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Summary

This thesis examined three key areas of the international gold market. The aim of this

thesis was to analyse elements of the market that have been under-researched over the last

two decades and contribute to the body of literature in this area. As this thesis shows, while

research into areas such as equity and bond markets flourished, the investigation of gold

and other commodity markets were perceived as lacking excitement by the wider academic

and investor community.

Firstly, this thesis sought to investigate the key variables: macroeconomic, real and

financial, that played an influencing role on gold returns. The second strand of this thesis

related to the examination of the intraday pricing patterns in gold returns. The third

element investigated the nature and extent of daily seasonality in gold cash and future

returns.

This thesis utilised robust econometric methodology in the examination of key issues

relating to the gold market. Vector Auto Regressive Modelling, unit root analysis,

cointegration methods and Vector Error Correction Modelling were among the tools used

in the investigation of the significant financial, real and macroeconomic variables that have

an impact of the price of gold cash and future prices. Impulse response functions and

variance decomposition methods were crucial to understanding the dynamics and

influences of such variables on gold prices.

Parametric and non-parametric methodology was utilised in the examination of the

behaviour of gold returns, on an intraday and daily basis. A succinct description of the

methods used and the application of such are provided in the body of this work. Through

the use of appropriate methodologies, the patterns of intraday returns and the existence and

extent of daily seasonality in the gold market was uncovered.

The thesis revealed a number of important aspects relating to the influencing factors on the

gold price. Firstly, the investigation on a daily basis unearthed very different results from a

monthly examination. The daily analysis revealed that gold was not influenced

significantly by any variable included in the investigation and appeared to be priced by



factors outside of the system. However on a monthly basis, a number of important features

emerged. The dollar remains the single most influencing factor on the price of gold over

the long term, on both a cash and futures basis. This is apparent on both a short and long

run analysis. In addition, the FTSE 100 played a keen role on gold prices over the long run.

A number of variables which did not feature over the extended analysis had an impact on

gold prices over shorter term periods such as the U.K. pound, oil and the S&P 500.

The intraday investigation of gold return patterns can be summarized as follows:

Examining the futures market, a U shaped pattern in mean and volume returns was evident,

which correlates to the literature across a number of asset classes. Volatility followed an L-

shaped pattern. The start of trading and the close of trading on COMEX are important time

periods in the mean pattern of gold future returns. For the cash market, the data is of a

continuous basis, and a clear pattern of returns was not forthcoming. The time periods from

mid-day to late afternoon, corresponding to the start of trading in New York, are

significant features of the cash market. It is important to note the international nature of

gold - it is a globally traded asset; therefore it is possible to witness spill over effects across

markets in London, New York and Tokyo which exert an impact on gold returns.

The final thread of this research examined for the presence of daily seasonality in gold

returns. Daily seasonality was discovered in the variance of the asset, while seasonality in

the mean was not a feature. From the gold cash investigation, at the 5% level, both

Wednesday and Friday are important days with Wednesday having the effect of decreasing

variance while Friday’s effect is positive on variance. Tuesday is significant at the 10%

level. For gold future returns, both Thursday and Friday have a positive impact on

variance, both at the 10% level. However, while these results are significant, it is important

to note that the magnitude of the coefficients are minimal which is a reflection of poor

economic importance and the lack of an arbitrage situation.
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O. Introduction and Overview

This thesis examines three main threads of the gold market. Firstly, intra-day patterns in

gold cash and future prices are examined in order to detect any patterns in returns.

Secondly, this work investigates whether daily seasonality in gold cash and future returns

is a feature of the gold market, and the nature and extent of this phenomenon. Thirdly, this

research examines which variables have a significant impact on gold cash and future

prices. Based on identified variables from the consulted literature, this thesis will examine

the impact of included macroeconomic, financial and real variables on gold cash and future

prices and will identify those variables that are important in the formulation of gold pricing

patterns.

0.1 Overview

This thesis begins with Chapter 0 Introduction and Overview; in this chapter, a brief

introduction to the thesis and a synopsis of each chapter is provided. Chapter 1 outlines the

nature of the philosophy of enquiry and the contribution of the esteemed philosophers Karl

Popper, Thomas Kuhn and Imre Lakatos to this area. In addition, Chapter 1 equips the

reader with an understanding of the pattern of gold research to date that has been published

in the academic press.

In Chapter 2, an introduction to the gold market is presented in order to provide the reader

with the necessary background knowledge of this asset. The chapter outlines many of the

key issues surrounding the gold market. A history of gold’s role as a monetary asset, in

addition to the important topics that relate to the supply and demand fundamentals of the

metal is discussed. Furthermore, the historical gold price and how this has varied over time

is outlined. As gold is an important investment asset the main markets and the methods of

investing in gold products is provided.

Chapter 3 provides a thorough investigation of the literature that has documented the key

variables that play a large role in the pricing of gold. This chapter will examine, in detail,

the nature of the relationship between gold and various macroeconomic, financial, and real



variables that have been examined in the literature. It also documents the fundamental

aspects of the supply and demand components of the market.

Chapter 4 and Chapter 5 outline the evidence concerning intraday and daily seasonality

across various markets. Extended documentation of intraday patterns in mean, volatility

and volume is offered, on both a U.S. and international level, across a range of asset

markets. Of the minimal research in the investigation of daily seasonality in gold returns

that was conducted, much of this occurred in the 1980s. Chapter 5 documents of the results

of these authors. Theories relating to the existence of seasonal behaviour in asset returns

are also provided and discussed.

Chapter 6 outlines the methodologies that are employed in the investigation of both the

nature and existence of any pricing patterns, and also in the search for key variables that

impact significantly on gold prices. This chapter will also outline the methods that have

been utilised by previous researchers.

Chapter 7 provides important information regarding the data that is used for all three

investigations in this study. In addition, this chapter also provides the results of the initial

analysis of the methodological issues involved.

Chapter 8 presents the findings of the Vector Autoregressive investigation of the main

influencing factors on gold prices. Given that this section of the thesis utilises both a full

sample and two sub-samples, the results are quite varied. The considerable impact of many

variables is noted on a monthly basis; however the evidence at a higher frequency reveals

that gold returns on a daily basis are not influenced by any of the variables included in the

system. Over the entire monthly period, the dominant role of the dollar, interest rates and

equity markets are identified. While the influence of the dollar is robust over the long term,

the emergence of the U.K. pound and oil during the two sub-periods is observable.

suggesting the changing role over the long run period versus shorter run dynamics of the

yellow metal.



Chapter 9 presents the results of the investigation into intraday patterns in gold cash and

future returns. The results are mixed for both the cash and futures market. The futures

market appears to follow a largely U shaped pattern in returns, which has been noted in the

finance literature in relation to other asset markets. The cash market, whilst operating on a

24-hour basis, does not provide such a pattern and results are very mixed concerning the

intra-day return patterns of the cash price of the metal.

Chapter l0 presents the results of the investigation into the existence and the nature of

daily seasonality in gold returns. The evidence from a GARCH model, using an

APGARCH specification, shows that seasonality in the mean is not evident whilst

seasonality in the variance is evidenced from the conditional analysis. Finally, Chapter 11

provides a conclusion to this research and final comments.

0.2 Contribution of this Work

This research provides the academic literature with a number of important contributions.

The three central issues investigated in this thesis provide key insights into the gold

market. Research into this asset has largely been neglected for the previous twenty years.

Given that this is an area that has been under-researched, the aim of this thesis was to

examine these key areas of the market and provide essential up-to-date results of these

issues. Thus, this thesis has concentrated on pricing patterns, both on an intraday and daily

level, and the identification of the main influencing factors to gold prices. It is expected

that this research will act as a stepping stone to further research into this market.

The first section of investigation provides a thorough analysis of factors that influence the

gold market. In addition, the results of this study will aid our understanding of the pricing

patterns of both cash and futures, on a daily basis and an intraday basis. The data used in

the examination of intra-day pricing patterns is a unique dataset and provides an important

contribution to this area. The daily seasonality issue has been neglected in the gold market

for twenty years; this research provides an up-to-date investigation of the anomaly.

Building on previous research this work creates a succinct analysis of gold pricing

behaviour. The econometric methods used in this thesis have utilised both parametric and

non-parametric tools, and provide a robust investigation of these issues.



This research contributes to both the academic literature and also to practitioners working

in this field. From an academic perspective, it is important to note that the issues and

subjects that form part of this thesis have received recognition from academia, appearing in

a number of international scholarly journals. This recognition validates the quest to bring

this research, of an asset important to the past but of increasing importance to the present

and future, to the attention of more researchers and academics. Thus far, four papers that

each form part of this thesis have been published in international academic journals while

two additional papers have been submitted and are pending approval. Furthermore.

research papers have been presented at many conferences worldwide as indicated below.

The following papers have been published in international academic journals."

Lucey, B. and E. Tully (2006a). "Seasonality, Risk and Return in Daily COMEX Gold and

Silver Data 1982-2002." Applied Financial Economics 16(4): 319-333.

Lucey, B and E Tully (2006b). "The Evolving Relationship between Gold and Silver 1978-

2002: Evidence from a Dynamic Cointegration Analysis." Applied Financial Economics

Letters 2( I ): 47-53.

Lucey, B., E. Tully and V. Poti (2006). "’International Portfolio Diversification, Skewness

and the Role of Gold." Frontiers in Finance and Economics 3(1 ): 1-17.

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

Research in International Business and Finance 21: 316-325.
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Submitted and awaiting approval:

Tully, E & B Lucey. "A VAR analysis of the Gold Market." Applied

Economics.

Financial

Tully, E & B Lucey. "An Intraday Examination of Gold Returns." Applied Financial

Economic Letters.

Various forms of this research have been presented at the following conferences:

Lucey, B and E Tully "Seasonality, Risk and Return in Daily COMEX Gold and Silver

Data 1982-2002", Eastern Finance Association Annual Meeting, Orlando, 2003.

Lucey, B and E Tully "Seasonality, Risk and Return in Daily COMEX Gold and Silver

Data 1982-2002", Irish Economic Association Annual Meeting, Limerick, 2003.

Lucey, B, E Tully and V Poti "International Portfolio Diversification, Skewness and the

Role of Gold", Invited Seminar, Kent State University, Kent, Ohio 2003.

Lucey, B, E Tully and V Poti "International Portfolio Diversification, Skewness and the

Role of Gold", Invited Seminar, Southwest Missouri State University, Springfield,

Missouri 2003.

Lucey, B, E Tully and V Poti "International Portfolio Diversification. Skewness and the

Role of Gold", International Economics and Finance Society Annual Meeting, London

2003.

Lucey, B and E Tully "The Dynamic Relationship between Gold and Silver 1978-2002-

Evidence from Cointegration Analysis", Midwest Finance Association Annual Meeting,

Chicago 2004.



Lucey, B, E Tully and V Poti "International Portfolio Diversification, Skewness and the

Role of Gold", Midwest Finance Association Annual Meeting, Chicago 2004.

Lucey, B, E Tully and V Poti "International Portfolio Diversification, Skewness and the

Role of Gold", Southern Finance Association,, Florida 2004.

Lucey, B, E Tully and V Poti "International Portfolio Diversification, Skewness and the

Role of Gold", Society for Nonlinear Dynamics and Econometrics, London, 2005.

Tully, E and B Lucey "An APGARCH Investigation of the Gold Market", Global Finance

Conference,, Dublin, 2005.

Tully, E & B Lucey "APGARCH Modelling of the Gold market", Midwest Finance

Annual Conference Chicago, 2006.

Tully, E & B Lucey "APGARCH Modelling of the Gold market". Eastern Finance Annual

Conference, Philadelphia, 2006.

From a business and practitioner’s perspective, significant dialogue has been undertaken

among key personnel in the gold industry. This communication ensures that this research is

valid to both practitioners and academics alike, and provides a valuable sounding board to

develop key ideas. I have attended the annual London Bullion Market Conference every

year since 2002 in an effort to bring this research to the attention of those working in the

industry. This provided a platform to engage with the major players in the industry. As a

result, 1 received valuable intra-day data from UBS. a leading investment bank. This intra-

day data is not available to the wider academic community. This work has been presented

to major hedge fund companies, who are particularly interested in the seasonal aspect of

this research, utilising elements of this work in the timing of their trading strategies. As

further indication of the merits of this research. I have become a full time employee of

Mitsui Global Precious Metals. a leading trading company in precious metals. 1 have taken

up the position of Head of Precious Metals Research with responsibility for gold. silver.

platinum and palladium research. While the focus of this thesis is the gold market, it has



provided the core skills required for a position of this magnitude. It also reflects the

important linkages and collaboration of knowledge that exists between academia and

industry in this area.

The methodological approaches utilised in this thesis are not new. While traditional

methods are applied; the most significant contributions of this work relate to data

triangulation, data replication, and expansion of the breath of research in this area. Data

triangulation relates to the gathering of data from different time periods or different

sources in the investigation of an issue. This thesis applies this described approach, using

cash and futures data from different sources and over many and different time periods.

This research does not rely on one dataset nor does it depend on one methodology, thereby

minimising the occurrence of data mining. Data relating to the cash and futures market

from COMEX, the London Bullion Market, and from UBS, both over the long term and

over shorter time periods are included. This thesis makes use of various parametric and

non-parametric approaches in the examination of the key issues of this research. Thus, this

method allows one to investigate and target, using data already in existence, key areas of

the market that are under-researched.



1. Philosophy of Enquiry and the Positioning of Gold Research

1.1 Introduction

This chapter examines the nature of the philosophy of inquiry within the social sciences

and the positioning of gold research within an academic context. This chapter begins with

an attempt to provide a definition for the philosophy of science. It proceeds to outline the

major work of Popper, Kuhn and Lakatos as the major philosophers of the twentieth

century. The chapter then proceeds to examine the role of the Capital Asset Pricing Model.

Finally, this chapter outlines the major academic work that has been undertaken thus far on

gold, while also discussing reasons for a general lack of research in this area and provides

the reader with a brief outline of the path of gold research up to this date.

1.2 The Nature and Philosophy of Enquiry

The first place to start is to question what is meant by scientific knowledge and provide a

precise definition for the philosophy of science. Philosophy of science is the brand of

philosophy that has addressed the questions of how are and how should scientific inquiries

be conducted, it includes the development of concepts and terms, propositions and

hypothesis, as well as arguments and conclusions. It is the means for determining the

validity of scientific information and the question of objectivity. According to Brannick,

the philosophy of science has "produced useful principles which enable us to understand

science and forms of explanation, including some basic assumptions that constitute the

philosophical underpinnings of theory’" (1997: 4).

1.2.1 The Work of Popper, Kuhn and Lakatos

The work of Popper (1959) is generally accepted as having a major impact on the field of

economics. Popper believed that the main problem within the philosophy of science was

the distinction between science and non-science. He argued that it is very simple to gain

evidence that generally supports an) theory. Popper maintained that a theor? is scientific if

and only if it is refutable by a conceivable event. Therefore. every test of a theory is a

genuine attempt to falsify it. Popper put forward this principal of falsification: in order to

be useful, a theory must be falsifiable, that is it must be able to be tested and proven

8



wrong. Every test of a theory is an attempt to falsify such theory. The philosopher believed

that while a theory may have withstood vigorous testing, this does not provide evidence of

a solid acceptance or verification. Rather, it is the best available theory until it is falsified.

In Thomas Kuhn’s book The Structure of Scientific Revolutions, the author contends that

the progression of science occurs through a research ’paradigm’, this can be explained as a

general set of research questions and methods that are accepted and within which work

progresses. Kuhn built on the work of Popper by extending the notion of what is

investigated beyond theory. Kuhn (1970) asserted that one theory is victorious over

another when the generally accepted view of knowledge is brought into question by a

scientific revolution. That is, when sufficient observations are collected that question the

validity of previous theory, a more accurate paradigm emerges. Within a paradigm, all

those accept and share the assumptions of that paradigm. For paradigm succession to

occur, the normal science is interrupted by an event or series of events that call into

question the validity of the paradigm and heralds forward a new paradigm within which

groups of researchers work. The paradigm that Kuhn refers to represents a logically

consistent portrait of the world, which achieves the general consensus of the world of

scientists.

When a scientific revolution occurs, one theory succeeds another; Kuhn asserts that the

new paradigm must be sufficiently different from the assumptions and predictions of the

previous paradigm and be well developed so that the community of scientists can develop

within. The occurrence of scientific revolution, according to Kuhn, is vital for scientific

change and development.

Paradigms are vitally important as they provide the shared assumptions and views that a

community works within in the development of science. According to Kuhn, the paradigm

provides a criterion for choosing problems that, when the paradigm is taken for granted,

can be assumed to have solutions (1978: 37). Kolb states that Kuhn also compares normal

sciences to a mopping up operation, whereby the large issues are "settled by the paradigm

and normal sciences finishes the picture by painting by numbers" (1993: 3).



With an accepted paradigm, in the event of a significant amount of collected observations

that do not agree with the accepted paradigm, a number of possibilities can occur. The

observations can be fully accepted and the paradigm abandoned. Secondl). the

observations can be treated as anomalies that are absorbed into the current paradigm.

However if anomalies continue to persist, this presents serious issues for the paradigm.

where the theory needs to absorb the anomaly. When anomalies break down the accepted

paradigm, a period of crisis emerges. A paradigm shift occurs, which refers to Kuhn’s

scientific revolution.

An old paradigm can only be abandoned and a new paradigm accepted if an alternative

paradigm is available to replace the previous paradigm. Therefore, the rejection of one

paradigm and the acceptance of another occur hand in hand - a scientific evolution. The

old and the new paradigms are incompatible. For example, the initial belief that the world

was fiat is entirely at odds with the proven fact that the world is indeed round.

Building from this, Lakatos (1978) in many ways agrees with the work of Kuhn. However,

where Kuhn talks about scientific revolutions, Lakatos believes that science and

knowledge progress and change in a more muted manner. Lakatos refers to research

programs, the hard core of a theory and its protective belt. The research program is a set of

hypothesis and methodology principles that guide the conduct of research. According to

Lakatos, the research program is encircled by the hard core, which is an unfaltering set of

beliefs and theories. These sets of beliefs are surrounded by a protective belt, which

represents auxiliary hypothesis that can change and adapt, adjust, and be replaced in the

effort to defend the hard core.

The hard core consists of a negative heuristic and a positive heuristic. According to Kolb

(1993), the negative heuristic is a set of methodological rules for the research program

where the researcher must avoid any lines of inquir3’ that criticise the hard core. The

positive heuristic provides guidance as to the path of research to pursue.

Lakatos regards a research program as being successful if it leads to a progressive problem

shift and unsuccessful if it leads to a degenerative change. As part of progressive research.

theories lead to the discovery of novel facts.



Linking Kuhn and Lakatos, while Kuhn believes in scientific revolution, Lakatos believes

that progress evolves more slowly, stating that when anomalies occur, scientists invent a

rescue hypothesis to explain the anomaly, or in the case of not being able to provide an

explanation, simply ignoring it. Lakatos believes that one paradigm succeeds another when

it draws more attention from researchers, rather than a clear victory of one paradigm over

another. Lakatos does agree with Kuhn that one theory can only be rejected if another

theory is available. In essence, while Kuhn believes in cataclysmic shift from one theory to

another, Lakatos suggests that the change is more gradual.

There is an obvious lack of literature linking philosophy and the field of financial

economics. Kolb (1993) states that the great philosophers, Kuhn and Lakatos, did not

consider economics in the formulation of their theories, Kuhn questioned whether any of

the social sciences had yet formulated a first paradigm. Lakatos labelled the social sciences

as worthless, referring to statistics as "an increase in pseudo-intellectual garbage" (1978:

88).

The Capital Asset Pricing Model (CAPM) and the Arbitrage Pricing Theory (APT) can

boast strong claims as paradigms, based on the published work of Kuhn and Lakatos.

Existing models from Sharpe (1964) and Ross (1976) are the dominant theories of how

asset prices are determined. Neither model attempts to account for deviations in returns

over days of the week. The Efficient Market Hypothesis (EMH), as discussed in Bachelier

(1900) and Fama (1965), states that security prices reflect all available information.

Therefore, the existence of seasonal returns in assets contradicts the EMH. The testing of

these theories has been at the forefront of much of the financial economics literature. It

must be re-iterated that much of this research has concentrated on equities, with little focus

on gold and commodities. In this quest, many researchers have identified variables that are

missing from these models or are overtly simple. However, based on the Lakatos view,

these issues occur in the protective belt of the research program and therefore do not

violate the hard core beliefs. The findings of calendar anomalies, such as the day of the

week effect, are at odds with the previously accepted pricing theories. According to Kolb

(1993), the finding of a calendar anomaly, beginning with the work of Cross (1973) in

asset market returns, presents a direct threat to the CAPM. Based on the thinking of Kuhn

and Lakatos, the existence of a single anomaly cannot call into question the existing

paradigm, but multiple examples of such anomalies and a receptive atmosphere towards
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this quest could act to question the validity of an existing paradigm or research program.

The argument must then question the nature of these findings and whether such results are

accurate. This brings up issues of data mining, and assesses if the anomaly can form part of

the protective belt of the research program and not threaten the hardcore of the paradigm.

If indeed, as previous research has shown, the persistence of anomalies threatens the

CAPM, then according to Kuhn, the paradigm has reached a state of crisis, or as asserted

by Lakatos, the research program has degenerated. The next progression is the advance of

a new paradigm or the transfer of allegiance to a new research program. The natural step

for finance, then, suggests that the need to look beyond these traditional theories. The

evidence points to fundamental core discrepancies, and requests to address and accept the

existence of such anomalies as forming a core element of pricing behaviour.

1.3 Focus of the Gold Literature to Date

Research into gold has been limited in recent times. An important issue that needs to be

addressed is why this area has suffered while other assets such as equities and bonds

received significant attention over the last thirty years.

For much of human history, gold has played a significant role in economic activity.

However, gold’s role as a monetary asset became devalued in the twentieth century. Gold

entered an era of central bank gold sales, where central banks disposed of their large

stockpiles of the metal, with a resulting fall in gold prices. Gold was perceived as an asset

that did not provide an interest rate or dividend, and therefore was an unattractive

investment. The price of gold in the mid 1980s and 1990s experienced an extended bear

run. It was deemed by many to be an unexciting asset and one that belonged to another era.

As a result, research flourished in other assets such as equities, fuelled by considerable

investor interest and the flow of money. The role of gold as an alternative asset class was

not recognised by investors, and academics also adopted this attitude. Research into

calendar anomalies in U.S. and international equity markets became a very topical area of

research and many academics searched for evidence of seasonal patterns. Indeed. this

provided a platform for research into other assets such as bonds, foreign exchange, etc.

Gold received scant attention during this period, with only a handful of papers published in

this area. Much of the dearth of research in this metal reflected a wider attitude towards
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commodities as an asset class in general. Equities were deemed a more exciting avenue

and one that provided much evidence of anomalous pricing behaviour. Since the turn of

this century, research into commodities has expanded. This group of assets is now widely

recognised as an alternative investment to traditional assets. Portfolio diversification has

become an important requirement in a changing world. Commodities behave in a manner

that is unlike traditional investments and thereby provide the necessary diversification

qualities required by many investors. Gold has witnessed a rekindling of interest from

investors keen to take advantage of its unique properties. Therefore, this area of research

and the focus of this thesis are an appropriate indication of the renewed interest in this

alternative asset class, and the revival of attention both from academia and the wider

investment world.

Gold is an asset that is of very real psychological importance to many countries across the

world. Aggarwal and Lucey (2007) investigated the presence of psychological barriers in

gold prices. It is well documented in the financial press that gold barriers or resistance

levels are common in this market. The authors argue that if markets are efficient, then such

behaviour should not occur. The gold market, as examined by Aggarwal and Lucey, is not

deemed efficient as the authors provide strong support for psychological barriers in gold

returns. Gold as an asset is bound up in the psychological and religious beliefs of many

nations and cultures. As discussed later in the thesis, gold has been a cornerstone of

empires, monetary systems, religious customs and beliefs, in addition to being an

important financial asset. Over thousands of years, gold has impacted on generations. It is

this inherent connection that provides the basis for an asset that is deemed the most

precious of the precious metals.

The public’s attitude to gold is strongly based on behavioural and psychological beliefs.

India provides an example of a nation with significant ties to the yellow metal. Hindus

believe gold to be the gift of the goddess of wealth, Lakshmi. The Indian bride, bedecked

in gold jewellery, is seen as a personification of Lakshmi. Dating back 3,000 years or more

to the earliest Hindu rituals and scriptures, gold in India has a place in every major

occasion in a person’s life, from the simple ear-piercing ceremony of a child to the sixtieth

anniversary celebrations. Indian parents usually give gold jewellery as gifts to brides for

adornment and financial security. The wedding season lasts from November to mid-

December and from mid-January to May. Wealthy Indians are known to present gold coins

13



to guests on the occasion of a wedding. Gold jewellery also has sentimental value and is

passed down from one generation to another. Demand for gold rises during the festival

season, which peaks in October or November with Diwali, the Hindu festival of lights.

Indians buy gold on Dhanteras, a festival two days before Diwali, due to a belief that it

invokes the blessings of the goddess of wealth, Lakshmi.

The thrust of literature on gold returns to date has focused on five main areas: Firstly, the

return distribution and market efficiency of the gold market; the investment and

diversification properties of the metal; the relationship between gold and macroeconomic

variables, government policies, news releases, and geopolitical issues; the relationship

between gold prices and mining firms; and the market process and relationship between

gold and other precious metals.

A wealth of authors, predominantly in the 1980s, have examined the issue of market

efficiency in the gold market and the possibility of earning excess returns (Shishko (1977),

Solt and Swanson (1981), Ball, Torous et al. (1982), Booth and Kaen et al. (1982), Ho

(1985), Tschoegl (1987), Aggarwal and Soenen (1988), Frank and Stengos (1989), Cheung

and Lai (1993) Muradoglu, Akkaya et al. (1998)). These authors have all examined the

return characteristics of the gold market. Solt and Swanson (1981), over the period 1971-

1979, investigated the return distributions of gold and silver prices and concluded that non-

stationarity and non-normality exists in the return distributions of gold and silver mean

returns and standard deviation, however, this magnitude was not deemed sufficient to

exploit. The efficiency of the gold options market was investigated by Beckers (1984) and

Ball, Torous et al. (1985).

The use of gold in portfolio formation, and the investment role of gold have been examined

by many authors. Given the diversification properties of gold and its negative correlation

with many asset classes, researchers have examined the role of gold in this issue. For

example, Beckers and Soenen (1981). Jaffe (1989), Chua. Stick et al. (I 990), Johnson and

Soenen (1997) and Lucey, Tully et al. (2006) amongst others, have investigated the role of

gold in investment portfolios and the consensus is that gold does provide many

diversification benefits.
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Thirdly, and one focus of this thesis, is the impact of other variables on the price of gold.

Chapter 3 will examine all variables from the literature that exert influence over gold

prices. The variables concerned include: oil prices, exchange rates, interest rates, inflation

rate, gross nation product, consumer price index, producer price index, and others. Studies

by Salant and Henderson 0978), Sjaastad and Scacciavillani (1996), Taylor (1998), and

Christie-David, Chaudhry et al. (2000) examine some of these issues. Tully and Lucey

(2007) investigated the influence of the FTSE cash, dollar, U.K pound, U.S interest rates

and U.K. consumer price index on the mean and variance of gold returns. Using gold cash

and futures data over a long period, the authors confirm that the U.S. dollar is the main,

indeed in many cases the sole, macroeconomic variable that influences gold.

Of course, there exists the issue of the impact of changes in the gold price to other

variables - a change in direction of causality. Selvanathan and Selvanathan (1999) examine

the issue of a change in the gold price and its effect on gold production. The authors report

that changes in the price of the metal exerts considerable impact on future production

levels. They note that should the price of gold rise (relative to costs) by 10%, and the price

in levels remain constant for the following five years, the resulting change in production

would be 0.3% in year one, 2.2% in year two, and up to 10.7% in year five. This aspect of

gold prices is also examined by McDonald and Solnik (1977), Blose and Shieh (1995),

Blose (1996) and Tufano (1996, 1998).

Ciner (2001) and Lucey and Tully (2006b) investigate the relationship between gold and

silver prices for any evidence of a cointegrating relationship and report conflicting results.

Lucey and Tully (2006b) report that while over the 1990s the relationship between gold

and silver may have been more unstable, when a longer timeframe is examined the

relationship is stable but weakening. Davidson, Faff et al. (2003) examine the role of gold

in international asset pricing. They report that many industries have significant exposure to

gold, with 22 global industries displaying sensitivity to gold prices, including the gold

mining industry and real estate showing positive exposure, with leisure and tourism, and

the food industry displaying negative exposure. The authors contend that gold remains an

important global asset.
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From the brief synopsis above, it is clear that the research into the gold market has been

limited. As the role of gold changed in the world economy and as the market entered a

lengthy bear market, research into the metal dwindled. A small number of papers examined

the assets in the 1990s, but researchers were more attracted by equities and bonds while

commodity research was not a topical subject. However as the gold market entered into a

sustained bull-run beginning in 2000, research interest has been renewed. This also

coincided with a wider interest in commodities as an asset class and the role of this asset in

a balanced portfolio. As gold and precious metals gain momentum, and as central banks

look to increase their allocation of reserves into gold, a surge of research into the yellow

metal should follow suit.
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2. A Survey of the Gold Market

2.1 An Introduction

Gold has captured the interests of generations across the world for thousands of years. It is

bound up in religious beliefs, social customs, wealth, myths, and legends. Gold is

universally accepted throughout the world. It is seen as the ultimate risk-less investment, a

hedge against inflation and a safe-haven investment asset. Investors buy gold as a prudent

means of protection. Gold is consumed in different parts of the world for various reasons;

in many developing countries, gold is the preferred method of investment before stocks

and bonds. Gold plays an integral part of religious and social customs in the East, while

gold investment in the West largely occurs through Over the Counter (OTC) and futures

contracts, unlike the East where gold investment largely occurs through the purchase of

jeweilery. The history of gold dates back over 10,000 years. The first major large scale

private issuance of gold coins occurred in approximately 560 B.C., under King Croesus,

ruler of ancient Lydia. This issuance of gold coins became the standard of exchange for

international trade and commerce. With references to gold in the bible, the myths of Midas,

gold has represented wealth, status, power and value. Empires have been built and lost in

the pursuit of the metal. Gold typically increases in value during times of increased tension

as investors seek out a safe haven for their assets. Gold today represents a store of value, a

medium of exchange and it has provided a measure upon which various monetary systems

have been built.
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The quotes below indicate that throughout the century’s gold played an epochal role in

society, both in a financial and a cultural ideology.

"There can be no other criterion, no other standard than gold. Yes, gold which never
changes, which can be shaped into ingots, bars, coins, which has no nationali~ and which
is eternally and universally accepted as the unalterable fiduciary value par excellence."

Charles De Gauile, the former President of France (1935)

More recently Alan Greenspan said in a speech to the Senate Banking Committee

"Gold still represents the ultimate form of payment in the world. . . . Fiat money, in
extremis, is accepted by nobody. Gold is always accepted."

Alan Greenspan, Former Chairman of U.S Federal Reserve (1999)

The above comments, many years apart, capture what is the heart of this yellow metal.

Gold is the ultimate form of payment, a finite asset; it is a currency without borders, a

secure asset that can be accepted for payment across the globe. The essence of gold

investment is asset preservation. While gold does not offer returns comparable with other

assets such as equities and real estate, it does present qualities such as diversification and

wealth protection. Gold is an asset that is recognised anywhere in the world, and has been

used as a store of wealth and as a currency for thousands of years. It is an important

element in portfolio diversification, especially during periods of economic and geo-

political crises. The Middle East places a strong emphasis on gold for investment purposes.

In such regions, where mistrust of the banking and financial systems exist, gold is an

alternative investment class that is very liquid, portable and holds its value. Gold has a

negative correlation with the U.S. dollar and equities, and during times of geo-political and

economic tensions the value of gold typically increases. Therefore, in the case of Western

demand, gold is the obvious diversifying element to hold in a portfolio. While different

methods of gold investment exist, the core beliefs concerning gold are similar across

nations.

To this end, it is important that gold is recognised as the conveyor of many properties.

Gold is a precious metal that is also classed as a commodity and a monetar3’ asset. Gold

has acted as a multifaceted metal down through the centuries, possessing similar qualities

to money as a unit of value (Goodman (1956): Solt and Swanson (1981)). Gold is a highlx
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liquid and secure asset, and differs from other metals in that it is not widely used in

industry; it is primarily consumed by the jewellery and investment industry. Gold is

available in many forms including; bars, coins, jewellery, paper certificates, etc. Gold

further differs from other commodities in that there is a huge stock of above ground gold,

which is approximately 155,000 tonnes. Of this stock, 61% has been mined since 1950.

When one considers that 2,500 tonnes is produced annually, the above ground stocks of

gold are very significant. Gold has played a large role as a monetary asset in previous

monetary systems and currently plays a significant role as part of the official reserves of

many countries. Considering all these important aspects of the yellow metal, this chapter

will first provide a brief history of the role of gold as an official means of transactions, as

well as the supply and demand components of the metal, and the market for both physical

and the derivative of the metal.



2.2 Gold throughout the Ages

Gold has played a role as the base for monetary systems of major currencies for over 150

years. According to Tcha (2003), while gold has been used as an official means of

transaction for a long period, even after the collapse of the Bretton Woods international

monetary system when the link between gold and money ended in 1971. gold has

continued to play an important role as part of the official reserves of many countries.

The Gold Standard operated during the late nineteenth and early twentieth centuD’ until the

end of the First World War, with only the U.S. maintaining in the system thereafter. The

U.K. was the first nation to adopt the gold standard in the early stages of the nineteenth

century. Many European nations followed suit in the mid-nineteenth century’, however

many based their currencies on a bimetallic gold/silver standard. By 1914, the gold

standard was accepted by a significant number of countries but it did not operate world-

wide. The gold standard adopted a format whereby the standard unit of account was a fixed

amount of gold; currency could be redeemed for gold, and each nation could only issue

currency to the value of gold it held in reserve. Under this system, gold was the standard

of value. The drawback of this method was the lack of liquidity that existed: in effect, the

supply of currency was restricted to the supply of gold. While the U.S. maintained the

Gold Standard after the First World War, the rest of the world kept reserves of other

currencies instead of gold as part of their official reserves. The U.S. abandoned the gold

standard in 1971.

Franklin Roosevelt imposed a ban on U.S. citizens buying, selling or owning gold in 1931,

which prevented owners of the metal from profiting after Congress devalued the dollar in

1934. Many international holders of gold sold their stock of the metal to the U.S. after the

price of the metal increased more than 65% following the devaluation of the dollar. As a

result, the U.S. had a large stockpile of the asset. In 1944, the Bretton Woods agreement

was enforced, whereby an international gold exchange standard pegged the dollar to gold

and every world currency to the dollar. Between 1934 and 1968, prior to the Hunt

Brother’s cornering of the silver market, the price of gold was set at $35 per ounce. The

Bretton Woods fixed exchange rate regime collapsed in 1973, and gold prices floated

freely. In 1975 private ownership of gold in the U.S. was legalised. Since 1976, the U.S.

government no longer sets the dollar value of gold. Thus, the central role of gold in
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international exchange rate systems came to an end. Following the Hunt brother’s episode

over the period from 1979 to 1982, the price of gold reached an exceptional high of $855

per ounce. Today gold holdings are still retained, as gold is an internationally recognised

commodity; it is a unique asset in that it is no one else’s liability.
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2.3 Supply and Demand Fundamentals

World gold supply includes mine production, net producer hedging, official sector sales.

and old scrap supply. World demand includes fabrication from jeweller3’, industrial and

dental sources, retail investment, exchange traded funds (ETF) and other such products.

These essential components of the supply and demand relationship will be explored in

more detail in Chapter 4, which examines the major impacting variables on gold returns.

This section will outline some of the more current changes that have been witnessed in the

supply and demand characteristics of the metal in recent years.

Gold mine supply is largely price inelastic. Mine exploration and the opening of new

mines is a long and laborious process. With increased environmental and health and safeb

procedures in place, the increase in supply from mine production begins many years before

it has any impact on supply fundamentals. While gold prices do have a role to play in gold

exploration, it follows that from the bear market in the metal that was experienced during

the 1990s, and this had a significant influence on mine supply for future years. Table I

displays.the top 10 gold producing companies in the world for 2005.

Table 1: Top 10 Gold Producing Companies

Company Tonnes Moz Share of World Total (%)

Newmont 199.7 6.42 7.9%

AngloGold Ashanti 191.8 6.17 7.6%

Barrick Gold 169.8 5.46 6.7%

Gold Fields 130.6 4.2 5.2%

Placer Dome 113.4 3.65 4.5%

Freeport McMoRan 86.8 2.79 3.4%

Harmony 80.5 2.59 3.2%

Navoi Metals and Mining 59.0 1.9 2.3%

Cia Minas Buenaventura 56.4 1.81 2.2%

Rio Tinto 53.7 1.73 2.1%
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The role of central banks and official reserves and their importance to the gold market has

received much attention in recent times. During the 1970s and 1980s, the actions of central

banks did not provoke much volatility on gold prices. However, since the late 1980s,

central banks have acted as selling agents of the metal and this action has induced much

volatility in gold prices. This trend has largely been due to the growing debate regarding

the role of gold in official reserves. Indeed, many central banks, including the U.K., sold

significant portions of their holdings in an attempt to rebalance their official reserves. With

2005 proving to be a record year in central banks sales, the tide appears to be turning.

Many, including China and Russia, have expressed their desire to increase their percentage

of gold as a proportion of their official reserves in order to maintain a diversified portfolio.

The combined holdings of global central banks amounted to 30,733 tonnes as of April

2006. The largest holder of reserves is the U.S. with 8,135 tonnes, equivalent to 75% of

their total reserves. Only Greece has a higher proportion at 79.8%. The average gold to

total reserve ratio across all central banks is 11.2%. However, for Japan and China, their

gold to total reserve ratio currently stand at 1.8% and 1.4% respectively. These nations

have indicated that they wish to increase their allocation of gold at the expense of the U.S.

dollar.

As gold prices rose to $730 in May 2006, the supply of scrap gold to the market rose

sharply. Scrap supply is inevitability price elastic. A rise in the price of gold will induce a

subsequent rise of the volume of scrap metal to the market, and this also works in the

opposite direction. This is predominantly an Eastern world occurrence, where high quality

gold jewellery, which is sold at a low mark-up relative to Western countries such as the

U.S. Jewellery, is returned to the market during times of accelerating prices. These patterns

will be examined in more detail later in this chapter.

Gold jewellery is the largest component of demand, accounting for over 70% of its annual

consumption. There are many debates surrounding the break-down of this figure, with

many believing that the demand for jewellery is investment demand. Given that India is the

largest consumer of gold and purchases gold jewellery for investment purposes, but also

uses jewellery as a form of adornment, the argument is difficult to resolve. When used in

jewellery, gold is measured in karats, with pure gold being twenty-four karats and lower

caratage indicating higher copper or silver content.
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Gold is an asset that is recognised anywhere in the world, being used as a store of wealth

and as a currency for thousands of years. Over time, gold has maintained its purchasing

power. It is an important element in portfolio diversification, especially during periods of

economic and geo-political uncertainty. Much of the jewellery that is purchased in Asia

and the Middle East also acts as a form of investment. In general, gold investment includes

bars and coins, investment in gold backed securities, gold mining shares, warrants, futures.

options and other structured products. Investment in gold as an asset can arise from private

or institutional investors. Investment holdings account for 16 % of the entire stock of gold.

Private investment constitutes gold bars and coins while public sector investment

constitutes official reserve holdings. With the rise in gold prices, an increase in gold

investment has followed, in tandem with the launch of gold exchange traded funds (ETF).

The primary reasons for the increased interest in gold as an investment asset include: geo-

political concerns, the threat of terrorism, dollar volatility, rising oil prices, and the flow of

fund money into an asset that can provide portfolio diversification properties.

Gold for adornment purposes has been marketed strongly by fashion and jewellery houses

recently. Base metals clad with gold alloys are used extensively in electronic and jewellery

products, which reduce the amount of gold used. Silver and copper can be used as

substitutes to conduct electricity; however, they do not have comparable resistance to

tarnishing and corrosion. As gold does not tarnish, it is the preferred metal to conduct

electricity. Regarding electronic applications, while other metals such as copper may be

substitutable, gold is the preferred option as it is resistant to environmental effects.

In terms of currency substitution, while there are many substitutes available, gold has the

advantage of being the standard for a world currency because gold can be sold for the same

price anywhere in the world. Additional precious metals could be considered as attractive

alternatives to gold for investment purposes. Platinum and other precious metals such as

palladium are primarily industrial metals, with insignificant demand from private investors.

Conversely, a large proportion of gold (and silver) demand emanates from investor

demand.
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2.3.1 Gold Prices

There has been an upward trend in gold prices since 2002, with the price of gold reaching a

twenty-five year high in May 2006. Figure 1 displays the average annual United States

dollar gold price from the London PM fix since January 2000. Gold is quoted in U.S.

dollars per troy ounce. A troy ounce represents 31.103 grams or 0.031 kilograms. From the

graph, it is evident that the price range of the U.S. dollar per troy ounce price of gold has

varied significantly over the decades. In particular, the 1980/81 price of the metal is

indicative of the events occurring in the silver market due to the cornering of the market by

the Bunker Hunt brothers, and against a backdrop of international crises in Afghanistan

and Iran. Gold has been in a five-year bull run since 2002, with the dollar price of the

metal doubling. Gold prices have witnessed large degrees of volatility in the market;

however, this has also been the case for precious metals in general. The rising tide in gold

prices has been due to a number of factors. Investor interest and participation in the metal

has provided a fresh impetus to recent rising prices. In particular, the arrival of many

pension funds and central banks as new customers has supported the current trend. In

addition, producer de-hedging over the last number of years has been one of the key factors

influencing the current conditions.

Figure 1: Daily US$ Gold Price London PM Fix
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2.4 Markets for Gold Investment

Investment in gold as a financial asset can occur in a number of ways. Bullion coins and

bars remain a viable investment avenue for private investors keen to invest in small

quantities of the metal where in many countries this form of investment is exempt from

value added tax.

Many forms of bullion coins exist, which are issued and backed by governments and

remain legal tender in the country of origin. The South African Krugerrand is one of the

most widely recognised bullion coins and dates back to 1970 as the first coin to be sold as

an investment product. Other popular bullion coins include the Canadian Gold Maple Leaf

and the U.S. Gold American Eagle.

Gold bullion acts as an attractive investment, possessing the inherent qualities that gold has

become renowned for: liquidity, durability, and acceptability as an international method of

payment. Bullion bars account for a large proportion of physical gold activity, with the bar

being the preferred method of investment for jewellery manufactures, financial institutions

and central banks. This particular form of gold bars remains the preferred option for

manufactures that require gold in the production process, such as in jewellery, dentistry,

and other industrial applications. Smaller gold bars, up to 32 ounces per bar, remain a

popular investment vehicles in the Middle East where gold is deemed to be a superior asset

to fiat money.

The value of the coins and bars is dependent on the dollar value of their gold content,

which follows the international gold prices plus an acceptable mark-up. The physical

London gold bullion bar, labeled the "London Good Delivery Bar", weighs 400 troy

ounces, while gold coins typically are sized at one-fifth to one-quarter ounce.

When customers purchase gold. they can either hold this gold in an allocated or

alternatively an unallocated account. An allocated account occurs whereby gold is held in a

vault and the purchased amount is allocated to each customer. Conversely, many investors

hold gold in unallocated accounts where investors do not take delivery of the metal and

therefore do not have a specific amount allocated to them. This type of account does not
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require the customers to pay for insurance or storage costs; however, they remained

exposed to the bank or institution, and the relevant credit worthiness of these institutions.

London and New York are two of the most important markets for trading gold. The

London Bullion Market (LBM) trades essentially physical gold while COMEX trades in

the derivatives of the metals. Neither the COMEX Exchange nor the LBM set prices of

commodities. Rather, the exchanges provide a platform where buyers and sellers can come

together and publish the prices that result from those transactions. If there are more buyers

than sellers, demand is greater than supply and the price goes up. There are five members

of the London Gold fixing (Deutsche Bank, Societe Generale, HSBC, Scotia Mocatta and

Barclays Capital), who meet twice daily; at 10:30 and 15:00 GMT. Clients place orders

with the dealing rooms of the fixing members if they wish to trade. The price is adjusted to

reflect whether there are more buyers or sellers at a given price. The price that emerges

from trading is determined by supply and demand. It is important to note that the fixing

price emerging from the meetings is not the only price at which bullion trades daily - it

should be considered as akin to a snapshot price to indicate market dynamics at that time

rather than to a ’fixed’ or ’maintained’ price. The afternoon fixing is more liquid, as many

international markets such as the U.S. are trading.

COMEX gold futures and options, is an important alternative to the traditional means of

investing in gold, such as bullion, coins, and mining stocks. The New York Mercantile

Exchange is the largest physical commodity futures exchange in the world. The trading of

gold futures began on December 3 l, 1974, a time when the ban on the private ownership of

gold imposed by U.S. President Roosevelt in 1933 was revoked. Gold futures contracts

consist of units of 100 troy ounces, which are quoted in dollars per ounce. A minimum

price fluctuation of $0.10 per troy ounce is imposed. Gold trades on COMEX in a

continuous open auction. The exchange provide a very liquid and confidential method for

investing in gold, as trading takes place through an anonymous auction system. Those that

trade on COMEX include speculators, hedgers, private individuals, and institutional

investors. Gold trading on the exchange is conducted via the COMEX division, which also

trades futures and options contracts for silver, copper, and aluminium. All transactions that

occur on the exchange are processed through its clearing house, which acts to moderate

counterparty credit risk by acting as the buyer to every seller and the seller to every buyer.

Each transaction is backed by a guarantee fund and a default insurance policy. The

exchange has a distinct advantage over OTC transactions as it provides legal protection in



the event of a bankruptcy by one of the parties to a trade. The exchange operates at a high

level of transparency. Following this system, prices are continuously updated throughout

the trading day, while trading volume, open interest, and inventories of metal and physical

deliveries under the futures contracts are reported on a daily basis.

The price that emerges from the futures trading is noted globally as a benchmark for the

underlying market. Therefore it provides a valuable price discovery process and this

information is disseminated by market participants worldwide. The gold market has been

in a contango situation for many years, whereby the gold contract for future deliver3 is

equal to the spot price, at that time, plus any carry charges such as interest rates, insurance,

and storage. As the futures contract approaches the expiration date, the price of the futures

contract and the spot merge begin to merge. Following the closure of the opening outcry on

COMEX, the exchange offers alter-hours electronic trading through Access. Trading on

Access runs from 16:00 (EST) until 08:00 (EST) when trading on COMEX commences

once again.

Data on liquidity in the market can be difficult to access. Bid-ask spreads, turnover, and

market capitalisation are used to assess the level of market liquidity. The more turnover

that occurs, the greater the depth of the market. Market capitalisation is informative as it

explains the size of each trade that occurs relative to the total tradable size of the market,

thus the impact on the price of the metal is understood.

Information from two important sources, the LBMA clearing statistics, and gold futures

and options data from the Commodity Future Trading Commission (CFTC), give clear

indications of the level of investor interest in the market. The CFTC publishes data relating

to COMEX and the number of positions that are held by investors, which is called the

Commitment of Traders (COT). This report provides data on the positions in commodity

contracts, both futures and options, held on U.S. exchanges at the close of business each

week. The COT was first published monthly for 13 agricultural commodities in 1962.

Currently, it is published weekly for 92 commodities, with energy, metals and other soft

commodities added to the original agricultural focus. There are three distinct components

to each commodity contract’s CFTC reporting that are useful for market analysis. These

are open interest, reportable positions (primarily non-commercial subsection), and non-

reportable positions. The sum of the reportable positions and the non-reportable positions
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sum to the open interest, which is the total of all futures and options contracts entered into

that are outstanding; they are not delivered against or offset. The open interest is a good

measure of the importance of a commodity contract. There are two sides to every contract,

the sum of the long positions must equal the sum of the short positions. The best gauge

used by the gold market of market sentiment is the non-commercial reportable long and

short positions and the non-reportable long and short positions. Commercial refers to

traders who use futures contracts for commercial reasons such as refiners, producers,

banks, and retailers; while the non-commercial classification covers those who have no

commercial reason to be in the market. These are commonly seen as speculators, including

investors, hedge funds, and large financial institutions. The non-reportable longs are

considered to the small speculators.

Similar data is available in relation to the Chicago Board of Trade (CBOT) and TOCOM.

Figure 2 shows the total level of gold positions traded on the various exchanges over the

period September 2005 to September 2006.

Figure 2: Gold Exchange Investment September 2005-2006
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In the last six months, note that the gold price has tracked the level of investor investment.

As the gold price receded since the highs of May 2006, so too have COMEX positions

along with those on TOCOM. This graph shows that total COMEX investment, for both

futures and options, has fallen over the entire period. However, CBOT has started to make

considerable moves forward and now presents a stronger competitor to the COMEX

exchange. The exchange offers full and mini-sized gold and silver contracts from their

electronic trading platform, and presents a viable alternative from COMEX.

