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Abstract: This study investigates the intraday price discovery process and the transmission of volatility in the gold market, focusing on
the interactions between spot prices, futures contracts, and gold - backed exchange - traded funds (ETFs). Gold, as a significant global
commodity, attracts substantial trading activities across multiple financial instruments. Understanding how these components interact
in determining gold price movements and their impact on market stability is crucial for market participants and policymakers. Using
high - frequency data from major global exchanges, we apply vector autoregressive (VAR) and dynamic conditional correlation (DCC)
models to analyse the relative contributions of spot, futures, and ETF prices in the price discovery process. We measure the speed at
which new information is incorporated into gold prices and assess the efficiency of each market segment in reflecting new information.
Furthermore, we investigate the connectedness of volatility between spot, futures, and ETF markets using the Diebold and Yilmaz
(2014) spillover index. The analysis aims to identify the degree of interdependence between these segments and explore whether
volatility shocks in one market are transmitted to others, potentially influencing overall market stability. Our findings reveal intriguing
dynamics in the gold market. We observe distinct patterns of price discovery across spot, futures, and ETF markets, indicating varying
speeds of information incorporation and differing contributions to the price formation process. Additionally, we identify substantial
volatility connectedness between the different segments, suggesting potential contagion effects during periods of market stress. Overall,
this study provides comprehensive insights into the roles of spot prices, futures contracts, and gold - backed ETFs in the intraday gold
price discovery process and the transmission of volatility. These findings have important implications for traders, investors, and
policymakers seeking to better understand the dynamics and risks associated with trading gold in different financial instruments.
Moreover, our research contributes to the broader understanding of price discovery and volatility transmission mechanisms in
commodity markets.

Keywords: Intraday dynamics, Gold market, Price discovery, Spot market, Futures contracts, Gold - backed ETFs, Volatility
connectedness, Contagion effects, Market stress, Safe - haven asset, Portfolio diversification, Financial stability, Market participants,
Exogenous events, Trading strategies, Risk transmission, Market efficiency, Financial instruments, Forward - looking expectations,
Dynamic conditional correlation, Market sentiment.

1. Introduction 1.2 Research Objectives and Questions:

The gold market is one of the most significant and actively ~ The primary objective of this research is to compare the

traded commodity markets globally, attracting the attention
of investors, traders, and policymakers. The price dynamics
and volatility in the gold market are influenced by various
factors, including macroeconomic indicators, geopolitical
events, and changes in market sentiment. Understanding the
intraday price discovery process and the transmission of
volatility within the gold market is essential for market
participants seeking to make informed trading decisions and
for policymakers aiming to maintain market stability.

1.1 Background and Motivation for the Study:

The gold market has experienced notable fluctuations in
recent years, driven by economic uncertainties, geopolitical
tensions, and shifts in investor preferences. These
developments have raised questions about the roles of
different market segments, such as spot prices, futures
contracts, and gold - backed exchange - traded funds (ETFs),
in determining gold price movements and their impact on
market stability. This study aims to address these questions
and provide insights into the underlying dynamics of the
gold market.

price discovery and volatility transmission dynamics among

spot prices, futures contracts, and gold - backed ETFs in the

intraday gold market. Specifically, the study seeks to answer
the following research questions:

1) How do spot prices, futures contracts, and gold - backed
ETFs contribute to the intraday price discovery process
in the gold market?

2) What is the speed at which new information is
incorporated into gold prices in each market segment?

3) Do different market segments exhibit varying degrees of
efficiency in reflecting new information?

Moreover, the study aims to investigate the connectedness of
volatility between these segments and assess the potential
for volatility spillovers during periods of market stress.

1.3 Overview of the Gold Market and Its Significance:

Gold has served as a store of value and a hedge against
inflation and currency fluctuations for centuries. Its unique
properties, including scarcity and durability, make it a
preferred asset during times of economic uncertainty. The
gold market operates globally, with significant trading
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volumes and liquidity, making it an essential part of the
financial system and investment portfolios.

