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This study examines the dynamic impact of Global Economic Policy Uncertainty
(GEPU), Climate Policy Uncertainty (CPU), and Geopolitical Risk (GPR) on sustainable
markets (DJSI and green bonds), conventional equity market (S&P 500), and commodity
markets (oil and gold). Utilizing monthly data from September 2014 to June 2024, the
analysis employs a Time-Varying Parameter Vector Autoregression (TVP-VAR) model
to capture the dynamic linkages and volatility spillover mechanisms across global financial
markets and key risk factors. Unlike prior research focusing on a single uncertainty factor,
this study integrates three distinct risk factors accounting for multifaceted global risk,
supported by Principal Component Analysis (PCA), across multiple financial markets.
To ensure the robustness of the findings, a standard VAR model is estimated, confirming
the persistence of spillover dynamics. The results offer three major insights: First, the
impact of uncertainty is heterogeneous across the financial markets, and is amplified
especially during crises such as COVID-19 and geopolitical conflicts. Second, GEPU,
GPR, and S&P 500 emerged as dominant volatility transmitters, while gold and sustainable
assets exhibit hedging properties highlighting their role in portfolio diversification.
Finally, periods of heightened uncertainties lead to asymmetric and time-varying
transmissions, emphasizing the importance of adaptive risk management strategies. The
results of the study provide understanding of how various risk factors affect financial
markets, offering valuable insights to investors, policy-makers, and portfolio managers
seeking resilience to the global crisis.

Keywords: Volatility Connectedness, Global Financial Markets, Climate and Economic
Uncertainties, Geopolitical Risk
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L. Introduction

The interplay between EPU, CPU and GPR with financial markets has attracted
significant attention for its critical role in shaping global economic and financial
dynamics. Caldara and lacoviello (2018) argued that high level of geopolitical risk
associate with decrease in economic activities, capital flight from developing to
developed markets and consequently decline in stock returns. The outbreak of the
Russia-Ukraine war in February 2022 had profound economic repercussions,
particularly on financial and currency markets. The Russian Ruble experienced a sharp
depreciation, plummeting from 66 to 133 per U.S. dollar. Similarly, the currencies of
Central European nations faced significant declines, with the Czech koruna and
Hungarian forint losing 12% and 27% of their value against the U.S. dollar,
respectively, by August 2022. Furthermore, stock markets in Germany and Italy
emerged as some of the worst-performing in Europe, primarily due to their heavy
reliance on Russian energy and economic ties. Additionally, Poland and Hungary
experienced substantial declines in both equity valuations and currency stability, given
their geographical proximity to the conflict zones and heightened exposure to
geopolitical risks.

In addition to the geopolitical risk, climate policy uncertainty recently emerged as a
risk factor for global financial and economic systems (Liu et al., 2025). More recently,
Ji et al. (2024) suggested that the risks arising from unexpected changes in climate
policy significantly influence the price volatility of underlying financial assets, ultimately
exerting profound effects on the stability of the global financial system. As governments
increasingly adopt stringent climate policies to address environmental degradation and
carbon emissions, the uncertainty surrounding these policies has profound implications
for global financial markets (Di Tomaso et al., 2024). The authors argued that climate
uncertainty increasingly influences global financial markets through impacts on asset
prices, investment strategies, and market stability. Understanding how global financial
markets react to such uncertainty is essential for investors, policymakers, and
academics aiming to navigate an increasingly volatile financial landscape.

Effective management of risks arising from variations in CPU is essential when
diversifying investments. Krueger et al. (2020) argued that investors should prioritize

! For more details about the impacts of Russia-Ukraine war, please see https://www.reuters.com/
markets/europe/how-ukraine-russia-war-rattled-global-financial-markets-2022-08-24/
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a risk management approach over divestment strategies when addressing climate-
related risks in their portfolios, particularly for assets with high exposure to such risks.
Adopting this approach, however, requires a comprehensive understanding of the
interactions between various financial and commodity markets that can serve as
hedging instruments against climate risk. This necessitates examining the role of
climate uncertainty as a key driver of shock spillovers across markets to develop
effective diversification strategies for mitigating exposure to climate-related risks.

Since the introduction of EPU index by Baker et al. (2016), there has been a growing
body of research focusing on the dynamic effects of EPU on financial markets across
diverse contexts and conditions. Baker et al. (2016) revealed that heightened levels of
policy uncertainty, as measured by the EPU index, were associated with increased
stock market volatility, alongside declines in investment and employment in sectors
vulnerable to policy-related changes. Guo et al. (2018) found that elevated EPU was
associated with a decline in stock market returns across both G7 and BRIC countries,
highlighting its adverse impact on global financial markets. Nguyen et al. (2020)
conducted a comprehensive analysis of the impact of EPU on stock markets in the U.S.
and eight European Union (EU) countries.” Their study revealed that heightened
levels of uncertainty in the U.S. significantly reduce stock returns across all EU
markets analysed. Similarly, increased uncertainty in specific EU markets, such as
Ireland, Spain, Sweden, and the UK, was found to exert adverse effects on U.S. stock
returns. This evidence aligns with broader literature highlighting the substantial
influence of EPU on various financial markets, including equities (Nguyen et al., 2020;
Adebayo et al., 2022), commodities (Oliyide et al., 2021; Hoque and Zaidi, 2020), and
cryptocurrencies (Al-Mamun et al., 2020).

The objective of the study is to examine on the one hand the extent of dependence
between sustainable, traditional and commodities markets over time. In addition,
despite the increasing relevance of EPU, CPU, and GPR, there remains a lack of
comprehensive analysis focusing concurrently on how these uncertainty impacts the
commodities markets (oil and gold) and both the traditional and sustainable financial
markets. On the other hand, this study aims to fill the gap in the existing literature by
analyzing the dynamic interconnectedness between EPU, CPU, and GPR with
traditional financial markets, and sustainable markets using monthly data from

2 The European countries included France, Germany, Greece, Ireland, Italy, Spain, Sweden, and the
UK.
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September 2014 to June 2024. While most existing studies have focused on traditional
safe-haven assets such as oil and gold, the current study broadens the scope by
including sustainable assets such as green bonds and stocks. Additionally, whereas
prior research has primarily examined the effects of EPU and GPR at the country level,
this study expands the analysis by incorporating CPU and a more diverse set of asset
classes, including global stock prices. This will help in identifying the risk transmitters
and risk receivers during the crisis’s episodes. The study period captures key global
events, including major climate summits including the Paris Agreement of 2015,
regulatory shifts, economic crises due to COVID-19 and the heightened geopolitical
tensions including the Russia-Ukraine war and the Israel-Palestine conflict, providing
a rich dataset for understanding the evolving relationship between the uncertainty and
financial markets.