The Tokyo Commodity Exchange (TOCOM) represents another important avenue for gold

trading. While in volume terms TOCOM is smaller than COMEX, it has a central presence

in international trading. The exchange was established in November 1984 as an

amalgamation of the Tokyo Textile Exchange, the Tokyo Rubber Exchange, and the Tokyo

Gold Exchange. TOCOM’s trading volume has increased substantially over the years: it

rose from four million contracts in 1985 to 87 million contracts in 2003 compared to

approximately 140 million contracts on NYMEX over the same period. The ibrm of

trading on TOCOM has changed over the years. TOCOM trading consists of two sessions:

from 09:00 to l 1:00 and from 13:00 to 15:30. From its conception in 1984 to March 1991

it operated its trading through a Walrasian auctioneering method of price determination

which was called Itayose. According to Dhillon. Lasser et al. (1997). in this type of system

six discrete trading sessions occurred during which a price was decided for each

commodity traded on the exchange during competitive bidding. These sessions occurred

during the hours of 09:00 to 15:30. Following this. TOCOM introduced a computerised

mechanism for the trading of precious metals futures called systems trading. This consists

of two forms of trading mechanisms called the Ita-Awase method and the Zaraba methods.

The Ita-Awase method determines opening prices during the morning session and the

afternoon session, where the first trade is determined by order accumulation. Thus, a

contract price is set at which the largest numbers of orders can be executed. Following this.

the Zaraba method is in place for the remainder of the morning session and afternoon

session. This method is comparable to COMEX. which is also a continuous double auction

type format. This involves a matching of orders during the trading session once the

opening price has been determined, with price priority in that the selling (buying) order

with the lowest (highest) price takes precedence over other orders and time prioriD’ in that

an earlier order lakes precedence over other orders at the same price. At the close of

trading, if limit orders exist, which are orders to buy or sell at a specific price, then the
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closing price will be determined by the Ita-Awase method. If not, then the closing price of

the session is the last price under the Zaraba session.

The major gold futures exchanges in the world are listed below in Table 2. Derivatives are

frequently utilised as a method of price protection. In particular, gold mining companies

have, and continue to use, gold future contracts to hedge against the gold price. By adding

such a contract the producers aim to reduce their exposure to negative gold price

movements. By locking into a futures contract, the client is aware of the price and delivery

date. However, this also means that they will not benefit during times of rising prices. In

this current environment of strong gold prices, mining companies have been operating a

strategy of de-hedging, by reducing their hedge positions to take advantage of accelerating

gold prices. In essence, the mining companies are buying back the original contract they

entered into in order to increase their exposure to more favourable gold prices. De-hedging

indicates a positive sentiment towards the market regarding future gold prices, and is seen

as an important signal to the future state of the market. On the other hand, speculators work

in the opposite way to hedgers. While a hedger use the futures market to help stabilise

revenues or costs, a speculator assumes risk willingly by trying to forecast price

movements and to profit from any market volatility. They may use fundamental and

technical analysis to assist in their decision making. This can be very risky strategy for a

market participant. Such a strategy does not require a corresponding cash market position.

The actions of speculators provide valuable liquidity to the market and also absorb

additional price risk.

Table 2: International Gold Exchanges

Exchange Country Start Date Nature

NYMEX U.S Dec-74

TOCOM Japan Mar-82

MCX India Nov-03

NCDEX India Dec-03

CBOT U.S Oct-04

TurkDEX Turkey Feb-05

DGCX UAE Jun-05

Continuous open outcry & Access electronic trading
Continuous computerised

Continuous computerised
Continuous computerised

Continuous computerised
Continuous computerised ’auction’

Continuous computerised

Gold investment is primarily a feature of high net worth individuals and institutional

investors. The strength of gold in term of its diversification properties is an attractive
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option for pension funds, while high net worth individuals purchase gold as a wealth

preservation tool. The launch of gold ETFs in March 2003 have proven to be a ve~

successful venture; ETFs are essentially funds that track the gold prices which are

exchange listed and aim to replicate gold prices. ETFs will be explained in greater detail in

section 2.4.2.

The purchase of bar hoardings as a form of gold investment is largely an Asian occurrence

and is very perceptible susceptible to changes in gold prices. In contrast, the purchase of

gold coins is another form of physical buying that is largely concentrated in the U.S..

Europe, Japan, and also Turkey. However, with the recent trend in other gold products.

such as gold paper products that do not have implications for storage, the) have become a

popular alternative among individual investors in recent years. The purchase of gold

through the derivates of the metal, exchange traded funds, and over-the-counter products is

largely targeted at Western societies and presents a rapidly rising segments of gold

demand. The rise in popularity of alternative asset classes, in particular commodities.

among investors has seen many new entrants to the gold market. With recent high prices,

gold has come firmly into the limelight as a noteworthy investment asset. The long-term

link with the U.S. dollar, the threat of terrorism and nuclear testing, and volatile oil prices

are among many factors that correspond to variability in gold prices. Gold is traded

globally through OTC transactions and derivative trading. OTC transactions take place

between principals; therefore, they are in contrast to the trading that occurs through an

exchange. In this type of transaction, counter parties deal directly with each other while

handling their own risk and credit arrangement. This form of trading accounts for a large

proportion of gold trading as it remains more flexible than the stringent requirements of an

exchange.

The preponderance of precious metal trading takes place through paper transfers (Draper,

Faffet al. (2006). Gold is highly liquid: it can be readily bought or sold 24-hours a day, in

large denominations and at narrow spreads. This is highlighted by Draper. Faff et al.

(2006) who state that the total annual production of gold (2500 tons) is cleared by the LBM

every 2.5 days. The price of gold is the last market determined by a morning and afternoon

fix. However, the a.m. and p.m. gold fix is not a fixed price. The a.m. or p.m. fix price is

the price at that exact moment it is a benchmark. Gold will trade at a different price within

minutes, responding to various events over the course of the day. Therefore, it is not
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hugely significant that the gold fix is the last market to be determined. The spot price refers

to the international quoted gold price, which is the price quoted for gold when it is

delivered.

The global OTC market operates on a continuous basis, twenty-four hours a day. The main

OTC centres are New York, London, and Zurich, where, depending on the time zone,

customers will deal with their respective office. Zurich primarily supports the supply of

physical gold to jewellery manufacturers and for industrial production. London and New

York tend to deal with mining companies and central banks, while New York also deals

with jeweilery and industrial manufacturers. Regional centres around the world, typically

in the East, such as Dubai and India, offer OTC transactions mainly dealing in jewellery

and small bars.

The major bullion dealers are associated with the London Bullion Market Association

(LBMA), either as a member or an associate member. The LBMA is a trade association

that acts as a co-ordinator for activities conducted on behalf of its members and other

parties in the London Bullion Market. Its primary role is the promotion of refining

standards by maintaining the London Good Delivery Lists. In addition, the LBMA co-

ordinates market clearing and vaulting, whilst promoting good trading practises.

For an OTC transaction, all risks are between the relevant parties. It is different from a

futures exchange where each trade is based around standard contract amounts, settlements

dates, and strict delivery specifications. An OTC transaction allows for a greater degree of

flexibility and promotes more confidentiality.
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2.4.2 Gold and Exchange Traded Funds

Exchange Traded Funds (ETFs) were created under the Investment Company Act of 1940.

and receive certain exempt relief from the SEC to allow secondary market trading in the

ETF shares. ETFs are index-based products, each ETF holds a portfolio of securities that is

intended to provide investment results that generally correspond to the price and yield

performance of the underlying benchmark index. In this case, it aims to follow the gold

price and is backed by physically vaulted gold.

ETFs were created in the gold market in 2003 to give investors an alternative way to invest

in the market - other than mining shares, options, futures, and the physical asset. The

purpose was to create new investment demand in the market. There are a total of six Gold

ETFs at the present time--Australia, London, New York, South Africa, France, and

Singapore. Each dollar that is invested in the ETF has resulted in physical gold metal being

purchased on the open market and that is then stored in a vault. In total, these gold ETFs

have contributed to 532 tonnes of gold being purchased in the open market as of August

29, 2006. The market leader of this investment is the streetTracks Gold Shares ETF. The

ETFs have been successful’in adding to the demand side of a market.
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2.5 Gold Investment Characteristics

Table 3 below shows the level of investment take-off for gold in the major gold consuming

countries throughout the world. The greatest level of investment demand occurs in India,

the largest consumer of gold in the world. This is followed by the Middle East (which

includes Saudi Arabia, Egypt, United Arab Emirates (and other Gulf countries), and China.

While the level of investor demand in tonnage terms has decreased in the first half of 2006

compared to the same period last year, the investment off-take in HI 2006 is greater in

dollar terms considering the significant surge in gold prices that has occurred over the

period. The table portrays the dominant role played by jewellery as a component of

investment demand that outweighs, in considerable terms, the level of net retail

investment, which includes bar hoarding, gold coins, and other identified retail investment.

Table 4 provides statistics on the world’s top ten gold producing countries and gold

consuming countries, which shows that South Africa is the lead producer of the metal

while India is the largest consumer. The following sections will describe the nature of gold

investment in the major gold hubs throughout the world.

Table 3: Individual Demand Figures for Gold Investment

HI 2005
Net Retail

Jewellery    Investment Total

India 4041.0 76.2 480.3
Greater
China 137.7 7.8 145.5
Japan ! 6.9 23.5 40.4
Indonesia 39.5 1.8 41.3
Vietnam 14.1 27.0 41.1
Middle
East 206.5 13.8 220.3
Turkey 101.8 34.9 136.7
USA 122.9 ! 2.3 135.2
Italy 26.9 .... 26.9
UK 16.7 .... 16.7
Europe ..... 10.0 -10.0
Others 334.4 44.0 378.3
Total 1421.4 231.2 1652.6

HI 2006
Net Retail

Jewellery Investment Total
234.4 80.4 314.8

134.3 7.8 142.1
16.9 -24.5 -7.6
31.7 -1.7 30.0
11.3 20.8 32.1

154.3 10.6 164.9
76.7 38.2 114.9
113.7 19.0 132.7
23.8 .... 23.8
14.3 .... 14.3
..... 5.3 -5.3
279.6 33.9 313.5
1090.9 179.3 1270.2

Derived from World Gold Council 2006.
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Table 4: The World’s Top 10 Gold Producers and Consumers 2005

Producers Tonnes % of World Consumers Tones % of World
South Africa 296.3 11.8%
Australia 252.9 i 0.0%
United States 251.7 ! 0.0%
China 224.1 8.9%
Peru 207.8 8.2%
Russia 175.5 7.0%
Indonesia 166.6 6.6%
Canada 118.5 4.7%
Uzbekistan 79.3 3. 1%
Papua New Guinea 68.8 2.7%
World 2,519 i 00%

i ndia 694.5 21.2%
Turkey 303.4 9.2%
Italy 284. l 8.7%
China 257.0 7.8%
United States 219.8 6.7%
Japan 166.7 5.1%
Saudi Arabia 124.6 3.8%
Indonesia 86.5 2.6%
South Korea 80. I 2.4%
Malaysia 74.3 2.3%
World 3,280 100%

2.5.1 Gold Investment in India

According to Dempster (2006), gold has a pivotal role in the Indian social fabric acting as a

traditional store of wealth and accounting for approximately 700 tonnes of consumption

demand in 2005. Gold not only plays an important role as an investment asset, but also

serves as a means of savings. Indians believe that gold is the ultimate safe investment. They

are the largest consumer of gold jewellery, much of which is bought fbr investment purposes.

India is also the largest driving force for the world’s demand for the metal. Gold is the

second preferred investment after bank deposits. Like many developing countries, gold is the

preferred method of investment before stocks and bonds. Gold is seen as the ultimate risk-

less investment, a hedge against inflation and a safe-haven investment asset.

Recently, new developments in gold-related financial instruments and new launches of

gold bullion products have provided a fresh impetus for creating new demand (Dempster,

2006). A gold deposit scheme was introduced by the government in an attempt to more

optimally utilise the large stock of gold savings in the counto’. According to the scheme,

the bank retains the physical metal and issues interest bearing certificates in return. In

order to attract investors, various tax incentives have been introduced. This scheme allows

the vast supply of hoarded gold to be leased to the market. The introduction of futures

trading will be a significant transformation from the precious trading strategies utilised.

India is the biggest importer of gold, and many see it as the main centre for gold trading in

Asia. However, indians are reluctant to adopt the alternative means of investing in the

metal, with many preferring traditional holding of the physical stock. These new

developments, however, could place India at the forefront of gold trading in Asia. and will

also formalise the inclusion of gold as an alternative asset class. For India to develop in
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this way, there is a need for a number of events to occur: the development of large refiners

who are recognised by the LBMA to allow for international recognition; the exploration of

possible mines in India; the promotion of retail trade to international standards, including

the use of assaying and hallmarking, and most importantly, India must lift the ban on

exports of gold bullion if it wishes to become an international player in the market.

The jewellery worn by Indian men and women is typically of high caratage and very

ornate. Consumed gold is usually twenty-two or twenty-four carats. Demand is associated

with a number of key events and most importantly for weddings. The gold received by a

woman on her wedding day remains her property, therefore representing a certain financial

independence for women. Regional differences in demand for gold as an investment asset

exist in rural and urban areas. While urban areas are typically influenced by Western

ideology, over 50% of demand is derived from rural areas where gold is the traditional

method of storing wealth and a unit of value.

As stated earlier, the consumption of gold as a means of savings is very sensitive to changes

in price. In this sense~ India is a price taker rather than a price maker. Supply of Scrap gold

rises sharply during times of rising gold prices, as consumers try to profit from the upturn in

price. The price of gold in India is determined by the international price of the metal. The

importation of gold was banned for many years, but the ban was lifted in 1992. During this

time, smuggling was rife to meet the excess demand over supply that existed. After 1992,

importation required the payment of a fixed duty. This has strengthened India’s desire to

keep the domestic price of the yellow metal in line with internationally quoted prices.

India is gradually moving towards the West’s methods of gold investment. The purchase of

gold derivatives from the MCX commodity exchange has been allowed in India since late

2003. This futures exchange, which is run on a de-mutualised basis, means that it is now

possible for Indian producers, traders, etc to take advantage of this vast potential. It is also

worth pointing out that several exchanges have come into existence in recent years,

reflecting the increased demand for alternative forms of gold investment from these

traditional societies in the East. The Dubai Gold and Commodity Exchange opened in 2005

as a physical trading centre. Similarly, the Shanghai Gold Exchange came into existence in
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2002, which operates with the physical exchange of the Chinese Gold and Silver Exchange

Society, reflecting the significant demand for gold investment from the economy.

2.5.2 Gold Investment in the U.S. and Europe

According to the World Gold Council, the U.S. is the world’s second largest gold jeweller3

market by volume (approximately 350 tonnes) and the largest by retail value (around $16

billion). Typical gold caratage varies from nine carat to fourteen carat. Gold is bought

primarily for adornment purposes and not as an investment asset. This is also typical of

investment practices in Europe. Gold investors can buy into these markets by purchasing

metals in the following formats: bullion coins and bars, mining stocks, mutual funds.

certificates, and accumulation plans. These formats are in addition to futures and option

contracts, which are the usual methods for Western investors and which are becoming

increasingly popular in countries where gold jewellery has traditionally been considered a

safe haven investment.
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2.6 The Relationship between Gold and Silver1

Gold and silver have historically been seen as close substitutes for one another, both being

precious metals that can be used to back currency and having been used as currency. There

is significant evidence (see for example Shishko (1977), Money, Affleck-Graves et al.

(1982), Sherman (1982), Landa and Irwin 0987), Aggarwal and Sonen (1988), Johnson

and Soenen (1997), Egan and Peters (2001), Draper, Faff et al. (2006) and Adrangi,

Chatrath et al. (2003)) that these metals can play a useful role in diversifying risk, as well

as being an attractive investment in their own right, Thus, one might expect that the prices

share similar dynamics. More recently, the focus has switched to collectibles made from

these metals (see for instance Kane (1984), Koford and Tschoegl (1998) and Roehner

(2001)). However, there are also economic fundamentals that may act to drive the prices of

gold and silver apart. While both are used extensively in industrial processes, there are

significant differences between these uses. Silver is extremely reflective, a good conductor

of electricity, and has extensive use in optics and photography. Gold’s industrial uses are

fewer, with the majority of demand coming from the jewellery and dental markets, as well

as being driven by Central Bank reserve demand (official sector gold). Recently, Dooley,

Isard et al. (1995), Christie-David, Chaudhry et al. (2000), and Adrangi, Chatrath et al.

(2003) have all examined the relationship between macroeconomic variables and these

assets, concluding that x~hile they share a similar set of drixers the\ each also have

important unique macroeconomic drivers.

Testing for the existence and stability of the gold-silxer relationship is not next. Ciner

(2001) cites the hmg held belief" that the price ralio should be 1:16 in fa~ot, r of gold.

tlm~,ever, this ratio in 2006 is currently close to 1:50. given the strong rallx in gold prices.

More recently, studies have used cointegration methods to examine the relationship. Luce.~

and ’1 ully (20()(~b) examine the relalionship bemeen gold and silxer, both lbr the cash and

futures market, lhc finding lhat there exisled such a relationship ~ould be of significance

for traders, as it ~vould impl3 a certain degree of mutual predictability and thus raise the

potential lbr trading prolhs. I Im~ever, it ~ould also impl3 that as the assets shared a

common hmg-lerm rclalionship, the bcncths of itlcluding both gold and silx, er in a portfolio

I
A version of this section appears in Lucey and Tully (2006b). "The Evolving Relationship between Gold and Silver

1978-2002: Evidence from a Dynamic Cointegration Analysis: a note. " Applied Financial Economic Letters (2): 47-53
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would be considerably reduced. The effect of cointegration is to reduce portfi~lio benelits

as the two assets share a long-term stable relationship. Thus. in assessing the beneiits of

gold and silver as potential portfolio diversifiers, an examination of cointegration it

required.

There have been an increasing number of papers that ha~e examined this issue, lhe most

recent of these include Wahab, Cohn et al. (1994). Escribano and Granger (1098). (’iner

(2001) and most recently Adrangi, Chatrath et al. (2003). ~ahab. Cohn et al. (1994) using

cash and futures data, on a daily frequency and found that cointegration did exist, but that

there were no profitable arbitrage opportunities betsseen these markets, t-lxamining

monthly cash data, Escribano and Granger (1998) found that a cointegrating relationship

between gold and silver from 1971 to 1995. The3 split their dataset at 1900 and tbund that

the relationship was weaker in the latter part of the dataset, indicating that the markets

were separating. Ciner (2001) examined dail3 gold and silver futures data J’ronl the I okx o

(’ommodities Exchange, over the 1992 1998 period, lie found that oxcr that time. no

evidence of cointegration existed. 1 hus, thc indication x~ould appear to bc that x~ hilt there

may have been a stable relationship at one time. this disappeared in the I gg0s. J]\ c~ntrast.

Adrangi, (’hathrath et al. (2003) use a multivariatc approach, and find that a ,,table Iong-

rtm relationship exists not onl~ bch~ccn thcsc metals, but also hch~ccn them and

macroeconomic variables. lhus. the cvidcncc of (’incr (2()01 ) appear,, anomalous.

All of these studies, however, can be critiqued on the static nature of their anal~,,c,,. ~ith

the exception of Escribano and Granger (1998). there is no cxaminati~m of ~ hcthcr or ho~

the relationship changes over time. In particular, there is no examination of the is,,t,c of

integration over dilti~rent time periods, lhe ~ork of I,ttcex and I ull\ (20()6b) attempt,, to

1ill this gap.

I,uce~ and lullx (2006b). using ~eekl.~ gold cash and liiturcs data oxcr the period .lanuarx

1978 to No~ember 2002. assessed thc relationship betx~ecn gold and ~ilxcr xx ith dxnamic

cointegration anal3 sis using the Johansen and Juselius multi~ ariatc cointcgration appn~ach.

In all cases, the ratio of the global statistics x~as ~ell in cxcc,,s of t~nc. indicating that ~,x cr

the 1978-2002 period, the null of no cointcgratitm it rcicctcd \ stable, long-run

relationship existed bet~een gold and sil~ cr returns o~ cr the period examined, in both cash
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and futures markets. The ratio, and hence the probability of rejection, increased as time

progressed, but even at the start, exalnining the 1978-1998 period, one can still reject. This

rejection is not dependent on the choice of confidence interval. This result is in contrast to

Ciner (2001), but reconfirms, in a dynamic setting, the findings of Wahab, Cohn et al.

(1994) and Escribano and Granger (1998). Thus, one can conclude that the stable

relationship between gold and silver that has been shown to prevail historically appears to

have continued to the present da~.. However. when one examines the local plots, formed by

analysing non-overlapping 52-week datasets, a different picture emerges. In general the

data indicate that one rejects the null of no cointegration. A number of periods emerge

however when such rejection is possible. [he first of these is the 1979-early 1982 period,

corresponding to the cornering of the silver market b:y the Hunt brothers. ~s.ith a

corresponding knock-on effect from silver to gold.

Second, the 1983-1984 period emerges as one of stable relationships, as does the 1999-

2001 period. Explanations for these ma? involve the explosion in interest rates in the

1980s, which corresponded with a rising market in these precious metals. In the 1999-

2001 period, the Washington Central Bank gold agreement catapulted the price of gold.

Other factors in this time period include the beginning of the bear market in equities and

terrorist activities in the U.S.

It is interesting to note that Ciner (2001) examined (albeit for the Tokyo market) a period

from January 1992 to December 1998. From local plots, one can see that this was a period

when, with rare exceptions, one observes non-rejection of the null of no cointegration.

Thus his finding of non-cointegration is mirrored over this period. In the overall context,

however, this period is unexceptional: at some time periods one will find cointegration, at

others not. This may indicate that the results of Ciner (2001) are driven by the period under

analysis.
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2.7 Conclusion

This chapter provided a brief introduction to the gold market. The following chapters x~ill

provide a more in-depth investigation of the central issues that are at the core of this thesis.

However, this chapter represents an important induction to the fundamental mannerisms of

this market. It is impertinent, at this stage, to present the key characteristics and workings

of the gold market in an efficient manner. These following chapters will examine in more

detail the areas that are the main focus of this research. The aim of this chapter is to

provide a comprehensive survey of the area. It is beyond this scope of this thesis to

examine all areas that are presented in this chapter. The following chapters provide a

comprehensive literature review of the selected areas of the gold market that this thesis will

focus on. It is important that boundaries are set in order to correctly capture elements of the

market; without such boundaries the contribution of this thesis would be limited.
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3. What Influences the Gold Market?

3.1 Introduction

There are a number of assets, identified in the literature of this area, that have an influence

on the gold market. This research will outline various assets, including macroeconomic,

real, and financial, that have been the centre of analysis from other researchers in this area.

Mapping the relationship between gold and other assets will give a clearer picture of

relationships that may exist. This chapter will itemise the variables that play an important

role in the determination of gold prices. In addition to this, the supply and demand

fundamentals of the gold market are characterised, to tie in with the various economic,

financial, real variables that are important to the gold price.

3.2 Macro-Economic Influences

On examination of the literature, it is surprising to note that little research has been carried

out on in’formation transmission to the commodity market. There are two main papers in

this area; the first is an examination of macroeconomic news releases on gold and silver

prices by Christie-David, Chaudhry et al. (2000) and the second a paper by Cai, Cheung et

al. (2001). Both use gold spot and futures intra-day data.

3.2.1 Macroeconomic News Releases

Christie-David, Chaudhry et al. (2000) examined the effects of monthly macroeconomic

news releases on gold and silver future markets over the period 1992-1995 using intra-day

data. This was analysed in conjunction with treasury and municipal bonds. Interest rate

results were used as a basis of comparison. According to the authors, this study "’examines

whether gold and silver prices relate to economic fundamentals...assist market participants

manage risk and help build diversified portfolios (2000: 406). The authors report that gold

responds strongly to CPI news announcements, in addition to the unemployment rate,

GDP, and PPI. Gold future prices respond strongly to the release of capacity utilization

information. Gold does not respond strongly to Federal deficit announcements. In general,

interest rates report a more significant response to macroeconomic announcements than



precious metals. Tandon and Urich (1987) report that positive movements in the PP1

announcement are associated positively to gold prices.

According to Cai, Cheung et al. (2001), who undertook an analysis of the effect of twent?-

three macroeconomic announcements on the gold market from a U.S. perspective over the

period 1994-1997, the market is impacted most significantly, in order of importance, b x

employment reports, gross domestic product, consumer price index, and personal income.

This is similar to the results posted by Sherman (1983) who noted that employment

reports, GDP, and personal income exert influence over gold prices, corresponding to

economic activity and the growth rate of income. Salant and Henderson (i 978) note that

the possibility of future government auctions leads to a fall in gold prices.

Using a high frequency data-set, Cai, Cheung et al. (2001) found that on examination of

the twenty-five largest five-minute absolute returns during the period under investigation

(1994 to 1997), the largest returns were due to the following occurrences: central bank

sales, interest rates, oil prices, inflation rates, U.S. unemployment rates. Asian financial

crisis, concerns about consumer demand for gold, and political tension in South Africa.

The evidence shows that price changes in gold in six out of the twenty-five largest absolute

returns were indeed due to central bank sales of the metal, with the largest absolute return

(2.63%) occurring following the sale of 167 tonnes of gold by the Reserve Bank of

Australia.

3.2.2 Exchange Rates

Gold typically displays a negative relationship with the U.S. dollar. Dollar depreciation

and a growing risk of dollar devaluation can act to strengthen investor demand for gold.

Gold reflects the relative strength of the currency in which it is quoted. For example, the

dollar price of gold may increase more in percentage terms than the sterling price of gold:

the price change merely reflects the dollar’s weakness against sterling, rather than an

intrinsic change in gold market fundamentals. The depreciation in the dollar may fuel

increased interest in gold due to the dilution in the dollar’s worth. Gold appears to be the

anti-dollar. As gold is quoted in U.S. dollars it reflects the U.S. dollar’s value on

international markets. The weak dollar increases gold’s attraction as a stable place to invest
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money. Kaufman and Winters (1989) attempted to model the annual price of gold. Over

the period 1974 to 1988, U.S. inflation, U.S. exchange rates, and world gold production

were included in the formula to derive the annual price of gold. The authors acknowledge

the omission of several variables from the formula that have been deemed as exerting a

significant impact on gold price such as jewellery demand, central bank holdings, capital

flights, interest rates, and speculation, amongst others. Nevertheless, the authors claim that

the model works sufficiently well. The authors acknowledge the role of interest rates and

state that "because interest rates are partially driven by inflation and are important in the

determination of exchange rates, they are in a sense already included in the model" (1989:

313). Over the period 1974 to 1988, the derived formula price for gold was highly

correlated with the market price.

Baker and Van-Tassel (1985), in an examination of monthly change in gold price and level

data over the period 1973-1984, found that changes in the price of gold were primarily due

to U.S. variables, such as changes in U.S. prices, and changes in the value of the dollar.

The author also found that the future inflation rate was an important factor in the price of

gold. Similarly, Sjaastad and Scacciavillani (1996) found that while these factor were

important, the gold market was dominated by the European currency bloc. The authors

examined the effect of the exchange rate of major currencies on the price of gold. They

contend that while the dollar does exert influence over gold prices, the rate of this impact is

smaller than that experienced from European bloc currencies, using daily spot and forward

data over the period January 1982 to December 1990. Sjaastad and Scacciavillani (1996)

show that nearly half of the variance in gold prices, quoted in U.S dollars during the period

1982-1990, appear to be accounted for by fluctuation in real exchange rates. The authors

also reported that the main gold producing countries such as Australia. South Africa and

the former USSR do not exert any significant influence on the price of gold. Over the

sample period, the researchers highlight the role of floating exchange rates as an important

factor in the determination of gold prices. It is reported that the floating exchange rates of

the major world markets exerted significant variability and instability of gold prices over

the period 1982-1990. Faugere (2005) reports that the real price of gold is influenced by

changes in long-term economic activity (GDP) and changes in the foreign exchange rate.

The authors acknowledge that other factors, such as central bank actions, supply and

demand issues, etc., exert an influence over gold prices; the required yield theory used in
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their research to value gold returns has proven to be 92% accurate in predicting U.S. gold

returns over the period 1979-2002.

Capie, Mills et al. (2005) acknowledge that gold has provided a hedge against the dollar.

but the significance of this has altered throughout the years. Whilst providing a hedge

against foreign exchange fluctuations, this has occurred most significantly during periods

of political and economic tensions. The authors note the different role of gold - as the basis

of a monetary system and the aftermath. When gold is linked to mone)’, an automatic

stabilizing mechanism is in place; the price that prevails is dependant on gold supply

relative to the demand for the metal. According to Capie, Mills et al. (2005). the loss of

this automatic stabilizing mechanism does not imply that gold no longer possesses hedging

qualities. Rather, gold’s hedging benefits are dependent on the attraction of gold during

times of currency changes. Over the period 1971- 2004, using the weekly Gold PM fixing

price and the sterling-dollar and yen-dollar exchange rates, gold has indeed provided a

hedge against exchange rate fluctuations. Levin and Wright (2006) observe a negative

short-run relationship between changes in the U.S. dollar trade weighted exchange rate and

gold prices.

Utilising the methodology of Ding, Engle et al. (1993), Tully and Lucey (2007)2 examined

the influence of the FTSE cash, U.S. dollar, U.K. pound, U.S. interest rates, and the U.K.

consumer price index on the mean and variance of gold returns using monthly data over

the period 1984 to 2003 and also two sub-periods around the 1987 and 2001 crisis periods

for both cash and future returns. The authors examined the fit of the Asymmetric Power

GARCH (APGARCH) model for six gold models. The analysis concluded that an

APGARCH model is applicable to the datasets in question, taking into account GARCH,

leverage, and power effects. Using gold cash and futures data over a long period, the

authors confirm that the U.S. dollar is the main, indeed in man)’ cases the sole,

macroeconomic variable that influences gold. Both in terms of their absolute and statistical

significance, the dollar has the largest influence. It is also negative, confirming the long-

held relationship of gold as an ’anti-dollar’. In contrast to this, they note that there appears

to be no statistical relationship between interest rates or inflation and gold. Although these

2 This research appears in Tully. E & B Luc¢~ (2007). "’An APGARCH Examination of the Gold Market." International

Review of Financial Analysis Forthcoming.
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coefficients are negative (apart form inflation in futures gold), they are very insignificant.

In terms of a trade-off relative to equities, the relationship between gold and values of the

FTSE is negative but insignificantly so, indicating a trade-off. Of more interest is the

relationship between the variables as they influence the variance of gold returns. Here it

appears that apart from the structural elements of the GARCH equation, no other variables

influence the variance of gold. In effect, over the long-term, the volatility of the return on

gold is determined endogenously, while the mean value of that return is somewhat

influenced by the dollar. However, around the crisis periods the authors note that for cash

gold in 1987, the magnitude and significance of the dollar coefficient decreased. For 2000,

the situation was more complex: the dollar lost further significance but increased in

magnitude. The futures markets show similar results, the 1987 dataset having lower dollar

coefficients and the 2001 greater. In both cases however the significance levels are still

under 10%.

3.2.3 Money Supply

In previous research in this area during the 1990s, Agrawal and Tandon (1994) found that

unanticipated components of the U.S. money supply and PPI announcements had

significant impacts on the daily gold price. Bailey (1988), reports that unanticipated

weekly growth in the announced level of the money supply led to an increase in gold

volatility. Kitchen (1996), investigates the effects of domestic and international financial

variables to announced changes in Federal deficit projections. Over the period 1981 -

1994, the author found that the price of gold responded positively and significantly to

announced changes in federal deficit projections.

3.2.4 Inflation

A number of authors have reported on the role gold plays as an inflation hedge and the role

inflation plays on the gold price. According to Lawrence (2003), no significant correlations

exist between returns on gold and changes in certain macroeconomic variables such as

inflation, GDP, and interest rates. Sjaastad and Scacciavillani report that gold is a store of

value against inflation. Accordingly, the authors estimate that the "real price of gold rises

by between two thirds and three quarters of 1% in response to a one point increase in the
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world inflation rate" (1996: 893). Baker and Van Tassel (1985), using data over the period

1973 to 1984, document that the price of gold depends on the future inflation rate.

Feldstein (1980) reports that a rise in expected inflation will increase the relative price of

gold. Sherman (1983) notes that the log of the gold price is positively related to anticipated

and unanticipated inflation. According to Kaufman and Winter (1989), the price of gold is

based on, as well as other variables, changes in the U.S. rate of inflation. Fortune (1987~

developed a model to assess the inflation rate of the price of gold to the expected consumer

and wholesale prices. Using quarterly data from 1973 to 1980, the author reports that an

appreciation in expected interest rates will lead to a fall in the price of gold. While the

model was precise in predicting the direction of the price change, the size of the change

was overvalued. Moore (1990) notes the traditional role of gold and the positive

relationship between gold and inflation, and the role of inflation on gold prices. Moore

(1990) also states that world gold supplies and inflationary developments in international

markets exert an influence over gold prices. Taylor (1998) provides evidence that gold,

along with silver and platinum, provides hedging properties for inflation over the long and

the short run. Chua and Woodward (1982) document that gold acted as an inflation hedge,

both expected and unexpected, for U.S. investors over the period 1975-1980. however this

occurrence was not replicated for Canada, Germany, Japan. Switzerland. or the /J.K.

Laurent (1994), in an examination of the relationship between the price of gold and the

general level of prices over the period 1800 to 1990, states that both variables have moved

generally in tandem with each other. Gillman and Nakov (2003) illustrate, through granger

causality tests and cointegration tests, that rises in gold and oil prices are as a result of

changes in U.S. inflation. Levin and Wright (2006) argue that a long-term relationship

exists between the U.S. price level and the price of gold: a one percent increase in the

general U.S. price level results in a one percent increase in the price of gold. A positive

relationship between inflation and the gold price is observed in the short run.
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3.2.5 Interest Rates

The importance of interest rates have been reported by a number of authors. Koutsoyiannis

(1983) reports that the price of gold is strongly related to the U.S. interest rate. Diba and

Grossman (1984) found a close correspondence between the time series properties of the

relative price of gold and the time series properties of real interest rates. Fortune (1987)

also reports the significant of interest rates on the price of gold; increases in expected

interest rates will cause a negative adjustment in the price of gold. In recent years, as

reported in Cai, Cheung et al. (2001), gold price changes are due to, among the other

variables mentioned, fluctuations in interest rates. Chan and Mountain (1988) and Heal

and Barrow (1980) note that changes in gold prices are due to lagged values of gold prices

and interest rates.
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3.3 Commodity Market Influences

3.3.1 Oil Prices

The importance of oil prices on the price of gold is noted in the literature b)~ Cai. Cheung

et al. (2001) and Melvin and Sultan (1990). Melvin and Sultan (1990) explain the

relationship that exists between gold and oil prices by suggesting that volatility in oil prices

has an impact on demand for gold. The authors note two reasons for this occurrence: rising

oil prices signal an increase in inflation, and the demand for gold increase during these

periods to act as an inflation hedge; and secondly, oil and gold are further linked through

demand for gold by oil producing countries. The authors hypothesise that that during times

of rising oil prices, and given an inelastic demand position, oil exporters will increase their

allocation to gold as their wealth increases and vice versa. A GARCH framework contends

that oil price changes are important "determinants of the conditional variance of spot price

forecast errors" (1990: ! 10).

3.4 Financial Markets

3.4.1 Economic Crises and Equity Markets

Traditionally gold has played a significant role during times of political and economic

crises and during equity market crashes, whereby gold has responded with higher prices.

According to Smith (2002: I), "when the economic environment becomes more uncertain,

attention turns to investing in gold as a safe haven." The author notes that following the

September ! I, 2001 terrorist attack, the FTSE All Share Index decreased by 9% while the

London gold aRernoon fixing price increased by 7.45%. Lawrence (2003) reported that

gold returns are less correlated with returns on equity and bond indices than returns of

other commodities. In line with gold’s role as an asset of last resort, Koutsoyiannis (1983)

states that the price of gold is strongly related to the state of the U.S. economy and

geopolitical factors. Cai, Cheung et ai. (2001) notes that the Asian financial crisis and

political tension in South Africa, which are also reported by Melvin and Sultan (1990), are

significant factors influencing the price of gold. Smith (2002) examines the relationship

between three London gold prices, and European and Japanese stock indices. The author

states that while some short run correlations exist between the t~o assets, cointegration is

not evident. Therefore, a long run equilibrium relationship does not exist. Gold is
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negatively correlated with equities, as discussed in Lucey & Tully (2006a) and Draper,

Faff et al. (2006).

Baur and Lucey (2006) investigated whether gold acts as a hedge against stocks and bonds

and also if gold is a safe haven for investors in the advent of falling stocks or bonds. Baur

and Lucey state that "an asset that acts as a hedge is one that is uncorrelated or negatively

correlated with another asset on average" while a safe haven is defined as "an asset that

functions as a haven for one asset or a portfolio of assets is an asset that does not co-move

with the other asset in times of stress" (2006: 2). The authors examined daily prices of

MSCI stocks over a 10-year period from November 30, 1995 to November 2005 for the

U.S., the U.K., and Europe. The study found that gold is negatively correlated with U.K.

and German stocks, while the metal is positively correlated with U.S. stocks. On the bond

side, gold is positively correlated with U.S. and U.K. bonds while a negative correlation

between gold and German bonds is reported. The authors show that volatility of gold

returns decreases during times of heightened volatility in stock returns. Such periods are

identified as the end of 1997 during the Asian crisis, the period up to and after September

11, 2001, and during 2003. The authors report that gold has properties as a safe haven and

as a hedge for stocks in the three markets examined over the complete period. However,

this does not hold for the bond market. The safe-haven and hedging properties of gold

against stocks act only in the short run.

3.4.2 U.S. variables

Baker and Limmack (1998) in an examination of the monthly change in the gold price over

the period 1973-1984, found that changes in the price of gold are primarily from U.S.

variables: changes in U.S. prices and changes in the value of the dollar. Similarly, Sjaastad

and Scacciavillani (1996) report that the gold market is influenced by the dollar. Numerous

other studies report the influence played by the dollar on the price of gold. Ghosh, Guide et

al. (2000) report that short run movements in the price of gold are influenced by the

US/World Exchange Rate. Sherman (1983) state that the log of the gold price is negatively

related to the U.S. weighted exchange rate. Koutsoyiannis (1983) found the price of gold to

be strongly related to a number of U.S. variables including the state of the U.S. economy

and the strength of the U.S. dollar, the U.S inflation rate, and the U.S interest rate.
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Kaufman and Winters (1989) also reports that the price of gold was based on changes in

the dollar exchange rate.

3.4.3 Impact from other markets

Several papers look at the issue of cross-market linkages between various gold markets. Xu

and Fung (2005) analyse patterns of cross-market information flows for gold and other

precious metals. The authors examine information flows for metal future contracts that are

dual listed in U.S. and Japanese markets over the period 1994 to 2001. Given the

difference in time zones, the benefit of examining these two markets is that it allows one to

assess the flow of information from the closing of one market (U.S.) to the opening of the

next market (Japan) and vice versa. The authors report strong pricing transmissions across

both markets; however, information flows that are more dominantly U.S. lead in relation to

returns. In terms of volatility, the results suggest that strong feedback from both markets

and each market has a comparable weight on the other market. Similarly, Laulaiainen

(1990) examine the price deviation of gold prices due to the trading positions on exchanges

at an earlier time period and price dependencies between Hong Kong. London and New

York. The results show that it is possible to account for prices in the three markets based

on the proceeding twenty-four hour period price pattern in Hong Kong, London and New

York. Melvin and Sultan state that "a significant time varying risk premium in the gold

futures price depends on the conditional variance of recent spot price forecast errors"

(1990: II0). Varela (1999) examines the relationship between cash and future prices of

gold, silver and copper. The author notes that near-term gold acts as a reasonable predictor

of the future cash price of the metal. In addition, Abken (1980) notes that changes in gold

prices are related to the changing price of gold future contracts.
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3.5 Supply and Demand Fundamentals

Chapter 2 outlined the main features of gold supply and demand characteristics. This

section will look at these areas in more detail and provide a comprehensive overview of the

demand and supply fundamentals of the gold market. This section is included to give a

more robust picture of the gold market from the perspective of its main influencing factors.

However at this point, it is important to point out that the demand and supply fundamentals

are not included in the formal analysis of this thesis. This thesis is concerned with variables

that have an influence on gold prices from the perspective of financial and economic

factors. It is beyond the scope of this thesis to include supply and demand data, in addition

to other factors that were including in Chapter 2, such as producer hedging. Therefore, the

analysis of this area requires parameters in which the market is examined. To this end, the

main agenda of the analysis of this area in Chapter 7 is to ascertain the financial,

economics, and real variables that are important in the determination of gold returns.

Gold has acted as a multifaceted asset throughout time, acting as a commodity, a reserve

asset, and as a form of currency. In terms of currency substitution, while there are many

substitutes available, gold has the advantage of being standard for a world currency

because gold can be sold for the same price anywhere in the world. Table 5 displays the

world’s annual gold supply and demand over the period 2002-2004. World supply includes

mine production, net producer hedging, official sector sales, and old scrap supply. World

demand includes fabrication from jewellery, industrial and dental sources, retail

investment, ETFs, and other comparable products. As can be seen from the table, the

major source of gold supply originates from mining production where this supply source

accounted for over 70% of gold supply in 2004. Jewellery fabrication is the major

component of annual world gold demand. This is principally indicative of the purchase of

gold jewellery for either adornment or investment purposes around the globe. In 2004, this

was followed by industrial gold demand. A World Gold Council Press Release, dated

September 7, 2005, reveals that for Q2 2005, gold demand increased by 14% in tonnage

terms and 24% in value terms when compared to the same period in 2004, despite a 9%

rise in the dollar price. For the first six months of the year, demand was 21% higher than in

2004 in tonnage terms and 29% higher in dollar terms. In gold jewellery terms, demand

was 17% higher in tonnage terms and 24% in dollar terms, compared to the same period in

2004. The World Gold Council reports that this significant increase in demand for
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jewellery is primarily explained by a favourable economic backdrop in kex markets.

continued consumer confidence in higher gold prices, and the council’s promotional

activity.

Table 5: World Gold Supply and Demand Statistics

Tonnes 2004 2005 % ch 2005 vs 2004
Supply

Mine production 2,469.0 2,520.3 2
Net producer hedging -426.5 - 13 I. 1 ...
Total mine supply 2,042.5 2,389.2 17
Official sector sales 469.4 660.6 41
Old gold scrap 847.7 860.9 2
Total supply 3,359.7 3,910.7 16

Demand
Jewellery 2,612.8 2,711.8 4
Industrial & dental 409.7 420.1 3

Sub-total above fabrication 3,022.6 3,131.8 4
Bar & coin retail investment 397. I 409.2 3

Other retail investment -56.8 -22.5 ...

ETFs & similar 132.6 208.1 57

Total demand 3,495.5 3,726.6 7

Balance - 135.8 184.0
SourceT World Gold Council

The price of gold is not solely set by the interaction between supply and demand. As

documented earlier in the chapter, a number of other markets play a large role in the

determination of gold prices. However, the characteristics of the supply and demand

elements of the market are an important consideration and warrant inclusion in this

chapter.

Aboveground stocks of gold account for 155,000 tonnes approximately. Gold is practically

imperishable; nearly all of the gold ever mined still exists today. Due to the large amount

of stocks of gold that are available, the inventou’ of aboveground stocks of gold is veu

large relative to the supply flow. This large stockpile of aboveground quantities of the

metal, set gold apart from other metals. According to Lawrence (2003) the potential for

gold to be highly liquid and responsive to changes in price is seen as a vet3 important

factor in gold’s differences to other commodities.
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The diagram below (Figure 3) from the World Gold Council is a graphical representation

of the factors that determine the price of gold. As shown, jewellery, industrial, and private

investment holdings constitute annual demand. However, these can also be returned to the

market in the form of scrap gold, which along with mining and the official sector constitute

supply.

7 Figure 3: Gold - Supply and Demand

Flows represent net 5 year average. 1998.2002
Source data GFMS Gold Survey 2003

3.6 Demand Elements

3.6.1 Industrial

While gold is an industrial metal, its uses are fewer compared to other metals.

Approximately 10% of gold demand is derived from industry. Gold is primarily used in

electronics, in particular telecommunications and information technology, and in dentistry.

In recent years, gold has become important in biomedical applications, such as the use of

gold wires in heart transplants. Gold possesses thermal and electrical conductivity and is

very resistant to corrosion. These qualities enhance gold’s popularity and competitiveness

over other metals. Gold’s properties, both chemical and physical, mean that it is a very

important metal to a number of industries such as information technology, photography,

and telecommunications. As gold does not tarnish, it is the preferred metal to conduct

electricity. Regarding electronic applications, while other metals such as copper may be

substitutable, gold is the preferred option as it is resistant to environmental effects.

7 Gold: Supply and Demand. World Gold Council (2003)
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3.6.2 JeweHery

Jewellery demand differs around the world. Its use, the type of jeweller)’ acquired, and the

conditions under which it is bought and sold are determined by custom and usage, which

vary both from country to country and also within countries according to social factors

(Dempster, 2006). Jewellery is the main demand element for gold, with the majori~’ of this

demand emanating from the Middle East, Asia, and India. India is the largest consumer of

gold jewellery in the world. Gold jewellery is primarily bought either for adornment

purposes or as a means of saving. Gold is bought in the U.S. and Europe for adornment

purposes. The quality of the gold varies from region to region and is usually sold at a high

mark-up cost relative to the caratage of the metal. This form of demand is highly

dependant on disposable income, marketing and advertising, fashion trends, and seasonal

events. Jewellery for adornment is very responsive to economic cycles, with demand

decreasing in times of economic downtums. Gold is bought as a means of savings in the

Middle East and Asia. In this case, gold is of high caratage and the mark-up is quite low.

Gold is very important as a means of savings and a store of value where bank systems

differ greatly from western countries. Adornment gold is very sensitive to price changes.

An increase in the price of gold will result in a decrease in demand for the metal and also

an increase in supply of scrap as gold is returned to the market during high prices. Demand

is also dependent on a number of other factors such as the monsoon season in India,

wedding seasons, and other festive events. Batchelor and Gully (1995) support these

figures, commenting that jewellery is the most important end use of mined gold. The

authors investigate the effects of price changes in gold on demand for jeweller,/ in six

countries - the U.S., Japan, Germany, France, Italy and the U.K. Using annual data from

1978 to 1998, supplied by the WGC, the authors report a price elasticity for jewellery

demand of the range -0.5 to -I.0. Subsequently, a rise of 1% in gold supply would

necessitate a decline of between I and 2% in the relative price of gold.

3.6.3 Investment

Investment holdings account for 16% of the total stock of gold. Gold’s status as an

investment asset has been examined by a number of authors including Aggarwal & Soenen

(1988), Johnson & Soenen (1997), Ciner (2001), and Egan & Peters (2001). Sherman

(1983) recommends holding 10-20% of portfolios in gold. Jaffe (1989) reports that gold
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has a low correlation with most assets over the period of 1971-1987, suggesting that gold

may reduce portfolio risk. He finds that gold has virtually no relationship with stocks and

bonds. Davidson, Faff et al. (2003) comments that gold has renewed its diversification

status in the aftermath of the Asian crisis as it is once again being used as a hedging device

by investors. According to Draper, Faff e al. (2006), portfolios that contain gold, silver, or

platinum perform significantly better than standard equity portfolios. Therefore, the astute

investor, using this financial shelter, can minimise risk while maximising returns. Lucey,

Tully et al. (2006) examine the optimal allocation of assets in well-diversified equity-based

portfolio where the investor is concerned not only with mean and variance, but with the

skewness of the returns. The paper finds that under most circumstances, gold bullion has

an important role to play in the creation of an optimal portfolio.
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3.7 Supply Fundamentals

3.7.1 Mining

Supply is a function of mining, the official sector, and recycled metal. According to

Radetski (1989) South Africa, the United States, Canada, Austria and Brazil are the main

miners of gold. Green (1981), states that over 80% of all gold ever mined can still be

accounted for today. The discrepancy of supply from mining is supplemented by the

widespread use of recycling and from the official sector. Of course, there exists the issue of

the impact of changes in gold prices on other variables, a change in direction of causality.

Selvanathan and Selvanathan (1999) who examined the issue of a change in gold price and

its effect on gold production; state that price is one of the biggest factors that drives

worldwide production of gold. An increase in the price of gold will lead to a subsequent

increase in mining of the metal. The authors report that changes in the price of the metal

exerts considerable impact on future production levels. The authors note that should the

price of gold rise, relative to costs, by 10% and the price in levels remain constant for the

following five years, the resulting change in production would be 0.3% in year one, 2.2%

in year two and up to 10.7% in year five. According to Rockerbie (1999), the dramatic

increase in the price of gold in the 1970s resulted in increased production. As a result of

the price increase, new mines opened and existing mines grew, increasing the total annual

production of gold. This aspect of gold prices is also examined by McDonald and Solnik

(1977), Blose and Shieh (1995), Biose (1996) and Tufano (1996, 1998). Dooley, Isard et

al. (1998) state that gold has explanatory power in relation to exchange rate movements.

3.7.2 Scrap Supply

Gold is unique in this sense as it can be reused an infinite number of times. Old scrap

forms the second biggest source of gold annually. The supply of scrap gold is, as

mentioned earlier, dependant on price. According to Radetzki "the gold boom of 1980

boosted scrap supply to a level that has not been surpassed" (1989: 20). The author also

highlights an important aspect of gold supply, which is based on the economies of the

Middle East and India. In these economies, people wear gold for adornment but also use

gold as a form of personal savings. When these economies are in distress such as during

harvest failures, gold is melted thereby increasing the supply of scrap metal.
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3.7.3 Central Banks

Central banks have traditionally held gold as a reserve asset, accounting for 25 % (35,000

tonnes) of the aboveground stock of all gold ever mined (see for example Kaufmann and

Winters (1989)). The Washington Agreement on Gold (WAG) dates from September 1999,

when the central banks of fifteen European countries agreed to limit the annual tonnage of

gold sales to four hundred tonnes collectively between the members who together own 50

% of the world’s official gold holdings. The Washington Agreement is testament to the

desire of monetary institutions to reduce volatility in the market while subsequently

increasing the price. This agreement was renewed in September 2004 and the annual

tonnage of gold sales was increased to 500 tones collectively over five years. This has

further indicated the desire of the fifteen members to reduce volatility in the gold price due

to central bank activities. This move has given the market a cushion, decreasing volatility

in price movement due to central bank activity. According to Salant and Henderson (1978),

the risk of a government gold auction can lead to a depression in the gold price, while

government gold auction announcements can cause an immediate slump in the price of

gold.

