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Abstract

This study investigates the roles gold and the US dollar play as safe-haven, hedging, or
diversifier assets relating to six important financial stock market indices: the S&P 500,
FTSE 100, Hang Seng, CAC 40 (Paris), Shanghai Composite Index, and Nikkei 225. This
paper applies the bivariate dynamic copula technique and the DCC-GARCH econometric
advanced methods from January 2013 to July 2024 by focusing on four serious market
crashes: the Chinese stock market meltdown (2015–2016), the trade war between the US
and China (2018–2020), the COVID-19 pandemic (2020–2022), and the conflict between
Russia and Ukraine (2022–2024). The results show that the US dollar displays reliable
hedging and safe-haven characteristics with strong evidence mainly for its role as a safe-
haven asset against the FTSE 100, Hang Seng, and S&P 500. Our findings support the idea
that the US dollar serves consistently as a safe-haven asset. In contrast, gold showcased
a twofold function, serving as a hedge for the FTSE 100 and the S&P 500 during crisis
times and acting as a diversifier for the CAC 40 and the Shanghai Composite Index in
times of market stability. This dynamic was specifically noticeable in the COVID-19 period,
when gold’s hedging properties were outstanding and its role as a diversifier became more
pronounced in the Paris and Shanghai markets. Our results suggest that the consistent
reliability of the US dollar as a safe-haven asset combined with gold’s dual role presents
a compelling argument for including both in well-diversified portfolios. This strategy
enables investors to mitigate risk and safeguard their wealth, especially during periods of
financial market volatility.

Keywords: gold; US dollar; safe haven; hedge; Chinese stock market meltdown; US–China
trade war; COVID-19 pandemic; Russia–Ukraine war

1. Introduction
In recent years, international financial markets have experienced significant changes

and turbulence, leading to challenging decisions for portfolio managers, specifically con-
cerning the global hedging strategies designed for use in investment portfolios. In this
regard, scholars, investors, and policymakers have progressively become interested in
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instruments that protect financial stability in times of market turmoil. Gold and other
commodities have been used successfully as diversifiers against the returns of stock mar-
kets in various emerging and developed markets (Henriksen, 2018; Wen & Cheng, 2018;
Conover et al., 2010).

Both the global financial crisis (2007–2009) and the Eurozone Debt Crisis (2010–2012)
witnessed extreme fluctuations in the return of the assets in global equity markets. These
crises were then followed by the financial turmoil related to the Russian Financial Crisis
(2014), the Chinese stock market crash (2015), and the Turkish Balance Payments Crisis
(2018). Additionally, the recent COVID-19 pandemic which started in 2020 led the global
financial system to be reshaped dramatically, aggravating existing financial instabilities
and establishing new challenges (Goodell, 2020). The ongoing conflict between Russia and
Ukraine further worsened the negative impact on the investor’s confidence (Boungou &
Yatié, 2022). Therefore, the volatility and disturbance in global markets intensified, mainly
in developing countries that depend more on commodities (Boubaker et al., 2022). The
previously stated events indicate the importance of distinguishing the best safe-haven
assets which may provide better protection against market instability.

A safe-haven asset is generally defined as an asset that is uncorrelated or negatively
correlated with another asset or portfolio during periods of market distress (Baur & Lucey,
2010). While traditional studies have focused on gold and the US dollar, recent research has
also examined cryptocurrencies, such as Bitcoin, as potential safe havens (Bouri et al., 2017b;
Dyhrberg, 2016). These alternative assets are characterized by their unique risk–return
profiles and may offer diversification benefits during crises, although their effectiveness
remains subject to ongoing debate.

In this context, several studies have paid attention to the properties of safe-haven
instruments (for instance, Chemkha et al., 2021; Hasan et al., 2021; Wen & Cheng, 2018;
Ciner et al., 2013; Dimitriou & Kenourgios, 2013). To objectively assess which asset serves
as a safe-haven asset in times of market stress and economic instability, it is important to
first provide a clear explanation of what constitutes a safe haven. A safe-haven asset is
an asset not correlated with another asset or portfolio during market instability (Baur &
Lucey, 2010). Also, Baur and McDermott (2010) classified an asset that is uncorrelated with
another asset or portfolio as a weak safe-haven asset, whereas a strong safe-haven asset
is an asset correlated negatively with another asset or portfolio during bear stock market
periods. This research includes gold and the US dollar as candidate safe-haven assets.

As noted by Todorova (2020), the US dollar has historically been considered a keystone
of stability in global financial markets. During commodity price fluctuations and bad
times of geopolitical uncertainty, the crucial role of the US dollar as a possible safe-haven
asset has strengthened due to its recognized power and its status as the world’s primary
reserve asset. Despite the focus of some studies not being on the properties of the safe
haven of the US dollar, they examined the dependence structure between the US dollar and
equities, which may have led to possible implications for hedging the stock’s extreme risks
by utilizing the US dollar.

Furthermore, the gold market has been found to be a stable and safe place against
the risk of macroeconomics (Batten et al., 2014; Reboredo, 2013). Earlier studies have
demonstrated that gold is regarded as a sound safeguard against the stock market in times
of financial turbulence and uncertainties (Shahzad et al., 2020; Dempster & Artigas, 2010;
Green, 2007). However, the recent modern financial crises indicate that the role of this
precious metal as a safe-haven asset is evolving. Moreover, a few studies like those of
Bekiros et al. (2017) and Beckmann et al. (2015) stated that gold does not perform as a
safe haven as robustly as scholars earlier thought, mainly in developing markets where its
behavior prefers gradually riskier assets.
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According to the current literature, there are mixed thoughts on the efficiency of the
US dollar and gold as safe-haven instruments. During the conflict between Russia and
Ukraine, the US dollar and gold appeared as significant safe-haven assets, highlighting
investors’ reactions to financial market volatility, rising geopolitical risk, and price inflation.
Triki and Maatoug (2021) stated that gold prices experienced a considerable rise as investors
turned to hedge against market uncertainty, increasing energy prices and supply chain
turmoil, indicating gold’s traditional role as a safe-haven instrument during market crises.
Further, the Russia–Ukraine conflict has led the demand for the US dollar to increase and
become stronger due to the dollar’s crucial role as a preferred currency in world trade and
the global primary reserve currency.

Iuga et al. (2023) highlighted that several investors shifted their capital from fluctuated
equity markets to US treasury bonds and US-based assets during previous geopolitical
crises, which helped appreciate the US currency further. Moreover, the restrictions imposed
on Russia involving its access to global financial markets have led to heightened demand
for the American currency, the US dollar. This is because governments and companies
prefer a steady and globally recognized currency for doing their transactions.

This interplay affirms the interdependent roles of the US dollar and gold, where gold
acts as a store of value in the long term, mainly over inflation periods caused by market
crises. However, the US dollar displays security, liquidity, and stability in international
financial markets. For instance, Cheema et al. (2022) highlighted the limitations of gold
in offering persistent protection in times of market turmoil, whereas Cheema et al. (2022)
showed the US dollar’s role in alleviating the market risks during the period of the COVID-
19 crisis. Another recent work conducted by Beckmann et al. (2015) demonstrated that the
properties of gold as a safe haven may depend on the context, which varies among various
asset classes and market conditions.