The findings of this study will contribute to the existing body of knowledge by
offering a more nuanced understanding of how CPU, EPU and GPR influences
commodities markets and both the traditional and sustainable financial assets. Previous
studies mainly focused on the individual uncertainty factors in conjunction with either
stock markets and/or the commodities. Secondly, this study helps identify markets that
can serve as hedges against the three uncertainty factors. In addition, for building
efficient portfolio, investors should analyze the behavior of sustainable and traditional
financial markets as well as their interactions with the vital commaodities especially oil
and gold. Moreover, Di Tommaso et al. (2024) emphasize that the growing prominence
of climate risk underscores the critical need for integrating climate-related considerations
into the decision-making frameworks of investors, corporations, and regulatory bodies.
Finally, this study examines three key uncertainty factors, whereas existing literature has
primarily focused on a single uncertainty or, at most, a combination of two. Therefore,
a thorough understanding of the impact of CPU, GEPU, and GPR on financial markets
is essential for various stakeholders to effectively manage associated risks and identify
potential opportunities. Gaining such insights is particularly valuable for investors,
policymakers, and researchers, who are increasingly concerned with the financial
implications of uncertainty and risk in global markets. By addressing these relationships,
this research aims to enhance decision-making in portfolio management and guide
policy discussions on the financial impact of GEPU, CPU and GPR.

The structure of the study is organized as follows: Section II offers a comprehensive
review of the relevant literature. Section III details the dataset and methodology
employed in the analysis. Section [V presents the empirical findings derived from the

(© Korea Institute for International Economic Policy
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study. Lastly, Section V provides the concluding remarks, summarizing key insights
and implications.

II. Literature Review

The literature review section has been divided into two sub-sections; first, sub-
section IL.1, represents the theoretical framework of the study. Sub-section II.2
provides a detailed review of the empirical literature.

1. Theoretical Framework

Theoretically this study is related to the portfolio theory proposed by Markowitz in
1952. The theory mainly advocates the diversification of various assets into a portfolio
rather than investing in individual securities. This proposition is based on diversification
of assets having weak correlations. During turmoil episodes, inter-connections among
the markets increases having limited benefits from diversifications. Investors therefore
look for un-related assets to gain from diversification. In the recent times, due to
financialization of commodities, innovation in fintech, and the emergence of
cryptocurrencies, investors reallocate their investments into a diverse set of alternative
assets to minimize risk. Efficient Market Hypothesis (EMH) suggests that markets
quickly reflect available information. According to Lo (2004) and Malkiel (2003),
during heightened uncertainties, the market may exhibit delayed responses. The Real
Options Theory (Bernanke, 1983) suggested that investors will postpone investments
to some future time during higher uncertainties due to higher risk-aversion. The
decrease in investment in turn results in lower output and consequently macroeconomic
fluctuations (Bloom, 2009).

According to the prospect theory (Kehneman and Tverskey, 1979), investors exhibit
asymmetric responses to good news and bad news. During periods of high uncertainty,
investor’s risk aversion might intensify. Consequently, they attach more value to bad
news as compared to good news. This is supported by the Uncertainty and Risk
Aversion Theory (Bloom, 2009; Paster and Veronesi, 2012) postulated that higher
uncertainty leads to increased risk premium demanded by investors consequently
resulting in lower assets valuations. Bossman et al. (2023) argued that heightened
economic policy uncertainty adversely affect the precision in estimates of risk and
return resulting in augmenting the risk aversion of investors.

(© 2025 East Asian Economic Review
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2. Empirical Literature Review

This study examines three significant strands of empirical literature addressing the
uncertainties arising from GEPU, CPU, and GPR and their impact on financial markets.
Recent research has primarily analyzed these uncertainty factors either in isolation or
by considering at most two in combination, thereby overlooking the comprehensive
interplay among these critical risk factors. The growing importance of these uncertainties
within the global economic system has elevated this topic to a crucial area of academic
inquiry. A brief overview of the three strands focusing on each of these uncertainty
factors is provided below.

The foundational work of Caldara and Iacoviello (2022) catalyzed a significant body
of literature examining the implications of GPR, which is linked to events such as wars,
political crises, and terrorist activities that disrupt national and international relations.
Caldara and lacoviello (2022) posited that elevated level of GPR lead to a contraction
in real economic activity, heightened financial market volatility, and wider corporate
credit spreads. Moreover, their study highlighted that the disruptions caused by GPR
extend beyond the economy, permeating financial markets and amplifying overall
uncertainty.

Geopolitical risk exerts an asymmetric impact on the global economy by influencing
trade dynamics, shaping fiscal and monetary policies, and affecting financial markets
(Asomaning and Shah, 2023; IMF, 2023; Sohag et al., 2023). Pastor and Veronesi
(2012) and Uche et al. (2022) argued that GPR significantly affects investment decisions
and directly impacts the global economy. Wang et al. (2022) emphasized the concept
of geopolitical risk spillover, which transmit political and security uncertainties across
countries and regions. This phenomenon carries significant implications for global
economic stability and the performance of financial markets.

The impacts of geopolitical events on financial markets are well-documented.
Events such as civil unrest, armed conflicts, and terrorist attacks generate significant
uncertainty, resulting in increased volatility in stock and financial markets (Elsayed
and Yarovaya, 2019; Guidolin and La Ferrara, 2010; Kollias et al., 2013). Geopolitical
shocks are also closely associated with changes in crude oil prices, as demonstrated by
Liu et al. (2019), who found that geopolitical events significantly influence oil price
volatility.

Elsayed and Helmi (2021) examined the impact of GPR on MENA and GCC
countries, revealing that during significant political events such as the Arab Spring

(© Korea Institute for International Economic Policy
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uprisings (2010-2011), the Yemen Civil War, the 2008 global financial crisis, and
political tensions between Qatar and other GCC nations, the GPR index acted as a net
transmitter of spillovers to Bahrain, Kuwait, and Saudi Arabia. Recent studies further
emphasize that geopolitical events have caused substantial disruptions in financial
markets (Liu et al., 2023; Mignon and Saadaoui, 2024). Feng et al. (2023) analyzed
the impact of GPR on capital flows across 45 major economies. The study found that
heightened geopolitical risks negatively influenced capital flows in the countries under
investigation. These results underscore the sensitivity of capital markets to geopolitical
conditions and highlight their critical role in maintaining global financial stability.

In the context of emerging markets, Asomaning et al. (2024) analysed the impact of
geopolitical risk on Ghana's macroeconomic variables using the TVP-VAR model.
Their findings demonstrate that GPR significantly influences key macroeconomic
indicators, including foreign exchange reserves (FXI), real exchange rates (REER),
consumer price indices (CPI), and debt levels. This underscores the critical role of
geopolitical risk in transmitting shocks to national economies and shaping
macroeconomic dynamics.

