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Abstract

This study aims to investigate how geopolitical risk shocks influence return dynam-
ics, volatility transmission, and hedging properties across sustainable financial assets, 
financial technology instruments, energy markets, and precious metals during major 
global crisis episodes over a daily period from June 15, 2018, to September 14, 2024. 
We examined three major events: the trade conflict between the United States and 
China from June 15, 2018, to November 30, 2019; the COVID-19 pandemic from 
December 22, 2019, to February 23, 2023; and the ongoing wars between Russia and 
Ukraine, as well as Hamas and Israel, from February 24 to September 14, 2024. We 
found anomalies explained by the volatility of these returns. Using static, dynamic, and 
fractional QVAR methodology, we concluded that gold and two indicators of green 
finance can be considered safe-haven assets and hedging instruments, while FinTech 
plays a stabilizing role during these crises. Spillovers and connectivity networks at the 
median quantile validate the negative impact of geopolitical risk on non-renewable 
energy. However, we observed that the geopolitical risk index does not significantly 
affect green finance indicators, eco-friendly cryptocurrencies, or various measures of 
FinTech, with a low sensitivity of this index to gold prices.
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INTRODUCTION 

The rapid industrial growth and increasing reliance on fossil fuels 
led to considerable environmental challenges in recent decades, plac-
ing an extraordinary strain on the planet’s ecosystems. In the face of 
this ecological crisis, governments around the world are committing 
to an essential transition: a shift toward a more sustainable and en-
vironmentally friendly energy system. Achieving this ambitious goal 
requires urgent financing, particularly for “green” projects aimed at 
promoting sustainability, reducing pollution emissions, and boosting 
renewable energy production (Long et al., 2022; Su et al., 2022).

In this context, green bonds emerge as a crucial financial tool for mobi-
lizing capital in support of environmental initiatives. By facilitating ac-
cess to financing for environmental projects, green bonds play a key role 
in combating pollution and promoting sustainable technologies, there-
by helping to overcome obstacles to funding for environmental man-
agement reforms (Arif et al., 2022; Rasoulinezhad et al., 2020; Imran & 
Ahad, 2023; Zhang et al., 2023b). However, the current dynamics of the 

© Nadjib Allah Hakmi, Nidhal 
Mgadmi, Ameni Abidi, Wajdi Moussa, 
Azzedine Draou, Souhila Imansouren, 
Latifa Ouis, 2026

Nadjib Allah Hakmi, Full researcher, 
Center of Research in Applied 
Economics for Development, Algeria. 
(Corresponding author)

Nidhal Mgadmi, Associate Researcher, 
Center for Research in Applied 
Economics for Development, Algeria; 
Full Professor in Quantitative Methods, 
Faculty of Economic Sciences and 
Management of Mahdia, University of 
Monastir, Tunisia. 

Ameni Abidi, Associate Researcher, 
Center for Research in Applied 
Economics for Development, Algeria; 
Faculty of Economic Sciences and 
Management of Sfax, University of Sfax, 
Tunisia.

Wajdi Moussa, Associate Researcher, 
Center for Research in Applied 
Economics for Development, Algeria; 
Assistant Professor, Higher Institute of 
Management of Tunis, University of 
Tunis, Tunisia.

Azzedine Draou, Associate Researcher, 
Center for Research in Applied 
Economics for Development, Algeria.

Souhila Imansouren, Associate 
Researcher, Center for Research in 
Applied Economics for Development, 
Algeria.

Latifa Ouis, Associate Researcher, 
Center for Research in Applied 
Economics for Development, Algeria.

JEL Classification G10, G01

Keywords green finance, geopolitical risk, eco-friendly 
cryptocurrencies, FinTech, clean energy, QVAR 
fractional technique

Type of the article: Research Article

LLC “СPС “Business Perspectives” 
Hryhorii Skovoroda lane, 10, 
Sumy, 40022, Ukraine

This is an Open Access article, 
distributed under the terms of the 
Creative Commons Attribution 4.0 
International license, which permits 
unrestricted re-use, distribution, and 
reproduction in any medium, provided 
the original work is properly cited.

www.businessperspectives.org

BUSINESS PERSPECTIVES

Conflict of interest statement:  

Author(s) reported no conflict of interest



9

Geopolitics under Globalization,  Volume 7, 2026

https://doi.org/10.21511/gg.07(1).2026.02

green bond market face growing geopolitical tensions and regional conflicts, which create an atmosphere 
of uncertainty (Lee et al., 2021). This instability can undermine investor confidence and increase the risks 
associated with investments in the green sector. Indeed, geopolitical risk has become a determining factor 
that can influence economic slowdowns and cause fluctuations in financial markets, thereby compromis-
ing efforts to finance ecological initiatives (Lee et al., 2021; De Wet, 2023; Tang et al., 2023).

Green finance is referred to as a means to direct capital toward environmentally friendly initiatives, 
thereby supporting sustainable development goals while delivering environmental benefits. With the 
intensifying effects of climate change, promoting green finance has become crucial for channeling in-
vestments into sustainable projects and activities that mitigate these impacts. Recently, the significance 
of green finance and sustainable development in achieving the goals of the Paris Agreement has been 
widely acknowledged by both developed and developing countries. As a result, many governments have 
implemented regulations regarding financial instruments to encourage green development and meet 
sustainable development goals (Tolliver et al., 2020).

The uncertainty generated by geopolitical risk prompts investors to reassess their strategies in financial 
markets. As a result, market participants pay close attention to the impact of geopolitical risk on as-
set prices. Green finance, which involves directing public and private funds toward environmentally 
friendly projects, plays a crucial role in promoting sustainable development (Zhang et al., 2023a). As a 
promising financial instrument, it offers both economic and environmental benefits (Long et al., 2022). 
However, geopolitical risk and uncertainty are complex factors that can hinder the growth of the green 
bond market (Alsagr et al., 2023; Caramichael & Rapp, 2022). Geopolitical events and conflicts create 
uncertainties and fluctuations in financial markets (Iyke et al., 2022; Gong & Xu, 2022). Furthermore, 
geopolitical risk can significantly affect green investments. Fluctuations in oil prices, influenced by geo-
political risks (Bouoiyour et al., 2019; Ivanovski & Hailemariam, 2022), reveal a strong co-movement 
between oil prices and renewable energy costs (A. Dutta & P. Dutta, 2022). Thus, it is plausible that geo-
political risk has a notable effect on sustainable development.