1.4 Brief Explanation of Spot Prices, Futures Contracts,
and Gold - Backed ETFs:

Spot prices represent the immediate purchase or sale price of
gold for delivery and settlement at the current time. Futures
contracts are standardized agreements to buy or sell gold at a
predetermined price on a future date. Gold - backed ETFs
are investment funds that hold physical gold or gold futures
contracts to provide investors with exposure to gold price
movements.

In the subsequent sections of this research, we will delve
into the empirical analysis and findings regarding price
discovery and volatility transmission in the gold market,
aiming to contribute valuable insights to the existing body of
literature in financial economics and commodities markets.

2. Literature Review

2.1 Review of Relevant Academic Literature on Gold
Market Price Discovery and Volatility Transmission:

The gold market has been the subject of extensive research
in financial economics and commodities markets. Numerous
studies have explored the price discovery process and the
factors influencing gold price movements. Researchers have
examined the role of macroeconomic indicators, global
economic conditions, and investor sentiment in shaping gold
prices. Additionally, studies have investigated the
relationship between gold prices and other financial assets,
such as currencies, equities, and other commodities, to
understand potential spillover effects.

2.2 Previous Studies on the Roles of Spot, Futures, and
ETF Markets in Gold Price Formation:

Several empirical studies have focused on the contributions
of spot prices, futures contracts, and gold - backed ETFs to
gold price formation. These studies have employed various
econometric models and statistical techniques to assess the
relative importance of each market segment in determining
gold prices. Some research has highlighted the leading role
of futures markets in price discovery due to their forward -
looking nature, while others have emphasized the
significance of spot markets in reflecting current supply and
demand dynamics.

2.3 Existing Research on Volatility Connectedness and
Contagion Effects in the Gold Market:

\olatility transmission and contagion effects in the gold
market have been investigated to understand how volatility
shocks propagate across different market segments. Studies
have used time series models and co - integration techniques
to examine the connectedness of volatility between spot,
futures, and ETF markets. The research has sought to
identify periods of heightened volatility spillovers and assess
the potential implications for market stability.

Some studies have also explored the influence of external
events, such as financial crises, geopolitical tensions, and
macroeconomic shocks, on gold market volatility and the
transmission of volatility to other asset markets. The
examination of volatility connectedness has important
implications  for risk management and portfolio
diversification strategies.

Despite the wealth of research on the gold market, gaps in
the literature still exist, particularly regarding the intraday
dynamics of price discovery and volatility transmission. This
study aims to contribute to the existing body of knowledge
by offering a comparative analysis of spot, futures, and ETF
markets in intraday gold price formation and examining the
interconnectedness of volatility between these segments. By
doing so, we aim to provide a deeper understanding of the
underlying mechanisms driving intraday gold price
movements and the potential risks associated with volatility
transmission within the gold market. The empirical findings
of this research will contribute valuable insights to the fields
of financial economics and commodities market research.

3. Data and Methodology

3.1 Description of Data Sources and Data Frequency
(High - Frequency Data):

To conduct an in - depth analysis of intraday gold price
discovery and volatility transmission, we utilize high -
frequency data from major global exchanges that provide
real - time information on gold spot prices, gold futures
contracts, and gold - backed exchange - traded funds (ETFs).
The high - frequency data allows us to capture price
movements and trading activity at a granular level, enabling
a more detailed examination of intraday dynamics. The data
cover a significant time span, ensuring a comprehensive
representation of various market conditions and events.

3.2 Explanation of the Vector Autoregressive (VAR) and
Dynamic Conditional Correlation (DCC) Models Used
for the Analysis:

The VAR model is a widely used econometric tool that
captures the dynamic relationships among multiple time
series variables. In our study, we employ the VAR model to
investigate the intraday price discovery process in the gold
market. Specifically, we model the interactions between spot
prices, futures prices, and ETF prices as they respond to
shocks and new information. The VAR model helps us
identify the speed at which information is incorporated into
gold prices in each market segment and assess the efficiency
of each market in reflecting new information.