The second strand of the literature examined the impact of economic policy
uncertainty on financial markets. Nguyen et al. (2020) emphasized that financial
markets exhibit significant sensitivity to both domestic and global uncertainties, as
these factors can influence critical macroeconomic indicators, including output,
employment, productivity, interest rate spreads, and capital flows. Their study
investigated the spillover effects of trans-Atlantic macroeconomic uncertainties on
stock market returns in the U.S. and eight European countries from 2000 to 2019,
employing the DCC-GARCH model.®> The results showed that rising US economic
uncertainty negatively impacts all EU stock markets, while uncertainties in Spain,
Ireland, Sweden, and the UK significantly affect the U.S. stock returns. Additionally,
U.S. EPU has a dynamic influence on European markets, with stronger negative
impacts observed during bear markets. In bull markets, only increases in U.S. EPU
significantly affect EU stock returns. Conversely, EPUs in Germany, Spain, and the
UK impact U.S. stock returns primarily during bear markets.

Government policy uncertainty plays a critical role in shaping economic and financial
decision-making. Gulen and Ion (2016) highlighted that heightened government policy
uncertainty can alter or delay investment, consumption, and saving decisions of

3 The countries included France, Germany, Greece, Ireland, Italy, Spain, Sweden, and the UK.
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economic agents. Their study provided evidence that firms tend to reduce or postpone
investment during periods of higher policy uncertainty. Similarly, Pastor and Veronesi
(2012, 2013) emphasized that policy uncertainty increases expected risk premia,
volatilities, and correlations in stock markets. They argued that policy uncertainty
undermines financial stability by directly shifting risks in financial markets and
reducing the value of government-provided protections. These findings are consistent
with the observations of Al-Mamun et al. (2020), who suggested that EPU significantly
affects stock market returns and volatility.

Several studies have explored the impact of uncertainty on financial markets. Belke
et al. (2018) showed that Brexit-induced policy uncertainty will continue to cause
instability in key financial markets and has the potential to damage the real economy
in both the UK and other European countries. Shaikh (2020) found that increased
policy uncertainty adversely affects the stock market, commaodity prices, and overall
economic stability. However, the growing significance of climate-related policies has
shifted the focus toward understanding how CPU influences both traditional and
sustainable financial assets, including green bonds and environmentally conscious
stock indices.

Finally, a growing body of research has focused on the uncertainty arising from
climate change, leading to the emergence of CPU as a critical area of study. The
concept of risk associated with climate change has gained significant attention from
researchers seeking to understand the influence of CPU on global financial markets.
This emerging field has prompted investigations into the role of CPU as a risk factor
in asset valuation and investment decisions. CPU captures the unpredictability of
government actions related to environmental regulations and climate policies, which
can introduce volatility, particularly in financial markets linked to environmental and
sustainable investments. Interest in the impact of CPU has intensified in recent years,
particularly following the introduction of the CPU Index by Gavriilidis (2021).
Moreover, the rising occurrence of climatic anomalies and natural disasters, including
tsunamis, hurricanes, droughts, and floods—frequently linked to global warming—
has intensified market volatility and impeded global economic growth (Cheng et al.,
2023; Shahrour et al., 2023).

A growing body of academic research has explored the impact of CPU on various
financial markets. As highlighted by the Financial Stability Board (FSB, 2020),
climate change presents significant challenges to the global financial system, primarily
categorized as physical risks and transition risks. Physical risks emerge from the

(© Korea Institute for International Economic Policy
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escalating intensity and frequency of climate-related extreme weather events, alongside
gradual shifts in climate patterns, which can lead to substantial economic losses by
depreciating the value of financial assets and amplifying liabilities. Transition risks,
conversely, arise from the global movement toward a low-carbon economy. Although
this transition is critical for mitigating climate change, the policy reforms and structural
adjustments it necessitates can disrupt asset valuations, creating uncertainties in
financial markets and increasing liabilities. Collectively, these risks pose significant
challenges to the stability and resilience of the financial system.

Lasisi et al. (2024) highlighted that stock market volatility in both the U.S. and the
UK is particularly sensitive to elevated levels of CPU. In the context of energy markets,
research has identified differential impacts of CPU on green versus brown energy
stocks. Bouri et al. (2022) demonstrated that uncertainty surrounding climate-related
legislation and policies serves as a more reliable predictor of the performance of green
energy stocks compared to brown energy stocks. Furthermore, their findings suggest
that CPU exerts a stronger positive influence on the performance of green energy
equities relative to their brown counterparts.

Similarly, Tian et al. (2022) examined green bond markets in Europe, China, and
the U.S., revealing significant heterogeneity in pricing dynamics across these regions.
Their findings highlighted that the Chinese green bond market experiences asymmetrical
short-term influences due to CPU, whereas the European green bond market exhibits
a more pronounced long-term asymmetric impact compared to the U.S.

Liang et al. (2022) utilized a news-based CPU measure to analyse volatility within
the renewable energy index, concluding that CPU negatively affects long-term volatility
in renewable energy markets. Shang et al. (2022) similarly noted that rising CPU
significantly dampens long-term demand for renewable energy, emphasizing the
detrimental impact of policy uncertainty on the sector. He and Zhang (2022) further
observed that oil industry stock returns are adversely influenced by increased CPU.

Siddique et al. (2023) expanded on these findings, demonstrating that CPU positively
affects the returns of most renewable energy assets across various quantiles and
frequencies. As global warming intensifies, there is growing consumer awareness
about reducing reliance on fossil fuels, which drives increased investment in renewable
energy resources by individuals, corporations, and governments. These changes in
CPU have been shown to influence the demand for clean and renewable energy,
thereby impacting the performance of renewable energy companies and their stock
prices.

(© 2025 East Asian Economic Review
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Finally, Ren et al. (2023b) revealed that extreme climate events or significant
changes in climate policies significantly strengthen the causal relationship between
CPU and the performance of traditional energy and green markets. These findings
underscore the critical role of CPU in shaping financial market dynamics and the
broader energy sector.

Building on the insights gained from the preceding literature review, it is evident
that prior studies have predominantly examined uncertainty factors in isolation,
neglecting their combined influence on financial markets. Grounded in key theoretical
risk factors, this study highlights the critical need for a comprehensive analysis of
multiple uncertainty dimensions to fully capture their combined effects on diverse
financial markets. To address this critical gap, the present study seeks to investigate
the interplay of CPU, GEPU, and GPR in shaping the volatility and connectedness of
various financial markets, including commodities (oil and gold), traditional stock
markets (S&P 500), and sustainable markets (green bonds and DJSI). Specifically, this
study pursues three objectives: first, to examine the dynamic linkages and spillover
effects between these uncertainty indices and the financial markets under consideration;
second, this study employed a more recent data (September 2014 to June 2024) and
utilized the TVP-VAR model, which is particularly suited for capturing nonlinear and
time-varying interactions; and third, to provide novel insights that can guide investors
and policymakers in navigating the interconnectedness of financial markets amidst
rising economic, climate, and geopolitical uncertainties.