Central banks supply of gold can be leased to gold producers or to bullion banks, who in

turn can supply their customers. According to Young (2000), the quantity of gold held by

central banks and monetary institutions is the most significant factor determining the long-

term price of gold. The threat of gold sales by central banks has the ability to create much

volatility in the market, as was seen in the late 1990s when the price of gold plummeted to

$290 per ounce following the sale of gold by the U.K. The introduction of the WAG in

1999, which limited the amount of gold sold to four hundred tonnes per annum, helped

raise the price of gold by limiting the supply of the metal sold per annum, and thereby

limiting the risk of dumping of the metal onto the market and depressing the price.



3.8 Conclusion

This chapter has explored the major elements that play a significant role in the

determination of the metal price. The dominance of macroeconomic variables and their

impact on gold prices is apparent from the literature. From the documented research, it

appears that some variables have received comparatively more coverage and appear more

important than others. This can be said of inflation, exchange rates, in particular the dollar.

and interest rates. Given that gold is also known as an important alternative investment

asset due to the nature of its diversification properties, a considerable number of papers

have addressed the role of equity markets in relation to the gold market. While most have

not assessed the impact of equity markets on the gold price, instead covering the role of

gold and equities in portfolio diversification, it has raised the important issue of the large

role played by equity markets on gold prices. However, we cannot ignore the role played

by the demand and supply elements of the gold market. The important role that supply and

demand fill in contributing to gold prices is well documented in the literature. Indeed, it is

very difficult to separate the economic and financial influencing factors from the demand

, and supply elements as all variables play a keen role in the composition of gold prices.

However, this thesis needs to adopt parameters in its examination of gold prices. While the

relevance of supply and demand fundamentals are recognised, this thesis will focus solely

on financial, economic, and real variables that have an influence on gold market returns.
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4. Intra-Day Patterns - The Evidence

4.1 Introduction

In the last decade, research on intra-patterns in mean and volatility returns has expanded to

include many asset markets. The behaviour of mean returns and volatility patterns over

various stages throughout the day, both trading and otherwise, has attracted much

attention. This has been aided by the availability of high frequency datasets, which have

paved the way for new research. The speed of transaction is substantially greater than

before; the advent of high frequency datasets is mainly due to electronic technology, which

means the cost of collection and analysis has fallen dramatically according to Goodhart

and O’Hara (1997). Similar to the investigation into daily seasonal patterns, the

examination of intra-day patterns allows researchers to gain further insights into the price

behaviour of asset returns.

Given the dearth of research into market microstructures over the last number of decades,

researchers ha,ve accepted that certain intra-day irregularities exist in many markets. The

research into intra-day patterns has focused on price, volatility, and volume. The findings

of intra-day variation in mean and variance returns is correlated with volume and bid-ask

spreads. According to Ozenbas (2006), heightened volatility may results in speculative

short-term trading, while this may be profitable for some, intra-day volatility is costly to

the market in aggregate. The author argues that heightened volatility discourages trade,

lowers portfolio performance for many, and creates uncertain portfolio returns for all.

Engle and Russell (1998) state that in a perfect financial world, new information would be

quickly disseminated and interpreted by all market participants. Asset prices would quickly

adjust based on this new information. However, in reality, this scenario does not exist.

Information asymmetry exists in the real world. Available information is not processed

with the same speed by all market participants, with a lag time occurring between news

announcements and implication for asset prices as realised by traders. However, with the

advent of available intra-day data, Andersen and Bollerslev (1997, 1998a) show how high

frequency intra-day returns contain valuable and important information for the

measurement of volatility at the daily level. This provides researchers with a valuable to01,

where previously daily close or open return were examined to estimate volatility, the
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examination of intra-day data allows for a deeper investigation of the characteristics of

many asset markets.

This chapter will examine the research in the financial literature that has thus far examined

intra-day patterns in various asset returns, beginning with intraday equity market returns.

followed by commodities, non-equity returns, and the research to date that has looked at

intraday patterns in gold returns. This chapter begins with an examination of the literature

relating to equity market returns as the preponderance of research in intraday patterns has

been conducted on these markets. Building from this, many authors has attempted to map

the research that has been conducted in the field and transfer this across to a range of

additional financial assets, which this chapter will discuss. Finally, the chapter concludes

by examining the possible reasons for the existence of intraday patterns in asset returns.

62



4.2 lntra-Patterns in Equity Markets

4.2.1 U.S. Evidence

Previous research on intra-day patterns of equity markets has unearthed U shaped patterns

in retum, volatility, and volume, and also in bid ask quotes/spreads. Harris (1986) over the

period December 1, 1981 through to January 31, 1983 states that stock prices on the NYSE

generally rose on the last trade of the day, with increased volatility observed during the

final five minutes of trading. The NYSE has also been examined by a number of additional

researchers. Wood, Mclnish et al. (1985) examined the return distribution of the NYSE and

found high mean and volatility returns at the beginning and end of trading hours. Using

two sets of minute-to-minute data, from September 1971 to February 1972 and the

calendar year 1982, the authors report that volatility of returns shows a similar pattern to

mean returns, following a U shaped pattern with greater volatility observed during opening

trading. McInish and Wood (1990a), and Brooks and Chiou (1995) also report that

variability of retums follows a U-shaped pattern. Jain and Joh (1988) examined hour-of-

the-day effects in returns on the S&P500 and hourly volume patterns on the NYSE over

the period 1979 to 1983. The results shows that volume is highest at the start of trading,

falls substantially thereafter, and rises again for the last two hours of trading. For return

patterns, the highest returns are reported at the beginning and end of the trading day,

thereby following a U-shaped pattern as observed in NYSE volume returns.

Other NYSE intra-patterns investigations include Lockwood and Linn (1990); Stoll and

Whaley (1990); Mclnish and Wood 0991, 1992); Brock and Kleidon (1992); Foster and

Viswanathan (1993); Lee, Mucklow et al (1993), Madhavan, Richardson et al (1997).

Ozenbas, Schwartz et al. (2002) also report a U shaped pattern in volatility returns, with

higher volatility recorded at the opening and closing sessions of the NYSE. Foster and

Viswanthan (1993), in an examination of volume and volatility patterns of the NYSE,

report a U-shaped pattern for volume and volatility returns, which is also supported by

Brock and Kleidon (1992). A U-shaped pattern of volume and volatility, where the highest

level of volatility corresponds to higher volume of transactions, is also documented by

Wood, Mclnish et al. (1985), Harris (1986), Mclnish and Wood (1990a), Foster and

Viswanathan (1993) and Chang, Pinegar et al. (1995). Lee, Ready et al. (1994) examined

the volatility and volume pattern of the NYSE following trading halts and stated that the

existence of trading halts increases both volatility and volume levels following the halt

63



period. This is similar to the results posted by Christie, Corwin et al. (2002) in an

investigation of the NASDAQ market.

Gerety and Muhlerin (1994) found that, using hourly Dow Jones 65 Composite Price Index

data over a 40-year period and two and a half years of intraday data on individual shares.

volatility falls throughout the trading day. Open-to-open variance is significantly greater

than close-to-close variance, with a steady decline in variance over the trading day rather

than a dramatic decline after initial trading. The authors argue, along with Amihud and

Mendelson (1991) and Madhavan (1992), that as this is a call market, it does not display

more volatility than markets of continuous trading. Similarly, Amihud, Mendelson et al.

(1987) and Stoll and Whaley (1990) further argue that opening returns display greater

volatility than returns at close of trading, with a steady decline throughout the day. Open-

to-open variance is in excess of close-to-close variance.

Giannikos, Guirguis et al. (2003) examine the relationship between volume and volatility

on the Dow Jones 65 Composite Index, using a longer run dataset than that of Gerety and

Muhlerin (1994). It is well documented in the finance literature that a positive correlation

exists between volatility and volume across a wide range of assets. This positive

relationship is also reported in, among others, Karpoff (1987). Schwert (1989), and

Lamoureux and Lastrapes (1990). Jain and Joh (1988) along with Mcinish and Wood

(1990b) report a U-shaped pattern in volume, with volume being a measure of trading

activity.

Ozenbas (2006) examined intra-day price volatility, in the NASDAQ Stock Market and the

New York Stock Exchange; the author also examined intra-day patterns in trading volume.

Using half hourly data from the 2002 calendar year, the author disregarded overnight price

changes when calculating the initial opening half hour return, as in many cases initial

trading data contains excessive noise. For the two U.S. markets, a U-shaped pattern of

intra-day volatility was observed, with greater volatility at the start of trading. Each intra-

day half-hour volatility is represented as a percentage of the opening half hour volatility.

For the NYSE, for example, intra-day volatility for the period 10:00-10:30 represents just

80% of the volatility experienced from 09:30-10:00. the initial trading period of the day.

Further research on the intra-day U-shaped patterns of the NASDAQ include Cao. Ghyels
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et al. (2000) and Ozenbas, Schwartz et al. (2002). Andersen and Bollerslev (1997)

observed that a U-shaped pattern in volatility returns was evident for the S&P500 from

January 2, 1986 to December 31, 1989. Chan and Lakonishok (1993) report that both

volume and volatility for the NASDAQ follows a U-shaped pattern. The inside spread, for

NASDAQ stocks, is highest just after opening trading, declines steadily and then narrows

abruptly in the last hour of trading.

While we have noted earlier the positive correlation that exists between volatility and

volume, it is noteworthy to point out that increased volatility can act as a deterrent to

trading the particular asset, suggesting that an inverse relationship exists between volume

and volatility. Ozenbas (2006) examines the relationship between price volatility and

trading volume. The author speculates that if a period is characterised by high volatility,

then given the uncertainty during this time-period, traders would prefer to trade at

alternative times when the market is less volatile. In contrast, however, the U.S. markets

display a U-shaped pattern similar to that shown by volatility, where 14% of the daily

volume is traded at the opening period of the market.

As noted earlier, intra-day patterns in bid-ask spreads have been investigated by

researchers. Given that this is not the focus of this research, and the lack of availability of

such data; a brief outline of papers investigating this tendency is provided. Wood, Mclnish

et al. (1985) record a U-shaped pattern in bid ask spreads on the NYSE. However, in

contrast to this Chan, Christie et al. (1995) examining the NASDAQ market, do not report

this pattern. Brock and Kleidon (1992) argue that traders rebalancing their portfolios

before and after market closures create larger bid-ask spreads at the opening and closing of

market trading thus inducing a U-shaped pattern in volume and volatility. Brock and

Kleidon (1992) report that the empirical bid-ask spreads are largest at the open and close of

market trading. U-shaped patterns in bid-ask spreads have also been noted by Hasbrouck

(1991a, 1991b), Foster and Viswanthan (1993), Lee, Mucklow et al. (1993) and Madhavan,

Richardson et al. (1997).



4.2.2 International Evidence

The evidence of intra-day patterns in returns is not concentrated solely on U.S. equiD

markets; indeed, a considerable amount of research has been conducted on international

equity market over the last two decades. This section will outline the body of literature that

has been published at an international level.

Asia Pacific: In a study of the Tokyo Stock Exchange, Amihud and Mendelson (1901)

observed that volatility is greater at initial trading than that observed at close of market.

This is similar to the results posted in other equity market research, such as Gerety and

Mulherin (1994). Andersen, Bollerslev et al. (2000) examined the Nikkei 225 Equity Index

using five-minute returns over the period 1994 to 1997. The authors report that a double U-

shaped volatility pattern exists. Given that the Tokyo Stock Exchange closes for lunch, U-

shaped patterns represent volatility patterns in the first trading session while the second

trading session atter lunch also displayed a U-shaped pattern. Lehmann and Modest (1994)

report that a U-shaped volume pattern exists during the first trading session of the day,

however this is not replicated in the afternoon trading of the Tokyo Stock Exchange. The

bid ask spread, the authors report, is also U-shaped, in addition to the volatility pattern of

the morning trading session. From Hamao and Hasbrouck (1995), the evidence suggests

that returns and the bid-ask spread are of greater magnitude at opening and closing trading

periods. They also note that for volume, a double U-shaped pattern holds, reflecting the

two daily trading periods that operate on the Tokyo Stock Exchange.

Examining cross-listed securities, Chan, Fong et ai. (1996) compare the intra-day return

patterns during the U.S. trading day for European, Japanese, and American stocks listed on

the NYSE and the AMEX. Similar intra-day patterns for stocks are shown, with heightened

volatility observed in the early morning, this is more significant for Japanese and European

stocks, than for American stocks. The authors contend that these patterns are attributable to

markets reacting to overnight information.

Choe and Shin (1993) identified a U-shaped pattern in volatility for the Korean Stock

Exchange, while Cheung (1995) and Lain and Tong (1999) identified a similar pattern for

the Hong Kong Equity Market. Ahn and Cheung (1999) report that for the Stock Exchange
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of Hong Kong (SEHK), a U-shaped pattern is depicted in spreads, however, a reverse U-

shaped pattern exists for the depth. A U-shaped pattern in bid-ask spreads in also cited by

Brockman and Chung (1999) for the SEHK. This is similar to results posted by researchers

of the NYSE such as Lee, Mucklow et al. (1993). Cheung, Ho et al. (1994) show that the

volatility of the Hong Kong Stock Market follows a double U-shaped pattern,

corresponding to the existence of two trading sessions. Interestingly, the authors show that

open-to-open return variance and close-to-open return variance are quite similar, a feature

that is dissimilar to the U.S. evidence reported. Chang, Pinegar et al. (1993), in an

examination of intraday index returns and volatilities on the TOPIX exchange show that

volatility returns display a U-shaped pattern, reflecting the existence of two trading

sessions. A time-of-day pattern is also observed on the Hong Kong Market by Ho and

Cheung (1994). Ding and Lau (2001) report large positive returns during the initial 30

minutes of trading and at market close for the Stock Exchange of Singapore.

Turkey: Bildik (2001), in the examination of intra-day seasonality on the Turkish Stock

Market, reported that over the period 1996 to 1999, stock returns follow a W-shaped

pattern, reflecting the existence of two trading intervals occurring in the market: 10:15 to

12:00 and 14:15 to 16:00. Large volatility is observed during initial market trading, with

volatility following an L-shaped pattern. The authors contend that higher volatility

observed during initial trading and higher mean returns are due to accumulated overnight

information and the closed-market effect. Kiictikkocaoglu (2003) examined the behaviour

of intra-day stock returns on the Istanbul Stock Exchange. In contrast to Bildik (2001), the

author utilised eight stocks rather than an index to examine for intra-day variation. The

author reports that mean returns at the start and end of trading are large and positive.

Positive returns at the close of trading are positively correlated with opening returns. In

line with Bildik, a W-shaped or double U-shaped pattern was detected in stock prices

returns. Examining volatility, an L shaped was found, thus replicating the results of the

index analysis. The first sample period used by Ktict~kkocaoglu (2003) is identical to that

of Bildik (2001), however, the author also examined trading patterns after August 13, 2000

when a change in trading hours occurred and the trading mechanism moved to a

continuous auction. The intraday patterns observed in the second period are in contrast to

the first period. The U-shaped pattern in returns disappeared, but opening and closing

returns were still positive. Volatility represents a flatter L-shaped pattern, with a significant

decrease observed following the change in trading systems.
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Paris: Ozenbas (2006) examined the Euronext Pads, using half-hourly data over the

calendar year 2000. The author reported that a U-shaped volatility pattern was observable.

with more pronounced volatility observed during the first period of trading: 09:00-09:30.

The investigation was split into two periods from January to March 2000, and from April

to December 2000, reflecting the change in close of trading from 17:00 to 17:30 on April

1, 2000. The volatility patterns of the two periods both reveal a U-shaped pattem. Hoxvever

a U-shaped pattern in volatility was not observable in volume transactions. For the first

sample period the highest trading volume was recorded during the period 16:30-17:00. the

second sample period shows that, with the extended opening hours of the Euronext Paris.

the highest trading volume was recorded at 17:00-17:30. Ozenbas, Schwartz and Wood

(2002) also report a U-shaped pattern in volatility returns.

Germany: As examined by Ozenbas (2006), the Deutsche Bourse reported a U-shaped

pattern in volatility, similar to that experienced in other European markets, with more

pronounced volatility experienced at beginning of trading. The Deutsche Bourse extended

its trading period from 09:00 - 17:30 to 09:00 - 20:00 on June 2, 2000, thus the two

sample periods extend from January to May 2000, and June to December 2000. The impact

of the change in trading times had a significant impact on volume levels. Trading activity

was much lower during the additional time segment than during other period of the trading

day. Generally, with volume levels remaining unchanged between the two time periods,

the effect of the increased trading period lead to the spreading of volume across the trading

day. In any case a U-shaped pattern of volume levels, similar to that reported in the

volatility of this market, is not replicated for either sample period. Ozenbas, Schwartz and

Wood (2002) also reports a U-shaped pattern in volatility returns, along with Lowengrub

and Melvin (2002).

UK: Masulis and Ng (1995), in line with previous international results, state that opening

prices are more volatile than closing prices on the London Stock Exchange. Ozenbas

(2006) reports a U-shaped pattern of volatility for the London Stock Exchange, with very,’

pronounced volatility experienced at initial trading, which represents three times the mid-

day volatility. However, volume patterns do not follow a similar flow. with merely 2% of

transactions occurring during the first period of trade, conflicting with previous studies that

have reported a positive relationship between volume and volatili~. Hov, ever. a large

spike in volume was noted during the final trading interval. Ozenbas, Schwartz and ~’ood
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(2002) also report a U-shaped pattern in volatility returns. This is further supported by

Yadav and Pope (1992). Abhyankar, Ghosh et al. (1997), in an investigation of the LSE,

report that intra-day spreads were at their highest level at market opening, were steady

throughout the day, and widened marginally at close of trading. Volume did not follow a

U-shaped pattern, rather volume peaked during morning trading at 09:30, and fell to its

lowest level at 13:30, and again rose to a peak at 16:00. Volatility, on the other hand,

showed heightened variance at opening trading, was fiat during the trading day, and then

rose marginally as the close of trading approached.

Other Markets: Amihud, Mendelson et al. (1990) examined the Milan Stock Exchange,

which operated initially with continuous trading and moved to a call market, where

volatility was in evidence. Norden (1993) identified a U-shaped pattern in volatility returns

form the Swedish Stock Market, in addition to Niemayer and Sandas (1993). Mclnish and

Wood (1990b) report that stocks traded on the Toronto Stock Exchange display a U-shaped

pattern in returns and volatility.
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4.3 Intra-Day Patterns in Commodity Returns

Research in this area has largely been neglected in the past and few researchers have

examined the intraday patterns of commodity market returns. While gold is a commodit), it

will be examined in some detail in the later section of this chapter and thus treated

separately. The extent of the intraday returns into this asset is set out below.

Higgs and Worthington (2004) investigated the intra-day price and volatility process in

electricity markets in Australia using half hourly prices and demand values over the period

from January 1, 2002 to June 1, 2003. The authors examine five GARCH processes

including GARCH, normal integrated GARCH, normal asymmetric power ARCH

(APARCH), student APARCH, and skewed student APARCH in an effort to comprehend

the intrinsic price volatilities in four electricity markets in Australia. The authors report an

increase in demand and positive price spikes in the early morning, late afternoon, and early

evening, in addition to Mondays, and peak winter and summer months. Martell and

Trevino (1990) examined the intraday behaviour of commodity future prices and assessed

the behaviour of future prices from twenty-six commodity futures contracts for wheat,

corn, and soybeans traded between December 1975 and May 1978 on the Chicago Board

of Trade. The authors found that price changes differ over the life span of the futures

contract, the results show that there is a tendency for positive autocorrelation at the

beginning of the life of a contract and a tendency for negative autocorrelation as the

contract nears expiry. Positive serial correlation may occur when the markets suffer from

thin trading, and large orders to either buy or sell are broken down into smaller lots. In

addition, the authors report that a strong relationship exists between intraday behaviour and

the activity of the market, whereby the intraday serial correlation changes from

significantly positive in thin trading days to very strong and negative in more active days

over the life of the commodity contract.

Taylor (2004) examined the intraday behaviour of cocoa future returns. In this study, the

author applied various conditional volatility models to returns that indicated volatility

patterns, but not of a U-shaped variety. The author examined a number of models that

allow for a complex and discontinuous periodic variation in conditional volatilit3. The

Periodic GARCH (PGARCH) model most adequately provides superior forecasts of future

return volatility.
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The works discussed in this section clearly indicates a lack of research interest in

commodity returns. Commodities as an asset class have attracted significantly more

attention in the last five years as efficient portfolio diversifiers and profitable assets to

hold, academic interest in the higher frequencies of this asset class should therefore

increase. The remaining sections of this chapter examine intraday patterns in non-equity

returns, such as foreign exchange markets and interest rates, followed by a review of

research that has looked at gold returns. In addition, possible reasons for intra-day patterns

are outlined.
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4.4 Intra-Day Patterns in Non-Equity Returns

The examination of intra-day patterns, similar to the path taken by research in the

investigation of daily variation in returns, is not just a matter for equity markets. A number

of researchers have examined for the presence of intra-day patterns in non-equity markets

such as foreign exchange, futures market, options, interest rates and more.

Foreign Exchange: Ederington and Lee (2001) report that, unlike the now’ familiar U-

shaped pattern reported in equity market volatility, higher volatility, at the opening and

close of trading is not a feature of the foreign exchange market when the effect of

announcements are controlled and is significantly reduced in the interest rate markets.

however a U-shaped pattern persists. The authors contend that the timing of the release of

macroeconomic news releases is responsible for much of the time-of-day volatility pattern.

Ederington and Lee (1993) argue, however, that a U shaped pattern in their investigation

did not exist, the largest volatility was observed at 08:30, and ten minutes after initial

trading began. The authors cite macroeconomic news announcements at 08:30 as the main

reason for this behaviour. However Baille and Bollerslev (1991), who investigated intra-

day volatility in four foreign exchange spot rates vis-h-vis the U.S. dollar, including the

U.K. pound, the Deutschemark, the Japanese Yen and the Swiss France. report that on an

hourly basis, an observable U-shaped pattern exists for volatility returns over the period

January 2, 1986 to July 15, 1986.

Examining 5 minute returns for the Deutschemark - U.S. Dollar exchange rate, Andersen

and Bollerslev (1997) report that a W-shaped pattern exists for data over the period

October I, 1992 and September 30, 1993. Wasserfallen (1989) examined the intra-day

pattern of the interbank market for the Swiss Franc per U.S. dollar using five-minute

interval data for 231 trading days in 1983. The results show that the exchange rate rose

rapidly at initial trading, from 09:00 to 09:30, was constant during mid morning, and rose

again as lunchtime approached, then fell during afternoon trading. Corne~ Schwartz et al.

(1995) examined the intra-day return patterns of the foreign currency futures market.

traded on the International Money Market from 1977 through to 1991. The currencies

examined include the Deutsche Mark, the British Pound, the Swiss Franc. the Japanese

Yen and the Canadian Dollar. The authors show that for all currencies, the first and last

hour of trading represents significant positive returns, while returns throughout the day
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were negative. Hsieh and Kleidon (1994) investigated intra-day patterns in foreign

exchange trading in New York and London, and report that for both markets, a U-shaped

volatility and bid-ask spread exists, in addition the authors report that when examined,

New York did not impact on London’s volatility or bid-ask spread and vice versa. This

suggests that information flows are not a contributing factor for the U-shaped patterns

witnessed. Cyree, Griffiths et al. (2004) examined hourly data of one month euro-dollar

rates. They show that euro-dollar rates are at their most volatile during regular business

hours in the Asian market and are least volatile during regular business hours in the U.S.

The authors find that volatility is largest in euro-dollar rates in Tokyo, London, and New

York at the beginning of trading in each market. Examining intraday volatility in the

Taipei foreign exchange market, Gau (2005) postulates that while a double U-shaped

pattern in volatility returns corresponding to a two-hour break at lunch-time exits, this

pattern is not due solely to the effects of macroeconomic news announcements. The author

reports that rather than the announcement itself, it is the news content of the announcement

that causes a reaction in the market. Hua and Gau (2005) examined the impact of public

news arrivals and central bank intervention on the intraday exchange rate in the Taipei

foreign exchange market. The results show that the news arrivals had a significant impact

on exchange rate volatility during opening trading and around lunch-time. When central

bank intervention occurs, news arrivals exert a more significant impact on volatility, in

particular, at market opening time.

EuroFutures: Piccinato, Ballocchi et al. (1999) examined the intraday activity of the

Eurofutures market, which represents the limited research that has been conducted on this

asset. Using data from the London International Financial Futures Exchange (Liffe) and

the Chicago Mercantile Exchange (CME) over the period January I, 1994 to April 15,

1997, the authors maintain that a U-shaped pattern exists for intra-day price changes and

tick activity. Generally, the largest volatility is observed at initial trading, and then follows

a declining path before rising at the end of the trading session.

Futures: U-shaped patterns in volatility, volume and bid-ask spreads in future markets

have been unearthed by a number of authors including Lee and Linn (1994), Eckman

(1990, 1992), and Ferguson, Mann et al. (1998). Lee and Linn (1994) similarly report

increased volatility during opening and closing trading for S&P500 future contracts, which

is also reported by Eckman (1990, 1992) for volume and volatility for S&P500 futures and



also for Eurodollar futures. Daigler (1997) examined intra-day volatilib and volume

patterns of S&P500 futures, MMI and T-bond futures, and reports that a U-shaped pattern

is in evidence. The authors point to a number of contributing factors for this pattern.

Volume and volatility decreases for the S&P500 and MMI futures following the close of

the NYSE. The MMI possesses lower volatility and trade in the 15-minute period prior to

the opening of the NYSE. Also, a peak is observed in both the S&P500 and the MMI 30

minutes before the close of trading on the NYSE. The T-bond market also operates

overnight, and a U-shaped pattern is observed for both trading sessions, with lower

volatility and transaction occurring during overnight trading. Given that man)’ government

announcements occur at 08:30, a notable increase in volatilib’ and volume was observed

during these periods, the magnitude of which is more significant than initial trading values.

Grant, Wolf et al. (2005), in an examination of the S&P500 stock index futures over the

period 1987 to 2002, show that intraday stock index future prices revert in the aftermath of

large price changes at initial market trading. Once trading begins, the authors tbund that

prices maintain this high level for a period of ten minutes before a price reversal occurs.

Interesting!y, the authors note that this activity particularly occurs during periods of

abnormally high and low performance of the cash market. Tang and Lui (2002) examine

the intraday volatility patterns of the Hang Seng Index (HSI) and the Hang Seng Index

Futures (HSIF). Results shows that the HSI displays greater volatility than the HSIF during

the first 15-30 minutes of initial trading.

Bonds: Ederington and Lee (1993), in an examination of the T-Bond market over the

period from November 7, 1988 to 29 November 29. 1991. report that heightened volatility

was observed at 08:30, ten minutes into market trading. This corresponds, according to the

authors and as highlighted in the examination of foreign exchange and interest rates

markets, to the time period when macroeconomic news announcements occur. This time

period represents the largest price change over the trading session with the ratio of this

time period 2.4 times the volatility of the next highest volatilib recorded.

Options: Sheikh and Ronn (1994) examined the intraday returns of the Chicago Board of

Options Exchange and report that a U-shaped pattern in volatilib returns exists. This

pattern is also reported by Aggarwal and Gruca (1993) who note a U-shaped pattern in
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trading volume, transaction size, and proportion of trades at the ask and bid. Peterson

(1990) also documents the existence of a U-shaped pattern for equity option markets.
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4.5 Intra-Day Patterns in Gold Returns

The work so far on intra-day patterns in gold returns is very limited. As evidenced in the

literature review of daily seasonality in gold returns, the examination of inter-day and

intra-day returns is the focus of few papers. To date papers that have examined intra-da)

patterns in gold returns include Cai, Cheung et al. (2001), Dhillon, Lasser et al. (1997),

Lauterbach and Monroe (1989) and Muller, Dacorogna et al. (1990).

Cai, Cheung et al. (2001) examined the intra-day return volatility patterns of gold futures

contracts traded on COMEX. Using five-minute gold futures returns over the period

January 1994 -December 1997, the authors found a U-shaped pattern in intra-day volatility

returns. This pattern directly relates to the opening and closing times of the New York

Mercantile Exchange (NYMEX). The sample time for this study was 08:20 to 14:35 EST,

with seventy-five five-minute intervals from each trading day. The authors note that while

the average raw five-minute returns do not point to an identifiable pattern, the average

absolute returns indicate that volatility in gold future contracts follows a U-shaped pattern.

Volatility is greatest at initial trading (0.076%) and thereafter dips to its lowest level

recorded at mid-day (0.031%) to rise to 0.06% as the close of trading approaches. However

it must be highlighted that volatility returns fall significantly in the last 5 minutes of

trading, which the authors remark is due to thin trading during this section of the day.

This is in line with the observable patterns noted by Lauterbach and Monroe (1989) and

Muller, Dacorogna et al. (1990). In an attempt to assess whether the results of higher intra-

day volatility patterns experienced during trading hours versus non-trading hours were an

equity market phenomenon, Lauterbach and Monroe (1989) examined intra-day gold

future returns over the period December 1979 to March 1981. Returns were calculated

from open to close, for each of the trading days in order to formulate trading hour variance.

In addition, the authors calculated two versions of non-trading hour variances: the first was

calculated for returns from Monday through Thursday while the second from Friday

through Monday: in both cases returns were calculated from close to open. The authors

report that, in line with equity market research from Fama (1965) and Rogalski (1984), the

variance of gold future returns is greater during trading periods than non-trading periods.

The standard deviation of returns follows a W-shaped pattern, with volatili~ at its highest
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at the start and end of trading. Volatility also increases mid- morning from 11:00 to 11:30

and thereafter retreats.

In line with the volatility patterns experienced, volume follows a U-shaped pattern, with

the highest number of transactions recorded at the start and end of the trading day. When

the first five minutes of trading are included in the analysis (08:25-08:30), the volatility of

returns increase during the first half-hour period 08:25-09:00 and is at the highest level

experienced over the trading day (10.72 compared to 9.29 in the original 08:30-09:00

sample). The number of transactions during the period 08:25 - 09:00 is greater than 08:30

- 09:00 with 91.9 recorded versus 88.0.

Dhillon, Lasser et al. (1997) examined intra-day gold future contracts variance patterns

across two gold futures markets: the Commodity Exchange of New York (COMEX) and

the Tokyo Commodity Exchange (TOCOM) over the period July 1987 to May 1992 using

hourly data. Interestingly, this period corresponds to a change in trading mechanisms on

the TOCOM market, from a discrete Walrasian trading system pre April 1991, and

thereafter to a continuous computerised trading system.3 The authors examine the role of

information flows across the two markets and the amount of information that is released

during the times of trading. This data was divided into three subsections: July 1987-

October 1989 (Walrasian trading and low TOCOM volume), November 1989 - March

1991 (Walrasian trading and higher volume), and April 1991- May 1992 (continuous

TOCOM trading).

The results show that open to close return variance is 1.68 times greater than the close to

open return variance for the COMEX exchange. In addition, variance observed during the

trading period is greater than that observed during non-trading periods. However

contrasting results are observed from TOCOM where open to close volatility is

significantly less than close to open volatility over the period. The authors state that this

pattern may be due to more information being released during U.S. trading hours than

Japanese trading hours, suggesting that the gold market is more U.S. orientated. A

comparison of the two markets indicates that while COMEX observes greater volatility

3 The Walrasian system consisted of 6 discrete trading sessions where, through competitive bidding a price
was set for every commodity. An auctioneer would lead each session, beginning with this initial price. A
price was set when there are an equal number of buyers and sellers.



between open to close return variances, TOCOM experiences higher close to open return

variances.

While previous researchers have asserted that trading mechanisms are not linked to price

volatility, Amihud and Mendelson (1991) and Dhillon, Lasser et al. (1997) contend that

price volatility is due to the influence of information, and also the nature of the trading

mechanism. The authors report that greater volatility is experienced from continuous

trading systems than the Walrasian-type method. In addition, as noted earlier, more

volatility is experienced during COMEX trading hours than TOCOM, suggesting that a

greater degree of information is released during COMEX trading sessions.
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4.6 Possible Reasons for Intra-Day Patterns in Returns

A number of theories exists that attempt to explain and rationalise the existence of intra-

day patterns. According to Admati and Pfleiderer (1988), liquidity and information are two

important motives for trading financial assets. Informed traders make decisions based on

private information not available to others, while liquidity traders "trade for reasons that

are not related directly to the future payoffs of financial assets" (1988: 4). Goodhart and

O’Hara (1997) contend that in many cases, intra-day volatility arises due to three possible

factors: market opening and closing; the effect of lunch hours, and thirdly, the Pacific gap

between U.S. markets and the opening of trading in Eastern markets. In addition, the

author notes the effect of announcements of economic data, mainly of a macroeconomic

nature, on intra-day returns as specified in Guillaume, Pictet et al. (1994). The main

rationale for the observed intra-day patterns in financial assets is set out below.

1. The Role of Information

Information asymmetry has also been cited by a number of authors as a possible reason for

the reported intra-day pattern reported. Dow and Gorton (1993), Grundy and McNichols

(1989) and Leach and Madhavan (1993) contend that heightened volatility observed during

initial trading is due to information asymmetry at this period. Information asymmetry

decreases throughout the day, hence the fall in volatility is observed across many markets.

The role of news releases asserting an impact on asset volatility has been cited by a number

of authors to explain the observed U-shaped pattern in returns. Ederington and Lee (1995)

along with Harvey and Huang (1991~ 1992) state that the increased volatility that is

observed during the first seventy minutes of trading is a result of macroeconomic news

announcements occurring at 08:30 and asserting an influence on interest rates and foreign

exchange prices. Dacorogna, Muller et al. (1993) and Andersen and Bollerslev (1998b)

note the impact of macroeconomic announcement on foreign exchange markets, while

Ederington and Lee (1993, 2001) and Fleming and Remolona (1999) note the impact of

macroeconomic announcements on bond market volatility. In relation to equity markets,

the impact of news releases is weaker. Wood, Mclnish et al. (1985), Harris (1986), and

Anderson, Bollerslev et al. (2000) report that equity markets respond minimally to news

releases.



Admati and Pfleiderer (1988) developed an asymmetric information model in an attempt to

explain the trading behaviour of informed traders. The research was motivated by an

attempt to categorise the effects of this trading on volatility and volume returns. The

authors state that all traders will trade at a similar time, likely at opening and closing

periods of the market.

Lauterbach and Monroe (1989) assert that the higher variance of returns during the

opening and closing sessions of the trading day may be due to greater information, both

public and private, in addition to noise trading. Amihud and Mendelson (1991) seek to

explain the observed differences of opening trading volatility. The authors report that

higher opening price volatility is related to information effects and not to differences in

trading mechanisms. A number of authors (see for example: OIdfield and Rogalski, 1980:

French and Roll, 1986) have observed that volatility in equity markets is more changeable

during trading hours than non-trading hours. French and Roll (1986) postulate that this

pattern is due to the fact that more information is released during trading hours than non-

trading hours; asset prices react to private information released through informed investors,

and finally that trading itself gives rise to permanent noise4 in asset returns. Ozenbas

(2006) also discusses the role of noise trading (or the trading process itself) and its

influence on intra-day returns, and states that price changes in equity markets due to noise

trading are transient in nature, given that they stem from temporary pricing errors. The

author refers to volatility caused by new information to the market as innovations, which

create permanent price shifts.

2. Market Structure and Trading Mechanisms

Admati and Pfleiderer (1988) contend that increased volume during the final period of

trading may be due to the settlement procedures of exchanges. Chordia and Swaminathan

(2000) report that stocks with lower volume do not respond as fast to new information as

stock with higher trading volume.

Definition of noise trading: Black (1986) stales that noise trading occurs when traders, despite having no
new information, trade on noise as if it were information.
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Amihud, Mendelson et al. (1987) theorise that the trading mechanisms of the NYSE at

opening and closing periods have an impact on returns, and the higher variance observed at

opening trading may result from the trading procedures on the NYSE at the start of trading.

Many authors cite the trading mechanisms of the NYSE as a main factor contributing to

the heightened volatility observed in this market, such as Chan, Christie et al. (1995) and

Stoll and Whaley (1990). The NYSE commences trading with a call auction for every

stock, and then proceeds to continuous trading. However, many authors argue that the

trading patterns observed are not due to trading mechanisms, and that call markets do not

exhibit more volatility than continuous trading (see for example: Amihud and Mendelson

(1991), Amihud, Mendeison et al. (1990), and Masulis and Ng (1995)), where results from

markets other than the NYSE show that call markets do not exhibit more volatility than

continuous markets.

Gourieroux, Jasiakc et al. (1999) assert that the role of time in stock markets is inherently

related to traders’ preference for immediacy of transactions, which is often considered to be

the major determinant of market liquidity (Black (1971 )). Nevertheless, the trading process

still reflects the preferences of traders; who make the trade over the course of the trading

day. According to Gourieroux, Jasiakc et al. (1999), traders make these decisions based on

their reactions and changes in their environment.

3. The Influence from Other Markets

A number of authors contend that markets have an influence on one another. King and

Wadhwani (1990) document the influence U.S. market opening on the volatility observed

in the U.K. market. Similarly, the authors maintain that traders trading across multiple

markets draw inferences across markets. Chang, Pinegar et al. (1995) document the

influence of the NYSE on the S&P500 future prices, and report that upon cessation of

trading on the NYSE, volatility on the S&P500 drops substantially. However in research

by Kleidon and Werner (1996), the authors maintain that markets in London and New

York are not inter-related and do not have an influence over each others" trading patterns.
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4. Risk and Inventory Management

The pressure of the close of trading and the liquidity risk associated with holding an asset

overnight can induce a trader to liquidate his or her positions before the close of trading

and at the start of next day’s trading. Bessembinder (1994) and Brock and Kleidon (1992)

maintain that the pressure of the close of trading cause traders to re-balance their portfolios

to minimise overnight inventory carrying, which in turn leads to heightened volatiliu and

increased levels of trading. Brock and Kleidon’s market maker power theory, maintains

that exogenous changes in demand for transactions at the beginning and end of trading are

the reason for the stated intra-day patterns and not endogenous changes in demand as

stated in information models. There are a number of reasons for this pattern of trading that

include: traders adjusting and rebalancing their portfolios as a result of closed markets: the

arrival of information during the closed market; short sellers liquidating positions at the

close of trading, and hedging activities.
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4.7 Conclusion

The main reasons for intra-day patterns across financial markets, as described in this

section, could indeed be applicable to gold. The role of information is an important

consideration in the formulation of intra-day pattems. Increased volatility at initial trading

due to information asymmetry and the role of news releases are important elements that

can have an impact on returns. The settlement effect may be related to certain gold

markets. While the COMEX exchange operates on a continuous trading basis, settlement

effects should not be a feature. However, on the TOCOM, the market initially opens with a

call option and then switches to continuous trading, similar to the operation of the NYSE.

Therefore, the market mechanism could play an important role in intra-day trading in Japan

as seen on the NYSE. As evident in Chapter 9, the influence of other markets is an

important factor of intra-day patterns as the gold market in one location is impacted by

gold trading in another region in the world. Risk and inventory management are factors

that are important to the gold market as traders may adjust their portfolios or liquidate

positions before close of trading.

The focus of this thesis has not concentrated on possible reasons for intra-day patterns in

gold returns. Rather, given the un-researched nature of intra-day patterns in this asset, the

main focus must rest in under-covering the behaviour of gold returns on an intra-day level.

Extracting possible reasons for the existence of such patterns from the analysis conducted

in this thesis in Chapter 9 is not a focus of this work; this section of literature hopes to

outline the main argument for intra-day patterns across financial assets and is not focused

solely on the gold market. Future research into possible reasons for this pattern in gold

returns is required.

The literature review of the intra-day pattern of various assets, including equities, is that

the return, volume, volatility, and bid ask spreads in many cases follow a U-shaped pattern.

The results of analysis from many markets, in some cases, has provided mixed evidence of

the behaviour of asset returns, but the general consensus is one of increased volume,

volatility, returns, and bid ask spreads at the initial trading of the market and at the close of

trading. A number of authors have attempted to provide reasonable explanations for these

occurrences. The role of information flows, trading mechanisms, liquidity, and others have

been cited as playing a large role in the determination of asset patterns. However, the
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literature in this regards has not arrived at a general consensus; we must accept, in this

attempt at providing explanations for this behaviour, that a wide range of factors play a

significant role and exert considerable influence on intra-day asset patterns.
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5. Daily Seasonality - The Evidence

5.1 Introduction

Daily seasonality is an issue which has been documented across many assets and time

periods. The concept of seasonality in the returns of assets is a modern finance

phenomenon that was first analysed in the early 1930s; nonetheless, it was not until the

1970s that interest in this phenomenon took hold in the minds of academic researchers.

The preponderance of research involving daily seasonality has been carried out on equity

returns, which are well documented in the literature. Of the equity market research that has

been conducted thus far, the majority of this work has concentrated on the U.S. market.

However, in recent years research on this question in international markets has received

much attention. As such, it is no longer as much an equity market issue, but rather, an asset

question as research into areas such as precious metals, real estate, and fixed income

futures, amongst others, have all received increased attention.

Daily seasonality implies a tendency for stocks to show systematic variation over days of

the week, disputing the efficient market hypothesis. Typically, research has shown that

much of this form of seasonality has been observed as a peak in returns on a Friday and a

trough in returns on a Monday. Researchers have also observed another concept within the

form of daily seasonality: that of the holiday effect. This form of seasonality has been

observed in the behaviour of returns on days preceding market closure, when the closure is

not due to weekend closure. This has typically occurred with public holidays and the

resulting effect in returns has become known as the holiday effect. According to

Aggarwal, Mehdian et al. (2003), the existence of seasonal behaviour contradicts the weak

form of market efficiency. The weak form of the Efficient Market Hypothesis (EMH)

states that stock movements cannot be predicted based on past information according to

Boudreaux (1995). Therefore, the existence of a day-of-the-week effect and other seasonal

variations in returns such as month of the year, turn of the week, and pre-holiday, suggests

market inefficiency. Mills and Coutts (1995) argue there is a need for alternative models

of asset pricing.
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5.2 Daily Seasonality in Equity Returns

5.2.1 U.S. Evidence

Beginning with the pioneering work of Kelly (1930) and Fields (1931), the concept of

seasonality has been examined extensively. Cross (1973) is considered to be the principal

academic researcher whose investigation of variation in asset prices heralded a new line of

enquiry for academics. Examining the S&P index over the period 1953-1970. Cross

observed an average Monday return of-0.18%. Fama (1965) reports that Monday’s

variance is 20% greater than that of other day of the week returns, which is similar to the

findings of Godfey, Granger et al. (1965). French (1980) augmented the work of Cross

(1973) and examined the S&P index over the period 1953-1977. He discovered that

Monday returns were on average -0.17%, compared with a daily average of 0.01% and

with an average Friday mean of 0.09%. To further emphasise the existence of this

anomaly, the riskiness of Monday returns, as proxied by the standard deviation, was the

highest for all days. French (1980) provided the impetus for research into the area of

seasonality in asset returns and in the subsequent years, the area underwent much

investigation. Empirical research on U.S. and international markets has established that

variation in returns exists over days of the week. This has typically been reported as

positive Friday returns compared to negative Monday returns. Godfrey, Granger et al.

(1965), Fama (1965), and Gibbons and Hess (1981) also report the existence of a seasonal

effect in variance, with Monday displaying the highest level of volatility despite the

existence of the lowest, often negative, mean returns.

in the ensuing years, research into the nature of daily seasonality in U.S. markets

continued. Gibbons and Hess (1981) report that Monday returns were on average negative

and significantly lower than other days of the week for 30 stocks from the Dow Jones

Industrial Index. The finding of a daily variation in asset returns has raised issues with the

efficient market theory. Lakonishok and Levi (1982), Keim and Stambaugh (1984).

Smirlock and Starks (1986), and Lakonishok and Smidt (1988), also confirm the findings

of earlier studies that Monday has the lowest level of return over the days of the week and

also displays evidence of having the highest level of risk as proxied by the standard

deviation. Much of the earlier work into variation of asset returns concentrated on returns

relating from Friday close to Monday close, assuming that returns fell during Mondax

trading hours. Rogalski (1984) examines this issue and discovered that negative returns
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occur from Friday close to Monday open; thus seasonal variation in returns occurred

during non-trading hours.

Much of the preponderance of research into market anomalies, in particular the day of the

week effect, was conducted in the 1980s and 1990s. Since that period, evidence of the

disappearance of the day-of-the-week effect in U.S. returns has been provided. Comell

(1985) and Najand and Yung (1994) state that a weekend effect does not exist for the S&P

500 index and any indication to the contrary is due to the returns been affected by the

conditional heteroskedasticity. According to Connolly (1989, 1991), the day-of-the-week

effect in U.S. markets has dissipated since 1975. The author states that adjustments for

sample size, heteroskedasticity, autocorrelation, and leptokurtosis has a large impact on the

significance levels of regression F and t values, questioning the statistical significance of

previous research. Examining the day-of-the-week effect in the FT Actuaries World

Indices, and building on the results of Connolly (1989, 1991), Chang, Pinegar et al. (1993)

do not find support for the day-of-the-week effect over the 1986-1992 period. A question

also arises as to the existence of daily seasonality in small capitalization stocks versus large

cap stocks. Kamara (1997) examined the daily returns of the S&P 500 and a small cap

index of NYSE stocks over the period 1962-1993. The author found that a Monday effect

in the S&P 500 returns disappeared after April 1982. However, returns on small cap stocks

reported a significant Monday effect. Mehdian and Perry (2001) argue that a traditional

negative Monday effect has disappeared for large U.S. stocks over the period 1982-1993

and the day-of-the-week effect has turned negative. But in line with Kamara (1997), the

authors support the feature of a negative Monday day-of-the-week effect in small cap

stocks. Agrawal and Tandon (1994), Peiro (1994), and Dubois and Louvet (1996) contend

that the day-of-the-week effect has disappeared over various time periods.

Recent research has provided fresh documentation as to the persistent existence of the day-

of-the-week effect. Kohers & Kohers (1995), Maberly (1995), and Choudhry (2000) all

document a peak in returns on a Friday followed by a trough in returns on a Monday.

Berument and Kiymaz (2001), over the period 1973-1997 find support for the day-of-the-

week effect on the S&P 500 in both the mean and the variance of returns. The authors

report that Monday displays the lowest mean returns over the period while Wednesday

displays the highest mean returns. Examining the volatility returns, the highest and lowest

volatility returns are observed on Friday and Wednesday respectively; while Wednesday
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displays the highest mean returns. Similarly, Wang, Li et al. (1997) and Chang and Kim

(1998) report that the day-of-the-week effect still persisted in U.S. markets in the 1990s.

Wang, Li et ai. (1997) reports that the Monday effect is evident in the Monday of the

fourth and fifth week of the year, while the Monday return in the first three weeks of the

year is not significantly negative.

Recent research has also documented the reversal of the weekend effect - where Monday

returns are positive and significantly greater than the previous Friday. Seyed and Pen’)

(2001) report the reversal of the Monday effect in major U.S. equity markets. Gu (2004)

examined the DJIA, the S&P 500 Index from 1953-2001, the Russell 1000 from 1993-

2001, and the Russell 2000 and 3000 from 1988-2001. The author reports a reversal in the

weekend effect from the late 1980s to late 1990s for the DJ1A and the S&P 500 indices.

The weekend effect is not in existence for the Russell 1000 and 3000.
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5.2.2 International Evidence

This is not just a U.S. issue. The examination of international markets allows researchers to

assess whether the U.S. finding as in existence elsewhere. Therefore, documenting and

searching for market anomalies in international markets is a valuable addition to the

finance literature in this area.

