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ABSTRACT ARTICLE HISTORY
This study investigates the impact of geopolitical risk (GPR) on Received 20 June 2023
sustainable investments, focusing on five global environmental Accepted 17 February 2024

indices and two global GPR indices. Using Corrected Dynamic KEYWORDS
Conditional Correlation Generalised Autoregressive Conditional Environmental equities;
Heteroskedasticity (cDCC-GARCH) model and Diebold and global political risk;
Yilmaz's spillover analysis, we use daily data from January 2009 to spillovers; extreme events;
October 2022, covering various market phases, including the sustainable investment
European sovereign debt crisis, the COVID-19 pandemic, and the

war in Ukraine. Results from the cDCC-GARCH model reveal high

dynamic conditional correlations. During periods of high volatility,

environmental indices displayed simultaneous and more intense

responses, limiting investment diversification alternatives when

considering only the environmental side. Diebold and Yilmaz's

static analysis demonstrates that environmental segments are

more influenced by systemic shocks than specific causes, with

GPR'’s influence proving relatively weak. In the dynamic analysis,

the spillover effects of GPR in environmental segments intensified

during the pandemic crisis and the invasion of Ukraine, affecting

market conditions.

1. Introduction

In recent decades, business management models have described an evolutionary path
towards accommodating the different perspectives of stakeholders (Freeman, 2008;
Wood, 2008), going beyond the mere financial point of view advocated in Friedman’s
proposal (1970), according to which a company’s sole mission is to maximise value for
shareholders.

Concerns related to global warming, climate change, the environment, and human and
social rights, among other issues, made stakeholders start to see sustainability as
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a strategic vector, as it can also help add value to business from a long-term perspective
(KPMG, 2011; Porter & Kramer, 2006; Vives & Wadhwa, 2012).

Increasingly, investors seek to reconcile their financial objectives with the sustainability
of society, taking into account social, environmental and governance issues (European
Sustainable Investment Forum - Eurosif, 2008; Lombardo & D’Orio, 2012; Statman &
Glushkov, 2008). In this context of greater awareness of sustainability-related issues,
new types of assets have emerged, reconciling financial objectives with the various
dimensions of sustainability, as well as several sustainable shareholder indices (Cortez
et al,, 2009). World investment in sustainable assets has increased in importance, rising
from $13.3 trillion in 2012 to $30.3 trillion in 2022. Promoting green finance in order to
channel investments towards green projects and activities that are environmentally
friendly becomes increasingly necessary as climate change accelerates (Yousaf,
Suleman, et al,, 2022; among others). However, as green investing can be exposed to
both systematic and idiosyncratic geopolitical risk, it is crucial to consider the impact
exerted by geopolitical events on these relatively new financial instruments. Despite the
growing research interest in the topic of sustainable investment, the number of studies
developed in this area is small, and few studies explore the behavioural mechanisms of
sustainable stock indices or consider the role of global GPR, disaggregated on its two
different dimensions, as a factor determining the behaviour of this type of investment
asset.

The geopolitical risks, currently ranked among the top five global business threats (e.g.
C. Lee et al., 2021), are one of the most crucial factors affecting businesses belonging to
different sectors. Several studies were conducted to highlight the major consequences of
the geopolitical risks among different settings and facets, such as energy, trade flows,
stock market returns, investment, renewable energy consumption, renewable energy
deployment, oil prices, insurance premiums, tourism investment and tourism destination
selection, among others (e.g. Su et al,, 2021; Gupta et al., 2019; Apergis et al., 2018; Bilgin
et al,, 2020; Sweidan, 2021; W. Zhang et al., 2022; C. Lee et al.,, 2021; Sarker et al., 2023;
among others). Moreover, Zhao et al. (2021) argued that environmental and economic
indicators can be affected by geopolitical risks making nations more likely to lose their
welfare benefits as unfavourable geopolitical events change the direction of investment
spending towards less productive uses like reconstruction and security (Olanipekun &
Alola, 2020).

As a global phenomenon, geopolitical risk has been considered a factor with the ability
to influence financial markets (Cheng & Chiu, 2018; Das et al., 2019; Gu et al., 2021; C. Lee &
Chen, 2020). With the rapid development of information technology, stock trading has
become easier and stock prices have become more sensitive to GPR shocks. Several recent
studies recognise the negative effect of geopolitical risks on asset prices, including green
assets (Caldara & lacoviello, 2018; Balcilar et al., 2018; Hoque et al., 2019; Smales, 2021;
Shahzad et al., 2023; Sarker et al., 2023). Frequent geopolitical shocks, such as terrorist
attacks, escalating military conflicts, or tensions from wars, are associated with economic
downturns, which penalise trade and global economic welfare (Glick & Taylor, 2010).

Over recent decades, due to globalisation, financial market integration among devel-
oped and emerging markets has occurred (Botoc & Anton, 2020). Thus, understanding the
behaviour of international stock markets represents a key issue for investors, portfolio
managers, and policymakers all over the world, to deal with crises spreading from one
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stock market to another, or even crises with origin out the financial markets but which
impact them. Additionally, many of the post-communist economies find themselves
heavily reliant on energy sources subject to geopolitical influences, exposing them to
the uncertainties of global energy markets and the political manoeuvres of energy-rich
nations. Recognising the vulnerabilities inherent in such dependencies, these economies
are increasingly turning their attention to alternative energy sources and environmental
investments as strategic avenues for long-term sustainability, justifying also the interest of
these economies in the analysis performed.

Several world crises (eg., the Global financial crisis (GFC) or the European sovereign
debt crisis (ESDC)) have shaken the world economies and financial market, with the last
facing a turmoil period characterised by a simultaneous downfall, high volatility and
uncertainty (Dua & Tuteja, 2016). The most recent world crisis, although with no financial
origin, the COVID-19 pandemic crisis, had also a significant impact on world economies
and financial markets, as concluded by Singh et al. (2021), Salisu and Shaik (2022) and
Umar et al. (2021). The war in Ukraine had also global impacts, it has not only led to
a sharp increase in the GPR faced by regional and international financial markets (Umar,
Polat, et al., 2022) as well as a global energy crisis that raises the prospect of returning to
some sources of electricity that are far from green and environmentally friendly (Borowski,
2022). Major global crises, such as the COVID-19 pandemic and geopolitical conflicts, can
significantly impact market sentiment and investor risk appetite, leading investors to
adopt a more risk-averse approach, increasing market volatility and potential declines in
asset prices, including the environmental indices. This, allied with the importance of
sustainability in today’s society and by the need to deepen the study of the various
segments of sustainable investment, in a context of great complexity, due to the com-
bined consequences of the pandemic crisis and the war in Ukraine, constitutes motiva-
tions to the development of our study. Motivated also by the global impact of sustainable
investing during the last two decades, the following research questions were defined: 1)
Do environmental segments maintain a close relationship with GPR indices? 2) Do
environmental segments and GPR indices generate static or dynamic spillover effects
between each other? 3) Are the responses of environmental segments to shocks to GPR
indices positive or negative? 4) Are the responses of environmental segments more
influenced by threats or by events? 5) Are the environmental segments and GPR indices
net transmitters or receivers of spillovers? 6) Did the pandemic crisis or the war in Ukraine
imply changes in the spillover transmission process between environmental segments
and GPR indices?