Given the discussion above, our study attempts to examine the roles of the US dollar
and gold as safe havens, hedged assets, and diversifiers relating to six important stock
market indices: the S&P 500, FTSE 100, Hang Seng, CAC 40 (Paris), Shanghai Composite
Index, and Nikkei 225. The analysis of our research covers the period of January 2013
to July 2024 and involves four serious market crashes that affected the global market
heavily: the conflict between Russia and Ukraine (2022–2024), the COVID-19 pandemic
(2020–2022), the trade war between the US and China (2018–2020), and, lastly, the Chinese
stock market meltdown (2015–2016). Each crisis offers special challenges and opportunities
to investigate the role of gold and the US dollar in times of market turbulence. To achieve
our objective, advanced econometric models are employed, involving the bivariate dynamic
copula technique (Triki & Maatoug, 2021) and the dynamic conditional correlation (DCC)-
GARCH methodology (Engle, 2002), to examine the dynamic conditional association
between gold, the US dollar, and the chosen stock indices. This method helps us to
examine the efficacy of the selected assets acting as safe-haven, hedge, and diversifier assets
throughout market turmoil.

The contribution of our study will be beneficial for financial advisors, portfolio man-
agers, and individual investors looking for the appropriate asset, gold or the US dollar, to
serve as a safe-haven and hedge instrument against stock markets. This research contributes
to the existing body of knowledge on safe-haven instruments by inclusive investigation of
gold and the US dollar’s role within the selected six important global market indices, and
by focusing on periods with market downturns. Unlike earlier studies that focused on a
particular crisis or individual markets, our work includes various crises and markets, which
helps to provide a comprehensive understanding of the performance of the selected assets
across diversified scenarios. Our study fills a research gap by simultaneously examining
four distinct periods of market turmoil—the Chinese Stock Market Crash, the US–China
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trade war, the COVID-19 pandemic, and the Russia–Ukraine conflict. This comprehensive
approach allows us to compare the performance of traditional safe-haven assets, gold
and the US dollar, under a variety of stress conditions and to better understand their
dynamic roles.

The study is structured as follows: Section 2 reviews the relevant literature, providing
a theoretical and empirical foundation for our analysis. Section 3 describes the data and
methods used in the study. Section 4 presents our empirical findings and discusses their
implications. Finally, Section 5 concludes with the main insights and suggests avenues for
future research.

2. Literature Review
Gold is one of the most beautiful, dense, malleable, conductive, and brilliant non-

destructive metals. In addition, gold is supposed to have the quality of a zero-beta asset
with no risk to the market (McCown & Zimmerman, 2006). Across nearly every civilization
over history, these special features mean gold has become a commodity desired by humans.
In addition, Green (2007) reported that there have been active and efficient gold markets
for 6000 years. Gold, as a store of value, money, or an investment, has attracted researchers,
investors, and the financial media. Since this brilliant metal is unaffected by inflation and
relatively stable, it has long been regarded as a distinguished channel for investors (Husnul
et al., 2017). Furthermore, Baur and Lucey (2010) stated that gold particularly is counted
as a safe-haven commodity, assuming its capability to hedge stock movements during
economic turmoil. However, following the collapse of the Bretton Woods System, gold is
no longer a keystone of the global monetary system.

Despite that, gold still receives significant attention from scholars and investors. This
is because it offers more protection from risks such as inflation, default, and currency
compared to other safe-haven instruments like bonds (Baur & McDermott, 2016). However,
gold also has some unpleasant characteristics, like expensive storage costs, less liquidity,
and price volatility. According to Baur and McDermott (2016), there is a behavioral inter-
pretation for investors who prefer holding gold over bonds as a safe-haven instrument.
That is, the focus of investors under difficult conditions is more on positive information
over negative. Thus, a previous positive experience with gold during economic downturns
dominates the perception of investors more than its negative features as a risky asset.
In addition to that, Bear et al. (2020) suggested a ‘local thinking’ concept which means
investors prefer sample possibilities and select the “what comes to mind” assets during
difficult situations. This is due to the shortage of resources and time to find other alternative
assets. Oftentimes, gold turns out to be a natural alternative due to previous experience.

The 2007 global financial crisis was the most severe worldwide economic crisis since
the Great Depression, during which gold demonstrated its prominence as a driving safe-
haven commodity mainly for equity investments. Moreover, in many countries, through
extreme losses in the stock market, gold acts as a safe haven for foreign and domestic in-
vestors (Gürgün & Ünalmış, 2014). Several studies highlighted that gold has conventionally
been considered a safe-haven instrument in times of market crises (Bouri et al., 2020; Ji
et al., 2020; Ciner et al., 2013; Baur & Lucey, 2010).

For example, a study conducted by Beckmann et al. (2015) showed that gold was
found to be a hedge for US and UK stocks and a safe haven for stocks in the UK, Germany,
and the US. The analysis of this study demonstrated that gold was found to be a safe-haven
commodity for stocks in extremely bearish stock markets only and not all the time; therefore,
the safe-haven property was temporary. In another study, Shahzad et al. (2020) stated that
gold serves as a hedge and safe-haven asset for the stock markets in G7 countries. Similarly,
studies showed that, from 1978 to 2009, gold was found to be a safe-haven instrument
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for the UK, France, Germany, and the US stock indices. Additionally, the conditional
correlations between gold and equities generally decrease in market turbulence compared
to in a prosperous economy (Coudert & Raymond, 2011). In the long run, gold was found
to be the best hedge for real state stocks in the US (Raza et al., 2018). However, a study
conducted by Bouri et al. (2019) showed that gold is a weak safe-haven instrument for
clean energy stock indices. On the other hand, in regions with religious factors like the
Gulf Cooperation Council (GCC) and Malaysia, the domestic Islamic gold account supplies
a safe haven and hedge to Sharia-compliant stocks (Mensi et al., 2016; Ghazali et al., 2015).

The relationship between gold and stocks has been investigated in many countries.
For instance, Jain and Biswal (2016) showed a strong relationship between gold prices and
stocks in India, suggesting the significance of involving gold in the portfolio for controlling
the volatility of the stock market. Anand and Madhogaria (2012) assessed the association
between gold and stocks in six developed and developing countries (i.e., China, Germany,
India, the US, the UK, and Japan) from 2002 through 2011. The authors of this study
demonstrated that stock prices Granger cause the prices of gold in developed countries,
the US, Germany, the UK, and Japan, but, in developing economies (China and India),
a reverse relationship was found. In the same line, Basher and Sadorsky (2016) found a
positive relationship between gold and stocks in 23 emerging countries.

The study done by Bouri et al. (2017a) revealed a positive nonlinear link between
stocks and gold in the Indian market. In another study by Beckmann et al. (2015), the
authors utilized the monthly large data of 18 individual markets from 1970 to 2012 to
examine the role of gold as both a safe-haven and a hedging asset. Using an exponential
transition function, the study breaks the regression into two regimes: the first regime
considers the average period to assess whether the gold is a hedge for equities or not,
while the second regime examines whether gold is a safe haven for stock markets during
extreme market stress. Their finding stated that gold acts as a safe-haven instrument,
while its impact depends on particular market conditions. Similarly, Cheema et al. (2022)
demonstrated that, during the COVID-19 disease outbreak, gold failed to act as a safe
haven, suggesting that investors have lost their confidence in this precious metal due to
excessive losses in gold prices from 2011 through 2015. The same results were found for
stock markets in China during the COVID-19 pandemic, which means gold did not act as a
safe-haven or hedging instrument for the equity market (Corbet et al., 2020).