The UK: Jaffe and Westerfield (1985) contend that the weekend effect operates in the U.K.

market. Arsad and Coutts (1996), in an examination of the Financial Times Industrial

Ordinary Shares Index, report that while a weekend effect did exist in the U.K., the

anomaly was not consistent over time. Coutts and Hayes (1999) also examined the

Financial Times Index over the period 1987-1994 and found that the weekend effect is not

as persistent in the U.K. market as previously reported in the literature. This finding is als0

supported by Board and Sutcliffe (1988), Chang, Pinegar et al (1993), Arsad and Coutts

(1996, 1997) and Gregoriou, Kontonikas et al. (2004). However, Theobald and Price

(1984), examining both the FT All Share Index and the FT Ordinary Share Index over the

period 1975-1981, found evidence of a significant Monday effect, while Monday displays

the highest level of risk over the days of the week. This result for the Financial Times

Ordinary Share Index was also confirmed by Jaffe and Westerfield (1985), Agrawal and

Tandon (1994), and Peiro (1994). Similarly, Condoyanni, O’Hanlon et al. (1987), Board

and Sutcliffe (1988), and Dubois and Louvet (1996) provided support for a significant

Monday effect in the Financial Times All Share Index. Steeley (2001) examines the FTSE

100 index over the period 1991-1998 and reports that the day-of-the-week effect in the

U.K. market disappeared in the 1990s. The authors contest that day-of-the-week effects are

evident when returns are partitioned by the direction of the market. Arsad and Coutts

(1997), in a sixty-year perspective of the London Stock Exchange over the period 1935-

1994, and in line with international observations, state that the weekend effect is inherent

in this time period. Board and Sutliffe (1988) report that the FT All Share Index showed

evidence of a weekend effect, however the significance of this effect was observed to be

decreasing over time.
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China: In a study that examined the seasonal variation in returns on the Shanghai and

Shenzhen stock markets, Mookerjee and Yu (1999) did not find evidence to support the

traditional weekend effect. Instead, the authors found, over the period of 1990 to 1994 for

the Shanghai Exchange, that the highest daily return occurs on Thursday and not the

traditional Friday, while Monday displays the lowest return of the week. In addition, the

risk return relationship shows that higher risk is present with higher returns. For the

Shenzhen Exchange, Monday displays the lowest return, which is negative. The most

negative return of the week was displayed when Saturday trading was in operation (39

days), in contrast Chen, Kwok et al. (2001) state that the existence of a day-of-the-week

effect is dependant on the estimation method and sample period. A negative Tuesday effect

is observed after January l, 1995, which may be due to spill over effects from the

Americas over the period 1992-1997.

Japan: Jaffe and Westerfield (1985) report a negative Tuesday effect in the Japanese

market. Kiymaz and Berument (2003) find that the highest volatility of returns occurs on

Monday, while the lowest volatility of returns occurs on Tuesday. Dubois and kouvet

(1996) also document a negative Tuesday effect on the Japanese market. Boynton,

Oppenheimer et al. (2006) reports that the traditional negative Tuesday effect observed in

the Japanese market, which was a feature until the 1990s, has disappeared. Since then, the

Tuesday effect is no longer evident and Monday displays a negative return. The authors

contend that the shift in the day of the week is due to the cessation of Saturday trading in

Japan, inducing a longer weekend trading break. Tanizaki (2004), in an examination of the

Nikkei 225 over the period 1985-2004, observed a negative Tuesday effect in volatility

returns. Kato (1990) and Ziemba (1991) test for the day-of-the-week effect over the period

1978-1987, but find no evidence of a Monday effect. In line with similar research, they

report that Tuesday’s returns are significantly negative. Authors examining the Nikkei-

Dow such as Ho (1990), Lee, Pettit et al. (1990) and Agrawal and Tandon (1994) provide

evidence of a negative Monday and Tuesday effect.

Asia Pacific: Aggarwal and Rivoli (1989) observe a negative Monday and Tuesday effect

in Hong Kong, Singapore, and Malaysia, while the Philippines exhibits a negative Tuesday

effect over the period 1976-1988. In addition, all four markets exhibit the highest level of

risk, as measured by the standard deviation, on a Monday. Choudhrs~ (2000), in an

investigation of the day-of-the-week effect in emerging Asian stock markets, found
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significant presence of the anomaly in both stock returns and volatility. Over the period

1990-1995, the author sought to determine the presence of the day-of-a-week effect in

India, Indonesia, Malaysia, the Philippines, South Korea, Taiwan, and Thailand.

Significant negative Monday effects were found in Indonesia, Malaysia, and Thailand. A

significant Tuesday effect was found in Korea, Taiwan, and Thailand. In terms of

volatility, a significant positive Monday effect was found in all countries examined, save

for India. Jaffe and Westerfield (1985) document a Tuesday effect in the Australian

market. This is also supported by Finn, Lynch et al. (1991), Agrawal and Tandon (1994),

Condoyanni, O’Hanlon et al. (1987), Ho (1990) and Dubois and Louvet (1996), who all

support the existence of a significant Tuesday exhibiting negative returns.

European Markets: Barone (1990) reports a negative Monday and Tuesday return on the

Milan Stock Exchange, which contrasts with Agrawal and Tandon (1994) who report a

negative Monday return and a positive significant Tuesday return. Santesmaes (1986)

argues that a day-of-the-week effect was not in evidence in the Spanish market. A negative

Monday effect was found on the Paris Bourse by a number of authors including Hamon

and Jacquillat (1990), Louvet and Taramasco (1991), and Solnik and Bousquet (1990).

Condoyanni, O’Hanlon et al. (1987) and Peiro (1994) both report a negative Monday and

Tuesday effect. Demirer and Karan (2002) find no clear evidence of a weekend effect in

the Turkish stock market over the period 1988-1996. While the authors report that Friday

displays a large positive return, there is no evidence of a Monday effect or indeed a

Tuesday effect. In the Irish Market, various day of the week effect are evident. Donnelly

(1991) and Lucey (1994) report a negative Tuesday effects. However, Lucey (1994, 2000)

records a significant and positive Wednesday effect. Gardeazabal and Regulez (2004)

provide evidence of a daily seasonal effect on the Spanish Stock Exchange. Apolinario,

Santana et al. (2006) in an examination of the day-of-the-week effect in European stock

markets over the period 1997-2004, report that most European markets do not exhibit a

day-of-the-week effect. The authors examined the stock indices for Germany, Austria,

Belgium, Denmark, Spain, France, the Netherlands, Italy, Portugal, the U.K., the Czech

Republic, Sweden, and Switzerland. A Monday day-of-the-week effect is observed in the

French and Swedish markets. With reference to variations in volatility, a day-of-the-week

effect was observed in all markets save for Portugal and the Czech Republic, when a

5 Donnolly ( 1991 ) examined the Irish Times Cara Index while Lucey (1994) examined the ISEQ Index.

91



symmetric GARCH model is applied. However when asymmetric effects are accounted for

France and the Czech Republic do not display variations in return volatility.

South America: One of the largest emerging markets in South America. Brazil. has

received much attention as to the existence of daily variation in returns. Lemgruber.

Becker et al. (1988), Costa Jr. (1990), Costa Jr. and Lemgruber (1993). Aimeida.

Rodrigues et ai. (1993), Leal and Sandoval (1994), Agrawal and Tandon (1994) and

Aggarwal, Inclan et al. (1996) all document the presence of significantly lower returns on

Monday compared to other days of the week. Agrawal and Tandon (1994). Leal and

Sandoval (1994), and Aggarwal, lnclan et al. (1996), using index returns rather than

individual stocks, provide significant evidence of a twist to the Monday effect, xvhereby

negative returns on a Monday follow a decline in the market the previous ~veek. and then

disappear when the market rises in the previous week.
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5.3 Daily Seasonality in Commodity Returns

The work carried out thus far concerning the existence of seasonality behaviour patterns in

commodity returns is very thin. As seen from the following section on gold returns, many

of the existing studies were conducted in the 1980s. In addition, and more importantly, a

large preponderance of the work carried out on commodity returns has utilised the futures

market rather than the underlying cash market. Given that many commodities, such as

agricultural products, suffer from seasonal and cyclical patterns in production, this in some

ways contributes to the lack of research. However when one considers the important role

played by commodities in the world economy, such as oil, copper, zinc, etc., it is rather

surprising that seasonal patterns in the underlying cash markets are not an important area.

In addition, the dearth of research in this area also does little to aid our understanding of

the anomalies that are witnessed in equity markets and other securities; a full investigation

of all securities is required in order to assess the nature of anomalies in f’mancial asset

pricing.

1"o broaden the evidence of seasonalit) in othe~ assets, the existence of seasonal behaviour

patterns in commodity markets is examined. The Commodit3 Research Bureau Index

(CRB) and the Dow Jones Conmlodity Index (D J1) have been utilised to assess the nature

of any seasonal variation in conamodit), prices (see lbr example: Gax and Kim (1987)and

(_’hang and Kim (1988)). Commodity indices are not an obxious choice of dataset lbr

researchers as many commodities inherently suffer t’rom c~clical patterns and seasonal

effects, particularly agricultural products. Some commodities do not suffer from seasonal

patterns in supply, such as metals, thereby becoming likeh candidates for seasonal

variation.

A number of authors in the 1980s documented tile existence of tile negative Mondax effect

and a January effecl in con]modily fulures prices such as (’hiang and Yaple3 (1083). Keim

(I 983), Gay and Kim (I 987). Milonas and Illomadakis (I 007) reported a monthl)effect in

raw material prices where, over tile period 1066 to I t~77. tile authors found that the average

daily growth rate in tile I)o~ Jones Npo! (’Ollmlodit\ Index for tile first nine trading da)s

~,as in excess of tile last ninc lrading da)s. (;irma and Palllson (I 998) also found support

lbr Ihc existence of scasonalit) in petroleunl lintures spreads.
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Chiang and Tapley (1983) examined the daily change in price patterns for 21 commodit~

future contracts. The authors report that all contracts exhibit seasonal patterns similar to

that observed in equity market returns. The authors observed that negative returns were

evident on Monday, while Wednesday and Friday exhibit positive returns. Again

examining commodity future contracts, Gay and Kim (1987) observed significant positive

Wednesday and Friday returns, in line with a negative Monday effect, similar to the results

achieved by Chiang and Tapley (1983). The authors examined the weekly pattern of

returns in the Commodity Research Bureau Futures Price Index over the period 1956- 1985.

Chang and Kim (1988) looked for a day-of-the-week effect in commodiD spot and futures

markets. The authors compare the rate of growth on the Dow Jones CommodiD Price

Index and the Dow Jones Commodity Futures index6, over the period 1959-1986, with the

dataset divided into several sub-periods. For the spot market, the authors note that in tour

out of the five included sub-periods (with the exception of 1972-1977) the Monday mean

growth rate was significantly less than that of other days of the week7. While the future

returns also displayed the lowest return on a Monday in many of the sub-periods, this

effect is only significant during the period 1966-1971, indicating a far weaker Monday

effect in the futures market. For both indices, the authors found that Monday displayed the

largest variance over days of the week and this result was significant. The authors report

that the variance of the growth rate on Monday was at least 35% greater than that of any

other day of the week (1988: 237). In addition, Friday displays the lowest variance of all

days of the week for commodity spot and future returns, dispute displays the highest mean

returns, thus as the authors notes that Friday’s risk return relationship offers investors an

opportunity.

However Milonas (1991) has cast doubt on the investigation into seasonal patterns in

commodity prices using the CRB and DJC. The author argues these indices include some

commodities that suffer from a crop cycle and some that do not: different production

cycles and the net effect of averaging all commodities ma} lead to spurious results.

Therefore, in an examination of the seasonal effect in five agricultural products, the author

6 The Dow Jones Commodity Price Index is a weighted average index of 12 commodities including: cattle,

coffee, copper, corn, cotton, gold, hogs. lumber, silver, soybeans, sugar and ~heat. Pre 1082 this index
included coffee, corn, cotton, cottonseed, oil. cocoa, hides, oats. rubber. ~’e, sugar, wool tops and ~heea.
? The didaset is split into one full data,set extending from 1960-1981 and five sub-periods: 1960-1965: 1966-

1971; 1972-1977; 1978-1981 and 1982-1086.
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controlled for crop-related seasonality prior to an examination of statistical anomalies.

Controlling for this, the author discovered half-month seasonal effects in four of the five

agricultural products.

Aggarwal, Mehdian et al. (2003) test for the presence of seasonal effects in the futures

market over the period 1982-1997. Using the Goldman Sachs Commodity Index (GSCI),

amongst others, the authors report that no element of seasonal price behaviour is evident in

the commodity market8. However, as this research was conducted on the futures markets, it

does not allow us to draw any inferences regarding the cash market of these commodities.

s The GSC1 is world-production weighted; the quantity of each commodity in the index is determined by the

average quantity of production in the last five years. The GSCI contains 24 commodities from all commodity
sectors: six energy products, five industrial metals, eight agricultural products, three livestock products and
two precious metals.
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5.4 Daily Seasonality in Non-Equity Returns

As stated earlier, the issue of seasonal patterns in asset pricing is not just an equit) market

phenomenon. Indeed, while much work on calendar anomalies has been carried out on

equity returns, an expanding amount of literature has examined this issue in other markets.

such as real estate investment trusts, fixed income securities, futures markets, corporate

bonds, and many others.

Futures Markets: It has been shown by many researchers that a day-of-the-week pattern

exists in the derivative market of many assets. Cornell (1985) investigated the da), of the

week in the S&P 500 Composite Index and the S&P 500 futures contracts over the period

1982-1984. The author found that while a seasonal pattern exists in the composite returns,

that pattern was not repeated in the S&P 500 Futures Index. This pattern has been repeated

for future contracts in Dyl and Maberly (1986a, 1986b) and in Junkus (1986). Johnston,

Kracaw et al (1991) found a negative effect for GNMA and T-Bond future contracts over

the periods 1975-1985 for GNMA and in 1977-1988 for T-Bonds. However, a day-of-the-

week pattern is not evident in T-Bill futures contracts, in international futures markets,

Martikainen and Puttonen (1996) provide evidence of a negative Monday day-of-the-week

effect in Finish stock index future returns. Aggarwal, Mehdian, et al. (2003) examine for

the existence of a day-of-the-week effect in six futures contracts over the 1982-1997

period. The six futures include the Goldman Sachs Commodity Index, the Russell 2000

Index, the S&P 400, the S&P 500, the Eurodollar and 90 day treasuD’ bills. The authors

report that no evidence of a seasonal effect is present in the data.

Real Estate: Friday and Higgins (2000) examined real estate investment trust (REIT) for

the presence of day-of-the-week effects over the period 1972-1995. The authors find that

for equity REIT’s, a seasonal effect exists. The results show that returns on Monday are

positive when returns on Friday are positive, and returns on Monday are negative when

returns on Friday are negative. For mortgage REITs. this relationship does not hold.

Redman, Manakyan et al. (1997) over the period 1986-1993 report the existence of man)

calendar effects, including a day-of-the-week effect. Lenkkeri. Marquering et al. (2006)

examined for the presence of the day-of-the-week effect in European real estate indices

over the period 1990-2003. The), report that eight out of the I I countries examined provide

significant evidence of a Friday effect, with abnormally high returns exhibited on that day.
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Foreign Exchange." Seasonal patterns in foreign exchange markets have been documented

over the previous two decades. Aydogen and Booth (2003) report the existence of a day.

of-the-week effect in the Turkish foreign exchange market over the period 1986-1994.

Han, Kling et al. (1999) state many instances of a day-of-the-week effect in foreign

exchange futures markets volatility, including the Deutsche Mark, the Japanese Yen and

the British Pound over the period 1990-1997. Kamath, Whyte et al. (1995), however, do

not support the day-of-the-week effect in the Euro currency market. Corhay, Fatemi et al.

(1995) provide evidence of a Wednesday effect for the U.K. Pound, the Canadian Dollar,

the Deutsche Mark, the French Franc, the Swiss Franc, and the Japanese Yen prior to 1981.

However after this, the seasonal effect disappears. The effect of the change in foreign

exchange settlement procedures has also been documented in the gold market. Additional

support for the day-of-the-week effect in the foreign exchange market is provided by

McFarland, Pettit et al. (1982), Joseph and Hewins (1992) and McFarland, Pettit et al.

(1997).

Therefore, it cannot be disputed that this is solely an equity market issue. In addition to the

previous research on seasonal patterns in non-equity securities, evidence is provided by

Gibbons and Hess (1981), Flannery and Protopapadakis (1988), Singleton and Wingender

(1994) of a day-of-the-week effect in government securities. Furthermore, Jordan and

Jordan (1991), Kohers and Patel (1996) and Adrangi and Ghazanfari (1996) have

examined day-of-the-week effects in corporate bonds.
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5.5 Daily Seasonality in Gold Returns

The work on daily variation in the moments of gold returns is extremely limited. Much of

the work investigating the existence of seasonality in the metal was conducted in the

1980s, beginning with the work of Ball, Torous et al. (1982). A handful of papers were

published in the late eighties, mainly in response or as comments to the papers that were in

press, looking at both daily and monthly seasonality. Since that time, research on the dail}

variation of the metal languished until Coutts and Sheikh (2002), who examined for the

existence of seasonality in gold equity stock, which is an area of the gold market that

previously had been un-researched. In the most recent research in the area, Lucey and

Tully (2006a)9 examined for the existence of seasonality in the daily variation of gold and

silver mean and variance returns. By analysing both cash and future prices of gold and

silver, the authors provide a sophisticated econometric investigation to the existence of

seasonality in metal returns, and provide the first pioneering investigation into daily

variation in silver prices and an up-to-date investigation of daily seasonality in gold

returns.

Examining the AM and PM gold fixing prices of gold in the London metal exchange over

the 1975-1979 period, Bali, Torous et al. (1982) found that while differences in returns

across days of the week occur, a negative weekend effect is not in existence nor is a

negative Monday effect. This is regardless of whether Monday returns are measured as

Friday AM - Monday AM or Friday PM - Monday PM. The authors find that variance

differs across days of the week. This is noted by the authors as consistent with a trading

time hypothesis; where the return distribution is less when the market is closed than when

the market is open. Wednesday returns are particularly high and settlement effects were

noted as a possible cause for this behaviour.

Ma (1986) attempts to provide further clarification of the dataset used by Ball. Torous et

al. (1982) and extends this datasets to 1985, thereby providing analysis for both pre 1981

and post 1981. This corresponds to when the same day settlement procedure in the foreign

exchange market came into effect in October 1981. The author finds that high Wednesda~

This research appeared in Lucey. B. and E. Tull) (2006a). "’Seasonality. Risk and Return in Dail} COMEX Gold and

Silver Data 1982-2002.’" Applied Financial Economics 1644): 319-333.
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returns were observable pre 1981, however after 1981, when the same day settlement

effect is accounted for, the Wednesday effect disappears and turns negative while Monday

returns are significantly lower than other days of the week.

Tschoegl (1987) investigates daily London afternoon fixing mean returns of gold during

the period 1975 to December 1984, adjusting the returns into monthly mean returns. The

author reports that the data does give support to the null hypothesis of no monthly

seasonality. The author examined seasonality under three definitions: cyclical patterns;

particular months displaying returns that are significantly different; and lastly where no

one month is significantly different from the average. Under these conditions, the author

states that a stable cyclical pattern does not exist and nor does a January effect. Using both

parametric and non-parametric techniques, the author finds weak evidence to support a

tendency of below-average returns in the first six months of the year and above average

returns in the second half of the year.

Herbst and Maberly (1988) issued a comment to Ma (1986) where the authors report on

the validity of the results. Herbst and Maberly (1988) question the synchronization of

observations for spot and future gold prices. In addition, Wednesday’s spot mean returns

were -4.31% compared to Wednesday’s futures mean return of +9.86% for the period,

while during this period futures prices declined from $434.20 to $323.90 per troy ounce.

Herbst and Maberly (1988) postulate that the conflicting results from gold spot and future

prices are due to four significant dates in 1982: September 8; September 15; October 13,

and October 20, when spot and future gold prices moved in opposite paths. The authors

report that if these outliers were deleted, the reported mean returns for spot and future gold

prices on Wednesday over this period would be +2.72% and +4.77% respectively. Herbst

and Maberly (1988) assert that the same day settlement procedure, implemented in October

1981, did not have a negative impact on Wednesday returns as stated in Ma’s paper (1986).

In a reply towards Ball, Torous et al. (1982) and Ma (1986), Ma, Wong et al. (1989)

replicate the tests of Herbst and Maberly (1988). Ma, Wong et al. (1989) report that

Wednesday and non-Wednesday mean return on both spot and future markets are not

significantly different from zero, while the F-value and KruskaI-Wallis Chi Square reports

that a significant difference between Wednesday and non-Wednesday returns does not
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exist regardless of the inclusion of the four observations. Therefore, the authors confirm

the results of Ma (1986) and conclude that the high Wednesday returns that existed before

October 1981 may indeed be due to the next day settlement procedure in foreign exchange

implemented in October 1981, thus validating the results of Ma (1986). Akgiray. Booth et

al. (1991) investigated the time series properties of gold and silver returns. In this

investigation the authors also looked at the day-of-the week effect. The author reports that

a day-of-the-week effect is not present in gold returns.

Coutts and Sheikh (2002) examined the All Gold Index of the Johannesburg Stock

Exchange for the existence of weekend, January, and Pre-holiday effects in gold equit)

stocks. Over the period January 5, 1987 until May 15, 1999 the authors report that no

evidence exists of a weekend, January or holiday effect in this index. This is the first paper

to look at variation in gold stocks and so differs from the previous identified papers, which

examined for a day-of-the-week effect in gold spot or future prices.

Since these works, the examination of gold and related asset seasonality has lagged. Lucey

and Tully (2006a) attempted to fill that gap using a variety of robust estimators that take

account of the dynamics of the series. In particular, the authors investigated the daily

seasonal in the conditional and unconditional first and second moments (mean and

variance) of four assets: gold cash prices, silver cash prices, gold futures prices, and silver

future prices. Using an extended dataset of twenty years, seasonality in the cash and future

markets of these metals was investigated. They thus allow for comparisons between the

gold market dynamics as found in earlier studies such as Ma (1986) and now. In addition.

this is the first paper of its kind to examine seasonality in the silver market. Using

sophisticated econometric modelling, with parametric and non parametric analysis, the

authors provide an appropriate investigation of the cash and futures markets of gold and

silver. Using COMEX cash and futures data. weak evidence is found for the mean but

strong for the variance. There appears to be a negative Monday effect in both gold and

silver, across cash and futures markets. Chapter 10 provides the analysis of daily

seasonality in gold returns.

Ma (1986) et seq found significant negative Monday effects in the gold market. Lucev and

Tully (2006a) confirm this finding for cash gold but not for the futures market, perhaps
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indicating a greater degree of efficiency in that series. In general, it is the case that futures

markets are found to be more efficient, being more liquid. The Monday effect in cash gold

appears to be weak and statistically not robust. The authors also provide the first evidence

of daily seasonality in silver prices. These are similar to the gold findings. The evidence

from a GARCH model, using a leveraged GARCH specification, is that the seasonality in

the mean may not result from seasonality in the variance. There is no evidence of a return.

risk relationship as indicated by the ARCH-in-Mean being insignificant and negative.
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5.6 Possible Reasons for Seasonal Patterns in Returns

Several authors have put forward reasons to explain the variation in asset returns: French

(1980) maintained that due to the trading time hypothesis, Monday’s returns should be

three times higher than other weekday returns; and Gibbons and Hess (1981). and Keim

and Stambaugh (1984) have noted measurement errors as a contributing cause to the day-

of-the-week effect. Settlement systems have been reported by a number of authors as

possible reasons for a day-of-the-week effect such as Lakonishok and Levi (1982). Jaffe

and Westerfield (1985), Ma (1986) and Bell and Levin (1998). In addition, psychological

factors have also been cited as a possible cause for this variation. Miller (1988) believes

that individuals are more likely to sell on Mondays, after spending the weekend deciding to

sell, and suggests that the trough in returns on a Monday is due to individuals selling and

not due to institutional selling. Rystrom and Benson (1989) argue that the Monday blues is

to blame for Monday selling. The release of news information over the weekend was

documented in Damodaran (1989) as a contributing factor. Patell and Wolfson (1982) and

Pennman (1987) report that firms are likely to release negative information over the

weekend. Pettengill and Buster (1994), Kohers and Patel (1996), and Steeley (2001)

discuss the role of news releases on security returns. Aggarwal and Schatzberg (1997)

assert that a clear, tenable association between firm-specific news and daily variation in

returns exists. Steeley (2001) found that news arrivals to the UK market exert a significant

impact and provide some answers as to the daily seasonality issue.

Previous research has documented that a firm-size effect may be a contributing factor in

daily variations in returns. Keim and Stambough (1984) and Rogalski (1984) contend that

the day-of-the-week effect is stronger for smaller firms. Penman (1987) suggests that the

release of earnings announcements may play a significant role in return variations.

Conflicting evidence is provided by numerous authors who maintain that announcements

do not play a large role (see for example Damodaran (1989). Chaff, Jagannathan et al.

( 1988), Peterson (1990) and Schatzberg and Datta (1992)).
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5.7 Concluding Comments

The importance of daily seasonality lies in the challenge that it may present to standard

notions of market efficiency. While there are many definitions of an informational efficient

market, the basic element required is that there is no possibility of making persistent

trading profits over and above a ’buy-and-hold’ strategy from previous information. If a

discernable pattern was evident, then prices would adjust to incorporate this and over time

the pattern would disappear.

Seasonality, in this context, implies a tendency for stocks to show systematic variation

over days of the week or months of the year, disputing the efficient market hypothesis. If

seasonality exists, systematic variation in returns exists; returns are not random but are

predictable based on seasonal patterns. Thus, it is argued, investors should be able to earn

abnormal returns based on this knowledge. Theoretically, if investors could buy when the

price is lower (for example, Monday) and sell when the price is higher (for example,

Friday), they could benefit from a risk-less profit arbitrage opportunity. However the

market must revert back to efficiency when all investors start buying on a Monday, thereby

pushing up the price and eliminating any arbitrage opportunities. Persistent and long-term

daily variation in returns should not, therefore, exist if the markets are efficient.

There is no doubt that seasonal behaviour in security returns is an issue that is prevalent in

many securities across many time periods. Beginning with work in the 1930s, but

particularly over the previous twenty-five years, the existence of a systemic variation in

returns is one which presents a real issue to asset pricing. The evidence presented in this

chapter cites numerous examples from equity markets, of both a U.S and international

nature, but also from alternative asset classes such as foreign exchange, real estate and

precious metals. The issue thus arises as to whether a profitable trading strategy can be

utilised with this pattern of behaviour. According to Harris (1986), while trading strategies

may not be profitable due to transaction costs, profits are available by identifying the

distribution of stock returns throughout the day of the week. French (1980) similarly states

that while this type of strategy may not be profitable due to transaction costs, investors can

alter the timings of their transactions, delaying purchases until Monday and sales until

Friday, thus increasing their expected return.



6. Methodological Issues in the Examination of the Gold Market

6.1 Introduction

The methods of research utilised in this thesis generally fall into two categories. The first

main approach of this thesis is the use of Vector Auto Regressive (VAR) modelling and

Vector Error Correction modelling (VECM) in the examination of the main influencing

factors to gold prices. This method of analysis will be described in detail in this chapter.

Secondly, the examination of the daily and intra-day patterns of gold returns generall.~

follows a similar methodology and so will be treated as such: where differences in

methodological approaches exist, any differences will be highlighted. Tying these two

seasonal investigative chapters together is the Asymmetric Power GARCH methodology as

proposed by Ding, Engle et al. (1993). This method is utilised in both chapters in an

attempt to identify the correct modelling tools for these data. This chapter seeks to outline

the various methods that are used in this thesis and to provide an adequate description to

the reader of the issues involved.

6.2 VAR Methodology

VAR analysis is used to determine if a causal relationship exists between gold and the

selected economic, financial, and real variables. Impulse response functions and variance

decompositions are used in the analysis to ascertain the impact of a shock of the identified

variables to gold cash and futures, and the level of exogeneity of each series. Sims (1980)

developed this methodology so that macroeconomic data could be modelled without the

imposition of the restrictive hypotheses that were previously required. His research paved

the road for data modelling without the requirement of a priori restrictions. Sims advocated

VAR models as a theory-free method to estimate the relationship between variables

without the need for identifying restrictions.

The methodology behind VAR analysis contends that economic theo~ cannot determine

the specification ofa VAR: the system is useful in determining the causal and the existence

of any co-integrating relationships among the variables in the system. If a causal

relationship between gold and the relevant variables is not evident, the variables are

considered to be exogenous and therefore do not have an impact on one another. VAR
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modelling enables the researcher to identify whether changes in variables such as the

dollar, interest rates, etc., in a previous period affect the price of gold in the current period.

Therefore it becomes possible to ascertain any relationships that may exist between gold

and the identified variables across different time periods.

An unrestricted VAR is estimated for all datasets, which is explained in detail in Chapter 7,

to investigate the interaction between gold prices and various economic and financial

variables. In VAR models, all variables are endogenous and VAR models allow the value

of a variable to depend on its own lags and the lags of other variables indicating that this

form of modelling may provide additional information regarding any relationship that may

exist.

This can be denoted as:

Eq.l: y, = Alyt_1 +...+Apy,_p +Bx, +c,

where y, is a k vector of endogenous variables, xI is a d vector of exogenous variables,

AI ..... Ap and B are matrices of coefficients to be estimated, and c, is a vector of

innovations that may be contemporaneously correlated, but are uncorrelated with their own

lagged values and uncorrelated with all of the right-hand side variables.

An issue with using VAR methodology is whether the data involved should be differenced,

i.e. stationary. There are proponents of both sides of this argument. Sims (1980) and Sims,

Stock et ai. (1990) contend that differencing, even if the variables are non-stationary,

throws away valuable information about the data. In this case, we are concerned about the

effects of economic and financial variables on the price of gold and the data in question are

not differenced as it is believed that differencing the data series would not benefit this

analysis. For this unrestricted VAR, we include variables in their true form. That is, we do

not induce stationarity by differencing before we perform the VAR analysis. Given that the

aim of this methodology is simply to examine the relationship that exists between the

specified variables, if stationarity was induced through differencing, then this research

might lose much of the information of any relationship that might exist. However, as will

be seen later in the chapter, stationarity is an important issue when VECM is performed.

105



6.2.1 Lag Structure

it is important that the correct lag length is specified for each VAR model. According to

Ozcieek and McMillin (1999), the determination of the lag length of the VAR is a critical

element in the specification of VAR models. The lag length criteria compute various

information criteria for all lags up to a maximum level.

Such that:

Eq.2: LR = (T - m){Iogln  ,I- logln ]}- x2 *2

where m is the number of parameters per equation under the alternative.

If an incorrect lag length is specified, a number of problems are created: the estimates of a

VAR are inconsistent, as well as the impulse response functions and the variance

decompositions from the estimated VAR. Before the VAR analysis is examined, it is

necessary to ensure that the appropriate lag length for the VAR is specified. Therefore,

information criteria is used for VAR lag length selection. Eviews statistical software

computes various criteria in order to select the correct lag order of the unrestricted VAR.

whereby the lag order is specified, and examines the information criteria fbr all lags based

on the minimised value of Akaike (A1C) and Schwartz Information Criterion (SC). If too

many lag terms are included, this would consume degrees of freedom, while too few lags

would lead to specification errors.

The AIC and SC are computed as:

Eq.3: AIC = -21/T + 2n/T

Eq.4: SC = -21/T + n IogT/T

where n = k(d + pk) is the total number of estimated parameters in the VAR.

6.2.2 Impulse Response Functions

An impulse response function traces the effect of a one-time shock to one of the

innovations on the current and future values of the endogenous variables. Impulse response
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functions (IRF) trace the response of the dependant variables (gold cash or gold futures) in

the VAR system to shocks to each of the endogenous variables, and one can access the

effect over a number of periods. A shock to the i-th variable not only directly affects the i-

th variable, but is also transmitted to all of the other endogenous variables through the lag

structure of the VAR. The Cholesky factor of the residual covariance matrix is used to

transform the impulses. In this case, it is important that the variables are ordered correctly

as this option attributes all of the effect to the first variable in the system, which in this

analysis is gold.

The impulse response function can be written as

oo

Eq. 5: Yt = Xtfl + ZOflsUt_s = Xt~ "F Ztr~sGVt_s,gutul = Z EvtvI = I
s=O                        8=0

where the IRF computes the UL, G for orthogonalised innovations.

According to Enders (2004), an important consideration concerning the impulse response

function is that they are constructed using the estimated coefficients. Enders states that

"since each coefficient is estimated imprecisely, the impulse responses also contain error.

The issue is to construct confidence intervals that allow for the parameter uncertainty

inherent in the estimation process" (2004: 277).
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6.2.3 Variance Decomposition

While impulse response functions measure the effects of a shock to one endogenous

variable from other variables in the VAR, variance decomposition provides information

about the relative importance of each innovation or shock to the variables in the VAR

model.

The variance decomposition can be written as

J-I

Eq. 6: Y,~j = )-"~P~ur,j_, +

where Y,j represents innovations in T+I and T+ j

As with the impulse responses, the variance decomposition based on the Cholesky l~ctor

can change dramatically if the ordering of the variables in the VAR are altered. According

to Tavares and Valkanov (2001), the variance decomposition offers a convenient way of

assessing the importance of the identified shocks to the variables under analysis. This

analysis aims to trace the effect of a shock from one of the explanatory variables to the

gold price. Using this procedure it is possible to assess the relative importance of each

shock on their impact to the variables under question. The variance decomposition

provides valuable information about the strength of each random innovation to the gold

price. Variance decompositions identify how much of the change in the dependant variable

is due to their own shocks versus shocks from other variables in the system.

6.3 Unit Root and Cointegration

The finding that many times series contain a unit root has led to wide area of analysis in

non-stationary cointegration analysis. For this research, it is necessar3 to unearth the time

series properties of the data in question. The existence, or otherwise, of a unit root

determines the choice of methodology between a vector autoregressive (VAR) modelling

or vector error correction modelling (VECM). If a series contains a unit root. this is
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indicative of random walk behaviour. Two test for the presence of a unit root are used in

this study; the Augmented Dickey Fuller (ADF) and the Phillips Perron test (PP).

The Augmented Dickey Fuller Test is constructed as

Eq.7: Ayt =cry, l + Xt’~+ fllAyr_, + fl2Ayt-2 +"’+ flpAyt-p+vt

where a = p - 1 and the null hypothesis and alternative hypothesis is

H0:a=0

H~:a<O

with a t ratio of:

t~, = dt /(se(& ))

where ~ is the estimate of a, and se(~t) is the coefficient standard error.

Tile Phillips-Perron test can be written as

r ~/2 T(fo_7o)(Se(dt))
Eq8: T~ = t~/-~0j 2fd/2s

where f is tile estimate, and t~ the t-ratio of ~. se(dt ) is coefficient standard error, and s

is the standard error of the test regression, while f0 is an estimator of the residual

spectrum at frequenc3, zero.

Many macroeconomic series contain unit roots: therefore, it is a necessary condition to first

examine lbr the order of difference stalionarity. In order to determine the order of

integration of the time series, two standard procedures are used to test the stationarity of

each variable, the Augmented Dickey Fuller (ADF) test and the Phillips Perron (PP) test.

The null hypothesis in both tests is that a unit root exists, and that the data are non

stationary.

With the presence of individual unit root characteristics, a linear combination of these non-

stationary variables may themselves be stationary; a cointegrating relationship may exist.
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Granger (1981) stated that those time series that became stationary after differencing ma~

have linear combinations that are stationary without differencing. Cointegration analysis

allows for short-run deviants while capturing long-term co-movements. The presence of

cointegration between gold and other variables implies that a long-run relationship exists

between the gold and the relevant variables. In this case, while diversification properties

are not available in the long run due to the presence of this cointegrating relationship, it is

possible that in the short run that diversification may be achieved.

’lhe non-stationarily of the data implies that it is possible to use cointc~ration to,t, it,

examine whether an). long-run relationships exist among the ~ariablc~ in question. Once it

is confirmed that the data are integrated of order one, the next step is to proceed to

cointegration analysis in order in order to assess any long-run relationships that may exist.

The Johansen (1991) method is used to test for the presence of cointegration using

variables that are integrated of order I(I). The cointegration test is VAR based such that

Eq.9: Yt = AlYt-I +"’+ Apyt-p + Bx, + ~t

where y, is a k-vector of non-stationary 1(I) variables, x, is a d-vector of deterministic

variables, and e, is a vector of innovations. This VAR can be rewritten as follows:

p I

Eq.10: Ay, = Hy, , +)-’FiAy, I +Bx, +e,
i=l

where

p P

Eq. ll" FI=)-~A,-I, Fi=-~-~A,
i=I j=i+l

If the coefficient matrix H has reduced rank r < k, then there exist k x r matrices ta and 13

each with rank r such that H = aft and fl)’, is I(0). r is the number of cointegrating

relations (the cointegrating rank) and each column of 13 is the cointegrating vector.
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This cointegration analysis will be used as the basis for performing the VECM in the next

stage of analysis. The Johansen cointegration test reports two test statistics for the number

ofcointegrating relations: the trace statistics and the maximum eigenvalue statistics.

The trace statistics for the null hypothesis ofr cointegrating relations is shown as

k

Eq.12: LRtr(r I k) = -V )-’log(1-2,)
i=r+l

while the maximum eigenvalue statistic is computed as

Eq.13: LRma~(r I r + 1) = -T log(1 - 2r+~)

= LR,r (r ] k) - LRzr (r + 1 I k)

for r = 0,1 ..... k - 1

This is a joint test; the null hypothesis is that the number of cointegrating vectors are less

than or equal to r, where r is the number of cointegrating vectors with the null hypothesis

that the number of cointegrating vectors (CV) is r, with an alternative hypothesis’ of r+l.

The test output provides critical values for both the trace and max statistics. If the test

statistic is greater than the critical value, then for ~,t~ace we can reject the null of r

cointegrating vectors in favour of r+l.
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6.4 VECM

The next stage in the analysis is to examine the strength of these relationships through a

VECM. To perform the VECM analysis, it is only suitable to utilise series that are linearix

related. Therefore, where a co-integration relationship does not exist or where data in

question are stationary, a VECM analysis is not suitable and a simple VAR is applied.

Where evidence exists of a linear relationship, the analysis proceeds to a vector error

correction model, whereby a restricted VAR is used with non stationary data that follow~ a

linear relationship and are cointegrated. Having first run the Johansen coitegrating test. the

number of cointegrating vectors are identified. The VECM restricts the long-run behaviour

of the endogenous variables so that they converge to their cointegrating relationships. This

method also allows for short-run adjustment dynamics. The VECM allows one to assess

the impact of financial and macroeconomic variables on gold prices in both the short run

and the long run. The VECM method does not require the prior assumption of identifying

the variables as endogenous or exogenous, it is necessary, to perform the required steps

before estimating the VECM: to. test for stationarity and unit roots, to determine

appropriate lag lengths and to estimate the number of cointegrating vectors. The estimated

response of each of the variables in the system to the equilibrium correction term. ~. is

identified.

Consider the simplest system, which contains two variables with one cointegrating

equation and where the system contains no lagged difference terms

The cointegrating equation for this system can be written as:

Y2., = flYl.,

The VECM for this system is denoted as

Eq.14: Ayl., =cry(y2., ~-,/~YL, t)+eL,

&v,., = a,(y2.,,-/~.’,., ,)+E.,
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The error correction term reports how fast each of the explanatory variables in the system

respond to the short-run dis-equilibrium in the cointegrating vector. Imposing restrictions

on the significant 13 coefficients for each model, a VECM model is estimated for each

cointegrating system. If the system is to return to equilibrium, the movement of some of

the explanatory variables must respond to the magnitude of the disequilibrium. Therefore,

it is important to examine the short-term dynamics which bring about equilibrium in the

long-run relationship. The error correction term means that changes in the gold prices are a

function of the level of disequilibria in the cointegrating relationship, in addition to

capturing f3’s in the explanatory variables. The error correction term disequilibria in the

system are corrected in the period in question, either monthly or daily.

When we are working in an environment of co-integrated variables, in the short run,

deviations from the long-run equilibrium feed back into changes in the dependant variable,

gold cash or gold futures, in order to bring about long-run equilibrium. If gold cash or

future prices are affected directly by this disequilibrium, it responds to this feedback. The

error correction term is represented as a lagged term. This speed of adjustment coefficient

co~esponds to the amount by which the long run disequilibrium in the dependant variable

is corrected in the short run.
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6.5 Seasonality - Methodological Issues

In can be said that the search for seasonality variability in asset prices has followed three

broad strands in the academic literature, varying from simple econometrics techniques to

the more advanced methods. These alternate approaches can be divided into three

categories: Ordinary Least Square and dummy variable approaches; Bayesian and non-

parametric approaches, and thirdly the use of ARCH methods and analysis that involves

the examination of higher moments. This chapter will outline the methods that are used in

the investigation of daily and intra-day seasonal patterns.

6.6 Testing Distributional Assumptions

6.6.1 Kolmorgorov-Smirnoff Test for the Equality of Distributions

The purpose of the Kolmogorov SmirnoffTest (K-S) is to assess ifa sample comes from a

population with a specific distribution. The K-S test can also test if two series come from

the same distribution.

The test is based on the empirical distribution function (ECDF). With N data points Y;,

)’2 .....YN, the ECDF can be defined as E, -
n(i) where n(i) is the number of points less

N

than Yi and the Y, are ordered from the smallest to the largest value. This step function

increases by I/N at the value of each ordered point.

The one-sample K-S test compares the empirical distribution function with the cumulative

distribution function as specified by the null hypothesis. The two-sample K-S test is widely

used for comparing two samples. The null hypothesis being that the data follows a

specified distribution, while the alternative hypothesis is that the data does not follo~ a

specified distribution.
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The Kolmogorov Smimofftest statistics is written below:

i
Eq.15: D = MAX (F(I6)) --77.

l<-i<N I IV

Where F is the theoretical cumulative distribution of the distribution being tested which

must be of a continuous nature and fully specified.

If the test statistics of the K-S test, D, is greater than the critical value, then the null

hypothesis is rejected. The K-S test has the advantage of inferring no assumption about the

distribution of the data.

However it is important to identify a number of limitations that arise from the K-S test:

¯ The K-S test only applies to continuous data.

¯ It more sensitive at the centre of the distribution than at the tails.

¯ Most importantly, the distribution must be fully specified. That is, if location, scale,

and shape parameters are estimated from the data, the critical region of the K-S test

is no longer valid. It typically must be determined by simulation.

The Jarque Bera test is an alternative to the Kolmogorov Smirnoff test and is also widely

used in the financial literature. The Jarque-Bera test is a goodness of fit measure of

departure from normality, based on the joint hypothesis that the skewness and kurtosis of

the distribution are zero.

The JB test statistic is given as:

Eq.16: JB- (n-k)I-~    $2+ (~43)21

where S is the skewness, K, is the kurtosis, n is the number of observations, and k is the

number of estimated coefficients used to create the series. The JB statistic has an
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asymptotic chi-squared distribution with two degrees of freedom and is used to test the null

hypothesis that the data are from a normal distribution. For a normally distributed variable.

S = 0 and K = 3. The JB test of normality is a test of the joint hypothesis that S and K are

equal to 0 and 3 respectively.
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6.7 In search of Seasonality in the First Moment

This section outlines the econometric methods used in the analysis of the first moment of

the series, the mean. The following section will examine the investigation of intra and

inter-day patterns in the second moment, the variance, in search for evidence of seasonal

patterns in asset market behaviour.

6.7.1 Dummy Variables

In most cases, the examination of seasonal patterns in asset market returns has involved the

use of a statistical specification that involves the inclusion of dummy variables and their

statistical significance under a given set of assumptions. Typically, one of the approaches

taken is the inclusion of dummy variable series for days of the week or particular time

periods. Thus the methodology follows an evaluation of the hypothesis of the equality of

means across days of the week, intra-day time periods, etc. By including dummy variables

for days of the week, one is in a position to examine the effect that these have both on the

mean and the variance. Dummy variables are very useful for capturing a variety of effects.

They typically have the value 0 or 1. The formal regression takes the form of:

n

Eq.17: R, = ~.crtD, + c,
t 1

where D is the number of dummy variables, which relates to the number of seasonal

patterns under analysis. Testing of the significance of the relevant dummy variables is

through the regression F test or the chi-squared test. The F test examines the hypothesis

that the coefficients of each dummy variable are equal to each other and supported by the t-

statistics of the coefficients. The approach takes the form whereby a dummy variable is

included for each day of the week, month of the year, etc, depending on the seasonal

pattern under investigation. This particular approach has been applied in the seasonality

literature as early as French (1980), Coutts and Hayes (1999), and Coutts and Sheik

(2000).
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Another approach exists in relation to the inclusion of dummy variables in the examination

of seasonality patterns. Lucey (2000), in an examination of seasonality in the Irish equit).

market, included daily dummies in the mean and variance for days that have sho~la, from

OLS regression, to having a significant result in mean returns. Lucey and Tullx (2006a). in

an examination of seasonality in gold and silver markets, included relevant dummies x~here

there exists evidence of a daily mean seasonal. Monday was included in the mean equation.

while Monday through Thursday was included in the variance. Rather than including all

dummy variables for each day of the week, which can contribute to non-convergence.

dummy variables can be included where evidence exists of a seasonal pattern as shox~n in

the equation below.

Eq.18: RI = flo + Dm + D2 + D3 + D4 + C,

The daily dummy variables are the differential effects from Monday on the mean of the

individual days, where Monday’s influence in subsumed. Once again the F-test ~’as used to

assess equality of the coefficients of the dummy variables.

6.7.2 Tukey’s Honestly Significantly Different T-Test

Tukey’s honestly significant difference test uses the Studentised range statistic to make all

pair-wise comparisons between groups and sets the experiment-wise error rate to the error

rate for the collection for all pair-wise comparisons. This test assesses if the variance

across all samples is constant, investigating all pair-wise comparisons between means.

either day of the week or time of day mean returns.

A ts is computed for each pair of means such that:

M~ - Mj
Eq. I 9: t, -

V nh

Where M,- M.i relates to the difference between the ith and jth means. MSE is the mean

squared error and nh is the marmonic mean of the sample sizes of groups i and j. The
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critical value ofts is sourced from the studentised range distribution. Tukey’s HSD test is a

very popular method of examining mean differences. It reduces Type 1 error, however at

the expense of power as it keeps the experiment wise error rate at a specified significance

level.

It is most appropriate to use Tukey’s HSD test when one is looking for all the possible

comparisons between a large set of means. In most cases, the largest mean is compared to

the smallest mean initially. If a difference in this instance is not significant, no other

comparisons within this range will be significant.

6.7.3 Tamhane’s T2 Test

As stated, Tukey’s HSD test requires that the variance across all sample is constant.

However there is a limitation of the test. The use of Tukey’s HSD is restricted to data that

incorporates the assumption of equality of variance across all series. Upon examination of

the equality of variance, it is possible to assess whether the test is applicable to the series

under investigation. Tamhane’s T2 statistic, which is an alternative to Tukey’s HSD test,

allows for modelling in the presence of inequality of variance and therefore is used to

assess where differences exist between days of the week or time of day. The test assumes

that the sample sizes and variances of returns by day of the week or time of day are

unequal. This occurs if:

Where e is the experiment error rate and k is the number of possible effects.
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6.8 Non Parametric Approaches to the First Moment

OLS is the Best Linear Unbiased Estimator (Blue) when the following conditions hold: the

error terms are identically and independently distributed (iid), when there is a zero mean

and a constant variance; when the model is linear and the error terms are normally

distributed. The OLS parameter estimates have minimum variance. When a shock to the

system persists over time, autocorrelation is present in the data and the error terms are

correlated. Under the classical model, the disturbance term of an observation is not

influenced by the disturbance term relating to another observation. When this assumption

is violated, autocorrelation is present. When the assumption of equal and constant variance

of the error term is violated, the error term is hetroskedastic. When autocorrelation and

hetroskedasticity are present in the data, OLS remains linear, unbiased, and asymptoticall.x

normally distributed. The minimum variance of the OLS estimators is violated and they are

no longer efficient. In this instance the T and F test may be unreliable as the~ are based on

the assumption of constant variance.

It has long been reported that financialreturns do not follow these assumptions as reported

above, beginning with work of Fama (1963, 1965). Non-parametric tests are used in

econometric analysis where it is deemed that the data under investigation violate certain

assumptions as documented above. Non parametric tests are deemed powerful in detecting

any population difference under assumptions that OLS conditions are violated.

Examples of non-parametric tests are:

¯ Wilcoxon signed rank test

¯ Mann Whitney test

¯ KruskaI-Wallis (KW) test

¯ Friedman’s test

The Mann-Whitney U test is utilised for assessing whether the difference in medians

between two observed distributions is statistically significant based on the null hypothesis

that both population medians are equal. It does not require the assumption of a normal

distribution and is one of the best known non-parametric significance tests.
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However the use of non-parametric testing does have limitations that the researcher must

bear in mind.

¯ Unable to estimate the population: Because non-parametric tests do not make

strong assumptions about the population, a researcher can not make an inference

that the sample statistic is an estimate of the population parameter.

¯ Losing precision: Edgington (1995) asserted that when more precise

measurements are available, it is unwise to degrade the precision by transforming

the measurements into ranked data.

¯ Low power: Generally speaking, the statistical power of non-parametric tests is

lower than that of their parametric counterpart except on a few occasions (Hodges

and Lehmann (1956), Tanizaki (1997) and Freidlin and Gastwirth (2000)).

¯ False sense of security: It is generally believed that non-parametric tests are

immune to parametric assumption violations and the presence of outliers. However,

Zimmerman (2000) found that the significance levels of the WM test and the KW

test are substantially biased by unequal variances even if sample sizes of both

groups are equal. Further, non-parametric tests tend to produce biased results when

multiple assumptions, such as non-normality and unequal variances, are violated

according to Zimmerman (1998). The presence of outliers is also detrimental to

non-parametric tests.

¯ Lack of software: Currently very little statistical software can produce confidence

intervals for nonparametric tests. In some simple situations, confidence intervals for

some population quantities are available, but very few readily available software

packages can produces them (Dallal, 1999) with the exception of M1NITAB

(Dawson, 1999).

¯ Testing distributions only: Further, non-parametric tests are criticised for being

incapable of answering the focused question. For example, the WMW procedure

tests whether the two distributions are different in some way, but does not show

how they differ in mean, variance, or shape. Based on this limitation, Johnson

(I 995) preferred robust procedures.