III. Data and Methodology

This study investigates the impact of CPU, GEPU and GPR on volatility spillovers
effects on the commodities market (gold and oil) traditional stock market (S&P 500)
and sustainable markets (Green bond and DJSI) over time.* The study employs monthly
data spanning from September 2014 to June 2024 to analyze the impact of CPU,
GEPU, and GPR on the markets under consideration. The selection of the multiple
uncertainties is based on the uniform data availability, their distinct impact on the
financial markets and their wide use in the recent studies (Ayadi and Mbarek, 2025;
Hu and Borjigin, 2024; Bossman et al., 2023). Specifically, Hu and Borjigin (2024)
argued that there is a significant correlation among the three uncertainty risk factors,

4 Worldwide, the Dow Jones Sustainability Indices (DJSI) is the first global family of indices to track the
financial performance of leading sustainability companies.
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presenting a systemic risk to global financial markets, and that their combined effect
on financial markets is highly significant. The time period investigated is comparable
to a number of recent studies focusing on the connectedness between the uncertainty
factors and financial markets (Bossman et al., 2023; Khan, 2024). The sample period
is particularly pertinent for examining these relationships due to several critical factors.
First, the growing prominence of climate policy initiatives, especially following the 2015
Paris Agreement, which introduced new uncertainties and regulatory shifts with
significant implications for financial markets.” Second, the COVID-19 pandemic
introduced unprecedented disruptions to global economic and financial system
impacting the global economic and financial stability. Finally, the Russia-Ukraine war
and subsequently the Israel-Palestine conflict further exacerbated geopolitical risks
and led to volatility in global financial markets. Monthly closing price data are used
for the U.S. (S&P 500), West Texas Intermediate (WTI) Crude oil prices (oil), gold
prices (gold), Dow Jones Sustainability Index (DJSI), S&P Green Bonds Index
(Gbonds), along with the three uncertainty indices of CPU, GEPU and GPR.® The
rationale for selecting these financial markets is as follows: the S&P 500 is widely
regarded as a benchmark for the global equities market. Oil and gold are key
commodities that exhibit both direct and indirect transmission effects on financial
markets. Moreover, their roles as safe-haven and hedge assets have been extensively
studied, particularly during periods of market turbulence. Green bonds and sustainable
equity markets are included due to their distinct characteristics compared to traditional
markets and their potential connection to climate-related initiatives, introducing a
novel channel explored in recent literature.

In 2014, the issuance of green bonds totalled approximately $37 billion. This figure
experienced significant growth, reaching a peak of approximately $633 billion in 2021.
However, a slight decline was observed in subsequent years, with green bond issuances

[

The Paris Agreement was proposed during the 21st Conference of the Parties (COP21) to the United
Nations Framework Convention on Climate Change (UNFCCC), held in Paris, France, from
November 30 to December 12, 2015. It was formally adopted on December 12, 2015, and came
into effect on November 4, 2016.

¢ Monthly data for CPU, GPR and GEPU were collected from the Economic Policy Uncertainty
database (www.policyuncertainty.com). In addition, the data for financial markets were abstracted
from investing.com.
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amounting to $487 billion in 2022 and $620 billion in 2023.” The size of the green
bond market is estimated to be valued at $525.72 billion in 2024 and is projected to
grow to $1,033.43 billion by 2031, representing a compound annual growth rate
(CAGR) of 10.1 percent over the forecast period from 2024 to 2031.*

This study utilized established indices to analyse uncertainty factors. The CPU
Index, developed by Gavriilidis (2021), was constructed by searching for terms related
to regulatory and policy uncertainties in eight prominent U.S. newspapers from April
1987 onward.” The GPR Index, created by Caldara and lacoviello (2018, 2022),
measures geopolitical risks by analysing articles from leading global newspapers such
as The Financial Times, The Guardian, and USA Today. Lastly, the GEPU Index,
derived from Baker et al. (2016), represents a GDP-weighted average of national EPU
indices for 21 countries, based on data from the IMF’s World Economic Outlook.'’
These indices, normalized to a baseline of 100 from 1997 to 2015, provide comprehensive
measures of economic, geopolitical, and climate-related uncertainties.

The variables were selected on the basis of their global importance. S&P 500 index
is commonly used as a representative of the world stock markets and the global
economy (Gao et al., 2023; Khan, 2024). According to Al-Mamum et al. (2020) the
GEPU index outperformed the U.S.-EPU in predicting the risk premia for bitcoins.
Green bonds and DJSI are selected due to their prominent role in the sustainable
markets. Green bonds emerged as an alternative environmentally friendly investment
especially after signing of the Paris Agreement and has attracted investor’s attention.
The commodity markets, specifically crude oil and gold, are included in the analysis
due to their significant influence on the global financial system. These commodities
are particularly valued for their roles as safe-haven assets and effective hedging
instruments, especially during periods of economic or geopolitical crises. (Shahzad et
al., 2020; Gao et al., 2023). The selection of the sample period was based on the time

7 https://www.statista.com/statistics/1289406/green-bonds-issued-worldwide/ (accessed on March 21,
2025)
8 https://www.coherentmarketinsights.com/market-insight/green-bond-market-6086 (accessed on March
21,2025)
° The eight newspapers include Boston Globe, Chicago Tribune, Los Angeles Times, Miami Herald,
New York Times, Tampa Bay Times, USA Today and the Wall Street Journal.
10" The countries included Australia, Brazil, Canada, Chile, China, Colombia, France, Germany, Greece,
India, Ireland, Italy, Japan, Mexico, the Netherlands, Russia, South Korea, Spain, Sweden, the
UK, and the U.S.
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period covering the time of various crisis periods including the COVID-19, the
Russian invasion in Ukraine and the Israel-Palestine conflict."'

To examine the dynamic volatility interconnections among the markets, this study
employs the TVP-VAR model, an extension of the Diebold and Yilmaz (2012, 2014)
framework as proposed by Antonakakis et al. (2020). Specifically, the analysis explores
the interconnectedness between traditional markets (S&P 500), sustainable markets
(DJSI and Green Bonds), and commodities (crude oil and gold) in conjunction with
uncertainty factors such as CPU, GEPU, and GPR. The TVP-VAR model addresses
the limitations of traditional VAR models by mitigating issues of overly smoothed
parameters and retaining valuable observations, ensuring a robust and comprehensive
analysis. Furthermore, this framework facilitates a dynamic evaluation of spillover
effects as they evolve over time. The model, selected with a lag of one based on the
Bayesian Information Criterion (BIC), is mathematically expressed as follows:

Yo = BeYeoq + & &~ N(0,S;) (1)

vec(fr) = vec(Br—1) + v v~ N(O,R,) 2)

In Equation (1) and Equation (2) Y;, Y;_; and &; denotes vectors of endogenous
variables with dimensions of N X 1 while S; represents the time varying variance-
covariance matrix with dimension of N X N. The vectors vec(f;), vec(f;_1) and
v, have dimensions N2 x], and R, is a time-varying variance-covariance matrix of
dimensions N2 xN?2.

