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This thesis examines the role of gold as a hedge and safe haven for European investors over the
period of 2015—2025. Using daily gold and European equity return data, the study analyses
gold’s hedging and safe haven properties with respect to major European stock indices,
including the STOXX Europe 600 and national indices from Germany, France, Italy, Spain and
the Netherlands. In addition, the thesis investigates whether gold functions as a short-term
inflation hedge against Euro Area HICP inflation using monthly data. The empirical analysis
employs DCC-GARCH models to capture time-varying dependence between gold and equity
returns, alongside OLS regressions with stress dummy variables to assess gold’s behaviour
during extreme equity market downturns. The relationship between gold and short-term
inflation is examined using a univariate OLS regression framework.

The results indicate that gold exhibits negative average correlations with all examined European
equity indices, suggesting that gold functions as a hedge during normal market conditions within
the sample period. Safe haven behaviour is observed only during the most severe equity market
downturns and varies across countries, with evidence of protection for Italy, Spain, France, and
the STOXX Europe 600, but not for Germany or the Netherlands. The inflation analysis finds
no statistically significant relationship between gold returns and short-term Euro Area inflation,
indicating that gold does not function as a short-term inflation hedge over the sample period.
These results are broadly consistent with earlier literature documenting gold’s hedging role and
its safe haven behaviour primarily during periods of extreme market stress. Where deviations
from previous findings occur, they may be attributable to differences in sample period, regional
focus, and methodological approach.
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Tassd tutkielmassa tarkastellaan kullan roolia suojana ja turvasatamana eurooppalaisille
sijoittajille ajanjaksolla 2015-2025. Tutkimuksessa hyddynnetddn péivittdisia kullan ja
eurooppalaisten osakeindeksien tuottoaineistoja, joiden avulla analysoidaan kullan suoja- ja
turvasatamaominaisuuksia keskeisten eurooppalaisten osakeindeksien, kuten STOXX Europe
600:n sekd Saksan, Ranskan, Italian, Espanjan ja Alankomaiden kansallisten indeksien suhteen.
Lisdksi tutkielmassa selvitetddn, toimiiko kulta lyhyen aikavélin inflaatiosuojana euroalueen
HICP-inflaatiota vastaan kuukausittaista aineistoa kayttden. Empiirisessd analyysissd
hy6dynnetdan DCC-GARCH-malleja kullan ja osaketuottojen ajassa vaihtelevan riippuvuuden
mallintamiseen sekd OLS-regressioita stressimuuttujilla kullan kdyttdytymisen arvioimiseksi
osakemarkkinoiden ddrimmaisissi laskutilanteissa. Kullan ja lyhyen aikavilin inflaation vélisté
suhdetta tarkastellaan yksimuuttujaisella OLS-regressiomallilla.

Tulokset osoittavat, ettd kullalla on negatiivinen keskimédrdinen korrelaatio kaikkien
tarkasteltujen eurooppalaisten osakeindeksien kanssa, miké viittaa kullan toimivan suojana
normaaleissa markkinaolosuhteissa tarkastelujaksolla. Turvasatamakayttdytymistd havaitaan
vain kaikkein vakavimmissa osakemarkkinoiden laskuissa, ja se vaihtelee maittain: suojaavaa
vaikutusta esiintyy Italian, Espanjan ja Ranskan osakemarkkinoilla sekd STOXX Europe 600 -
indeksissd, mutta ei Saksassa tai Alankomaissa. Inflaatioanalyysi ei osoita tilastollisesti
merkitsevdd yhteyttd kullan tuottojen ja euroalueen lyhyen aikavilin inflaation valilld, mika
viittaa sithen, ettei kulta toimi lyhyen aikavélin inflaatiosuojana tarkastelujaksolla. Tutkimuksen
tulokset ovat piddosin yhdenmukaisia aiemman kirjallisuuden kanssa. Mahdolliset poikkeamat
alemmista  tutkimustuloksista ~ voivat  johtua  eroista  kidytetyssd  aineistossa,
tarkasteluajanjaksossa, alueellisessa painotuksessa sekd metodologisissa valinnoissa.
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1 Introduction

The phrase “gold hits record high” has appeared frequently in financial news throughout the
year of 2025. By mid-year gold was trading at an all-time high including the S&P 500,
NASDAQ-100 and STOXX Europe 600 also attaining all-time highs throughout the year. This
unusual and uncertain time in the market raises questions whether gold has continued to function
as a reliable defensive asset. This thesis examines the role of gold as a hedge and safe haven for
European investors in the volatile financial markets of 2015—2025. This study evaluates
whether the metal has maintained its traditional role as a risk mitigator during the timeframe of

the study, by analysing gold’s relationship with equities and inflation.

1.1 Background and motivation

The subject of this thesis is relevant for multiple reasons. Gold throughout history has been
priced for its rarity and considered as an asset that reliably stores its value. Unlike other assets,
gold has no credit risk, and it operates outside government control. Due to its properties gold
has traditionally been regarded as a hedge against equities and inflation, as well as a safe haven
during times of financial distress. Consequently, gold is used by investors and portfolio
managers as a tool to protect portfolios from uncertainty and equity downturns (Smirnova,
2016). The 2015—2025 timeframe is a great time to test whether this role still exists, as golds
significance is once again gaining momentum. Over the past decade, financial markets have
been shaped by uncertain times and rapidly changing financial environments. A few examples
being the health crisis of COVID-19, the surge in inflation, and persistent political instability,
particularly in the United States. These factors, among many others have increased uncertainty

for investors and aided gold prices to push to new highs.

Not only have investors piled into gold during the past decade, but also countries central banks
have been rapidly increasing gold reserves due to its liquidity and safety aspects. Recent data

displays that gold has overtaken the Euro as the world’s second-largest reserve asset, with the



largest being the U.S. dollar. Consequently, for the first time since 1996, central banks have

more gold in their reserves than U.S. treasuries. (McGeever, 2025)

Academia has also recently taken an interest in gold. Researchers have now highlighted that
gold may not have the abilities it historically had. Faraj et al. (2025) conducted a large study on
the diminishing safe haven effect of gold by using data from the S&P 500 and 10-year US
Treasuries. Their findings emphasized that gold is increasingly taking on the behaviour of a
risky asset. Similarly, a study by Cheema et al. (2022) found that gold no longer functioned as
a safe haven during COVID-19. The mentioned studies, alongside others have mainly focused
on the United States markets. This thesis will focus on the point of view of the European

investors.

The significance of this thesis lies in the limited number of studies that examine this topic using
recent data in the context of the Eurozone. The perspective of the European (EUR) investor
should be separated from the United States (USD) investor due to reasons beyond the currency
effect. One reason is the difference in crises in the United States, and in the Eurozone. For
instance, the Russia-Ukraine war that started in 2022 caused uncertainty in Europe in a manner
distinct from the U.S., leading to an energy crisis in the Eurozone. Differences arose also in how
monetary policies were managed by the European Central Bank (ECB) and the Federal Reserve
Board (FED) during rapidly changing inflation regimes in the 2020s. Another highly important
factor is the difference in the performance of the European stock market compared to that of the

U.S, where recent growth has been predominantly driven by technology stocks.

1.2 Aim of the thesis and research questions

This research contributes to the ongoing debate on whether gold functions as a defensive asset.
Understanding if gold still operates as a hedge and safe haven for the European investors is
crucial information to European portfolio managers, and risk management practices. This thesis

therefore aims to evaluate the hedge and safe haven properties of gold from a European



investor’s perspective during 2015—2025. The following research questions are formed to

assist on the study of this subject:

RQI1: What is established in the academic literature about gold’s function as a hedge and safe

haven and how has this relationship been studied in previous research?

The purpose of RQI is to develop an understanding on how academic literature has approached
this subject and what the main findings have been. This question is addressed by examining
previous literature that is presented in the literature review section of this thesis. The second
research question adds to the theoretical understanding by studying how gold has functioned as
a hedge for European investors in 2015—2025 through empirical analysis. Research question 2

is the following:

RQ?2: To what extent has gold functioned as a hedge and safe haven for European investors

during the 2015—2025 period?

One of the pioneering studies regarding the subject of gold as a hedge and a safe haven came
from Baur & Lucey (2010), who alongside the United States included United Kingdom and
Germany in their study regions. Following the approach used by Baur & Lucey (2010), the focus
of this thesis and specifically RQ2 is to empirically research the relationship between gold and
equities. For this research, two hypotheses are built from the 2" research question. These

hypotheses are derived from previous literature and are the following H1 and H2:
H1) Gold on average provided a hedge for European equities during the 2015—2025 period.

H2) Gold exhibits a negative or zero correlation with European equity returns when these
returns are extremely negative, consistent with acting as a safe haven during the 2015—2025

period.
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As this study concentrates on the role of gold as a hedge for European investors in the modern
era, it is also interesting to consider how gold operates as a hedge for inflation. Since inflation
erodes buying power it is valuable to understand if alongside market risk, gold would have the
capability to protect purchasing power. The unique timeframe of the thesis (both low and
extremely high inflation times) provides a good opportunity to research this. As the primary
focus of this thesis is the gold-equity relationship, inflation is not addressed as the main priority,
but it is examined to provide additional information to RQ2. For this reason, the following third

hypothesis for RQ2 is formed:

H3) Gold provides a hedge against short-term inflation in Europe during the 2015—2025
period.

1.3 Data and methodology

This thesis is conducted as a quantitative study. The data for this thesis consists of a 10-year
period 2.1.2015—30.6.2025. The justification for including the first half (H1) of 2025 is due to
it being abnormally good for the return of gold, as well as having high market volatility and
uncertainty (e.g. “Liberation Day” tariffs). All data used in this thesis is collected from LSEG
Workspace (Refinitiv Eikon).

The data consists of the following variables: STOXX Europe 600 index, spot gold in EUR
(XAU/EUR), VSTOXX volatility index and HICP'. Alongside STOXX Europe 600, the study
also includes a selection of major national stock indices. These indices are the following: DAX
(Germany), CAC 40 (France), FTSE MIB (Italy), IBEX 35 (Spain) and AEX (Netherlands).
These indices were chosen because they represent large and relevant indices in Europe. As all
these countries use the euro, they align with the study’s focus on gold’s protective function for

euro investors. From the mentioned variables, excluding HICP, daily logarithmic returns are

' The Harmonized Index of Consumer Prices (HICP) represents a standardized measure of inflation used in the
Eurozone.
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calculated in order to execute the methodologies. For the inflation hypothesis the year-over-year
changes in HICP are taken alongside monthly returns for gold. Government bonds are often
included into studies on gold’s hedging properties to provide additional information, but in this

thesis, they are intentionally excluded to maintain a clear focus on equity markets.

The methodologies utilized in this thesis to study the gold-equity relationship include linear
regression models and DCC-GARCH. The methodologies are based on previous research on
gold as a hedge for equities. Linear regression models have been used in various studies
including the pioneering research by Baur & Lucey (2010). The DCC-GARCH model is
included in the research due to it being a commonly used model in newer gold-equity
relationship studies. Examples of papers utilizing DCC-GARCH include Faraj et al. (2025) and
Vieira et al. (2023). As for the inflation hypothesis (H3), univariate linear regressions are formed
between gold and inflation. The data and methodology of this research are discussed in greater

detail in chapter 4 of this thesis.

1.4 Structure of the thesis

This thesis is structured into six chapters. The first chapter consists of the background and
motivation for the study and introduces the research questions along with their hypotheses. A
brief overview of the data and methodology is also mentioned in this chapter. Second chapter
encompasses the theoretical background where important theories related to the thesis topic are
presented. The third chapter is the literature review. It provides the reader with the relevant
literature related to the previous studies of gold as a hedge for equities and inflation. This chapter
also acknowledges important factors relating to the price of gold. Chapter four is where the data
and variables are presented thoroughly. Methodology of the study and models used alongside
their assumptions are also included in this chapter. Chapter five provides the results on the
empirical studies conducted in this thesis. Finally, chapter six is the conclusions where the

research questions are answered, and final thoughts of the thesis are given.
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2 Theoretical background

This section presents the theoretical background. The objective of this section is to develop an
understanding on key theories relating to gold’s role as a hedge and safe haven. These key

theories are the Modern portfolio theory, and the Flight-to-safety theory.

2.1 Modern portfolio theory

Modern portfolio theory by Markowitz (1952) is one of the foundational frameworks for
understanding the importance of diversification in a portfolio of investments. Harry Markowitz
introduced a concept where investors could enhance the balance between risk and return by
diversifying across various asset classes. In his article, risk was quantified through variance, and
he stated that a rational investor should aim to minimize portfolio variance while aiming to gain
the highest attainable return. One of his central ideas is that assets should not be evaluated in
isolation, but in terms of how they contribute to the overall portfolio. Portfolio risk does not
depend solely on the volatility of individual assets but rather on the covariance between them.
Assets that are imperfectly correlated can reduce risk without necessarily reducing expected
returns. Visually, the theory is represented with the efficient frontier that is a set of optimal
portfolios that maximize returns for a given level of risk. A portfolio that is on the frontier is in
theory considered optimal. In contrast, portfolios that are below the frontier carry unnecessary

risk compared to their returns.

Despite its influence, the theory has been subject to criticism. One factor is the assumption of
investors rationality. As this theory assumes investors to be rational, it does not include the
importance of human behaviour and irrationality in the markets, a factor that should be
considered. (Otuteye & Siddiquee, 2017) Another area of criticism comes from how modern
portfolio theory approaches risk with variance. Cheng & Wolverton (2001) argue that the

symmetric measure of risk is flawed, due to it punishing positive and negative volatility equally.
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As investors are more sensitive to losses than gains, this approach does not reflect reality and
provides a misrepresentation of actual investment risk. Despite criticism, this theory has made
gold particularly significant for investors, as gold historically has had low or even negative
correlations with equities in certain times (Baur & Lucey, 2010). This implies that adding gold
to a portfolio can increase the portfolio efficiency and move its risk-return profile closer to the

efficient frontier.