Additionally, to examine the volatility connectedness
between spot, futures, and ETF markets, we utilize the
Dynamic Conditional Correlation (DCC) model. The DCC
model is an extension of the traditional correlation analysis,
allowing for time - varying correlations among assets'
volatilities. By using the DCC model, we can investigate the
degree of interdependence between gold market segments
and identify periods of heightened volatility transmission.
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3.3 Discussion of the Diebold and Yilmaz (2014) Spillover
Index and Its Application for Measuring Volatility
Connectedness:

The Diebold and Yilmaz (2014) spillover index is a widely
used measure to quantify the connectedness of volatility
between different financial assets or market segments. This
index captures the extent to which volatility shocks in one
market  spill  over to another, revealing the
interconnectedness of volatility transmission. In our study,
we apply the Diebold and Yilmaz spillover index to the gold
market data to assess the volatility transmission dynamics
between spot, futures, and ETF markets. By calculating the
spillover index, we can identify periods of heightened
volatility interconnectedness, providing insights into the
potential contagion effects during market stress and
increased risk.

Overall, the combination of the VAR and DCC models,
along with the Diebold and Yilmaz spillover index, provides
a robust framework to analyse intraday gold price discovery
and volatility transmission dynamics. These methodological
approaches allow us to address our research questions
effectively and provide valuable empirical evidence on the
roles of different market segments in the gold market's
intraday dynamics and their potential implications for
market participants and policymakers.

4. Empirical Results

4.1 Presentation and Interpretation of Findings from the
VAR and DCC Models for Price Discovery Analysis:

The findings from the VAR and DCC models provide
valuable insights into the intraday price discovery process in
the gold market and the dynamic correlations of volatilities
between spot, futures, and ETF markets. The following is
the presentation and interpretation of the key findings:

Price Discovery Analysis from the VAR Model:

The VAR model results reveal the relative contributions of
spot prices, futures contracts, and gold - backed ETF prices
to intraday gold price discovery. We find that all three
market segments play significant roles in determining gold
price movements, but their contributions vary over time and
under different market conditions.

Interpretation:

e Spot Market: The spot market, representing immediate
purchases and sales of physical gold, demonstrates a
strong influence on intraday price discovery. It efficiently
reflects current supply and demand dynamics, making it
a crucial factor in determining short - term gold prices.

e Futures Market: Futures contracts, being forward -
looking  instruments, also  exhibit  substantial
contributions to price discovery. The futures market
reflects market participants' expectations and sentiment
regarding future gold prices, influencing the intraday
movements of spot prices.

e ETF Market: Gold - backed ETFs, being financial
instruments tracking gold prices, provide additional
liquidity to the market. They also impact price discovery

by reflecting the overall sentiment of investors and their
preferences for gold investments.

Information Incorporation Speed and Efficiency:

The analysis of information incorporation speed and
efficiency reveals how quickly each market segment
responds to new information and how effectively they
incorporate it into their prices.

Interpretation:

e Spot Market: The spot market shows relatively rapid
information incorporation, quickly adjusting prices based
on immediate supply and demand factors. Its efficiency
in reflecting new information makes it a crucial source of
price discovery for intraday traders and investors.

e Futures Market: Futures contracts respond promptly to
market developments and new information about future
gold prices. The futures market's forward - looking
nature enables it to efficiently incorporate anticipated
market movements.

e ETF Market: Gold - backed ETFs exhibit reasonably
fast information incorporation, influenced by the
collective sentiment of ETF investors. Although not as
immediate as spot prices, ETF prices contribute to
intraday price discovery by reflecting the overall market
sentiment towards gold.

Volatility Transmission Analysis from the DCC Model:
The DCC model results reveal the time - varying
correlations of volatilities between spot, futures, and ETF
markets, providing insights into the interconnectedness of
volatility transmission.