To meet the research objectives, this uses the Corrected Dynamic Conditional
Correlation Generalised Autoregressive Conditional Heteroskedasticity (cDCC-
GARCH) multivariate model, proposed by Aielli (2013), in order to follow the
connectivity generated between the variables studied over time. This is particularly
relevant in the analysis of financial markets behaviour, where correlations between
asset returns can change over time due to market dynamics and shifts in investor
sentiment. Furthermore, as this model incorporates the volatility dynamics, it
allows the mitigation of the potential biases that could arise if correlations were
estimated without considering volatility effects. This model allows for recognising
probable fluctuations in conditional correlations during the sample period,
enabling the detection of dynamic investor behaviour in reaction to the GPR
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volatility (Aydogan et al., 2017). In addition to this model, we use the methodolo-
gical proposal by Diebold and Yilmaz (2012, 2015), which allows us to analyse the
magnitude of the spillover effects generated between the variables. Both models
are estimated based on daily frequency data from January 2009 to October 2022
(3581 observations), involving five global environmental indices (alternative energy,
sustainable water, green building, clean technology, and pollution prevention) and
two indices related to global political risk (threat risk and event risk). Due to the
growing recognition of environmental sustainability and the need for incorporating
environmental factors into investment decision-making, it is important to analyse
the behaviour of environmental indices, as it could allow investors to align their
investment decisions with their environmental values and contribute to a more
sustainable future.

The present makes several contributions to the literature. Previous studies on this topic
employed other methodological approaches (eg. dummy variables), to identify episodes of
geopolitical risk (Medel, 2015; Zhang et al., 2018) but without quantifying their magnitude.
Our study tries to fill this gap and uses the methodological proposal of Diebold and Yilmaz
(2012, 2015) to quantify the referred magnitude. As far as we know, this is also the first
study that uses the cDCC-GARCH model to analyse the dynamic correlations considering
the disaggregated GPR index in its two different dimensions (acts and threats), and several
indices representative of companies with high environmental performance. The referred
disaggregation is pivotal for understanding whether the severity of geopolitical risks
primarily stems from increased threats or the realisation of such threats as acts.
Furthermore, analysing the differential impacts of geopolitical threats and acts on sustain-
able investment sheds light on the resilience of green investments to those exogenous
shocks. Additionally, the assessment of the impact of these both different geopolitical
dimensions is also relevant, first in order to avoid an aggregated bias and second as it could
have important implications since adverse geopolitical acts may trigger a rise in geopoli-
tical threats and because differentiating between geopolitical threats and acts tends to
serve as an effective learning mechanism for investors and risk managers, allowing them to
appropriately assess the risk component in their portfolios. Furthermore, this study has the
ability to quantify the magnitude of the spillover effects generated by applying the
methodological proposal by Diebold and Yilmaz (2012, 2015). Secondly, this work is
pioneering to deepening understanding of environmental investment behaviour based
on geopolitical risk by simultaneously combining global-scale variables of geopolitical risk
in order to explore their respective interaction mechanisms. Lastly, by considering a large
sample acrossmultiple market phases, from the European sovereign debt crisis (ESDC) to
the COVID-19 pandemic, and also the most recent extreme event, the war in Ukraine, we
create conditions for a comprehensive exploration of the interaction mechanisms between
environmental investment and the various dimensions of geopolitical risk, especially in
periods of high turbulence.

The remainder of this is structured as follows: Section 2 presents a brief literature
review, focused on studies related to the relationship between geopolitical risk and
sustainable investment, as well as on the relationship between sustainable investment.
Section 3 introduces the data and methodology. Section 4 reviews the results of the
empirical analysis. Section 5 summarises the main findings of this study and points out
some of its main implications.
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2. Literature review

Concerns about sustainability have become a central issue today. In this regard, several
international initiatives have been implemented to reinforce this centrality. The 2030
Agenda, launched in September 2015 by the United Nations (UN), which defined the 17
Sustainable Development Goals (SDGs), was perhaps the most significant initiative of the
last decades in terms of sustainability and climate change. Of the various issues advocated
by this UN initiative, one highlights the importance of the financial system and socially
responsible investment in supporting the fight against climate change.

The importance given to the issue of sustainability in recent years has not only led
investors to shift their focus towards greeninvestments (Dutta et al., 2020) but also has
given rise to the creation of several sustainable assets aiming to reconcile financial and
non-financial objectives, namely sustainable stock indices. These indices are relatively
recent, the first one appearing in 1990, called Social Domini 400 Index (DSI). Over the last
few decades, several sustainable indices have been created, seeking to cover various
aspects of sustainability.

With the spread of the COVID-19 pandemic, the prices of traditional energy stocks were
strongly impacted, people are becoming aware of the importance of protecting the
environment and sustainable investment is becoming the preferred investment option
(W. Zhang et al., 2022). Mirza et al. (2023) aimed to assess the interlinkages of sustainable
investments. In order to account for sustainable investment performance, authors com-
bined a dependency network analysis using partial correlation and a centrality network
analysis using the minimal spanning tree (MST), in static and dynamic ways. The authors
analysed the interdependence and its determinants across multiple countries between
January 2009 and March 2021 (covering some market turmoil, i.e. the ESDC, the Greek
systemic problem, the Chinese stock market crash, and the COVID-19 outbreak). Using
daily data from Dow Jones Sustainability Indices of 16 countries (namely Finland, France,
Germany, ltaly, Netherlands, Portugal, Spain, Sweden, UK, US, Canada, India, Japan, Korea,
Taiwan, and Thailand) it was found an increase in dependence during the outbreak of the
COVID-19 pandemic. The centrality network revealed the prominent significance of
sustainable investments in European countries, with France identified as the lead risk
transmitter while Japan and Taiwan show risk reception among international markets.
Gold price volatility was identified as the key driver of the interdependence of sustainable
investments.

Although sustainable investment has aroused great interest among investors and
academics, little scientific research has been devoted to the subject. The vast majority
of studies involving sustainable investment have focused on comparing its performance
against that of traditional investment (Broadstock et al., 2021; Marti et al., 2015; Martinez-
Ferrero & Frias-Aceituno, 2015; Miralles-Quirds et al., 2018; Ransariya & Bhayani, 2015),
with little scientific research on the determinants of the behaviour of sustainable indices.
Furthermore, there are sparse studies known (except the ones of Sohag et al. (2022),
C. Lee et al. (2021), Yang et al. (2021) and Sweidan (2021)) that sought to understand the
role of geopolitical risk in environmental investment. Despite some studies have docu-
mented how the Russia-Ukraine war affected financial markets’ performance and inter-
relationships from different perspectives (e.g. Adekoya et al., 2022; Bedowska-Sojka et al.,
2022; Boungou & Yatié, 2022; Chortane & Pandey, 2022; Gaio et al., 2022; Khalfaoui et al.,
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2022; Lo et al., 2022; Shahzad et al., 2023; Umar, Bossman, et al., 2022; Wang et al., 2022;
Yousaf, Patel, et al., 2022) there is no study, to the best of our knowledge, that evaluated
the impact of GPR (on its two different dimensions) on environmental investment during
the most recent world extreme events.

The impact of geopolitical risk on asset prices and economic variables has been the
subject of study in several research (see, for example, Shahzad et al. (2023) for an
extensive literature review), but limited research is devoted to the analysis of the impact
of GPR (and its two different dimensions) on sustainable investment, justifying its assess-
ment. Generally, the literature concludes that geopolitical risks significantly affect finan-
cial assets’ performance (Fernandez, 2008; Zhou et al., 2020), as well as economic agents’
decisions about their investments, which subsequently affect the performance of the
underlying financial assets (Apergis et al., 2018; Bouri et al., 2019; Caldara & lacoviello,
2018).