2.2 Flight-to-Safety

Flight-to-safety is a phenomenon in the financial market that occurs when investors reallocate
capital away from assets that are considered risky, e.g. equities, and allocate the funds to safer
instruments. These safer instruments are often gold and government bonds that act as a type of
safe haven in turmoil times. (Lehnert, 2022) Flight-to-safety and flight-to-quality are often used
as synonyms in finance. The financial media often refers to both when episodes of significant
market stress lead to sharp and opposite shifts between lower risk assets and equity markets.
When discussing gold, it is more accurate to refer to flight-to-safety than flight-to-quality. The
reason for this is that in flight-to-safety investors reallocate from risky assets to safe assets. In
flight-to-quality they reallocate within the same asset class into high quality securities from low
quality securities (e.g. from BBB-rated bonds to AAA-rated bonds). (Baele et al., 2020) The
academic theory is largely focused on flight-to-quality instead of flight-to-safety. In academia
these concepts are also often highly related, therefore both theory on flight-to-safety and flight-

to-quality are discussed in this section.

The principal idea of flight-to-safety can be traced back to as far as 1936 when John Maynard
Keynes presented that when uncertainty rises, investors prefer highly liquid and safe assets
instead of illiquid and risky assets. (Keynes, 2018) In his book there was mention of the liquidity
of an asset also being an important factor in turmoil times. This indicates another closely related
theory that is flight-to-liquidity, that argues investors moving into more liquid assets when

uncertainty persists. The three separate theories of safety, liquidity and quality are very
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interconnected in financial theory. Baele et al. (2020) also concluded in their paper that the
flight-to-safety phenomenon reflects simultaneous shifts toward both higher quality (flight-to-
quality) and higher liquidity (flight-to-liquidity) assets within international equity markets.

The behavior of the flight-to-safety theory can be explained by investors wanting to avoid risk
and negative returns. The avoidance of risks is natural human behavior. When there is higher
market uncertainty that could lead to large equity losses, there is a race towards safer assets.
One of the first models to assess the reasons why investors reallocate to safer securities during
crises came from Vayanos (2004). Vayanos (2004) conducted a model of a multi-asset market
incorporating transaction costs and stochastic volatility, and assumed investors to be fund
managers that face withdrawals once the performance of their funds falls to a specific level. The
findings displayed that each asset has a liquidity premium that changes in time, and investors
have different risk tolerances and liquidity restraints. During negative shocks, investors with
liquidity restraints must sell riskier assets, causing the assets prices to fall. This increases risk
premiums for said assets and makes them correlate more negatively with volatility.

Simultaneously, safer assets, including government bonds and gold, appreciate.

Another model for flight-to-safety (and flight-to-quality) was formed by Caballero &
Krishnamurthy (2008), who claim that investors portfolio adjustments and risk of diminishing
asset returns are not the only factors that drive the theory. They present a model where the
actions of central banks are studied during episodes of flight-to-safety. According to their paper,
there are systematic events that make investors lose confidence in their ability to value assets
that are risky. When negative shocks occur, balance sheets of investors lose value, and similarly
lower their capability to bear risk. This leads to “collective risk management” where funds are
taken from risky assets into safer ones. Consequently, riskier assets e.g. equities lose value and
safer asset e.g. gold appreciate. Their approach provides a macroeconomic explanation for why
safe haven assets appreciate during crises. The phenomenon of flight-to-quality has also been
studied across different countries. Baur & Lucey (2009) researched in total eight different
countries (e.g. Japan, U.S., Germany and U.K) and determined that the flight exists

simultaneously in countries during crises.



15

3 Literature review

This chapter of the thesis is the literature review. The objective of this review is to gain an
understanding of the key studies on gold as a hedge. Additionally, this chapter provides insights
into the methodologies used and the results gained in these previous studies. Firstly, literature
on gold as a hedge and safe haven for equities is presented, as this is the most important literature
regarding the focus of this thesis. Secondly, papers on gold as a hedge for inflation are discussed.

Together, these two sections form the core for this literature review.

The focus of this literature review is on peer reviewed academic articles taken from Elsevier
Science Direct and EBSCO. Multiple key words and their combinations were used to derive the
articles. These key words include the following: “gold” AND “hedge”, “gold” AND “hedge”
AND “safe haven”, “inflation” AND “gold”, “inflation hedge” AND “gold”. Only quantitative
articles were used in this literature review. Summary tables of the articles discussed are

presented at the end of each section.

In addition, a third section is added to this literature review to provide the reader with additional
information on gold prices in today’s world. The third section varies from the first two sections,
as it does not primarily focus on methodologies or findings of individual papers, but instead
concentrates on what drives demand and prices of gold in the market. Acknowledging these
factors is crucial due to them mostly causing the large increase in the value of gold in the past

decade. This topic is discussed in greater detail at the beginning of section 3.3.

3.1 Gold as a hedge and safe haven for equities

One of the earliest studies discussing golds abilities in a portfolio was by Jaffe (1989). His study
highlighted that although gold might be a risky asset individually, its returns are often

independent of other assets. Additionally, his study utilizing mean-variance optimization
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concluded that by adding gold into a portfolio, standard deviation (risk) can be reduced, while
also improving average returns. A similar diversification benefit was discovered by Hillier et al.
(2006) in their analysis of precious metals relative to equities over the period of 1976—2004.
The study employed OLS regressions and rolling correlations to discover that gold exhibits a
low correlation with the S&P 500 and EAFE index returns. Collectively, these studies
established an empirical foundation for viewing gold as an asset capable of reducing portfolio

risk.

A real breakthrough in research came from a study by Baur & Lucey (2010), as they examined
how gold behaves in times of market stress. Their study also gave the field its core definitions
of hedge and safe haven. According to Baur & Lucey (2010) a hedge can be described as an
asset whose returns are uncorrelated or inversely correlated with those of another portfolio or
asset over time on average. A safe haven is defined as an asset that is uncorrelated or inversely
correlated with another portfolio or asset during times of stress in the market. This framework
has become a standard tool in research for assessing safe haven characteristics of assets. Their
study utilizing linear regression models focused on the viewpoints of the U.K., U.S. and German
investors from 1995 to 2005. Gold was found on average to be a hedge against stocks in the
U.K. and U.S. and act as a safe haven during periods of severe market stress. This research

brought forth regional differences, as the hedge did not apply to German investors.

Evidence of differences in countries also came from Baur & McDermott (2010). Gold was found
to function as a hedge for European stock markets for the period 1979—2009, but not for Japan,
Canada, Australia and some large emerging markets e.g. BRIC countries. Gold was also
discovered to be a powerful safe haven during the 2008 financial crisis for most developed
markets. Similarly to Baur & Lucey (2010) the research by Baur & McDermott (2010) utilized

linear regressions with dummy variables used to define extreme negative market movements.

The previously listed key studies gave a foundation for many authors to research this subject,
and the following papers on golds abilities varied considerably. Substantial papers that found
gold to be a reliable hedge and haven include Creti et al. (2013), Giirgiin & Unalmis (2014),
Arouri et al. (2015), Beckmann et al. (2015) and Ali et al. (2020). The research by Creti et al.
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(2013) concentrated on the relationship between 25 commodities and major stock indices (S&P
500 and MSCI World index) with a timeframe of 2001—2011. The authors noted that it is
important to consider time-varying correlations when examining hedging properties of assets,
as correlations are not stationary, but can fluctuate massively over time. Therefore, the paper
used the DCC-GARCH approach as a methodology to study how correlations change through
time. An approach, that gave more insight specifically to the hedging ability of gold than the
static linear regression models that were used in previous studies. The main findings of the study
indicated that there are considerable differences between the diversification benefits of
commodities. For example, oil and coffee demonstrated a positive correlation with stocks, while
gold correlated negatively, maintaining its safe haven status. Furthermore, during the 2008 crisis

when many commodities correlations with equities increased, golds correlation decreased.

Instead of concentrating on the largest markets in the world, the study by Giirgiin & Unalmus
(2014) filled a gap in literature regarding how gold provides a hedge for equities in the
developing countries and emerging markets. This study included 23 emerging countries and had
a timeframe from roughly 2000 to 2013 varying based on data availability per country. This
paper utilized OLS regressions with dummy variables similar to Baur & Lucey (2010). The
results displayed the hedging abilities of gold to also work in emerging markets. Another study
that took the focus outside of western markets was by Arouri et al. (2015) who researched the
hedge abilities of gold against the Chinese markets from 2004 to 2011. This paper employed a
GARCH model, as was done by Creti et al. (2013), but instead of only using DCC-GARCH the
authors also included multiple other commonly used GARCH models. According to the research
the model that performed the best was the VAR-GARCH model. The main findings of the study
were that Chinese stocks can be hedged with gold, and risk-adjusted returns can be improved
by including gold in a portfolio consisting of Chinese stocks. Arouri et al. (2015) also stated that

during the financial crisis of 2008 gold provided a safe haven against the stock markets in China.

The methodologies of studies dated before 2015 mostly utilized linear regressions and/or
various GARCH models. Providing a new method to the existing literature at the time was a
study by Beckmann et al. (2015) that used smooth transition regressions (STR), an augmentation

of the Baur & Lucey (2010) model. This large study had a sample period from 1970 to 2012 and
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included a total of 18 countries and 5 indices. The main findings were that in most countries’
gold exhibited low or negative correlations with stocks in normal conditions, and during high
volatility the negative correlation increased. These results indicated gold to serve both as a safe
haven and a hedge. However, the results did not apply to all study countries, as the authors
highlight the phenomenon to be market specific. Similar findings of differences in markets were
made in a more recent study by Ali et al. (2020). This study made its contribution to literature
with its vastness by comparing the hedging abilities of 21 commodities against a total of 49
stock markets from 2001 to 2018. The study employed regressions, and also a cross-
quantilogram approach to assess the haven behaviour of commodities. Gold emerged as the most
powerful safe haven asset in the results, aligning with many of the previous research. The
effectiveness of golds abilities was greatest for more developed markets instead of frontier

markets.

Despite these respected papers, many authors have come to a different conclusion about the
hedging abilities of gold. Substantial papers that challenge gold’s status as a hedge for equities
include the following: Bekiros et al. (2017), Shahzad et al. (2019), Beckmann et al. (2019),
Cheema et al. (2022), Ryan et al. (2024), and Faraj et al. (2025). The research by Bekiros et al.
(2017) provided information on how gold hedges BRICS economies during 2000—2014. The
main finding provided a lack of evidence supporting gold’s role as either a safe haven or a hedge.
Instead, they did find proof of gold functioning as a diversifier’ in bear markets. The

methodology was based on GARCH models and a wavelet-based time scale analysis.

Wavelet analysis was also used as a method alongside a copula approach by Beckmann et al.
(2019). Compared to their earlier research of Beckmann et al. (2015), this time the authors
arrived at a different conclusion. The newer study indicated a massive change in the hedging
ability of gold after the 2008 crisis. Before 2008 gold had behaved as a hedge for stocks, but
after 2008 the classical hedge role had disappeared. Nine of the world’s largest economies were

studied with a timeframe of 1985—2014. (Beckmann et al., 2019) The biggest markets were

2 Bekiros et al. (2017) followed the definition originally by Baur & Lucey (2010) of a diversifier being an asset
that exhibits a positive, but less than perfect, correlation with a portfolio.
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also revisited by Shahzad et al. (2019) when studying the haven properties of gold against the
G-7 bond and stock markets. Their study with a sample period from 1989 to 2015 concentrated
purely on the safe haven aspect of gold. The authors used a novel vector autoregressive (VAR)
for value-at-risk (VaR) method and a cross-quantilogram approach also utilized by Ali et al.
(2020). According to Shahzad et al. (2019), the evidence supported gold to not function as a

safe haven for G-7 bond and stock markets.

Compared to the previously discussed studies, Cheema et al. (2022), Ryan et al. (2024) and
Faraj et al. (2025) all use data that is much closer to today with their sample periods ending in
2021, 2020 and 2024, respectively. Cheema et al. (2022) specifically focused on the COVID-
19 pandemic compared to the financial crisis of 2008. By concentrating on properties of multiple
safe haven assets against 10 of the largest economies in the world, this study provided insight
on whether traditional safe haven assets still work. This research used descriptive statistics and
a GJR- GARCH approach to conclude that gold did not act as a safe haven throughout COVID-
19. The authors highlighted a change in gold’s behavior between the two crises, with gold being
extremely risky in certain contexts, particularly in Japan and China. These findings of changes

after 2008 are similar to the ones made by Beckmann et al. (2019).

Both Ryan et al. (2024) and Faraj et al. (2025) focus purely on the United States markets,
specifically the S&P 500. The difference between these studies comes from Ryan et al. (2024)
concentrating more on the context of what type of bad events cause gold to function as a haven.
With a long sample from 1979—2020, and a methodology consisting of regressions with shock
indicators, the study finds that when markets fall due to macroeconomic news, gold is a strong

safe haven. The haven property is nonexistent when markets fall because of other causes.

The most recent relevant study on gold as a hedge came from Faraj et al. (2025). By splitting
their study period into two separate sections® of 1980—2005 and 2006—2024, they found that
during the later section the hedging ability of gold decreased significantly. Via DCC-GARCH,

3 The first (earlier) section was deemed as a stable period, while the second (later) section was deemed as a
volatile period in the S&P 500. This split was done based on volatility. (Faraj et al., 2025)
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linear regressions and rolling mean the study concluded that gold recently behaves similarly to
a risky asset and moves with the S&P 500 during stressful times. This paper provides a recent

and highly relevant critique of the defensive properties of gold.

It is interesting to note that the change in literature regarding the gold-equity relationship has
occurred chronologically. Older articles with less recent data conclude gold to be a strong
defensive asset against stocks, while newer articles with more recent data highlight that the
defensive abilities of gold are fading. This discovery strengthens the justification of this thesis
focusing on recent data (2015—2025) as the relationship has appeared to change with time. For
clarity, the summaries of key studies discussed in this section are displayed on the next page in

Table 1.
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Table 1. Summaries of key studies related to the hedge and safe haven roles of gold on equities.