In this paper, we seek to address a fundamental question: What are the impacts of current geopolitical 
risks on green finance, financial technologies (FinTech), eco-friendly cryptocurrencies, non-renewable 
energies, and precious metals? We specifically examine the trade conflict between the United States and 
China, the COVID-19 pandemic, as well as ongoing conflicts between Russia and Ukraine and between 
Hamas and Israel.

1. LITERATURE REVIEW

In recent years, scholarly interest in the relation-
ship between geopolitical risk and green finance 
has intensified considerably, reflecting growing 
awareness of the profound influence of geopo-
litical dynamics on sustainable financial systems. 
Sustainable financial markets operate within a 
global environment increasingly shaped by politi-
cal instability, military conflicts, pandemics, trade 
disputes, and policy uncertainty. These forces af-
fect investor expectations, capital allocation, reg-
ulatory stability, and long-term environmental 
investment decisions, making geopolitical risk a 
structural determinant of financial and ecological 
transitions.

A substantial body of literature confirms that geo-
political uncertainty plays a critical role in shap-
ing investor behavior, market volatility, and the 
long-term viability of green financial instruments, 
particularly green bonds and renewable energy in-
vestments (Zhang et al., 2023b; Wang et al., 2023; 
Tang et al., 2023; Ahmed et al., 2025). Geopolitical 
conflicts, diplomatic tensions, and policy disrup-
tions increase perceived investment risk, delay re-
newable energy projects, and weaken confidence in 
green financial assets by introducing uncertainty 
regarding regulatory stability and future cash flows. 
Empirical evidence demonstrates that this influ-
ence is not uniform over time, as temporal hetero-
geneity characterizes the interaction between geo-
political risk and sustainable finance. Geopolitical 
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shocks exert persistent and pronounced effects 
on volatility, while return responses remain more 
moderate, highlighting the dominant role of geopo-
litical instability in driving market fragility rather 
than immediate profitability (Zhang et al., 2023c). 
Nonlinear and asymmetric adjustments further 
emerge, where increases in policy uncertainty and 
geopolitical actions depress green bond returns in 
the short run, whereas geopolitical threats and oil 
price increases may generate temporary supportive 
effects; in the long run, however, most geopolitical 
risk components exert negative pressures on green 
financial performance (Tang et al., 2023).

Research also emphasizes deep interconnectedness 
among global financial and energy markets under 
geopolitical stress. Volatility spillovers from oil 
markets to green bonds intensify during crisis pe-
riods, accompanied by strong bidirectional causal-
ity between green bonds and commodity markets 
(Doğan et al., 2023). At the global level, geopoliti-
cal turmoil and financial stress generate long-term 
negative effects on green finance, whereas oil price 
volatility and clean energy investment stimulate 
green investment (Wang et al., 2023). Time-varying 
causality further reveals that heightened geopo-
litical tensions reduce investor interest in green 
bonds, while declining geopolitical risk promotes 
international cooperation in renewable energy de-
velopment; however, competition over renewable 
resources may itself become a new source of geopo-
litical tension (Wang et al., 2023). The role of green 
finance in accelerating renewable energy develop-
ment is particularly evident in emerging economies 
such as China (Li & Umair, 2023).

Another key research direction concerns safe-ha-
ven and hedging characteristics. Green bonds dis-
play resistance to geopolitical shocks compared 
with equities and currencies and show connectiv-
ity with traditional safe-haven assets (Będowska-
Sójka et al., 2022; Rao et al., 2022). During turbu-
lent periods such as the COVID-19 crisis, green 
bonds provided hedging benefits for equity inves-
tors, though short-term volatility dominated long-
run adjustments (Mensi et al., 2023). Safe-haven 
effectiveness nevertheless varies across market 
regimes and quantiles, as geopolitical risk can si-
multaneously function as a source of investor anx-
iety and a trigger for portfolio rebalancing toward 
sustainable assets (Liu et al., 2024).

Recent geopolitical conflicts have amplified these 
dynamics. The Russia–Ukraine war and other con-
flicts have intensified fluctuations in green bond 
markets and reinforced the dominant role of geo-
political hazards in transmitting shocks from cli-
mate change concerns to sustainable finance and 
renewable energy markets (Ahmed et al., 2025; 
Gök, 2023; Lorente et al., 2023). The environmental 
dimension further strengthens this nexus: geopo-
litical risk and crude oil prices have been identified 
as key drivers of global CO₂ emissions, while green 
bonds exert stronger environmental influence in 
the long term than in the short term (Kartal et al., 
2024). Political tensions also negatively affect green 
equity markets across quantiles and time horizons, 
confirming the sensitivity of sustainable assets 
to political disturbances (Cheikh & Zaied, 2023a, 
2023b; Helmi et al., 2024).

Parallel developments in financial technology add 
further complexity. FinTech positively influences 
clean energy valuations and financial inclusion, 
yet FinTech markets are highly sensitive to geopo-
litical and financial stress (Dong & Huang, 2024; 
Doostkouei et al., 2024). Technology-oriented fi-
nancial instruments may act as crisis-time shock 
transmitters while also providing long-term stabi-
lization (Ha, 2023a; 2023b). Oil price fluctuations 
driven by geopolitical tensions further reinforce 
the co-movement between energy markets and sus-
tainable finance (Bouoiyour et al., 2019; Ivanovski 
& Hailemariam, 2022; A. Dutta & P. Dutta, 2022).

Despite substantial progress, existing studies 
largely focus on bilateral relationships and spe-
cific contexts. Integrated analyses that simulta-
neously incorporate green bonds, renewable and 
non-renewable energy markets, FinTech, eco-
friendly cryptocurrencies, precious metals, and 
geopolitical risk within a unified dynamic frame-
work remain limited (Doğan et al., 2023; Wang et 
al., 2023; Cheikh & Zaied, 2023b; Dong & Huang, 
2024). This fragmentation leaves a gap in under-
standing the joint, nonlinear, and crisis-depen-
dent behavior of these interconnected markets un-
der contemporary geopolitical regimes.

The accumulated evidence demonstrates that geo-
political risk is a fundamental structural force 
shaping green finance, renewable energy invest-
ment, financial stability, and environmental sus-
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tainability. Its effects are nonlinear, asymmetric, 
time-varying, and crisis-sensitive, while sustain-
able assets and FinTech provide only partial buff-
ering capacity. Addressing these complexities re-
quires integrated empirical frameworks capable of 
capturing the full scope of geopolitical–financial–
environmental interactions.