Geopolitical risks are among the main informational elements considered by economic
agents in financial decisions (Dogan et al., 2021). In situations of high political tension,
negative impacts occur on economic activities, shareholder returns and on capital out-
flows from economies where tensions are identified (Caldara & lacoviello, 2018). Political
instability can have a significant effect on equity markets through changes in the cross-
correlation between different assets, investment portfolio formation, and decisions
regarding diversification (Elsayed & Helmi, 2021; Omar et al., 2017). In turn, situations of
social unrest, armed conflict and terrorist attacks can generate high levels of risk and
uncertainty, with a very significant impact on equity assets and financial markets (Elsayed
& Yarovaya, 2019; Guidolin & La Ferrara, 2010; Kollias et al., 2013).

In order to measure geopolitical risk, Caldara and lacoviello (2018) bring a very impor-
tant contribution, bridging the gaps identified in previous studies by creating the GPR
index. This index is based on word counts published in newspaper articles reporting the
occurrence or worsening of adverse events, as well as the existence of military and nuclear
tension, allowing to detect both the direct and indirect risks of geopolitical events.
Husnain et al. (2022) highlight the importance of the GPR index. This index offers a time-
consistent, holistic, and real-time approach to capture geopolitical risk, and it is superior
to other indicators.

The GPR has been frequently applied in several recent (e.g. Wang et al., 2022; Jalkh
& Bouri, 2022; Algahtani et al., 2020; Bouri et al., 2023; Sarker et al., 2023), many of
them using multivariate models of conditional heteroscedasticity, namely BEKK (Baba,
Engle, Kraft and Kroner) and DCC (dynamic conditional correlation) models, among
others, leading to the conclusion that geopolitical risk helps explain stock price
declines (Antonakakis et al., 2013; Arin et al., 2008; Aslam & Kang, 2015; Cai & Wu,
2021; Hoque & Zaidi, 2020; Smales, 2021; Zhou et al., 2020). However, there is no
consensus in the literature regarding the impact of geopolitical risk on traditional
equity markets. Balcilar et al. (2018) investigated the effect of geopolitical risk on BRICS
equity markets and found that geopolitical risk does not help explain equity returns in
the respective markets, producing only an effect on their volatilities. In turn, Bouri
et al. (2019) concluded that GPR influences stock market volatility and can help predict
Islamic bond returns and volatility. Bouri et al. (2023) evaluated the effect of oil
implied volatility (OVX) and GPR on eight Gulf Cooperation Council (GCC) stock sectors
under various market conditions and found, generally, a stronger effect of OVX than
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that of GPR. Aiming to evaluate if GCC countries stock markets are more responsive to
international-induced risk or regional-induced risk, Algahtani et al. (2020) analysed the
ability of two geopolitical risk indices, the global GPR and the Saudi GPR, to predict
the stock returns of GCC countries from February 2007 to December 2019. The global
GPR and the Saudi GPR indices revealed weak evidence of in-sample predictability of
excess stock returns. However, the out-of-sample forecasts show that only the global
GPR index provides superior prediction in the context of Kuwaiti and Omani stock
markets, compared to the historical average benchmark model.

The literature contains several that have analysed the relationship between geopo-
litical risk and traditional equity markets in various geographies. However, with excep-
tion of the studies of Sarker et al. (2023), Sohag et al. (2022), C. Lee et al. (2021), Yang
et al. (2021) and Sweidan (2021), empirical studies about the relationship between this
type of risk and environmental assets are lacking. Sarker et al. (2023) investigated the
asymmetric effects of climate policy uncertainty (CPU), GPR and crude oil prices (WTI)
on the realised volatility of the returns of clean energy prices (CEP) in the USA. It was
found evidence of asymmetric effects of CPU, GPR and WTI on the realised volatility of
the returns of the CEP’s, as well as different effects in the short and long run on the
CEP returns and realised volatility. The GPR exerts higher effects on returns in the short
run, while both an increase and a decrease in GPR have significant long-run effects.
Sohag et al. (2022) used the recently developed various measures of geopolitical risks
(acts, threats, narrow and broad indices) to understand that transmission and found
that all measures of GPR (except geopolitical acts) transmit positive spillovers to the
green investments (both equity and bonds) from bearish to bullish market states.
Applying the Granger-causality quantile analysis, C. Lee et al. (2021) explored the
causal relationship between GPR and a green bond index in the United States (US)
from December 2013 to January 2019 and found unidirectional causality from the GPR
to the green bond index for lower quantiles. According to the authors, this result
suggests that geopolitical uncertainty has the ability to predict green bond price
changes. Yang et al. (2021) evaluated the risk spillovers from GPR to five renewable
energy stock markets, and found significant risk spillovers from GPR to renewable
energy stock markets, fluctuating the risk spillovers around zero (do not exhibit a clear
positive or negative pattern). Sweidan (2021) investigated, using a cointegration ana-
lysis, the GPR influence on the US renewable energy deployment and found that GPR
has a significant and positive effect on the US renewable energy deployment, being
a driver and not a barrier to renewable energy diffusion. Thus, GPR is expected to
enhance cleaner production and a sustainable environment. Although these studies,
none of them seem to provide an answer to our research questions. Furthermore, the
studies presented above, except the second one, resort to the aggregate risk variable,
without considering the possibility of this being subdivided into its main dimensions.
Our study fills these gaps by resorting to two global geopolitical dimensions (threats
and acts) and five global environmental indices (which include developed and emer-
ging market large, mid and small cap companies), for several reasons: (i) geopolitical
actions can contribute to intensifying geopolitical threats; (ii) analysis of the impacts of
geopolitical threats and actions can provide a concrete indication about environmental
segments’ resilience to exogenous shocks; (iii) analysis of the impacts of global
geopolitical dimensions on global environmental segments can assist portfolio
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managers in protecting their assets, in the face of market falls induced by geopolitical
risk, particularly in more sensitive moments, as is the case of the continuing conflict in
Ukraine.

3. Data and methodology
3.1. Data

To investigate the impact of geopolitical risk on environmental investment returns, data
were collected for five environmental segments from the DataStream database and two
global geopolitical risk indicators from 20 January 2009 to 11 October 2022. This period
was selected as it encompasses critical events and transformations that significantly
influenced global financial markets, investment strategies, and regulatory frameworks.
The beginning of our study (January 2009) aligns with the aftermath of the GFC, which
was considered one of the most severe since the Great Depression, and had far-reaching
implications for financial institutions, markets, and economies worldwide. The period
immediately following the GFC was marked by unprecedented government interventions,
policy adjustments, and a recalibration of financial strategies to stabilise and revive
economies.

As we extend our analysis through 11 October 2022, we capture not only the recovery
phase from the GFC but also subsequent developments that have continued to shape the
financial landscape. This timeframe includes the evolution of regulatory frameworks
globally, with many countries implementing significant reforms to enhance financial
stability and investor protection. The post-GFC era witnessed a heightened focus on risk
management, transparency, and sustainable practices, influencing the trajectory of
investment strategies.

Moreover, the selected period encapsulates a notable rise in awareness and emphasis
on Environmental, Social, and Governance (ESG) factors. Investors increasingly recognise
the importance of incorporating sustainability considerations into their decision-making
processes. This evolution in investor sentiment has led to the proliferation of sustainable
and socially responsible investment practices.

By considering data until October 2022 this allows us to consider also recent data that
allows for a comprehensive understanding of how financial markets and investment
landscapes have adapted not only to the aftermath of the GFC but also to more recent
global challenges and events. This extended timeframe enables us to analyse the resi-
lience and adaptability of investment portfolios in the face of unforeseen circumstances,
reinforcing the relevance and significance of the chosen period for our research.