The TVP-V AR model, incorporating a stationary order of p is expressed as follows:

p
Vo= 2 QitVemi + & A3)

The dynamic nature of Equation (3) allows it to be expressed in a moving average
representation as follows:

Y= Zizo App &e—i “4)

1 The COVID-19 pandemic was officially recognized by the World Health Organization (WHO) on
March 11, 2020. The Russia-Ukraine conflict commenced on February 24, 2022, following Russia’s
military invasion of Ukraine. The Israel-Palestine conflict escalated significantly on October 7,
2023.
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In this framework, (2;, and A;. represent time-varying coefficients at time ¢,
capturing the dynamic interconnections among the markets.

The use of time-varying coefficients in the Vector Moving Average (VMA) model
facilitates the computation of Generalized Forecast Error Variance Decompositions
(GFEVD), as proposed by Koop et al. (1996) and Pesaran and Shin (1998). This
approach ensures robustness in the results, irrespective of variable ordering. Accordingly,
the H-step-ahead forecast error variance decomposition is determined using the
following equation:

-1 H-1 !
;" Yh=o (ejAnY e))?
Yhoo (e{AnT Ape))

ﬂij(H) = Q)]

In context of Equation (5), £ denotes the covariance matrix of the error term &;
capturing the variance and covariances of the shocks within the system.

The diagonal element gjj corresponds to the variance of the error term for the j-th
variable.

Equation (5) is expressed in its normalized form as follows:

~ _ 9

¢I.](I-I) - Zj}]:l ¢U(H) (6)
The GFEVD, introduced by (Diebold and Yilmaz, 2012), measures the proportion

of the error variance of variable i that is attributed to shocks in variable j, represented

as @;;(H), at a given forecast horizon H. To ensure consistency, e' is defined as a

unit vector with a value of 1 at the ith position, satisfying the conditions
Y, G () = 1,and 5., 8 (H) = N.

The Total Connectedness Index (TCI), derived from the GFEVD, quantifies the
overall level of interconnectedness among variables in the system. It is calculated using
the following equation:

3’;‘:1. 1) O1j (H)

X il
TC(H) = ) x 100, with i # j. @)

As aresult, the primary emphasis is on how variable 7 disseminates its impacts to all
other variables j, representing the total directional connections (o other) variables:

(© Korea Institute for International Economic Policy



Dynamic Spillovers in Global Financial Markets: The Effect of Geopolitical Risk, Climate and Economic Uncertainties 317

Si i By (1)

Cl_>](H) = 2%2161_1'(1_1) X 100 ®)

Here @; j(H) reflects the time-varying response of all other variables j to shocks
originating from a specific variable /.

Additionally, the total directional connectedness from other markets is computed
using the following expression:

Z?I:Li:jaji(H)
ZQ’]‘:]. 3ij(H)

Cicj(H) = x 100 9)

In this context, @ ji(H) denotes the time-varying response of variable i to shocks
originating from all other variables’ ;.

The net spillovers from a variable i to all other variables ;j are calculated as the
difference between the shocks transmitted by i and the total shocks received from j,
expressed as:

NC;j = Ci,j(H) — Cij(H) (10)

A positive NC value means that variable i causes shocks to all other variables j,
while a negative NC value indicates that variable i is affected by shocks from other
variables ;.

The TVP-VAR framework offers a robust methodology for analyzing the propagation
of shocks across interconnected variables, effectively capturing the dynamics of
uncertainty spillovers. This study uses monthly data and utilizes the TVP-VAR model
to investigate the dynamic interrelationships between CPU, GEPU, and GPR across
multiple market categories, including commodities (crude oil and gold), sustainable
markets (DJSI and green bonds), and traditional markets (S&P 500). The framework
is particularly well-suited for examining the transmission of risk from one market to
others on a global scale.

IV. Empirical Results and Discussions
Figure 1 represents the monthly plots of all variables from September 2014 to June

2024 to visualize the time varying fluctuations in the eight variables under investigation.
The visual inspection of the figure indicates that the uncertainties indices (CPU, EPU
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and GPR) show similar trends during the period with heightened uncertainties over the
crisis episodes such as COVID-19 and the Russia-Ukraine war periods. The gold prices
showed a consistent increase over the crisis episodes indicating its safe-haven property.
Both the oil prices and S&P 500 showed a decline during the COVID-19 period. GPR
and oil prices showed the highest values during the Russia-Ukraine war period.

Figure 1. Time Series Plot of the Variables over the Period from
September 2014 to June, 2024
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Table 1. Summary Statistics of the Variables over the Period
from September, 2014 to June, 2024

CPU DJSI GBOND GEPU GOLD GPR OIL SP500
Mean 0.0080 0.0087 -0.0005  0.0024  0.0057 -0.0005 -0.0009  0.0087
Std. Dev.  0.3507  0.0629  0.0189  0.1802  0.0387  0.2141  0.1343  0.0446
Skewness  0.3303  3.0042 -0.3020 0.7133  0.2016  0.4187 -0.8863 -0.5370
Kurtosis 3.8497  28.449 44101  4.8251  2.7025  4.2548 15.054  3.5751
J-B 5.6478% 3333.3* 11.473*% 26.160% 12236 11.094* 723.61* 7.2358*
ADF -15.33*% -10.443*  -8.109* -14.003* -11.007* -14.115*  -8.552* -12.370*

Notes: This table presents the summary statistics for all variables used in the study. CPU, GEPU, GPR,
DIJSI, Green Bonds, oil, gold, and S&P 500 represent the log-returns of five financial markets (Dow
Jones Sustainability Index, Green Bond Index, WTI crude oil futures, gold futures, and the S&P
500), along with the CPU, GEPU, and GPR indices. J-B refers to Jarque-Bera statistics, and ADF
indicates the Augmented Dickey-Fuller test for stationarity. Asterisks (*) denote significance at the
1% level.

