquidity (Gubareva, 2021a, 2021b). In line with the 
above-cited studies, our results indicate that the returns of EU stock markets 

Fig. 9  QQR analysis: USEPU and EU sectoral stocks. Notes: This figure shows the 3D plots of the beta 
estimates from the quantile-on-quantile regression between the economic policy uncertainty of the US 
(USEPU) and EU sectoral stocks. The z-axis of each plot gauges the beta estimates while the x- and 
y-axes keep track of the quantiles of GPR and stock returns, respectively (color figure online)
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and the impacts of policies depend on the overall market situation and might 
vary over time and sectors of economic activity. Therefore, it is of extreme 
importance that the governments keep analyzing adherence of their strategies 
to the state of economies and capital markets in order to ensure the efficiency 
of their policies. Corroborating with Albaity et  al. (2023), and extending the 
investigation to the EU economic zone, our results offer valuable COVID-19-re-
lated insights into the heterogeneity of market conditions and dependencies of 
EU stock returns on investor sentiment, geopolitical risk, and economic policy 
uncertainty.

Fig. 9  (continued)
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4.4  Robustness

In this sub-section, we ascertain the validity of the estimates from the nonparametric 
QQR approach based on those from its parametric counterpart, the QR approach. 
Since the QR approach follows a set of parametric steps, the significance of the esti-
mates is easily generated. The QQR approach, however, follows a set of nonpara-
metric steps and, as a result, the conventional means of ascertaining the significance 
of the estimates is to compare them with their QR counterparts. Due to the fact that 

Fig. 10  QQR analysis: GPR and EU sectoral stocks. Notes: This figure shows the 3D plots of the beta 
estimates from the quantile-on-quantile regression between geopolitical risk (GPR) and EU sectoral 
stocks. The z-axis of each plot gauges the beta estimates while the x- and y-axes keep track of the quan-
tiles of GPR and stock returns, respectively (color figure online)
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the QQR converges to the QR, the significance of the QQR estimates, hence, robust-
ness, is confirmed when the trajectories portrayed by the QQR estimates bear resem-
blance with their QR counterparts (Agyei, 2022; Alsubaie et al., 2022; Khan et al., 
2022). Therefore, in this sub-section, we ascertain how robust the QQR estimates 
are to their QR counterparts by presenting the results in line graphs. Figures 12, 13, 
14, 15 and 16 demonstrate this for GEPU, EEPU, USEPU, GPR, and VIX, respectiv
ely.

From the various plots, we document a high resemblance of QR and QQR 
estimates, as shown by the overlap between blue (QQR) and orange (QR) esti-
mates. The few differences in the QR and QQR estimates result from possible 

Fig. 10  (continued)
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noise effects (Pang et al., 2022; Umar et al., 2023a). Put differently, Pang et al. 
(2022) and Umar et al. (2023a, 2023b) explain that modest differences between 
QR and QQR estimates result from possible noise effects and, thus, do not com-
promise the robustness of the reported results.

Fig. 11  QQR analysis: VIX and EU sectoral stocks. Notes: This figure shows the 3D plots of the beta 
estimates from the quantile-on-quantile regression between investor sentiment (VIX) and EU sectoral 
stocks. The z-axis of each plot gauges the beta estimates while the x- and y-axes keep track of the quan-
tiles of GPR and stock returns, respectively (color figure online)
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5  Concluding remarks

This paper analyzes the asymmetric effects of economic policy uncertainty, geopo-
litical risk, and investor sentiment on EU stocks from various sectors of economic 
activity. We gauge asymmetries in the dynamics of returns produced by various 
EU sectors at elevated levels of economic policy uncertainty, geopolitical risk, and 
market sentiment using the causality-in-quantile-means analysis. Afterwards, we 
analyze the safe-haven and hedge attributes of EU stocks against global economic 
policy (EPU) uncertainty as well as against European Union EPU and United States 
EPU. We also explore the safe-haven and hedge attributes of investor sentiment, 