However, even with the presence of certain limitations, non-parametric testing is a very

powerful tool in detecting population difference when assumptions regarding the

underlying population are violated.
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6.8.1KruskalWalfisTest

if the researcher is in the situation where the data under examination are non-normally

distributed, a further examination using non-parametric testing is required. Therefore. the

Kruskal Wallis test, a non-parametric alternative to ANOVA, is used. It does not assume a

normal distribution, and it tests whether several independent samples are from the same

population. It is distributed as a chi-squared statistic with n-1 degrees of freedom, where n

is the number of possible distributions from which the sample can be drawn. The null

hypothesis is that the data are from the same distributions. Looking at the time of day or

day of the week examination, the null, therefore, is that the data do not differ as to time of

day or day of the week. A significant finding, a rejection of the null hypothesis, would

indicate that a time of day effect or day of the week effect is present in the dataset.

The steps involved include ranking data from all groups together. The test statistic is given

by:

g     -- --2

Eq.21: K (N    Z’=ln’(r"-r)

Where ng is the number of observations in group g, r,j is the rank of observation j from

group i and N is the total number of observations.

n~

Eq.22: (-
!1i

r is the average of all the ro, equal to (N + l) / 2 and the p value is approximated by

Pr(z2N ~ > K)

122



6.9 Investigating Second Moments

It is important to report the non-parametric approaches in the investigation of the second

moment of the distribution, the variance. In many papers, the investigation has relied solely

on investigations of the first moment; however, for a more thorough investigation of

seasonal pattern, an investigation into moments higher than the mean is warranted.

6.9.1 Levene Test for Equality of Variance

Intra-day and daily seasonality in the variance is examined using the Levene Test, which

tests for equality of variance that is robust to non-normality. Levene’s test is an alternative

to the Bartlett Test. The Levene test is less sensitive than the Bartlett test to departures

from normality. The Bartlett test is more applicable if the data involved arise from a

normal distribution.

The Levene test tests H0: o"i = O-jVi, j, Ha: o-i � ~yj, at least one i, j pair,

Eq.23: W = i=1

i=1 j=i

where Zq can have one of the following three definitions:

Z~s= Y,.j - ~

where Yi is the mean of the ith subgroup.

where Y, is the median of the ith subgroup.
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--I
where Y~ is the 10% trimmed mean of the ith subgroup.

The three choices for defining ZU determine the robustness and power of Levene’s test.

Levene initially proposed testing using only the mean. However Brown and Fors)the

(1974) built on this and extended Levene’s test to be used with either the median or the

trimmed mean, along with Levene’s original mean. While the most valid choice depends

on the underlying distribution, the use of the median is recommended as the choice that

provides good robustness against many types of non-normal data while retaining good

power.

The Levene test rejects the hypothesis that the variances are homogeneous if

W > Fo_~,k ~.N ~where F~ ~.k LN 0 is the upper critical value of the F distribution with k - I

and N - ! degrees of freedom at a significance level ofct.
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6.9.2 ARCH and GARCH Methods

Traditional Ordinary Least Squares (OLS) models make a number of key assumptions; one

being that variance is constant over time. In real economic and financial data, such as stock

prices and interest rates, volatility is time varying for a number of reasons, including

conditions that occur after major recessions, conditions under different economic regimes

or simply a persistence in uncertainty. Therefore in this situation, the standard case of a

constant sigma squared is inappropriate. In the last two decades ARCH and GARCH

modelling has been employed in data that deviates from the classic OLS assumptions.

There are many advantages to using this form of analysis: these models allow for time

varying volatility and are also robust to underlying non-normality.

Many financial times series such as stock prices often exhibit periods of low volatility

followed by periods of high volatility known as volatility clustering. Least squares models

assume that the expected value of the squared error term is equal, called homoskedasticity.

However, where data display unequal variance in the error term, this implies that the data

are hetroskedastic. Autoregressive Conditional Heteroscedasticy (ARCH) was developed

by Engle (1982) in order to model and forecast the variance of financial and economic time

series over time. Therefore, the shortcomings of ordinary least squares can be corrected by

the use of ARCH and generalised ARCH (GARCH) models. ARCH models have been

generalised by Bollerslev (1986) to become the generalised ARCH or GARCH models,

which can be interpreted as an ARMA model. According to Engle (2001), ARCH and

GARCH models have become widespread tools for dealing with time series hetroskedastic

models; the models provide a volatility measure that can be utilised in portfolio selection,

risk analysis, and derivative pricing.

Conditional hetroskedasticity models imply that the unequal variance observed over

different periods may be auto-correlated. The model suggests that volatility in the present

period is related to volatility in previous periods. The ARCH process postulated that the

time varying conditional variance is a linear function of the past squared innovations, an

AR (q) process. OLS modelling assumes that constant variance exists, under an ARCH

process the conditional variance is time varying and the unconditional variance is constant.

The ARCH model, according to Karmakar (2003), specifies the variance of the error term
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as conditional on past squared errors that capture the volatility clustering dynamics of

financial and economic data.

This can be denoted as:

Eq.24: Yt = ao + alY,-i + et

VAR(Yt I Yt_I) = Et_l[(yt -ao + atyt_l + ct~ ]

= E,_,~2

A GARCH (1,1) model is very common in financial time series data. This implies that

there is one autoregressive lag or ARCH terms and one moving average lags or GARCH

terms. The GARCH (p,q) model adds p autoregressive terms to the original ARCH (q)

process. As stated earlier, in the AR (q) process the conditional variance is a linear

function of the past squared innovations where a GARCH (p,q) process allows lagged

conditional variances.

ARCH and GARCH models have been expanded over the previous two decades to factor

in the direction of returns, not just the magnitude (Engle, 2001). They include, for

example, the IGARCH model, which allows for volatility shocks to be permanent, the

TARCH (threshold ARCH), and the EGARCH (exponential GARCH), which are

asymmetric models that allow negative shocks to behave differently from positive shocks.

An EGARCH overcomes the problem of the standard ARCH/GARCH models where

symmetry is imposed on the conditional variance.

6.9.3 Power ARCH Methodology

As seen in the financial literature, the standard ARCH and GARCH models have been

extended in recent years to include of variety of models in the ARCH family. According to

Brooks, Faff et al. (2000), these auxiliary models have tried to refine the mean and
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variance equations to provide a preferable picture of the stylised features of high frequency

datasets. The formulation of the power ARCH models is one where a free power term can

be specified by the researcher rather than the traditional use of squared or absolute power

terms. The literature on the use of power transformation is slowly developing; this

methodology has been applied to U.S. stock market data, exchange rates, financial futures

and commodity futures (not inclusive of gold) from the London Metal Exchange (LME).

As specified in Ding, Engle et al. (1993), a number of ARCH and GARCH models are

nested within the APGARCH model. To estimate the goodness of fit of each model,

likelihood ratio tests are used to assess the significance of each model and provide the best

fit for the data.

This section introduces these models and explains the fundamental nature of their

specification. In essence, the methodology as proposed by Ding, Engle et al. is replicated

in the case of the gold market. The applicability of this model to stock market returns does

not imply that it is suitable across a range of assets. This research will assess the

applicability of the’ power ARCH model and its nested variants to gold market returns for

the examination of intra-day patterns and the daily seasonality investigation.

Power GARCH models and their nested variants:

Ding, Engle, et al. (1993) introduced a new variant of the ARCH family called the power

ARCH (PARCH) model. In this addition to the ARCH family, the power term is estimated

within the model rather than being imposed by the author; thereby the optimal power term

is achieved. According to McKenzie, Mitchel et al. "rather than imposing a structure on the

data, the PARCH model allows a power transformation term inclusive of any positive

value and so permits a virtually infinite range of transformations" (2001: 3). The power

term is the means by which the data is transformed. The power term captures volatility

clustering by magnifying the outliers. Traditionally, data transformations involved the use

of a squared term and other methods, however when the data is non-normally distributed,

this is not an optimal method and further power transformations are required. In this case

we are required to use higher moments to adequately describe the distribution. McKenzie

asserts that when data are non-normally distributed, the use of a squared power

transformation "imposes a structure on the data which may potentially furnish sub-optimal
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modelling and forecasting performance relative to other power terms" (1999: 50).

Therefore, if we accept that the traditional methods of power transformations have not

always produced optimal results, the introduction of a general power term for non-

normally distributed should provide for superior modelling.

According to Brooks, Faff et al. (2000), the use of a squared power term is not always

necessary or desirable. The author reports that the Taylor class of ARCH models stipulates

a power term of one; in this case the conditional standard deviation of a series is related to

lagged absolute residuals and past standard deviation, instead of the traditional use of

lagged squared residuals. Brooks et al. put forward the idea that any positive power term

value that can be specified as "absolute changes in an asset’s price will exhibit volatiliD

clustering and the inclusion of a power term acts so as to emphasises the periods of relative

tranquillity and volatility by magnifying the outliers" (2000: 378). McKenzie (1999)

highlights that volatility clustering is not just specific to the use of squared asset return, but

is also a component of absolute returns. The use of a power term in these cases acts to

emphasis the periods oftranquillity and volatility by amplifying the outliers in the dataset.

McKenzie, Mitchell et al. (2001) examined the applicability of the PARCH model to

futures contracts traded on the London Metal Exchange (LME). The authors found that

asymmetric effects were not present in the LME futures data and the APGARCH model

did not provide an adequate description of the data. A Taylor GARCH was the preferred

model. According to Hentschel (1995), the employment of nesting the various models

illustrates the relationship between the models and allows the researcher to elect the model

that yields the best fit for the data.

Ding, Engle et al. (1993) investigated the S&P 500 stock market returns using the

asymmetric power GARCH model to assess the impact of power transformations. The

authors reported that a power transformation of 1.43 was the optimal transformation.

McKenzie, Mitchell et al. (2001) assessed whether the power GARCH models capture

volatility in commodity future prices from the London Metal Exchange. The authors report

that asymmetric effects are generally not present in the data and an asymmetric power

GARCH model does not adequately describe the data. This is antithetical to the results

using stock market data. The Taylor GARCH model is the optimal model for assessing
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these commodity futures, where the power term is unity. McKenzie and Mitchell (1998)

similarly assessed the applicability of the power ARCH models to exchange rate volatility

where, according to the author, asymmetry characteristics are not generally prevalent. In

the analysis of 17 bi-lateral exchange rate return series, asymmetry was not evident in 12

of the currencies under examination. In this case, the standard GARCH (1,1) was the

preferred model, while the inclusion of the power and/or leverage effect term did little to

augment the model. For the remaining five currencies, the inclusion of a leverage effect

term was a beneficial inclusion, solely when the power term was estimated within the

model. Tse and Tsui (1997) utilised the asymmetric power GARCH proposed by Ding,

Engle et al (1993) to examine the conditional volatility of the Malaysian ringgit - U.S.

dollar and Singapore dollar - U.S. dollar exchange rate data. The APGARCH model

adequately modelled the data and the authors report that while asymmetry was evident in

the Malaysian ringgit, it was not evident in the Singapore dollar.

Brooks, Faff et al. (2000) made use of the methodology proposed by Ding, Engle et al.

(1993) and assessed the applicability of the power ARCH models to stock market returns

in ten countries and also the Morgan Stanley Capital International (MSCI) world index.

The author reports that a significant leverage effect exists in national stock markets data.

The power ARCH model and variant of the ARCH family is deemed the best fit for the

data, taking into account GARCH and leverage effects. With the exception of the

Singapore index, the power term optimally estimated was similar across all countries.

The APARCH model as proposed by Ding, Engle, et al (1993) nests the standard ARCH

and GARCH models and a number of more sophisticated variants. Therefore the analysis

used in this thesis will rank these variants of the ARCH family and through the use of

likelihood ratio tests will assess which model provides a best fit for the dataset. The

leverage parameter shows the degree of asymmetric response of the conditional variance

towards negative versus positive shocks, the asymmetric effect allows negative shocks to

behave differently from positive shocks.

The ARCH model of Engle (1982), and the proceeding generalization of such, led to the

incorporation of the GARCH model of Bollerslev (1986). As indicated previously,

additional models have come into existence in order to encapsulate conditional volatility.
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Hentschel (1995), in the first case, postulates that equity markets are strongly asymmetric:

negative returns lead to larger increases in volatility than a positive return of the same

magnitude. The author identifies this as the leverage effect. Secondly, the author identified

from the literature that stock returns are leptokurtosis, these fat tails are reduced when

returns are normalised but are not eradicated. As highlighted by Hentschei (1995). it is

commonly known that a standard GARCH model squares this period’s shock to compute

the following period’s variance. This can result in large increases in variance, given large

shocks.

The general asymmetric power GARCH with a first order lag structure can be specified in

Eq. 25 as:

Eq.25: crd = a0 + ,I + + + f,, + d,, + 0,,

where a~ and fll are the ARCH and GARCH parameters, Z~ is the leverage effect

parameter and d is the power term parameter.

Table 6 displays the various transformations and restrictions for each model nested within

the PARCH model. In essence, the restriction relate to the values of the ARCH and

GARCH terms, the power term, and the leverage effect term. which vary according to the

model required. Following the methodology proposed by Ding. Engle et al. (1993), it is

possible to specify a number of variants of the ARCH and GARCH family using the

transformations as specified in Table 6. The nested models include the standard ARCH

model of Engle (1982), Bollerslev’s (1986) GARCH model, and other more exotic variants

such as the leverage ARCH and GARCH models, the NARCH. TARCH. generalised

TARCH, the Taylor ARCH and GARCH model, power GARCH, and asymmetric power

ARCH and GARCH models. This nested model does not encompass the EGARCH model:

however, as 12 variants are included of which a proportion account for as vmmetr2,.’ which

is the key feature of the EGARCH model, it is believed that this form of modelling is

sufficient.
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Table 6: ARCH/GARCH Model Specifications

Model d A fl
ARCH 2 Free 0 0
GARCH 2 Free Free 0
Leverage ARCH 2 Free 0 <1
Leverage GARCH 2 Free Free 51
Taylor ARCH 1 Free 0 0
Taylor GARCH 1 Free Free 0
TARCH 1 Free 0 <1
Generalised TARCH I Free Free _<1
NARCH free Free 0 0
Power GARCH free Free Free 0
Asymmetric PARCH free Free 0 <1
Asymmetric PGARCH free Free Free <1
Table shows how by varying the elements noted in the system, a variety of models are nested.
Eq.26:

q         P

R, :a + #,Z R, , + r, Ze,_, +gt, Z X + er;er - N(O, crd);cr/ =c + EflcrT_j +~ o,(le,_,l+ Ae, ,/ + p, Z X +¢,
j=l         i=l

The ARCH, GARCH, Taylor ARCH and GARCH, NARCH and power GARCH all

assume that volatility due to innovations in the market is symmetrical. However, from the

literature, we are aware that positive and negative returns of the same magnitude do not

generate an equal response in volatility. Therefore asymmetric ARCH and GARCH models

are utilised to capture these stylised facts. A leverage ARCH, leverage GARCH, TARCH,

generalised TARCH, asymmetric PARCH, and an asymmetric power GARCH all

incorporate a leverage effect term to account for asymmetric effects.

By including a leverage term the standard, ARCH and GARCH models become a leverage

ARCH and GARCH. Similarly, the Taylor ARCH and GARCH models can be augmented

by including a leverage term, which creates the TARCH and generalised TARCH models.

The asymmetric power ARCH and asymmetric power GARCH models

(APARCH/APGARCH) allows for a free power terms and allows ~, to enter the variance

equation. Engle’s ARCH model can be achieved where ~ is free, d is equal to 2, while [3

and ~, equal zero. Bollerslev’s (1986) standard GARCH model can be obtained when

remains free. However these models do not allow for any asymmetries in the response of

the conditional variance.

The likelihood ratio test is used to ascertain the goodness of fit between the models. In this

analysis, the likelihood ratio allows us to compare the more complex model to the simpler
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models in order to check which model best fits the data. The likelihood ratio tests v,orks in

a way that additional parameters added to the model results in a higher likelihood score.

until a point is reached when the additional parameters fail to add any significance to the

model.

The log likelihood indicates which model more adequately describes the data. providing an

evident signal of preference. By performing this test, we can know whether a parameter-

rich model is significantly better than a less complex model. However. it is important to

note that in order to use the likelihood ratio test to compare two models, the models in

question are required to be nested. This implies that the simpler model must be a

constrained version of the parameter-rich model.

6.10 Conclusion

This chapter presented the methodological techniques that are employed in the

examination of the research questions of this thesis. At this point, it is important to

highlight that over the analytical chapters that follow, we will observe in many cases the

bad behaviour of particular data-sets and the implications of such occurrences. As with

much of statistical analysis, the choice of methodology presents many positive and

negative issues. In this thesis, we have documented where the data in question do not

behave in an orderly manner. It is a constant struggle within quantitative analysis where

the researcher grapples with the bad behaviour of the data in question and this thesis is no

exception.

The investigation of the intra-day and daily seasonality of gold returns utilise a similar

methodology which has been the basis for much of the previous research carried out on

intra-day and daily seasonal issues across man} assets. In the chapters relating to the

investigation of intra-day patterns in gold returns (Chapter 9) and the daily seasonality

investigation (Chapter 10), regression diagnostics are utilised to assess the behaviour of the

data within the methodologies that are employed. Therefore. regression diagnostics act as a

check point to assess the applicabilib’ of the methods chosen and the steps necessarn’ to

correct for bad behaviour. This system identifies the fit of the data and based on this

information, the researcher can apply various techniques to correct for disturbances such as
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autocorrelation, and hetroskedasticity for example. These are fully identified in the

relevant chapters where appropriate.

Within a VAR framework, which relates to the methodology that is utilised in Chapter 8

and which assesses the influencing variables to gold prices, there are two schools of

thought regarding the choice of transformation methods to the data. Given that we wish to

assess the behaviour of prices and not returns, we use the raw data. If we were to transform

the data, such as using the log of the data points, there is a danger that in doing so we

would lose important information. Therefore, as the accepted method among the majority

of researchers in this area, such a trade-off is fully recognised. However, given that the

research in question is very much exploratory in nature, at this stage it is more important to

explore the interactions of the variables using the VAR methodology whilst fully accepting

the limitations of any econometric techniques.

Through the use of econometrics, it is important to recognise that the method of analysis

chosen will result in a trade-off through the selection of one technique over another and the

robustness of such forms of analysis. However, the techniques should be judged on the

questions they are seeking answers to, the size of the dataset, and the methods that have

been utilised in previous works. Econometrics is not an exact science, neither is it neutral

or objective. Much of the journey that is under taken by the researcher is based on the a

priori assumptions of the researcher. However, once this information is communicated to

the audience, then the results can be accepted on their own merit.
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7. Data to be Analysed

7.1 Introduction

This chapter will describe the data that is used in this thesis and provides an initial

description of the distribution of the moments of the data and correlation dynamics. As this

thesis examines three distinct areas of the pricing patterns of the gold market, this chapter

takes the approach of discussing the data sources and the initial description of the data for

each of the different sections. The three datasets utilised in this thesis constitute var)’ing

lengths and originate from different sources. The first section utilises a variety of

macroeconomic, financial, and real data in the examination of the influencing factors to

gold cash and future prices. While the remaining two sections, which examine the seasonal

patterns of gold prices, utilise both gold cash and futures prices solely.

7.2 What Influences the Gold Market?

This investigation begins with an analysis of a 20-year monthly dataset, from January 1983

to December 2003. There are essentially two datasets, one relating to the gold cash market

and the other relating to the futures market, which are set out below. Furthermore, we

examine the relationship that exists between gold cash and future prices and those

identified data from the literature during two crisis periods: the 1987 and 2001 equity

market crisis periods. The 1987 dataset extends from lSt October 1985 - ISt October 1989

on a monthly basis. The 2001 dataset extends from Ist March 1999 - 1~t November 2003.

Data that are included in the monthly analysis are displayed in Table 7. All data are

sourced from Datastream International with the exception of the U.K and U.S effective

exchange rates, which are sourced from the Bank of England. No transformation was

performed on this dataset, as this research is interested in the reaction of the gold prices to

shocks from the explanatory variables, using the level form of the data to prevent an) loss

of information.
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Table 7: Data Utilised in Monthly VAR Analysis

Variable Description

Gold Cash

Gold Futures
S&P500C

S&P500F

FTSE100C
FTSE 100F

Dollar
Pound

UKCPI

USCPI
UKINT

USINT
UKIP

USIP
UKUNEM
USUNEM

Oil

Gold Bullion S/Troy Ounce

COMEX Gold 100 Oz Continuous

S&P 500 Composite - Price Index

CME - S&P 500 Index Continuous

FTSE 100 - Price Index
LIFFE - FTSE 100 Index Continuous

Dollar Effective Exchange Rate
Sterling Effective Exchange Rate

U.K Consumer Price Index

U.S Consumer Price Index
U.K Interbank 3 Month - Middle Rate
U.S Treasury Bill 2nd Market 3 Month - Middle Rate

U.K Industrial Production

U.K Industrial Production
U.K Unemployment Rate
U.S Unemployment Rate

Brent Crude - Current Month, fob U$/BBL

Following the examination of the monthly data, the analysis proceeds to examine the

relationship between gold and the identified variables on a daily basis over the same

period, 1983-2003, arid also including the two crisis periods on a daily basis over the same

time period as the monthly dataset. However, in this analysis, given that the consumer

price index, industrial production, and unemployment rates are released on a monthly

basis, we exclude them from the daily analysis as displayed in Table 8.

Table 8: Data Utilised in Daily VAR Analysis

Variable Description
Gold Cash

Gold Futures

S&P500C
S&P500F

FTSE 100C
FTSE 100F

Dollar

Pound
UKINT

USINT

Oil

Gold Bullion S/Troy Ounce
COMEX Gold 100 Oz Continuous

S&P 500 Composite - Price Index
CME - S&P 500 Index Continuous

FTSE 100 - Price Index
LIFFE - FTSE 100 Index Continuous

Dollar Effective Exchange Rate

Sterling Effective Exchange Rate
U.K lnterbank 3 Month - Middle Rate

U.S Treasury Bill 2nd Market 3 Month - Middle Rate

Brent Crude - Current Month, fob U$/BBL
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From the literature, the following variables have been identified as having a particular

influence on gold returns; the U.K. consumer price index, the U.S. consumer price index.

the dollar exchange rate, the sterling exchange rate, the FTSE cash prices, the FTSE future

prices, U.K. interest rates, U.S. interest rates, U.K. industrial production, U.S. industrial

production, oil prices, S&P 500 cash prices, S&P 500 future prices, U.K. unemployment

rate, and the U.S. unemployment rate. It was further decided to separate the cash and

futures markets in order to get a more succinct perspective of the major influences in the

gold cash and futures markets. The first dataset contains gold cash returns while the second

dataset relates to gold future returns; this form of dataset will be used in all analyses save

for the daily analysis where IP, CPI, and unemployment rates are excluded:

Dataset #1 - Gold Cash: CPI U.K, CPI U.S., Dollar, Sterling, FTSE cash. U.K Interest rate,

U.S. Interest rate, U.K Industrial Production, U.S. Industrial Production, Oil. S&P 500

cash, U.K unemployment rate and U.S. Unemployment rate.

GC: CPIUK, CPIUS, Dollar, Pound, FTSEC, INTUK, INTUS, IPUK. IPUS, Oil, S&PC,

UNEMUK and UNEMUS.

Dataset #2 - Gold Futures: CPI U.K, CPI U.S., Dollar, Sterling, FTSE futures, U.K

Interest rate, U.S. Interest rate, U.K Industrial Production, U.S. Industrial Production, Oil,

S&P 500 futures, U.K unemployment rate and U.S. Unemployment rate.

GF: CPIUK, CPIUS, Dollar, Pound, FTSEF, INTUK, INTUS, IPUK, IPUS. Oil, S&PC,

UNEMUK and UNEMUS.

Initial correlations between gold prices and the identified variables are performed to

provide an initial platform for the examination into any relationships that exists between

the precious metal and the included variables.
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Table 9: Gold Monthly Correlations

Monthly 1983-03    1985-89 1999-03 1983-03 1985-89 1999-03
Gold Cash 1 1 l Gold Futures 1 1 1
S&P500C -0.7132 0.3002 -0.7085 S&P500F -0.7113 0.3079 -0.7125
FTSE100C -0.6962 0.3519 -0.7928 FTSE100F -0.6726 0.3530 -0.7939
Dollar -0.2183 -0.7486 -0.5519 Dollar -0.2276 -0.7475 -0.5478
Pound -0.2258 -0.1034 -0.4916 Pound -0.2363 -0.1160 -0.4861
UKCP! -0.5707 0.1669 0.7781 UKCPI -0.5661 0.1766 0.7747
USCPI -0.5701 0.2298 0.7164 USCPI -0.5657 0.2388 0.7139
UKINT 0.3541 -0.5823 -0.7082 UKINT 0.3547 -0.5682 -0.7104
USINT 0.2849 -0.4122 -0.7385 USINT 0.2796 -0.4007 -0.7411
UKIP -0.4980 0.4176 -0.7015 UKIP -0.4911 0.4219 -0.7072
USIP -0.6462 0.4805 -0.0701 USIP -0.6423 0.4844 -0.0750
UKUNEM 0.5278 -0.1950 -0.5074 UKUNEM 0.5238 -0.2023 -0.5065
USUNEM 0.4587 -0.4587 0.7602 USUNEM 0.4466 -0.4662 0.7620
Oil -0.1298 -0.1885 0.3523 Oil -0.1395 -0.1735 0.3490

Table 9 displays the correlation dynamics between gold cash and future prices and the

included variables in the system. It is reasonable to note that very little difference exists

between the cash and future correlations, suggesting that co-movement and similar

dynamics operate between gold cash and futures returns. As expected, for the 1983-2003

dataset, we note the negative relationship between gold and equity markets and the

included exchange rates. However, it is surprising to note the negative relationship

between gold prices and both U.K. and U.S. CPI and also oil prices. Gold is traditionally

known as a hedge against inflation; with rising prices, gold has traditionally risen in value.

Very different results are displayed for the two sub-periods under investigation. The

correlation dynamics of many of the variables to gold prices ’flips’, which is particularly

evident from the 1985-1989 dataset. We can note that the dollar relationship becomes

increasingly negative while very positive results are posted for gold and the consumer

price index.
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Table 10 displays the correlation dynamics between gold prices and the included dailx

data.

Table 10: Gold Daily Correlations

Daily ! 983-03    1985-89    1999-03 1983-03    1985-89    1999-03

Gold Cash i 1 1 Gold Futures 1 I I

S&P500C -0.7168 0.2364 -0.6941 S&P500F -0.7183 0.2475 -0.6013
FTSEI00C -0.6975 0.3351 -0.7880 FTSEI00F -0.6745 0.3321 -0.7835

Dollar -0.2069 -0.7266 -0.5346 Dollar -0.2046 -0.7303 -0.5368

Pound -0.2154 -0.3264 -0.6415 Pound -0.2121 -0.3283 -0.6418

UKINT 0.3663 -0.5867 -0.6954 UKINT 0.3713 -0.5784 -0.6934

USINT 0.3062 -0.3964 -0.7294 USINT 0.3118 -0.3882 -0.7271

Oil -0.1350 -0.1932 0.3362 Oil -0.1355 -0.1885 0.3365

As reported in the monthly examination, the strongest correlation is reported bet~’een gold

and the equity markets, this relationship is of a negative nature in the overall period and in

the 1999-2003 sub-period; however this is positive during the 1985-1089 sub-period.

suggesting different dynamics at work during the crisis period and gold’s reactions to these

Changes. During the 1985-1989 sub-period, a strong negative correlation of-0.7 exists

between the dollar and both gold prices. The strong magnitude of the results posted by the

S&P 500, the FTSE 100, and the U.S dollar are not surprising and are widely reported in

the literature, both the academic and industry press.

The above initial examination sets the scene for a full investigation of which variables

influence the gold market. From this very initial analysis, the likely contenders for this role

are equity markets, exchange rates, interest rates, and the consumer price index.
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7.3 An lntraday Examination of Gold Prices

This section will describe the data that is used in an intra-day examination of gold prices,

both cash and futures. This chapter utilises intra-day gold cash and future prices. The

futures dataset is based on Eastern Standard Time (EST) while the cash data is based on

Greenwich Mean Time (GMT). The cash data was sourced from the UBS Investment Bank

while the futures data originates from COMEX via ~.tickdata.com. Given that these

datasets fall during the period of the September 11th 2001 events, we trim the dataset of

this date.

COMEX is a division of NYMEX, the New York Mercantile Exchange. The market is

open Monday to Friday from 08:20h to 13:30 New York time. The data consists of 15-

minute gold futures data over the period January 4, 1999 to December 3, 2002. The 15.

minute gold futures data also consists of volume data. The dataset includes open, close,

high, and low gold prices. The following returns are computed: open returns, close returns,

low returns, high returns, open-to-close returns, close-to-open returns, and high-to-low

returns. The COMEX dataset also consists of volume data, which is not available for the

cash dataset. Given the high degree of noise that occurs during the opening minutes of

trading, this analysis focuses on the period from 08:22h onward, as is a common feature in

the literature.

The cash dataset is sourced from UBS, a leading investment bank that has been involved in

trading gold for over thirty years. UBS is a market maker in the gold industry; therefore

they are providers of gold prices to the market, along with nine other houses. The gold cash

dataset was captured from UBS’ pricing systems, which are available to their clients

twenty-four hours per day. This dataset consists of 30-minute gold cash data over the

period August 28, 2001 to November 7, 2003. The data consists of open, close, high, and

low gold prices. The following returns are computed: open returns, close returns, low

returns, high returns, open-to-close returns, close-to-open returns, and high-to-low returns.
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Returns are computed for all section of this thesis according to

Eq. 27: Ri, t = log(Pi, t / Pi, t - 1)

Where t represents the trading time and i is the opening, closing, high or lox~ price over the

sample period.

7.3 Intraday Gold Futures Summary Statistics

The descriptive statistics for open, close, high, and low returns by 15-minute trading time

periods over the entire dataset are displayed in Table I1. The results show that in all

returns, except low returns, the opening period of trading is the largest throughout the day

and is positive, indicating an opening-trading effect as reported in Harris (I 986) as markets

respond to information flows since previous day trading. The mean returns lbr trading

prices at close of day reveal that the market ends on a positive level, how’ever returns are

significantly lower than those of 08:22, indicating that prices decline on average over the

day. This finding is also reported by~ Huang, Lui, et al. (2000) who report that opening

prices on the Taiwan stock market are more volatile than closing prices. The opening

trading levels are greatly in excess of all other returns throughout the opening of the

market. Initial trading induces the highest level of volatility experienced over the trading

day. It is interesting to note that trading returns are largely negative after 09:00 and remain

so until mid-day. Therefore, following the opening of market trading a surge occurs in gold

prices, whilst following this, the price behaviour of gold displays negative mean returns.
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7.3.1 Descriptive Analysis of Gold Futures First Moment - Mean

Figure 4 graphically depicts the 15-minute gold returns throughout the trading period of

08:22 - 13:30. The graph indicates that for open, close and high returns the gold market

opens strongly from the overnight close of trading; however there is a decreasing trend

following this initial opening period. The graph reveals that for open. close, and high

returns, the gold market follows a U-shaped pattern. Gold prices open high at initial

morning trading and follow a downward trend. An upsurge in price levels is apparent at

09:00 for approximately 30 minutes; however this is followed by a sharp reversal in prices

until i0:00. Thereafter, gold generally follows an upward trend until mid-day, xvhen it

declines for approximately one hour and follows an upward climb as markets close. As

expected, the graphical depiction of low returns does not reveal a U or W-shaped pattern.

Figure 4: Mean Gold Future Returns
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Figure 5 displays 15-minute mean (close) returns characterised by time of day and day of

the week. Mean returns at 08:22 are large and positive for Monday. Tuesday. and Friday

returns. Initial trading on Monday reveals higher returns than trading at this time on any

other day of the week, including Friday, providing support for a Monday effect.

Wednesday and Thursday display large negative returns at the opening trading period.

however returns of a more negative magnitude are displayed at 10:07 on Wednesday. with

similar results displayed for Tuesday trading. These unusual patterns over days of the week
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indicate that an intra-day pattern may exist. High Monday returns may reflect news to the

market over the weekend, which is observed at initial trading.

Figure 5: Intra-Day Close Returns by time of day
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Tables 12 and 13 show the highest and lowest mean returns (for open and close returns)

that are reported during the trading time period and across all days of the week. The results

reveal that gold prices on Monday, Tuesday, and Friday are highest at the opening trading

times, while the highest mean returns on a Wednesday and Thursday occur at 08:37 and

08:52 respectively. Early morning trading is also when returns are lowest. 09:52 is the time

of the lowest mean returns for Monday and Tuesday, 10:07 on Tuesday and Wednesday,

while the opening trading time of Thursday accounts for the lowest trading period of the

day.
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Table 12: Highest/Lowest Intra-day mean close returns by time and day of the week

Day Time of highest return Return Times of lowest return Return
Monday 08:22 0.0009 09:52 -0.0003
Tuesday 08:22 0.0003 10:07 -0.0002
Wednesday 08:37 0,0001 10:07 -0.0004
Thursday 08:52 0.0001 08:22 -0.0002
Friday 08:22 0.0004 09:52 -0.0002

Table 13: Highest/Lowest Intra-day mean open returns by day of the week

Day Time of highest return Return Times of lowest return Return
Monday 08:22 0.0009 08:37 -0.0003
Tuesday 08:22 0.0004 10:07 -0.0002
Wednesday 08:37 0.0001 10:07 -0.0004
Thursday 08:37 0.0002 08:22 -0.0003

Friday 08:22 0.0005 09:52 -0.0003

Given that we observe strong opening trading returns at 08:22, the analysis of intra-day

volatility will provide a worthwhile quest as to the exact nature of the risk-return

relationship of these time periods. It appears, based on this verb’ initial examination of gold

market returns and distribution moments that an observable intra-day pattern in gold

futures returns may exist.

7.3.2 Descriptive Analysis of Gold Futures Second Moment - Volatility.

Figure 6 displays the volatility patterns for the various gold returns. Volatility is

represented by the standard deviation of the returns. The figure does not reveal a U-shaped

volatility curve; rather a L-shaped volatility graph is displayed for all four returns.

Volatility is significantly greater at the opening trading period. The graphs reveal that

volatility throughout the trading period is largely 20-30% of the opening 08:22 volatility,

reflecting that a risk-return relationship exists at the opening period of the market. This

pattern of risk appears to be related to patterns of returns. Examination of the relationship

between the trading times recorded and days on which the maximum and minimum means

occur versus those for standard deviation, reveal empirical support that high returns

accompany higher risk. The standard deviation displayed at 08:22 on Monday is the largest

standard deviation across all days of the week.
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Figure 6: Intra-day Return Volatility Figure 7: Day of Week Volatility
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lntra-day volatility distribution for days of the week (as shown in Figure 7) is similar to the

overall results presented. Standard deviation for Monday and Tuesday is higher than’ other

days of the week, with the lowest standard deviation of the week occurring on Thursday,

followed by Friday.

The analysis reveals that accumulated overnight information from the close of trading on

the previous day is reflected in the opening prices immediately the following day,

indicating that overnight information has a significant impact on gold prices. Typically a

U-shaped pattern of volatility has been reported in previous research (see for example

Baillie and Bollerslev (1991), Cornett, Schwarts et al. (1995), and Bollerslev and Ghysel

(1996)). In addition a W-shaped pattern of intra-day volatility has been observed in

markets associated with two trading sessions (Tang and Lui (2002), Gau and Hau (2004)

and Gau (2005)).
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7.4 Intra-day Gold Cash Summary Statistics

The descriptive statistics for open, close, high, and low returns by 30-minute trading times

over the entire dataset are displayed below in Tables 14 and 15. From an examination of

these statistics, it appears that a great deal of variability exists throughout the trading

period. Returns peak at various periods throughout the day. From an examination of the

results, open mean returns peak at midnight and 16:00 (0.0002). There is considerable

variability in mean returns throughout the period from mid-day and continue on this path

until late afternoon. Volatility peaks during the period of 12:30 to 18:30, when standard

deviation almost doubles in value; however, the highest standard deviations are observed at

midnight and 0:30. These data display very high kurtosis. Skewness does not appear to be

an important factor. Similar patterns are observed for close returns.
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Table 14: Open and Close Return Summary Statistics

Open Rtn Close Rtn

Std.
Time    Mean Dev Kurtosis Skewness    Mean Std. Dev Kurtosis Skewness

00:00:00 0.0002 0.0027 351.2775 15.2571 0.0001

00:30:00 0.0000 0.0021 23.6228 0.2722 0.0001

O1:00:00 0.0000 0.0011 11.0795 0.7356 0.0000

O1:30:00 0.0000 0.0013 104.0259 5.1996 0.0000

02:00:00 0.0000 0.0009 19.5074 -0.1552 0.0000

02:30:00 0.0000 0.0006 18.7660 -1.1132 0.0000

03:00:00 0.0000 0.0006 117.0945 5.9500 0.0000

03:30:00 0.0000 0.0006 75.6316 4.8208 0.0000

04:00:00 0.0000 0.0008 17.0213 0.9062 0.0000

04:30:00 0.0000 0.0008 39.8087 -2.5567 0.0000

05:00:00 0.0000 0.0007 17.8852 -1.5553 0.0000

05:30:00 0.0001 0.0007 16.0454 -0.4189 0.0000

06:00:00 0.0000 0.0009 29.5601 0.2888 0.0000

06:30:00 0.0000 0.0009 8.6023 0.1028 0.0000

07:00:00 0.0000 0.0008 6.4036 0.0065 0.0000

07:30:00 0.0000 0.0009 10.5860 -0.2710 0.0000

08:00:00 0.0000 0.0009 4.1753 0.2847 0.0001

08:30:00 0.0000 0.0011 8.3122 0.6842 0.0000
09:00:00 0.0000 0.0012 20.1588 1.5386 0.0000

09:30:00 -0.0001 0.0008 11.8354 -0.7465 0.0000
10:00:00 0.0000 0.0009 8.8487 -0.4530 0.0000

10:30:00 0.0000 0.0009 6.0011 0.2603 0.0000
11:00:00 0.0000 0.0009 5.3996 0.4186 0.0000
11:30:00 0.0000 0.0009 9.9187 0.0859 0.0000
12:00:00 -0.0001 0.0010 48.3667 3.0185 -0.0001
12:30:00 -0.0001 0.0015 9.8370 -0.2891 0.0000
13:00:00 0.0001 0.0019 13.2099 0.9852 0.0000
13:30:00 0.0000 0.0017 5.7521 -0.6209 -0.0001
14:00:00 0.0000 0.0018 3.9834 -0.5327 0.0000
14:30:00 0.0000 0.0020 6.8733 -0.4907 0.0000
15:00:00 0.0000 0.0020 7.7175 -0.6469 0.0000
15:30:00 0.0001 0.0019 5.4024 -0.5761 0.0001
16:00:00 0.0002 0.0019 8.8978 -0.6302 0.0003
16:30:00 0.0000 0.0020 18.1194 -1.9177 0.0000
17:00:00 -0.0001 0.0021 27.2438 -1.9755 -0.0001
17:30:00 0.0000 0.0019 13.8290 - 1.1807 0.0000
18:00:00 0.0000 0.0014 18.8031 0.3506 0.0000
18:30:00 0.0000 0.0012 18.3124 0.8629 0.0000
19:00:00 0.0000 0.0003 43.6219 4.3541 0.0000
19:30:00 0.0000 0.0001 158.6956 6.4037 0.0000
20:00:00 0.0000 0.0001 262.9696 10.7291 0.0000
20:30:00 0.0000 0.0001 97.6323 5.2114 0.0000
21:00:00 0.0000 0.0001 161.4538 -3.4164 0.0000
21:30:00 0.0000 0.0006 769.8030 27.5964 0.0000
22:00:00 0.0000 0.0003 732.5575 -26.6454 0.0000
22:30:00 0.0000 0.0002 231.2905 8.2216 0.0000
23:00:00 0.0000 0.0007 309.3343 -15.8928 0.0000
23:30:00 0.0000 0.0004 218.5731 7.5746 0.0000

0.0031 208.2989 9.9928
0.0017 37.0238 2.3997
0.0010 17.3045 0.7761
0.0012 135.8555 6.8925
0.0008 28.0416 -0.5414
0.0007 101.0231 3.7029
0.0006 100.0704 5.6771
0.0007 37.4806 2.1489
0.0007 15.5329 -1.2817
0.0008 30.1591 -2.5612
0.0007 27.6393 1.0235
0.0008 23.2418 0.0287
0.0008 12.5261 0.9642
0.0009 4.1225 -0.0036
0.0008 4.6002 -0.4170
0.0009 10.2682 0.2915
0.0010 6.3306 0.6197
0.0012 12.8608 0.7284
0.0010 9.4851 0.5024
0.0009 11.4738 -0.9792
0.0010 5.9879 0.5359
0.0009 7.2684 0.4460
0.0009 12.8236 0.5315
0.0009 9.5624 0.6244

0.0011 204.2538 9.9374

0.0020 16.9596 1.1653
0.0014 5.7126 -0.1583
0.0020 10.7624 -1.1742
0.0020 3.4272 0.1233
0.0020 6.8213 -0.4669
0.0020 9.1451 -0.8331

0.0019 8.5260 -0.6391

0.0018 22.8466 - 1.9854
0.0018 5.2041 -0.2846

0.0019 15.1420 -0.4359

0.0018 15.8186 -1.2788

0.0011 33.2177 1.2492

0.0010 17.1415 1.3464

0.0001 81.1842 0.4327
0.0001 236.9148 9.3081

0.0001 267.6166 12.0421

0.0002 140.7109 -6.0196

0.0001 323.3160 17.4006

0.0007 483.8616 14.3794

0.0001 240.2483 -6.9038

0.0004 436.6929 -17.7865

0.0007 429.7416 -15.2366

0.0005 118.5396 7.6555_
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Table 15: High and Low Summary Statistics

High rtn Low rtn

Time Mean Std. Dev Kurtosis Skewness Mean Std. Dev Kurtosis Skewness

00:00:00 0.0005 0.0029 271.4257 12.8576 -0.0002 0.0030 239.5665 10.7844

00:30:00 -0.0001 0.0020 29.9229 0.2740 0.0002 0.0019 20.8046 1.4460

01:00:00 -0.0001 0.0010 12.5177 0.6472 0.0000 0.0010 12.7627 0.4069

01:30:00 0.0000 0.0012 121.0152 6.3725 0.0000 0.0012 109.1376 5.9278

02:00:00 0.0000 0.0009 20.9283 0.2879 0.0001 0.0009 24.4676 - I. 1202

02:30:00 0.0000 0.0007 104.7530 4.8862 0.0000 0.0006 21.4941 -I.160 I

03:00:00 0.0000 0.0006 87.1761 5.1290 0.0000 0.0006 103.2025 5.6117

03:30:00 0.0001 0.0006 47.6144 4.3765 0.0000 0.0007 36.5857 0.8676

04:00:00 0.0000 0.0007 9.1882 -0.2385 0.0000 0.0008 9.2432 -0.2859

04:30:00 0.0000 0.0007 50.1437 -2.9467 0.0000 0.0009 27.0929 -1.8099

05:00:00 0.0000 0.0008 26.6709 -0.1106 0.0000 0.0007 11.5551 0.1648

05:30:00 0.0000 0.0007 21.0887 i.3619 0.0000 0.0008 27.0447 -2.4174

06:00:00 0.0001 0.0008 22.9269 0.3443 0.0000 0.0008 18.6501 1.47q I

06:30:00 0.0000 0.0009 6.2124 -0.0872 0.0000 0.0008 4.4310 -0.0076

07:00:00 0.0000 0.0008 4.4255 0.0332 0.0000 0.0008 6.6812 -0.253 I

07:30:00 0.0000 0.0009 14.6513 0.4639 0.0000 0.0009 8.0036 -0.3098

08:00:00 0.0001 0.0010 11.0198 1.5565 0.0000 0.0009 4.7584 -0.3149

08:30:00 0.0000 0.0012 12.9637 1.5319 0.0000 0.0011 10.1970 -0.7404

09:00:00 0.0000 0.0011 10.2767 0.9967 0.0000 0.0011 20.1350 1.5990

09:30:00 0.0000 0.0009 8.0521 -0.5656 -0.0001 0.0008 15.3928 - 1.4906

I0:00:00 0.0000 0.0009 9.6847 0.2176 0.0000 0.0009 4.5448 -0.0562

10:30:00 0.0000 0.0009 8.1661 0.5424 0.0000 O.O00q 5.9888 -0.0455

I 1:00:00 0.0000 0.0009 20.0603 1.8286 0.0000 O.O00q 7.6543 -0.2398

I ! :30:00 ,0.0000 0.0009 12.4360 1.2931 0.0000 0.0009 7.8800 0.2780

12:00:00 -0.000 ! 0.0010 133.5999 7.2563 -0.0001 0.0009 55.0020 3.3100

12:30:00 0.0005 0.0021 22.1064 2.9197 -0.0006 0.0018 9.4816 -2.1696

13:00:00 -0.0001 0.0015 6.6693 -0.8454 0.0002 0.0017 10.5263 1.0740

13:30:00 0.0003 0.0018 7.1598 0.7828 -0.0005 0.0021 7.8406 -I.8073

14:00:00 0.0001 0.0020 6.9076 0.8707 0.0000 0.0019 2.6506 -0.2627

14:30:00 -0.0001 0.0020 10.7985 0.1764 0.0000 0.0021 8.0405 -I.3347

15:00:00 -0.0001 0.0021 8.7021 -0.5317 0.0000 0.0022 14.5327 -0.6572

15:30:00 0.0000 0.0019 7.5755 0.2053 0.0002 0.0020 I 1.1433 -0.8733

16:00:00 0.0002 0.0019 9.9033 0.5304 0.0002 0.0020 26.1478 -2.4602

16:30:00 0.0000 0.0020 15.2543 -0.9383 0.0001 0.0019 7.3121 -0.8239

17:00:00 -0.0001 0.0020 15.4189 O. 1384 -0.0001 0.0020 19.0706 - 1.9903

17:30:00 -0.0003 0.0018 i 0.2351 -0.4957 0.0002 0.0020 17.2024 - 1.9174

18:00:00 -0.0002 0.0013 31.0056 1.5981 0.0002 0.0013 46.3132 2.1207

18:30:00 -0.0002 0.0011 14.2923 -1.3515 0.0003 0.0012 17.5808 3.0586

19:00:00 0.0000 0.0002 72.9113 2.3696 0.0001 0.0003 49.2611 5.7835

19:30:00 0.0000 0.0001 160.3824 3.3943 0.0000 0.0001 125.9528 4.2572

20:00:00 0.0000 0.0001 253.8392 13.0606 0.0000 0.0002 469.5311 - 17.0196

20:30:00 0.0000 0.0002 88.7577 3.4752 0.0000 0.0002 152.2782 1.1630

21:00:00 0.0000 0.000 ! 196.5941 -5.6259 0.0000 0.0001 270.5222 16.0765

21:30:00 0.0000 0.0006 668.0066 25.2742 0.0000 0.0007 482.3539 14.3487

22:00:00 0.0000 0.0004 554.4852 -22.8350 0.0000 0.0001 226.8823 -9.8053

22:30:00 0.0000 0.0002 221.6738 7.7372 0.0000 0.0004 432.0708 -17.7368

23:00:00 0.0000 0.0007 224.1048 -10.6824 0.0000 0.0006 568.2446 -21.5837

23:30:00 0.0000 0.0006 105.6236 8.5975 0.0000 0.0004 214.6903 6.7380
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7.4.1 Descriptive Analysis of Gold Cash First Moment

Figure 8 displays a graphical picture of the 30-minute returns over the 24-hour trading

period. The graph indicates that a solid trading pattern does not exist for gold returns, a U.

shaped or W-shaped trading pattern does not occur as witnessed in equity markets and in

the futures market of the metal. A significant degree of variability occurs during mid-day

to mid-afternoon trading, reflecting trading patterns emerging from the U.K. and the U.S.

Returns approach the highest point of the day at midnight (0.0002), which corresponds to

the start of trading on TOCOM, and proceed to lower levels thereafter. The graphical

depiction of close returns indicates a peak in mean returns at 16:30. According to the graph

of low returns, lunchtime represents a period of very negative returns, where returns rise

again at 15:00. From the graph, the period of greatest variability relates to the opening of

trading on the future exchange COMEX.