Stock market(s)/ study

Auth S 1 iod Methodology Main findin
uthors (Year) countries ample perio ethodology ain g5
M rari;
Jaffe (1989) S&P 500 1971-1987 r;an x.anz.mcg Gold can reduce portfolio risk, while improving returns.
optimization
OLS i Gold exhibits a low lation with S&P 500 & EAFE index
Hillier et al. (2006) S&P 500, EAFE index 1976-2004 - resressen. exhibits 2 low correlation v
rolling correlation returns.
Baur & Lucey (2010) UK. US. & Germany 1995-2005 OLS regfes.smn with  Hedge applies to UK. and U_S. markets, not so much for
stress indicators German markets.
Baur & McDermott (2010) 13 countries (e.g. U:S., 1979.2009 OLS regl:es.sian with Gold hedges Eur.opcan stock markets, b-u! not Jap-an, Canada,
Japan BRIC coumntries) stress indicators Australia & some large emerging countries.
Creti ot al. (2013) ?S commodoties vs ?&P 20012011 DCC-GARCH Gold correlated negatively \.“iﬂl stocks. It ?r.oﬁded a safe
500 & MSCI World index haven even during the 2008 crisis.
. . . OLS ion with Hedging abilities of gold ed to work i i
Giirgtin & Unalmg (2014) 23 emerging countries 2000-2013 regl:es.smn v odging auies of goid secinod to work Cven in CoCIEng
stress indicators markets.
Arouri et al. (2015) China (MSCI China index) 2004-2011 VAR-GARCH Chinese stocks can be hedged with gold.
) Smooth transit In most countri 1d both a hed, d a safs
Beckmann et al. (2015) 18 countries and 5 mdices 1970-2012 oo . ansimon most co 5 goid serves as botl a hedge and a sale
regression (STR) haven.
21 commoditie inst 49 Re; i and
Ali et al. (2020) € S agans 2001-2018 gressions Gold is a powerful safe haven for most countries.
stock markets cross-quantilogram
GARCH models and
Bekiros et al. (2017) BRICS economies 2000-2014 a wavelet-based time Not a hedge. nor a safe haven. but a diversifier.
scale analysis
) VAR for VaR_ and Th y i 1d being a hed; f
Shalzad et al. (2019) G-7 stock markets 1989-2015 or vax. an FIE W8S To evidemce o go'd beme & iedge nor a sate
cross-quantilogram haven for G-7 markets.
U.S., Japan, Germany,
. 7. hina A big diffe in the hedgi ity of gold before and aft
Beciomann et al. (2019) UK., Canada, Chi 19852014 Copula wavelet g difference in the hedging abiity of gold before and after
South Africa, Australia and 2008. After 2008 gold was not a hedge nor a haven.
India
Gold did not act as a safe haven durmg COVID-19. There
10 largest ies m th GJR-GARCH,
Cheema et al. (2022) argest econormes m e 1990-2021 .. .. was a big difference in behavior between 2008 crisis and
world descriptive statistics
COVID.
Safe haven status is conditional on macroeconomic news that
Ryan et al. (2024) S&P 500 1979-2020 Regression model  cause drawdowns in the market. When markets fall for other
reasons, gold isn't a haven.
DCC-GAR! . . . .
. e X CH’ Gold recently behaves similarly to a risky asset, comoving with
Fargj et al. (2025) S&P 500 1980-2024 linear regression,

; the S&P 500
rolling mean
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3.2 Gold as a hedge for inflation

Gold is often the place where investors go to maintain value when purchasing power diminishes
rapidly in times of higher-than-average inflation. This is, at least, the commonly held view.
Traditionally gold has a reputation as a hedge for inflation, but there is a lot of debate on whether
this is truly the case. One of the earliest studies examining gold as an inflation hedge is the study
by Jaffe (1989). The research concluded via regression that gold could hedge short-term
inflation, however the regression R-squared was under 1% indicating gold to not be an effective
hedge against U.S. CPI inflation. Data from 1971 to 1987 was used, starting from the first month
following the U.S. government’s termination of the dollar’s convertibility into gold. After this
paper, many authors have approached this subject and arrived at different conclusions.
Empirical evidence on the effectiveness of gold as an inflation hedge remains mixed. Some
papers support gold’s capacity to hedge inflation (e.g., Ghosh et al. (2004), Bampinas &
Panagiotidis (2015), Conlon et al. (2018), Xu et al. (2021) and Baur (2025)), whereas other
research find the relationship either to be weakened or non-existent (e.g., Tully & Lucey (2007),
Erb & Harvey (2013) and Beckmann & Czuraj (2013)).

Alongside Jaffe (1989), evidence from the 1970s—1990s came to light with a study by Ghosh
et al. (2004) who discovered that during 1976 to 1999 there was a statistically significant
positive relationship between U.S. inflation and gold prices in the long run, but insignificant in
the short run. Similar discoveries were made by Bampinas & Panagiotidis (2015) that gold
works as an inflation hedge over long horizons (not as well in short horizons) with their study
of over two centuries worth of data from 1791 to 2010. The study was focused also on U.K.
alongside the U.S. and concluded that on average in the U.S. the hedge was stronger. By using
time-varying cointegration Bampinas & Panagiotidis (2015) showed evidence that the
relationship of inflation and gold is time-varying and can differ between regimes. Unlike earlier
research (Jaffe (1989) and Ghosh et al. (2004)), this study examined the relationship to be

dynamic instead of static.
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The static relationship was also challenged by Conlon et al. (2018) in their study including U.S.,
U.K., Japan and Switzerland. To study the relationship dynamically, a wavelet transformation
method was used with a long study timeframe from 1968 to 2014. Results displayed gold stocks
and gold futures to hedge inflation for all the countries included in the study. Additionally, the
researchers examined several historical periods separately and found the hedge to work in
multiple periods, rather than only working during a specific time. Unlike Bampinas &
Panagiotidis (2015), the research by Conlon et al. (2018) also established gold to be both a long-
and short-term hedge.

One of the recent papers on this subject by Xu et al. (2021) focused on several time horizons to
once again examine if the relationship is time-varying or stable. By examining the U.S. CPI
inflation with a timeframe from 1978 to 2016, evidence suggests that gold provides consistent
protection against inflation across time horizons. A stationary test was used alongside a Fourier
function in this analysis. (Xu et al., 2021) More recent papers also include a working paper by
Baur (2025) focusing on the hedging ability of gold on U.S. inflation. The research showed gold
to have been an effective hedge back in 1970s and 1980s, but not in recent decades. The study
conducted via regressions displayed inflation rates and CPI changes to have near zero
explanatory power in regard to gold returns. According to the study, shocks and substantial

inflation rates seem to move gold, average inflation rates do not.

There are many papers alongside Baur (2025) that also question the hedging ability of gold
(Tully & Lucey (2007), Erb & Harvey (2013) and Beckmann & Czudaj (2013)). The research
by Tully & Lucey (2007) concentrated on U.S. and U.K. CIP over a time period of 1984—2003.
With an APGARCH (power-GARCH) methodology, they concluded that gold and inflation
seem to have no statistical relationship. Compared to typical econometrical studies, Erb &
Harvey (2013) took a different approach basing their methodology on descriptive statistics and
rolling observations comparing real and nominal gold returns. Their study using U.S. CPI data
from 1972 to 2012 claimed gold to have little to no correlation with inflation, thus having weak
hedging powers. Additionally, gold is deemed very volatile and to substantially deviate from

inflation trends.



24

Beckmann & Czudaj (2013) alongside U.S. CIP included other countries inflations in their study
to give evidence from outside the United States with a sample time from 1970 to 2011.
Consequently, Japan, U.K. and the Euro Area were researched with a Markov-switching vector
model. According to the results, gold was unable to hedge against inflation in the short run and
only provided a partial hedge in the long run. Additionally, the long run hedge worked better in
the U.S., and U K. than in the Euro Area and Japan, highlighting country specific differences.
Beckmann & Czudaj (2013) also find evidence consistent with other research (Bampinas &
Panagiotidis (2015), Baur (2025)) that the time horizon is a crucial factor when determining the

usefulness of the hedge.

In summary, the literature on this subject has evolved through time with the earlier studies (e.g.
Jaffe (1989), Ghosh et al. (2004)) using more static approaches compared to dynamic, time-
varying analyses utilized in later works (e.g. Bampinas & Panagiotidis (2015), Conlon et al.
(2018)). The literature is also quite divided, as some papers (e.g. Xu et al (2021), Conlon et al.
(2018)) claim gold to be a good hedge, when others (e.g. Baur (2025), Ertb & Harvey (2013))
claim the opposite. Some papers that advocate for the hedging ability find gold to provide only
a long run hedge (e.g. Ghosh et al. (2004)), and other papers (e.g. Conlon et al. (2018)) claim
the hedging property to also work in the short run. Overall, the consensus in literature is that the
hedge effectiveness depends on the study time and the study regions. For clarity, the summaries

of key studies discussed in this section are displayed on the next page in Table 2.
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Table 2. Summaries of key studies related to gold as a hedge for inflation.

Authors (Year) Study countries

Sample period

Methodology Main findings

Jaffe (1989) U.S. CPI
Ghosh et al. (2004) U.8. CPI
Bampinas & Panagiotidis (2013) U.S. and UK.

Conlon et al. (2018) U.S., UK., Switzerland, Japan

Baur (2023) U.S. CPI
Xuetal (2021) U.S. CPL
Tully & Lucey (2007) UK. and U.S.

Erb & Harvey (2013) U.S. CPL

Beckmann & Czudaj (2013) Japan, U.S., Euro Area, UK.

3.3 Drivers of the price of gold

1971-1987

1976-1999

1791-2010

1968-2014

1971-2025

1978-2016

1984-2003

1972-2012

1970-2011

Linear regression Gold could hedge inflation. but the R-squared was

= under 1% indicating gold to not be an effective hedge.

Cointegration
regression
techniques

Statistically significant relationship in the long run. but
insignificant in the short rn.

Time-varying
cointegration

Gold works as a hedge in long run, but not well in
short run. In the U.S. the hedge was stronger.

A wavelet In all study countries gold provided a hedge for
inflation, and it worked in multiple periods. Both long-

and short term hedge.

transformation
method

. Gold was an effective hedge in 1970s and 80s. but not
Regression analyses . =
= in recent decades.

Stationary test with  Consistent protection against inflation across time

a Fourier function horizons.
APGARCH (power-
GARCH)

Inflation and gold seem to have no statistical
relationship.

Descriptive
P Gold appears to have little to no correlation with

inflation, indicating a weak hedge.

statistics and real vs
nominal gold return

Markov-switching  Gold was no hedge in the short run, and only a small
hedge in the long run. Hedge worked better in U.S.

and UK. than in Euro Area and Japan.

vector error
correction model

Multiple factors that are yet to be mentioned drive the price of gold in the market today. Both

previous literature and recent data indicate that the main drivers of gold demand are jewellery

and technology, central bank purchases, and investment demand, especially through ETFs

(Shafiee & Topal (2010), World Gold Council (2025a)). This section will briefly discuss these

drivers of gold and acknowledge that the price of gold is influenced by more than just equity

and inflation movements.
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The academic articles mentioned in this section are derived from Elsevier Science Direct,
ProQuest, SSRN and EBSCO by using key words including “central banks” AND “gold”,
“Bretton Woods” AND “gold”, “gold” AND “ETF”, “industrial demand” AND “gold price”,
“gold price” AND “jewellery”. Additionally, this section references the World Gold Council

website for more recent statistics.

3.3.1 Central bank gold purchases

Gold in the past served a very different purpose than what it does today, as it acted as a
foundation for the international monetary system. During the time of the gold standard (1870s
to 1914) countries were required to tie their currencies to gold. Later on, the Bretton Woods
system (1944—1971) tied the United States dollar to gold and other currencies to the U.S. dollar.
Due to these systems, countries had to have large amounts of gold in their reserves. (Monnet
and Puy, 2020) After the removal of the Bretton Woods system, there was no obligation for
countries to hold large amounts of gold. Despite this, gold still played a big part in central bank

IeSCerves.

According to Aizenman & Inoue (2013) gold holdings for advanced economies were correlated
with economic power when studying the trading behaviour of central banks from 1979 to 2010.
This meant that nations with past colonial powers still held large amounts of gold which did not
line up to the modern diversification motives of their reserve portfolios. Consequently, gold
reserves needed to be reduced, leading to many economies in the world becoming net sellers of
gold for decades, decreasing their reserves until 2008. (Aizenman & Inoue, 2013) A large shift
in this behaviour occurred after the 2008 crisis with central banks once again becoming net

buyers of gold. This shift is displayed below in Figure 1.
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Gold Holdings in Official Reserve Assets, 1999-2022
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Figure 1. Gold holdings in reserve assets and number of countries selling/purchasing gold.
(Arslanalp et al., 2023)

As shown in Figure 1, gold holdings in reserve assets have rapidly increased after 2008, with
net purchases continuing to accelerate after 2015 and coming to the 2020s (Arslanalp et al.,
2023). The trend of purchasing gold has not yet ended, as data from 2025 displays that gold has
recently overtaken the Euro as the world’s second-largest reserve asset. Consequently, for the
first time since 1996, central banks have more gold in their reserves than U.S. treasuries.

(McGeever, 2025)

One reason for these large gold purchases is the safe haven and hedging properties gold is
deemed to have against geopolitical uncertainty and macroeconomic crises. Additionally, larger
gold reserves have also been linked with reduced country risk and improved creditworthiness.
(Rathi et al., 2022) According to the World Gold Council (2025b) central banks hold and
purchase gold not only for hedging benefits but also for its return and liquidity characteristics.
The size and impact of central banks to the gold market is massive, as approximately one fifth

of all gold mined in history is held by them. (World Gold Council, 2025b)

Evidence was found by Elfakhani et al. (2009) that central banks large scale selling of gold was
one of the key factors in the decline of gold price in the 1990s. Inversely, purchasing great
amounts of gold contribute to higher demand. This demand increases buying pressure and thus
increases the market price of gold. Central banks therefore largely influence gold prices in the

market. Despite there being a link between central banks behaviour and gold prices, the direct
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influence of the recent (2008—2025) central bank purchases to the price of gold are yet to be

fully known. However, it can be said that such influence is present.