The GPR data was retrieved from the Geopolitical Risk website (https://www.matteoia
coviello.com/gpr.htm). Table 1 explains the data, variables’ definitions, and data sources.

The sample period was determined by the availability of data on the subject. The
resulting sample contains 3581 daily observations, involving only variables of global
scope (important as the GPR is a global measure (Sohag et al., 2022), namely five
global stock market indices(composed by companies from developed and emerging
markets), representing companies that respect environmental criteria (alternative
energy, energy efficiency, green building, pollution prevention and sustainable
water), and two global geopolitical risk indices (threats and acts). The data for the
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Table 1. Variable description and data sources.

Index

Description

Sources

Alternative Energy

AE

Includes developed and emerging market large, mid and small-cap
companies that derive 50% or more of their revenue from products

Thomson Reuters
Datastream

and services in Alternative energy. It was launched on January 20,
2009. On November 30, 2023, it was composed of 97 constituents
from the utilities, information technology, industrials, energy and
materials sectors.

Includes developed and emerging market large, mid and small-cap
companies that derive 50% or more of their revenue from products
and services in Energy Efficiency. It was launched on January 20,
2009. On November 30, 2023, it was composed of 65 constituents
from the consumer discretionary, industrials, information
technology, real estate, materials and utilities sectors.

Thomson Reuters
Datastream

Energy Efficiency  EE

Green Building GB Includes developed and emerging market large, mid and small-cap  Thomson Reuters
companies that derive 50% or more of their revenue from products ~ Datastream
and services in Green Building. It was launched on January 20,
2009. On November 30, 2023, it was composed of 99 constituents
from the real estate and consumer discretionary sectors.
Pollution PP Includes developed and emerging market large, mid and small-cap  Thomson Reuters
Prevention companies that derive 50% or more of their revenue from products Datastream
and services in Pollution Prevention. It was launched on January 20,
2009. On November 30, 2023, it was composed of 9 constituents
from the materials, consumer staples and industrial sectors.
Sustainable Water SW  Includes developed and emerging market large, mid and small-cap  Thomson Reuters
companies that derive 50% or more of their revenue from products Datastream
and services in Sustainable Water. It was launched on January 20,
2009. On November 30, 2023, it was composed of 9 constituents
from the industrials, utilities, information technology and materials
sectors.
Geopolitical Acts GPRA The geopolitical acts index is based on a tally of newspaper articles  Caldara and
Index (GPRACT) related to three categories of geopolitical events in eleven leading  lacoviello
newspapers for each month, which focuses on phrases related to (2018)
the realisation or escalation of adverse events (beginning of a war,
the escalation of a war, and terrorist acts).
Geopolitical GPRT The geopolitical threats index is based on a tally of newspaper articles Caldara and
Threats Index related to five categories of geopolitical tension in eleven leading lacoviello
(GPR Threats) newspapers for each month, which focuses on words related to (2018)

military tensions or nuclear tensions (war threats, peace threats,
military build-up, nuclear threats, terrorist threats).

Table 1 identifies each of the variable used, presents a brief description of each of them, and identify the data source.

GPR indices were produced by Caldara and lacoviello (2018), who recently developed
a geopolitical risk index, obtained from newspaper news, being constructed using an
automated text search of articles, in 11 newspapers of reference. It calculates the
number of articles in these newspapers that address geopolitical tension and related
risks (e.g. wars, terrorism, and tension between states). Several authors discuss
concerning what should be the data frequency applied (e.g. Narayan and Sharma
(2015), Narayan et al. (2015), Bannigidadmath and Narayan (2016), Umar et al. (2020),
among others). Daily data frequency is better, compared to monthly, quarterly or
weekly data, when the research aim is to retrieve as much information as possible
from that data (Bannigidadmath & Narayan, 2016; Umar et al., 2020). Given the
above referred, and as we aim to perform a continuous assessment of the connec-
tivity between sustainable investment segments and two global geopolitical risk
indices (threats and acts), it is important to have as much information as possible,
justifying daily data frequency.
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We believe that the GPR dimensions will allow for a more accurate description and
analysis of the impact of geopolitical risks on the returns of environmental equity
segments, as well as help to analyse the effects of geopolitical instability generated by
the pandemic crisis and especially the war in Ukraine.

3.2. Methodology

To fulfil the aims of the research, we use a multivariate model of dynamic correlation
(cDCC-GARCH), which can accompany the correlations generated over time, as well as the
proposal of Diebold and Yilmaz (2012), in order to analyse the spillover effects generated
between the variables studied.

Several empirical methods have been used to estimate correlations between stock
markets. This work uses the multivariate GARCH to model volatility and to construct
dynamic conditional correlations based on a rolling-window analysis. Due to their
comparative advantages (e.g. allowing the conditional variance-covariance matrix of
the returns to vary over time (Aydogan et al, 2017)), we chose to use restricted
correlation models, such as DCC, ADCC (asymmetric dynamic conditional correlation)
and cDCC. They are designed to solve the problems encountered when using the BEKK
and VECH models, due to the presence of a large number of free parameters. The DCC,
ADCC and cDCC models are easier to estimate, comparatively more robust, directly
account for heteroskedasticity (as they estimate the correlation coefficients of the
standardised residuals) (W. Zhang et al., 2022), and allow for time-varying correlations
that are measurable with respect to the past values of the variables (Akkoc & Civcir,
2019). The main advantages of these models are the positive definiteness of the
conditional covariance matrices and the model’s ability to estimate time-varying
volatilities, covariances, and correlations among the assets in a parsimonious way
(Yousaf & Ali, 2020). According to Ciner et al. (2013) they are appropriate to examine
the time-varying correlations between financial products and economic variables and
have been applied in previous studies covering crisis and noncrisis periods (Sadorsky,
2012; Yousaf & Ali, 2020).

In order to correct both the lack of consistency and the potential bias in the estimated
parameters of the DCC-GARCH model of Engle (2002), Aielli (2013) proposed the cDCC-
GARCH modelling.

Engle (2002) proposed a multivariate model of dynamic conditional correlation (DCC-
GARCH), which differs from other models, for example, from the constant conditional
correlation proposed by Bollerslev (1990), by allowing the conditional correlation matrix
to be variable over time. This model is estimated in two stages. In the first stage, univariate
GARCH models are applied to each series. In the second, the standardised residuals
obtained in the first stage are used to obtain the conditional correlation.

In the GARCH-DCC model, the variance-covariance matrix is written as:

H; = D¢RD; (1)

D, is the diagonal matrix of the time-varying standard deviations from the univariate
GARCH estimations and R; is the matrix of correlations variable over time. R; can be
defined as:
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Q; is the unconditional variance between the series and Qj is the unconditional covar-
iance between the series, and &;_1is the empirical matrix of standardised residuals. 8, and
6, are implying the persistence of shocks. The sum of them measures volatility persis-
tence. It is expected that 8; > 0,6, > 0 and 6, + 6, <1 to define the conditional correla-
tion matrix as positive.

However, there are some issues related to the consistency of the DCC-GARCH model.
Aielli (2013) reports that an estimation of the empirical correlation matrix is inconsistent
because:

Eleer] = E[Er_1&c&c] = E[R] #E[Q(] (4)

Aielli (2013) suggests the consistent estimator of dynamic correlations named corrected
DCC (cDCC) to overcome this issue. The cDCC model improved consistency by reformu-
lating the correlations as:

Q= (1-06,—6,)Q; + 6, {0%7151718;710%,1} + 6,Q¢4 (5)

Equation (5) shows in the ¢cDCC model conditional correlations formulated with the
combination of the relevant innovations and past correlations. When the persistence of
the correlation and effects of the innovations are sufficiently high, the cDCC estimator is
still unbiased, but the DCC estimator is not.