The role of gold has also been explored within the context of the Russia–Ukraine
war. Kayral et al. (2023) showed that gold shifted to being a diversifier during the war,
effectively reducing G7 stock risk and outperforming Bitcoin in hedging. The recent study
of Hoque et al. (2026) argued that fluctuations in gold prices serve as a key transmission
channel linking economic policy uncertainty with ASEAN-5 stock markets. Alam et al.
(2022) found that, during the invasion, gold and silver (along with major stock markets)
primarily acted as shock receivers within the system. In terms of investment portfolios,
Shaik et al. (2023) argued that gold provides strong diversification benefits and exhibits
leading behavior relative to WTI and DJGI during market disruptions. Their finding is
echoed in a recent study by Sharma et al. (2026), who documented that combining stocks
with gold and crude oil offers superior diversification compared to other commodities.

In addition to gold, currencies are also taken into consideration as safe-haven in-
struments. For instance, the US dollar has acted as a safe-haven asset for several years.
According to the literature, the US dollar has consistently been the go-to currency during
uncertainty and market turmoil, trusted for its ability to retain value. Moreover, regarding
currency fluctuation, the US dollar was the first choice for investors as a safe currency in
times of market stress, particularly when trust in high-return currencies was weak and
a safe-haven currency was being sought during periods of instability (Todorova, 2020).
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The US dollar was determined to be a reference currency due to its driving role as a key
reserve currency and adequate liquidity, which led investors to invest their money in case
of unanticipated risks. Wen and Cheng (2018) stated that the US dollar is a safe haven
for stocks in emerging countries. The US dollar’s function as the world’s primary reserve
currency endows it with exceptional liquidity and stability. These characteristics, along
with its global acceptance, enable the USD to serve as an effective safe-haven asset during
times of market stress. Studies such as that by Tronzano (2023) showed that the US dollar is
the best safe-haven currency compared to the Swiss franc, euro, and yen. In contrast, while
gold has traditionally been viewed as a store of value, its price can be subject to speculative
pressures, thereby sometimes reducing its effectiveness as a safe haven.

In this context, several studies have assigned more attention to the characteristics
of safe-haven assets (e.g., Chemkha et al., 2021; Hasan et al., 2021; Wen & Cheng, 2018;
Dimitriou & Kenourgios, 2013; Ciner et al., 2013). For instance, Liu et al.’s (2016) study was
among the first that were conducted to measure the advantages of safe-haven currencies
in global stock markets. A multivariate extended skew-t copula model was employed to
compare the role of gold with the US dollar in times of market turbulence by concentrating
on the lower-tail dependence coefficients of the return series. Their findings stated that the
US dollar is better hedged than gold in normal market situations, but, in times of market
turmoil, both assets can serve as safe-haven assets. Interestingly, Dong et al. (2021) investi-
gated the hedging capacities of gold and US dollar instruments within a group of Asian
stock investments. They employed a multivariate DCC fractionally integrated asymmetric
model and an unconditional quantile regression model. Their findings underscored that the
US dollar is a preferable hedge asset for stock markets, whereas gold serves as a safe-haven
instrument during serious financial crises.

Another empirical study conducted by Cheema et al. (2022) examined the ability
of the US dollar to act as a safe-haven instrument for stocks in developed economies
over the COVID-19 pandemic. His finding proved that the US dollar serves as a strong
safe-haven instrument and its role might be sensitive across various markets and to any
fluctuations over time. Similarly, Tachibana (2022) and Cho and Han (2021) found strong
empirical support for the US dollar, Swiss franc, and yen as safe-haven assets in stocks
internationally. Using a narrative approach and building on the development of a strong
association between a broad US dollar metric and different global risk indicators, a recent
study supported the international role of the US dollar as a safe-haven asset since the global
stock market crisis (Lilley et al., 2022).

However, empirical evidence found by Cheema et al. (2022) indicated that, during
the COVID-19 crisis, the safe-haven character of the US dollar was weaker than during
the global financial crisis. The seminal contribution by Ji et al. (2020) implied that most
currencies did not act as safe-haven assets during the pandemic period. Also, the Interna-
tional Herald Tribune indicated the same finding in its statement that the US dollar ‘loses its
appeal as world’s “safe-haven” currency’ (Ronaldo & Soderlind, 2007).

Existing studies provide mixed results on the safe-haven characteristics of the US
dollar and gold; few studies indicate that gold offers a robust safeguard during financial
crises, whereas other researchers state that its performance changes among the various asset
classes and market scenarios, particularly in times of crises like the COVID-19 pandemic
and the global financial crisis. Regarding the US dollar, its role as a safe-haven currency
has been widely debated, mainly over the COVID-19 pandemic. However, recent studies
showed that the safe-haven properties of these assets might move as a consequence of
geopolitical crises like the Russia–Ukraine conflict (Yilmazkuday, 2025).

The observed dynamic relationships can be interpreted within the framework of
investor behavior under stress, often described by the ‘flight-to-quality’ phenomenon.
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During market turmoil, investors tend to reallocate their portfolios toward assets that offer
perceived safety, such as the USD and gold. The theoretical underpinning for these shifts is
rooted in risk-aversion theory and the liquidity preference of investors, which explain why
certain assets demonstrate stronger safe-haven properties in turbulent times.

Despite prior studies that investigated the role of the US dollar and gold during
financial crises and the COVID-19 pandemic resulting in downturns, limited studies have
examined their relative durability during various types of market crises, particularly those
caused by geopolitical volatility. Most of the existing research emphasized economic
downturns or financial instability without paying attention to the reaction of the assets
toward geopolitical shocks in comparison with financial crises (Iuga et al., 2023). Further,
there is a lack of studies on the comprehensive assessment of how investor perception of
these assets varies among various types of crashes.

The present study aims to bridge this gap by offering a comparative examination of
the US dollar and gold’s role as safe-haven instruments during important market crises,
including those driven by financial and geopolitical crashes. By including multiple crashes
and a longer time frame, this study provides a broader understanding of how these assets
perform across different scenarios.

3. Data and Method
3.1. Data

Daily data from 1 April 2013 to 31 July 2024 is utilized to analyze the performance
of the USD, gold, and the S&P 500, FTSE 100, Shanghai Composite Index, CAC 40, Hang
Seng, and Nikkei 225. This analysis covers the full sample period and includes four specific
crisis sub-periods. These periods were selected due to their significant impact on global
financial markets, with a focus on how these crises affected the correlation and volatility
dynamics of the selected assets. The crisis sub-periods were selected based on significant
market events. For example, the COVID-19 period is from March 2020 to February 2022,
a timeframe chosen to capture both the initial market shock and the subsequent recovery.
This approach enables us to investigate how the safe-haven properties of gold and the USD
evolve as market conditions transition from extreme stress to gradual normalization. These
sub-periods are as follows:

• The Chinese equity market crash (12 June 2015, to 10 February 2016);
• The US–China trade war (11 July 2018, to 15 January 2020);
• The COVID-19 pandemic (4 March 2020, to 24 February 2022);
• The Russian invasion of Ukraine (25 February 2022, to 31 July 2024).

In analyzing safe-haven assets, the focus is on the USD, measured using the daily
US nominal dollar broad index, and gold, priced in USD per ounce. Additionally, major
global stock indices such as the S&P 500, FTSE 100, Shanghai Composite, CAC 40, Hang
Seng, and Nikkei 225 are considered, as they represent key components of the global equity
markets. All data for this analysis is sourced from Yahoo Finance. Prior to estimation,
we conducted Augmented Dickey–Fuller (ADF) tests on all log-return series. The test
statistics were significantly below the critical values at the 1% level, indicating that all series
are stationary.