This study aims to rigorously assess the extent to 
which geopolitical risk shocks shape return distri-
butions, volatility spillovers, and safe-haven and 
hedging dynamics across green finance assets, 
FinTech instruments, eco-friendly cryptocurren-
cies, non-renewable energy markets, and precious 
metals during major global crisis periods. The hy-
potheses are as follows:

H1: Geopolitical risk shocks significantly alter 
return distributions and increase volatility 
spillovers across green finance, FinTech, eco-
friendly cryptocurrencies, non-renewable 
energy markets, and precious metals.

H2: Gold and green finance assets exhibit safe-
haven and hedging characteristics during 
periods of heightened geopolitical risk.

H3: Market responses to geopolitical risk are 
nonlinear, asymmetric, and regime-depen-
dent across the examined financial and en-
ergy assets.

2. METHODS

This study analyzes the impact of major geopo-
litical and health-related events on green finance, 
FinTech, green cryptocurrencies, renewable and 
non-renewable energies, gold, and the geopolitical 
risk index over the daily period from June 15, 2018, 
to September 14, 2024. The dataset is divided into 
three sub-periods: (1) June 15, 2018 – November 
30, 2019, covering the China–US trade conflict; 
(2) December 22, 2019 – February 23, 2023, cover-
ing the COVID-19 pandemic; and (3) February 24, 
2022 – September 14, 2024, covering the Russia–
Ukraine war and Hamas–Israel conflict.

2.1. Procedure

1. Data Collection:

• Green finance: S&P Green Bond Index 
(S&PGBI) and S&P Global Clean Energy 
Index (S&PGCEI) from S&P Global;

• FinTech: S&P Kensho Alternative 
Finance (S&PKGAFI), Distributed Ledger 
(S&PKGDGLI), and Bank Democratization 
(S&PKGDBI) indices from S&P Global;

• Green cryptocurrencies: Cardano (ADA) and 
Tezos (XTZ) from Investing.com;

• Non-renewable energy: Oil and gas prices 
from FRED;

• Precious metals: Gold prices;

• Geopolitical risk: GPR index.

2. Data Processing: Daily returns calculated

3. Preliminary Analysis: Descriptive statistics 
(mean, variance, skewness, kurtosis), station-
arity tests (ERS, 1992), and autocorrelation 
tests (Ljung-Box Q(20) and Q²(20)).

4. Interdependence Assessment: Total correla-
tion matrices constructed for each sub-period 
to identify unconditional relationships among 
assets.

5. Spillover Analysis: Quantile Vector Auto-
Regression (QVAR) at median quantile ap-
plied to capture dynamic spillovers and net 
connectedness among the studied assets, 
highlighting the influence of extreme market 
conditions.

This approach ensures a systematic, replicable, 
and concise framework for analyzing the effects of 
geopolitical and pandemic shocks on sustainable 
finance, FinTech, and energy markets.

The descriptive statistics reveal strong deviations 
from normality across all assets, as confirmed 
by extremely high Jarque-Bera statistics, driven 
by pronounced skewness and substantial excess 
kurtosis, indicating frequent extreme price move-
ments. Volatility, measured by variance, rises 
sharply during crisis periods. All return series are 
found to be stationary, as confirmed by the ERS 
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unit root test, supporting the validity of further 
econometric modeling. The Ljung-Box tests reveal 
significant serial correlation and volatility cluster-
ing, particularly during turbulent periods, con-
firming persistent risk transmission. Correlation 
analysis further shows that market interdepen-
dence intensifies under stress (Table A1 and Table 
A2 in Appendix A).

We use the quantile connectivity technique pro-
posed by Ando et al. (2022) to explore the inter-
connections between green finance, the three 
FinTech indicators, eco-friendly cryptocurrencies, 
non-renewable energies, precious metal, and the 
geopolitical risk index. This technique extends the 
connectivity approach based on the general VAR 
model proposed by Diebold and Yilmaz (2012, 
2014).

Various measures to assess connectivity have 
been described in the literature, including VAR, 
TVP-VAR, and LASSO-VAR. However, the key 
advantage of the QVAR model lies in its abil-
ity to elucidate spillover effects during extreme 
market conditions. Unlike the general VAR 
model, which focuses on conditional means and 
overlooks extreme connectivity, the QVAR cap-
tures the dynamic connectivity between vari-
ables across different quantiles, providing in-
sights into tail behavior during bull and bear 
market phases (Long et al., 2022; Mensi et al., 
2022).

The quantile spillover matrix and the infinite-or-
der vector moving average representation of the 
Quantile Vector Auto-regression model QVAR(τ, 
ρ), where τ is the quantile and ρ denotes the au-
toregressive order, are defined as follows:
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terms at quantile τ. Ω

i
(τ) is an n×n matrix of mov-

ing average lag coefficients at quantile τ.

The Generalized Forecast Error Variance 
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forecast horizon H as follows:
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Consistent with the observations of Diebold and 
Yilmaz (2012), the GFEVD based spillover mea-
sures are described below.
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This extended QVAR methodology is particular-
ly advantageous for assessing spillover dynamics 
during extreme market conditions (both bullish 
and bearish) and provides a more nuanced under-
standing of interconnected markets.

The fractional connectivity approach with medi-
an quantiles allows for the analysis of how time 
series interact over the long term while focusing 
on the median effects of these interactions. This 
approach is particularly useful in studies that ex-
plore the persistence of shocks while remaining 
robust to extreme variability, as seen in financial 
market analysis.
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3. RESULTS AND DISCUSSION

This study investigates the statistical behavior and 
interdependence of green finance, FinTech, renew-
able and non-renewable energy, green cryptocur-
rencies, precious metals, and geopolitical risk over 
the period from June 15, 2018 to September 14, 
2024, covering three major global shock episodes: 
the China–US trade conflict, the COVID-19 pan-
demic, and the combined Russia–Ukraine war 
and Hamas–Israel conflict.

The descriptive statistics reveal strong deviations 
from normality across all assets, as confirmed 
by extremely high Jarque-Bera statistics (e.g., 
S&PKGAFI = 99,232, Gold = 1,723, S&PGBI = 
8,088 during COVID-19), driven by pronounced 
skewness and substantial excess kurtosis (e.g., Oil 
kurtosis = 30.64, S&PKGAFI kurtosis = 54.05, 
Gold kurtosis = 154.21 during the war period), in-
dicating frequent extreme price movements.