To analyse the links generated between the variables, we turn to the methodo-
logical proposal of Diebold and Yilmaz (2012), setting out from the decomposition of
variance associated with a generalised auto-regressive vector, which produces var-
iance decompositions that will not be affected by the ordering of the variables
included.

The decompositions of variance of the error in forecasting H steps forward are
given by:

H=1 )
Ojf1 > (eAn )" )
67(H)forH=1,2,...,wehave](H) = th:o (6)
hi%) (€/An 3= Aner)

where ¥ is the matrix of variance for the vector of ¢, gj is the standard deviation of the
error term for the equation j-th, and e; is the selection vector, with one as the i-th element
and zeros otherwise. To use the information available in the variance of the decomposi-
tion matrix in calculating the spillover index, each entry of the variance decomposition
matrix is normalised by the sum of the line as:
g
Oj(H) = M 7)
Zj:1 eij(H)

by construction,
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For total spillovers, the contributions of the volatility of the decomposition of the
variable are used, allowing the construction of the index of reversion of total volatility:

N N

Zi,j:hi#j 19;("/) Zi,j:o.i#j 19I'gj(H)

N g * - N
Z,:j:1 ﬁij(H) N

Estimating the spillovers of directional volatility, received by market i from all other
markets j, gives:

8)

SI(H) = 100 = % 100 ©)

N N
Zj:],j#i ﬂlgj(H) 100 — Zj:u#iﬂg‘(H)

NG N
> ij=1 U5(H)

ij=1

SI(H) = x 100 (10)

Similarly, estimating the spillovers of directional volatility transmitted by market i to all
other markets j, gives:

ZjN:Lj#i ﬂjgi(H) 100 = ZjN:us&i ﬁjgi(H)

S9(H) = X

x 100

4. Results and discussion

4.1. Preliminary results

As mentioned in the previous section, this study uses two global daily datasets, concern-
ing the period from 20 January 2009 to 11 October 2022. The first set includes five
environmental segments (of global covering), while the second involves the global GPR
indices, as proposed by Caldara and lacoviello (2018), which are widely used in the
existing literature (e.g. Balcilar et al,, 2018; Cunado et al., 2020), in order to reflect the
tension between countries, military conflicts, terrorist attacks, and war threats.

Table 2. Descriptive statistics of return series.

AE EE GB PP SW GPRA GPRT
Mean —0.00006 0.00056 0.00021 0.00042 0.00032 91.264 115.624
Maximum 0.089 0.124 0.096 0.069 0.084 551.20 811.53
Minimum -0.114 -0.126 -0.124 —-0.155 -0.125 0.000 7.893
Std. Dev. 0.015 0.016 0.013 0.014 0.013 54.169 67.348
Skewness -0.314 —-0.299 -0.791 —-0.591 —0.445 1.720 2.876
Kurtosis 7.208 9.983 16.602 8.909 11.661 9.384 20311
JB (p-value) (0.000)* (0.0000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
ADF (p-value) (0.000)* (0.000)* 0.000 0.000 0.000 0.000 0.000
PP (p-value) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
ARCH (10) (p-value) (0.020)** (0.006)* (0.005)* (0.032)** (0.001)* (0.016)** (0.009)*

. This table reports descriptive statistics (mean, maximum, minimum, standard deviation, skewness, kurtosis and Jarque-
Bera’s normality test) for returns of various variables; ii. The seven variables used are represented in the columns; iii. The
variables used are AE, EE, GB, PP, SW, GPRA and GPRT, which mean Alternative Energy, Energy Efficiency, Green
Building, Pollution Prevention, Sustainable Water, Geopolitical Acts Index and Geopolitical Threats Index, respectively;
iv) ADF and PP are conducted with an intercept, to check the stationary property of the return series. v. ARCH (10)

denotes the Engle (1982) test to check the presence of ARCH effects up to 10 lags. vi. *, and ** indicate significance at
the 1% and 5% levels, respectively.
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To perform the empirical analyses, we use the daily logarithmic returns of the closing
prices of the environmental segments, while for the GPR indices we consider the level
series, since these are stationary, as shown in Table 2. A summary of the main statistics of
the returns of the environmental segments and the geopolitical risk indices can be seen in
Table 2.

All series show non-zero asymmetry (negative to the environmental indices and
positive for the GPR indices, which can imply a greater likelihood of bigger
negative price changes for the formers, and positive for the second) and excess
kurtosis (i.e. leptokurtic distributions), which is the first sign of deviation from the
normality hypothesis, a situation that is confirmed based on the Jarque-Bera
statistics, which imply a non-normal distribution of the series. The augmented
Dickey and Fuller (1979) and Phillips and Perron (1988) test statistics indicate
that the logarithmic returns series (environmental segments) and the level series
of the GPR indices are stationary. The ARCH statistics reveal the presence of
heteroscedasticity in both sets of series (meaning that could exist non-linearities
in the analysed series or it could also be related to a possible leverage effect),
which suggests the suitability of GARCH models in their behavioural analysis.

4.2. Empirical results

Our empirical approach consists of two stages. In the first stage, several dynamic condi-
tional correlation models (as they help to examine patterns and relationships in data and
thus allow to understand of the relationship between two variables), including the recent
cDCC-GARCH model by Aielli (2013), are estimated to generate the conditional correla-
tions between selected variables and capture dynamic comovements as various stylised
facts related to environmental segment returns, such as volatility clusters, asymmetric
volatility, and time-varying. Thus, this model has the ability to capture complex patterns in
financial markets. Conditional correlation estimates can be biased, as they depend in part
on the state of market volatility. Forbes and Rigobon (2002) have shown that markets tend
to be more correlated during episodes of stress, without any real changes in the inter-
connections between them. For this reason, we developed a second empirical phase, to
study the connectivity and impact of GPR indices on the dynamics of returns across
environmental segments, using the spillover approach introduced by Diebold and
Yilmaz (2012, 2015). This technique is based on the Forecast Error Variance
Decomposition (FEVD) function from a Generalised Vector Autoregressive Model (VAR)
and is therefore independent of the conditional correlation estimates generated by the
¢DCC-GARCH model (Aielli, 2013). This approach begins by investigating the results of the
static spillover analysis, over the full sample period. Next, dynamic spillover is studied,
based on a rolling window (of 250 days).

4.2.1. Analysis of the dynamic conditional correlations

To perform the study of the connectivity between the variables studied, we started by
estimating several dynamic correlation models, namely multivariate models of condi-
tional heteroscedasticity (VECH, BEKK, DCC, ADCC, DCC-DECO and cDCC), according to
several specifications (asymmetric effect, error distribution and lag size), after ensuring
statistical stationarity, considering the results of the ADF tests. To satisfy the specificities of
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Table 3. Estimates of the cDCC-GARCH multivariate model.