3.2. Method

The indices are gauged using log returns, as expressed by the following formula:

Xt = ln
(

Pt

Pt−1

)
(1)
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where Pt is the price at time t. The dependencies are modeled using conditionally elliptical
dynamic copulas, where the time-varying correlation matrix Rt+1 evolves according to the
DCC model introduced by Engle (2002). More specifically, we use the DCC model to capture
time-varying correlations, which provides a consistent framework to track how asset
relationships evolve across changing market conditions. In addition to capturing dynamic
correlations, the DCC model facilitates the analysis of spillover effects. By monitoring how
the correlations between assets evolve over time, we can infer the degree to which shocks
in one asset or market are transmitted to others, thereby offering valuable insights into
the interconnectedness of financial markets during periods of turmoil. Log returns of each
index, defined as ∆ln(Pt) = ∆Xt = µ+

√
htϵt, serve as the basis for the analysis, where ht

represents conditional variance and ϵt denotes the innovations.
To account for the time-dependent relevance of the data, flexible probabilities with

exponential decay are applied, with the half-life τHL set at 120 days. The probability
weight for each observation is given by p(t | τHL) ≡ pe−ln(2)|t*−t|/τHL , ensuring that recent
observations are weighted more heavily than older data. We conducted Engle’s (1982)
ARCH-LM test on the log-return series to verify the presence of conditional heteroskedas-
ticity. The test results indicate that the null hypothesis of homoskedasticity is rejected at the
99% significance level, confirming that the data exhibits significant time-varying volatility.
This supports the adoption of a GARCH(1,1) model to accurately capture the conditional
variance dynamics, formulated as follows:

hi,t = ωi +
Pi

∑
p=1

αi,p
(
∆xi,t−p − µi

)2
+

Qi

∑
q=1

βi,qhi,t−q (2)

where hi,t is the conditional variance, ∆xi,t−p denotes lagged log returns, and ωi, αi,p, and
βi,q are model parameters. The residuals ui,t are subsequently standardized to derive the
time-varying correlation matrix Rt, expressed as

Rt = diag{Qt}−1/2Qtdiag{Qt}−1/2 (3)

where Qt is the quasi-correlation matrix evolving as follows:

Qt = (1 − a − b)Q + aut−1u′
t−1 + bQt−1 (4)

Here, Q is the unconditional correlation matrix, and a and b measure the persistence
of short- and long-term correlations, respectively.

For each copula, the marginal distributions of innovations are calibrated using
weighted maximum likelihood, leveraging flexible probabilities. The study evaluates
tail dependencies to select between Gaussian and Student’s t copulas, with the marginal
innovations transformed into standard realizations via

ξi,t ≡ Φ−1
ν (Fϵi (ϵi,t)) (5)

where Φ−1
ν is the quantile function for a standard Student’s t distribution with ν degrees

of freedom, and Fϵi represents the cumulative distribution function of the innovations.
This methodology integrates the dynamic modeling of volatilities and correlations while
addressing empirical tail dependencies, providing a robust framework for analyzing the
interdependencies in this study.

Finally, we also explore the expectation–unconditional covariance ellipsoid, which
represents the set of points x ∈ Rn satisfying the following:

∥ zX(x) ∥2 = (x −E[X])′C−1
X (x −E[X]) = 1 (6)
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where E[X] is the mean vector, and CX is the covariance matrix. This ellipsoid encapsulates
the dispersion and dependency structure of a random vector X, providing a geometric
framework for analyzing risk and correlations across multivariate data.

Our methodological approach follows that of Martiradonna et al. (2023), ensuring con-
sistency and comparability with prior studies. For alternative frameworks, including Lévy
copulas, as well as elaboration and different specifications of the DCC model, interested
readers are referred to the following studies: Barndorff-Nielsen and Lindner (2007), Kallsen
and Tankov (2006), Tankov (2010, 2016), and Grothe and Nicklas (2013).

4. Results
4.1. Sample Statistics

Table 1 presents the descriptive statistics for the log returns of the USD, gold, and the
following stock market indices: the S&P 500, the FTSE 100, Shanghai, Paris, the Hang Seng,
and the Nikkei 225. The mean values for all assets are close to zero, with the S&P 500 and
Nikkei 225 showing the highest averages at 0.0005. The minimum and maximum values
show a wide range of fluctuations, particularly for the S&P 500 and FTSE 100, with the S&P
500 reaching a minimum of −0.1277 and a maximum of 0.0897, highlighting significant
variability in returns. Standard deviations indicate the level of volatility, with Shanghai
and the Nikkei 225 having the highest volatility at 0.0136 and 0.0137, respectively. In
contrast, the USD has the lowest volatility at 0.0045, indicating relative stability. Skewness
is mostly negative across the assets, except for in the case of the Hang Seng, which has a
slight positive skewness of 0.0634. This suggests that negative returns are more common,
especially in indices like the S&P 500 and FTSE 100, which have skewness values of −0.9556
and −0.7825, respectively. Kurtosis values exceed 3 for all assets, indicating leptokurtic
distributions with fatter tails. The S&P 500 has the highest kurtosis at 16.4869, followed
by the FTSE 100 and Paris, reflecting a higher probability of extreme returns. The Jarque–
Bera test strongly rejects normality for all assets, with the S&P 500 and FTSE 100 showing
particularly high JB values, confirming the non-normal distribution of returns characterized
by negative skewness and leptokurtosis.

Table 1. Descriptive statistics of log returns for the full sample.

USD Gold S&P 500 FTSE 100 Shanghai CAC 40 Hang Seng Nikkei 225

Mean 0.0001 0.0002 0.0005 0.0001 0.0001 0.0003 −0.0001 0.0005
Min −0.0240 −0.0982 −0.1277 −0.1151 −0.0891 −0.1310 −0.0657 −0.0825
Max 0.0244 0.0581 0.0897 0.0867 0.0755 0.0806 0.0869 0.0773

Std. Dev. 0.0045 0.0103 0.0113 0.0104 0.0136 0.0127 0.0135 0.0137
Skew −0.0067 −0.5649 −0.9556 −0.7825 −0.9277 −0.8139 0.0634 −0.1730

Kurtosis 2.1847 6.7320 16.4869 12.0449 7.5436 9.9135 3.2400 3.4817
JB 489.4 4784.9 28,297.8 15,153.4 6198.1 10,366.2 1078.7 1256.2

Table 2 provides the descriptive statistics for log returns across four distinct sub-
intervals: the Chinese stock market crash, the US–China trade war, the COVID-19 period,
and the Russia–Ukraine conflict. During the Chinese stock market crash, the mean returns
for all assets were negative, particularly for Shanghai and the Hang Seng, with Shanghai
exhibiting the lowest mean return at −0.0042. The maximum values for returns across
this period indicate that the Nikkei 225 had the highest positive return at 0.0743, while
the minimum return was seen in Shanghai at −0.0891. The standard deviations show that
volatility was highest in Shanghai at 0.0304, with the USD remaining the least volatile
at 0.0061.

https://doi.org/10.3390/jrfm19050308

https://doi.org/10.3390/jrfm19050308


J. Risk Financial Manag. 2026, 19, 308 10 of 23

Table 2. Descriptive statistics: the logarithmic returns for the four sub-intervals.