Volatility, measured by variance, rises sharply 
during crisis periods, particularly for FinTech in-
dices (S&PKGAFI = 25.95, S&PKGDGLI = 8.09 
during COVID-19), green cryptocurrencies (ADA 
= 995.53, XTZ = 1,106.21 during COVID-19; XTZ 
= 31,556.41 during geopolitical conflicts), and gold 
(37.63 during the war period).

All return series are found to be stationary, as con-
firmed by the ERS unit root test with strongly neg-
ative statistics (e.g., ERS = −13.52 for S&PKGAFI 
during the war period), supporting the validity of 
further econometric modeling.

The Ljung-Box tests reveal significant serial cor-
relation and volatility clustering, particularly dur-
ing turbulent periods, with Q²(20) values reach-
ing 293.75 for S&PGBI and 324.29 for S&PKGDBI 
during COVID-19, and exceeding 216.70 for gold 
during the war period, confirming persistent risk 
transmission.

Correlation analysis further shows that market in-
terdependence intensifies under stress: during the 
trade conflict, clean energy exhibits strong link-
ages with FinTech (corr(S&PGCEI, S&PKGAFI) = 
0.376, corr(S&PGCEI, S&PKGDBI) = 0.403), while 
during geopolitical conflicts, green bonds become 
increasingly integrated with sustainable and alter-

native finance (corr(S&PGBI, S&PKGDBI) = 0.233, 
corr(S&PGBI, S&PKGAFI) = 0.154).

Moreover, eco-friendly cryptocurrencies display 
persistent co-movement (corr (ADA, XTZ) = 0.210 
during geopolitical conflicts) (Table A1 and Table 
A2 in Appendix A). 

The spillovers of static returns during the con-
flict between the United States and China show 
that the S&P Green Bond Index (S&PGBI) cap-
tured the majority of incoming spillovers, reach-
ing 84.22%. This indicates that the return of the 
S&PGBI is relatively stable and seems little influ-
enced by other returns.

Additionally, the S&P Global Clean Energy Index 
(S&PGCEI) also shows significant spillovers of 
50.61%, with notable interactions with other returns 
such as those from ADA and Gold. Meanwhile, the 
S&P Kensho Alternative Finance Global Index 
(S&PKGAFI) presents a notable contribution of 
52% from its own returns, highlighting its domi-
nant performance in the alternative finance sector.

The S&P Kensho Distributed Ledger Index 
(S&PKGDGLI) exhibits stability with 80.69% of 
its own spillovers, while the S&P Kensho Bank 
Democratization Index (S&PKGDBI) generates 
significant spillovers of 41.75%, indicating its in-
fluence across different markets.

Gold, with 63.79% of its own returns, proves to be 
a safe-haven asset during this period. Regarding 
eco-friendly cryptocurrencies, notably ADA and 
XTZ, they show high spillovers, particularly ADA 
with 76.91%, underscoring their growing impor-
tance in international markets.

Finally, non-renewable energies (oil and gas) dem-
onstrate stability, with spillovers primarily con-
centrated on their own performance.

The spillovers of static returns during the 
COVID-19 pandemic showed that the S&PGBI 
experienced a decrease in its spillovers to 77.64%.

The S&PGCEI saw an increase in its own impact 
to 75.57%. The S&PKGAFI and S&PKGDGLI in-
dicated some stability, but with a relatively lower 
impact on incoming returns.
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Gold maintained a high level of spillovers (84.24%). 
ADA and XTZ demonstrated strong resilience, 
with 76.66% and 74.23% of their own returns, 
respectively.

The spillovers of static returns during the current 
geopolitical risks showed that the S&PGBI experi-
enced a reduction in its spillovers to 76.09%.

The S&PGCEI saw a decrease in its impact to 
69.93%. The S&PKGAFI maintained strong im-
portance with 81.92%.

Gold remained one of the most stable assets at 
81.69%. Eco-friendly cryptocurrencies, ADA and 
XTZ, also exhibited significant spillovers. Energy 
assets were dominated by their own performances 
but had lower incoming spillovers.

Finally, Table A3 shows that asset returns evolved 
in response to global events.

Following Mensi et al. (2022), Long et al. (2022), 
and Yousaf et al. (2022), Figure 1 illustrates the 
directional connectivity network at the median 
quantile between the returns of green finance, 
financial technologies, non-renewable energies, 
as well as precious metal, eco-friendly crypto-
currencies, and the geopolitical risk index.

Figure 1 reveals that during the international 
trade conflict between China and the United 
States, only three returns act as risk emitters: the 
Global Distributed Ledger Index (S&PKGDGLI), 
Clean Energy (S&PGCEI), and Oil prices.

During the COVID-19 pandemic, the Global 
Distributed Ledger Index (S&PKGDGLI), the 
Global Bank Democratization Index (S&PKGDBI), 
Clean Energy (S&PGCEI), and Oil prices become 
risk emitters.

The current geopolitical risks show that the Global 
Distributed Ledger Index (S&PKGDGLI), the 
Global Alternative Finance Index (S&PKGAFI), 
the Global Bank Democratization Index 
(S&PKGDBI), and Gree n Bonds (S&PGBI) act as 
risk emitters.

We now analyze the median quantile connectivity 
networks for three indicators of financial technol-
ogy (FinTech), clean energy, the composite green 
bond index, non-renewable energies (oil and gas), 
precious metal (gold), two eco-friendly cryptocur-
rencies, and the geopolitical risk index.

In the context of the trade war between China and 
the United States, strong connections are observed 
between the Global Banking Democratization 
Index (S&PKGDBI) and the Global Alternative 
Financing Index (S&PKGAFI), as well as between 
the S&PKGDBI and the Clean Energy Index 
(S&PGCEI).

During the COVID-19 pandemic, the networks 
of connections are very high among the different 
returns.

During the two ongoing wars, the connection is 
weak between green cryptocurrencies, while strong 
dependence exists between the Global Democratic 
Index and the Global Distributed Ledger Index.