AE EE GB PP sw GPRA GPRT
PanelA w 0.0003 0.0006 0.0004 0.0007 0.0005 83.765 99.896
(0.162) (0.000)*  (0.002)*  (0.001)*  (0.012)** (0.000)* (0.000)*
o 0.0880 0.0890 0.1172 0.0609 0.0919 0.1748 0.2072
(0.000*  (0.000)*  (0.000)*  (0.000)*  (0.000)* (0.000)* (0.000)*
B 0.906 0.907 0.876 0.932 0.884 0.701 0.684
(0.000*  (0.000)*  (0.000)*  (0.000)*  (0.000)* (0.000)* (0.020)**
6 0.012
(0.000)*
0, 0.985
(0.000)*
6, + 6, 0.998
Panel B LB (10) 28.563
(0.280)
LB? (10) 22.198
(0.482)
ARCH (10) 9.917
(0.538)

i. This table reports the estimation results of the multivariate model and corresponding residual diagnosis. ii. Panel
A reports the estimation results of coefficients, where w corresponds to the GARCH constant parameter, a_0
corresponds to the GARCH error parameter and 3 corresponds to the GARCH lag parameter of the conditional volatility.
iii. Values in brackets (.) are p-values. iv. Panel B reports the results of the residuals’ diagnosis. Raw residuals are used for
residuals diagnostic check. v. LB(k) and LB(k) (with k = 10) are the Ljung - Box Q statistics of k-th order autocorrelation
for residuals and their squares, respectively. vi. ARCH (10) denotes the Engle (1982) test to check the presence of ARCH
effects up to 10 lags. vii. *, and ** indicate significance at the 1% and 5% levels, respectively. viii. AE, EE, GB, PP, SW,
GPRA and GPRT mean Alternative Energy, Energy Efficiency, Green Building, Pollution Prevention, Sustainable Water,
Geopolitical Acts Index and Geopolitical Threats Index, respectively.

multivariate models with the indications provided by Schwarz and Akaike’s information
criteria, the cDCC-GARCH model was selected. The main estimates of this model are
shown in Table 3. Panel A shows the estimates of the model parameters, while panel
B shows the results of the diagnostic tests.

All the parameters of the conditional variance, presented in panel A, are statistically
significant at a 5% significance level and suggest that the volatility of the various variables
is highly persistent, considering the values of the GARCH effect, provided by the 8
parameter. Additionally, the conditional correlation matrix is positive, considering the
value of the sum of the general parameters of the model, is less than unity. Thus, it is
possible to conclude that the shocks transmitted to the variables studied are strong and
persistent, as if they had memory. Furthermore, 8 is much larger than a, meaning that the
past volatility is more important than the past shocks for forecasting future market
volatility and implying highly persistent volatility over time. Significant values at a 1%
significance level are provided for the short-term (6,) and long-term (0,) persistence of
shocks on the dynamic conditional correlation. This suggests the presence of time-varying
correlations between the variables (aligned with Sarker et al. (2023)). With 6, close to
unity, the long-term persistence of the shock plays an important role in predicting the
dynamic correlation coefficients, which could imply a significant loss in market efficiency
(aligned with Adekoya et al. (2023)). Past shocks and dynamic correlations influence
current conditional correlations (as the sum of 6; and 6, is less than one). Table 3, Panel
B, presents the results of the Ljung-Box and ARCH-LM tests, which allow us to evaluate the
statistical adequacy of the model selected (cDCC-GARCH). As the statistics of these tests
revealed not to be statistically significant, we conclude that the model does not contain
specification errors.
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Figure 1. Dynamic conditional correlations. AE, EE, GB, PP, SW, GPRA and GPRT mean Alternative
Energy, Energy Efficiency, Green Building, Pollution Prevention, Sustainable Water, Geopolitical Acts
Index and Geopolitical Threats Index, respectively.

To analyse the connectivity between the variables studied over time, Figure 1 was
created from the estimates of the multivariate model.

Analysis of the dynamic conditional correlations between environmental segments
shows a high variability over the sample period, assuming always positive values (and
different from zero) which could indicate that each of these indices does not serve as
a hedge against the risk of the others. Regarding pairs of environmental segments, no
major differences in their behaviour patterns were identified, with average correlations
reaching a minimum value of 0.53 (AE/SW) and a maximum value of 0.64 (PP/SW). In some
moments and pairs, the intensity levels of the correlations exceeded 0.85, especially
between 2009 and 2011, as a result of the turbulence generated by the global financial
and sovereign debt crisis. It is also important to underline that the onset of the pandemic
crisis translated into a very significant increase in the intensity levels of correlations,
especially from February 2020 onwards, as a result of the strong impact generated by
this crisis on world economies and financial markets, as concluded by Singh et al. (2021),
Salisu and Shaik (2022), Umar et al. (2021) and Mirza et al. (2023). A similar situation
occurred with the outbreak of war in Ukraine on 24 February 2022, as was found for
example by Umar, Polat, et al. (2022). The results obtained indicate that the dynamics
established between the environmental segments translate into similar responses to
market events, especially at times of high volatility, in line with the findings of Forbes
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and Rigobon (2002) and Diebold and Yilmaz (2015). On the other hand, taking into
account the findings of these studies, which analysed the links between some of the
major traditional markets and stock indices, it is possible to conclude that, similarly to
what occurs between this type of indices, environmental indices also maintain relatively
close behaviour patterns among themselves. Financial globalisation allowed favourable
conditions for the integration and contagion between markets and may explain the
proximity between these stock markets, hindering the investment diversification process
and reducing its benefits.

Similarly, to what was observed with the pairs of environmental segments, the pairs of
each of the environmental segments and the geopolitical risk indices revealed variable
correlations between them over time, with negative and positive values (in line with Yang
etal. (2021), Sohag et al. (2022) and Umar, Bossman, et al. (2022)). These finding points not
only to the GPR’s complex mechanism of influence, meaning that the impact of each
geopolitical conflict requires detailed analysis. However, it was not found high levels of
intensity, especially for negative correlations. These results do not confirm the majority of
those obtained in other research, according to which the correlation generated between
this type of variables has a negative nature (see for example Balcilar et al., 2018; Caldara &
lacoviello, 2018; Hoque et al.,, 2019; Smales, 2021). The negative correlations may be
related to phases of lower volatility, while the positive ones seem to be related to high
volatility phases and prices falling of environmental segments, as the ones of the onset of
the pandemic crisis and the war in Ukraine, in which were recorded the highest levels of
conditional correlation throughout all the analysed period. The results are aligned with
Sarker et al. (2023), which analysed the asymmetric effects of GPR in clean energy prices.
The results are consistent with those obtained in other scientific, which involved tradi-
tional stock market indices, namely Aslam and Kang (2015), Bouoiyour et al. (2019); Hoque
and Zaidi (2020), Zhou et al. (2020), Cai and Wu (2021) and Smales (2021). In this respect,
we do not find significant differences between environmental investment and traditional
investment.

In order to verify the robustness of the results produced by the cDCC-GARCH model,
two procedures were considered. The first involved estimating the model from weekly
data, while the second involved estimating the statistical model for several specifications.
In both cases, the dynamic correlations did not change significantly, which makes us
believe that the results and the conclusions generated from them are robust (the results
are available upon request).

4.2.2. Analysis of static connectivity

Table 4 presents the results of the static analysis of the spillover generated among the
variables, based on the methodological proposal of Diebold and Yilmaz (2012). This
technique is based on the Forecast Error Variance Decomposition (FEVD) function from
a generalised Vector Autoregressive Model (VAR) of order three and ten days, respectively,
where the item ijth presents the contribution to the FEVD of variable ith, caused by shocks
in variable j. Intra-variable spillovers (own variation) are represented by the main diagonal
of the FEVD matrix (i =j), while inter-variable spillovers (cross-variance) are shown in the
off-diagonal elements (i # j). The net contribution, shown in the last row, was calculated
based on the difference between the contribution to others and the contribution from
others.
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Table 4. Spillover matrix.