Figure 8: Mean Gold Returns by Time
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Table 16 displays 30-minute mean close returns by trading time period and also by days of

the week. Interestingly, the most positive and negative returns are observed during the

period from mid-day to 17:30 across all days, indicating, again, trading patterns from the

U.K. and U.S. As highlighted above, the large returns are witnessed at mid-night for

Monday and Wednesday. At this time of the trading period, Thursday and Friday displays

very little activity. Additionally, Friday’s returns are consistently more positive than other

days of the week. Friday reports little activity over the time period from 19:30 to 23:30 and
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similar behaviour is observed over all days of the week. There are common time periods

when many days of the week report strong mean returns. 16:00 reveals large positive mean

returns across all days. Mean returns approaching 14:00 are generally quite variable with

returns rotating from positive to negative quite often, allowing for the closing market in the

U.K. and initial trading in the U.S. Returns thereafter, from 18:00 across all days of the

week, are generally small but positive, reflecting little variability in returns folloxving the

closure of the U.K. and U.S markets. Small negative returns are evident for Tuesday and

Wednesday as mid-night approaches.
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Table 16: Intra-day mean (close) returns by trading time and weekday

Time Monday Tuesday Wednesday Thursday Friday

00:00:00 0.0003 0.0001 0.0002 0.0000 0.0000

00:30:00 0.0001 0.0003 0.0002 0.0001 0.0000

O1:00:00 -0.0001 -0.0001 0.0000 0.0000 0.0000

01:30:00 0.0002 0.0000 0.0000 -0.0001 0.0001

02:00:00 0.0000 0.0000 0.0000 0.0001 0.0001

02:30:00 0.0000 0.0000 0.0000 -0.0001 0.0001

03:00:00 0.0001 0.0000 0.0001 0.0001 0.0000

03:30:00 0.0000 0.0000 0.0001 0.0000 0.0000

04:00:00 0.0000 0.0000 0.0000 0.0000 0.0000

04:30:00 0.0001 -0.0001 0.0000 0.0001 -0.0001

05:00:00 0.0002 0.0001 -0.0001 -0.0001 0.0001

05:30:00 0.0001 0.0001 -0.0002 -0.0002 0.0002

06:00:00 0.0001 0.0001 0.0000 0.0001 0.0000

06:30:00 0.0000 -0.0001 0.0001 0.0000 0.0000

07:00:00 0.0000 -0.0001 0.0001 -0.0001 0.0001

07:30:00 -0.0001 -0.0001 0.0000 0.0000 0.0002

08:00:00 0.0001 0.0001 0.0001 -0.0001 0.0002

08:30:00 0.0001 -0.0001 0.0001 -0.0002 -0.0001

09:00:00 -0.0001 0.0000 -0.0002 0.0002 0.0000

09:30:00 -0.0001 0.0001 0.0000 -0.0002 0.0000

10:00:00 0.0000 0.0001 0.0001 -0.0002 0.0001

10:30:00 0.0001 0.0000 -0.0001 0.0001 0.0001

11:00:00 -0.0001 0.0000 -0.0001 0.0001 -0.0001

11:30:00 -0.0001, -0.0001 -0.0001 0.0002 -0.0001

12:00:00 -0.0001 -0.0002 0.0001 -0.0002 0.0000

12:30:00 0.0003 -0.0003 -0.0001 0.0002 0.0002

13:00:00 -0.0002 0.0001 0.0001 -0.0003 -0.0001

13:30:00 -0.0004 0.0001 0.0000 -0.0001 0.0000

14:00:00 0.0002 0.0000 -0.0005 0.0001 0.0003

14:30:00 0.0003 0.0000 0.0003 0.0000 -0.0004

15:00:00 -0.0002 -0.0003 0.0001 0.0002 0.0000

15:30:00 -0.0001 -0.0001 0.0000 0.0003 0.0004

16:00:00 0.0003 0.0003 0.0005 0.0005 0.0002

16:30:00 0.0000 0.0001 0.0000 -0.0001 0.0000

17:00:00 -0.0001 0.0000 -0.0001 -0.0001 -0.0003

17:30:00 0.0001 -0.0002 -0.0001 -0.0001 -0.0001

18:00:00 0.0000 0.0000 0.0000 0.0001 0.0000

18:30:00 0.0002 0.0000 0.0000 0.0000 0.0001

19:00:00 0.0000 0.0000 0.0000 0.0000 0.0000

19:30:00 0.0000 0.0000 0.0000 0.0000 0.0000

20:00:00 0.0000 0.0000 0.0000 0.0000 0.0000

20:30:00 0.0000 0.0000 0.0000 0.0000 0.0000

21:00:00 0.0000 0.0000 0.0000 0.0000 0.0000

21:30:00 0.0000 0.0001 0.0000 0.0000 0.0000

22:00:00 0.0000 0.0000 0.0000 0.0000 0.0000

22:30:00 0.0000 -0.0001 0.0000 0.0000 0.0000

23:00:00 0.0000 0.0000 -0.0001 0.0000 0.0000

23:30:00 0.0000 0.0000 0.0001 0.0000 0.0000
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Figure 9 displays 24-hour gold close returns by day of the week. As noted in the

descriptive results, Monday reports much variability in mean returns. All days of the week

show minimal activity in the markets from late afternoon until midnight, except for

Tuesday. Consistent upswings in returns are reported as 16:30 approaches. This is followed

by negative returns across all days, until trading peters out, before activity resumes at

midnight.

Figure 9: Intra-Day Close Returns by day of week
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Tables 17 and 18 display the highest and lowest mean return values observed for close and

open returns over the trading period for each day of the week. The highest mean return for

Monday at 0.0617 occurs at midnight, while the lowest returns occur at 16:00 and 17:00,

reflecting increased variability observed during Monday trading.
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Table 17: Highest/Lowest Intra-day mean close returns by day of the week

Day Time of highest return Return Times of lowest return Return
Monday 0:00 0.0617 16:00 -0.0201
Tuesday 12:00 0.0216 0:00 -0.0167

Wednesday 0:30 0.0212 23:00 -0.0163
Thursday 1:30 0.0209 0:00 -0.0163

Friday 12:30 0.0178 15:00 -0.0162

Table 18: Highest/Lowest Intra-day mean open returns by day of the week

Day Time of highest return Return Times of lowest return Return
Monday 0:00 0.0617 17:00 -0.0243
Tuesday 1:30 0.0216 16:30 -0.0185

Wednesday 0:30 0.0216 0:00 -0.0169
Thursday 21:30 0.0160 0:30 -0.0167

Friday 13:00 0.0149 15:00 -0.0152

The above initial examination indicates that the gold cash intra-day market appears to

follow a different intra-day pattern than the futures market of the metal. However, it is

important to point out that the cash examination of the market is performed on a 24-hour

dataset, in contrast to the futures dataset where data is available from 08:20h to 13:00hrs.

7.4.2 Descriptive Analysis of the Second Moment - Gold Cash

Figure 10 displays the volatility patterns for all four gold cash returns. A similar pattern is

reported in all four returns. Volatility is represented by the standard deviation of the

returns. The figures do not reveal a U-shaped volatility curve; indeed it is a W-shaped

volatility curve that is displayed for all four returns. Volatility is significantly different at

various stages throughout the period. For all four reported returns, volatility is greatest at

midnight, indicating the opening of trading in Eastern markets. Volatility falls thereafter

and remains low and constant for the period to mid-day, when trading on COMEX

commences. Volatility follows an upward spiral and remains at this level until the market

quietens down at 19:00. Volatility declines substantially and remains at this level, which is

the lowest over the time period, until midnight. Volatility levels over days of the week for

close returns are generally in agreement, with minimal difference between days as shown

in Figure 11.
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Figure 10: Gold Cash Return Volatility Patterns
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Figure 11: Gold Cash Return Volatility Patterns
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7.5 Daily Seasonality Investigation

In this section of the thesis two gold series are examined: daily prices for gold cash and

futures, denoted as Cash Gold and Future Gold respectively. Data are analysed in natural

log percentage changes and the return series are calculated. The total data set extends over

the period 3 January 1983 - 31 December 2003. In total 5478 data points are available. The

data were sourced from Datastream International. The gold futures data originate from the

COMEX exchange as before, while the cash data is the London US$ PM fixing price of

gold. All gold prices are quoted in U.S. dollars per troy ounce. The analysis also includes a

trimmed version of the original dataset, where the top and bottom 2.5% of the data are

trimmed in an attempt to deal with outliers.

7.5.1 Investigation of Moment Distribution

Shown in Figure 12 are the gold prices in levels over this period and in returns.

Figure 12: Gold Cash and Future in Levels and Returns
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Table 19 shows details of the first four moments of gold, by days of the week over the

entire dataset. As cited earlier, there is significant evidence from the equit)’ markets of the

tendency for stock markets to peak on a Friday and decline on a Monday. Analysis from

Kelly (1930), Fields (1931), French (1980), Lakonishok and Levi (1982). Kohers and

Kohers (1995) and Maberly (1995) all document a peak in returns on a Friday and a trough

on Mondays.

The results below correlate to the findings of this thesis that Monday returns for gold cash

are consistently negative and the lowest for all days of the week without an obvious

relationship to risk. Thursday has the largest return with the lowest level of volatility. For

gold futures, Monday has the second highest return after Friday, with Tuesday as a

minimum. As evidenced in the equity markets, Monday’s standard deviation in both cash

and futures is also the highest of all days of the week. Lakonishok and Levi (1982).

Lakonishok and Smidt (1988), and Kohers and Kohers (1995) provide further evidence of

the pattern of Monday having the lowest, often negative, return of the week despite having

the highest, or at least a higher than average, risk as proxied by the standard deviation.

Thus, the pattern found stereotypically in equity markets follows here. This reflects

evidence from previous studies on seasonality in equity markets and is in line with the

results of Ma (1986). We should expect that high volatility follows high returns: however

this is not the case for gold returns. The evidence shows that gold returns do not appear to

be related to risk patterns in gold cash and futures. In no case does the highest/lowest gold

mean return match the highest/lowest standard deviation, indicating that a day-of-the-week

effect may well be present in gold returns.

In an examination of higher moments in the equity markets, Scott and Horvath (1980)

shows that investors have a preference for kurtosis and are adverse to skewness. Aggarwal

and Schatzberg (1997) report a negative Monday return. Skewness patterns follow those of

the first two moments for the first time period examined, but ’flip" in the second, with the

Monday skewness going from lowest to highest. This finding contrasts with the results of

this work, where Monday’s skewness statistics are consistently the highest and negative.

Kurtosis does not follow mean returns as reported in Agga~’al and Schatzberg (1997).

Monday’s kurtosis is positive and the largest in gold cash and futures. These results on

higher moments of the precious metal show greater similarit) with evidence from Asian
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equity markets as reported in Ho and Cheung (1994) and Tang (1997), both of whom

reported that higher moments do not follow a pattern similar to that of lower moments.

Table 19: Moments of the Distribution by Day of the Week

Weekday N Mean Std. Deviation Kurtosis Skewness

Gold Cash

Gold Futures

Monday 1095 -0.0002 0.0096 23.3113 -1.4305

Tuesday 1096 -0.0001 0.0092 13.6133 0.1380

Wednesday 1096 0.0001 0.0081 4.9742 -0.2002
Thursday 1095 0.0002 0.0076 8.5320 -0.7210

Friday 1095 0.0000 0.0084 6.2028 -0.3329
Monday 1095 0.0001 0.0101 14.2346 -1.3086

Tuesday 1096 -0.0002 0.0097 14.0159 0.6888
Wednesday 1096 -0.0001 0.0081 3.6444 0.1391

Thursday 1095 -0.0001 0.0087 8.6757 -0.8253

Friday 1095 0.0002 0.0097 9.3767 0.4860

From the results above, it appears that seasonality in the first moment may exist. For gold

cash, Monday returns are low with no obvious explanation from risk. Similarly, the

maximum returns, which occur not on Friday as in equity markets, but occur on Thursday,

have low standard deviations. For gold futures, while Friday has the largest return, again

there is no explanation for risk. However, risk premia in futures and cash markets differ in

their derivation, with both ultimately being a reward for the potential returns over the week,

loss arising from the tails of the distribution. What is interesting here is that the cash and

futures markets are in broad agreement, indicating perhaps that the lack of payoffto potential

risk is generalised.
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8. A VAR analysis of the Gold Price

8.1 Introduction

Chapter 6 outlined the inherent elements of the methodologies used in this chapter. In this

analysis Vector Auto Regressive modelling is used to determine if a causal relationship

exists between gold and selected economic and financial variables. Based on the literature

consulted in Chapter 3, this research has ascertained the variables that have the largest

influence on gold prices. This analysis follows with impulse response functions and

variance decompositions to assess the impact of a shock of the identified variables to gold

cash and futures prices. Following this, unit root analysis is undertaken and the

investigation proceeds to cointegration analysis if the variables are deemed to be non-

stationary. The final step in this process is the Vector Error Correction Modelling. wherebx

a restricted VAR is used with non-stationary data that are cointegrated. The VECM

restricts the long run behaviour of the endogenous variables so the) converge to their

cointegating relationships.

If a causal relationship between gold and the relevant variables is not evident, the

variables are considered to be exogenous and therefore do not have an impact on gold

prices. VAR modelling enables the researcher to identify whether changes in variables

such as the dollar, interest rates, etc., in a previous period affects the price of gold in the

current period. Therefore it becomes possible to ascertain any relationships that ma~ exist

between gold and the identified variables across different time periods.
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8.2 VAR Analysis

A VAR analysis is undertaken of gold and other financial and macroeconomic variables.

The aim of this section of the research process is to characterise the empirical relationship

between gold cash and gold futures, the dollar, the FTSE, etc. A VAR framework allows

one to analyse how changes in the significant variables identified affect gold returns.

Vector Autoregressive modelling methodology is a form of simultaneous-equation

modelling; exogenous variables do not exist, whilst endogenous variables are considered

together where each variable is explained by its lagged values and the lagged values of all

other endogenous variables in the model (Gujarati, 2002: 837). According to Sims (1980),

a priori distinctions between endogenous and exogenous variables should not be made.

Recall from Chapter 7 that the data used in this chapter consists of a monthly and daily

datasets for gold cash prices and gold future prices. An entire dataset is included, which

dates from 1983-2003. Two sub-periods are also included, which relate to the 1987 equity

market crisis and the 2001 equity market crisis.

From the literature, the following variables have been identified as having a particular

influence on gold returns; the U.K consumer price index, the U.S. consumer price index,

the U.S. dollar exchange rate, the sterling exchange rate, FTSE cash, FTSE futures, U.K.

interest rates, U.S. interest rates, U.K industrial production, U.S. industrial production, oil

prices, S&P 500 cash, S&P 500 futures, the U.K. unemployment rate, and the U.S.

unemployment rate. It was further decided to separate the cash and futures markets in order

to get a succinct perspective of the major influences in the gold cash and futures markets.

The first dataset contains gold cash returns while the second dataset relates to gold future

returns; the form of dataset will be used in all analysis save for the daily analysis where IP,

CPI and unemployment rates are excluded:

Dataset #1 - Gold Cash: CPI U.K, CP1 U.S., U.S. Dollar, Sterling, FTSE cash, U.K Interest

rate, U.S. Interest rate, U.K Industrial Production, U.S. Industrial Production, Oil, S&P 500

cash, U.K unemployment rate and U.S. Unemployment rate.
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GC: CPIUK, CPIUS, Dollar, Pound, FTSEC, INTUK, INTUS, IPUK, IPUS. Oil. S&PC.

UNEMUK and UNEMUS.

Dataset #2 - Gold Futures: CPI U.K, CPI U.S., U.S. Dollar, Sterling, FTSE futures. U.K

Interest rate, U.S. Interest rate, U.K Industrial Production, U.S. Industrial Production. Oil.

S&P 500 futures, U.K unemployment rate and U.S. Unemployment rate.

GF: CPIUK, CPIUS, Dollar, Pound, FTSEF, INTUK, INTUS, IPUK. IPUS. Oil. S&PC.

UNEMUK and UNEMUS.

8.2.1 1983-2003 Monthly Analysis

This analysis begins by performing a simple unrestricted VAR on the 1983-2003 gold cash

and futures dataset where the VAR is used to examine the dynamic impact of random

disturbances on variables in the system. For the gold cash and futures dataset, a simple

. VAR analysis was first performed on the dataset to assess the short term influences on the

gold cash or futures price. Before we examine this analysis, it is important to ensure that

we correctly specify the appropriate lag length for the VAR to be determined. Therefore.

information criterion is used for VAR lag length selection. Eviews computes various

criteria in order to select the correct lag order of the unrestricted VAR. whereby we can

specify the lag order and examine the information criteria for all lags. Looking at Table 20.

it is possible to see that the number of lags that minimise the value of Akaike (AIC) and

Schwartz Information Criterion (SC) is a lag order equal to one for both gold cash and gold

future datasets. If too many lag terms were included, this would consume degrees of

freedom, while too few lags would lead to specification errors.
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Table 20: VAR Lag Order Selection Criteria Gold Cash and Futures 1983-2003
Monthly

Variables Lag AIC SC

Gold Cash

Gold Futures

0 81.5682 81.7688

1 44.08917* 47.09902*

2 44.1699 49.9890

3 44.3990 53.0273

4 44.6949 56.1324

5 44.9381 59.1847

6 45.2872 62.3430

7 45.2007 65.0657

8 45.0888 67.7631

0 79.2066 79.4172

1 43.74656* 46.90517*

2 43.8741 49.9808

3 44.0736 53.1283

4 44.3219 56.3246

5 44.5906 59.5414

6 44.8950 62.7938
7 44.8649 65.7118

8 44.6830 68.4778

An unrestricted VAR is estimated for both datasets to investigate the interaction between

gold prices and various economic and financial variables. All variables are endogenous and

VAR models allow the value of a variable to depend on its own lags andthe lags of other

variables indicating that this form of modelling may provide additional information

regarding any relationship that may exist.

For this unrestricted VAR we include variables in their true form. That is, we do not induce

stationarity by differencing before we perform the VAR analysis. Given that the aim of this

methodology is simply to examine the relationship that exists between the specified

variables, if stationarity was induced through differencing, then we lose much of the

information of any relationship that may exist. However, as we shall see later in the

chapter, stationarity is an important issue when we examine via a VECM.

To begin the formal analysis we carry out impulse response and variance decomposition

functions as the main tools to analyse the propagation of shocks through linear dynamic

systems (Tavares and Valkanov (2001)). Impulse response functions trace the response of

the dependant variables (gold cash or gold futures) in the VAR system to shocks to each of

the endogenous variables and we can access the effect over a number of periods. In all
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cases it is important that the variables are ordered correctly as this option attributes all of

the effect to the first variables in the system.

Tables 21 and 22 displays the results of the impulse response function of the response of

gold cash and future prices to the explanatory variables in the system. The impulse

responses are displayed over 12 periods, accounting for one year as the dataset is of a

monthly form. The impulse response function allows one to trace out, over the course of

the 12 periods, the impact of a shock of gold prices to themselves and the impact of a

shock in the explanatory variables on gold prices. It is apparent that of the variables that

have a large effect on gold prices, this effect is negative. The exception is gold prices

themselves, a shock of which induces a positive impact on prices; this effect graduall) tails

but does not die out completely after 12 periods. The variables FTSEI00, US dollar, pound

sterling, UKCPI, and USINT all induce a significant and negative immediate effect on gold

prices, both cash and future. The negative impact of UKINT is a feature of gold cash

prices and does not feature as a major player in gold future prices. In most cases it takes

five to six periods before the effects of these shocks diminish. Oil, USCPI. UKIP and [JSIP

induce a small positive effect on gold prices, however the magnitude of this effect is

minimal. USINT has the most impact on gold prices and this effect strengthens over the 12

periods, as shown in Diba and Grossman (1984), Fortune (1987), and Cai. Cheung et al.

(2001).
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Tables 23 and 24 display the variance decomposition for gold cash and future prices. The

variance decomposition assesses the importance of the identified shocks to the variables

under analysis. This examination aims to trace the effect of a shock from one of the

explanatory variables in the system to the gold price. Using this procedure it is possible to

assess the relative importance of each shock in their impact on the variables under

question.

As can be seen from Tables 23 and 24, the variance decomposition is shox~n xvith the

standard error, which contains the forecast error of each of the variables in the system at a

given time period. The forecast variance due to each innovation on the gold price is

displayed in percentage terms.

The results of the variance decomposition demonstrate that the variance of gold cash and

future prices is caused primarily by innovations in itself. Looking at the output lbr gold

cash, we see that U.S. interest rates play the most major role, asserting a q.5% impact on

gold cash prices after 1 year. With the obvious exception of gold prices themselves, in

most other cases the role pla2~ed by the explanatory variables in the system increase over

time but in most cases only marginally. We note here that the dollar plays a more dominant

role in the cash market with pound sterling being the exchange rate leader for gold future

prices; however, the combined effect of both exchange rates on gold prices is similar. The

FTSE 100 is an important variable and asserts a significant impact on both gold prices.

This is in direct contrast to the S&P 500 which does not feature as an important variable

for either asset.
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Examining the variance decompositions for gold futures, 10.38% of the forecast variance

of gold futures is explained by U.S. interest rates at the twel~h period, the effect of which

rises gradually. This is followed by the dollar exchange rate and the FTSE 100. which

display a variance decomposition of 7.66% and 5.82% respectively. This is followed by

UKCPI and the U.S. dollar. These results demonstrate a mixed bag of variables that have a

seemingly significant shock to the futures gold price. It is interesting to note that given the

largely U.S. nature of gold future prices, U.S. interest rates display the largest impact on

the gold price. Secondly, the significance of the two exchange rates, in particular the

dollar, is of importance. Gold is largely quoted in the U.S. dollar, and is perceived as the

anti-dollar asset. The results suggest that in absolute terms, the gold cash and futures

markets are impacted by similar variables, those being interest rates, exchange rates, stock

index, and the consumer price index. It is also important to note that the impact of a shock

to both gold cash and future prices increases over time and where significant effects are

noted, the results posted at period 12 (corresponding to one year) are of the greatest

magnitude.

Granger Causality:

The main idea behind Granger Causality relates to predictability, that an identified cause

effect aids in the ability to forecast an effect in a system. According to Granger (1969).

variable X causes another variable Y if Y can be more accurately forecasted by using the

history of X rather than by not doing so. We can have unidirectional causality running

from X to Y or from Y to X. Feedback implies that two-way causality occurs between X

and Y, while independence implies that that no causality relationship exists between the

variables. The testing of this hypothesis is based in a set of F-tests in the form of restricted

and unrestricted regression models.

Tables 25 and 26 display the Granger Causality analysis for gold cash and gold future

datasets with one lag. For gold cash at the 95% level of significance, we cannot reject the

hypothesis that gold cash does not granger cause the pound but we can reject the

hypothesis that the pound does not granger cause gold cash. Therefore the degree of

causality runs from the pound to gold cash only. We reject the hypothesis that gold cash

does not granger cause U.K. unemployment, but, we cannot reject the hypothesis that U.K.

unemployment does not granger cause gold cash. However. we cannot reject the

hypothesis that gold cash does not granger cause U.S. industrial production, suggesting
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causality runs one way from gold cash to U.S. IP. At the 90% level of significance,

causality runs one way from the FTSE 100 to gold cash and also from the S&P 500 to gold

cash.

Table 25: Granger Causality 1983-2003 Monthly Dataset

Null Hypothesis: F-Statistic    Probability

FTSE 100C does not Granger Cause GoldC 2.76 0.10

GOLDC does not Granger Cause FTSE100C 0.02 0.88

S&P500C does not Granger Cause GoldC 3.02 0.08

GoldC does not Granger Cause S&P500C 0.26 0.61

DOLLAR does not Granger Cause GoldC 1.21 0.27

GoldC does not Granger Cause DOLLAR 0.10 0.75

POUND does not Granger Cause GoldC 4.48 0.04

GoldC does not Granger Cause POUND 0.08 0.78

OIL does not Granger Cause GoldC 2.12 0.15

GoldC does not Granger Cause OIL 0.83 0.36

UKCPI does not Granger Cause GoldC 0.11 0.74

GoldC does not Granger Cause UKCPI 0.35 0.55

UK1NT does not Granger Cause GoldC 0.08 0.77
GoldC does not Granger Cause UKINT 2.17 0.14
UKIP does not Granger Cause GoldC 0.24 0.62
GoldC does not Granger Cause UKIP 0.05 0.82

UKUNEM does not Granger Cause GoldC 1.38 0.24

GoldC does not Granger Cause UKUNEM 17.93 0.00
USCPI does not Granger Cause GoldC 0.09 0.76
GoldC does not Granger Cause USCPI 0.53 0.47
USINT does not Granger Cause GoldC 3.89 0.05
GoldC does not Granger Cause USINT 13.78 0.00
USIP does not Granger Cause GoldC 0.93 0.34
GoldC does not Granger Cause USIP 7.99 0.01
USUNEM does not Granger Cause GoldC 0.33 0.57
GoldC does not Granger Cause USUNEM 2.11 0.15

For gold futures we can see that gold granger causes U.K. unemployment and also U.S.

industrial production, and this runs in one direction. A two-way flow of causality occurs

between gold and U.S. interest rates. While a one-way flow of causality run from gold

futures to S&P 500 and also to the pound.
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Table 26: Granger Causality 1983-2003 Monthly Dataset

Null Hypothesis: F-Statistic Probability
FTSEI OOF does not Granger Cause GoldF 2.13 0.15
GoldF does not Granger Cause FTSEIOOF 0.03 0.87
S&P5OOF does not Granger Cause GoldF 3.91 0.05
GoldF does not Granger Cause S&P5OOF 0.26 0.6 l
DOLLAR does not Granger Cause GoldF 1.36 0.24
GoldF does not Granger Cause DOLLAR 0.12 0.73
POUND does not Granger Cause GoldF 4.31 0.04
GoldF does not Granger Cause POUND 0.06 0.80
OIL does not Granger Cause GoldF 2.57 0.11
GoldF does not Granger Cause OIL 1.04 0.3 l
UKCPI does not Granger Cause GoldF 0.23 0.63
GoldF does not Granger Cause UKCP1 0.36 0.55
UKINT does not Granger Cause GoldF 0.03 0.87
GoldF does not Granger Cause UKINT 2.45 0.12
UKIP does not Granger Cause GoldF 0.27 0.60
GoldF does not Granger Cause UKIP O.I l 0.74
UKUNEM does not Granger Cause GoldF !.71 0.19
GoldF does not Granger Cause UKUNEM 18.79 0.00
USCPI does not Granger Cause GoldF 0.21 0.65
GoldF does not Granger Cause USCPI 0.65 0.42
USINT does not Granger Cause GoldF 3.21 0.07
GoldF does not Granger Cause USINT 13.33 0.00
USIP does not Granger Cause GoldF 1.28 0.26
GoldF does not Granger Cause USIP 7.09 0.01
USUNEM does not Granger Cause GoldF 0.26 0.61
GoldF does not Gran~er Cause USUNEM 2.13 0.15

8.2.2 1985-1989 Monthly Analysis

We follow this investigation with an analysis of the relationship that exists between the

gold price and the identified explanatory variables over two crisis periods: the 1987 and

2001 equity market crises. This analysis will provide the documentation of changes that

may have occurred and further insights into gold’s relationships with economic, financial,

and real variables.

For the 1987 equity market crisis, the dataset extends monthly from October 1985 to

October 1989, therefore extending over two years preceding the crisis and two years

following. We include the same variables as before and examine both the cash and futures

gold market responses. Examining Table 27, we can see that the relevant lag length criteria

for gold cash and futures dataset is two, bearing in mind the small sample size.
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Table 27: VAR Lag Order Selection Criteria Gold Cash and Futures 1985-1989
Monthly

Variables Lag AIC SC

Gold Cash 0 52.46 53.01
1 35.72 43.99
2 25.92* 41.90*

Gold Futures 0 52.78 53.33
1 36.02 44.29
2 24.85* 40.83*

When the impulse response functions of gold cash and gold futures to each variable are

examined, very similar results are reported in Tables 28 and 29. It is apparent that gold’s

response to most of the macroeconomic variables is minimal. A shock to U.S. interest rates

exerts a negative impact on gold prices, and this is mostly apparent after two periods. In

particular, this highlights the changing role of U.S. interest rates in crisis periods from the

overall 1983-2003 examination; in the entire dataset, the effects of U.S. interest rates had

greater momentum, suggesting that U.S. interest rates have more influence over the longer

term. A shock to U.S. CPI exerts a positive influence on gold prices; this is most evident

after four periods and thereafter the effect diminishes. In relation to the equity markets, a

response of gold to the S&P 500 is noted, which was not reported over the entire analysis.

For both markets, we note an initial negative response of gold prices, which is followed by

a swift positive retort before the effect diminishes after seven periods. The currency

markets play a key role with both the dollar and sterling exchange rates generally exerting

a negative effect on gold prices. The dollar effect is particularly apparent for the initial four

periods, where the response follows a V-shaped curve. Oil prices induce a largely positive

effect, with the response of gold cash mirroring an inverted W.
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The variance decomposition provides valuable information about the strength of each

random innovation to the gold price as displayed in Tables 30 and 31. Variance

decompositions identify how much of the change in the dependant variable is due to their

own shocks versus shocks from other variables in the system. Change in the gold prices is

important in the first three periods to just over 50%, but thereafter, shocks from other

variables in the system are apparent. Shocks to exchange rates account for over 30% of the

variation in gold prices by the 12th period, with the dollar exerting a stronger influence than

sterling. For both gold prices the equity market effect is strongest after seven periods, at

just under 18%, and slowly retreats thereafter. Shocks to oil prices are prevalent,

particularly to gold cash in the first four periods and once again after nine periods where

shocks from oil to gold prices account for 14% in the variation to gold cash and 12% in the

variation to gold futures after 14 periods. Once again it appears that it is just a few key

macroeconomic and financial variables that are of primary importance to the gold market;

the effects of many of the macroeconomic variables are minimal, the exception being with

USCPI exerting the strongest influence of 7.8% for gold cash and 6.5% for gold futures

after 12 periods.
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Granger Causality:

The granger causality analysis, as shown in Table 32, for gold cash and future prices with

two lags, shows that the direction of causality runs in one direction from U.K. and U.S.

interest rates to both gold cash and gold futures. One-way causality is observed going l~orn

gold to U.K. unemployment, U.S. industrial production and U.S. unemployment. Feedback

on two-way causality is observed at the 10% significance level between gold prices and

sterling.
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8.2.3 1999-2003 Monthly Analysis

Furthermore we examine another set of data that pertains to the equity market crisis of

2001. Given the results unearthed in the 1987 analysis, we should expect to see that again

many of the macroeconomic variables, with the exception of exchange rates, are not the

root cause of variation in gold prices, and that exchange rates, equity markets, and oil

prices are the key drivers.

From the lag order selection displayed in Table 33, the preferred lag order criterion is two

lags, which was the desired level for both gold cash and futures datasets.

Table 33: VAR Lag Order Selection Criteria 1999-2003 Monthly

Variable Lag    AIC SC
Gold Cash 0 53.35 53.86

1 38.50 50.66
2 35.84* 46.16"

Gold Futures 0 53.43 53.94
1 38.67 50.87
2 36.05* 46.33*

Impulse Response Functions (IRF) for gold prices shown in Tables 34 and 35, reveal that

the effects of shocks to the U.S. dollar and UKCPI exert the largest influence on the gold

prices, which did not feature in the previous crisis period as a contributing variable to gold

prices. This effect is most strongly recorded for period two and thereafter diminishes. The

dollar effect is negative while the UKCP1 effect is largely positive. The equity markets of

the S&P 500 and FTSE 100 exert a small positive effect in the early periods, but this turns

to a negative effect on gold prices that gradually increases in latter periods. In contrast to

the previous sub-period, oil is not an important variable to gold prices.
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From the variance decomposition in Tables 36 and 37, both the dollar and UKCPI

combined, for both gold cash and futures, contribute to over 33% of the variation in gold

prices in the second period. In this sub-period, the effect of a dollar shock to the gold price

is the most important variable in relation to the variance of gold prices. From period 2 the

effects of UKCPI on the variation in gold prices decreases while the dollar plays a more

dominant role. At the end of period 12, the dollar accounts for over 35% of the variation in

gold prices. Both equity market indexes remain insignificant, which is a similar pattern to

all the remaining variables in the system; the magnitudes of these innovations are minimal.
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Granger Causality:

The granger causality analysis displayed in Table 38, with two lags, for gold cash and

future prices indicates many instances of one-way causality from the explanatory variables

to gold prices. Causality runs from the FTSE, UKCPI, U.K. interest rates, U.S. interest

rates and U.S. unemployment. At the 10% level, one-way causality runs from the dollar to

gold cash and future prices. In addition, one-way causality at the 10% level is observed

from the S&P 500 to gold futures.
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8.2.4 1983-2003 Daily Analysis

We began this chapter by examining, using VAR, the effects of economic, financial, and

real variables on the gold cash and future prices on a monthly basis. Given that industrial

production, the consumer price index, and unemployment rates are of a monthly nature, it

was necessary to examine any such relationship initially with monthly data. However, it is

important that any relationships that may exist between gold and identified explanatory

variables are examined on a more frequent basis. Therefore, we conduct a daily analysis

over the same time period as the monthly analysis used previously, excluding industrial

production, the consumer price index, and unemployment rates which are only available on

a monthly basis.

The analysis first examines the nature of these relationships over the long term, 1983-2003,

on a daily basis. According to Table 39 the appropriate number of lags that minimises the

AIC and SC is two for both gold datasets.

Table 39: VAR Lag Order Selection Criteria 1983-2003 Daily Dataset

Variables Lag AIC SC
Gold Cash 0 66.15 66.16

1 21.66 21.75
2 21.44* 21.65"
3 21.45 21.69
4 21.49 21.77
5 21.45 21.85
6 21.46 21.93
7 21.46 22.01
8 21.46 22.09

Gold Futures 0 65.85 65.86
1 22.10 22.19
2 21.87* 22.09*
3 21.88 22.14
4 21.92 22.21
5 21.88 22.30
6 21.89 22.39
7 21.89 22.48
8 21.89 22.56

The output from the IRF, displayed in Tables 40 and 41, and variance decomposition,

displayed in Tables 42 and 43, suggests that none of the included variables exert any

influence over the gold prices. From the variance decomposition, we can see that for both
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cash and futures prices, shocks to the gold price itself account for over 99% of the variance

in gold prices. Given that these results differ greatly from the monthl} analysis, this

suggests that a different system of variables is in operation for daily gold prices. While the

macroeconomic variables that were excluded in this daily analysis were not a significant

influence on gold prices, save for CPI, the results suggest that we have not identified the

important variables that affect gold prices on a daily basis. The magnitude of the response

of gold to a shock in any of these variables, or the variation in gold prices that is not

attributable to the metal itself, is minimal, suggesting the negligible impact of the

explanatory variables to gold cash and future prices.

Table 40: Impulse Response Function Gold Cash Daily Dataset 1983-2003

Period GOLDCASH FTSEC S&P500C DOLLAR POUND INTUK    INTUS OIL

I 3.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 3.03 0. I I -0.07 0.01 0.00 0.03 -0.05 0.22

3 3.03 0. I 0 -0.01 0.00 -0.01 0.02 -0.05 0.2 I

4 3.01 0.08 -0.01 0.00 -0.01 0.02 -0.06 0.2 I

5 3.00 0.07 -0.01 0.00 ,0.01 0.02 -0.06 0.20

6 2.98 0.06 0.00 0.00 -0.02 0.02 -0.06 0.19

7 2.97 0.04 0.00 -0.01 -0.02 0.01 -0.06 0. I 9

8 2.95 0.03 0.01 -0.01 -0.02 0.01 -0.06 0.18

9 2.94 0.02 0.01 -0.01 -0.03 O01 -0 07 0.18

I 0 2.93 0.00 0.01 -0.01 -0.03 0.01 -0.07 0.17

I I 2.91 -0.01 0.02 -0.02 -0.03 0.01 -0.07 0.16

12 2.90 -0.02 0.02 -0.02 -0.04 0.01 -0.07 0.16

Cholesky Ordering: GOLDCASH FTSEC S&PC DOLLAR POUND INTUK INTLIS OIL
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Table 41: Impulse Response Function Gold Cash Daily Dataset 1983-2003

Period GOLDFUTURES FTSEF S&P500F DOLLAR POUND INTUK INTUS OIL

1 3.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 3.01 0.15 0.02 -0.10 0.05 0.05 -0.07 0.09

3 3.01 0.13 0.08 -0.10 0.04 0.05 -0.07 0.08

4 2.99 0.12 0.08 -0.10 0.04 0.05 -0.08 0.08

5 2.98 0.10 0.08 -0.10 0.03 0.05 -0.08 0.07

6 2.96 0.09 0.09 -0.10 0.03 0.05 -0.08 0.06

7 2.95 0.08 0.09 -0.10 0.02 0.05 -0.09 0.06

8 2.94 0.06 0.10 -0.10 0.02 0.05 -0.09 0.05

9 2.92 0.05 0.10 -0.11 0.01 0.05 -0.09 0.04

10 2.91 0.04 0.10 -0.11 0.01 0.05 -0.09 0.04

11 2.89 0.03 0.11 -0.11 0.01 0.05 -0.10 0.03

12 2.88 0.01 0.1 i -0.11 0.00 0.05 -0.10 0.02

Cholesky Ordering: GOLDFUTURES FTSEF S&PF DOLLAR POUND INTUK INTUS OIL

Table 42: Variance Decomposition Gold Cash Daily Dataset 1983-2003

Period S.E. GOLDC FTSEC S&P500C DOLLAR POUND INTUK INTUS OIL

1 3.16 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 4.39 99.64 0.06 0.03 0.00 0.00 0.00 0.01 0.25

3 5.33 99.56 0.07 0.02 0.00 0.00 0.00 0.02 0.33

4 6.13 99.52 0.07 0.02 0.00 0.00 0.00 0.02 0.36

5 6.83 99.51 0.07 0.01 0.00 0.00 0.00 0.02 0.38

6 7.45 99.51 0.06 0.01 0.00 0.00 0.00 0.03 0.39

7 8.03 99.51 0.06 0.01 0.00 0.00 0.00 0.03 0.39

8 8.55 99.52 0.05 0.01 0.00 0.00 0.00 0.03 0.39

9 9.05 99.52 0.05 0.01 0.00 0.00 0.00 0.03 0.38

10 9.51 99.53 0.04 0.01 0.00 0.00 0.00 0.04 0.38

11 9.95 99.54 0.04 0.01 0.00 0.00 0.00 0.04 0.37

12 10.36 99.54 0.04 0.01 0.00 0.01 0.00 0.04 0.37

Cholesky Ordering: GOLDCASH FTSEC S&P500C DOLLAR POUND 1NTUK 1NTUS OIL
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Table 43: Variance Decomposition Gold Cash Daily Dataset 1983-2003

Period S.E. GOLDF FTSEF S&P5OOF DOLLAR POUND INTUK 1NTUS OIL

1 3.18 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 4.38 99.73 0.12 0.00 0.05 0.01 0.01 0.03 0.04

3 5.32 99.63 0.15 0.03 0.07 0.01 0.02 0.04 0.05

4 6.11 99.60 0.15 0.04 0.08 0.01 0.02 0.05 0.06

5 6.80 99.58 0.14 0.04 0.09 0.01 0.02 0.05 0.06

6 7.42 99,58 0.14 0.05 0.09 0.01 0.02 0.06 0.05

7 7.98 99.57 0.13 0.06 0.10 0.01 0.02 0.06 0.05

8 8.51 99.57 0.12 0.06 0.10 0.01 0.03 0.06 0.05

9 9.00 99.57 0.11 0.07 0.10 0.01 0.03 0.07 0.0.’;

l0 9.46 99.57 0.10 0.07 0.11 0.01 0.03 0.07 0.04

I l 9.89 99.57 0.09 0.08 0.1 I 0.01 0.03 0.07 0.04

12 10.31 99.57 0.08 0.09 0.11 0.01 0.03 0.08 0.04

Granger Causality:

The Granger Causality for this period, as shown in Tables 44 and 45, shows that one-wa)

causality is observed running from oil and the FTSE to gold cash and future prices, while

we cannot reject the null hypothesis that S&P 500 does not granger cause gold futures.

There are instances of one-way direction of causality from gold prices to the other

variables in the system. This is observed from gold prices to the pound, U.K. interest rates

and U.S. interest rates. Also we cannot reject the null hypothesis that gold futures do not

granger cause the U.S. dollar.

Table 44: Granger Causality 1983-2003 Gold Cash Daily Dataset

Null Hypothesis:
FTSEC does not Granger Cause GoldC

GoldC does not Granger Cause FTSEC

S&P500C does not Granger Cause GoldC

GoldC does not Granger Cause S&P500C
DOLLAR does not Granger Cause GoldC

GoldC does not Granger Cause DOLLAR

POUND does not Granger Cause GoldC

GoldC does not Granger Cause POUND
INTUK does not Granger Cause GoldC

GoldC does not Granger Cause 1NTUK

INTUS does not Granger Cause GoldC

GoldC does not Granger Cause INTUS

OIL does not Granger Cause GoldC
GoldC does not Granger Cause OIL

F-Statistic ProbabUitv

5.58 0.00

0.33 0.72

1.07 0.34

0.25 0.78

0.31 0.73

0.08 0.92

1.13 0.32

5.74 0.00

0.I1 0.90

5.66 O.IX)

2.15 0.12

6.72 0.00

13.82 0.00

0.73 0.48
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Table 45: Granger Causality 1983-2003 Gold Futures Daily Dataset

Null Hypothesis:
FTSEF does not Granger Cause GoldF
GoldF does not Granger Cause FTSEF

S&P500F does not Granger Cause GoldF

GoldF does not Granger Cause S&P500F

DOLLAR does not Granger Cause GoldF
GoldF does not Granger Cause DOLLAR

POUND does not Granger Cause GoldF
GoldF does not Granger Cause POUND

INTUK does not Granger Cause GoldF
GoldF does not Granger Cause INTUK

INTUS does not Granger Cause GoldF

GoldF does not Granger Cause INTUS
O1L does not Granger Cause GoldF

GoldF does not Granger Cause OIL

F-Statistic Probability

8.72 0.00

1.64 0.19

3.56 0.03

0.13 0.88

1.14 0.32

33.53 0.00

1.27 0.28

2.42 0.09

0.87 0.42
6.91 0.00

1.66 0.19

5.66 0.00

2.85 0.06

1.07 0.34

8.2.5 1985-1989 Daily Analysis

Given that the longer term daily dataset did not reveal any variables that play a key role in

the derivation of gold prices, the next stage is to examine, the nature of this relationship

during a crisis period.

The lag length criterion of AIC and SC suggest that two lag lengths are appropriate for

both gold datasets.
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Table 46: VAR Lag Order Selection Criteria 1985-1989 Dan), Dataset

Gold Cash

Gold Futures

Lag AIC SC
0 51.86 51.90
1 18.79 19.20
2 18.56" 19.13"
3 18.60 19.54
4 i 8.64 19.88
5 18.67 20.21
6 18.71 20.55
7 i 8.76 20.90
8 18.78 21.22
0 52.13 52.17
1 19.81 20.23
2 19.59" 20.14"
3 19.64 20.57
4 ! 9.66 20.90
5 19.68 21.22
6 19.72 21.55
7 19.75 21.89
8 i 9.78 22.22

Similar to the results reported for the overall data analysis, tbr the 1987 sub-period.

comparable results are reported. From both the impulse response functions, shown in

Tables 47 and 48, and the variance decompositions, shown in Tables 49 and 50. we see

that none of the identified variables exercise a considerable influence on gold prices.

Again, this is at odds with the results from the monthly analysis suggesting that the

explanatory variables play a key role over the longer term and are not as important a factor

in higher frequency pricing of the metal.
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Table 47: Impulse Response Function Gold Cash Daily Dataset 1985-1989

Period GOLDC FTSEC S&P500C DOLLAR    POUND INTUK INTUS OIL

1 3.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 3.23 0.26 -0.38 -0.02 -0.01 -0.05 0.07 0.22

3 3.20 0.34 -0.19 -0.05 0.00 -0.10 0.07 0.23

4 3.15 0.32 -0.16 -0.07 0.00 -0.13 0.05 0.25

5 3.10 0.31 -0.15 -0.09 0.00 -0.16 0.02 0.27

6 3.05 0.30 -0.14 -0.12 -0.01 -0.19 0.00 0.28

7 3.00 0.29 -0.13 -0.14 -0.02 -0.22 -0.02 0.29

8 2.95 0.29 -0.12 -0.16 -0.02 -0.25 -0.04 0.31

9 2.90 0.28 -0.11 -0.18 -0.03 -0.28 -0.06 0.32

10 2.85 0.28 -0.10 -0.20 -0.04 -0.30 -0.09 0.33

l I 2.81 0.27 -0.10 -0.22 -0.05 -0.33 -0.11 0.34

12 2.76 0.27 -0.09 -0.24 -0.05 -0.35 -0.13 0.35

13 2.72 0.27 -0.09 -0.25 -0.06 -0.38 -0.15 0.36

14 2.67 0.26 -0.09 -0.27 -0.07 -0.40 -0.17 0.37
15 2.63 0.26 -0.09 -0.29 -0.08 -0.43 -0.18 0.37

16 2.58 0.26 -0.09 -0.31 -0.09 -0.45 -0.20 0.38
17 2.54 0.26 -0.09 -0.32 -0.10 -0.47 -0.22 0.39

18 2.50 0.26 -0.09 -0.34 -0.11 -0.49 -0.24 0.39
19 2.45 0.25 -0.09 -0.36 -0.12 -0.52 -0.25 0.40
20 2.41 0.25 -0.09 -0.37 -0.13 -0.54 -0.27 0.40

Cholesky Ordering: GOLDCASH FTSEC S&PC DOLLAR POUND 1NTUK INTUS OIL

Table 48: Impulse Response Function Gold Futures Daily Dataset 1985-1989

Period GOLDF FTSEF S&P500F DOLLAR POUND INTUK INTUS OIL
1 4.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 3.58 0.28 0.08 -0.07 0.08 0.16 -0.07 0.11
3 3.52 0.25 0.16 -0.09 0.05 0.11 -0.05 0.14
4 3.45 0.25 0.14 -0.11 0.03 0.07 -0.07 0.15
5 3.39 0.26 0.13 -0.14 0.02 0.03 -0.08 0.17
6 3.32 0.27 0.12 -0.16 0.00 -0.01 -0.09 0.18
7 3.26 0.27 0.11 -0.19 -0.01 -0.05 -0.10 0.19
8 3.20 0.28 0.10 -0.21 -0.02 -0.09 -0.11 0.20
9 3.14 0.29 0.09 -0.23 -0.04 -0.13 -0.12 0.21

10 3.08 0.29 0.08 -0.25 -0.05 -0.17 -0.13 0.22
11 3.02 0.30 0.07 -0.28 -0.06 -0.20 -0.14 0.23
12 2.97 0.31 0.06 -0.30 -0.07 -0.24 -0.15 0.24
13 2.91 0.31 0.05 -0.32 -0.09 -0.27 -0.16 0.25
14 2.86 0.32 0.04 -0.33 -0.10 -0.30 -0.17 0.26
15 2.81 0.32 0.03 -0.35 -0.11 -0.33 -0.18 0.26
16 2.76 0.33 0.03 -0.37 -0.12 -0.36 -0.19 0.27
17 2.71 0.33 0.02 -0.39 -0.14 -0.39 -0.20 0.28
18 2.66 0.34 0.01 -0.40 -0.15 -0.42 -0.21 0.28
19 2.61 0.34 0.00 -0.42 -0.16 -0.45 -0.22 0.29
20 2.56 0.34 -0.01 -0.44 -0.17 -0.47 -0.22 0.29

Cholesky Ordering: GOLDFUTURES FTSEF S&PF DOLLAR POUND 1NTUK INTUS OIL
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Table 49: Variance Decomposition Gold Cash 1985-1989 Daily Dataset

Period S.E. GOLDC FTSEC S&PS00C DOLLAR POUND INTUK INTUS OIL
1 3.59 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 4.86 98.87 0.28 0.61 0.00 0.00 0.01 0.02 0.2 I
3 5.84 98.56 0.53 0.53 0.01 0.00 0.04 0.03 0.3 I
4 6.65 98.40 0.63 0.47 0.02 0.00 0.07 0.03 0.38
5 7.35 98.28 0.69 0.43 0.03 0.00 O. l I 0.02 0.45
6 7.97 98.16 0.73 0.39 0.05 0.00 0.15 0.02 0.50
7 8.53 98.04 0.75 0.36 0.07 0.00 0.20 0.02 0.56
8 9.04 97.91 0.77 0.34 0.09 0.00 0.25 0.02 0.6 I
9 9.51 97.78 0.79 0.32 0.12 0.00 0.31 0.02 0.66

i0 9.95 97.63 0.80 0.30 0.15 0.00 0.38 0.03 0.72
I 1 10.35 97.47 0.81 0.29 0.18 0.00 0.45 0.03 0.77
12 10.73 97.30 0.81 0.28 0.21 0.01 0.53 0.05 0.82
13 11.09 97.11 0.82 0.27 0.25 O.OI 0.61 0.06 0.87
14 I 1.43 96.91 0.82 0.26 0.29 0.01 0.70 0.08 0.02
15 11.75 96.70 0.83 0.25 0.34 0.02 0.80 O. I 0 0.97
16 12.05 96.47 0.83 0.24 0.39 0.02 0.90 0.12 1.02
17 12.34 96.23 0.84 0.24 0.44 0.03 1.00 O. 15 1.07
18 12.62 95.99 0.84 0.23 0.49 0.03 1.11 0.18 1.12
19 12.88 95.72 0.85 0.23 0.55 0.04 1.23 0.21 1.17
20 13.14 95.45 0.85 0.22 0.61 0.05 1.35 0.24 1.22

Cholesky Ordering: GOLDCASH FTSEC S&P500C DOLLAR POUND IN/UK INTUS OIL

Table 50: Variance Decomposition Gold Futures 1985-1989 Daily’ Dataset

Period S.E. GOLDF FTSEF S&PS00F DOLLAR POUND INTUK INTUS Oil.