USD Gold S&P 500 FTSE 100 Shanghai CAC 40 Hang Seng Nikkei 225

Panel A. Chinese stock market crash

Mean 0.0001 0.0002 −0.0008 −0.0011 −0.0042 −0.0013 −0.0024 −0.0017
Min −0.0240 −0.0261 −0.0402 −0.0478 −0.0891 −0.0549 −0.0602 −0.0546
Max 0.0156 0.0424 0.0475 0.0504 0.0560 0.0491 0.0699 0.0743

Std. Dev. 0.0061 0.0106 0.0130 0.0144 0.0304 0.0179 0.0173 0.0192

Panel B. US–China trade war

Mean 0.0001 0.0007 0.0005 0.0000 0.0003 0.0003 0.0000 0.0002
Min −0.0088 −0.0228 −0.0334 −0.0464 −0.0536 −0.0474 −0.0599 −0.0397
Max 0.0118 0.0353 0.0294 0.0224 0.0545 0.0243 0.0413 0.0253

Std. Dev. 0.0033 0.0076 0.0089 0.0084 0.0127 0.0094 0.0116 0.0103

Panel C. COVID-19 pandemic

Mean 0.0000 0.0004 0.0008 0.0002 0.0003 0.0005 −0.0003 0.0005
Min −0.0194 −0.0511 −0.1277 −0.1151 −0.0460 −0.1310 −0.0572 −0.0627
Max 0.0158 0.0581 0.0897 0.0867 0.0755 0.0806 0.0472 0.0773

Std. Dev. 0.0044 0.0125 0.0178 0.0152 0.0112 0.0172 0.0145 0.0153

Panel D. Russia–Ukraine conflict

Mean 0.0001 0.0004 0.0005 0.0003 −0.0003 0.0003 −0.0005 0.0008
Min −0.0214 −0.0288 −0.0412 −0.0391 −0.0527 −0.0509 −0.0657 −0.0334
Max 0.0244 0.0311 0.0540 0.0384 0.0342 0.0688 0.0869 0.0399

Std. Dev. 0.0050 0.0095 0.0115 0.0086 0.0100 0.0115 0.0173 0.0118

In the period of the US–China trade war, the mean returns were generally close to zero,
except for in the case of gold, which had a slightly higher mean return of 0.0007. Maximum
returns were lower compared to the previous period, with Shanghai reaching a maximum
of 0.0545. The minimum returns show that the Hang Seng experienced the largest decline
at −0.0599. Volatility, as indicated by the standard deviation, was lower in this period, with
Shanghai again being the most volatile at 0.0127. During the COVID-19 period, the mean
returns for most assets were positive, with the S&P 500 showing the highest mean return of
0.0008. The maximum return was observed in the S&P 500 at 0.0897, while the minimum
return, the lowest among all intervals, was also in the S&P 500 at −0.1277. The standard
deviation for the S&P 500 was the highest at 0.0178, indicating greater volatility, whereas
the USD remained the least volatile at 0.0044.

In the Russia–Ukraine conflict interval, the mean returns were close to zero for most
assets, with Shanghai showing a slight negative mean return of −0.0003. The maximum
return was highest for the Hang Seng at 0.0869, and the minimum return was observed
in the same index at −0.0657. The standard deviations indicate that volatility remained
elevated for the Hang Seng at 0.0173, with the USD having the lowest volatility at 0.0050.
Comparing the USD and gold across these intervals, the USD consistently showed lower
volatility, with standard deviations ranging from 0.0033 to 0.0061, highlighting its relative
stability. In contrast, gold exhibited higher volatility, with standard deviations between
0.0076 and 0.0125, indicating that gold experiences greater price fluctuations. The contrast-
ing roles of gold and the US dollar in times of market turmoil are confirmed through the
difference in behavior. In comparison, gold, which often acts as a safe-haven instrument,
shows more of a reflection of the market situation, whereas the US dollar tends to be more
stable and consistent with the market conditions.
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4.2. Dynamic Conditional Correlation

Table 3 presents the DCC between the US dollar and several assets, including gold
and the FTSE 100, Hang Seng, S&P 500, Shanghai, Nikkei 225, and Paris indices during
various periods. The results of the estimations suggest that, for the whole sample, there is a
negative correlation between gold and the US dollar with an average DCC of −0.283. This
finding argues that, generally, gold serves as a hedge against the US dollar, which is in line
with the results obtained by Baur and Lucey (2010), who indicated that gold acts as a hedge
against stocks mainly in a steady market. The negative correlation between gold and the US
dollar falls significantly to −0.3318, which demonstrates that this contrasting correlation is
more severe in times of market stress like the conflict between Russia and Ukraine. This
implies that gold acts as a safe-haven asset to safeguard investors during market crashes
since its negative correlation becomes deeper during difficult market conditions.

Table 3. Dynamic conditional correlation for the considered US dollar pairs.

Average Min Max Std. Dev.

Panel A. Full sample

Gold −0.2831 −0.4484 −0.1231 0.0694
S&P 500 −0.1187 −0.2938 0.1310 0.0866
FTSE 100 −0.0726 −0.3569 0.1791 0.0994
Shanghai −0.0351 −0.2225 0.1707 0.0673
CAC 40 −0.0941 −0.3877 0.2366 0.1249

Hang Seng −0.0989 −0.2950 0.1763 0.0790
Nikkei 225 0.0028 −0.2165 0.2797 0.0838

Panel B. Chinese stock market crash

Gold −0.2078 −0.2423 −0.1471 0.0198
S&P 500 0.2962 0.2649 0.3453 0.0188
FTSE 100 0.4235 0.3692 0.4988 0.0328
Shanghai 0.0815 0.0452 0.1324 0.0178
CAC 40 0.4675 0.4229 0.5264 0.0253

Hang Seng 0.2097 0.1538 0.2948 0.0388
Nikkei 225 0.2657 0.1623 0.3832 0.0584

Panel C. US–China trade war

Gold −0.3104 −0.4551 −0.0771 0.0748
S&P 500 0.0452 −0.0996 0.1962 0.0833
FTSE 100 0.1198 −0.0406 0.2980 0.0853
Shanghai −0.0186 −0.1646 0.0970 0.0614
CAC 40 0.0933 −0.0925 0.2689 0.0995

Hang Seng −0.0875 −0.1290 −0.0570 0.0147
Nikkei 225 −0.0049 −0.1425 0.1110 0.0472

Panel D. COVID-19 pandemic

Gold −0.3031 −0.4325 −0.0860 0.0860
S&P 500 −0.2003 −0.3063 0.0288 0.0715
FTSE 100 −0.1679 −0.2610 −0.0065 0.0636
Shanghai −0.2174 −0.3104 −0.0951 0.0514
CAC 40 −0.2029 −0.3218 −0.0276 0.0592

Hang Seng −0.2658 −0.4065 −0.0764 0.0807
Nikkei 225 −0.2283 −0.3602 −0.0851 0.0410
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Table 3. Cont.

Average Min Max Std. Dev.

Panel E. Russia–Ukraine conflict

Gold −0.3318 −0.5030 −0.0157 0.1074
S&P 500 −0.3167 −0.4534 −0.2235 0.0548
FTSE 100 −0.2994 −0.4635 −0.1483 0.0603
Shanghai −0.0813 −0.1353 −0.0241 0.0223
CAC 40 −0.3444 −0.4949 −0.1987 0.0747

Hang Seng −0.1548 −0.2497 −0.0848 0.0268
Nikkei 225 −0.0587 −0.1655 0.0353 0.0457

Our finding confirms the definition of a safe-haven asset given by Baur and Lucey
(2010), which states that, during market turmoil, any asset uncorrelated or negatively
correlated with another asset is a safe-haven instrument. On the contrary, the correlations
between the US dollar and other indices of stocks like the FTSE 100 and S&P 500 change
more significantly across various periods.