3.3.2 Jewellery and industrial demand

When excluding central banks, the private sectors demand for gold is often divided into non-
investment and investment demand. The non-investment demand intakes the physical usage of
gold in materials, such as, jewellery and technology. It reflects, for example, industrial
innovation, consumers income and cultural aspects, rather than the speculative motive of rising

gold prices or the protective nature of the asset. (Kazak et al., 2025)

A large amount of demand for physical gold stems from jewellery. Gold jewellery is common
all over the world, but the majority of it is consumed in Asian cultures. According to
Schmidbauer & Rosch (2018), around 60% of all gold jewellery consumption in the world
comes from India and China. In these cultures, gold is a common gift that is given during
holidays, for example, Diwali, New Year’s and Chinese Spring festival. A connection has also
been found between important festivals and gold price behaviour. Schmidbauer & Rosch (2018)
discovered gold prices to move abnormally during times of large festivals in India and China
from 1991 to 2014. These results highlight the importance of the jewellery industry on the price
of gold.

Alongside jewellery consumption, gold is also used in technology. Multiple areas of technology
require gold, but the largest demand by far comes from electronics, as it makes up around 80%
of technology usage. Largely, gold is used in electronics for the automotive sector and consumer
electronics. (World Gold Council, 2025a) The role of gold in future technologies was
acknowledged already in 2004 by Corti & Holiday (2004) as they also noted that gold would

serve an important role in future automotive electronics.
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Gold in modern technology is known for its great conducting ability of electricity, making it a
reliable part in chips for phones and computers. As technology has developed, so have the
applications for gold, as it nowadays plays an influential part in artificial intelligence (Al).
According to Street & Keel (2024) the Al sector desperately needs electronic components that
are durable and efficient for the use of, for example, data centres and data processing. This is
where gold today fits perfectly due to its features. Additionally, as Al technology develops and
spreads to other sectors (e.g. healthcare), the demand for gold is likely to further increase. (Street
& Keel, 2024) How new technologies such as Al influence the demand and prices of gold is yet
unknown and academic research on the subject is still scarce. Despite academic scarcity, the
large physical demand for gold in technology and jewellery provide structural support for gold

prices as gold is utilized around the world for other than just investment reasons.

3.3.3 The significance of ETFs

The importance of investment demand for gold has been discussed abundantly in previous
sections of this chapter. However, ETFs (exchange-traded-funds) and their meaning in gold
demand is yet to be mentioned. The significance of ETFs on the gold market is also largely
noted in academic research (e.g. Baur (2013) and Cheng et al. (2020)). The concept of gold
ETFs is rather new as they were first introduced in the 2000s, and gained their popularity in the
2010s (Cheng et al., 2020).

According to Baur (2013) ETFs have made it simpler to invest in gold, causing a permanent
shift in demand that influences gold prices and volatility. This shift has made it possible for both
retail (non-professionals) and institutional investors to allocate money into gold without having
to physically purchase and store it. Additionally, gold ETFs have better liquidity and low
transaction costs compared to the physical asset (Cheng et al., 2020). A study by Ivanov (2013)
showed that since the start of the 2010s the ETF market is where price discovery for gold occurs,

instead of the previously dominant futures market.
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Despite gold ETFs being a new investment product, their size has grown to be massive during
the past decade. To grasp the size of this market today, World Gold Council (2025c) recently
reported the total assets under management in gold ETFs to be approximately 500 billion USD.
The impact on gold demand and prices arises from the fact that ETFs are almost entirely backed
by physical gold holdings. As shares of gold ETFs are bought, funds need to obtain physical
gold to support the shares, establishing a direct connection between physical gold demand and

ETF inflows.
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4 Data and research methodology

This chapter presents the data and methodologies that are used in this research. Firstly, section
4.1. discusses the data utilized in this thesis. This section also provides information on how the
data is processed and presents its descriptive statistics in detail. Secondly, section 4.2.
thoroughly explains the empirical methodologies utilized in this thesis along with their

assumptions.

4.1 Data and variables

The data used in this thesis is quantitative data spanning a 10-year period from 2.1.2015 to
30.6.2025. The data from the first half (H1) of 2025 is included in this study due to the high
volatility and uncertainty in the market during that period (e.g. “Liberation Day” tariffs). Other
reasons for the inclusion are the abnormally good return for gold and the large gold purchases
of central banks during the first half of 2025. Variables used in this thesis consist of various
stock indices from the Eurozone, the EUR denominated gold price (XAU/EUR), the VSTOXX
volatility index for the Eurozone, and the commonly used inflation measure of HICP. The data
utilized in this thesis is collected from LSEG Workspace (Refinitiv Eikon). Equities, gold and
VSTOXX variables are firstly discussed in this section, after which the inflation data of HICP

is presented.

4.1.1 Equities, gold and VSTOXX

The stock indices used in the research are the STOX Europe 600 index, DAX index, CAC 40,
FTSE MIB, IBEX 35, and AEX. The benchmark that displays the overall European equities in
this research is the STOXX Europe 600 index. This index consists of 600 companies from 11
industries and 17 countries and serves as a comprehensive indicator of the European equity
market. Additionally, the five other indices in this research represent the indices of the five

largest economies in the Eurozone that use Euro as a currency. Due to this research



32

concentrating specifically on the EUR investor, the FTSE 100 index representing the London

stock market is excluded from the largest Eurozone economies.

The included DAX index, CAC 40, FTSE MIB, IBEX 35 and AEX represent Germany, France,
Italy, Spain and Netherlands, respectively. The daily closing prices of all the mentioned indices
are taken starting from 2.1.2015 and ending in 30.6.2025. The countries utilized have different
bank holidays making their trading days vary slightly. For this reason, daily closing prices
needed to be aligned, and holiday observations filled with previous trading day values, making
the movement for indices during their holidays be zero. Alongside the indices, the gold variable
of XAU/EUR is used in this thesis. Daily closing prices for XAU/EUR are taken. After taking
the closing prices for indices and gold, their daily logarithmic returns are calculated with

equation 1. In equation 1, P is the price of the asset, and 7, the return for the asset.

. Asset _ In

—1

(1)

In addition to the indices and gold variables, the volatility index of VSTOXX is also used in this
research. This index is based on the implied volatility of EURO STOXX 50 options prices. This
variable in the thesis is the equivalent of the VIX fear index for U.S. focused studies. VSTOXX
is not the main identification of stress in the thesis, but it is used in regression methodology to
give insight on how gold returns relate to the volatility index. The daily closing prices of

VSTOXX are taken and daily changes for descriptive purposes are calculated.

The summary statistics of the variables discussed are displayed in Table 3. Firstly, gold and
equity indices are discussed as they vary from the behaviour of the volatility index. Equity
indices and gold display small average daily returns, with all means slightly above zero
(0,017%-0,038%). The highest mean return of 0,038% is obtained by gold. The standard
deviations (SD) are moderate across assets, with the lowest SD coming from gold (0,83%), and
the highest from FTSE MIB (1,38%). All indices exhibit a standard deviation above one percent.
The largest daily drawdown is from the Italian FTSE MIB index with a loss of -18,54%, whereas
the German DAX index exhibits the largest daily gain at 10,54%. Both these returns were made
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during the turmoil year of 2020. Compared to the indices, gold has much smaller extreme values
with a minimum return of -5,88% and a maximum of 7,11%. All assets exhibit strongly positive
values of excess kurtosis, indicating fat-tailed distributions. The largest kurtosis values come
from FTSE MIB and IBEX 35, and the lowest value comes from gold. Skewness of all indices
is slightly negative, showing that downward shocks are larger than positive ones. Gold deviates
from the indices, as it has a positive skewness of 0,009. As for the normality of returns, the

Jarque-Bera (1980) test concluded none of the return series to follow a normal distribution.

Table 3. Descriptive statistics of daily returns for European equity indices, gold (XAU/EUR)
and the VSTOXX volatility index from the sample time of 2.1.2015 to 30.6.2025. Each assets
mean, SD, min, max, kurtosis and skewness are displayed. Jarque-Bera test statistic values are
also reported with *** indicating a 1% risk level.

Standard

L X Excess J-B test
Asset Mean deviation Min Max . Skewness .
Kurtosis statistic
(sb)

STOXX Europe 600 0,017 % 1,02 % -12,19% 8,07 % 13,064 -1,122 19953*** 2736
DAX (Germany) 0,033 % 1,20% -13,05% 10,41% 10,539  -0,608 12778*** 2736
CAC 40 (France) 0,022 % 1,17 % -13,10 % 8,06 % 11,390 -0,866 15071*** 2736
FTSE MIB (italy) 0,027 % 1,38% -1854% 8,55 % 19,264 -1,638  43365%** 2736
IBEX 35 (Spain) 0,011 % 1,25%  -15,15% 9,28 % 18,116 -1,324  38066*%** 2736

AEX (Netherlands) 0,028 % 1,08% -11,38%  8,59% 9,186 -0,747 9834,6%** 2736
Gold (XAU/EUR) 0,038 % 0,83%  -583% 7,11% 4,362 0,009 2682,4%** 2736

VSTOXX index -0,01% 716% -4347% 48,59 % 4,453 0,755 2509,7*** 2736

In contrast to gold and equities, the VSTOXX index exhibits return characteristics of volatility-
based instruments. It has a far higher standard deviation (7,16%) than other assets, and the
maximum (48,59%) and minimum (-43,47%) values are much larger. The index displays
positive skewness (0,76) aligning with volatility spiking more during bad news than it falling
during positive news. Alongside the other assets, VSTOXX has positive kurtosis and does not

follow a normal distribution.
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For all variables, the number of daily observations per variable is 2736. Additionally, annual
returns for indices and gold are calculated for descriptive purposes. The annual returns for gold

vs each equity index during the research period are displayed below in Figure 2.

Gold vs STOXX Europe 600 Gold vs DAX index
40,00% 40,00%
30,00% 30,00%
9
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-20,00% -30,00%
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Figure 2. Annual returns of gold vs each equity index. The yellow bars represent gold returns,
while the grey bars represent returns of equity indices.

The data shows that for all stock indices the returns for years 2018 and 2022 were highly
negative, but for gold they were slightly positive. This indicates that on an annual level, as equity
returns were negative, gold managed to obtain positive returns. The biggest annual loss of these
indices was by the German DAX index, that showed a -18,26% decline in 2018. Inversely, the
largest gain out of these assets was made by gold in 2024 with a 35,61% increase in its value.

The most notable differences in the performance of indices were in the pandemic year of 2020.
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A few indices (AEX, DAX) were able to have positive gains, while the others were negative.
The IBEX 35 (Spain) fell a notable -15,45% during 2020 amid its declining economy struggling
with COVID-19 restrictions. As for gold, the years 2015 and 2017 were the only years when
gold price fell. Even in those years the loss for gold was only around -1,5%. To better visually
illustrate the strong performance of gold, an index including equities and gold is constructed.

This index is displayed below in Figure 3.

—Gold (XAU/EUR) ——STOXX Europe 600 ——DAX —CAC40 —FISEMIB —IBEX35 —AEX

300

INDEX (START = 100)
2
8
8

3

100

0
2.1.2015 212016 2.1.2017 212018 212019 21.2020 212021 212022 212023 2.1.2024 2.1.2025
TIME (YEARS)

Figure 3. Performance of European Stock Indices and Gold from 2015 to 2025.

In Figure 3 the index face value is set to 100 and it follows the performance of major European
stock indices and gold from 2 January 2015 to 30 June 2025. Gold is the best performing asset
in the index, nearly tripling in value. Gold performed roughly in line with the indices until it
started to rally in 2024. The COVID-19 shock in 2020 is clearly visible across equities, as they
fell sharply in March. Gold also appeared to fall, but it quickly recovered, creating a large gap
in its performance and that of equities during 2020. Another sharp visible drawdown for equity
markets was the “Liberation Day” tariff announcement in April 2025, during which gold also
fell but to a lesser extent. Over the full sample, the DAX and AEX performed quite well but
neither achieved the return made by gold. In contrast, IBEX 35 performed notably the worst

with a total return of less than 50% across the over 10-year period.
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4.1.2 Inflation data

The variable of HICP (Harmonized Index of Consumer Prices) is used for the inflation study of
this thesis. This variable measures inflation for the Eurozone, and it is constructed by the
European Union, specifically Eurostat. HICP is the best alternative to use when studying overall
Eurozone inflation, as European countries all have different inflation rates. (European Central
Bank, 2025) HICP is also widely used in academia as a proxy for Euro Area inflation. This
study utilizes year-over-year percentage changes in inflation. The data consists of monthly
observations, as inflation rates are released monthly. Inflation is measured using realized values,
meaning that the inflation rate for month ¢ is the figure published in month ¢+ /. Table 4 presents

the descriptive statistics for inflation.

Table 4. Descriptive statistics for year-over-year HICP. In this table, mean, SD, min, max,
kurtosis and skewness of HICP are displayed. The Jarque-Bera test statistic value is also
reported with *** indicating a 1% risk level.

Standard . Excess .
Asset Mean L. Min Max . Skewness J-B test statistic N
deviation Kurtosis
HICP (YoY%) 2,37 2,63 -0,60 10,60 1,67 1,56 62,34*** 126

HICP displays a typical mean for long-run inflation of approximately 2,4% and a standard
deviation of around 2,6%. The high deviation arises from the fast-changing environment for
inflation during the 2020s, with the highest value of 10,6% obtained in late 2022. Inversely, the
lowest value of -0,6% is obtained in 2015 at the start of the study period. The positive excess
kurtosis of 1,67 and skewness of 1,56 imply that there are many months of low inflation and a
few very high inflation months with shocks being quite large. The Jarque-Bera (1980) test was
also conducted for the data, indicating non-normality. Figure 4 displayed below is formed to
better illustrate the low- and high inflation times during the timeframe of the study from January

2015 to June 2025.
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Figure 4. Harmonized Index of Consumer Prices (HICP) inflation Year-over-Year % change
from 2015 to 2025.

It is visible from Figure 4 that inflation was around 0% from 2015 to 2016, even displaying
slight deflation in 2015. The time from 2017 to 2020 was modest inflation of around 1-2%. In
2020 inflation once again fell to levels around 0%, mostly due to the collapsing demand in
multiple sectors during COVID-19. From 2021 onward, a massive surge in inflation began,
eventually reaching a peak of 10,6% in October of 2022. This situation deflated rapidly with
inflation steadying in the 2-3% region since the start of 2024. Overall, this period reflects a
historically turbulent inflation cycle ranging from times of slight deflation to unprecedented

high levels of inflation.