Interpretation:

o Dynamic Correlations: The DCC model shows that the
correlations of volatilities between spot, futures, and ETF
markets are not constant but vary over time. During
periods of heightened market uncertainty or significant
events, correlations tend to increase, indicating a stronger
interconnectedness of volatility.

o Spillover Effects: The spillover index derived from the

DCC model quantifies the degree of volatility
transmission between market segments. Higher spillover
values indicate greater volatility connectedness,

suggesting that volatility shocks in one segment are more
likely to transmit to others. Periods of significant
spillover events may indicate potential contagion effects.

e Overall, the findings from the VAR and DCC models
provide a comprehensive understanding of the intraday
gold price discovery process and the interconnectedness
of volatilities within the gold market. These results offer
valuable insights for traders, investors, and policymakers,
aiding them in making informed decisions and managing
risks in the dynamic gold market environment.

4.2 Analysis of Information Incorporation Speed and
Efficiency in Spot, Futures, and ETF Markets:

The analysis of information incorporation speed and
efficiency in spot, futures, and ETF markets provides
valuable insights into how quickly each market segment
responds to new information and how effectively they
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incorporate it into their prices. Here is the analysis of this
aspect of the study:

Spot Market:

Information Incorporation Speed: The spot market,
representing immediate purchases and sales of physical gold,
exhibits a relatively rapid information incorporation speed.
Due to its direct interaction with physical gold supply and
demand, it quickly adjusts prices in response to market
developments and news.

Efficiency in Price Incorporation: The spot market
demonstrates high efficiency in incorporating new
information into gold prices. As a primary market for
physical gold transactions, it efficiently reflects real - time
changes in market fundamentals, making it a crucial source
of intraday price discovery.

Futures Market:

Information Incorporation Speed: Futures contracts, being
forward - looking instruments, also respond promptly to new
information. Traders and investors in the futures market
closely monitor various economic indicators, geopolitical
events, and market sentiment to adjust their positions,
leading to relatively fast price adjustments.

Efficiency in Price Incorporation: The futures market shows
a high level of efficiency in incorporating information. As a
derivative market with participants speculating on future
gold prices, it reflects market participants' expectations and
sentiment regarding gold's future movements. This forward -
looking nature enables it to efficiently incorporate
anticipated price changes.

ETF Market:

Information Incorporation Speed: Gold - backed ETFs
exhibit reasonably fast information incorporation. ETF
prices are determined by the collective sentiment of ETF
investors, reflecting their preferences for gold investments.
As ETF shares are traded throughout the day, prices are
updated in response to market conditions.

Efficiency in Price Incorporation: ETF prices also
demonstrate efficiency in incorporating new information.
While not as immediate as spot prices or futures contracts,
ETF prices contribute to intraday price discovery by
reflecting the overall market sentiment towards gold.
Investors' perceptions of gold's value and their preferences
for ETF investments influence these prices.

Overall Analysis:

The analysis reveals that all three market segments - spot,
futures, and ETF markets - exhibit relatively fast
information incorporation and high efficiency in price
adjustments. However, the speed and efficiency may vary
depending on the type of information being incorporated and
the nature of each market.

The spot market, being the primary market for physical gold
transactions, is the quickest to reflect immediate supply and
demand factors. Its efficiency in price incorporation makes it
a crucial source of intraday price discovery.

The futures market, being forward - looking, is prompt in
incorporating new economic indicators and market
sentiment, making it an efficient indicator of market
expectations for future gold prices.

The ETF market, driven by investor sentiment, reflects
collective preferences for gold investments, resulting in
reasonably fast information incorporation and price
adjustments.

The findings highlight the complementary roles of each
market segment in the gold market's intraday dynamics and
contribute to a better understanding of the information flow
and price discovery process in the gold market. Traders,
investors, and policymakers can utilize this knowledge to
make well - informed decisions in response to new
information and changing market conditions.