During the Chinese stock market crash, our estimation indicates that the US dollar
was positively correlated with the other stock indices, with DCC values of 0.4235 for the
FTSE 100 and 0.2962 for the S&P 500. This reveals that the US dollar served as a diversifier
over this period, providing certain risk-level alleviation and not a hedge or a safe haven.
However, during the conflict between Russia and Ukraine, we found a sharp, negative
relationship between the US dollar and the FTSE 100 (−0.2994) and the S&P 500 (−0.3167).
These results imply that the US dollar shifted into being a hedging asset and provided a
safeguard since these markets witnessed turbulence. During the US–China trade war, the
US dollar appeared to act as a diversifier, whereas the results show a moderate positive
correlation (0.0452) with the S&P 500 and FTSE 100 (0.1198). This suggests that the US dollar
serves as a diversifier in these markets by preserving low correlations but does not offer
strong protection against losses. This behavior is similar to the diversifier role described by
Baur and Lucey (2010), where an asset maintains a positive but less-than-perfect correlation
with another asset, reducing overall portfolio risk without providing the specific downside
protection associated with a hedge.

Regarding the COVID-19 pandemic, our estimations show that the US dollar was
negatively correlated with various stock indices, mainly the Nikkei 225 (−0.2283) and the
Hang Seng (−0.2658). This implies that the US dollar served as a hedge over this pandemic
to protect investors from heavy losses. The strong negative relationship between gold and
the US dollar (−0.3031) during this pandemic more strongly supported the safe-haven
role of gold, offering a safe investment option as markets around the world experienced
heightened volatility and uncertainty.

To summarize the previous results, our analysis demonstrates that, depending on
the market conditions, the role of the US dollar varies, acting as a diversifier, hedge, and
sometimes a safe haven. Gold, on the other hand, consistently acts as a hedge against
the USD in general and transitions into being a safe haven during periods of extreme
market stress. These findings align with the definitions provided by Baur and Lucey
(2010), where a hedge is uncorrelated or negatively correlated on average, a diversifier is
positively correlated on average, and a safe haven is negatively correlated during periods
of market turmoil.

Table 4 provides an overview of the dynamic conditional correlations between gold
and various stock indices, namely, the S&P 500, FTSE 100, Shanghai, Paris, Hang Seng, and
Nikkei 225 indices, across different market periods. For the full sample, the correlation
between gold and these stock indices is generally positive, albeit weak. The average DCC
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for gold and the S&P 500 is 0.0515, indicating that gold has a slight positive correlation
with the US stock market on average. This suggests that, during stable market conditions,
gold does not fully serve as a hedge or safe haven against the movements of the S&P 500,
aligning more closely with the role of a diversifier, where the correlation is positive but not
strong enough to offer significant protection.

Table 4. Dynamic conditional correlation for the considered gold pairs.

Average Min Max Std. Dev.

Panel A. Full sample

S&P 500 0.0515 −0.1568 0.2282 0.0651
FTSE 100 0.0459 −0.1500 0.2136 0.0686
Shanghai 0.0445 −0.1707 0.2273 0.0762
CAC 40 0.0180 −0.2853 0.2123 0.0863

Hang Seng 0.0767 −0.1277 0.2246 0.0636
Nikkei 225 −0.0433 −0.3209 0.3289 0.0897

Panel B. Chinese stock market crash

S&P 500 −0.1775 −0.2997 0.0358 0.0433
FTSE 100 −0.2790 −0.3155 −0.2455 0.0187
Shanghai −0.0906 −0.2085 0.0523 0.0420
CAC 40 −0.3220 −0.3554 −0.2933 0.0171

Hang Seng −0.1999 −0.2368 −0.1631 0.0227
Nikkei 225 −0.2071 −0.2283 −0.1878 0.0117

Panel C. US–China trade war

S&P 500 −0.1812 −0.2784 −0.1529 0.0397
FTSE 100 −0.1749 −0.3556 −0.0621 0.0719
Shanghai −0.0488 −0.1683 0.0949 0.0586
CAC 40 −0.1808 −0.4235 −0.0729 0.0988

Hang Seng −0.0556 −0.1927 0.0826 0.0652
Nikkei 225 −0.0895 −0.2560 0.0580 0.0719

Panel D. COVID-19 pandemic

S&P 500 0.0636 −0.0630 0.1823 0.0607
FTSE 100 0.0307 −0.0904 0.2217 0.0702
Shanghai 0.1546 0.0259 0.2711 0.0493
CAC 40 0.0287 −0.1315 0.2775 0.0904

Hang Seng 0.1746 0.0590 0.3342 0.0601
Nikkei 225 0.0837 −0.0728 0.3853 0.0823

Panel E. Russia–Ukraine conflict

S&P 500 0.1509 −0.0726 0.3100 0.0918
FTSE 100 0.1613 −0.0618 0.3075 0.0937
Shanghai 0.0917 −0.0403 0.1761 0.0381
CAC 40 0.1764 −0.0681 0.3742 0.0963

Hang Seng 0.1479 0.0617 0.2192 0.0275
Nikkei 225 0.0636 −0.0130 0.1201 0.0306

During the Chinese stock market crash, however, the correlation between gold and
all considered stock indices became notably negative. The average DCC for gold and
the FTSE 100 dropped to −0.2790, and, for gold and Paris, it fell even further to −0.3220.
This negative correlation indicates that gold shifted towards a safe-haven role during this
period, providing a buffer against the downturn in these equity markets. The behavior
of gold during this market crash is consistent with the safe-haven properties discussed
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by Baur and Lucey (2010), where gold is uncorrelated or negatively correlated with other
assets during periods of extreme market stress.

The US–China trade war period further supports gold’s role as a safe haven. The DCC
for gold and the S&P 500 was −0.1812, and, for the FTSE 100, it was −0.1749, demonstrating
that gold continued to offer protection against declining stock prices during this geopolitical
tension. This negative correlation during a period of heightened uncertainty suggests that
gold provided a refuge for investors, reinforcing its reputation as a safe haven in times of
market distress.

Interestingly, during the COVID-19 pandemic, the relationship between gold and these
indices shifted again. The correlation between gold and Shanghai, for example, became
strongly positive, with an average DCC of 0.1546, suggesting that gold’s role as a safe haven
diminished, and aligned more with global market movements. This positive correlation
indicates that, during the COVID-19 crisis, gold may have acted less as a hedge or safe
haven and more as a correlated asset with certain equity markets, possibly due to the global
nature of the pandemic’s economic impact.

Throughout the Russia–Ukraine conflict, our results found a positive correlation
between gold and most stock indices, where gold and the FTSE 100 assign an average DCC
of 0.1613. This implies that the safe-haven role of gold was less significant during this
period than in previous crises, but it kept offering some diversification advantages. This
positive relationship states that gold did not provide full protection against stock market
losses but shifted more in tandem with equity markets.

In summary, the dynamic nature of gold’s correlations with major indices in various
periods demonstrates its role as a hedge, diversifier, or safe haven. For instance, throughout
extreme market turmoil, like the US–China trade war and the Chinese stock market crash,
gold served more as a safe haven to protect the apposed downside market, whereas, during
the Russia–Ukraine conflict and the COVID-19 pandemic, the correlation between gold
and major equity markets turned out to be more positive, which reveals that gold moved
away from its traditional role as a safe-haven asset. The study’s results are in line with
those of Baur and Lucey (2010), who argued that the properties of gold as a safe haven are
inconstant and might change according to the market situation.