Table 1 presents the summary statistics of all variables included in this study. The
visual inspection of Table 1 indicate that CPU exhibits the highest level of risk,
followed by GPR, as measured by the standard deviation. This aligns with the
significant increase in global climate policy uncertainty, driven by a series of critical
climate policy events after late 2015. The elevated standard deviation for GPR may
also reflect the escalation of geopolitical tensions, particularly due to the ongoing
conflicts between Russia and Ukraine, and Israel and Palestine. Among the financial
markets, the DJSI and S&P 500 exhibit the highest average returns, followed by gold
and green bonds. Notably, oil, despite having the lowest average return, also
demonstrates the second-highest level of risk, highlighting its underperformance
relative to other financial assets over the sample period. Furthermore, sustainable
assets, represented by the DJSI and green bonds, display lower volatility and reduced
skewness, suggesting they may be considered safer investment options for those
concerned with climate policy impacts. The skewness and kurtosis statistics indicate
that all financial series exhibit significant non-normal characteristics, such as skewed
distributions and leptokurtosis. These findings are corroborated by the Jarque-Bera test,
which confirms non-normal behaviour for all series except for the gold market. The
results of the Augmented Dickey-Fuller (ADF) tests reject the unit root null hypothesis
at the 1% significance level in all cases, indicating that all return series are stationary.
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Table 2. Correlation Matrix of the Variables

Variables CPU DJSI  GBOND GEPU  GOLD GPR OIL S&P 500
CPU 1.000

DJSI -0.093 1.000

GBOND  0.038 0.295%* 1.000

GEPU 0.283* 0.012 -0.105 1.000

GOLD -0.015 0.097 0.388* 0.147 1.000

GPR -0.089 -0.036 -0.132 0.056 0.098 1.000

OIL -0.065 0.289* 0.130 -0.197*  -0.016 -0.124 1.000

S&P 500 0.032 0.599*  0.297* -0.072 0.093 -0.076 0.398* 1.000

Note: The table reports the correlation among the variables over a period from September 2014 to June
2024. (*) indicates significance at 5% level.

Table 2 presents the correlation matrix between the variables. The table reveals that
the CPU is negatively correlated with sustainable stock, oil, gold, and GPR. This
negative correlation suggests that higher levels of climate policy uncertainty are
associated with lower returns in these markets. In other words, as uncertainty surrounding
climate policies rises, these markets tend to underperform, likely due to investor
concerns about the potential economic impact of such uncertainties. This can result in
reduced investor confidence and lower prices for stocks, crude oil and gold, thereby
increasing volatility in these markets. On the other hand, CPU weakly positively
correlated with green bonds and S&P 500. The association between CPU and GEPU
is positive and significant based on a similar textual analysis methodology of CPU and
GEPU. This positive significant association corroborate with Ji et al. (2024). The
highest positive correlation is reported between DJSI and S&P 500 indicating that
equity market association increased due to uncertainty. These findings are in agreement
with most previous studies investigating linkages among the markets in turbulent
periods. There is a positive and statistically significant correlation between green
bonds and gold. This indicates that green bonds and gold tend to move in the same
direction, possibly because both are viewed as safe-haven assets during times of
uncertainty, including climate policy changes.
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Table 3. Volatility Spillover among the Markets from September 2014 to June 2024

CPU DJSI GBOND GEPU GOLD GPR OIL S&P500 From

CPU 70.64  1.97 0.59 17.92 4.07 0.10 0.96 3.76 29.36
DJSI 3.78 4257 4.91 13.45 10.34 230 1.61 21.05 57.43
GBOND 0.15 1.07 57.32 8.29 11.57 745 1234 1.80 42.68
GEPU 8.22 0.90 0.53 67.90 1427 210 5.42 0.66 32.10
GOLD 1.47 9.03 10.23 26.56  42.14 1.45 431 4.82 57.86
GPR 0.54 0.70 1.65 4.10 2.58 8247 424 3.72 17.53
OIL 0.44 6.22 0.39 3.93 1.11 573 5149 30.70 48.51
S&P 500 231 2277 5.31 8.96 10.61 2.71 356  43.78 56.22
TO 1691 42.66 23.61 83.20 5454 21.83 3244 6650  341.70
Inc. Own 87.55 85.23  80.93 151.11  96.67 10431 8393 110.28 TCI
NET -12.45 -14.77 -19.07 51.11 -3.33 431 -16.07 10.28 48.81
NPT 2.00 2.00 3.00 6.00 5.00 3.00 4.00 3.00 -

Notes: Table 3 presents the return spillovers estimated using the TVP-VAR model. Each cell in the table
indicates the pairwise directional connectedness between variables i and j. The “From” column
displays the spillover effects received by variable i from all other variables, while the “To” row
shows the spillover effects transmitted by variable j to the other variables. The “Inc. Own” row
represents the impact of a variable on itself over time, as well as its contribution to the system’s
overall dynamics. The “NET” row measures the net directional connectedness of each variable,
reflecting its aggregate influence within the system. Finally, the “NPT” row tallies the number of
instances where the pairwise “To” values exceed the pairwise “From” values for a given variable.

Table 3 shows that the total spillover index is 48.81%. This index captures the
contribution of volatility spillovers across all variables in the system to the total
forecast error variance (Diebold and Yilmaz, 2012). Therefore, the result suggests that
48.81% of the volatility forecast error variance for all eight variables in the system
arises from spillovers, meaning it is due to shocks from other variables. The table also
reveals that the gross directional volatility spillovers from other markets to the DJSI
and S&P 500 are relatively significant, at 57.43% and 56.22%, indicating notable
volatility in these two markets from external sources. Meanwhile, the gross directional
volatility spillovers transmitted to other markets are 42.66% and 66.50%, respectively.
This implies that 42.66% and 66.50% of the volatility observed in other markets can
be attributed to shocks originating from the DJSI and S&P 500 markets. These results
highlight the interconnectedness of the DJSI and S&P 500 with other variables,
showing that both markets are influential sources of volatility and are also responsive
to external market fluctuations.
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Similarly, it can be observed that the spillover transmitted by GEPU to other markets
is 83.20%, while the spillover it receives accounts for 32.10%, indicating that GEPU
is a major transmitter of shocks within the system. The results also show that the
spillover of CPU transmitted to (or received from) other markets is 16.91% (29.36%).
This suggests that, compared to the CPU index, GEPU is a more influential source of
volatility and is more responsive to external market fluctuations.

The findings reveal that the GEPU index exerts a greater influence on financial
markets than the CPU and GPR indices, underscoring the critical role of GEPU in
shaping financial market dynamics. The GPR index is identified as the primary source
of shocks to the green bond and oil markets, contributing 7.45% and 5.73%,
respectively. Furthermore, the analysis indicates a strong interconnectedness between
the S&P 500 and DJSI in terms of volatility spillovers, accounting for 21.05% and
22.77%, respectively, highlighting a robust relationship between sustainable and
conventional markets during periods of uncertainty.

The results conclude that among the uncertainty factors, GEPU and GPR emerge as
the principal transmitters of volatility, while commodity markets (oil and gold) and
sustainability markets (DJSI and green bonds) are predominantly net receivers of
volatility. These findings suggest that during periods of heightened uncertainty,
sustainable markets and commodity markets serve as effective hedging tools
compared to traditional stock markets. Investors can mitigate risk by incorporating
these alternative assets into their portfolios, particularly during extreme market events.