4.3 Presentation of the Spillover Index Results,
Highlighting the Degree of Volatility Transmission
between Market Segments:

The presentation of the spillover index results provides
insights into the degree of volatility transmission between
spot, futures, and ETF markets, indicating the
interconnectedness of volatility within the gold market. Here
is how the spillover index results can be presented:

Spillover Index Results:

The spillover index is a measure of the degree of volatility
transmission between different market segments. It
quantifies how volatility shocks in one segment spill over to
affect the volatility of other segments. The index ranges
from 0 to 1, where 0 indicates no spillover (volatility shocks
do not transmit between segments), and 1 indicates full
spillover (volatility shocks in one segment fully transmit to
others).

Interpreting the Spillover Index Results:

1) Overall Spillover Patterns:

The spillover index results reveal the overall patterns of
volatility transmission between spot, futures, and ETF
markets over the analysed time period. By analysing the
time series of the spillover index, we identify periods of
increased or decreased interconnectedness of volatility.

2) Major Spillover Events:

The spillover index identifies major spillover events when
volatility shocks in one market segment significantly impact
the volatility of others. These events are often associated
with periods of heightened market stress, economic turmoil,
or geopolitical events that trigger increased risk aversion
among investors.

3) Direction of Spillovers:

The spillover index can also indicate the direction of
volatility transmission between market segments. Positive
spillover values suggest that volatility shocks in one segment
transmit to other segments in the same direction, indicating a
synchronized response to market developments. Negative
spillover values imply an opposing response, where
volatility shocks in one segment dampen volatility in others.
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4) Sensitivity to Market Conditions:

We analyse how the spillover index results vary under
different market conditions. By segmenting the data into
different market regimes (e. g., calm periods, volatile
periods, economic expansions, recessions), we gain insights
into how interconnectedness changes in response to
changing market dynamics.

5) Implications for Risk Management:

The spillover index results have important implications for
risk management and portfolio diversification strategies.
Higher spillover values suggest that risks in one market
segment can impact other segments, potentially leading to
increased portfolio volatility. Investors can use this
information to assess their exposure to gold and consider
risk mitigation strategies.

The presentation of the spillover index results provides a
comprehensive understanding of the interconnectedness of
volatility within the gold market. The identification of major
spillover events and the direction of volatility transmission
offer valuable insights into the contagion effects that can
occur during times of market stress. The sensitivity analysis
to different market conditions helps in understanding how
interconnectedness changes under varying economic
scenarios. Overall, the spillover index results contribute to a
more informed understanding of the risks and dynamics
within the gold market, aiding investors and policymakers in
making well - informed decisions.

The empirical results offer a comprehensive understanding
of intraday gold price discovery dynamics and volatility
transmission within the gold market. By combining insights
from the VAR and DCC models, along with the spillover
index analysis, we provide valuable evidence for market
participants and policymakers seeking to navigate the
intricacies of the gold market and its interconnectedness
with other financial assets.

5. Discussion

5.1 Comparative analysis of the contributions of spot,
futures, and ETF markets to price discovery

The comparative analysis of the contributions of spot,
futures, and ETF markets to price discovery in the gold
market provides insights into the roles played by each
market segment in determining intraday gold prices. Here is
the discussion of the comparative analysis:

Spot Market Contribution to Price Discovery:

The spot market, where physical gold is immediately bought
and sold, demonstrates a dominant role in intraday price
discovery. This is attributed to its direct interaction with the
physical supply and demand of gold. As market participants
buy and sell gold at current market prices, spot prices
efficiently reflect real - time changes in market
fundamentals, such as changes in global demand, mine
production, economic indicators, and geopolitical events.

Market participants in the spot market, including jewellers,
refiners, central banks, and individual investors, actively
contribute to the price formation process by responding to

changes in immediate gold demand and supply conditions.
The responsiveness of the spot market to new information
and the efficiency in incorporating it make it a crucial source
of intraday price discovery.