Figure 1. The directional connectivity networks at the median quantile of the three major events 
referred to in our study
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The fractional connectivity approach with median 
quantiles allows for the analysis of how time se-
ries interact over the long term (through fractional 
connectivity) while focusing on the median effects 
of these interactions (median quantile). This ap-
proach is particularly useful in studies aiming to 
explore the persistence of shocks while remaining 
robust to extreme variability, as seen in financial 
market analysis. In analyzing financial returns, 
using fractional connectivity with quantiles cap-
tures not only the relationships between assets 
over the long term but also shows how these rela-
tionships behave for the majority of returns (me-
dian quantile) rather than focusing solely on ex-
tremes (high or low quantiles). It may reveal that 
shocks to certain assets propagate slowly, with a 
persistent impact over time, while for others, this 
effect is more temporary.

Figure 3.1 represents the fractional spillover ef-
fects between the various returns of FinTech, 
green finance, non-renewable energy, eco-friend-
ly cryptocurrencies, precious metals, and geopo-

litical risk during the trade conflict between the 
United States and China. It captures how shocks 
or information spillovers from one asset market 
affect other markets. The spillovers can be posi-
tive or negative, influencing the connectivity be-
tween these markets. Figure 3.1 includes several 
layers of colors that represent different types of 
returns or asset classes. The red section occupies 
a large part of the figure, while the smaller green 
and blue sections indicate other asset classes. The 
spillover effects fluctuate slightly over time, sug-
gesting that the overall connectivity remains con-
stant throughout the observed period.

Figure 3.2 illustrates the fractional spillover effects 
between the returns of FinTech, green finance, 
non-renewable energy, eco-friendly cryptocur-
rencies, precious metal (gold), and geopolitical 
risk (GPR) during the COVID-19 pandemic. The 
different colored layers represent the respective 
contributions of these asset classes to the spillover 
effects between the markets. This pandemic gen-
erated increased volatility, thereby intensifying 

Figure 2. The median quantile connectivity networks of the three major events referred  
to in our study
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Figure 3. Various fractional spillovers of the three major events referred to in our study
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these spillovers. The predominance of one color 
suggests that certain indicators played a central 
role in the transmission of shocks and volatility 
between markets. The other asset classes had a 
more modest but consistent role.

Figure 3.3 represents the fractional spillover ef-
fects between the returns of FinTech, green fi-
nance, non-renewable energy, eco-friendly cryp-
tocurrencies, precious metal (gold), and geopo-
litical risk (GPR) in the context of current geopo-
litical conflicts. The different colors represent the 
respective contributions of various asset classes to 

the spillover effects. The predominant color indi-
cates that certain assets play a central role in trans-
mitting shocks. Increased uncertainty during 
these conflicts heightens return volatility, lead-
ing to more pronounced spillovers between mar-
kets. Although fluctuations exist, the shape of the 
curves indicates a certain stability in the contribu-
tions of different assets to the spillover effects.

Figure 4 shows that FinTech returns appear rela-
tively stable, with few significant fluctuations. 
Green finance is more varied. Returns from non-
renewable energy fluctuate. Gold shows stability. 

Figure 4. Fractional transmission of the shock caused by the trade conflict between US–China for the 
different returns referred to in our study
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Green cryptocurrencies are highly volatile. The 
geopolitical risk index shows spikes during major 
events.

Figure 5 represents the total fractional spill-
over during the COVID-19 pandemic. The 
three FinTech indicators show relatively stable 
spillovers. Green finance exhibits pronounced 
fluctuations. Non-renewable energies fluctuate. 
Gold shows stability or a slight increase. Green 
cryptocurrencies show stable transmissions. 

The geopolitical risk index displays spikes dur-
ing major events.

Figure 6 corresponds the total fractional transmis-
sion during the two ongoing wars for the various 
indicators of FinTech, green finance, eco-friend-
ly cryptocurrencies, non-renewable energy, gold, 
and the geopolitical risk index.

Figure 6 illustrates that the three FinTech indices 
show relatively stable transmissions. Green finance 

Figure 5. Fractional transmission of the shock caused by COVID19 pandemic for the different returns 
referred to in our study
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exhibits pronounced fluctuations. Non-renewable 
energies fluctuate. Gold shows stability or a slight in-
crease. The geopolitical risk index reveals spikes dur-
ing major events. The two eco-friendly cryptocurren-
cies display relatively low total fractional spillovers.

3.1. Hypotheses testing

Descriptive statistics show extreme deviations 
from normality, strong volatility clustering, and 
high Ljung-Box Q² values during geopolitical 

conflicts. Quantile VAR (QVAR) analyses fur-
ther indicate that FinTech indices and green 
cryptocurrencies act as major shock transmit-
ters, with elevated spillovers across all exam-
ined markets. Therefore, H1 is supported.

The evidence shows that gold maintains high 
own-return spillovers and limited outgoing 
spillovers. Similarly, the S&P Green Bond Index 
remains stable with reduced outgoing shocks. 
Therefore, H2 is supported.

Figure 6. Fractional transmission of the shock during the two ongoing wars for the different returns 
referred to in our study
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The evidence reveals that QVAR and fraction-
al connectivity analyses show strong nonlinear 
and asymmetric spillovers across quantiles and 
regimes. In addition, directional connectiv-
ity networks show regime-dependent behavior. 
Therefore, H3 is supported.

3.2. Discussion

The findings demonstrate that global crises signif-
icantly amplify volatility, tail risk, and intercon-
nectedness across sustainable, digital, and tradi-
tional financial markets, underscoring the evolv-
ing structure of financial risk in the era of geopo-
litical and systemic uncertainty.

The analysis shows that green finance, FinTech, eco-
friendly cryptocurrencies, energy, and gold exhibit 
significant volatility and heavy tails during major 
global shocks (US–China trade conflict, COVID-19, 
Russia–Ukraine and Hamas–Israel wars). FinTech 
and green cryptocurrencies act as primary transmit-
ters of shocks, while gold and green bonds serve as 
stable receivers. Connectivity and spillovers intensi-
fy under crises, with strong interdependence among 
sustainable, digital, and traditional markets.

Fractional QVAR confirms the persistence of shocks, 
highlighting FinTech and green crypto dominance, 
the moderate impact of energy, and the safe-haven 
role of gold. These results are consistent with the 
findings of Mensi et al. (2022), Long et al. (2022), 
and Yousaf et al. (2022), who emphasize that digital 

finance and cryptocurrency markets tend to domi-
nate shock transmission during periods of height-
ened uncertainty, while traditional safe-haven assets 
such as gold retain their stabilizing role.