Fig. 11  (continued)
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Fig. 12  QR and QQR slopes: GEPU and EU sectoral stocks. Notes: This figure shows line plots of the beta 
estimates from quantile regression (QR) and quantile-on-quantile regression (QQR) between geopolitical risk 
(GPR) and EU sectoral stocks. The vertical axis of each plot measures the beta estimates while the horizontal 
axis keeps track of the quantiles. Blue (orange) trends represent the QR (QQR) estimates (color figure online)
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Fig. 13  QR and QQR slopes: EEPU and EU sectoral stocks. Notes: This figure shows line plots of the 
beta estimates from quantile regression (QR) and quantile-on-quantile regression (QQR) between EU 
economic policy uncertainty (EEPU) and EU sectoral stocks. The vertical axis of each plot measures the 
beta estimates while the horizontal axis keeps track of the quantiles. Blue (orange) trends represent the 
QR (QQR) estimates (color figure online)
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Fig. 14  QR and QQR slopes: USEPU and EU sectoral stocks. Notes: This figure shows line plots of 
the beta estimates from quantile regression (QR) and quantile-on-quantile regression (QQR) between 
economic policy uncertainty of the US (USEPU) and EU sectoral stocks. The vertical axis of each plot 
measures the beta estimates while the horizontal axis keeps track of the quantiles. Blue (orange) trends 
represent the QR (QQR) estimates (color figure online)
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Fig. 15  QR and QQR slopes: GPR and EU sectoral stocks. Notes: This figure shows line plots of the beta 
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Fig. 16  QR and QQR slopes: VIX and EU sectoral stocks. Notes: This figure shows line plots of the beta esti-
mates from quantile regression (QR) and quantile-on-quantile regression (QQR) between investor sentiment 
(VIX) and EU sectoral stocks. The vertical axis of each plot measures the beta estimates while the horizontal 
axis keeps track of the quantiles. Blue (orange) trends represent the QR (QQR) estimates (color figure online)
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as measured by the CBOE VIX index, and of geopolitical, as gauged by the GPR 
index, against various sectoral stocks from the EU using the quantile regression and 
quantile-on-quantile regression techniques.

The series of analyses undertaken in the study produce important findings. We 
demonstrate that economic policy uncertainty and geopolitical risk have asymmet-
ric causal influence and relationships with the EU stocks from different sectors of 
economic activity. The influence of the EU economic policy uncertainty on secto-
ral stocks is highly significant relative to the influence of the US economic policy 
uncertainty. Notwithstanding, certain EU sectoral stocks, found to serve just as 
diversifiers in normal market conditions, fail to serve as a hedge in stressed peri-
ods. However, with respect to geopolitical instability, the EU stocks could serve as 
hedges and safe-havens against GPR in bearish periods of economic activity. Fur-
thermore, the empirical findings suggest that market sentiment is a good means for 
hedging against the downside shocks associated with the EU stocks from various 
sectors.

The findings from the present study have significant implications for investors, 
portfolio management practitioners, and future studies. To ensure that regulatory 
measures are effective and proactive, regulators would need to incorporate the 
role of regional and global factors that contribute to economic policy uncertainty. 
Through this, the policy trends in the EU economy could be a necessary factor to 
be considered when formulating policy measures for various EU sectors of eco-
nomic activity. Similarly, for investors and risk managers, these findings highlight 
two important issues—first, to hedge against the extreme risks of the EU economy, 
portfolio managers concerned with EU-dominated assets may have to gauge inves-
tor sentiment and incorporate appropriate safe-haven and hedge assets from differ-
ent markets, particularly in stressed periods of economic activity; and second, the 
asymmetric relationships between the stock volatility, investor sentiment, and vari-
ous sectoral stocks highlight the need for cross-asset and cross-sector investments to 
mitigate overall portfolio risks. Future contributions to the literature could extend 
the findings presented in the present study by analyzing the portfolio implications 
of investments containing EU assets in the presence of economic policy uncertainty 
and geopolitical risk.
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