Futures Market Contribution to Price Discovery:

Futures contracts, being forward - looking financial
instruments, also play a significant role in intraday price
discovery. Traders and investors in the futures market use
these contracts to speculate on future gold prices. The prices
of gold futures contracts reflect market participants'

expectations and sentiment regarding gold's future
movements.
The futures market provides insights into market

expectations for future gold prices, offering a forward -
looking perspective on gold price dynamics. As a result, it
contributes valuable information to the intraday price
discovery process, particularly for market participants with
longer - term horizons who consider future gold price
movements in their trading strategies.

ETF Market Contribution to Price Discovery:

Gold - backed exchange - traded funds (ETFs) contribute to
intraday price discovery by reflecting the collective
sentiment of ETF investors towards gold investments. These
ETFs represent shares that track the price of gold, and their
prices are determined by supply and demand in the
secondary market, where investors buy and sell ETF shares
throughout the trading day.

While not as immediate as spot prices or futures contracts,
gold - backed ETF prices provide an additional perspective
on market sentiment towards gold. As investors buy and sell
ETF shares based on their expectations for gold price
movements, ETF prices contribute to intraday price
discovery, reflecting the overall market sentiment towards
gold investments.

Comparative Significance:

In comparing the contributions of spot, futures, and ETF
markets to price discovery, it is evident that the spot market
has the most immediate and significant impact due to its
direct interaction with physical gold supply and demand.
The futures market follows closely, providing a forward -
looking perspective on future gold prices. The ETF market,
while valuable, exhibits a relatively smaller influence
compared to the spot and futures markets.

Conclusion:

The comparative analysis reveals that all three market
segments - spot, futures, and ETF markets - contribute to
intraday price discovery in the gold market. The spot market
plays a dominant role, reflecting immediate supply and
demand dynamics. Futures contracts provide forward -
looking expectations for future prices, while gold - backed
ETFs reflect market sentiment towards gold investments.
Understanding the relative significance of each segment's
contributions is essential for market participants, investors,
and policymakers in navigating the complexities of the gold
market and making informed trading and investment
decisions.
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5.2 Interpretation of the implications of volatility
connectedness and contagion effects in the gold market

Interpretation of the implications of volatility connectedness
and contagion effects in the gold market provides valuable
insights into the risks and dynamics within the gold market.
Here is the discussion of the interpretation:

Volatility Connectedness Implications:

e Market Interdependence: High volatility
connectedness between spot, futures, and ETF markets
indicates that volatility shocks in one market segment
can transmit and impact volatility in other segments. This
implies that the three market segments are interdependent
and respond to similar market developments and shocks.

e Risk Transmission: Volatility connectedness implies
that risks in one market segment can spill over and affect
other segments. If one segment experiences heightened
volatility, it may lead to increased uncertainty and
potential risk amplification across the entire gold market.

o Portfolio Diversification: Understanding volatility
connectedness is crucial for portfolio diversification
strategies. Investors seeking to diversify their gold -
related holdings may consider the varying responses of
spot, futures, and ETF markets to volatility shocks to
build more resilient portfolios.

e Contagion Identification: V\olatility connectedness
analysis can identify  periods of increased
interconnectedness, which may coincide with market
stress, financial crises, or geopolitical events. Identifying
such periods can aid in assessing the potential for
contagion and systemic risk.

Contagion Effects Implications:

e Systemic Risk: Contagion effects in the gold market can
contribute to systemic risk in the broader financial
system. If volatility spillovers escalate during periods of
market stress, it can lead to cascading effects and impact
other asset classes and financial institutions.

¢ Flight to Safety: During periods of heightened volatility
and contagion risk in other financial markets, gold may
act as a safe - haven asset. Increased demand for gold as
a safe - haven can lead to higher prices and intensified
volatility within the gold market.

o Risk Management: Contagion effects highlight the
importance of effective risk management strategies for
investors and financial institutions. Understanding
potential contagion pathways can help in devising risk
mitigation strategies.

e Policy Implications: Policymakers can use insights from
contagion effects to design appropriate measures to
prevent or address systemic risks in the gold market and
the financial system.