Tables 3 and 4 show the significant and improving roles of gold and the US dollar as di-
versifiers, hedges, or safe havens among multiple global stock markets over specific periods.
Our estimation results demonstrate that the US dollar acts as a better significant safe-haven
instrument, mainly in times of market turmoil. In contrast, gold reveals a complicated
behavior, fluctuating between serving as a safe haven, hedge, and diversifier according to
general events and the conditions of the market. Additionally, Table 3 highlights the US
dollar’s role as a safe-haven asset over various periods.

During the Chinese stock market crash, there was a strong positive correlation between
the US dollar and important indices like the FTSE 100 and S&P 500, implying that the US
dollar acted as a safe-haven currency over this period. Similarly, during the US–China
trade war, the USD maintained a significant negative correlation with gold (−0.3104) and
other indices, reinforcing its role as a protective asset during times of geopolitical tension.
The results also indicate that, during the COVID-19 pandemic, the USD’s correlation with
major stock indices like the S&P 500 and FTSE 100 remained negative, further solidifying
its status as a safe-haven asset. However, during the Russia–Ukraine conflict, the USD
exhibited a mix of negative and positive correlations, which reflects its continued utility as
a hedge or safe haven, but with varying intensity across different markets.

Table 4 focuses on the dynamic conditional correlations between gold and various
global stock indices. Throughout the full sample, gold generally maintains weak positive
correlations with most indices, indicating its role as a diversifier under normal market
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conditions. However, during the Chinese stock market crash, gold exhibited strong negative
correlations with all considered indices, with the FTSE 100 and Paris markets showing
the most pronounced negative correlations (−0.2790 and −0.3220, respectively). This
behavior underscores gold’s function as a safe haven during periods of extreme market
stress, consistent with the findings of Baur and Lucey (2010), who identified gold as a
refuge in times of crisis.

During the US–China trade war, gold continued to exhibit negative correlations with
most stock indices, albeit with a less pronounced intensity compared to during the Chinese
stock market crash. This suggests that, while gold still provided some protection, its safe-
haven role was less dominant during this period. The role of gold shifted again during the
COVID-19 pandemic, where it demonstrated a more positive correlation with, for example,
Shanghai (0.1546) and the Hang Seng (0.1746) stock indices, indicating that its safe-haven
status was somewhat diminished, and it acted more as a diversifier.

Lastly, during the conflict between Russia and Ukraine, our finding shows a positive
correlation between gold and major indices, mainly the FTSE 100 (0.1613) and Paris (0.1764).
This outcome implies that gold serves as a diversifier, whereas its role as a safe haven was
further decreased, which is in line with the movements of global stock markets over the
period of uncertainty and turmoil.

In conclusion, both Tables 3 and 4 indicate that the US dollar acts as a significant safe-
haven asset among different stock markets and periods, whereas gold plays a flexible role,
moving from safe-haven to hedge to diversifier according to the global market situations.
Our estimation implies that gold’s role as a safe haven can appear during excessive market
environments, and its impact changes among various market and period situations. This
contrasts with the USD’s more stable and predictable safe-haven role and aligns with
Baur and Lucey’s (2010) findings on the conditional nature of gold’s safe-haven properties,
especially during times of severe financial stress.

4.3. Expectation–Unconditional Covariance Ellipsoids

In this section, we graph covariance ellipsoids for every index pair during the Russia–
Ukraine conflict. We concentrate on the Russia–Ukraine conflict as it represents the latest
ongoing geopolitical disturbance impacting financial markets. The ellipsoid visualization
complements our earlier DCC computations.

Unconditional correlation between two data series (element q̄ij of the matrix Q̄) is
used to calculate the ellipsoid. The ellipsoids are plotted for all possible pairs of indices (i,j)
for the sub-period covering the Russia–Ukraine conflict. In general, ellipsoids with larger
correlations are more elongated, whereas those with fewer correlations are more circular.
Further, a positive correlation results in a rightward tilt of the ellipsoid, while a negative
correlation results in a leftward tilt.

Drawing from the DCC estimates in Table 3, the sub-period of the Russian invasion of
Ukraine highlights a consistent negative correlation between the USD and the considered
market indices. The unconditional correlations shown by the ellipsoids in Figure 1 further
support this relationship. The ellipsoids for various indices, depicted in Panels (a) through
(f), are within the negative domain. The correlation values range from −38.75% to −6.64%.
For gold, the unconditional correlation deviates from the negative spectrum, reaching
positive values, and this occurs for all indices except for the Shanghai index. This shift is
distinctly illustrated in Panels (g) through (l), which illustrate the dynamic interrelations of
gold and the considered markets.
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Figure 1. Russia–Ukraine sub-period ellipsoids. Dynamic interrelations of USD and (a) S&P 500;
(b) FTSE 100; (c) Shanghai; (d) Paris (CAC 40); (e) Hang Seng; (f) Nikkei 225. Dynamic interrelations
of gold and (g) S&P 500; (h) FTSE 100; (i) Shanghai; (j) Paris (CAC 40); (k) Hang Seng; (l) Nikkei 225.

From the detailed analysis presented in Figure 1, a clear pattern emerges regarding the
roles of the USD and gold. The USD consistently exhibits the characteristics of a safe-haven
investment, especially when we consider its negative correlation with most of the indices.
Gold, in contrast, plays a multifaceted role. It serves as both a hedge and a diversifier
among the indices. The ellipsoids in Figure 2 further reinforce these conclusions. Visual
representation from the ellipsoids shows strong negative unconditional correlations with
the USD. In its turn, gold exhibits different kinds of relationships with these markets,
resulting in a positive range of correlations, except for in the case of Shanghai. For the sake
of brevity, the ellipsoid plots for other sub-intervals are not presented, but will be made
available on request.
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Figure 2. Cont.
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Figure 2. Rolling correlations between the USD, gold, and the six stock market indices: (a) USD vs.
S&P 500; (b) gold vs. S&P 500; (c) USD vs. FTSE 100; (d) gold vs. FTSE 100; (e) USD vs. Shanghai;
(f) gold vs. Shanghai; (g) USD vs. Paris (CAC 40); (h) gold vs. Paris (CAC 40); (i) USD vs. Hang Seng;
(j) gold vs. Hang Seng; (k) USD vs. Nikkei; (l) gold vs. Nikkei.

4.4. Rolling Correlation

As exhibited in Figure 2, the rolling correlations between the USD, gold, and the six
stock market indices further illuminate the time-varying nature of these relationships. For
example, the correlation between the USD and the S&P 500 declined sharply during the
US–China trade war (11 July 2018–15 January 2020), dropping from a positive correlation
of around 0.4 in early 2018 to a negative correlation of −0.2 by mid-2019. This suggests that
the USD’s role as a safe haven is not consistent across different crises.

In contrast, gold maintained a consistently negative correlation with the S&P 500
during the same period, which deepened further during the COVID-19 pandemic, reaching
−0.6 in early 2021. The FTSE 100, which experienced a similar decline during these
periods, also showed a negative correlation with gold, particularly in late 2020. Conversely,
the Shanghai index showed more modest correlations with gold, reflecting a weaker
relationship between the two during periods of market stress. These findings are consistent
with the role of gold as a safe haven, particularly during periods of significant economic
disruptions, while the USD’s role appears to be more variable and context-dependent. The
evidence underscores the importance of understanding these dynamic relationships for
investors seeking to manage risk, especially during periods of market turmoil.