Figure 2. Total Spillover Index (TCI)
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Figure 2 illustrates the overall trend in the connectedness among CPU, GEPU, GPR,
and the financial markets represented by gold, oil, DJSI, and green bonds between
September 2014 and June 2024. The figure reveals that spillover was notably high
during 2014-2015, driven by several significant events, including the oil price crash
(2014-2016), the Chinese stock market crash in June 2015, the Greek debt crisis in
July 2015, the Federal Reserve interest rate hike in December 2015, and the China-US
trade war in 2014. These events collectively contributed to the highest level of
volatility observed during the examined period. This was followed by a relatively
stable period until 2020, when a sharp spike in volatility occurred due to the
unprecedented disruption of the global economy caused by COVID-19. The health
crisis led to severe disruptions in global supply chains, labor markets, consumer
behavior, and investor sentiment (Cheong et al., 2021). Additionally, the Russia-
Ukraine conflict, which began in February 2022, introduced new geopolitical risks
with far-reaching implications for global financial markets. The interest rate hikes in
2022 and 2023 further heightened volatility during this period. The Russia-Ukraine
crisis, followed by the Israel-Palestine conflict, directly impacted essential commodities,
with the effects of these crises reverberating across international markets.

Figure 3 shows the time evolution of the net spillover index for each variable.
Positive (negative) values represent volatility transmitters (receivers) to (from) other
variables. The figure highlights that GEPU, GPR, and the S&P 500 are the primary
contributors of net spillover to the system during the investigated period. This is
expected, as both GEPU and GPR were heightened due to various recent events, which
are known to have influenced global financial markets. In addition, the crude oil
market also acted as net transmitter indicating the oil market strong influence on the
other markets. These findings corroborate with Wang et al. (2022) who found oil to
act as major net contributor. The impact of GEPU as a strong volatility transmitter in
comparison to GPR corroborates with the finding of Das et al. (2019) who found that
economic policy uncertainty exerted more influence on the markets as compared to
geopolitical risk and financial stress.'* On the other hand, green bonds, gold and CPU
were found to be net receivers of volatility.

12 The study investigated the volatility spillover in 24 emerging markets using monthly data over a
period from January 1997 to May 2018.
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These results align with Ren et al. (2023a) who found green bonds as safe-haven
assets during crisis episodes.'> More specifically, the results from Reboredo et al.
(2020) revealed that green bonds were effective device for portfolio hedging and risk
diversification over different investment horizons when combined with stocks, high-
yield corporate bonds and energy stocks. The finding of CPU as a net receiver of
volatility is not surprising as Ren et al. (2023b) argued that CPU functions as a risk
recipient, with the causality flowing from market prices to CPU. The ongoing global
energy crisis has significantly increased the costs associated with energy-intensive
industries, driven by elevated coal and natural gas prices and the frequent volatility of
oil prices. These factors have contributed to heightened and persistent uncertainty in
CPU levels.

This study also confirms gold’s role as a safe-haven asset during crisis periods,
consistent with previous research (Baur and Lucey, 2010; Khan, 2024), which found
that gold serves as a hedge and safe-haven in times of crisis. Figure 3 further supports
the findings presented in Table 2.

Figure 3. Net Spillover Index
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13 The study investigated 19 stock markets including 18 from the Group of Twenty (G20) and Switzerland
over the period from October 14, 2014 to July 31, 2022.
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Figure 4 highlights the net pair wise dynamic connectedness plot of the variables.
The visual inspection of the plot highlights that GEPU, GPR and S&P 500 are the
major transmitters of shocks and volatility to the rest of the markets especially the
commodities and sustainable markets. These findings correspond to the results reported
in Table 3. In particular, the S&P 500 transmit volatility to the sustainable market
including the DJSI and the green bonds markets. This finding supports the results in
Table 3 indicating that S&P 500 transmit 22.77% volatility to DJSI and 5.31% to green
bonds markets. This may be due to the common risk factors shared by the conventional

Figure 4. Net Pair Wise Dynamic Connectedness Index
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and sustainable markets and portfolio rebalancing during uncertain periods. GEPU is
a major transmitter of volatility to the green bond, gold, and oil markets. As a broader
measure of uncertainty compared to CPU, the transmission of shocks from GEPU to
CPU is therefore justifiable. These results remain consistent across various alternative
methods used as robustness checks to assess GEPU’s impact on financial markets and
uncertainty indices. Shocks from the GPR are mainly transmitted to gold, oil and DJSI,
whereas the oil market transmitted shocks to the sustainable market. Conversely, gold,
green bonds and DJSI are the net receivers of volatility from the other variables
including the uncertainty factors and the traditional equity market index. These
findings indicate the safe haven nature of gold during the uncertainty periods. Green
bonds also received volatility transmission from the CPU corroborating the findings
from previous studies indicating the significant role of CPU in the green assets. The
most consistent volatility transmitters being the GEPU and GPR. These results further
support the results reported in Table 3 where GEPU, GPR and S&P 500 are reported
as net transmitters of volatility. The results have important implications for policy
makers and investors. Gold and sustainable markets have the characteristics of hedging
during the periods of heightened uncertainty due to their ability to absorb shocks from
the traditional and uncertainty driven markets. Policy makers should monitor the key
transmitters i.e., the GEPU, GPR and traditional markets as they have a significant
impact on the global financial markets.

1. Robustness Checks

The study employed several robustness checks to ensure the consistency of the
results and the appropriate selection of relevant financial markets and uncertainty
factors. The results of the standard VAR model are reported in Table 4, while the
orthonormal loadings from PCA are illustrated in Figure 5.

Table 4 presents the results of the standard VAR model, which examines the
relationships among the variables under the assumption of constant parameter values.
A lag length of one was selected based on the Akaike Information Criterion (AIC) and
Schwarz Information Criterion (SIC). The Durbin-Watson statistic yielded values
close to two, indicating that the model is free from serial correlation.

Overall, the coefficient estimates suggest strong own-lag effects compared to the
shock transmissions from other variables. This implies that each variable’s past values
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have a significant impact on its current value, highlighting the persistent dynamics of
uncertainty indices and financial markets over time.

Table 4. Standard VAR Model Results

Variables CPU DJSI GBond GEPU  Gold GPR Oil  S&P 500 C

CPU 0.356* -0.164 0.155 0.277* 0.189  0.061 -0.023 0.462 -2.966
GEPU 0.021 0.032  -0.068 0.779* -0.197 -0.031 -0.087 0.223 1.304
GPR 0.070  0.111 -0.585* -0.097 -0.276 0.517* 0.105  0.139  4.869*
DJSI 0.038** 0.879* -0.068 0.002 0.160** -0.018 -0.022 0.024 -0.109
GBond  -0.005 -0.007 0.919* 0.007 -0.014 -0.012 -0.027* 0.036 0.420*

Gold -0.011  0.056 -0.147* 0.018 0.777* -0.004 -0.061* 0.130* 1.109*
S&P 500 0.011 -0.029 -0.016 0.003 0.150* -0.003 -0.015 0.932* -0.225
Oil -0.012  -0.193  0.096  0.007  0.069 0.095** 0.764* 0.351* -1.767

Notes: Based on the AIC and BIC criteria the lag length of 1 is used. In addition, the Durban Watson
statistics was used for model fitness. The variables in the left side were used as dependent variables
against the independent variables on the top row. The highlighted values indicate own shock and
volatility from the previous month. (¥) and (**) indicate significance at 5% and 10% level.