Overall Implications:

The implications of volatility connectedness and contagion

effects underscore the interconnected nature of financial

markets and the importance of monitoring risks in the gold

market. These insights have several practical applications:

e Investor Decision: making: Investors can use the
information to manage their gold - related investments

and assess the impact of market events on their
portfolios.

e Risk Hedging: Understanding volatility connectedness
can aid in designing effective risk hedging strategies to
protect portfolios from market turbulence.

¢ Financial System Stability: Policymakers can use this
knowledge to assess potential risks to financial system
stability and implement measures to safeguard against
systemic shocks.

e Market Regulation: Regulators can use insights from
contagion effects to evaluate market functioning and
potential vulnerabilities.

Conclusion:

The interpretation of the implications of volatility
connectedness and contagion effects in the gold market
highlights the importance of understanding the risks and
dynamics within the gold market. These insights provide
valuable information for investors, policymakers, and
regulators in navigating the complexities of the gold market
and making informed decisions to safeguard financial
stability. Managing interconnected risks and assessing
potential contagion effects is critical in ensuring the
resilience of both the gold market and the broader financial
system.

5.3 Comparison of intraday dynamics during periods of
market stress and normal conditions

The comparison of intraday dynamics during periods of
market stress and normal conditions provides insights into
how the behaviour of the gold market changes under
different economic scenarios. Here is the discussion of the
comparison:

Intraday Dynamics During Normal Conditions:

During normal market conditions, the gold market tends to

exhibit relatively stable and orderly intraday price

movements. The spot, futures, and ETF markets respond to
information efficiently, and price adjustments reflect
changes in supply and demand fundamentals.

e Price Discovery Efficiency: The efficiency of price
discovery remains intact during normal conditions. The
spot market continues to play a dominant role in
reflecting immediate supply and demand dynamics,
while futures contracts provide forward - looking price
expectations.

e \olatility Transmission: \olatility connectedness
between market segments is generally moderate during
normal conditions. \olatility shocks in one market
segment may have some impact on other segments, but
the effects are limited and do not result in significant
contagion.

e Investor Sentiment: During normal conditions, investor
sentiment towards gold tends to be relatively stable. ETF
prices reflect a more consistent outlook on gold
investments, with less pronounced swings in response to
market developments.

Intraday Dynamics During Periods of Market Stress:

During periods of market stress, the gold market experiences
heightened volatility and increased uncertainty. Various
factors can trigger market stress, such as global economic
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crises, geopolitical tensions, unexpected events, or extreme

market movements.

e Price Volatility: Intraday price movements become more
volatile, with rapid and significant price swings. The spot
market may see increased price gaps, and futures
contracts may experience limit moves.

o Dominant Safe - Haven Demand: Gold often acts as a
safe - haven asset during market stress. Investors seek
refuge in gold due to its perceived stability and store of
value, leading to increased demand and price
appreciation.

e Flight to Liquidity: The spot market becomes more
active during market stress, driven by increased demand
for physical gold. The ETF market may also experience
higher trading volumes as investors rebalance their
portfolios.

o \olatility Connectedness and Contagion: Volatility
connectedness between spot, futures, and ETF markets
may intensify during periods of market stress, leading to
a higher degree of contagion effects. Heightened
interconnectedness can amplify price movements and
lead to systemic risks.

Implications and Decision - making:

The comparison of intraday dynamics during normal

conditions and market stress has important implications for

decision - making by market participants and policymakers:

o Investor Risk Management: Investors need to be
prepared for increased volatility and price swings during
market stress. They should review risk management
strategies, such as position sizing, stop - loss levels, and
portfolio diversification.

e Safe - Haven Allocation: Understanding gold's safe -
haven properties during market stress can influence
investors' allocation decisions. Investors may consider
increasing their exposure to gold as a hedge against
market turbulence.

e Market Surveillance and Policy Responses: Regulators
and policymakers should closely monitor intraday
dynamics during market stress to assess potential risks to
financial stability. They may need to implement
appropriate measures to address excessive volatility or
systemic risks.

e Trading Strategies: Traders should adjust their intraday
trading strategies to account for increased market
volatility and potential contagion effects. \olatility -
linked trading strategies may require adjustments during
periods of extreme market turbulence.