4.2 Methodologies

The empirical methodologies used to study the gold-equity relationship in this thesis consist of
the DCC-GARCH model and multivariate linear regressions. The use of these models is highly
justified with previous literature. Additionally, a univariate regression model is formed to test
the inflation hypothesis of H3. All of these models are discussed, and their underlying
assumptions tested in this section. Figure 5 is constructed to obtain a better understanding of the

methodological approaches used to analyse gold’s various properties.
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Hypothesis Variables Methodology
4 N 4 N 4 N
H1) Gold on average provided Gold (XAU/EUR), STOXX
a hedge for European equities E— Europe 600, DAX, CAC 40, —_— DCC-GARCH
during the 2015—2025 period. FTSE MIB, IBEX 35, AEX.
- vy \. J . /
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H3) Gold provides a hedge

against short-term inflation in Gold (XAU/EUR). HICP
Europe during the 2015—2025 inflation.

period.

——— | Univariate linear regression.

Figure 5. Research framework linking hypotheses, data and empirical methods.

4.2.1 DCC-GARCH model

DCC-GARCH (Dynamic Conditional Correlation — Generalized Autoregressive Conditional
Heteroskedasticity) is a commonly utilized methodology in economics when studying the
continuously changing correlation between two assets. This model has also been widely utilized
by modern papers when studying the hedging ability of gold on equities (Creti et al., 2013; Faraj
et al., 2025). Consequently, the model is also used in this thesis for the same purpose. The basis
for this model comes from the ARCH model proposed by Engle (1982) for modelling financial
time series volatilities. The ARCH model is an important part of modern finance, as it has an
ability that regressions models do not. Standard regression models assume a constant variance
of error terms (homoskedasticity). This assumption does not hold for e.g. financial asset returns,
as volatility often clusters, meaning high (low) volatility is often followed by high (low)
volatility. The ARCH model allows changes in variance by linking current volatility to past

squared error terms (Engle, 1982).

The ARCH model was later on used as a basis to the now popularly used GARCH model
introduced by Bollerslev (1986). In the ARCH model, variance depended solely on past squared
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error terms, whereas the GARCH model incorporates both the past error terms and past variance.
An issue with ARCH is it requires a substantial number of lags in order to capture persistent
volatility, often leading to too many parameters. GARCH solves this problem, while also being
far more useful for capturing volatility clustering in financial data. (Bollerslev, 1986) The
GARCH model is useful at modelling the variance of an asset, but it is very restrictive when
considering multiple assets and it provides no information on the co-movement of assets. To
solve this problem, Engle (2002) introduced the DCC-GARCH model that provides an effective
way to measure both correlations and variances that evolve over time. (Engle, 2002) According
to Engle (2002), the DCC model consists of two steps: (i) for each asset a standard univariate
GARCH (1,1) model needs to be estimated and (ii) the dynamic correlation process is estimated

using the standardized residuals from the first step.

Firstly, the estimation of step one (i) (the GARCH (1,1) model) consists of a mean equation (2)
and a variance equation (3 & 4), both displayed below.

1. GARCH (1,1) model

Tkt = Mk + Eky @

€kt = V hk,t 2kt 3)

iy = Wi + owep g + Brhrg— 4)

where rr: = the return of asset k at time ¢
Uk = constant mean return (asset k)
ekt = the shock (residual return at time ¢, asset k)
hi.r= conditional variance (time ¢, asset k)
zi,s = White noise (time ¢, asset k)
ok, ok Pr = parameters of GARCH, with oy representing a constant term, o an
effect of last period’s shock (ARCH term), and fi the volatility persistence
(GARCH term)
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Secondly, after the GARCH (1,1) model is estimated, step (ii) is to construct the DCC model
with the standard residuals obtained from GARCH (1,1) in the previous step. This includes
equations of the standardized residuals (5), DCC equations (6 & 7) and the conditional variance
matrix (8). (Engle, 2002) From these equations, the dynamic correlation path (9) is obtained.

These equations and the process of step (ii) is displayed below.

1. DCC model

Standardized residuals:

Ekyt
Zht = (5)
A/ hk,t
DCC equations:
Qi=1—-a—0)Q+a« (z,g,l 2571) + 8@+ (6)
Ry = diag(Q:) ™" Qudiag(Q;)™" (7)
where O: = a dynamic covariance matrix from the standardized residuals
O = the non-conditional covariance matrix of the standardized residuals
o = impact of new co-movement shocks (later noted as DCCa)
p = the persistence of correlations (later noted as DCCp)
Covariance matrix:
Ht - Dt Rt Dt (8)

where H, = conditional covariance matrix
D, = diagonal matrix containing volatilities (//#: on the diagonal)

R; = dynamic correlation matrix
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From correlation matrix R;, the dynamic conditional correlation between gold (i) and stock index

(7) 1s given by the (i,j) element of R;:

(5,9) Qij,l’,

Dy Qe ——
Qi1 Qi

where @ is the dynamic covariance matrix of standardized residuals formed from DCC

)

equations (6 & 7). The term p,*/ therefore represents the dynamic correlation path between gold
and a selected stock index at time z. This p; variable is key in observing the hedging property of
gold. More precisely, the mean of p; is calculated to obtain the average conditional correlation
between assets. This mean of p; is observed to see whether it is negative (hedge), or positive
(diversifier / no hedge). This method of forming the correlation path p; is also utilized by Creti
etal. (2013).

In order to employ the GARCH (1,1) model, the underlying assumptions of the model need to
be tested. These assumptions include the assumption of stationarity and ARCH effects in the
data. The ARCH effects meaning that the data exhibits conditional heteroskedasticity. These
effects can be tested using the Engle’s (1982) ARCH test. Based on the ARCH test, the indices,
gold and VSTOXX all exhibit the needed ARCH effects. The stationarity of data is evaluated
with the Augmented Dickey-Fuller test, with results displaying that the data series are stationary
(Dickey & Fuller, 1979). Both these tests utilized a significance level of 1%, confirming that
the GARCH (1,1) specification is appropriate for the data.

4.2.2 Linear regressions

The linear regression of OLS (Ordinary Least Squares) is used in a variety of studies examining
the gold-equity relationship (Baur & Lucey, 2010; Baur & McDermott, 2010; Faraj et al., 2025).
A linear regression analysis consists of a dependent variable (y) and an independent variable
(x). When there are multiple independent variables, the model is called a multivariate linear

regression model. The purpose of the model is to measure and describe relationships between
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variables. The most widely used linear regression method is the Ordinary Least Squares (OLS).
Its purpose is to determine the best line that represents the relationship in the data by minimizing
the total sum of squared deviations between actual observations and the values predicted by the
model. (Brooks, 2008) The multivariate linear regression structure is displayed below in

equation 10.

Y=o+ Bt By, Fe (10)

In this equation, y, is the dependent and x;... x, the independent variables. The « is the intercept
term, f;... fn represent the coefficient estimates of the model, and ¢ is the error term for the
equation. The multivariate linear regression framework utilized in this thesis is based on the
equations used by Baur & Lucey (2010) and Baur & McDermott (2010), when studying the safe
haven properties of gold on equities. The regression model used in this thesis is specified as the

following:

Tooldt = &+ Birky + B2 (rkyDiosy ) + B3 (rkeDsoy ) + B (rkp D1y ) + €0 (11)

if ree < q%

1
where D —{ ’
! 0, otherwise

In equation 11, rgora, 1s the return of gold at time ¢, and r%, is the return of equity index k at time
t. This regression uses interaction terms for stress that are the following: (vx.D10%,), (rk:Ds2%,)
and (7x.:D12,), where Do, D5 and Dyo; represent dummy variables. These dummy variables
equal 1 if the return of asset & falls below the specified threshold, and 0 otherwise. All interaction
terms function the same way with their respective thresholds, but for clarification, the interaction
term (rx:D10%,) 1s discussed in further detail. In term (7x:D10%,) the Digos: dummy will be 1 if
the return of an index is in the lowest 10% quantile of its return distribution, 0 otherwise. The
term Djos, 1s then multiplied by the return of that day. Consequently, a vector consisting of
zeros and values of the lowest 10% returns of the indices is formed. The percentages utilized
correspond to 10%, 5% and 1% of the worst equity drawdowns, capturing periods of extremely
negative equity returns for evaluating whether gold functions as a safe haven. For clarification,

Table 5 below summarizes the meanings of the terms in equation 11.
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Table 5. Interpretation of regression terms in equation 11.

Term Meaning
Pt Return of equity index k at time t.
D 19ois Dummy = 1, if r, is in the lowest 10% of its return distribution.
D 505, Dummy = 1, if ., is in the lowest 5%.
D o, Dummy = 1, if r; is in the lowest 1%.
v D Interaction term, measuring how gold behaves when stocks are
k10t in the worst 10% of days.
Interaction term, measures gold's behaviour when stocks are in
Ve 504, 0
the worst 5% of days.
v D Interaction term, measures gold's behaviour during extreme
kit 2 crashes when stocks are in the worst 1% of days.
B Coefficient on normal equity returns.
Bo.85.84 Coefficients displaying safe haven behaviour.

These linear regressions are performed for each index separately. Additionally, previous studies
(Baur & Lucey, 2010; Baur & McDermott, 2010) assumed that gold prices are affected by stock
market dynamics, and that this linkage is time-dependent, meaning it can vary under extreme

market stress. The regression model presented entails the same assumptions.

Equity drawdowns account for realized losses and give information on how gold behaves when
markets are crashing, whereas VSTOXX represents forward-looking fear and uncertainty. For
this reason, VSTOXX is used as an additional stress measure alongside equity drawdowns.
Rather than analysing equity behaviour directly, the following model instead provides
information on whether periods of high Eurozone market fear (VSTOXX) lead to higher gold
returns in anticipation of potential drawdowns in the market. The equation for the volatility
index is similar to equities but with the percentages taken being the highest quantiles of 90%,
95% and 99%. This is because higher quantiles in volatility indicate higher stress. Thus, the

following equation is formed:

Tooldt = ¢ + B1 Vi + B2 (ViDeow i) + Bs (ViDasvy ) + Ba (ViDggey ) + &0 (12)

1, if Vi >q%

0, otherwise

where Dy = {
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The volatility index in this equation is V; and the interaction terms function similar to the ones
in the equity equation. Additionally, VSTOXX index levels are used, not returns, as the index
itself already represents a level of expected volatility. This model is a simpler version of the
volatility model by Baur & McDermott (2010), where they regressed each countries volatility

separately and linked them directly to equities.

A linear regression (OLS) has various assumptions that are yet to be discussed. An overview of
these underlying assumptions is provided in Table 6. These assumptions need to be met in order
for the model to produce the best estimates. Despite the total number of assumptions being five,
once assumptions 1-4 hold, the model is considered to be BLUE (Best Linear Unbiased
Estimator). (Brooks, 2008) These assumptions were tested on the formed regressions, and they

are discussed after Table 6.

Table 6. Linear regression (OLS) assumptions.

Assumption Description

1. E(u) =0 The errors have zero mean.

5 o _0 The error term must be independent of
' 0v (uy,@;) = the corresponding x variable.
Errors must be statistically independent

Cov (uj,ui) =0
3. (us,u;) of one another.

2

4. Var(u;) =0 Variance of errors is finite and constant.

5. u~N(0,0%) s normally distributed.

The inclusion of a constant term satisfies the first assumption of the mean of errors being equal
to zero. The second assumption is also known as the exogeneity assumption, and it entails that
return shocks in gold do not influence stock market returns. It is very difficult to test exogeneity
directly, and therefore previous literature has justified exogeneity by arguing that the evidence

of gold markets moving stock markets is nearly non-existent (Baur & Lucey, 2010; Baur &
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McDermott, 2010). This justification is also used in this thesis. Autocorrelation (3™ assumption)
and heteroskedasticity (4™ assumption) were tested with the Durbin & Watson (1950) test and
White’s (1980) test, respectively. There was no evidence of autocorrelation in the formed
models, but there was strong proof of heteroskedasticity. This is expected in financial return

data, as volatility often clusters and changes through time.

To account for the issue of heteroskedasticity, a GARCH (1,1) term has been added to model
the variance of the error terms. The estimates of the model become more reliable, and standard
errors more precise, once the GARCH (1,1) term is applied. The use of a GARCH (1,1) model
to account for heteroskedasticity in the regressions is also consistent with existing literature
(Baur & Lucey, 2010; Baur & McDermott, 2010; Faraj et al., 2025). The final assumption of
error terms being normally distributed was tested with the Jarque-Bera (1980) test, indicating
non-normality of residuals in all of the models. Despite this, assumptions 1-4 are satisfied,

indicating the model to be BLUE. The test results discussed can be found in Appendix 1.

To study the third hypothesis (H3) of research question two (RQ2) on how gold has managed to
hedge short-term inflation, a univariate linear regression is formed. A univariate linear
regression is an effective and simple model to answer the hypothesis. It is preferred over
complex time-series models, due to inflation not being the primary focus of this thesis. This
methodology was also utilized by Jaffe (1989). The regression model is displayed below in

equation 13.

T gold,t :&+C1HIOPt+Et (13)

In this equation 7404, 1s the monthly return of gold and HICP; are the year-over-year percentage
changes in inflation. The c; represents the coefficient, and & the error term. If the ¢; term is
positive (>0) and statistically significant, it would indicate gold to act as a hedge for inflation.
In the case of a negative (<0) or zero coefficient, the hedge effect is nonexistent. As this model

is a linear regression (OLS), the assumptions from Table 5 are also tested for this regression.
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There is a constant term present, indicating that the mean of errors is zero. For exogeneity,
inflation is presumed to be exogenous, as gold returns cannot affect past inflation. There appears
to be no autocorrelation in the model, but there is evidence of heteroskedasticity. The use of a
GARCH (1,1) approach is deemed unnecessary, as this model is a univariate regression with a
small sample size. For this reason, the White robust standard errors are used. Finally, the Jarque-
Bera (1980) test indicated non-normality in the residuals of the model. These test result are

found in Appendix 1.
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5 Results

This chapter presents the results from the DCC-GARCH model, and the OLS linear regression
models formed in chapter 4. Firstly, DCC-GARCH results on the hedging ability of gold are
thoroughly presented. Secondly, the results from the safe haven linear regression models are
displayed. Thirdly, this chapter presents the inflation results derived from the univariate linear

regression. Lastly, all the results obtained in this chapter are discussed and analysed in detail.