1 4.01 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 5.39 99.52 0.27 0.02 0.02 0.02 0.08 0.02 0.04
3 6.45 99.34 0.34 0.08 0.03 0.02 0.09 0.02 0.08
4 7.32 99.25 0.38 O. I 0 0.05 0.02 0.08 0.02 O. I I
5 8.08 99.18 0.41 O. 10 0.07 0.02 0.06 0.03 O. 13
6 8.74 99.10 0.45 0.11 0.09 0.01 0.05 0.03 0.15

7 9.34 99.01 0.48 0.11 0.12 0.01 0.05 0.04 0.18

8 9.88 98.92 0.50 O. I I O. 15 0.01 0.05 0.05 0.20
9 10.38 98.82 0.53 0.10 0.19 0.01 0.07 0.06 0.22

I0 10.84 98.70 0.56 0.10 0.23 0.01 0.08 0.07 0.25

I I 11.27 98.57 0.59 0.10 0.27 0.01 0.11 0.08 0.27

12 11.66 98.42 0.62 0.09 0.32 0.02 O. 14 0.09 0.30

13 12.04 98.27 0.65 0.09 0.37 0.02 0.18 0.10 0.32

14 12.39 98.10 0.68 0.09 0.42 0.03 0.23 0.11 0.35

15 12.72 97.92 0.71 0.08 0.47 0.03 0.29 0.13 0.37

16 13.04 97.72 0.74 0.08 0.53 0.04 0.35 0.14 0.40

17 13.33 97.51 0.77 0.08 0.59 0.05 0.42 O. 16 0.42

18 ! 3.62 97.29 0.79 0.07 0.66 0.06 0.50 O. 17 0.45

19 13.89 97.06 0.82 0.07 0.72 0.07 0.58 0.19 0.47

20 14.15 96.82 0.85 0.07 0.79 0.08 0.68 0.21 0.50

Cholesky Ordering: GOLDFUTURES FTSEF S&PF DOLLAR POUND INTUK INTUS OIL
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Granger Causality:

Looking at the results of the granger causality for the 1985-1989 sub-period with 2 lags in

Tables 51 and 52, there are many instances of causality. Two-way causality is observed

between gold futures and FTSE futures, and also between gold futures and both U.S. and

U.K interest rates at the 10% level. One-way causality is observed from the FTSE, UK

interest rates, US interest rates and oil to gold cash prices. In addition causality also runs

from gold to a number of explanatory variables.

Table 51: Granger Causality 1985-1989 Gold Cash Dataset

Null Hypothesis:
FTSEC does not Granger Cause GoldC

GoidC does not Granger Cause FTSEC
S&P500C does not Granger Cause GoldC
GoldC does not Granger Cause S&P500C

DOLLAR does not Granger Cause GoldC
GoldC does not Granger Cause DOLLAR

POUND does not Granger Cause GoldC
GoldC does not Granger Cause POUND

INTUK does not Granger Cause GoldC
GoldC does not Granger Cause INTUK

INTUS does not Granger Cause GoldC
GoldC does not Granger Cause INTUS

OIL does not Granger Cause GoldC

GoldC does not Granger Cause OIL

F-Statistic Probability

4.32 0.01

0.98 0.38

1.62 0.20

0.28 0.76

0.03 0.97
0.20 0.82

1.39 0.25
3.64 0.03

2.94 O.O5
0.88 0.42

3.77 0.02
1.64 0.19

2.83 0.06
1.08 0.34

Table 52: Granger Causality 1985-1989 Gold Futures Dataset

Null Hypothesis:

FTSEF does not Granger Cause GoldF
GoldF does not Granger Cause FTSEF

S&P500F does not Granger Cause GoldF
GoldF does not Granger Cause S&P500F
DOLLAR does not Granger Cause GoldF

GoldF does not Granger Cause DOLLAR
POUND does not Granger Cause GoldF

GoldF does not Granger Cause POUND

INTUK does not Granger Cause GoldF
GoldF does not Granger Cause INTUK

INTUS does not Granger Cause GoldF

GoldF does not Granger Cause INTUS
OIL does not Granger Cause GoldF

GoldF does not Granger Cause OIL

F-Statistic Probability

3.29 0.04
4.30 0.01
1.79 0.17
2.93 0.05
0.02 0.98
7.89 0.00
1.74 0.18
4.89 0.01
2.73 0.07
2.77 0.06
2.32 0.10
3.01 0.05
0.69 0.50
0.14 0.87
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8.2.6 1999-2003 Daffy Analysis

The lag length selection table below shows that the most appropriate lag length is ~o lags

for the VAR system.

Table 53: Lag Length Selection 1999-2003 Daily Dataset

Variables Lag AIC SC

Gold Cash 0 51.59 51.62

i 21.92 22.26

2 21.69" 22.21"

3 21.70 22.53

4 21.73 22.83

5 21.78 23.14

6 21.82 23.45

7 21.85 23.74

8 21.89 24.05

Gold Futures 0 51.64 51.67

I 22.17 22.50
2 21.93" 22.47*

3 21.97 22.80

4 2 i .99 23.09

5 22.02 23.39

6 22.07 23.69

7 22. I I 24.00

8 22.13 24.29

The results for the daily analysis of the 2001 dataset reveal similar results to the 1987 daily

investigation, it appears that from the daily perspective, no significant variable is not

forthcoming in its influence on the price of gold, either cash or future prices.



Table 54: Impulse Response Function 1999-2003 Gold Cash Dataset

Period GOLDC FTSEC S&P500C DOLLAR POUND INTUK INTUS OIL
1 2.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 2.72 0.15 0.00 -0.10 0.01 0.04 -0.15 0.10
3 2.65 0.14 0.11 -0.12 0.01 0.06 -0.21 0.14
4 2.59 0.12 0.13 -0.15 0.01 0.08 -0.25 0.17
5 2.52 0.10 0.16 -0.17 0.00 0.10 -0.29 0.19
6 2.47 0.08 0.19 -0.20 0.00 0.11 -0.32 0.22
7 2.41 0.07 0.21 -0.22 0.00 0.12 -0.35 0.25
8 2.35 0.05 0.24 -0.25 -0.01 0.13 -0.38 0.27
9 2.30 0.04 0.26 -0.27 -0.01 0.14 -0.41 0.30

10 2.25 0.03 0.28 -0.29 -0.01 0.15 -0.44 0.32
11 2.21 0.02 0.29 -0.31 -0.02 0.16 -0.46 0.34
12 2.16 0.01 0.31 -0.33 -0.03 0.17 -0.48 0.36
13 2.12 0.00 0.33 -0.35 -0.03 0.18 -0.51 0.38
14 2.08 -0.01 0.34 -0.36 -0.04 0.18 -0.53 0.40
15 2.04 -0.02 0.35 -0.38 -0.04 0.19 -0.55 0.42
16 2.00 -0.03 0.37 -0.40 -0.05 0.19 -0.56 0.43
17 1.96 -0.04 0.38 -0.41 -0.06 0.19 -0.58 0.45
18 1.93 -0.05 0.39 -0.42 -0.07 0.20 -0.60 0.46
19 1.90 -0.06 0.40 -0.44 -0.07 0.20 -0.61 0.48
20 1.86 -0.06 0.40 -0.45 -0.08 0.20 -0.63 0.49

Cholesky Ordering: GOLDCASH FTSEC S&P500C DOLLAR POUND INTUK INTUS OIL

Table 55: Impulse Response Function 1999-2003 Gold Cash Dataset

Period GOLDF FTSEF S&P500F DOLLAR    POUND INTUK INTUS OIL
1 3.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 2.91 0.18 0.15 -0.12 -0.09 0.19 -0.21 0.00
3 2.84 0.16 0.25 -0.14 -0.07 0.19 -0.26 0.04
4 2.76 0.14 0.27 -0.18 -0.06 0.21 -0.31 0.08
5 2.68 0.13 0.29 -0.21 -0.06 0.22 -0.34 0.12
6 2.61 0.11 0.31 -0.24 -0.06 0.23 -0.38 0.15
7 2.54 0.09 0.33 -0.26 -0.05 0.24 -0.41 0.18
8 2.48 0.08 0.34 -0.29 °0.05 0.24 -0.44 0.22
9 2.42 0.07 0.36 -0.31 -0.05 0.25 -0.47 0.25

10 2.36 0.05 0.37 -0.34 -0.05 0.26 -0.49 0.27
11 2.30 0.04 0.38 -0.36 -0.05 0.26 -0.52 0.30
12 2.25 0.03 0.39 -0.38 -0.05 0.27 -0.54 0.32
13 2.20 0.02 0.40 -0.40 -0.05 0.27 -0.56 0.35
14 2.15 0.00 0.41 -0.42 -0.06 0.28 -0.58 0.37
15 2.10 -0.01 0.42 -0.43 -0.06 0.28 -0.60 0.39
16 2.06 -0.02 0.42 -0.45 -0.07 0.28 -0.62 0.41
17 2.02 -0.03 0.43 -0.47 -0.07 0.28 -0.64 0.43
18 1.98 -0.03 0.44 -0.48 -0.08 0.28 -0.65 0.44
19 1.94 -0.04 0.44 -0.50 -0.08 0.29 -0.67 0.46
20 1.90 -0.05 0.44 -0.51 -0.09 0.29 -0.68 0.47

Cholesky Ordering: GOLDFUTURES FTSEF S&P500F DOLLAR POUND INTUK INTUS OIL
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Table 56: Variance Decomposition 1999-2003 Gold Cash Daily Dataset

Period S.E. GOLDC FTSEC S&PS00C DOLLAR POUND INTUK INTUS OIL
! 2.79 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 3.90 99.56 0.15 0.00 0.06 0.00 0.01 0.16 0.06
3 4.73 99.20 0.18 0.05 0.10 0.00 0.03 0.30 0.12
4 5.40 98.87 0.19 0.10 0.15 0.00 0.04 0.45 0.19
5 5.98 98.53 0.18 0.15 0.21 0.00 0.06 0.60 0.26
6 6.49 98.17 0.17 0.21 0.27 0.00 0.08 0.75 0.34
7 6.94 97.78 0.16 0.28 0.34 0.00 0.10 0.91 0.42
8 7.36 97.36 0.15 0.35 0.42 0.00 0.13 1.08 0.52
9 7.74 96.91 0.14 0.43 0.50 0.00 0.15 1.26 0.62

10 8.09 96.44 0.13 0.51 0.58 0.00 0.17 1.44 0.72
11 8.41 95.96 0.12 0.59 0.67 0.00 0.20 1.63 0.83
12 8.72 95.45 0.11 0.68 0.77 0.00 0.22 1.83 0.95
13 9.01 94.92 0.10 0.77 0.87 0.00 0.24 2.03 1.07
14 9.29 94.39 0.10 0.86 0.97 0.00 0.27 2.23 1.19
15 9.55 93.84 0.09 0.95 1.07 0.01 0.29 2.44 1.32
16 9.80 93.28 0.09 ! .04 I. 18 0.01 0.31 2.64 1.45
17 10.04 92.71 0.09 1.13 1.29 0.01 0.34 2.86 1.58

18 10.27 92.13 0.08 1.22 1.41 0.02 0.36 3.07 1.71
19 10.49 91.56 0.08 1.31 1.52 0.02 0.38 3.28 1.84
20 10.70 90.97 0.08 1.40 1.64 0.02 0.40 3.49 1.98

Cholesky Ordering: GOLDCASH FTSEC S&P500C DOLLAR POUND INTUK INTUS OIL

Table 57: Variance Decomposition 1999-2003 Gold Futures Daily Dataset

Period    S.E. GOLDF FTSEF S&P500F DOLLAR POUND INTUK INTUS OIL
i 3.02 100.00 0.00
2 4.22 99.11 0.18
3 5.10 98.53 0.23
4 5.82 98.07 0.24
5 6.44 97.63 0.23
6 6.97 97.20 0.22
7 7.45 96.74 0.2 I
8 7.89 96.27 0.20
9 8.28 95.79 O. 19

I 0 8.65 95.28 0. i 7
I I 8.99 94.76 0.16

12 9.31 94.22 0.15
13 9.61 93.67 0.14

14 9.89 93.11 0.14

15 10.16 92.54 0.13

16 10.42 91.96 0.12
17 10.66 91.37 0.12

18 10.90 90.78 0.11
19 11.12 90.19 0.11

20 11.34 89.59 0.11

0.00 0.00 0.00 0.00 0.00 0.00

0.13 0.08 0.04 0.21 0.24 0.00
0.34 0.14 0.05 0.28 0.43 0.01

0.47 0.20 0.05 0.34 0.61 0.02
0.59 0.27 0.05 0.39 0.79 0.05

0.70 0.34 0.05 0.44 0.96 0.09
0.80 0.42 0.05 0.49 I. 15 0.14

).90 0.51 0.05 0.53 1.33 0.20
.00 0.61 0.05 0.57 1.53 0.27

.10 0.71 0.04 0.62 1.73 0.35

.20 0.81 0.04 0.66 1.93 0.43

.30 0.92 0.04 0.70 2.14 0.52

.39 1.04 0.05 0.73 2.35 0.62

.48 1.16 0.05 0.77 2.57 0.73

.58 1.28 0.05 0.81 2.79 0.83

.67 1.41 0.05 0.84 3.01 0.95

.75 1.54 0.05 0.87 3.23 1.06

.84 1.67 0.05 0.90 3.46 I. 18

.92 1.80 0.06 0.93 3.68 1.3 I

2.00 1.93 0.06 0.96 3.91 1.43

Cholesky Ordering: GOLDFUTURES FTSEF S&P500F DOLLAR POUND INTUK INTUS OIL
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Granger Causality:

The granger causality for gold cash, in Table 58, reveals that one-way direction of

causality runs from FTSE cash to gold cash while two-way causality is observed between

gold cash and U.S. interest rates. For gold future prices, shown in Table 59, one-way

direction of causality is observed from FTSE futures, S&P500 futures, U.K. interest rates

and U.S. interest rates to gold future prices. We can observe causality running in the

opposite direction from gold future prices to the dollar, pound, and oil.

Table 58: Granger Causality 1999-2003 Daily Gold Cash Dataset

Null Hypothesis: F-Statistic Probability

FTSEC does not Granger Cause GoldC
GoldC does not Granger Cause FTSEC
S&P500C does not Granger Cause GoidC
GoldC does not Granger Cause S&P500C
DOLLAR does not Granger Cause GoldC
GoldC does not Granger Cause DOLLAR
POUND does not Granger Cause GoldC
GoldC does not Granger Cause POUND
INTUK does not Granger Cause GoldC
GoldC does not Granger Cause INTUK
INTUS des not Granger Cause GoldC
GoldC does not Granger Cause INTUS
OIL does not Granger Cause GoldC

GoldC does not Granger Cause OIL

4.31 0.01
0.34 0.71
1.19 0.30
0.44 0.65

0.26 0.77
4.68 0.01
0.58 0.56
3.01 0.05
2.28 0.10
0.82 0.44

3.96 0.02
3.70 0.02
0.97 0.38
0.65 0.52

Table 59: Granger Causality 1999-2003 Daily Gold Futures Dataset

Null Hypothesis: F-Statistic Probability
FTSEF does not Granger Cause GoldF 4.94 0.01
GoldF does not Granger Cause FTSEF 0.13 0.87
S&P500F does not Granger Cause GoldF 4.01 0.02
GoldF does not Granger Cause S&P500F 0. ! 9 0.83
DOLLAR does not Granger Cause GoldF 0.32 0.73
GoldF does not Granger Cause DOLLAR 6.83 0.00
POUND does not Granger Cause GoldF 1.19 0.30
GoldF does not Granger Cause POUND 2.56 0.08
INTUK does not Granger Cause GoldF 4.09 0.02
GoldF does not Granger Cause INTUK 1.02 0.36
INTUS does not Granger Cause GoldF 4.92 0.01
GoldF does not Granger Cause INTUS 2.91 0.06
OIL does not Granger Cause GoldF 0.34 0.71
GoldF does not Gran~;er Cause OIL 3.41 0.03
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The results of the unrestricted VAR analysis suggest that a marked difference exists

between the influencing factors for daily gold prices and monthly gold prices. The pox~er

of the explanatory variables, based on their impact from the consulted literature, suggests

that very different forces are at work over the different levels of frequency. The dailx

analysis, at the unrestricted VAR level, suggests that none of the real. macroeconomic or

financial variables play a role in gold cash or future prices. The nature of these

relationships, however, is very different at the monthly frequency. At this level, the

analysis suggests that gold prices are heavily impacted by exchange rates, equi~ market

indexes, interest rates, and the consumer price index. However, the results sho~ different

trends over the long term, as apposed to the shorter crises periods. Overall, U.S. interest

rates play a key role, in conjunction with the other variables identified earlier, in these

processes. The major distinction between the various periods is the importance of the role

of oil prices and the emergence of the S&P 500 as important players during crisis periods.

These variables do not exert any considerable impact on gold prices over the longer term.

suggesting that different dynamics are at work. Oil prices exert a positive influence on the

price of gold, which is in common with the theory that gold has a history of tracking oil

prices due to gold’s use as an inflation hedge when energy prices are on the rise. Melvin

and Sultan (1990) and Cai, Cheung et al. (2001) noted the important role of oil prices to

gold price changes. As one would expect, similarly CPi also exerts a positive impact on

gold prices, supporting the long history of gold as a hedge against inflation. As expected.

the dollar is a key player across all periods, which has been noted by man) researchers

including Sjaastad and Scacciavillani (1996). Baker and Van Tassel (1985). and Sherman

(1983).
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8.3 Unit Root Analysis

The methodology surrounding unit root analysis was outlined in Chapter 6. The unit root

results for all variables of both procedures, the Augmented Dickey Fuller and Phillips

Perron, are available in Tables 60 and 6 l, which documents the unit root characteristics of

all series. The results indicate that the majority of the data are not stationary, but stationary

in first difference, known as I(l). However there are some variables that are stationary in

levels. From the 1983-2003 monthly dataset, the U.S. unemployment rate is stationary. Oil

and the U.K. unemployment are stationary in the 1999-2003 sub-period monthly dataset.
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Table 60: Unit Root Characteristics Monthly Dataset

Levels                   1 st Diff.
SIC ADF SIC ADF PP

Variable Lag Prob. PP Prob. Lag Prob. Prob.
1983-2003 Monthly Dataset

2nd Diff
SIC ADF PP
Lag    Prob.    Prob.

GOLD CASH 0 0.38 0.46 0 0.00 0.00 6 0.00 0.00

GOLD FUTURES 0 0.21 0.28 0 0.00 0.00 6 0.00 0.00
FTSE100C 0 0.64 0.64 0 0.00 0.00 8 0.00 0.00
FTSEI00F 0 0.59 0.59 0 0.00 0.00 8 0.00 0.00

S&P500C 0 0.86 0.87 0 0.00 0.00 8 0.00 0.00

S&P500F 0 0.86 0.87 0 0.00 0.00 8 0.00 0.00
DOLLAR 0 0.57 0.51 0 0.00 0.00 7 0.00 0.00

POUND 0 0.24 0.20 0 0.00 0.00 3 0.00 0.00

OIL 0 0.18 0.27 0 0.00 0.00 9 0.00 0.00

UKCPI 13 0.74 0.63 12 0.00 0.00 11 0.00 0.00

UKINT 0 0.73 0.69 0 0.00 0.00 9 0.00 0.00

UKIP 1 0.27 0.23 1 0.00 0.00 6 0.00 0.00

UKUNEM 3 0.46 0.88 2 0.00 0.00 2 0.00 0.00

USCPI 2 0.75 0.80 1 0.00 0.00 I 0 0.00 0.00

USINT I 0.83 0.80 0 0.00 0.00 4 0.00 0.00

USIP 3 0.88 0.84 2 0.00 0.00 2 0.00 0.00

USUNEM 0 0.00 0.00 0 0.00 0.00 4 0.00 0.00

1985-1989 Monthly Dataset

GOLD CASH 0 0.43 0.45 0 0.00 0.00 6 0.00 0.00

GOLD FUTURES 0 0.42 0.42 0 0.00 0.00 6 0.00 0.00

FTSEI00C 0 0.37 0.37 0 0.00 0.00 I 0.00 0.00

FTSE100F 0 0.33 0.33 0 0.00 0.00 2 0.00 0.00

S&P500C 0 0.54 0.5’3 0 0.00 0.00 3 0.00 0.00

S&P500F 0 0.56 0.54 0 0.00 0.00 3 0.00 0.00

DOLLAR 1 0.88 0.20 0 0.00 0.00 1 0.00 0.00

STERLING 0 0.38 0.38 0 0.00 0.00 2 0.00 0.00

OIL 0 0.45 0.45 0 0.00 0.00 2 0.00 0.00

UKCPI 0 1.00 1.00 0 0.00 0.00 I 0 0.00 0.00

UKINT 0 0.87 0.81 0 0.00 0.00 0 0.00 0.00

UKIP 2 0.67 0.72 0 0.00 0.00 6 0.00 0.00

UKUNEM 5 0.34 0.99 6 0.00 0.00 5 0.00 0.00

USCPI 2 0.99 0.99 0 0.01 0.01 0 0.00 0.00

USINT 0 0.84 0.78 0 0.00 0.00 0 0.00 0.00

USIP 0 0.64 0.67 1 0.01 0.00 3 0.00 0.00

USUNEM 5 0.38 0.76 0 0.00 0.00 3 0.00 0.00

1999-2003 Monthly Dataset

GOLD CASH 2 0.99 0.96 1 0.00 0.00 2 0.00 0.00

GOLD FUTURES 2 0.98 0.95 1 0.00 0.00 7 0.00 0.00

FTSEI00C 0 0.82 0.85 0 0.00 0.00 1 0.00 0.00

FTSEI00F 0 0.82 0.85 0 0.00 0.00 1 0.00 0.00

S&P500C 0 0.75 0.75 0 0.00 0.00 3 0.00 0.00

S&P500F 0 0.77 0.77 0 0.00 0.00 3 0.00 0.00

DOLLAR I 0.82 0.90 0 0.00 0.00 0 0.00 0.00

STERLING 0 0.21 0.17 0 0.00 0.00 1 0.00 0.00

OIL 0 0.00 0.01 1 0.00 0.00 3 0.00 0.00

UKCPI 0 0.88 0.90 0 0.00 0.00 10 0.00 0.00

UKINT 1 0.87 0.86 0 0.00 0.00 3 0.00 0.00

UKIP 2 0.83 0.61 1 0.00 0.00 3 0.00 0.00

UKUNEM I 0.00 0.00 0 0.00 0.00 2 0.00 0.00

USCPI 2 0.46 0.18 I 0.00 0.00 2 0.00 0.00

USINT I 0.92 0.92 0 0.00 0.00 0 0.00 0.00
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USIP 2 0.25 0.28 1

USUNEM 0 0.91 0.88 0

0.00 0.00 0 0.00 0.00
0.00 0.00 1 0.00 0.00

Table 61: Unit Root Characteristics Daily Data

Levels 1st Diff. 2nd Diff
SIC ADF PP SIC ADF PP SIC ADF pp

Variable Lag Prob. Prob. Lag Prob. Prob. Lag Prob. Prob.
1983-2003 Daily Dataset

GOLD CASH 0 0.13 0.13 0
GOLD
FUTURES 0 0.08 0.11 1
FTSEC 3 0.63 0.60 2
FTSEF 3 0.60 0.61 2
S&P500C 0 0.83 0.86 0
S&P500F 3 0.85 0.86 2
DOLLAR 0 0.68 0.64 0
POUND 1 0.17 0.18 0
INTUK 2 0.81 0.79 1
INTUS 1 0.89 0.91 0
OIL 0 0.17 0.21 0
1985-1989 Daily Dataset
GOLD CASH 0 0.37 0.39 0
GOLD
FUTURES 1 0.38 0.39 0
FTSEC 1 0.36 0.29 0
FTSEF 0 0.31 0.26 0
S&P500C 0 0.43 0.43 0
S&P500F 2 0.39 0.34 1
DOLLAR 0 0.35 0.36 0
POUND 1 0.27 0.28 0
INTUK 2 0.96 0.95 1
INTUS 1 0.69 0.76 0
OIL 0 0.44 0.43 0
1999-2003 Daily Dataset

GOLD CASH 0 0.95 0.92 0
GOLD
FUTURES 0 0.92 0.91 0
FTSEC 0 0.72 0.80 2
FTSEF 0 0.72 0.79 2
S&P500C 0 0.64 0.71 0
S&P500F 0 0.64 0.72 0
DOLLAR . 2 0.94 0.92 1
POUND 0 0.13 0.14 0
INTUK 1 0.90 0.90 0
INTUS 10 0.96 0.97 9
OIL 0 0.11 0.1! 0

0.00 0.00 23 0.00 0.00

0.00 0.00 22 0.00 0.00
0.00 0.00 23 0.00 0.00
0.00 0.00 23 0.00 0.00
0.00 0.00 31 0.00 0.00
0.00 0.00 31 0.00 0.00
0.00 0.00 21 0.00 0.00
0.00 0.00 26 0.00 0.00
0.00 0.00 18 0.00 0.00
0.00 0.00 23 0.00 0.00
0.00 0.00 21 0.00 0.00

0.00 0.00 9 0.00 0.00

0.00 0.00 11 0.00 0.00
0.00 0.00 9 0.00 0.00
0.00 0.00 9 0.00 0.00
0.00 0.00 9 0.00 0.00
0.00 0.00 14 0.00 0.00
0.00 0.00 13 0.00 0.00
0.00 0.00 9 0.00 0.00
0.00 0.00 8 0.00 0.00
0.00 0.00 13 0.00 0.00
0.00 0.00 13 0.00 0.00

0.00 0.00 8 0.00 0.00

0.00 0.00 15 0.00 0.00
0.00 0.00 14 0.00 0.00
0.00 0.00 14 0.00 0.00
0.00 0.00 11 0.00 0.00
0.00 0.00 11 0.00 0.00
0.00 0.00 12 0.00 0.00
0.00 0.00 11 0.00 0.00
0.00 0.00 10 0.00 0.00
0.00 0.00 15 0.00 0.00
0.00 0.00 8 0.00 0.00

197



8.4 Cointegration Analysis

The methodology surrounding cointegration analysis was described in Chapter 6. With the

presence of individual unit root characteristics as indicated above, a linear combination of

these non-stationary variables may themselves be stationary; that is the x max be

cointegrated. Cointegration analysis allows for short-run deviants while capturing long-

term co-movements. The presence of cointegration between gold and other variables

implies that a long-run relationship exists between the gold and the relevant variables.

Traditional unit root tests results shown in section 8.3 indicate that most series are

integrated of order 1, i.e., the series are non-stationary in levels but stationary in first

differences; therefore we fail to reject the null hypothesis of a unit root for each of the

variables examined. The non-stationarity results achieved indicates that it is possible to use

cointegration analysis to examine whether any long-run relationships exist among the

variables in question. The presence ofcointegration is examined using the Johansen (1901)

method, and with variables that are integrated of order I(1).

Cointegration analysis will be used as the basis for performing the VECM in the next stage

of analysis. For the monthly and monthly dataset, a lag length of one. with a linear

deterministic trend is used. The Johansen cointegration test reports two test statistics for

the number of cointegrating relations: the trace statistics and the maximum eigenvalue

statistics. The ~.trace is a joint test, the null hypothesis being that the number of

cointegrating vectors is less than or equal to r, where r is the number of cointegrating

vectors. ~max utilises a separate test on each eigen value with the null hypothesis being

that the number of coitegrating vectors is r, with an alternative hypothesis of r+l. The test

output provides critical values for both the trace and max statistics. If the test statistics is

greater than the critical value, then for ktrace we can reject the null of r cointegrating

vectors in favour ofr+l: for ~.max that there is more than r CV.

The trace statistic and the max statistics may well provide conflicting results as to the

number of cointegrating vectors that exist between the series. Where this occurs the results

from the kmax statistic will be utilised.
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8.4.1 Monthly Cointegration Analysis

For the entire monthly dataset, a long-run linear relationship exists as shown in Table 62.

For the gold cash dataset, the trace statistic reveals four cointegrating vectors (CV’s) while

the max test statistics reveals two CV’s. For the gold futures dataset, the trace statistic

reveals six CV’s while the max reveals two CV’s.

The results for the 1985-89 monthly dataset in Table 63 reveal that cointegration does in

fact exist between the series. Given that there exists linear combinations of the variables

that are stationary, we examined the max and trace statistics. For gold cash, the trace

statistic reveals ten CV while the max statistics reveals nine CV. For gold futures, the trace

statistics shows ten CV while the max statistics indicates eight cointegrating vectors. The

Johansen test therefore reveals that indeed a long run relationship exists between gold cash

and futures, and the identified variables. This allows us to proceed to a VECM for this

dataset. Examining the results for the 1999-2003 dataset in Table 64, a long run

relationship exists in the sub-period between the series. For gold cash, the trace and max

statistics show five and three CV’s respectively. For gold futures, the trace statistic

indicates five CV while the max statistic indicates three CV.

Therefore, for the monthly series, where we include many macroeconomic variables that

do not pertain to the daily analysis, we can state that over the entire twenty-year period

analysis, a long run relationship does exist between gold and the identified variables. Also,

during the sub-period analysis, we can see that during periods of crisis a long-run

relationship and co-movement is in existence. This, therefore, points to the diversification

role of gold. It appears that over the long run and during the short term, gold appears to

move in a linear relationship and gold moves in tandem with key market variables.

8.4.2 Daily Cointegration Analysis

Looking at the entire dataset in Table 65, the Johansen test statistics, and both the Xtrace

and Xmax statistics, do not reject the null hypothesis of no CV. This indicates that a long

run relationship does not exist. Therefore we cannot proceed to an analysis of a VECM,

given that no linear combinations of the series are stationary.
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For both gold cash and gold futures 1985-1989 datasets, the kmax and brace statistics are

in agreement and both reveal one linearly independent cointegrating relationship as

indicated by the ktrace and kmax statistics.

The 1999-2003 sub-period shows that a long run linear relationship does not exist. The

ktrace statistic and the kmax statistics for gold cash and gold futures indicate that

cointegration is not an issue.

The daily analysis is not in line with the results obtained above in the monthly

examination. Cointegration is evident over the monthly time frame: however the dailx

analysis reveals that a linear relationship does not characterise the daily datasets over these

periods, with the exception of the 1985-1989 sub-period. We can clearly state, over the

long run, that a long-run relationship does not exist, and that gold cash and futures ma~

provide significant diversification properties. However, during the analysis of the monthly

datasets, both gold cash and gold futures are linearly related to the financial and macro

economic data, and indeed any diversification properties are eroded over this sample

period.
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Table 62: Cointegration Analysis 1983-2003 Monthly Dataset

Hypothesised Trace 0.05 Hypothesised
Critical

No. of CE(s) Eigenvalue Statistic    Value Prob. No. of CE(s)

Gold Cash
None 0.45 564.22 NA NA None
At most 1 * 0.30 416.90 334.98 0.00 At most 1 *
At most 2 * 0.25 327.67 285.14 0.00 At most 2
At most 3 * 0.21 257.19 239.24 0.01 At most 3
At most 4 0.19 197.11 197.37 0.05 At most 4
At most 5 0.14 145.61 159.53 0.22 At most 5
At most 6 0.12 108.14 125.62 0.35 At most 6
Gold Futures
None 0.42 548.12 NA NA None
At most 1 * 0.32 421.30 334.98 0.00 At most 1 *
At most 2 * 0.23 331.17 285.14 0.00 At most 2
At most 3 * 0.22 269.27 239.24 0.00 At most 3
At most 4 * 0.20 211.98 197.37 0.01 At most 4
At most 5 * 0.17 160.88 159.53 0.04 At most 5
At most 6 0.14 118.29 125.62 0.13 At most 6

Max-Eigen 0.05
Critical

Statistic    Value Pr0b

147.32 NA NA
89.23 76.58 0.00
70.49 70.54 0.05
60.08 64.50 0.12
51.49 58.43 0.20
37.47 52.36 0.65
31.60 46.23 0.68

126.82 NA NA
90.13 76.58 0.00
61.90 70.54 0.25
57.29 64.50 0.21
51.10 58.43 0.22
42.59 52.36 0.35
36.20 46.23 0.39

Table 63: Cointegration Analysis 1985-1989 Monthly Dataset

Hypothesised Trace 0.05
Critical

No. of CE(s) Eigenvalue Statistic    Value
Gold Cash
None 1.00 1081.16 NA
At most 1 0.98 809.99 NA
At most 2 * 0.94 624.56 334.98
At most 3 * 0.90 494.89 285.14
At most 4 * 0.82 385.53 239.24
At most 5 * 0.80 305.13 197.37
At most 6 * 0.75 228.45 159.53
At most 7 * 0.63 163.68 125.62
At most 8 * 0.61 116.34 95.75
At most 9 * 0.46 72.15 69.82
At most 10 0.38 43.41 47.86
At most 11 0.26 21.13 29.80
Gold Futures
None 1.00 1147.04 NA
At most 1 0.99 852.64 NA
At most 2 * 0.93 643.40 334.98
At most 3 * 0.92 517.79 285.14
At most 4 * 0.85 397.81 239.24
At most 5 * 0.80 309.19 197.37
At most 6 * 0.78 234.50 159.53
At most 7 * 0.64 163.56 125.62
At most 8 * 0.56 I 15.08 95.75
At most 9 * 0.49 76.62 69.82
At most l0 0.38 45.09 47.86
At most l I 0.27 22.44 29.80

Hypothesised Max-Eigen 0.05
Critieal

Prob No. of CE(s) Statistic    Value Prob

NA None 271.17 NA NA
NA At most 1 185.44 NA NA

0.00 At most 2 * 129.67 76.58 0.00
0.00 At most 3 * 109.36 70.54 0.00
0.00 At most 4" 80.40 64.50 0.00
0.00 At most 5 * 76.68 58.43 0.00
0.00 At most 6 * 64.77 52.36 0.00
0.00 At most 7 * 47.34 46.23 0.04
0.00 At most 8 * 44.18 40.08 0.02
0.03 At most 9 28.74 33.88 0.18
0.12 At most 10 22.28 27.58 0.21
0.35 At most 11 14.00 21.13 0.37

NA None 294.40 NA NA
NA At most 1 209.24 NA NA

0.00 At most 2 * 125.61 76.58 0.00
0.00 At most 3 * 119.98 70.54 0.00
0.00 At most4* 88.61 64.50 0.00
0.00 At most 5 * 74.69 58.43 0.00
0.00 At most 6 * 70.94 52.36 0.00
0.00 At most 7 * 48.48 46.23 0.03
0.00 At most 8 38.46 40.08 0.08
0.01 At most9 31.53 33.88 0.09
0.09 At most 10 22.65 27.58 0.19
0.27 At most 11 15.08 21.13 0.28
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Table 64: Coinegration Analysis 1999-2003 Monthly Dataset

Hypothesised Trace 0.05 Hypothesised
Critical

No. of CE(s) Eigenvalue Statistic    Value Prob No. of CE(s)
Gold Cash
None* 0.82 483.37 334.98 0.00 None*
At most 1 * 0.78 388.52 285.14 0.00 At most 1 *
At most 2 * 0.73 304.27 239.24 0.00 At most 2 *
At most 3 * 0.64 232.75 197.37 0.00 At most 3
At most 4 * 0.61 175.87 159.53 0.00 At most 4
At most 5 0.45 124.31 125.62 0.06 At most 5
At most 6 0.37 91.75 95.75 0.09 At most 6
Gold Futures
None* 0.82 478.44 334.98 0.00 None*
At most 1 * 0.77 384.43 285.14 0.00 At most 1 *
At most 2 * 0.73 302.57 239.24 0.00 At most 2 *
At most 3 * 0.65 231.12 197.37 0.00 At most 3
At most 4 * 0.59 174.12 159.53 0.01 At most 4
At most 5 0.46 125.61 125.62 0.05 At most 5
At most 6 0.37 91.85 95.75 0.09 At most 6

Max-Eigen    0.05
Critical

Statistic    Value Prob

94.86 76.58 0.00
84.25 70.54 0.00
71.51 64.50 0.01
56.88 58.43 0.07

51.56 52.36 0.06
32.56 46.23 0.62
25.41 40.08 0.74

94.01 76.58 0.00
81.86 70.54 0.00
71.46 64.50 0.01
57.00 58.43 0.07
48.51 52.36 0.12
33.76 46.23 0.54
25.31 40.08 0.75

Table 65: Cointegration Analysis 1983-2003 Daily Dataset

¯ Hypothesised Trace 0.05
Critical

No. of CE(s) Eigenvalue Statistic Value

Gold Cash

None 0.01 157.08 159.53

At most 1 0.01 106.24 125.62

At most 2 0.00 69.69 95.75

At most 3 0.00 45.04 69.82

At most 4 0.00 25. ! 8 47.86

At most 5 0.00 13.98 29.80

At most 6 0.00 7.43 15.49

Gold Futures
None 0.01 167.70 159.53

At most 1 0.01 117.07 125.62

At most 2 0.01 83.53 95.75

At most 3 0.00 51.77 69.82

At most 4 0.00 32.60 47.86

At most 5 0.00 14.97 29.80

At most 7 0.00 3.29 3.84

Hypothesised dax-Eigen 0.05
Critical

Prob. No. of CE~s) Statistic Value Prob.

0.07 None 50.84 52.36 0.07

0.41 At most I 36.56 46.23 0.37

0.73 At most 2 24.65 40.08 0.79

0.83 At most 3 19.86 33.88 0.77

0.91 At most 4 I 1.20 27.58 0.96

0.84 At most 5 6.55 21.13 0.97

0.53 At most 6 4.05 14.26 0.85

0.09 None 50.63 52.36 0.07

0.15 At most 1 33.55 46.23 0.56

0.26 At most 2 31.76 40.08 0.32

0.56 At most 3 19.17 33.88 0.81

0.58 At most 4 17.63 27.58 0.53

0.78 At most 5 6.70 21.13 0.96

0.07 At most 7 3.29 3.84 0.07
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Table 66: Cointegration Analysis 1985-1989 Daily Dataset

Hypothesised Trace 0.05 Hypothesised

Critical
No. of CE(s) Eigenvalue Statistic    Value Prob. No. of CE(s)

Gold Cash
None* 0.06 176.06 159.53 0.00 None*

At most 1 0.04 113.49 125.62 0.22 At most 1 *

At most 2 0.02 66.62 95.75 0.82 At most 2

At most 3 0.02 41.74 69.82 0.92 At most 3

At most 4 0.01 20.54 47.86 0.99 At most 4

At most 5 0.01 11.10 29.80 0.96 At most 5

At most 6 0.00 3.47 15.49 0.94 At most 6

Gold Futures
None* 0.06 178.50 159.53 0.00 None*

At most 1 0.04 114.22 125.62 0.20 At most 1

At most 2 0.02 68.31 95.75 0.78 At most 2

At most 3 0.02 44.63 69.82 0.84 At most 3

At most 4 0.01 22.12 47.86 0.97 At most 4

At most 5 0.01 12.19 29.80 0.93 At most 5

At most 6 0.00 3.73 15.49 0.92 At most 6

Max-Eigen 0.05
Critical

Statistic    Value Prob.

62.56 52.36 0.00
46.87 46.23 0.41
24.88 40.08 0.77
21.20 33.88 0.67

9.44 27.58 0.99
7.62 21.13 0.93
3.47 14.26 0.91

64.29 52.36 0.00
45.91 46.23 0.05
23.68 40.08 0.84
22.51 33.88 0.57

9.93 27.58 0.99
8.46 21.13 0.87
3.73 14.26 0.89

Table 67: Cointegration Analysis 1999-2003 Daily Dataset

Hypothesised Trace 0.05 Hypothesised
Critical

No. of CE(s) Eigenvalue Statistic Value Prob. No. of CE(s)

Gold Cash
None 0.04 189.22 159.53 0.08 None
Atmost 1 0.04 139.11 125.62 0.13 Atmost 1
At most 2 0.03 94.15 95.75 0.15 At most 2
At most 3 0.02 58.53 69.82 0.28 At most 3
At most 4 0.01 35.70 47.86 0.41 At most 4
At most 5 0.01 18.73 29.80 0.51 At most 5
At most 6 0.00 8.86 15.49 0.38 At most 6
Gold Futures

None 0.04 194.50 159.53 0.07 None
At most 1 0.04 144.13 125.62 0.12 At most 1
At most 2 0.03 95.58 95.75 0.15 At most 2
At most 3 0.02 59.06 69.82 0.27 At most 3
At most 4 0.01 36.32 47.86 0.38 At most 4
At most 5 0.01 18.62 29.80 0.52 At most 5
At most 6 0.00 8.90 15.49 0.37 At most 6

Max-Eigen 0.05
Critical

Statistic Value Prob.

50.11 52.36 0.08

44.95 46.23 0.07

35.63 40.08 0.15

22.82 33.88 0.54

16.97 27.58 0.58

9.87 21.13 0.76

4.83 14.26 0.76

50.37 52.36 0.08

48.55 46.23 0.13

36.52 40.08 0.12

22.73 33.88 0.55

17.70 27.58 0.52

9.72 21.13 0.77

4.92 14.26 0.75
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8.5 VECM Analysis

The nest stage in the analysis is to examine the strength of these relationships through

Vector Error Correction Modelling. For this methodology, it is onl> suitable to utilise

series that are linearly related. Therefore, where a cointegration relationship does not exist

or where data in question are stationary, a VECM analysis is not suitable and a simple

VAR is applied as provided earlier in this chapter In this analysis, a VECM is used on all

monthly datasets and on the 1985-1989 daily sub-period dataset. Given that a cointegrating

relationship is not apparent during the 1983-2003 and 1999-2003 daily datasets, the simple

VAR analysis pertains.

The VECM restricts the long-run behaviour of the endogenous variables so that the)

converge to their cointegrating relationships. This method also allows for short-run

adjustment dynamics. The VECM allows the assessment of the impact of financial and

macroeconomic variables on gold prices in both the short run and the long run. The VECM

method does not require the prior assumption of identifying the variables as endogenous or

exogenous. We have performed the necessary steps before estimating the VECM: tested

for stationarity and unit roots; the determination of the correct lag lengths and the

estimation of the number of cointegrating vectors. The error correction term reports how

fast each of the explanatory variables in the system respond to the short-run dis-

equilibrium in the cointegrating vector. Imposing restrictions on the significant 13

coefficients for each model as shown in Table 70, a VECM model is estimated for each

cointegrating system. The estimated response of each of the variables in the system to the

equilibrium correction term, it, is shown. Given that we are concerned with the relationship

between gold and the explanatory variables in the system, the results of the first

cointegration equation are only of concern in this analysis.

The Johansen cointegration test provides estimates of the cointegrating relations 13. and the

adjustment parameter ct. The cointegrating vector I3 is not identified until normalization is

imposed, which is shown in Table 68 for all datasets. In all cases gold is normalised. The

adjustment coefficients are shown in Table 69

204



Z

E.

Z

i

[..

E
0

0

=.

L~

0

iii     ii

Ill     iI

i

~ . .--o ~o ~o ~ ~o ~o

l

J~



t

I

2O6



_~I~ -ooooo

~I~--~
g------M



Restrictions are imposed, as specified in Table 70, for each VECM, corresponding to the

significant 13 parameters that are displayed in Table 68. If the system is to return to

equilibrium, then the movement of some of the explanatory variables must respond to the

magnitude of the disequilibrium. Therefore, it is important to examine the short term

dynamics that bring about equilibrium in the long-run relationship. The error correction

term means that changes in the gold prices are a function of the level of disequilibria in the

cointegrating relationship, in addition to capturing 13’s in the explanator), variables. The

error correction term disequilibria in the system are corrected in the period in question.

either monthly or daily.

When we are working in an environment of co-integrated variables, in the short run.

deviations from the long-run equilibrium feed back into changes in the dependant variable.

gold cash, or gold futures, in order to bring about long-run equilibrium. If gold cash or

future prices are affected directly by this disequilibrium, they respond to this feedback. The

error correction term is represented as a lagged term. This speed of adjustment coefficient

corresponds to the amount by which the long-run disequilibrium in the dependant variable

is corrected in the short run. The estimated VECM for each dataset is shown in Table 7 I.
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8.5.1 VECM 1983-2003 Monthly Analysis

In the first cointegration equation for the 1983-2003 gold cash dataset, significant

parameters are reported for the FTSE 100, oil, UKIP, U.K unemployment. USCP1. and

USIP in Table 68. It is apparent that different explanatory variables play diverging roles

during crisis periods and over the long run, when we examine these periods in the

following sections. All significant I~ parameters display a negative effect on gold cash

prices. Significant a coefficient estimates are reported for UKCPI and USCPI reflecting the

importance of the price level as an adjustment factor. The two explanatory variables

respond with negative short-run adjustments to disequilibrium shocks to bring the system

back into equilibrium, however the value of these adjustment variables is minimal.

The VECM with four cointegrating equations (CEs) and restrictions placed on the 13

parameters as shown in Table 70 is performed and can be seen in Table 71. Significant

speed of adjustment coefficients are reported for the dollar, oil. U.K unemployment and

U.S industrial production, with positive coefficients acting as adjustment parameters by

which long-run disequilibrium in gold prices is corrected in the short run.

The results of the futures dataset indicate that the significant [3 parameters are broadly in

line with the gold cash results. The ct coefficients displayed in Table 69 reveal that a single

explanatory variable, UKCPI, responds with a negative short-run adjustment to

disequilibrium shocks. However this coefficients value is small.

The VECM for the gold futures dataset with 6 CEs and 13 restrictions are identical to those

reported for the gold cash dataset over the same period, with the dollar, oil, UKIP. and

US1P all acting as significant positive speed of adjustment coefficients.

The impulse response function, shown in Tables 72 and 73 for gold cash and gold futures.

do not reveal any definitive picture of influencing variables. The FTSE 100. oil. and the

dollar are the strongest variables on gold cash. while the pound exerts the largest influence

over gold futures. This is followed by the FTSE 100, U.S. interest rates, the dollar, and the

UKCP1, which gradually increase over time. The remaining variables do not play a role.
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A similar picture emerges from the variance decomposition analysis in Tables 74 and 75.

At the end of the 12th period, or one year, variance in gold cash prices themselves accounts

for approximately 84% on the volatility of the metal, suggesting the explanatory variables

included play a limited role in the variability of gold cash prices. For gold futures prices, at

the end of the 12th period gold futures prices account for 59% of its own variance. The

pound exerts the largest influence on gold’s volatility of 14% at the end of the 12th period.

Both U.S. interest rates and the FTSE 100 account for 8% of the volatility in gold future

prices.
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8.5.2 VECM 1985-1989 Monthly Analysis

The 1985-1989 monthly dataset contains nine cointegrating vectors based on the Zmax

statistics for gold cash and eight CV’s based on ~.max statistic for the gold futures dataset.

Examining the cointegrating vector for the first cointegration equation for the gold cash

dataset in Table 68, we can observe that all variables with the exception of UKCP1 are

significant in the system. The results show the conflicting influence of U.S. variables

versus U.K. variables on gold prices. U.S variables exert a negative impact on gold prices

(with the exception of U.S. unemployment rate) while U.K. variables exert a positive

influence. Similarly, the S&P 500 is positive, while the FTSE 100 is negative suggesting

that different dynamics are in operation. The positive relationship between gold and CPI is

not surprising. However, the negative relationship between gold and oil is. given that gold

is otten bought as a hedge during rising oil prices.

The adjustment coefficients report that just two variables, U.K. unemployment and USIP.

respond with short-run adjustments to disequilibrium shocks: however, as shown in ]able

69, the magnitude of these significant variables is minimal.

From the VECM, the value of the error correction term is small, suggesting the lack of

response of the dependant variables to disequilibrium in the previous time period. All

explanatory variables are insignificant, save for U.K. industrial production, which suggests

that most variables are unresponsive to the equilibrium error of the previous period. The

coefficient of industrial production is positive and significant, suggesting that IP acts as an

adjustment parameter by which the long run disequilibrium in gold cash prices is being

corrected in the short run. Given this, the magnitude of the IP coefficient is minimal,

indicating a small response of the variable to a deviation from equilibrium.

Examining the first cointegration equation for the gold futures dataseL the 13 parameters in

the system are significant for the FTSE 100. Sterling. Oil, U.K. interest rates and U.K.

industrial production. These results suggest that different dynamics are in force for the gold
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futures market. Of these variables that are significant, each report a negative effect on gold

prices. The signs are similar to that reported in the cash market analysis.

The adjustment coefficients show a significant adjustment parameter for the FTSE 100, the

S&P 500, Oil, U.K. unemployment rate, U.S. interest rates, and U.S. industrial production.

Similar to the 13 parameters above, the ct coefficients respond with negative short-run

adjustment to disequilibrium shocks to bring the system back into equilibrium. However,

where significant adjustment parameters are reported, the effects once again are minor.

Examining the VECM for this dataset, restrictions are placed on the significant I]

parameters for each variable as reported in Table 70 with 10 cointegating equations.

However the results of the error correction terms show that the non-significant values of

the lagged error term indicate that the explanatory variables are unresponsive to the

previous period’s equilibrium error.

The impulse response functions for gold cashand gold futures are shown in Tables 76 and

77. For gold prices, the impulse response function shows that the dollar has the largest

influences on gold; this influence is of a negative nature, indicating that a one standard

deviation change in the dollar exerts the largest negative impact on gold prices. For many

of the explanatory variables, the largest rise or fall in gold prices is felt in the initial four

periods. For gold cash: oil, UKIP, and U.S. interest rates exert a large influence. The

macroeconomic influences are largely negative while oil exerts a positive influence. The

equity markets for both prices exert their strongest influence at seven periods; the effect of

a shock to the S&P 500 is a negative response from gold while the FTSE 100 exerts a

positive impact on gold prices. Following the role of the dollar, oil, the FTSE 100, and

USCPI exert the next largest influence on gold future prices.