The directional and median quantile connectiv-
ity networks further indicate that market behav-
ior is regime-dependent. Different assets act as 
risk emitters or receivers depending on the nature 
of the shock, whether related to trade tensions, 
health crises, or geopolitical conflicts. During ex-
treme conditions, FinTech indices and green cryp-
tocurrencies dominate risk transmission, whereas 
green bonds and gold absorb shocks, confirming 
their hedging and diversification properties.

The findings also suggest that geopolitical risks 
reshape the structure of financial interconnected-
ness by strengthening the links between sustain-
able finance, digital assets, and traditional mar-
kets. This increased integration implies that di-
versification benefits may diminish during crises, 
as correlations and spillovers rise simultaneously 
across asset classes.

Overall, the results highlight that global shocks 
not only increase volatility and tail risk but also 
alter the transmission mechanisms across mar-
kets. Sustainable finance and digital assets play 
an increasingly central role in the global financial 
system, while gold and green bonds continue to 
function as stabilizing assets under conditions of 
heightened geopolitical and systemic uncertainty.

CONCLUSION

The aim of this study was to evaluate how geopolitical risk shocks influence return behavior, volatility 
transmission, and hedging dynamics across green finance, FinTech, eco-friendly cryptocurrencies, non-
renewable energy markets, and precious metals during major global crisis episodes.

The results indicate that geopolitical disturbances substantially reshape return distributions and am-
plify volatility spillovers across these interconnected markets, with effects that vary across asset classes 
and crisis regimes. The analysis shows that green bonds and gold maintain comparatively stable pro-
files under geopolitical stress, while FinTech demonstrates structural robustness, whereas eco-friendly 
cryptocurrencies and non-renewable energy markets exhibit heightened sensitivity and pronounced 
vulnerability. Furthermore, the observed interactions are nonlinear and regime-dependent, reflecting 
asymmetric responses to different geopolitical shocks.

These findings lead to the conclusion that geopolitical risks play a central role in redefining financial 
interconnectedness and risk transmission, reducing diversification benefits during crises while rein-
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forcing the stabilizing function of traditional and sustainable safe-haven assets. At the same time, the 
results highlight the growing systemic relevance of digital finance and green assets within global fi-
nancial markets. Future research should extend this framework by incorporating longer time horizons, 
broader geopolitical scenarios, and additional structural factors in order to better capture the long-term 
implications of geopolitical instability for sustainable finance, energy transitions, and digital financial 
ecosystems.
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APPENDIX A

Table A1. Descriptive statistics 

Variable Mean Variance Skewness Kurtosis JB ERS Q(20) Q2(20)

During the China and US trade conflict

S&PGBI 0.008 0.037*** –0.385*** 9.902*** 2190.532*** –9.157*** 19.926** 46.063***

S&PGCEI 0.035 0.564*** 0.097 2.056*** 94.709*** –10.049*** 13.032 40.368***

S&PKGAFI –0.040 2.115*** –0.986*** 15.559*** 5462.793*** –9.924*** 13.261 45.786***

S&PKGDGLI –0.014 5.320*** 2.048*** 63.105*** 88811.256*** –12.773*** 48.540*** 85.465***

S&PKGDBI –0.008 0.857*** –0.532*** 3.402*** 282.188*** –9.667*** 10.977 49.112***

GOLD 0.002 17.360*** 0.970*** 5.334*** 715.321*** –11.190*** 24.203*** 47.860***

ADA –0.027 1354.159*** 0.330*** 0.433* 13.815*** –2.635*** 36.543*** 33.270***

XTZ 0.578 1516.532*** 0.236** 2.908*** 192.736*** –3.644*** 59.675*** 67.800***

Oil –0.030 3.048*** 0.063 10.133*** 2280.808*** –10.586*** 15.302 14.091

GAS –0.053 6.537*** –0.012 12.112*** 3258.223*** –9.479*** 25.161*** 110.272***

GPR 0.007 4085.157*** 0.051 1.830*** 74.615*** –3.812*** 138.665*** 69.798***

During the COVID-19 pandemic

S&PGBI 0.001 0.085*** –1.271*** 15.222*** 8087.796*** –9.301*** 88.342*** 293.751***

S&PGCEI 0.062 3.728*** –1.077*** 12.324*** 5314.839*** –11.808*** 27.174*** 141.877***

S&PKGAFI –0.023 25.948*** 0.342*** 54.053*** 99232.355*** –9.070*** 38.476*** 82.399***

S&PKGDGLI 0.032 8.087*** –0.037 4.562*** 707.007*** –7.885*** 22.069*** 219.556***

S&PKGDBI 0.020 2.148*** –1.399*** 14.325*** 7234.378*** –5.721*** 41.634*** 324.285***

GOLD 0.061 20.157*** 0.657*** 7.002*** 1723.535*** –13.228*** 12.391 338.977***

ADA 0.420 995.532*** 0.443*** 0.516*** 35.701*** –4.570*** 59.030*** 18.761**

XTZ 0.221 1106.205*** 0.489*** 1.417*** 100.731*** –10.649*** 59.042*** 105.559***

Oil 0.058 7.711*** –2.126*** 30.643*** 32500.754*** –12.059*** 16.827* 77.306***

GAS 0.086 12.537*** 0.642*** 7.954*** 2204.398*** –7.275*** 16.260* 104.015***

GPR 0.243 3811.070*** 0.001 1.296*** 57.004*** –9.411*** 182.756*** 29.735***

During Russia-Ukraine war and Hamas-Israel conflict

S&PGBI –0.004 0.193 0.280*** 3.167*** 402.089*** –3.320*** 17.600** 39.329***

S&PGCEI –0.024 2.821 –2.520*** 69.149*** 186873.641*** –5.714*** 38.522*** 83.444***

S&PKGAFI 0.025 88.259 –0.274*** 56.494*** 124082.774*** –13.524*** 102.010*** 99.017***

S&PKGDGLI –0.001 16.088 1.270*** 15.586*** 9694.631*** –13.127*** 10.181 52.705***

S&PKGDBI 0.009 1.976 0.169** 1.714*** 118.652*** –3.936*** 14.764 47.144***

ADA –0.219 1686.612 0.504*** 0.924*** 72.705*** –2.614*** 118.606*** 26.949***

XTZ 0.408 31556.407 0.061 8.470*** 2789.532*** –9.975*** 201.480*** 327.082***

Oil –0.032 3.832 –0.755*** 5.610*** 1312.255*** –14.767*** 24.954*** 117.990***

GAZ –0.078 27.87 –0.131 8.550*** 2844.298*** –8.352*** 18.192** 58.976***

GOLD –0.008 37.626 0.415*** 154.213*** 924535.383*** –13.368*** 94.709*** 216.699***

GPR –0.081 2171.021 0.499*** 2.385*** 259.857*** –6.793*** 332.460*** 160.945***

Note: *p < 0.1, **p < 0.05, and ***p < 0.01. 
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Table A2. Matrix of correlation, total 
Variable S&PGBI S&PGCEI S&PKGAFI S&PKGDGLI S&PKGDBI GOLD ADA XTZ Oil GAS GPR