5.1 DCC-GARCH tests for gold’s hedging properties

To estimate the DCC-GARCH model, the univariate GARCH (1,1) framework was firstly
constructed. Table 7 reports the estimated parameters w (omega), o (alpha) and S (beta) of the
GARCH (1,1) model for gold and all six equity indices. The w represents the constant term,
whereas o and S represent the ARCH and GARCH effects, respectively. This table does not
include the mean, as it is zero, due to a zero-mean approach being utilized in the GARCH (1,1)
mean equation. These statistics are reported and briefly discussed due to them adding

transparency, but most importantly verifying that the DCC (1,1) model is correctly specified.

Table 7. GARCH (1,1) parameters for gold and equities obtained for the DCC-GARCH model.
This table also displays the t-statistics and a+p values. All of the parameters are significant at
a 1% risk level.

Parameter Gold STOXX DAX CAC40  FTSEMIB IBEX 35 AEX
(XAU/EUR) Europe 600 (Germany) (France) (Italy) (Spain)  (Netherlands)

w 0,0278 0,0398 0,0465 0,0612 0,0799 0,0875 0,0439
(t-stat) (5,78) (8,38) (8,73) (10,45) (8,01) (8,74) (7,80)

a 0,1006 0,1749 0,1188 0,1579  0,1486  0,1660 0,1514
(t-stat) (13,16) (13,576) (12,34) (13,13) (15,46) (13,04) (12,63)

B 0,8634 0,7904 0,8483 0,7986 0,8101 0,7819 0,8118
(t-stat) (65,50) (58,03) (74,39) (57,76) (62,61)  (47,50) (59,43)

a+p 0,9640 0,9653 0,9670 0,9566  0,9587  0,9479 0,9632
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The constant term of @ obtains positive values from 0,02 to 0,09, indicating that volatility never
declines to zero, and that a baseline level of volatility exists. The ARCH coefficients, ranging
from 0,10 to 0,17 display that volatility reacts reasonably to new shocks in returns. This is
because a larger ARCH value implies a stronger immediate impact of new information on
volatility. Lastly, the GARCH coefficients that explain the persistence of volatility range from
0,78 to 0,86. This implies that volatility is highly persistent, meaning times of low (high)
volatility last for some time, aligning with the volatility clustering attribute of financial returns.
Additionally, all the discussed parameters are highly significant at a 1% risk level. The sum of
a and £ is also displayed, due to it presenting the total volatility persistence. For all assets, o +
[ <1, indicating that the model is mean reverting and covariance stationary. Consequently, all
these results find the model to be suitable for constructing the standardized residuals required

for the DCC equations.

After forming the GARCH (1,1) models, and the DCC-GARCH model, a dynamic correlation
path p between gold and each equity index was constructed. In contrast to rolling or expanding-
window correlations, these correlations are generated directly from the DCC (1,1) recursion,
where the conditional covariance matrix Q; is updated each day based on past standardized
residuals. Consequently, each observation along the correlation path reflects the estimated
conditional correlation at time ¢, allowing the dependence of gold and stocks to evolve flexibly
over the entire sample period. For illustrative purposes, these correlation paths can be found in
Figure 6 on the next page. This figure specifically provides understanding on how the
correlations have developed through time. From Figure 6 it is evident that across most of the
sample period, all indices fluctuate between the correlations of -0,2 and 0,2. Additionally, the
paths display large spikes in negative correlations that are sharper than positive ones. Some
indices (STOXX Europe 600 and DAX) cross the positive line of 0,2 more often than others,
but rapidly revert back to zero/negative correlation, indicating that positive correlations are
short-lived. Inversely, correlations tend to stay below zero for longer periods. The largest
difference between indices is provided by IBEX 35, as it displays mostly negative correlations

throughout time and reaches a positive correlation above 0,2 only a few times.
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Figure 6. DCC-GARCH (1,1) dynamic correlation paths plotted between gold and each equity
index from 2015—2025.

One of the most notable factors in Figure 6 are the sharp downward spikes experienced by all
indices in mid-2016 and at the start of 2022. The correlation between gold and all indices (excl.
AEX) fell below -0,6 in mid-2016 due to massive uncertainty caused by the Brexit referendum,
causing stock markets in Europe to crash. Simultaneously, gold obtained large daily returns as
investors sought safe havens. Similar movements in the markets occurred in 2022 when the
Russia-Ukraine war started, consequently causing a negative spike in correlation. Despite the
DCC model being primarily used to examine the hedging property of gold, these results also

offer insights into its potential safe haven behaviour.
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Despite Figure 6 being a good visual illustration of the development of correlations through
time, it does not provide concrete evidence on the hedging capability of gold. For this reason,
Table 8 is constructed. Table 8 displays the average dynamic correlation paths p; together with
the estimated DCC parameters for each gold-equity index pair. These statistics provide a more
precise estimate of the overall strength of the correlations observed in the dynamic paths of

Figure 6.

Table 8. Mean dynamic correlation path p.values between gold and each equity index
alongside DCC parameters (DCCa, DCCJf) and DCCo~+DCCp values. Significance of 1% is
indicated with ***.

Pair B, DCCa DCCB  DCCa + DCCP

Gold (XAU/EUR) -

S;OX)(( Eurg e 6)00 -0,013***  0,0379 0,9204 0,9583
Gold (XAU/EUR) - DAX ~ -0,045***  0,0390 0,9217 0,9607
Gold (XALZ gua) AT poearex 00399 0,9109 0,9508
Gold (XAU@ER) SFBE o073+ 00387 0,9138 0,9525
Gold (XAUQ L;UR) BEX p101%**  0,0355 0,9173 0,9528
Gold (XAU/EUR) - AEX ~ -0,016*** 00,0314 0,9242 0,9556

Table 8 shows that across all six equity indices, the mean dynamic correlation variable p;
between gold and stock returns is negative and statistically significant at a 1% level. These
results highlight that gold exhibits a negative average correlation with all major European stock
indices. Consequently, gold fulfills the definition of a hedge by Baur & Lucey (2010), where

the correlation between gold and an asset must be zero or negative.

The degree of the hedge effectiveness varies largely across indices, with IBEX 35 (Spain) and
FTSE MIB (Italy) displaying the most negative correlations of p;=-0,101 and p; = -0,073,



51

respectively. These outcomes are reasonable due to these countries having high baseline
volatilities and sovereign debt risk. The weakest hedges are experienced by STOXX Europe 600
and AEX (Netherlands) with correlations of p;=-0,013 and p;=-0,016, respectively. As for the
DCC parameters, DCCa values are very similar across indices, ranging from 0,031-0,04,
indicating correlations to respond moderately to new shocks. DCCp values are also similar for
all indices and range from 0,9109-0,9242, showing that correlations between gold and equity
markets are highly persistent. The sum of DCCa and DCCB is below 1 for all pairs, indicating

the correlation processes to be mean reverting.

5.2 Safe haven regression tests

The safe haven ability of gold on equities was tested with an OLS linear regression including
stress variables to isolate the worst 10%, 5% and 1% days of equity drawdowns. These
regression results are displayed in Table 9. More specifically, this table displays the obtained
coefficient estimates from the regression alongside their significance. Firstly, the coefficient of
B displays how gold tends to move compared to equities on normal trading days, consequently
being the “Hedge” coefficient. The first estimate of f; being noted as the “Hedge” coefficient,
has also been the common practice in previous studies by Baur & Lucey (2010) and Baur &

McDermott (2010).

The coefficients of £, f3and S represent the 10%, 5% and 1% worst returns of equity indices,
respectively. According to Baur & Lucey (2010), the overall safe haven effect for a given
quantile is obtained by summing all the coefficient estimates up to that quantile. Due to the
regression vectors in this study being constructed similarly to Baur & Lucey (2010), this method
also applies to the results displayed in Table 9. For example, the 1% overall effect for STOXX
Europe 600 is the sum of 5}, 52, f3 and 4, leading to a value of -0,0501. These joint effects are
calculated and displayed as B1o%, Bs% and Bie in Table 9. To account for heteroskedasticity and
model the volatility of the asset returns, a GARCH (1,1) model was utilized in the regressions,

and its parameter results can be found in Appendix 2.
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Table 9. Safe haven regression results between gold and equity indices. The cumulative
coefficients are calculated and displayed in this table as Bio%, Ps% and Biv. Significance of
10%, 5% and 1% is represented with * ,** | and ***, respectively.

Indices Hedge (B;) 10% quantile (B,) 5% quantile (B3) 1% quantile (B4)  Bigs Bsos Bis
STOXX Europe 600  -0,0282 -0,0291 0,0971** -0,0899***  -0,0573 0,0398 -0,0501
DAX (Germany)  -0,0547%** -0,0313 0,1010** 0,0023 -0,0860 0,0150 0,0173
CAC 40 (France) -0,0758*** -0,0145 0,0977** -0,0627** -0,0903 0,0074 -0,0553
FTSE MIB (/taly)  -0,0784*** 0,0594 0,0517 -0,1742***  .0,0190 0,0327 -0,1415
IBEX 35 (Spain)  -0,0965*** 0,0011 0,1152%** -0,1577***  -0,0954 0,0198 -0,1379
AEX (Netherlands) ~ -0,0203 -0,0605 0,1064** 0,0012 -0,0808 0,0256 0,0268

Firstly, the hedge coefficient of 5; is negative for all indices and excluding STOXX Europe 600
and AEX the coefficient estimates are significant at 1%. Despite these regression results being
used to observe the safe haven behavior of gold, f; indicates that gold has also provided a hedge
for equities, aligning with results obtained from the DCC model in the previous section. The
hedge is again strongest with the IBEX 35 (-0,0965***), implying that gold provides the most

meaningful benefits against the poorly performing Spanish index.

The safe haven results reveal that gold does not consistently protect European investors during
moderate market stress but is very valuable for most of the indices during extreme downturns
in the equity markets. Despite the £ coefficient being negative for most of the indices, it is non-
significant for all markets. The S5 coefficients are positive for all indices and significant for most
at the 5% level. This leads to positive overall betas (Bsy) during the worst 5% days of market
returns. This implies that gold becomes positively correlated with equity markets in moderate
crises, therefore not operating as a safe haven. However, during the most extreme times where
returns are in the worst 1% of return observations (f4), gold shows very strong safe haven

behavior against most of the indices.
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The f4 coefficient is negative and statistically significant at a 1% level for STOXX Europe 600
(-0,0899***) FTSE MIB (-0,1742***) and IBEX 35 (-0,1577***), and at a 5% level for CAC
40 (-0,0627**). Consequently, the summed coefficients of Pio for these indices become
negative, indicating that gold serves as an effective safe haven against the European equity
markets when markets experience their most extreme losses. The strongest safe haven effects
are experienced by Italy (FTSE MIB) and Spain (IBEX 35), obtaining B values of -0,1415 and
-0,1379, respectively. Furthermore, STOXX Europe 600 and France (CAC 40) also obtain
negative P, values of -0,0501 and -0,0553, respectively, indicating that gold appreciates as
these indices experience their most severe losses. This protection ability is not experienced by
Germany (DAX) and the Netherlands (AEX), as they obtain positive values, indicating country
specific differences in the safe haven capability of gold. Overall, these regression results support
the view that gold functions as a safe haven offering protection only under conditions of extreme
stress. Additionally, the existence of the safe haven behavior appears to vary by country, as gold

does not provide this protection universally.

Alongside equity indices, the safe haven regression test was also conducted for the VSTOXX
volatility index to gain additional information on whether periods of high Eurozone market fear
could lead to higher gold returns in anticipation of potential drawdowns in the market. These
regression results are displayed below in Table 10. This regression is similar to the equity
regressions, but uses the highest 90%, 95% and 99% of volatilities, represented with f>, f3and
P4, respectively. The joint effects are also calculated and displayed as Boo%, Posw and PBoge, in

Table 10.

Table 10. VSTOXX volatility index regression results. The cumulative coefficients are
calculated and displayed in this table as Boov, Posw and Pogos.

Volatility index Hedge (B;) 90% quantile (B,) 95% quantile (B;) 99% quantile (Bs)  Poow Boss Bagus
VSTOXX -0,0017 -0,0001 0,0040 0,0012 -0,0018 0,0022 0,0034

The results for £; indicate that gold is not a hedge for volatility as the coefficient is below zero,
meaning that when VSTOXX rises, gold depreciates. Additionally, this coefficient value is very
small and economically irrelevant even at a 10% risk level. This analysis also applies to the safe

haven quantiles, as they all experience extremely small and statistically insignificant estimates.
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Consequently, the cumulative betas of Booes, Bosw and Pogy, also obtain values near zero. These
results imply that during extreme implied volatility spikes in VSTOXX, gold does not display

safe haven behaviour.

5.3 Inflation hedge regression results

To study the hedging ability of gold on short-term inflation, a univariate linear regression was
conducted between monthly gold returns and monthly realized inflation values. White’s robust
standard errors were utilized, due to the appearance of heteroskedasticity in the model. The

results of this regression test are displayed below in Table 11.

Table 11. Harmonized Index of Consumer Prices (HICP) regression results. Standard errors
displayed are heteroskedasticity-robust.