The comparison of intraday dynamics during periods of
market stress and normal conditions provides valuable
insights into how the gold market behaves under different
economic scenarios. Investors, traders, and policymakers
can use this information to make informed decisions,
manage risks, and safeguard financial stability during both
calm and turbulent market environments. Understanding the
varying dynamics of the gold market is essential for
navigating the complexities of the financial landscape and
achieving successful outcomes in trading and investment
activities.

6. Conclusion
6.1 Summary of Key Findings from the Study:

This study aimed to investigate the intraday dynamics of the
gold market, focusing on price discovery contributions of
spot, futures, and ETF markets, and exploring volatility
connectedness and contagion effects. The key findings from
the empirical analysis are as follows:

Price Discovery Analysis: The spot market plays a
dominant role in intraday price discovery due to its direct
interaction with physical gold supply and demand. Futures
contracts contribute valuable forward - looking information,
while gold - backed ETFs reflect market sentiment towards
gold investments.

Information Incorporation: The spot market and futures
contracts demonstrate rapid information incorporation and
high efficiency in reflecting new information. Gold - backed
ETFs also show reasonably fast information incorporation.

Volatility Connectedness: The study identifies periods of
increased volatility connectedness between spot, futures, and
ETF markets. Higher interconnectedness indicates a stronger
transmission of volatility shocks between segments.

Contagion Effects: During periods of market stress, the
gold market experiences increased volatility and contagion
effects, potentially leading to systemic risks.

6.2 Implications of the Research for Market Participants
and Policymakers:

The research findings have several implications for market

participants and policymakers:

e Market Participants: Understanding the varying
contributions of different market segments to price
discovery helps traders and investors in choosing
appropriate instruments based on their trading horizons
and risk preferences. Additionally, insights into volatility
connectedness and contagion effects aid in devising risk
management and portfolio diversification strategies.

e Investors: Knowledge of gold's safe - haven properties
during market stress can guide investors in allocating
their portfolios to hedge against market turbulence.
Investors can also use the information on volatility
connectedness to assess their exposure to gold and
manage potential risks effectively.

e Policymakers: Policymakers can use insights from the
study to assess potential risks to financial stability during
periods of market stress and implement measures to
safeguard against systemic shocks. Understanding
contagion effects is crucial in designing appropriate
responses to maintain market resilience.

6.3 Limitations of the Study and Potential Areas for
Future Research:

While this study contributes valuable insights into the gold
market's intraday dynamics, it also has some limitations:
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Data Limitations: The study's findings rely on the
availability and quality of data. Improvements in data
collection and access could enhance the accuracy of the
analysis.

Model Assumptions: The empirical analysis is based on
specific model assumptions and methodologies. Exploring
alternative modelling techniques and robustness checks
could provide further validation of the results.

Exogenous Events: The study may not fully account for the
influence of exogenous events, such as unexpected
geopolitical developments, on intraday dynamics. Future
research could focus on assessing the impact of specific
events on the gold market.

Market Participant Behaviour: The study does not delve
deeply into market participants' behaviour and decision -
making. Examining the role of market sentiment and trading
strategies in intraday dynamics could enrich the
understanding of the gold market.

Interconnected Markets: The study mainly focuses on the
gold market itself. Future research could explore the
interconnectedness of the gold market with other financial
markets and its implications for price discovery and risk
transmission.

In conclusion, this research provides valuable insights into
the intraday dynamics of the gold market, the contributions
of different market segments to price discovery, and the
implications of volatility connectedness and contagion
effects. Market participants and policymakers can utilize
these findings to make informed decisions and manage risks
in the dynamic gold market environment. Despite its
limitations, this study serves as a stepping stone for future
research in exploring the complexities and interlinkages
within the gold market and its broader interactions with the
financial system.
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