Contr. from
AE EE GB PP N GPRA GPRT others

AE 38.82 15.72 16.39 15.37 13.68 0.02 0.01 61.18
EE 17.10 42.05 13.28 13.79 13.76 0.00 0.02 57.95
GB 15.81 12.03 37.25 17.55 17.32 0.03 0.02 62.75
PP 14.83 12.26 17.47 37.14 18.19 0.06 0.05 62.86
SW 13.46 12.48 17.48 18.44 38.13 0.01 0.01 61.87
GPRA 0.06 0.08 0.03 0.04 0.05 92.55 7.19 7.45
GPRT 0.01 0.04 0.05 0.07 0.09 5.17 94.59 541
Contr. to others 61b.26 52.61 64.70 65.25 63.09 5.29 7.29 319.48
Contr. including own 100.08 94.66 101.95 102.39 101.21 97.84 101.87 Sl =45.64

Net Contribution 0.08 -5.34 1.95 2.39 1.21 -2.16 1.87

. Table 3 depicts spillover connectedness among the analysed variables; ii. AE, EE, GB, PP, SW, GPRA and GPRT are the
variables used and mean Alternative Energy, Energy Efficiency, Green Building, Pollution Prevention, Sustainable Water,
Geopolitical Acts Index and Geopolitical Threats Index, respectively; iii. ‘Contr. from others’ represent the spillover effect
that a variable receives from all the other variables and is equal to the sum of values in row /i, excluding the diagonal
values (which corresponds to the spillover effect that a variable receives from itself); iv. ‘Contr. to others’ represents the
spillover effects transmitted from one variable to other variables and is equal to the sum of the values in column j,
excluding the diagonal values (which corresponds to the spillover effect transmitted from a variable to itself); v. ‘Net
Contribution’ corresponds to the difference between the ‘Contr. to others’ value and the ‘Contr. from others’ value of
a variable; vi) ‘Contr. including own’ corresponds to the sum of the contribution of all the variables in lines to each of
the other variables in columns, including its own contribution (eg. considering the column AE the value 100.08
corresponds to the sums of the contribution of the AE, EE, GB, PP, SW, GPRT and GPRA to the variable AE.

The overall spillover index obtained was 46% (see Table 4). This value corresponds to
the percentage of change in the variables that is explained by the system formed by them,
i.e. it translates the average percentage of spillovers from market cross-linkages. This
result is consistent with the one obtained by Elsayed and Yarovaya (2019). It is possible to
conclude that the main contributor to the FEVD forecast is given by intra-variable spil-
lovers, presented in the main diagonal of Table 4. Regarding the environmental variables,
the EE segment shows the highest self-explanatory power, with approximately 42% of its
own variation, followed by AE (38.82%). In the remaining segments, the eigen variance
values are between 37% and 38%, a first sign that the various environmental segments
have similar behavioural patterns. These results are confirmed by the gross directional
spillover measures, which report relatively similar levels, with the maximum value being
reported by the PP segment (65.25%) and the minimum value being presented by the EE
segment (52.61%).

PP and GB are the segments that most contribute, in net terms, to the system, showing
the highest net spillovers, 2.39% and 1.95% respectively. On the other hand, the EE
segment reports negative net spillovers, being a net receiver of the system.

Since this focuses on the impact of geopolitical events on environmental segments, it is
important to underline that both GPR indices show a statistically weak effect on the return
of these stock market segments, but confirms the connectivity between the GPR’s and the
environmental segments (aligned with Sarker et al. (2023), Sohag et al. (2022) and
Bedowska-Sdjka et al. (2022)). GPRA and GPRT account for 0.12% and 0.11%, respectively,
of the variation in the environmental segments. This finding is in line with the conclusions
of Bouras et al. (2019), indicating that environmental segments may report some differ-
ences from what happens in traditional markets, guided by purely financial logic. The
GPRA and the GPRT report different net spillovers to the system, the former being a net
receiver, while the second is a net transmitter. This different behaviour is aligned with
Sohag et al. (2022), who argue that the GPRA transmits negative shocks to the system
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through the asset price and return channels, while the GPRT transmits positive shocks to
the green equity and green bonds. Gupta and Pierdzioch (2022) show that it is interesting
and useful to explore a disaggregated view of geopolitical risks for forecasting the realised
variances of the movements of the prices of other fossil resources and also those of
agricultural commodities. In the same line, the identified different behaviour clearly
shows that a disaggregated view of geopolitical risks is necessary and useful to under-
stand its impact on environmental segments, highlighting one of the main contributions
of this study.

4.2.3. Analysis of dynamic connectivity
The static spillover index, presented in the previous section, indicates the global average
contribution to and from other variables over the entire sample period. However, it does
not provide insight into how the transmissions of geopolitical risk evolve over time.
Moreover, the static analysis does not reveal the level of impact of volatility caused by
political and financial turbulence, so it does not allow us to measure the intensity and
direction of spillovers in global environmental segments. In order to analyse the dynamics
of the connectivity generated among the various variables during the sample period,
a sliding window of 250 days was used. The size of the sliding window was defined, on the
one hand, taking into account the need to have a sufficient number of observations to
estimate the model, and, on the other hand, considering the period to analyse the
dynamic movement. In order to guarantee the robustness of the empirical results, several
estimation options were considered. The first option involved the estimation of the VAR
model according to several lag levels. However, the levels and dynamics of spillovers were
not sensitive to these changes. In the second option, a similar sensitivity analysis was
developed, considering several forecast horizons. Also, in this case, the dynamic and
global spillovers did not reveal significant changes, which makes us confident about the
robustness of the results generated through the applied methodology. The results of this
robustness check are not displayed due to space constraints, but they are available upon
request.

The dynamic analysis presented in Figure 2 shows that the total spillover index (left)
and the net spillover indices (right) are sensitive to situations of political and economic
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Figure 2. Dynamic connectivity. AE, EE, GB, PP, SW, GPRA and GPRT mean Alternative Energy, Energy
Efficiency, Green Building, Pollution Prevention, Sustainable Water, Geopolitical Acts Index and
Geopolitical Threats Index, respectively.
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turbulence, which is reflected in the high variability of these indices during the sample
period. This variability is consistent with the results of other research works, namely
Balcilar et al. (2018), Hoque et al. (2019) and Smales (2021), among others. In what
refers to the first index, its variability was marked mainly by four cycles: (i) the global
financial and sovereign debt crisis (2009-2012), with total connectivity registering
values close to 0.60; (ii) the cycle related to the oil-price crash of July 2014 -
December 2015; (iii) the cycle related to the onset of the COVID-19 pandemic crisis
(2020), which produced a significant increase in connectivity levels, reaching
a maximum value of approximately 0.58, which could be a sign that investors shifted
more their attention towards sustainable investments after the COVID-19 pandemic
outbreak, and is aligned with Mirza et al. (2023); and (iv) the fourth cycle is associated
with the beginning of the war in Ukraine in February 2022, with the global spillover
index registering in this month an increase of almost 50% compared to the levels
recorded at the beginning of that year.

The high sensitivity of environmental segments to situations of political and economic
turbulence, showed by the intensification of the information transmission process
between the variables, makes the behaviour of environmental investment show some
similarities to what occurs in traditional stock market indices, whose performance and
behaviour is also affected by the GPR as was found in other research, such as Apergis et al.
(2018), Caldara and lacoviello (2018), Balcilar et al. (2018); Bouri et al. (2019), Hoque et al.
(2019) and Smales (2021).

In order to obtain a more detailed analysis of the dynamic behaviour of the directional
connectivity generated between the variables studied, the net spillover indices were
estimated and shown in Figure 2 (graph on the right). The graph shows the dynamic
evolution of the process of net transmission and reception of shocks generated by the
system and reveals that none of the environmental segments stands out as a net con-
tributor in each of the four cycles identified above.