During the China and US trade conflict
S&PGBI 1.000*** 0.055 –0.029 –0.030 –0.012 0.062** –0.012 0.015 0.049 –0.063** –0.036

S&PGCEI 0.055 1.000*** 0.376*** 0.159*** 0.403*** –0.210*** –0.034 –0.032 0.115*** 0.013 0.009

S&PKGAFI –0.029 0.376*** 1.000*** 0.340*** 0.643*** –0.205*** 0.027 0.017 0.064** 0.078** 0.016

S&PKGDGLI –0.030 0.159*** 0.340*** 1.000*** 0.503*** –0.159*** –0.020 0.057 0.055 –0.004 0.032

S&PKGDBI –0.012 0.403*** 0.643*** 0.503*** 1.000*** –0.240*** 0.019 0.005 0.093*** 0.041 0.011

GOLD 0.062** –0.210*** –0.205*** –0.159*** –0.240*** 1.000*** 0.030 0.049 –0.025 –0.012 –0.015

ADA –0.012 –0.034 0.027 –0.020 0.019 0.030 1.000*** 0.193*** –0.061** –0.012 0.110***

XTZ 0.015 –0.032 0.017 0.057 0.005 0.049 0.193*** 1.000*** 0.012 0.002 0.082***

Oil 0.049 0.115*** 0.064** 0.055 0.093*** –0.025 –0.061** 0.012 1.000*** –0.012 0.024

GAS –0.063** 0.013 0.078** –0.004 0.041 –0.012 –0.012 0.002 –0.012 1.000*** –0.021

GPR –0.036 0.009 0.016 0.032 0.011 –0.015 0.110*** 0.082*** 0.024 –0.021 1.000***

During the COVID-19 pandemic

S&PGBI 1.000*** 0.047 0.041 0.036 0.114*** –0.023 0.003 0.010 0.000 –0.025 –0.006

S&PGCEI 0.047 1.000*** 0.128*** 0.194*** 0.241*** –0.080*** 0.001 –0.028 0.007 0.039 0.008

S&PKGAFI 0.041 0.128*** 1.000*** 0.370*** 0.518*** –0.152*** –0.034 –0.050** 0.040 0.064** 0.011

S&PKGDGLI 0.036 0.194*** 0.370*** 1.000*** 0.632*** –0.147*** –0.056** –0.034 0.035 0.014 –0.013

S&PKGDBI 0.114*** 0.241*** 0.518*** 0.632*** 1.000*** –0.185*** –0.035 –0.023 0.035 0.009 0.012

GOLD –0.023 –0.080*** –0.152*** –0.147*** –0.185*** 1.000*** 0.018 0.039 0.024 –0.018 0.028

ADA 0.003 0.001 –0.034 –0.056** –0.035 0.018 1.000*** 0.266*** 0.015 –0.008 0.100***

XTZ 0.010 –0.028 –0.050** –0.034 –0.023 0.039 0.266*** 1.000*** 0.019 0.024 0.069***

Oil 0.000 0.007 0.040 0.035 0.035 0.024 0.015 0.019 1.000*** 0.001 0.001

GAS –0.025 0.039 0.064** 0.014 0.009 –0.018 –0.008 0.024 0.001 1.000*** 0.026

GPR –0.006 0.008 0.011 –0.013 0.012 0.028 0.100*** 0.069*** 0.001 0.026 1.000***

During Russia–Ukraine war and Hamas–Israel conflict
S&PGBI 1.000*** 0.116*** 0.154*** 0.159*** 0.233*** –0.005 0.022 –0.026 –0.003 0.007 –0.034

S&PGCEI 0.116*** 1.000*** 0.098*** 0.055** 0.108*** –0.007 –0.018 0.002 0.017 –0.031 –0.006

S&PKGAFI 0.154*** 0.098*** 1.000*** 0.483*** 0.697*** –0.011 –0.021 0.033 –0.009 –0.122*** –0.028

S&PKGDGLI 0.159*** 0.055** 0.483*** 1.000*** 0.648*** –0.027 –0.040 0.005 –0.026 –0.089*** –0.057**

S&PKGDBI 0.233*** 0.108*** 0.697*** 0.648*** 1.000*** –0.009 –0.027 0.020 0.011 –0.111*** –0.038

ADA –0.005 –0.007 –0.011 –0.027 –0.009 1.000*** 0.210*** –0.014 –0.009 0.044 0.124***

XTZ 0.022 –0.018 –0.021 –0.040 –0.027 0.210*** 1.000*** –0.017 0.030 0.034 0.084***

Oïl –0.026 0.002 0.033 0.005 0.020 –0.014 –0.017 1.000*** 0.025 –0.027 0.003

GAZ –0.003 0.017 –0.009 –0.026 0.011 –0.009 0.030 0.025 1.000*** –0.026 0.038

GOLD 0.007 –0.031 –0.122*** –0.089*** –0.111*** 0.044 0.034 –0.027 –0.026 1.000*** 0.040

GPR –0.034 –0.006 –0.028 –0.057** –0.038 0.124*** 0.084*** 0.003 0.038 0.040 1.000***

Note: *p < 0.1, **p < 0.05, and ***p < 0.01. 
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Table A3. Static return spillovers 

Variable S&PGBI S&PGCEI S&PKGAFI S&PKGDGLI S&PKGDBI GOLD ADA XTZ Oil GAS GPR FROM

During the China and US Trade Conflict
S&PGBI 84.22 3.11 0.88 0.98 1.26 5.99 0.31 0.25 1.20 1.07 0.72 15.78