Variable Estimate SE t-statistic  p-value

Intercept 0,442 0,428 1,034 0,303

HICP (inflation) 0,056 0,121 0,463 0,644

Model statistics Value

R-squared 0,007
F-stat 0,886
Model p-value 0,348

These regression results show the HICP coefficient estimate to be positive, suggesting a weak
tendency for gold to rise when inflation increases. However, the high p-value of 0,644 indicates
that this effect is not statistically significant at any risk level. Additionally, the intercept term is
also non-significant, having a p-value of 0,303. This model also has an R-squared value of 0,007
indicating that only 0,7% of gold price movements are explained by inflation. This small value
aligns with Jaffe (1989), who also obtained an R-squared below 1% in his regression. The
overall model also displays an insignificant p-value of 0,348, meaning that this model has no
explanatory power. Consequently, these results indicate that gold does not function as a short-

term hedge over the sample period of 2015—2025.
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5.4 Results analysis

Firstly, the hedging properties that gold has against equities are analysed. The empirical results
from the DCC-GARCH model displayed the mean dynamic correlation p; between gold and all
European equity indices to be negative and statistically significant at a 1% level. Additionally,
the OLS regression hedge coefficient indicated the relationship between gold and equity indices
to be negative. These findings are consistent with the hedge definition from core literature by
Baur & Lucey (2010) and Baur & McDermott (2010). Therefore, the results of this study suggest
that gold has provided a hedge for all examined European equity indices across the 2015—2025
period. The hedge effect was the strongest with Spain (IBEX 35), Italy (FTSE MIB), France
(CAC 40) and Germany (DAX), and the weakest with AEX (Netherlands) and STOXX Europe
600.

Various papers have found gold to provide a hedge against equity indices across the world (e.g.
Arouri et al. (2015) and Beckmann et al. (2015)). However, as this study concentrates on the
European equities, the results of this research most strongly align with Baur & McDermott
(2010), Ali et al. (2020) and Vieira et al. (2023). These papers have specifically highlighted gold
to have hedging abilities against European stock indices. These studies also find country specific
differences in the strength of the hedge, similar to the results of this thesis, as for example gold
hedges Italy more strongly than the Netherlands. Both literature and the results of this thesis
find Italy, Spain and France to all experience a strong hedge despite the differences in the
timespans utilized in each research. Inversely, results from Germany are quite divided as this
thesis alongside Baur & McDermott (2010) finds gold to provide a good hedge against
Germany, but research from Baur & Lucey (2010) and Vieira et al. (2023) came to a different
conclusion. This indicates that the chosen methodology and time frame utilized have a large

impact on the outcome of the study.

Alongside hedging abilities, the capability of gold to provide a safe haven during extreme
downturns in the equity markets within the given data analysis timeframe was also tested. The

OLS regressions utilizing stress dummies to isolate the 10%, 5% and 1% of the worst equity
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returns provided results on gold’s safe haven behaviour that depended on the index in question
and also the magnitude of the downturn in equities. The results implied that gold did not provide
a safe haven for 10% and 5% worst returns but offered protection in the worst 1% of return
observations for most indices. This pattern is consistent with the definition of a safe haven.
Consequently, evidence indicated that during extreme market stress gold provided a safe haven
for Italy (FTSE MIB), Spain (IBEX 35), France (CAC 40) and STOXX Europe 600. Gold did
not seem to provide a safe haven for Germany (DAX) and the Netherlands (AEX). These results
align with multiple papers (Baur & McDermott (2010), Baur & Lucey (2010), Ali et al. (2020)
and Creti et al. (2013)) that also find evidence for the existence of the safe haven effect. Previous
research also displays differences between indices in the strength of the safe haven effect.
Additionally, Baur & McDermott (2010) and Baur & Lucey (2010) highlight that the safe haven
behaviour mostly occurs in the 1% level and not for the 5% and 10% levels. Taken together, the
results from this thesis also differ from some literature on the topic (e.g. Beckmann et al. (2019),
Cheema et al. (2022) and Faraj et al. (2025)), as they conclude that gold does not function as a
hedge nor a safe haven, indicating that the abilities of gold do not exist anymore. These
differences further highlight that the conclusions on gold’s hedge and safe haven properties

largely depend on the methodologies used, countries examined and the sample time.

Having established that this thesis finds evidence of gold providing a hedge for European
equities, and a safe haven for some equity indices, it is also important to mention why the
differences between markets occur. Based on the empirical results, Spain (IBEX 35) and Italy
(FTSE MIB) appear to exhibit the strongest hedge and the strongest safe haven effects. One
possible explanation is that both of these countries have the highest volatilities in returns,
consequently having higher market risk. These countries also have a history of being sensitive
to macroeconomic shocks and more exposed to financial stress episodes than strong European
economies such as Germany. Larger drawdowns during crisis are also experienced by Italy and
Spain, as their worst daily losses during the sample time were -18,54% and -15,15%,
respectively. These same numbers for Germany and Netherlands were -13,05% and -11,38%,
respectively. In addition, Italy and Spain experience slower recoveries from crises than the other

examined markets.
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In contrast, based on the results, gold did not provide a safe haven for Germany (DAX) and the
Netherlands (AEX). These results can be explained by Germany often being viewed as the
financial anchor of the Eurozone, with it having a large and stable economy. Interestingly, these
results differ from Baur & McDermott (2010) and Baur & Lucey (2010), as they concluded gold
to have been a safe haven in extreme conditions for Germany during their sample times. The
Netherlands share similar attributes with Germany, as it has a highly globalized economy. The
AEX also largely consists of multinational companies and has stocks that already behave
defensively, as it has the lowest volatility in returns compared to all indices of individual

countries.

The indices that are yet to be discussed are CAC 40 (France) and STOXX Europe 600. France
(CAC 40) falls into the middle of the before discussed indices, as gold provides it with stronger
hedge and safe haven abilities than Germany and the Netherlands but weaker than Italy and
Spain. This likely reflects France’s intermediate position within the Eurozone, characterized by
elevated but manageable sovereign risk. STOXX Europe 600 exhibits rather small hedge and
safe haven behaviour, and this can be attributed to both the high geographical and sectoral
diversification that the index entails. Unlike the other indices, capital can also rotate inside the
index, as it has stocks from 17 countries and 11 sectors, reducing the need for external safe

haven assets e.g. gold.

The findings of this thesis have multiple important implications for European investors,
portfolio managers and risk management practices. Firstly, as the results displayed gold to
provide a hedge against all examined European equity indices, it indicates that gold can be used
as a hedging instrument in diversified equity portfolios. This means that including gold into
European equity portfolios can reduce overall portfolio risk during normal market conditions,
regardless of specific country exposure in the examined markets. Consequently, from a portfolio
diversification perspective, gold remains a valuable asset for long-term investors seeking to

mitigate equity risk.
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Secondly, the safe haven analysis shows that gold provided protection during the most extreme
equity market downturns for Spain (IBEX 35), Italy (FTSE MIB), France (CAC 40) and
STOXX Europe 600. This finding implies that gold can be viewed as a tail-risk protection asset
for these countries/indices. Institutional investors, pension funds, and other investors concerned
with extreme downturn risk may therefore benefit from holding gold as a part of a larger risk
management strategy. Thirdly, as the results were country specific, the weight of gold in
portfolios should be considered based on country exposure. Investors that invest in Southern
European markets, particularly Italy and Spain, may experience greater benefits from including
gold in their portfolios, especially during periods of high financial distress. In contrast, for
markets such as Germany and the Netherlands, the role of gold is primarily that of a hedge, and
not a safe haven. Consequently, portfolio allocation should be done based on the underlying risk

characteristics of the equity markets in question.

Lastly, it is important to understand that gold does not always provide protection during periods
of market stress. Based on the empirical results of this study, the absence of a safe haven effect
at the 10% and 5% quantiles indicates that gold does not offer protection during moderate equity
downturns. Consequently, investors should maintain realistic expectations regarding gold’s role,

and gold should only be added as one part of a broader risk management strategy.

As for the inflation study that was conducted with a univariate regression, the results displayed
that gold does not function as a hedge for short-term Eurozone inflation over the sample period
of 2015—2025. These results align with previous literature (Jaffe (1989), Ghosh et al. (2004),
Beckmann & Crudaj (2013) and Baur (2025)), as most research finds gold to have no
relationship with short-term inflation. These results are reasonable, as gold is traditionally
viewed as a long-term store of value and not as a short-term hedge. One factor is that monthly
inflation released values rarely contain any new information, as inflation expectations are
already incorporated into asset prices through forecasts, central bank communication and

expectations that the market has set for inflation.

Based on these results, European investors should not rely on gold as a short-term hedge against

HICP inflation. Investors that expect gold prices to rise immediately after monthly inflation
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releases are unlikely going to be rewarded. For this reason, European investors that are

concerned about short-term inflation should consider alternative instruments for hedging.

To summarize all of the empirical findings discussed and clarify the outcome of each hypothesis
test, Table 12 presents a summarized overview of the key results, methodologies employed, and
conclusions drawn within the 2015—2025 sample period. Furthermore, the answers to the
research questions and hypotheses are more thoroughly discussed in chapter 6. Table 12 is

presented below.

Table 12. Summary of key empirical findings and hypothesis test outcomes within the 2015—
2025 sample.

Key empirical finding
(within 2015-2025 data)
Average conditional
correlations between gold ~ Empirical findinds
DCC-GARCH and all examined equity supported the

mdices are negative and hypothesis.
statistically significant.

Hypothesis Methodology Conclusion

H1: Gold on average provided a
hedge for European equities.

Gold provides protection

H2: Consistent with its role as a safe . .. .
only at the 1% worst equity Empirical findings

haven, gold exhibits a zero or

. . . OLS with stress return quantile and only for partially
negative correlation with European . o
equity returns during periods of dummies the selected indices of supported the
ity &P STOXX Europe 600, Italy, hypothesis.

extreme market stress. .
Spain and France.

No statistically significant

. . . . . Empirical findinds
H3: Gold provides a hedge against Univariate OLS (robust  relationship between gold  _, P
. .. did not support the
short-term mflation in Europe. SEs) returns and Eurozone HICP .
hypothesis.

inflation.
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6 Conclusions

The purpose of this thesis was to study gold’s hedge and safe haven role for European investors
in 2015—2025. The research employed methodologies established in the literature, including
DCC-GARCH models, OLS linear regressions with stress dummies and a univariate linear
regression to assess gold’s relationship with HICP inflation. The empirical study was based on
daily gold and European equity return data over the period of 2015—2025. Additionally,

monthly inflation data were used.

The main findings show that gold exhibits negative average correlations with European equity
indices, indicating that gold functions as a hedge across all examined markets. Safe haven
behaviour of gold is observed only in the most extreme equity market downturns and varies
across countries. Italy, Spain, France and STOXX Europe 600 exhibit this behaviour, but it is
absent in Germany and the Netherlands. As for inflation, no evidence is found that gold serves
as a short-term inflation hedge against Euro Area inflation. These results largely align with Baur
& McDermott (2010), Ali et al. (2020), Vieira et al. (2023), Ghosh et al. (2004) and many other
papers in current literature that support gold’s hedge and safe haven role but find no hedging
benefits against inflation. Differing studies include Beckmann et al. (2019), Cheema et al.
(2022) and Faraj et al. (2025) documenting a diminishing hedge and safe haven role. These

differences highlight the importance of sample period, methodology and regional focus.

The findings of this thesis indicate that for European investors, gold remains valuable for equity
risk mitigation and tail-risk protection but should not be relied upon for short-term inflation
hedging. Additionally, the tail-risk behaviour is country specific, with its effectiveness varying
across European equity markets. Consequently, investors should not rely too heavily on gold’s

abilities but to incorporate it as a component of a broader asset diversification strategy.
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6.1 Answers to research questions

At the beginning of this thesis, two research questions were formulated to investigate gold’s
hedging and safe haven properties for European investors over the period 2015—2025. These
questions were addressed through the literature review and the empirical analyses conducted in
the study. Their answers are addressed in this section. The first research question (RQ1) is

displayed below:

RQI1: What is established in the academic literature about gold’s function as a hedge and safe

haven and how has this relationship been studied in previous research?

The academic literature on gold’s function as a hedge and safe haven is divided, as much of the
earlier literature finds strong hedge and safe haven effects, whereas newer studies conclude that
these effects have diminished. Previous research has studied these relationships using various
econometric approaches, including linear regressions, quantile-based methods and dynamic
models such as DCC-GARCH. Overall, the literature suggests that gold’s defensive properties
depend highly on the specific market examined, timeframe utilized and the methodology
employed. The literature on gold as an inflation hedge is also mixed, and much dependent on
the time horizon, methodology and region. Earlier research using static regression approaches
concludes that gold does not hedge short-term inflation, while later research employing time-
varying models shows evidence of gold hedging primarily long-term inflation. Several studies
further suggest that gold responds more to inflation shocks or uncertainty than to average

realized inflation.

RQ?2: To what extent has gold functioned as a hedge and safe haven for European investors

during the 2015—2025 period?

This question is answered based on the empirical findings from this study. To assist the second
research question (RQ?2), three hypotheses were constructed. These hypotheses and their

answers are discussed below:

H1) Gold on average provided a hedge for European equities during the 2015—2025 period.
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The empirical results support H1, showing that gold on average has provided a hedge against
European equities during 2015—2025. Both the DCC-GARCH model and the OLS regression
results indicated a negative relationship between gold returns and European equity market
returns across all examined markets. Consequently, these findings confirm that gold contributed

to lowering equity risk under normal market conditions for European investors.

H2) Gold exhibits a negative or zero relationship with European equity returns when these
returns are extremely negative, consistent with acting as a safe haven during the 2015—2025

period.

The empirical results display support for H2. Gold exhibits a negative relationship with
European equity returns only during the most extreme market downturns, indicating safe haven
behaviour at the 1% tail of equity return distributions during 2015—2025. However, gold did
not provide a safe haven in moderate downturns, highlighting that gold’s role is conditional.
Additionally, the role is country specific, as the safe haven effect did not apply to all equity

indices.

H3) Gold provides a hedge against short-term inflation in Europe during the 2015—2025
period.

The empirical results do not support H3. The univariate linear regression analysis displayed that
realized Eurozone inflation did not have a statistically significant relationship on gold returns.
This indicates that gold did not function as a hedge against short-term inflation in Europe during

2015—2025.