Focusing on the GPR indices, two different situations stand out. The first is that, in
the majority of daily sessions, these indices were not net transmitters to the environ-
mental segments, so geopolitical indices do not seem to play a central role as net
spillover transmitters (contradicting Shahzad et al. (2023) for whom GPR acts as a net
transmitter to non-renewable energy and precious metals markets), especially in quiet
market phases. The second situation concerns the GPRT index, as it is a net transmitter
in phases of greater economic and political turbulence. This was observed in the
period related to the first phase of the COVID-19 pandemic crisis and at the onset of
the war in Ukraine. These results are consistent with those obtained in other research,
namely Hoque and Zaidi (2020), Zhou et al. (2020), Cai and Wu (2021) and Smales
(2021), among others.

Considering the literature, which recognises the proximity and connectivity between
financial assets, especially in turmoil periods, the results obtained here are convergent
with those presented in the literature. In this context, it is important to emphasise the
close movement described by environmental segments during the COVID-19 pandemic
crisis and the war in Ukraine, which may be explained by the global dimension of both
crises, with consequences in international economies and financial asset prices. Such
a situation may have generated a change in investors’ perception of risk, about the
profitability of their assets, leading them to take more defensive positions in managing



20 V. GABRIEL ET AL.

their investment portfolios. In situations of high market turmoil, as occurred in the last
two years, the GPRT index seems to be able to play the role of a net transmitter of
spillovers to environmental segments (in line with Sohag et al. (2022)), reporting some
explanatory power.

5. Conclusions and policy implications

In this research work, we analyse the level of influence of two dimensions of GPR, namely
threats and acts, in five global environmental segments, representing companies whose
management models have sustainability as a central and strategic element, with the
purpose of deepening the study of the driving forces of this type of investment. We
consider several market conditions in a lengthy period from 20 January 2009 to
11 October 2022.

Although sustainable investment has generated growing interest in the scientific
community, the work related to this topic is mostly directed to comparing its performance
against traditional investment. Therefore, the present work contributes to filling a gap in
the literature about this topic, exploring the influence of GPR on environmental invest-
ment in turmoil phases, such as the COVID-19 pandemic crisis and the war in Ukraine.

To reach the research objectives, the methodological choice fell on the multivariate
¢DCC-GARCH model and the methodological proposal of Diebold and Yilmaz (2012), in
both cases using daily observations.

The high dynamic conditional correlations generated from the cDCC-GARCH model
show that the environmental segments describe identical behaviour patterns, regardless
of market phases. Whenever markets were marked by high volatility, as was the case
during the COVID-19 pandemic crisis and the war in Ukraine, environmental assets
reported simultaneous and more intense responses, minimising the investment diversifi-
cation alternatives, if only the environmental side of the investment is considered (aligned
with the findings of Sarker et al. (2023)). In turn, the methodological proposal of Diebold
and Yilmaz (2012), allowed for deepening the process of information transmission
between the variables studied, based on two approaches: static and dynamic. In the
static analysis, it was possible to ascertain that environmental segments are more influ-
enced by systemic shocks than by specific causes. On the other hand, the influence of
GPR'’s proved to be relatively weak (similarly, Bedowska-Séjka et al. (2022) identified green
bonds as the most resistant to changes in geopolitical risk across various scales from high-
to low-frequency). The dynamic analysis allowed us to deepen the spillover effects of GPR
in environmental segments, incorporating in the analysis several market conditions,
namely those generated by the emergence of the pandemic crisis and the invasion of
Ukraine, which led to intensifying the spillover effects generated among the several
segments. The GPRT index was also found to generate some impact in the stock market
segments, whenever the respective prices describe a downward trend. Thus, the net
receiving or transmitting volatility role of several environmental indices is altered by
extreme events. Investment decisions and sector rotation strategies across environmental
segments should be conducted with close consideration of the impact of GPRT and
considering various market conditions. Our findings led us to conclude that the influence
of geopolitical risk changes is heterogeneous (aligned with Sarker et al. (2023)), depend-
ing upon which categories of risk are considered, but economic actors and policymakers
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should take a close look at the GPR and how it drives the connectedness among
environmental segment indices

We believe that the empirical results obtained here are important for policymakers,
regulators, portfolio managers and investors in making informed decisions (especially in
times of worldwide crises, such as the ones originated by the COVID-19 pandemic or by
the war between Russia and Ukraine), helping to improve knowledge about the role of
geopolitical risks in spillovers between environmental segments and providing implica-
tions for environmental investment.

Concerning policymakers and regulators, the results show environmental segments’
degree of exposure to contagion, especially in market phases characterised by high
volatility. Special attention should be paid to the GPRA index, as it reveals some capacity
to impact these segments, when the respective returns are negative, signalling the
importance of creating conditions for the stabilisation and resilience of international
financial markets. Considering that the influence of geopolitical risk changes is hetero-
geneous, depending upon which categories of risk are considered, regulators and policy-
makers should create different policies based on the properties and characteristics of
geopolitical risks (namely, actual adverse acts, and threats). Thus, our findings provide
a key message indicating that GPR and its components contain valuable information that
should be considered when making investment decisions that involve environmental
indices.

Governments may use grants and tax incentives to encourage climate change mitiga-
tion. Market stability is an important policy objective for regulators and policymakers
(even more during periods of market stress). Thus, our empirical findings (related to
environmental investment under bullish and bearish market conditions) help policy-
makers and researchers to establish efficient guidelines to cope with situations, such as
conflicts and formulate investment strategies. Regulators and policymakers could use our
findings to guide their actions in order to maintain market stability during periods of
stress. The increase in geopolitical risks increases militarisation activities, adversely affect-
ing the environment (Bildirici, 2017). These activities require a high amount of energy
consumption (Solarin et al., 2018) and accelerate environmental deterioration, thus,
policymakers also should strive to decrease geopolitical risks and tensions between
countries. Ultimately, high environmental performance businesses must make opera-
tional decisions to prevent risk, especially when international tensions are at an all-time
high. Governments and other relevant authorities, particularly in the environmental
sector, should design and develop strategic plans, regulations, and processes to assist
businesses in surviving periods of high worldwide geopolitical risks.

As for investors and portfolio managers of environmental assets, regarding diversifica-
tion, the results show that restricting investment decisions to this type of assets may not
prove beneficial, especially in turmoil periods, so it is important to consider other types of
assets or use hedging instruments. These results also matter to traders, investors, and
portfolio managers regarding asset allocation and managing the risk exposure to avoid
future unexpected losses under high levels of GPR. Due to the availability of several
sustainability indices for sustainable investments covering different assets and regions, in
order to help investors to find enough opportunities for diversification within the market
for sustainable assets, they should diversify and broaden their investment portfolio. At the
same time, they do this, more and more finance can be diverted towards the real goal of
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climate change mitigation. Investors on the environmental segment, for enhanced accu-
racy, should conduct prediction analysis based on geopolitical shocks.

Economic actors and policymakers should take a close look at the GPR index (on
its two different dimensions) and how it drives the connectedness among environ-
mental segments to extend of spiking the level of systemic risk to a very high
level, which might spill over to other financial markets, assets, and economic
sectors and jeopardise financial and economic stability. These issues could be the
subject of future studies. In the future, we intend to study the impact of geopo-
litical risk on sustainable investment behaviour further, incorporating in the analy-
sis more detailed information regarding domestic political risk in major
international markets, and applying risk management models and optimisation
techniques.
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