S&PGCEI 1.56 50.61 12.45 2.13 22.69 5.75 0.96 0.12 3.22 0.38 0.14 49.39

S&PKGAFI 0.52 12.92 52.00 2.52 25.51 3.59 0.40 0.06 1.87 0.34 0.25 48.00

S&PKGDGLI 0.79 1.39 2.63 80.69 7.93 0.70 0.22 3.15 2.10 0.26 0.13 19.31

S&PKGDBI 0.63 19.18 20.98 5.59 41.75 6.79 0.86 0.16 3.50 0.34 0.21 58.25

GOLD 5.19 7.63 4.46 0.61 10.06 63.79 1.78 0.17 5.56 0.56 0.18 36.21

ADA 0.75 2.14 1.17 0.81 2.30 2.52 76.91 6.73 1.91 1.67 3.09 23.09

XTZ 0.73 0.87 0.23 3.58 0.66 0.48 7.06 81.78 0.72 0.95 2.94 18.22

Oil 0.69 4.81 1.25 0.65 2.79 4.69 1.71 0.21 82.71 0.14 0.36 17.29

GAS 1.15 0.58 0.71 0.43 0.45 0.92 1.29 0.54 2.34 91.43 0.16 8.57

GPR 1.57 0.80 1.06 0.58 1.43 1.01 2.55 3.22 1.03 0.38 86.37 13.63

TO 13.57 53.43 45.83 17.89 75.09 32.43 17.14 14.61 23.47 6.10 8.18 307.74

Inc.Own 97.79 104.04 97.83 98.58 116.84 96.22 94.06 96.39 106.18 97.53 94.55 cTCI/TCI

NET –2.21 4.04 –2.17 –1.42 16.84 –3.78 –5.94 –3.61 6.18 –2.47 –5.45 30.77/27.98

NPT 4.00 8.00 7.00 6.00 9.00 6.00 1.00 1.00 9.00 3.00 1.00 –

During the COVID-19 pandemic

SPGBI 77.64 4.38 1.14 4.17 8.28 2.22 0.14 0.21 0.15 1.37 0.31 22.36

SPGCEI 2.11 75.57 0.74 7.70 10.80 0.94 0.29 0.21 0.26 0.81 0.56 24.43

SPKGAFI 0.79 1.35 76.25 5.62 11.66 2.19 0.24 0.32 0.18 1.17 0.23 23.75

SPKGDGLI 1.65 7.51 4.31 49.21 34.08 1.05 0.49 0.41 0.34 0.84 0.10 50.79

SPKGDBI 3.54 9.52 8.00 30.57 44.18 2.32 0.34 0.18 0.30 0.75 0.30 55.82

GOLD 2.31 1.73 2.67 1.92 4.66 84.24 0.28 0.63 0.24 0.59 0.72 15.76

ADA 0.95 1.13 0.90 0.94 0.87 1.33 76.66 12.68 1.16 0.70 2.69 23.34

XTZ 1.09 1.06 0.90 1.82 2.15 0.81 13.37 74.23 0.89 1.14 2.55 25.77

Oil 0.15 0.54 0.21 0.64 0.64 0.25 0.60 0.56 95.90 0.17 0.34 4.10

GAS 1.17 1.03 1.82 0.98 1.38 0.80 0.30 0.83 0.18 91.27 0.26 8.73

GPR 0.70 0.95 0.50 0.69 0.87 1.70 3.21 2.37 1.78 0.51 86.72 13.28

TO 14.47 29.20 21.19 55.04 75.38 13.61 19.26 18.41 5.48 8.04 8.06 268.14

Inc.Own 92.11 104.77 97.44 104.26 119.57 97.85 95.92 92.64 101.38 99.31 94.77 cTCI/TCI

NET –7.89 4.77 –2.56 4.26 19.57 –2.15 –4.08 –7.36 1.38 –0.69 –5.23 26.81/24.38

NPT 4.00 8.00 7.00 9.00 10.00 5.00 2.00 0.00 5.00 4.00 1.00 –
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Table A3 (cont.). Static return spillovers 

Variable S&PGBI S&PGCEI S&PKGAFI S&PKGDGLI S&PKGDBI GOLD ADA XTZ Oil GAS GPR FROM

During Russia-Ukraine war and Hamas-Israel conflict
S&PGBI 76.09 0.48 1.34 5.08 11.47 3.65 0.41 0.19 0.11 0.39 0.80 23.91

S&PGCEI 4.78 69.93 2.07 4.69 14.60 1.67 0.59 0.43 0.78 0.25 0.23 30.07

S&PKGAFI 1.27 0.20 81.92 5.04 9.24 1.40 0.21 0.09 0.04 0.48 0.12 18.08

S&PKGDGLI 3.63 0.11 3.81 56.33 32.50 1.73 0.79 0.24 0.10 0.29 0.47 43.67

S&PKGDBI 7.54 0.26 6.51 29.29 50.40 3.89 0.85 0.42 0.13 0.45 0.25 49.60

GOLD 3.73 0.63 1.89 2.71 5.95 81.69 0.24 0.63 0.35 1.45 0.74 18.31

ADA 1.04 1.06 1.29 1.28 1.57 0.43 74.18 13.31 1.26 0.54 4.03 25.82

XTZ 0.35 0.57 0.69 1.07 2.07 1.39 13.99 74.77 0.78 0.82 3.51 25.23

Oil 0.15 0.85 0.15 0.19 0.25 0.48 0.56 0.49 95.85 0.09 0.95 4.15

GAS 0.43 0.13 1.07 0.61 0.91 1.76 0.17 0.38 0.11 92.63 1.80 7.37

GPR 1.44 0.68 0.66 1.05 1.05 0.89 6.14 5.63 1.70 1.56 79.21 20.79

TO 24.36 4.97 19.48 50.99 79.60 17.29 23.93 21.80 5.36 6.31 12.90 267.01

Inc.Own 100.45 74.90 101.41 107.32 130.00 98.98 98.11 96.57 101.20 98.94 92.11 cTCI/TCI

NET 0.45 –25.10 1.41 7.32 30.00 –1.02 –1.89 –3.43 1.20 –1.06 –7.89 26.70/24.27

NPT 7.00 4.00 8.00 9.00 10.00 6.00 2.00 1.00 4.00 3.00 1.00 –
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