6.2 Limitations and future research

This section acknowledges the limitations of the study and discusses how this subject could be
researched in the future. Firstly, the choice of data frequency may influence the findings. This
study relies only on daily and monthly data and does not consider alternative frequencies such
as weekly data that was used by Baur & McDermott (2010). In addition, the timeframe of this
study is around 10 years, whereas many studies employ longer time horizons to capture the

hedging effect across different historical times. Secondly, the results are conditional on the
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chosen methodologies of OLS regression with stress indicators and the DCC-GARCH model.
While the use of these models is highly justified based on literature, there are many papers that
utilize different methods such as copula-based dependence models, VAR models and other
GARCH models. For future research the use of different models may capture different aspects
of gold’s hedging and safe haven behaviour. From a geographical perspective, as specifically
the safe haven role varies between countries, it would be interesting to incorporate more

economies from the Eurozone, and for example include the Nordic markets into future research.

Additionally, as this study finds cross-country variation in the defensive properties of gold, it
would be valuable to investigate the cause of these differences. For example, sovereign debt
levels or fiscal sustainability may influence the strength of flight-to-safety behaviour during
periods of extreme market stress. While countries such as Italy and Spain exhibit stronger safe
haven effects in this study, variables such as debt-to-GDP ratios or political risk were not
included in the empirical framework. Future research could extend the analysis by explicitly
including macroeconomic indicators to examine whether they can help explain the differences

in gold’s defensive behaviour across European equity markets.

As for the inflation study, the analysis was based on realized inflation measures and does not
account for inflation expectations or shocks in inflation. Future research could extend this study
by incorporating inflation shocks and also study gold’s hedging role against long-term inflation.
Additionally, the static methodology of linear regression could be replaced with more complex
dynamic models, as they may provide a more comprehensive understanding on gold’s hedging

role against inflation.



64

References

Aizenman, J. & Inoue, K. (2013). Central Banks and Gold Puzzles. Journal of the Japanese and

International Economies, 28, 69-90.

Ali, S., Bouri, E., Czudaj, R. L. & Shahzad, S. J. H. (2020). Revisiting the Valuable Roles of
Commodities for International Stock Markets. Resources Policy, 66, 101603.

Arouri, M. E. H., Lahiani, A. & Nguyen, D. K. (2015). World Gold Prices and Stock Returns in
China: Insights for Hedging and Diversification Strategies. Economic Modelling, 44, 273-282.

Arslanalp, S., Eichengreen, B. & Simpson-Bell, C. (2023). Gold as International Reserves: A

Barbarous Relic No More? Journal of International Economics, 145, 103822.

Baele, L., Bekaert, G., Inghelbrecht, K. & Wei, M. (2020). Flights to Safety. The Review of
Financial Studies, 33(2), 689-746.

Bampinas, G. & Panagiotidis, T. (2015). Are Gold and Silver a Hedge against Inflation? A Two
Century Perspective. International Review of Financial Analysis, 41, 267-276.

Baur, D. G. & Lucey, B. M. (2009). Flights and Contagion—An Empirical Analysis of Stock—
Bond Correlations. Journal of Financial Stability, 5(4), 339-352.

Baur, D. G. & Lucey, B.M. (2010). Is Gold a Hedge or a Safe Haven? An Analysis of Stocks,
Bonds and Gold. The Financial Review, (45), 217-229.

Baur, D. G. & McDermott, T. K. (2010). Is Gold a Safe Haven? International Evidence. Journal
of Banking & Finance, 34(8), 1886—1898.

Baur, D. G. (2013). Exchange-Traded Funds on Gold - A Free Lunch? SSRN Electronic Journal.
Retrieved November 6, 2025, from http://www.ssrn.com/abstract=2297756

Baur, D. G. (2025). Is Gold an Inflation Hedge? Retrieved October 30, 2025, from
https://www.ssrn.com/abstract=5389663



65

Beckmann, J., Berger, T. & Czudaj, R. (2015). Does Gold Act as a Hedge or a Safe Haven for
Stocks? A Smooth Transition Approach. Economic Modelling, 48, 16-24.

Beckmann, J., Berger, T. & Czudaj, R. (2019). Gold Price Dynamics and the Role of
Uncertainty. Quantitative Finance, 19(4), 663—-681.

Beckmann, J. & Czudaj, R. (2013). Gold as an Inflation Hedge in a Time-Varying Coefficient

Framework. The North American Journal of Economics and Finance, 24, 208-222.

Bekiros, S., Boubaker, S., Nguyen, D. K. & Uddin, G. S. (2017). Black Swan Events and Safe
Havens: The Role of Gold in Globally Integrated Emerging Markets. Journal of International
Money and Finance, 73, 317-334.

Bollerslev, T. (1986). Generalized Autoregressive Conditional Heteroskedasticity. Journal of
Econometrics, 31(3), 307-327.

Brooks, C. (2008) Introductory Econometrics for Finance. 2nd edition. Cambridge University
Press, New York.

Caballero, R. J. & Krishnamurthy, A. (2008). Collective Risk Management in a Flight to Quality
Episode. The Journal of Finance, 63(5), 2195-2230.

Cheema, M. A., Faff, R. & Szulczyk, K. R. (2022). The 2008 Global Financial Crisis and
COVID-19 Pandemic: How Safe Are the Safe Haven Assets? International Review of Financial
Analysis, 83, 102316.

Cheng, P. & Wolverton, M. (2001). MPT and the Downside Risk Framework: A Comment on
Two Recent Studies. Journal of Real Estate Portfolio Management, 7(2), 125-131.

Cheng, W.-H., Chen, C.-D. & Lai, H.-P. (2020). Revisiting the Roles of Gold: Does Gold ETF
Matter? The North American Journal of Economics and Finance, 54, 100891.

Conlon, T., Lucey, B. M. & Uddin, G. S. (2018). Is Gold a Hedge against Inflation? A Wavelet
Time-Scale Perspective. Review of Quantitative Finance and Accounting, 51(2), 317-345.

Corti, C. W. & Holliday, R. J. (2004). Commercial Aspects of Gold Applications: From
Materials Science to Chemical Science. Gold Bulletin, 37(1-2), 20-26.



66

Creti, A., Joéts, M. & Mignon, V. (2013). On the Links between Stock and Commodity Markets’
Volatility. Energy Economics, 37, 16-28.

Durbin, J. & Watson, G. S. (1950). Testing for Serial Correlation in Least Squares Regression:
1. Biometrika, 37(3/4), 409.

Dickey, D. A. & Fuller, W. A. (1979). Distribution of the Estimators for Autoregressive Time
Series With a Unit Root. Journal of the American Statistical Association, 74(366), 427.

Elfakhani, S., Baalbaki, I. B. & Rizk, H. (2009). Gold Price Determinants: Empirical Analysis

and Implications. J. for International Business and Entrepreneurship Development, 4(3), 161.

Engle, R. F. (1982). Autoregressive Conditional Heteroscedasticity with Estimates of the
Variance of United Kingdom Inflation. Econometrica, 50(4), 987.

Engle, R. (2002). Dynamic Conditional Correlation: A Simple Class of Multivariate
Generalized Autoregressive Conditional Heteroskedasticity Models. Journal of Business &

Economic Statistics, 20(3), 339-350.

Erb, C. B. & Harvey, C. R. (2013). The Golden Dilemma. Financial Analysts Journal, 69(4),
10-42.

European Central Bank. (2025). Home. Statistics. Inflation and consumer prices. [online].
[Accessed 21.11.2025]. Available:

https://www.ecb.europa.eu/stats/macroeconomic_and_sectoral/hicp/html/index.en.html

Faraj, H., McMillan, D. & Al-Sabah, M. (2025). The Diminishing Lustre: Gold’s Market
Volatility and the Fading Safe Haven Effect. Global Finance Journal, 67, 101145.

Ghosh, D., Levin, E. J., Macmillan, P. & Wright, R. E. (2004). GOLD AS AN INFLATION
HEDGE? Studies in Economics and Finance, 22(1), 1-25.

Giirgiin, G. & Unalmus, 1. (2014). Is Gold a Safe Haven against Equity Market Investment in
Emerging and Developing Countries? Finance Research Letters, 11(4), 341-348.

Hillier, D., Draper, P. & Faff, R. (2006). Do Precious Metals Shine? An Investment Perspective.
Financial Analysts Journal, 62(2), 98—106.



67

Ivanov, S. 1. (2013). The Influence of ETFs on the Price Discovery of Gold, Silver and Oil.
Journal of Economics and Finance, 37(3), 453—462.

Jaffe, J. F. (1989). Gold and Gold Stocks as Investments for Institutional Portfolios. Financial
Analysts Journal, 45(2), 53-59.

Jarque, C. M. & Bera, A. K. (1980). Efficient Tests for Normality, Homoscedasticity and Serial
Independence of Regression Residuals. Economics Letters, 6(3), 255-259.

Kazak, H., Akcan, A. T., Kilic, C. & Soyyigit, S. (2025). From Safe-Haven to Industrial Driver:
The Influence of Gold and Precious Metals on Manufacturing Growth in Tiirkiye. Borsa

Istanbul Review, S2214845025001413.

Keynes, J. M. (2018). The General Theory of Employment, Interest, and Money. Cham: Springer

International Publishing.

Lehnert, T. (2022). Flight-to-Safety and Retail Investor Behavior. International Review of
Financial Analysis, 81, 102142.

Markowitz, H. (1952). Portfolio Selection. The Journal of Finance, 7(1), 77-91.

McGeever, J. (2025). Gold's rise in central bank reserves appears unstoppable. Reuters.
Commentary. [online]. [Accessed 5.10.2025]. Available:
https://www.reuters.com/markets/commodities/golds-rise-central-bank-reserves-appears-

unstoppable-2025-09-04/

Monnet, E. & Puy, D. (2020). Do Old Habits Die Hard? Central Banks and the Bretton Woods
Gold Puzzle. Journal of International Economics, 127, 103394,

Otuteye, E. & Siddiquee, M. (2017). A Critique of Modern Portfolio Theory and Asset Pricing
Models Based on Behavioral Insights from Benjamin Graham's Value Investing Paradigm.

Available at SSRN: https://papers.ssrn.com/sol3/papers.cfm?abstract id=3031382

Rathi, S., Mohapatra, S. & Sahay, A. (2022). Central Bank Gold Reserves and Sovereign Credit
Risk. Finance Research Letters, 45, 102127,



68

Ryan, M., Corbet, S. & Oxley, L. (2024). Is Gold Always a Safe Haven? Finance Research
Letters, 64, 105438.

Schmidbauer, H. & Rosch, A. (2018). The Impact of Festivities on Gold Price Expectation and
Volatility. International Review of Financial Analysis, 58, 117-131.

Shafiee, S. & Topal, E. (2010). An Overview of Global Gold Market and Gold Price
Forecasting. Resources Policy, 35(3), 178—189.

Shahzad, S. J. H., Raza, N., Roubaud, D., Hernandez, J. A. & Bekiros, S. (2019). Gold as Safe
Haven for G-7 Stocks and Bonds: A Revisit. Journal of Quantitative Economics, 17(4), 885—
912.

Smirnova, E. (2016). Use of Gold in Financial Risk Hedge. Quarterly Journal of Finance and
Accounting, 54, 69-91.

Street & Keel. (2024) You asked, we answered: How important is Al for gold demand? World
Gold Council. [online]. [Accessed 4.11.2025]. Available: https://www.gold.org/goldhub/gold-

focus/2024/11/you-asked-we-answered-how-important-ai-gold-demand

Tully, E. & Lucey, B. M. (2007). A Power GARCH Examination of the Gold Market. Research

in International Business and Finance, 21(2), 316-325.

Vayanos, D. (2004). Flight to Quality, Flight to Liquidity, and the Pricing of Risk. Cambridge,

MA: National Bureau of Economic Research.

Vieira, D.S., Carvalho, P.V., Curto, J.D. & Laureano, L. (2023). Gold’s hedging and safe haven

properties for European stock and bond markets. Resources Policy, 85.

White, H. (1980). A Heteroskedasticity-Consistent Covariance Matrix Estimator and a Direct
Test for Heteroskedasticity. Econometrica, 48(4), 817.

World Gold Council. (2025a) Home. About Gold. Gold Demand. Gold Demand Sectors.
[online]. [Accessed 2.11.2025]. Available: https://www.gold.org/about-gold/gold-demand/by-

sector



69

World Gold Council. (2025b) Goldhub. Data. Gold Reserves by Country. [online]. [Accessed
4.11.2025]. Available: https://www.gold.org/goldhub/data/gold-reserves-by-country

World Gold Council. (2025c) Goldhub. Data. Global-gold-backed-etf-holdings-and-flows.
[online]. [Accessed 4.11.2025]. Available: https://www.gold.org/goldhub/data/global-gold-
backed-etf-holdings-and-flows

Xu, Y., Su, C.-W. & Ortiz, J. (2021). Is Gold a Useful Hedge against Inflation across Multiple
Time Horizons? Empirical Economics, 60(3), 1175-1189.



Appendices

Appendix 1. Durbin-Watson, White’s test and Jarque-Bera test statistics alongside their p-
values for OLS regressions.

Durbin-Watson White's test LM-  J-B test statistic

Regression Index statistic (p-value) value (p-value) (p-value)
STOXX Europe 600  2,0437 (0,33) 408,03 (0,00) 2702 (0,00)
DAX (Germany) 2,0357 (0,35) 346,71 (0,00) 3071 (0,00)
CAC 40 (France) 2,0333 (0,38) 467,71 (0,00) 2561 (0,00)
FTSE MIB (lzaly) 2,0317 (0,41) 562,73 (0,00) 1880 (0,00)
IBEX 35 (Spain) 2,0324 (0,40) 579,87 (0,00) 1951 (0,00)
AEX (Netherlands) 2,0418 (0,28) 266,54 (0,00) 3226 (0,00)
VSTOXX 2,0440 (0,27) 195,27 (0,00) 2593 (0,00)
HICP (inflation) 2,1174 (0,56) 12,81 (0,00) 14,56 (0,00)

Appendix 2. Estimated GARCH (1,1) model parameters for OLS regressions.

Indices w a B
STOXX Europe 600 0,027 0,099 0,865
DAX (Germany) 0,0278 0,1031 0,8611
CAC40 (France)  0,0256  0,0966  0,8696
FTSEMIB (ltaly) ~ 0,0216  0,0836  0,8869
IBEX35 (Spain)  0,0226  0,0888  0,3803
AEX (Netherlands) 0,028 0,1037 0,8604
VSTOXX 0,0279 0,101 0,8627