Table 4 also highlights the cross-spillovers between financial markets and uncertainty
indices, as evidenced by the significant off-diagonal coefficients. The significant
coefficient for GEPU (0.277) indicates that general economic policy uncertainty
contributes to heightened CPU. GEPU also exhibits a high degree of persistence and
is not significantly influenced by any other variable, suggesting its independent and
dominant nature. Green bonds are negatively affected by commodities (gold and oil)
and geopolitical risk, indicating their vulnerability to both commodity market shocks
and political instability. Overall, the results demonstrate dynamic interrelationships
among political, economic, and climate uncertainties and their spillover effects on
financial markets. In addition to their internal persistence, the uncertainty indices
exhibit asymmetric cross-asset transmission channels, particularly from climate to
sustainable equities, from geopolitical to commodities and from economic to climate
uncertainty. However, the standard VAR framework does not account for time-
varying behavior in volatility transmission between uncertainty indices and financial
markets. Sarma and Rajib (2025) argued that due to the evolving nature of inter-
relationships under uncertain economic conditions, a dynamic analysis between the
most prominent assets is required. This provides strong empirical motivation for
adopting TVP-VAR model to better capture the evolving and dynamic nature of the
interconnected risks.
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Figure 5(a) illustrates the orthonormal loadings of the three uncertainty measures:
GEPU, GPR, and CPU, while Figure 5(b) includes Trade Policy Uncertainty (TPU)
alongside these three indices. A visual inspection of the figures reveals that GEPU,
GPR, and CPU follow distinct trajectories, suggesting that they capture uncertainty
transmitted through orthogonal dimensions. The GEPU index reflects broader
macroeconomic shocks, whereas TPU is more narrowly focused on trade-related
shocks—indicating some degree of overlap between the two. This supports the use of
GEPU as a proxy for general economic policy uncertainty and broader economic-
related initiatives. Conversely, TPU may be more suitable in analyses where uncertainty
is concentrated in trade-related sectors.

Figure 5. Orthonormal Loading from Principal Component Analysis
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V. Conclusion

In recent years, rising economic and climate uncertainties, along with growing
geopolitical risks, have contributed to significant volatility in global financial markets.
This study utilizes the TVP-VAR model to examine the nonlinear, time-varying
interconnectedness and spillover effects between September 2014 and June 2024
among commodities (oil and gold), sustainable assets (DJSI and green bonds), and
traditional markets (S&P 500), while also considering three key uncertainty indices:
CPU, GEPU, and GPR.

The results indicate that GEPU, GPR, and the S&P 500 collectively drive the
volatility and interconnectedness of the markets under analysis. The GEPU index
stands out as the primary transmitter of volatility, accounting for 83.20% of the total
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spillover effect. Its influence is particularly significant on gold (26.56%), CPU
(17.92%), the S&P 500 (8.96%), and green bonds (8.29%). This prominent role of
GEPU aligns with previous studies (e.g., Al-Mamun et al., 2020; Yu et al., 2021),
which highlight the substantial impact of economic policy uncertainty on financial
market dynamics. Furthermore, GPR has a notable effect on gold, oil, and DJSI, while
the S&P 500 and oil markets emerge as major sources of shocks to the sustainable
asset markets.

The impact of GPR on commodity markets, especially oil and gold, is understandable
due to the direct influence of geopolitical crises on these vital resources. GPR affects
oil through both direct and indirect channels (Ayadi and Mbarek, 2025). It can directly
disrupt oil supply through conflicts and sanctions and the fear of supply disruption due
to political crises. Indirectly, crises can lead to inflationary pressures and higher
production costs in oil-importing countries, thereby reducing companies’ profitability
(Khan, 2024). Gold, on the other hand, tends to perform well during periods of
heightened uncertainty, as investors seek safe-haven assets, increasing demand for
gold. Gold offer better diversification opportunity during the crisis episodes and moves
against the traditional as well as sustainable markets. These findings are supported by
Shaik et al. (2023) who found gold as safe-haven asset during the global financial crisis,
COVID-19 and during the Russia-Ukraine war periods. Equity markets are negatively
impacted by elevated GPR, as heightened risk aversion among investors often leads to
selloffs driven by conflict-related fears. Additionally, during periods of elevated
GEPU, the oil market may suffer from demand-side shocks due to trade disruptions
and a slowdown in global economic activity. In such times, gold serve as a hedge
against policy-related instability. In addition to the more direct transmission channels,
heightened uncertainty deteriorates corporate profitability prospects, leading to
delayed investments and negatively impacting the equity market. The findings further
indicate that risk-averse investors will reduce investments due to heightened uncertainty
leading to reduction in the output. The findings corroborate with Bloom (2009) who
argued that the real cause of macroeconomic fluctuations is the degree of uncertainty
prevailing in the market. These findings support the real options theory, which
postulates that investors postpone investment decisions during periods of elevated
uncertainty. The findings therefore highlight the necessity of considering GPR and
GEPU when managing investment portfolios.

Conversely, gold, CPU, green bonds, and DJSI function predominantly as net
receivers of volatility, with gold receiving 57.86% of total spillovers from other markets,
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making it an effective safe-haven asset during periods of heightened uncertainties. The
findings indicate that sustainable assets and commodities, particularly gold, function as
effective hedging instruments and safe havens during periods of economic and
geopolitical turmoil, offering resilience against heightened uncertainty. Investors
should consider reallocating assets toward these safer investment options to minimize
the overall portfolio risk by diversifying in to safe assets when confronted with
geopolitical risks and economic uncertainty. Furthermore, compared to GEPU and
GPR, CPU plays a relatively limited role in volatility transmission.

Despite its valuable contributions, this study is subject to certain limitations. First,
the reliance on monthly data may obscure short-term fluctuations that are critical to
understanding market dynamics. Second, although the time period used in this study
is consistent with several previous studies employing the TVP-VAR model, using a
longer time span could yield more robust results. Third, while the TVP-VAR model is
robust, incorporating alternative methodologies such as the DCC-GARCH model in
future research could enhance the understanding of dynamic connectedness among
financial markets. Addressing these limitations would further refine the insights into
the volatility spillover mechanisms and improve portfolio risk management strategies.
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