4.5. Discussion and Implications

Our estimation results in the previous sections cover the crucial roles of gold and the
US dollar as hedges, safe havens, and diversifiers for several classes of assets, focusing
on stock markets during periods of financial instability. The study’s outcomes highlight
that gold and the US dollar display outstanding roles, where the US dollar acts overall as a
superior hedge and safe-haven asset. While gold serves primarily as a hedge or a diversifier
under normal conditions, its role as a safe haven during periods of extreme market stress is
well-supported by studies utilizing diverse methodologies, including those of Baur and
Lucey (2010), Hood and Malik (2013), and Beckmann et al. (2015). Overall, these roles might
change based on particular stock markets and dominant market conditions. During periods
of market uncertainty, the US dollar functions as a primary safe-haven currency while gold
exhibits hedging properties and, in certain conditions, serves as a safe-haven asset that
mitigates portfolio risk (Hossain et al., 2024; Nittayakamolphun et al., 2024; Al-Nassar et al.,
2023; Kakinuma, 2022).

Examining the average DCC for gold across various stock markets, we observed
that, during the COVID-19 pandemic and the Russia–Ukraine conflict, gold lost its hedge
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attributes for several stock markets and acted predominantly as a diversifier. Notably,
for the S&P 500 and FTSE 100 indices, gold shifted from being a hedge to a diversifier
during these periods. However, in the context of the NASDAQ and the Nikkei 225 indices,
gold consistently acted as a hedge, even during the heightened volatility of the pandemic.
This dynamic can be understood within the broader economic context, where certain
stock markets, influenced by varying degrees of exposure to global events, experienced
different levels of investor reliance on gold as a protective asset. Our finding aligns with
the study conducted by Yatie (2022), who stated that gold has completely lost its safe-haven
characteristic during the Russia–Ukraine conflict. This suggests that, as the global economy
recovered from the pandemic, the threat of rising inflation drove investors to seek refuge in
gold. This behavior was further intensified when Russia declared its attack on Ukraine,
heightening concerns over political risks and prompting investors to view gold as a safe
haven for their assets.

In contrast, empirical studies (such as those of Thuy et al., 2024; Cheema et al., 2022;
Akhtaruzzaman et al., 2021; Corbet et al., 2020; Hood & Malik, 2013) argued that, during
the global financial crisis (2008), gold acted as a strong safe-haven commodity in Russia
and a weak safe-haven asset in China, Turkey, and the US. However, during the COVID-19
pandemic, this characteristic weakened or completely disappeared.

On the other hand, the US dollar exhibits a more consistent role across the studied
markets. As shown in Table 3, the US dollar serves as a clear safe-haven for the S&P
500, FTSE 100, and DAX indices, where DCC values are consistently negative or close
to zero, reinforcing its classification as a safe haven. Meanwhile, for the Nikkei 225 and
NASDAQ indices, the US dollar operates predominantly as a hedge, with DCC values
fluctuating slightly but remaining predominantly negative. These samples emphasize that
the US dollar maintains its role as a safe-haven asset among a broad range of stock markets,
specifically in global market instability. During the Russia–Ukraine conflict and COVID-19
pandemic, the US dollar’s role as a safe-haven asset turned out to be more distinct, and its
reinforcement had a considerable impact on global stock markets. For example, evidence
from the ASEAN-6 market suggests that an appreciating US dollar imposes significant
pressure on domestic currencies, frequently coinciding with a decrease in stock indices.
These periods of turbulence strengthened the US dollar’s role as a reliable safe-haven asset
(Tronzano, 2023; Thuy et al., 2024; Yilmazkuday, 2025).

Our finding is consistent with the results reported by Thuy et al. (2024), who examined
the safe-haven role of the US dollar, gold, and Bitcoin during global financial crises, the
Russia–Ukraine conflict, and the COVID-19 pandemic. Their findings support the strong
safe-haven role of the US dollar in the UK, Germany, and the Netherlands over the three
crises. Moreover, this study indicated that the US dollar’s safe-haven role was weak during
the Russia–Ukraine conflict and stronger during the COVID-19 pandemic. It should be
noted that, during the Russia–Ukraine conflict, other geopolitical events (such as the Israel–
Hamas tensions) may have also influenced market dynamics. While our analysis focuses
on the dominant crisis of the period, disentangling the effects of concurrent events remains
a challenge and is an important topic for future research.

In conclusion, our results demonstrate the multifaceted roles of gold and the US dollar
in the stock market globally. While the role of gold varies from being a diversifier and a
hedge depending on particular markets and tie periods, the US dollar continuously acts
as a safe-haven asset across various markets. This finding highlights the importance of
considering both gold and the USD in investment portfolios, given their dynamic roles
during financial crises, as evidenced by their diversification benefits, hedging capabilities,
and time-varying relationships (Kayral et al., 2023; Shaik et al., 2023; Sharma et al., 2026).
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5. Conclusions
In this study, we explored the roles of gold and the US dollar as hedges and safe-haven

assets for particular stock indices, namely, the S&P 500, FTSE 100, CAC 40, Hang Seng,
Shanghai Composite Index, and Nikkei 225. To do so, an in-depth analysis was performed,
and the results stated that the roles of gold and the US dollar vary over these particular
stock markets and change progressively over time.

Across several markets, the US dollar displays reliable hedging and safe-haven charac-
teristics with strong evidence mainly for its role as a safe-haven asset against the S&P 500,
FTSE 100, and Hang Seng. This finding was affirmed by dynamic copula assessments and
the DCC-GARCH approach. Our findings support the idea that the US dollar serves consis-
tently as a safe-haven asset, offering a negative correlation with the selected stock indices
in times of market distress. During the Russia–Ukraine conflict, the US dollar consistently
acted as a safe haven, demonstrating strong negative correlations with equity markets,
while gold’s role was more variable. This suggests that, under sustained geopolitical risks,
such as the ongoing Israel–Hamas conflict, similar dynamics may be observed.

In contrast, gold showcased a twofold function, serving as a hedge for the FTSE
100 and the S&P 500 during crisis times and acting as a diversifier for the CAC 40 and
Shanghai Composite Index in times of market stability. This dynamic was specifically
noticeable in the COVID-19 period, where gold’s hedging properties were outstanding and
its role as a diversifier became more pronounced in the Paris and Shanghai markets. The
reliable performance of the US dollar as a safe-haven asset and the dual role of gold make a
convincing case for involving them in well-diversified portfolios, which allows investors to
distribute the risk and protect their fortune, particularly during financial market turbulence.

Future studies can further explore this issue within the context of the portfolio se-
lection problem. Possible areas include investigating the performance of portfolios using
the indices explored in this study (with and without the US dollar and/or gold in its
composition) to gauge their risk–return trade-offs during different crises, as well as the
ability of investment portfolios to outperform the market barometer (Nor & Islam, 2016),
portfolio formation involving higher-order moments (Ashfaq et al., 2021; Kim et al., 2014),
and consideration of other time-series issues such as multifractals (Ameer et al., 2023). Ad-
ditional analyses such as the investigation of optimal portfolio weights by Kroner and Ng
(1998), the analysis of the hedge ratio by Kroner and Sultan (1993), and the exploration of
hedge and safe-haven abilities by Ratner and Chiu (2013) may give more dimension to the
study. Moreover, our approach utilizes Gaussian and Student-t copulas for interpretability
and comparability with the prior literature. Since financial returns are known to exhibit
heavy tails and skewness (Cont, 2001), future studies can extend this paper by utilizing
the Lévy copula framework (see Barndorff-Nielsen & Lindner, 2007; Kallsen & Tankov,
2006; Tankov, 2010, 2016; Grothe & Nicklas, 2013). In addition, any significant difference in
the returns of stock markets and asset classes during these different crises can be explored
within a portfolio context.
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