The results of the variance decomposition, as displayed in Tables 78 and 79, show that

most of the volatility in gold’s variance at the end of the 12th period is due to the

combination of the dollar and oil prices. The equity markets exert a larger influence on

gold future price variability while macroeconomic variables play a more dominant role in

the cash market.
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8.5.3 VECM 1999-2003 Monthly Analysis

The 13 parameters of the first cointegrating equation for the gold cash dataset shox~

significant effects from the FTSE 100, Sterling, U.K. CPI, U.K. interest rates, and U.S.

unemployment rates in Table 68. As in previous datasets, the sign of each of the

coefficients is negative and large, with the exception of the FTSE 100, which exerts a

minimal effect. These significant variables point towards the dominance of

macroeconomic variables in the system and the important role of equit) markets.

The tz parameters, as shown in Table 69, are significant in just two cases, U.S. CPI and

U.S. Industrial Production. In contrast to the 13 parameters, the significant ct adjustment

coefficients respond with a negative short-run adjustment to disequilibrium shocks. U.S.

industrial production responds with a greater effect than U.S. CPI. It is interesting to note

that the 13 parameters are predominantly U.K. based, while the ct parameters are U.S. based.

The VECM is performed with three CEs and restrictions placed on the 13 parameters as

indicated in Table 70. The results in Table 71 show that the speed of adjustment coefficient

is significant for U.K. Industrial Production. The significant variable is also positive,

therefore acting as an adjustment parameter by which the long-run disequilibrium in gold

cash prices is being corrected in the short run. However the value of this term is minimal.

The 13 parameters of the first cointegrating equation for the gold future 1999-2003 monthly

dataset reveals a mirroring pattern to that reported in the cash dataset, with significant

effects from the FTSE 100, Sterling, U.K. CPI, U.K. interest rates, and U.S.

unemployment. As with the previous analysis, each coefficient is of a negative nature and

reasonably large in influence. The results again highlight the dominant role of U.K.

macroeconomic variables during the time period.

The significant adjustment coefficients are repeated in the futures dataset, as witnessed in

the cash examination. U.S CPI and U.S Industrial Production respond with negative short-

run adjustments to disequilibrium shocks to the system.
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The VECM, with five CEs and 13 restrictions report that significant speed of adjustment

effects are noted for the FTSE100, U.K CPI, U.K Industrial Production and U.S interest

rates, with the FTSE 100 and U.K. Industrial Production significant at the 1% level. The

significance of these variables implies that the explanatory data are responsive to any

equilibrium error in the previous period and act as adjustment parameters to restore long-

run equilibrium.

The Impulse Response Function, shown in Tables 80 and 81 for gold cash and futures,

reveal that macroeconomic variables exert the largest influence over gold prices, led by the

dollar with a negative impact on gold prices. This is followed by U.K. and U.S. interest

rates, which also exert a differing impact on gold prices. In many cases the largest impact

is felt in the initial four periods.

The Variance Decomposition, as displayed in Tables 82 and 83, shows again the

significant role of the dollar, particularly on the variability of gold future prices where it

accounts for over 28% of gold variability. U.S. interest rates exert the next largest impact

on gold’s variability. Other relevant macroeconomic variables are U.K. CPI, U.S.

unemployment rates and U.S. industrial production. This again cements the important role

of the dollar and interest rates as significant determinant of gold prices.
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8.5.4 VECM 1985-1989 Daily Analysis

The next stage in the analysis is to perform the VECM on the daily datasets that indicated

the presence of cointegrating relationships. As stated previously, a linear relationship does

not exist for the entire dataset 1983-2003 or the 1999-2003 sub-periods. Therefore the

VECM analysis is performed solely on the 1985-1989 sub-period.

Examining the analysis for the daily gold cash dataset, the 13 parameters for the gold cash

cointegrating equation are significant for the FTSE 100, sterling, oil and U.K. interest rates

in Table 68. In all cases, the sign of the coefficients are negative, with U.K. interest rates

reporting the largest magnitude. The negative oil parameter is surprising, as evidenced

previously, given the generally positive relationship that exists between gold and oil in the

literature. However, this time period does refer to a time of crisis in equit3 markets, so it is

not surprising to note the negative relationship between the FTSE 100 and gold cash

prices.

Examining the a coefficients in Table 69, significant negative adjustment parameters exist

in the explanatory variables for the S&P 500, the dollar, sterling and oil. Neither interest

rates nor the FTSE 100 play a significant role. The a coefficients respond with a negative

short run adjustment to disequilibrium shocks in order to bring equilibrium back into the

system. However, as in common in all datasets examined, the size of the a coefficients is

negligible.

The VECM in Table 71 with one cointegrating vector and 13 restrictions, with all

cointegrating vectors identified, indicates that there are two significant values of the lagged

error term, FTSE 100 and U.K. interest rates. The remaining explanator3 variables are

unresponsive to the previous period’s disequilibrium error and do not plax a role in

restoring equilibrium to the system.

The 13 parameter for the gold futures dataset is a replication of the evidence reported for the

gold cash dataset over this time period, with all four significant variables possessing a

negative coefficient and influence on gold prices.
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The S&P 500, the dollar, and oil report significant negative adjustment properties for the

system. The t~ coefficients respond with a negative short-run adjustment to disequilibrium

shocks.

The VECM, where all cointegrating vectors are identified and 13 restrictions imposed as

reported in Table 71, shows that the FTSE 100 and U.K. interest rates, both U.K. variables,

possess significant positive speed of adjustment characteristics restoring long-run

equilibrium, in line with the results seen in the cash dataset from the same time period.

The impulse response functions and the variance decomposition relating to gold cash and

future prices for the sub-period 1985-1989 show that none of the identified variables have

an influence on gold prices. The variance in gold prices is largely due to itself, with gold

cash and futures accounting for approximately 99% of the variance in gold prices. This is

in line with the results achieved from the unrestricted VAR analysis of a daily frequency.

This indicates, once again, that gold prices are influenced by explanatory variables

included in the system on a monthly frequency and such relationships are not carried

across to higher frequencies where the included variables are exogenous.
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Table 84: Impulse Response Function 1985-1989 Gold Cash Daily Dataset

Period GOLDCASH FTSEC S&PC DOLLAR POUND INTUK INTUS    OIL

1 3.5969 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 3.3203 0.2988 -0.4041 0.0078 -0.0 ! 68 -0.0571 0.1004 0.2212
3 3.4064 0.2481 -0.1920 -0. ! 203 0.0439 0.0428 -0.0461 0. 3034
4 3.4089 0.1993 -0.2764 -0.0992 -0.0108 0.0520 -0.0345 0.2705
5 3.3940 0.1869 -0.2727 -0.1007 -0.0109 0.0611 -0.0429 0.2785
6 3.3985 0.1847 -0.2665 -0.0897 -0.0102 0.0559 -0.0434 0.2750
7 3.3962 0.1830 -0.2644 -0.0822 -0.0085 0.0546 -0.0441 0.2764
8 3.3958 0.1808 -0.2613 -0.0752 -0.0079 0.0551 -0.0461 0.2771
9 3.3948 0.1784 -0.2586 -0.0679 -0.0080 0.0554 -0.0475 0.2773
l0 3.3939 0.1761 -0.2558 -0.0608 -0.0080 0.0556 -0.0489 0.2775
I l 3.3929 0.1738 -0.2529 -0.0536 -0.0080 0.0557 -0.0503 0.2777
12 3.3919 0.1716 -0.2500 -0.0465 -0.0079 0.0558 -0.0518 0.2780
13 3.3910 0.1693 -0.2471 -0.0395 -0.0079 0.0560 -0.0532 0.2782
14 3.3900 0.1671 -0.2443 -0.0324 -0.0078 0.0561 -0.0546 0.2784
15 3.3891 0.1649 -0.2415 -0.0254 -0.0078 0.0563 -0.0560 0.2786
16 3.3881 0.1627 -0.2386 -0.0184 -0.0078 0.0564 -0.0574 0.2788
17 3.3872 0.1605 -0.2358 -0.0114 -0.0077 0.0565 -0.0588 0.2790
18 3.3862 0.1583 -0.2330 -0.0045 -0.0077 0.0567 -0.0602 0.2792
19 3.3853 0.1561 -0.2302 0.0024 -0.0076 0.0568 -0.0616 0.2794

20 3.3844 0.1540 -0.2275 0.0093 -0.0076 0.0570 -0.0629 0.2797
Cholesky Ordering: GOLDCASH FTSEC S&PC DOLLAR POUND INTUK INTUS OIL

Table 85: Impulse Response Function 1985-1989 Gold Futures Daily Dataset

Period GOLDFUTURES FTSEF S&PF DOLLAR POUND INTUK INTUS OIL

I 4.0319 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2 3.6558 0.3187 0.0636 -0.0753 0.0875 0.1303 -0.0670 0. Ill2

3 3.5325 0.1992 0.0923 -0.1463 0.0184 0.1935 -0.1149 0.1743

4 3.5969 0.1469 0.0208 -0.1343 -0.0238 0.1912 -0.1168 0.1359

5 3.5915 0.1544 0.0343 -0.1348 -0.0165 0.1835 -0.1145 0.1367

6 3.5844 0.1616 0.0507 -0.1314 -0.0129 0.1779 -0,1109 0.1388

7 3.5853 0.1584 0.0560 -0.1297 -0.0127 0.1765 -0.1087 0.1391

8 3.5865 0.1558 0.0598 -0.1286 -0.0134 0.1759 -0.1068 0.1386

9 3.5865 0.1545 0.0649 -0.1273 -0.0137 0.1748 -0.1050 0.1384

10 3.5865 0.1534 0.0695 -0.1261 -0.0138 0.1736 -0.1034 0.1382

II 3.5866 0.1522 0.0735 -0.1251 -0.0139 0.1725 -0.1019 0.1381

12 3.5867 0.1511 0.0772 -0.1242 -0.0140 0.1716 -0.1006 0.1379

13 3.5868 0.1502 0.0806 -0.1233 -0.0142 0.1708 -0.0994 0.1378

14 3.5868 0.1493 0.0836 -0.1225 -0.0143 0.1700 -0.0982 0.1377

15 3.5869 0.1485 0.0864 -0.1218 -0.0144 0.1693 -0.0972 0.1376

16 3.5869 0.1478 0.0890 -0.1212 -0.0145 0.1687 -0.0963 0.1375

17 3.5870 0.1471 0.0913 -0.1206 -0.0145 0.1681 -0.0955 0.1374

18 3.5870 0.1465 0.0934 -0.1200 -0.0146 0.1675 -0.0947 0.1373

19 3.5871 0.1460 0.0953 -0.1195 -0.0147 0.1671 -0.0940 0.1372

20 3.5871 0.1455 0.0970 -0.1191 -0.0147 0.1666 -0.0933 0.1372

Cholesky Ordering: GOLDFUTURES FTSEF S&PF DOLLAR POUND INTUK INTUS OIL
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Table 86: Variance Decomposition 1985-1989 Gold Cash Daily Dataset

Period S.E. GOLDCASH FTSEC S&PC DOLLAR POUND INTUK INTUS OIL

1 3.5969 100.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 4.9272 98.7016 0.3678 0.6728 0.0002 0.0012 0.0134 0.0415 0.2015
3 6.0076 98.5426 0.4180 0.5547 0.0402 0.0061 0.0141 0.0338 0.3905
4 6.9221 98.4782 0.3977 0.5773 0.0508 0.0049 0.0163 0.0279 0.4469
5 7.7225 98.4375 0.3781 0.5885 0.0578 0.0041 0.0193 0.0255 0.4891

6 8.4487 98.4229 0.3637 0.5912 0.0596 0.0036 0.0205 0.0240 0.5146

7 9.1163 98.4149 0.3527 0.5919 0.0593 0.0032 0.0212 0.0229 0.5339
8 9.7379 98.4119 0.3435 0.5908 0.0579 0.0028 0.0218 0.0223 0.5489
9 10.3217 98.4122 0.3357 0.5886 0.0559 0.0026 0.0223 0.0220 0.5607

10 10.8738 98.4148 0.3287 0.5857 0.0535 0.0024 0.0227 0.0218 0.5704
11 11.3987 98.4190 0.3223 0.5822 0.0509 0.0022 0.0230 0.0218 0.5784
12 11.9001 98.4243 0.3165 0.5783 0.0482 0.0021 0.0233 0.0219 0.5853

13 12.3809 98.4303 0.3111 0.5741 0.0456 0.0020 0.0236 0.0221 0.5912
14 12.8433 98.4369 0.3061 0.5697 0.0430 0.0019 0.0238 0.0223 0.5964
15 13.2893 98.4437 0.3013 0.5651 0.0405 0.0018 0.0241 0.0226 0.6009
16 13.7206 98.4507 0.2967 0.5604 0.0382 0.0017 0.0243 0.0230 0.6051
17 14.1384 98.4579 0.2923 0.5556 0.0360 0.0016 0.0244 0.0234 0.6088
18 14.5439 98.4650 0.2881 0.5507 0.0341 0.0016 0.0246 0.0238 0.6122

19 14.9381 98.4721 0.2840 0.5458 0.0323 0.0015 0.0248 0.0243 0.6153

20 15.3219 98.4791 0.2800 0.5408 0.0307 0.0015 0.0249 0.0248 0.6181
Cholesky Ordering: GOLDCASH FTSEC S&PC DOLLAR POUND INTUK INTUS OIL

Table 87: Variance Decomposition 1985-1989 Gold Futures Daffy Dataset

Period S.E. GOLDFUTURES FTSEF S&PF DOLLAR POUND INTUK INTUS OIL

1 4.0319 100.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 5.4565 99.4869 0.3411 0.0136 0.0190 0.0257 0.0571 0.0151 0.0415
3 6.5117 99.2837 0.3331 0.0296 0.0638 0.0188 0.1284 0.0417 0.1008
4 7.4465 99.2552 0.2936 0.0234 0.0813 0.0154 0.1641 0.0565 0.1104
5 8.2739 99.2376 0.2726 0.0207 0.0924 0.0129 0.1821 0.0649 0.1167
6 9.0230 99.2247 0.2613 0.0206 0.0989 0.0111 0.1920 0.0697 0.1218
7 9.7148 99.2172 0.2520 0.0211 0.1031 0.0097 0.1986 0.0727 0.1256
8 10.3608 99.2130 0.2442 0.0218 0.1061 0.0087 0.2034 0.0745 0.1283
9 10.9688 99.2104 0.2377 0.0230 0.1081 0.0079 0.2069 0.0756 0.1304
10 11.5448 99.2089 0.2322 0.0244 0.1095 0.0073 0.2094 0.0763 0.1320
11 12.0933 99.2082 0.2275 0.0259 0.1105 0.0068 0.2111 0.0766 0.1334
12 12.6181 99.2080 0.2233 0.0275 0.1112 0.0063 0.2124 0.0768 0.1345
13 13.1219 99.2081 0.2196 0.0292 0.1117 0.0060 0.2134 0.0767 0.1354
14 13.6070 99.2085 0.2162 0.0310 0.1119 0.0057 0.2140 0.0765 0.1361
15 14.0754 99.2090 0.2132 0.0327 0.1121 0.0054 0.2145 0.0763 0.1368
16 14.5288 99.2096 0.2105 0.0345 O. 1122 0.0052 0.2148 0.0760 0.1373
17 14.9684 99.2103 0.2079 0.0362 0.1122 0.0050 0.2150 0.0757 0.1378
18 15.3955 99.2110 0.2056 0.0379 0.1121 0.0048 0.2151 0.0753 0.1382
19 15.8110 99.2118 0.2035 0.0395 0.1120 0.0046 0.2151 0.0749 0.1386

20 16.2159 99.2125 0.2015 0.0412 0.1119 0.0045 0.2150 0.0746 0.1389
Cholesky Ordering: GOLDFUTURES FTSEF S&PF DOLLAR POUND INTUK INTUS OIL
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8.6 Conclusion

Moving from the short-run analysis, the VAR, to the long run, the VECM, some changes

have occurred to the variables that play an influencing role over gold prices. The impact of

the U.K. pound is not an important feature over the long run. The influence of the dollar is

very apparent across time and this relationship has not altered; it remains the largest

influencing factor on gold prices. Interest rates continue to play a key role, both from the

U.S and the U.K. We again see the role of oil during crisis periods, which was also a

feature of the VAR analysis. Furthermore, the daily analysis, as shown in the VAR output,

does not throw out any major players from the VECM, suggesting that gold monthly prices

are influenced in a very different manner to daily gold prices.

The major contribution of this analysis lies in the scope of the datasets that were analysed.

This research did not concentrate solely on the long run, but examined these relationships

over shorter term crisis periods from both a monthly and daily perspective. Therefore, the

breath of this analysis provides a more succinct examination of this research question.

Herein presents perhaps a limitation of this work. At the beginning of this investigation, it

was necessary to decide what variables to include and what variables to exclude. Based on

previous literature in this area, a list of influencing variables was drawn up. It was

surprising to report that such variables were not significant to the gold market on a daily

level, and while this is a valuable result in its own right, the inclusion of alternative

variables may have lead to a different outcome. However, additional research is required to

determine this.

Furthermore, this research did not examine how the supply and demand fundamentals

influenced the market, such as the role of the Indian jewelleu’ market or the impact of

central bank sales for example. From the outset, it was necessary to place boundaries

around the scope of this research in order to produce a comprehensive piece of w’ork.

Therefore, it will be for future research to further examine these areas of the gold market.
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However, this research attempts to provide a very thorough examination of these issues

and does so through the use of a comprehensive dataset. While the econometric techniques

are not new, the examinations of this analysis across a long run twenty year dataset, two

crisis periods for both gold cash and gold future returns at both a daily and a monthly level

provides the academic gold literature with a very solid contribution.
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9. An Intra-Day Examination of Gold Returns

9.1 Introduction

This chapter aims to investigate the intra-day behaviour that exists in the return, volatilit3

and volume of gold cash and future prices. This research examines 15-minute and 30-

minute gold cash and futures returns over the period 1999 to 2003. Data is sourced from

COMEX, which is part of the New York Mercantile Exchange, and from UBS. a leading

investment bank and gold market maker, thus examining cash and future contracts traded

on different markets. The data consists of open, close, high, and low gold cash and future

returns. Investigations of intra-day patterns in volume, returns, and volatility began in the

1980s with the work of Wood, Mclnish, et al. (1985), Harris (1986). and Jain and Joh

(1988). Since then, recent research has generally consented to the existence of U-shaped

behaviour patterns (see for example: Foster and Viswanthan (1990). Mcinish and Wood

(1990a, 1991, 1992), Lee and Linn (1994), Madhavan, Richardson et al. (1997) and

Ozenbas, Schwartz et al (2002)). While work has examined information flows in gold,

silver and platinum markets (Dhillon, Lasser et al. (1997) and Xu and Fung (2005)). this is

the first research of its kind to examine the behaviour of intra-day patterns in cash and

futures markets jointly and provides an important contribution to the high-ti’equency

literature.

9.2 Parametric Investigation of Gold Futures First Moment

The initial investigation of gold future returns was provided in Chapter 7. This analysis

revealed a U-shaped pattern in returns exists for gold futures. Shown in Table 88 are the

results of the Kolmogorov Smirnov Z-test, which examines for the equality of

distributions. The results for all four gold future return variables reject the equality of the

distribution at the 5% level, indicating that the data are non-normal across all time periods.

Given that the data are non-normally distributed, parametric testing in itself will not

suffice; indicating the need for non-parametric testing. The primar3’ benefit, then. is that

nonparametric analysis does not make any assumption about the parameters of a

distribution.
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Table 88: Kolmogorov-Smirnov Test of Normality

Statistic    Sig. Statistic Sig.    Statistic    Sig.    Statistic    Sig. _
Open High Low Close

Time Returns Returns Returns Returns
08:22:00 0.1215 0.0000 0.1280 0.0000 0.1180 0.0000 0.1244 0.0000
08:37:00 0.1001 0.0000 0.0998 0.0000 0.1005 0.0000 0.0984 0.0000
08:52:00 0.1208 0.0000 0.1142 0.0000 0.1230 0.0000 0.1115 0.0000
09:07:00 0.1102 0.0000 0.1121 0.0000 0.1118 0.0000 0.1101 0.0000
09:22:00 0.1099 0.0000 0.1129 0.0000 0.1138 0.0000 0.1025 0.0000
09:37:00 0.1172 0.0000 0.1375 0.0000 0.1279 0.0000 0.1284 0.0000
09:52:00 0.1009 0.0000 0.1137 0.0000 0.1114 0.0000 0.1010 0.0000
10:07:00 0.0994 0.0000 0.1038 0.0000 0.0967 0.0000 0.1046 0.0000
10:22:00 0.139t 0.0000 0.1360 0.0000 0.1393 0.0000 0.1397 0.0000
10:37:00 0.1100 0.0000 0.1202 0.0000 0.1169 0.0000 0.1103 0.0000
10:52:00 0.1129 0.0000 0.1170 0.0000 0.1131 0.0000 0.1171 0.0000
11:07:00 0.1238 0.0000 0.1177 0.0000 0.1194 0.0000 0.1173 0.0000
11:22:00 0.1259 0.0000 0.1321 0.0000 0.1296 0.0000 0.1244 0.0000
11:37:00 0.1125 0.0000 0.1219 0.0000 0.1310 0.0000 0.1264 0.0000
11:52:00 0.1795 0.0000 0.1349 0.0000 0.1725 0.0000 0.1274 0.0000
12:07:00 0.1322 0.0000 0.1405 0.0000 0.1256 0.0000 0.1342 0.0000
12:22:00 0.1174 0.0000 0.1250 0.0000 0.1228 0.0000 0.1245 0.0000
12:37:00 0.1283 0.0000 0.1403 0.0000 0.1350 0.0000 0.1282 0.0000
12:52:00 0.1560 0.0000 0.1658 0.0000 0.1505 0.0000 0.1525 0.0000
13:07:00 0.1446 0.0000 0.1459 0.0000 0.1561 0.0000 0.1499 0.0000
13:22:00 0.1691 0.0000 0.1737 0.0000 0.1559 0.0000 0.1686 0.0000
13:30:00 0.1452 0.0000 0.1424 0.0000 0.1436 0.0000 0.1430 0.0000

Given that we are interested in identifying where differences between intra-day returns

exist, there are two methods that can be utilised to examine this. One method of analysing

this is Tukey’s Honestly Significant Difference (HSD) test. However, this test incorporates

the assumption of equality of variances. Given that we will reject the null of homogeneity

of variance in gold futures returns later in this chapter, it is not possible to use Tukey’s

HSD test. An alternative, which does not assume such equality, is Tamhane’s T2 statistic.

Tamhane’s T2 is a conservative pairwise comparison test based on a t test, and appropriate

when the variances in all groups are unequal, as in this case. The results of multiple

comparison procedures using Tamhane’s T2 are shown in Table 89.
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Table 89: Difference in Intra-day Means: Tamhane’s T2 Test

Return Time Time Mean Diff Sig.
Open Rtn 09:52 12:07 -0.0002 0.0322

10:07 12:07 -0.0003 0.0108
High Rtn 09:52 12:07 -0.0003 0.0168

09:52 13:30 -0.0003 0.0000
10:07 13:30 -0.0003 0.0012

Low Rtn    10:07 08:37 -0.0004 0.0010
10:07 08:52 -0.0003 0.0027
10:07 09:37 -0.0003 0.0491
10:07 10:22 -0.0003 0.0209
10:07 I 1:22 -0.0003 0.0046
10:07 12:07 -0.0003 0.0003
10:07 12:22 -0.0003 0.0031
10:07 12:37 -0.0003 0.0112

Close Rtn 10:07 I ! :22 -0.0003 0.0067
10:07 12:07 -0.0003 0.0170
10:07 12:22 -0.0002 0.029 I
10:07 13:30 -0.0002 0.0119

In this table, given the size of the results produced over all time periods, only significant

results are reported. Evidence is provided of statistically significant intra-day differences.

For open returns, we’ find that between 09:52 and 12:07, in addition to 10:07 and 12:07,

statistically different relationships exist. Looking at the remaining results for the three

other gold returns, we see that the times relate to the mid-morning trading periods on

COMEX, indicating the beginning of trading in New York is significant. Recall that the

time period for this dataset corresponds to EST. The significant time periods as shown by

Tamhane’s T2 test will be included as dummy variables in the conditional analysis of gold

future returns in section 9.8.

9.3 Parametric Investigation of Gold Cash First Moment

The initial description of gold cash returns was also provided in Chapter 7. The analysis

showed that a solid trading pattern does not exist for gold returns: a U-shaped or W-shaped

trading pattern does not occur as witnessed in equity markets. A significant degree of

variability occurs during mid-day to mid-atternoon trading, reflecting trading patterns

emerging from the U.K. and the U.S. Returns are approaching the highest point of the dax

at midnight (0.0002), which signifies the start of trading on TOCOM. and proceed to Iov, er
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levels thereafter. The period of greatest variability relates to the opening of trading on the

future exchange COMEX.

Table 90 shows the results of the Kolmogorov Smimov Z-test, which examines for the

equality of distributions. The results for all four gold cash return variables reject the

equality of the distribution at the 5% level, indicating that the data are non-normally

distributed across all time periods.

231



Table 90: Kolmogorov-Smirnov Tests of Normality

Statistic Sig. Statistic Sig. Statistic Sig. Statistic Sig.
Time Open High Low Open

00:00:00 0.3911 0.0000 0.3360 0.0000 0.3555 0.0000 0.3043 0.0000
00:30:00 0.2416 0.0000 0.2487 0.0000 0.2467 0.0000 0.2594 0.0000
O1:00:00 0.2490 0.0000 0.2572 0.0000 0.2490 0.0000 0.2460 0.0000
01:30:00 0.2518 0.0000 0.2790 0.0000 0.2583 0.0000 0.26% 0.0000
02:00:00 0.2564 0.0000 0.2694 0.0000 0.2573 0.0000 0.2539 0.0000
02:30:00 0.3090 0.0000 0.2946 0.0000 0.3179 0.0000 0.3223 0.0000
03:00:00 0.3251 0.0000 0.3226 0.0000 0.3301 0.0000 0.3256 0.0000

03:30:00 0.3191 0.0000 0.3331 0.0000 0.3238 0.0000 0.3078 0.0000
04:00:00 0.2720 0.0000 0.2796 0.0000 0.2973 0.0000 0.2910 0.0000
04:30:00 0.2756 0.0000 0.2697 0.0000 0.2931 0.0000 0.2846 0.0000

05:00:00 0.2777 0.0000 0.2710 0.0000 0.2906 0.0000 0.2781 0.0000

05:30:00 0.2564 0.0000 0.2692 0.0000 0.2765 0.0000 0.2652 0.0000

06:00:00 0.2393 0.0000 0.2359 0.0000 0.2361 0.0000 0.2314 0.0000

06:30:00 0.2076 0.0000 0.2121 0.0000 0.2142 0.0000 O. 2181 0.0000

07:00:00 0.2016 0.0000 0.2005 0.0000 0.2196 0.0000 0.2128 0.0000

07:30:00 0.2250 0.0000 0.2141 0.0000 0.2106 0.0000 0.2018 0.0000

08:00:00 0.2069 0.0000 0.2188 0.0000 0.2096 0.0000 0.1983 0.0000

08:30:00 0.1993 0.0000 0.1947 0.0000 0.2194 0.0000 0.2223 0.0000

09:00:00 0.2088 0.0000 0.2157 0.0000 O. 1967 0.0000 0.2143 0.0000

09:30:00 0.2122 0.0000 0.2058 0.0000 0.2352 0.0000 0.2141 0.0000

I 0:00:00 0.2162 0.0000 0.2290 0.0000 0.2431 0.0000 0.2268 0.0000

10:30:00 0.2406 0.0000 0.2308 0.0000 0.2209 0.0000 0.2177 0.0000

I 1:00:00 0.2287 0.0000 0.2497 0.0000 0.2264 0.0000 0.2367 0.0000

! 1:30:00 0.2136 0.0000 0.2440 0.0000 0.2306 0.0000 0.2240 0.0000

12:00:00 0.2240 0.0000 0.2273 0.0000 0.2167 0.0000 0.2277 0.0000

12:30:00 0.2063 0.0000 0.2311 0.0000 0.2222 0.0000 O. 1949 0.0000

13:00:00 0.2120 0.0000 0.2061 0.0000 0.2183 0.0000 0.2060 0.0000

13:30:00 0.1737 0.0000 0.1993 0.0000 0.2146 0.0000 0.1918 0.0000

14:00:00 0.1635 0.0000 0.1950 0.0000 O. 1766 0.0000 0.1741 0.0000

14:30:00 0.1803 0.0000 O. 1943 0.0000 0.2064 0.0000 0.1785 0.0000

15:00:00 0.1868 0.0000 0.1761 0.0000 0.1968 0.0000 0.1915 0.0000

15:30:00 O. ! 850 0.0000 O. 1904 0.0000 0.2145 0.0000 0.2020 0.0000

i 6:00:00 O. 1941 0.0000 0.2018 0.0000 0.2218 0.0000 0.2022 0.0000

16:30:00 0.2084 0.0000 O. 1836 0.0000 0.2168 0.0000 O. 1891 0.0000

17:00:00 O. 1882 0.0000 0.2074 0.0000 0.2145 0.0000 0.2033 0.0000

17:30:00 0.2025 0.0000 0.2071 0.0000 0.2417 0.0000 0.2146 0.0000

18:00:00 0.2705 0.0000 0.3124 0.0000 0.31 I 0 0.0000 0.3344 0.0000

18:30:00 0.3767 0.0000 0.3990 0.0000 0.3951 0.0000 0.3803 0.0000

19:00:00 0.4540 0.0000 0.4796 0.0000 0.4815 0.0000 0.4902 0.0000

19:30:00 0.5139 0.0000 0.4994 0.0000 0.5051 0.0000 0.5076 0.0000

20:00:00 0.5063 0.0000 0.5088 0.0000 0.5023 0.0000 0.5025 0.0000

20:30:00 0.5026 0.0000 0.5002 0.0000 0.4973 0.0000 0.4951 0,0000

21:00:00 0.4945 0.0000 0,4971 0.0000 0.5187 0,0000 0.5174 0.0000

21:30:00 0.5 ! 12 0.0000 0.5116 0.0000 0.5010 0.0000 0.5001 0.0000

22:00:00 0.5109 0.0000 0.5145 0.0000 0,5030 0.0000 0.5045 0.0000

22:30:00 0.4948 0.0000 0.4946 0,0000 0,5081 0.0000 0.5075 0.0000

23:00:00 0.5103 0.0000 0.5036 0.0000 0.5028 0.0000 0,4%2 0.0000

23:30:00 0.4897 0.0000 0,5051 0.0000 0.4897 0.0000 0.4986 0.0000
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Given that we will reject the null of homogeneity of variance in gold cash returns later in

the chapter, it is not possible to use Tukey’s HSD test. As in our analysis of gold futures,

the Tamhane’s T2 is used as the variance between groups is unequal. The results of

multiple comparison procedures using Tamhane’s Tz statistic are shown in Table 91. In

this table, given the size of the results produced over all time periods, only significant

results are reported. Evidence is provided of statistically significant intra-day differences.

A statistically significant result is found between 16:00 and many other time periods as

specified in Tables 91-94, indicating that seasonality in the first moment may exist for gold

cash returns. For gold cash high returns, we can see that generally is it the following times

that are different from other time periods: 00:00:00, 12:30:00, 13:30:00, 16:00:00,

17:30:00, 18:00:00, 18:30:00, and 19:00:00. For gold cash low returns, 09:30, 12:30,

13:30, 18:00, and 18:30. and 19:00 are different again from other time periods, while for

gold cash close returns, we can see that 16:00 is significantly different from 01:00, 09:30,

12:00 and 22:30. No significant results were reported in gold cash open returns. It is

interesting to observe that generally these times are synonymous with early morning

trading, lunchtime and late afternoon. Lunchtime periods may well be linked to opening

futures market in the U.S., early evening times indicates the approach of close of trading

on COMEX at 18:30 (GMT), while significant periods at midnight may be tied to initial

trading in TOCOM. Significant time periods reported here will be included as dummy

variables in the conditional analysis of gold cash returns later in the chapter.
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Table 91: Difference in Intra-day High Means: Tamhane’s T2 Test

Time Time Mean Diff. Sig.

00:00:00 O1:00 0.0006 0.0003

O1:30 0.0005 0.0031
02:00 0.0005 0.0039
02:30 0.0005 0.0014

03:00 0.0005 0.0083

04:00 0.0005 0.0059

04:30 0.0005 0.0032
05:00 0.0005 0.0046

05:30 0.0004 0.0380

06:30 0.0005 0.0097

07:00 0.0005 0.0016

07:30 0.0005 0.0109

08:30 0.0005 0.0081

09:00 0.0005 0.0046

09:30 0.0005 0.0007

I0:00 0.0005 0.0185

10:30 0.0005 0.0049

I 1:00 0.0005 0.0038

I 1:30 0.0005 0.0047

12:00 0.0006 0.0001

12:30 0.0000 1.0000

13:00 0.0006 0.0001

14:30 0.0006 0.0057

15:00 0.0005 0.0177

16:30 0.0005 0.0174

17:00 0.0006 0.0070

17:30 0.0007 0.0000

18:00 0.0007 0.0000

i 8:30 0.0007 0.0000

19:00 0.0005 0.0004

19:30 0.0005 0.0025

20:00 0.0005 0.0025

20:30 0.0005 0.0028

21:00 0.0005 0.0023

21:30 0.0005 0.01 I0

22:00 0.0005 0.0011

22:30 0.0005 0.0022

23:00 0.0005 0.0014

23:30 0.0004 0.0201

12:30:0tl 00:30 0.0005 0.0002

01:00 0.0005 0.0000

01:30 0.0005 0.0000

02:00 0.0005 0.0000

02:30 0.0005 0.0000

03:00 0.0005 0.0000

03:30 0.0004 0.0008

04:00 0.0005 0.0000

04:30 0.0005 0.0000

05:00 0.0005 0.0000

05:30 0.0004 0.0002

06:00 0.0004 0.0005

06:30 0.0005 0.0000

07:00 0.0005 0.0000
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07:30 0.0005 0.0000

08:00 0.0004 0.0008
08:30 0.0005 0.0000
09:00 0.0005 0.0000

09:30 0.0005 0.0000
10:00 0.0004 0.0001
10:30 0.0005 0.0000
11:00 0.0005 0.0000
11:30 0.0005 0.0000
12:00 0.0006 0.0000
13:00 0.0006 0.0000
14:30 0.0006 0.0001
15:00 0.0005 0.0006
15:30 0.0004 0.0284
16:30 0.0005 0.0005
17:00 0.0005 0.0002
17:30 0.0007 0.0000
18:00 0.0006 0.0000
18:30 0.0007 0.0000
19:00 0.0005 0.0000
19:30 0.0005 0.0000
20:00 0.0005 0.0000
20:30 0.0005 0.0000
21:00 0.0005 0.0000
21:30 0.0004 0.0000
22:00 0.0005 0.0000
22:30 0.0005 0.0000
23:00 0.0005 0.0000
23:30 0.0004 0.0000

13:30:00 01:00 0.0004 0.0002
01:30 0.0004 0.0079
02:00 0.0003 0.0066
02:30 0.0003 0.0011
03:00 0.0003 0.0139
04:00 0.0003 0.0101
04:30 0.0003 0.0040
05:00 0.0003 0.0070
06:30 0.0003 0.0244
07:00 0.0003 0.0015
07:30 0.0003 0.0293
08:30 0.0003 0.0266
09:00 0.0003 0.0113
09:30 0.0004 0.0005
10:30 0.0003 0.0098
11:00 0.0003 0.0066
11:30 0.0003 0.0084
!2:00 0.0004 0.0000
13:00 0.0004 0.0001
14:30 0.0004 0.0406
17:30 0.0006 0.0000
18:00 0.0005 0.0000
! 8:30 0.0006 0.0000
19:00 0.0004 0.0001
19:30 0.0003 0.0016
20:00 0.0003 0.0015
20:30 0.0003 0.0019
21:00 0.0003 0.0013
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16:00:00

17:30:00

! 8:00:00

18:30:00

21:30

22:00

22:30

23:00
12:00

13:00

17:30

18:00

18:30
00:00

03:00

03:30

05:30

06:00
08:00

12:30

13:00

13:30
14:00

14:30

i 5:00
15:30

16:00

19:30
20:00

20:30

21:30
23:30

00:00

03:30
05:30

06:00

12:30
13:30

16:00

23:30
00:00

02:00

02:30
03:00

03:30

04:00
04:30

05:00

05:30
06:00

06:30

07:00

07:30
08:00

I0:00

10:30
I1:00

I 1:30
12:30

13:30

16:00

0.0003 0.0215

0.0003 0.0005
0.0003 0.0013

0.0003 0.0012

0.0003 0.0227

0.0004 0.0220
0.0005 0.0001
0.0004 0.0004
0.0005 0.0000

-0.0007 0.0000

-0.0003 0.0357
-0.0003 0.0006
-0.0003 0.0085

-0.0003 0.0062

-0.0003 0.0194
-0.0007 0.0000

-0.0001 1.0000

-0.0006 0.0000
-0.0003 0.4993

-0.0002 1.0000

-0.0002 1.0000
-0.0003 0.7745

-0.0005 0.0001

-0.0003 0.0486

-0.0003 0.0468

-0.0003 0.0442
-0.0003 0.0261

-0.0003 0.0089
-0.0067 0.0000
-0.0003 0.0003

-0.0002 0.0143

-0.0002 0.0115

-0.0006 0.0000

-0.0005 0.0000

-0.0004 0.0004

-0.0002 0.0116

-0.0007 0.0000

-0.0002 0.0085

-0.0002 0.0049

-0.0003 0.0000

-0.0003 0.0000

-0.0002 0.0004

-0.0002 0.0020

-0.0002 0.0010

-0.0003 0.0000

-0.0003 0.0000

-0.0003 0.0010

-0.0002 0.0159

-0.0003 0.0011

-0.0003 0.0001

-0.0003 0.0004

-0.0002 0.0078

-0.0002 0.0131

-0.0002 0.0040

-0.0007 0.0000

-0.0006 0.0000

-0.0005 0.0000
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19:00:00

19:00 -0.0002 0.0009

19:30 -0.0002 0.0000

20:00 -0.0002 0.0000

20:30 -0.0002 0.0000

21:00 -0.0002 0.0000

21:30 -0.0003 0.0000

22:00 -0.0002 0.0002

22:30 -0.0002 0.0000

23:00 -0.0002 0.0091

23:30 -0.0003 0.0000

00:00 -0.0005 0.0004

03:30 -0.0001 0.0024

12:30 -0.0005 0.0000

13:30 -0.0004 0.0001

18:30 0.0002 0.0009

20:00 0.0000 0.0326

00:00 -0.0005 0.0025

12:30 -0.0005 0.0000

13:30 -0.0003 0.0016
17:30 0.0003 0.0486

18:30 0.0002 0.0000

Table 92: Difference in Intra-day Low Means: Tamhane’s Tz Test

Time Time Mean Diff. Sig.
00:30 -0.0003 0.0428

00:30 -0.0008 0.0000
01:00 -0.0006 0.0000

01:30 -0.0006 0.0000
02:00 -0.0006 0.0000
02:30 -0.0006 0.0000
03:00 -0.0006 0.0000

03:30 -0.0005 0.0000
04:00 -0.0006 0.0000
04:30 -0.0006 0.0000
05:00 -0.0006 0.0000

05:30 -0.0006 0.0000
06:00 -0.0006 0.0000
06:30 -0.0006 0.0000
07:00 -0.0005 0.0000
07:30 -0.0005 0.0000
08:00 -0.0005 0.0000
08:30 -0.0006 0.0000

09:00 -0.0006 0.0000
09:30 -0.0005 0.0000
10:00 -0.0006 0.0000
10:30 -0.0006 0.0000
11:00 -0.0006 0.0000
11:30 -0.0005 0.0000
12:00 -0.0005 0.0000
13:00 -0.0007 0.0000
14:00 -0.0005 0.0000

14:30 -0.0006 0.0000
15:00 -0.0005 0.0008

09:30

12:30
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13:30

15:30
16:00

16:30

17:00

17:30

18:00

18:30
19:00

19:30

20:00

20:30
21:00

21:30

22:00

22:30
23:00

23:30

00:30
01:00

01:30
02:00

02:30

03:00

03:30
04:00

04:30
05:00

05:30

06:00
06:30

07:00
07:30

08:00

08:30
09:00

09:30

I 0:00
10:30

I 1:00

I 1:30
12:00

13:00

14:00
14:30

15:30

16:00
16:30

17:30

i 8:00
18:30

19:00

19:30
20:00

20:30

21:00

21:30
22:00

-0.0008 0.0000

-0.0008 0.0000

-0.0006 0.0000

-0.0005 0.0015
-0.0007 0.0000
-0.0008 0.0000

-0.0008 0.0000

-0.0006 0.0000

-0.0006 0.0000
-0.0006 0.0000

-0.0006 0.0000

-0.0006 0.0000
-0.0006 0.0000

-0.0006 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0007 0.0000
-0.0005 0.0000

-0.0005 0.0000
-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0004 0.0001

-0.0005 0.0000
-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0004 0.0001

-0.0005 0.000 I

-0.0004 0.0001

-0.0005 0.000 I

-0.0005 0.0000

-0.0004 0.0025

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0004 0.0002

-0.0004 0.0023

-0.0006 0.0000

-0.0004 0.0170

-0.0005 0.0050

-0.0007 0.0000

-0.0007 0.0000

-0.0005 0.0002

-0.0006 0.0000

-0.0007 0.0000

-0.0007 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000

-0.0005 0.0000
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18:00

18:30

22:30

23:00

23:30

03:30

04:00
06:00

07:00

07:30
08:00

09:30
11:30

12:00
12:30

13:30
19:30

20:00
20:30

21:30

22:00
22:30

23:00
23:30
00:00

02:30
03:00

03:30
04:00

04:30
05:00

05:30
06:00

06:30
07:00

07:30
08:00
08:30

09:00

09:30
10:00
10:30

11:00

11:30
12:00

12:30
13:30

17:00
19:00

19:30

20:00
20:30

21:00
21:30

22:00

22:30

23:00
23:30

-0.0004 0.0000

-0.0004 0.0000

-0.0004 0.0000

0.0002 0.0028

0.0002 0.0291

0.0002 0.0400

0.0002 0.0137

0.0002 0.0437

0.0002 0.0466

0.0003 0.0001

0.0003 0.0073

0.0003 0.0007

0.0008 0.0000

0.0007 0.0000

0.0002 0.0024

0.0002 0.0013

0.0002 0.0038

0.0002 0.0331

0.0002 0.0013

0.0002 0.0005

0.0002 0.0031

0.0002 0.0015

0.0005 0.0161

0.0002 0.0016

0.0002 0.0006

0.0003 0.0000

0.0003 0.0003
0.0002 0.0020

0.0002 0.0013
0.0002 0.0028

0.0003 0.0005
0.0002 0.0022

0.0003 0.0001
0.0003 0.0006

0.0003 0.0007
0.0002 0.0345

0.0002 0.0269
0.0003 0.0000

0.0002 0.0461
0.0002 0.0032

0.0002 0.0088
0.0003 0.0001

0.0003 0.0000
0.0008 0.0000
0.0007 0.0000

0.0003 0.0408
0.0002 0.0051

0.0003 0.0000
0.0003 0.0000

0.0003 0.0000

0.0003 0.0000
0.0003 0.0002
0.0003 0.0000

0.0003 0.0000

0.0003 0.0000
0.0003 0.0000
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19:00 12:30 0.0006 0.0000

13:30 0.0005 0.0000
18:30 -0.0002 0.0051
19:30 0.0001 0.0022
20:00 0.0001 0.0008

21:00 0.0001 0.0020

22:00 0.0001 0.0001
22:30 0.0001 0.0241

Table 93: Difference in Intra-day Close Means: Tamhane’s T2 Test

Time Time Mean Diff. Sig.

01:00 16:00 -0.0003 0.0344

09:30 16:00 -0.0003 0.0460

12:00 16:00 -0.0003 0.0175

22:30 16:00 -0.0003 0.0260
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9.4 Parametric Analysis of the Second Moment - Gold Futures

As indicated in Chapter 7, volatility patterns do not reveal a U-shaped volatility curve;

rather an L-shaped volatility graph is displayed for all 4 returns. Volatility is significantly

greater at the opening trading period. The graph revealed that volatility throughout the

trading period is largely 20-30% of the opening 08:22:00 volatility, reflecting a risk return

relationship that exists at the opening period of the market. This pattern of risk appears to

be related to patterns of returns. Examination of the relationship between the trading times

recorded and days on which the maximum and minimum means occur versus those for

standard deviation, reveal empirical support that high returns accompany higher risk. The

standard deviation displayed at 08:22 on Monday is the largest standard deviation across

all days of the week. Intra-day volatility distribution for days of the week shows that the

standard deviation for Monday and Tuesday are higher than other days of the week, the

lowest standard deviation of the week is on Thursday, followed by Friday.

As stipulated in Bildik (2001), if overnight information accumulation is responsible for

higher volatility that is witnessed at opening periods of the market, this should therefore

imply that open-to-open volatility is greater than close-to-close volatility. An open-to-open

return series is generated and similarly a close-to-close return series. The results of this

investigation are presented in Table 94, which contains open-open (returns between 08:22

and 08:22 next day) and close-close (returns between 13:30 and 13:30 next day) mean and

volatility returns information. Overall mean open-open returns are similar to close-close

returns, which are in contrast to the results reported by Amihud, Mendelson et al. (1987)

and Stoll and Whaley (1990), who show that open-open returns have a higher variance

than close-close returns. This is further supported in the volatility results; open-open

volatility is equal to close-close volatility on an overall basis, however as Table 94 shows,

there are differences between days, in particular Monday and Tuesday.
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Table 94: Mean Returns and Standard Deviations for open-open and close-close
returns

Weekday
Mean
Std. Deviation

Mean and Standard Deviations of open-open returns by day of the week
Monday Tuesday Wednesday Thursday Friday Total

0.0012 -0.0009 -0.0002 -0.0007 0.0004 0.0000
0.0118 0.0095 0.0095 0.0086 0.0077 0.0095

Weekday
Mean
Std. Deviation

Mean and Standard Deviations of close-close returns by day of the week
Monday Tuesday Wednesday Thursday Friday Total
-0.0007 0.0007 -0.0008 -0.0003 0.0008 0.0000

0.0082 0.0134 0.0092 0.0073 0.0078 0.0095

As specified in Bildik (2001), the significant non-trading period has an impact on the

opening gold prices and the information accumulation overnight. This also gives support to

the seasonality issue that postulates higher volatility on a Monday. While, in contrast.

Monday displays the largest mean returns, it also displays the largest standard deviation of

all days of the week at the opening period of trading. This suggests that the large volatilib

witnessed at the opening trading period may be due to the close-of-market effect.

Information accumulation from various sources from close of trading at 13:30 is reflected

in opening trading prices. The gold market is impacted by a number of variables, including

interest rates, the U.S. dollar, inflation results, and geo-political factors, amongst others.

Therefore, it is reasonable to conclude that the close market effect has a contributing role

in the large volatility that is evident in initial morning trading. Dhillon, Lasser et al. (1997),

in an examination of intra-day gold future returns, report that higher variance for gold

futures is observed on COMEX traded futures contracts compared to those traded on

TOCOM, the largest commodity exchange in Asia. The authors contend that this is due to

a difference in information flows and market microstructure. Given, in this case, that we

are trying to assess the initial nature of intra-day patterns in both the cash and futures

market, it is beyond the scope of this thesis to examine information flows.

Furthermore, the relationship between volume and volatility is investigated. Volume data

at each intra-day period is gathered for all time periods across each day of the week. Given

the indications from the volatility patterns of the markeL it is reasonable to assume that

volume data would be lower during periods of volatility, namely the initial trading period

on the COMEX exchange. Figure 13 reveals that the volume patterns of the COMEX gold

market follows a U-shaped pattern, with opening and closing volume broadly similar.

Large volume trading occurs once the market opens and is recorded at market closing.
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Following initial heavy trading, volume retreats significantly where the lowest levels are

recorded at mid-day. Volume remains constant until 13:30, when a large surge is trading is

recorded. This is in line with U-shaped patterns that are experienced in mean returns.

Figure 13: Intra-day COMEX Volume Patterns Per Thousand
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Whilst the investigation into volume patterns reveals a U-shape, one might have assumed

that volatility would follow a similar direction. However, in this analysis a U-shaped curve

is not forthcoming. Indeed volatility at initial opening trading periods is very high,

thereafter volatility retreats and remains relatively constant throughout the day,

establishing a level of between 20-30% of initial trading volatility. Lee and Linn (1994)

report that following trading halts, both volume and volatility increase, which strengthens

our argument of close effects to the market. The peak in volume at the end of the closing

session may correspond to traders who balance their portfolios before close of trading,

rather than waiting for next day opening.

The coefficient of variation is the ratio of the standard deviation to the mean. A low ratio

of standard deviation to mean returns indicates a more favourable risk-return trade-off. The

coefficient of variation (CV) have been applied (amongst others) as a measure of

inequality and dispersion (e.g. Cancian and Reed (1998), Gottschalk and Smeeding (1997)

and Fomby, Smith et al. (1999)).
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Figure 14 reveals that the coefficient of variation is very large for close returns at 08:37

during the opening trading period indicating a large disparity between mean returns and the

standard deviation of returns once the market opens for trading. Similarly, large

discrepancies are observed at 10:52 and 11:52 for low returns, and 12:52 for high returns.

These highlighted cases, where large variations are in evidence, are supported by the initial

investigation of trading patterns in this market as reported in the summary statistics in

Chapter 7. At these points, the volatility of the metal is much higher than the mean return.

indicating that a favourable risk-return tradeoff does not exist at these time periods. The

graph below shows that at certain periods during the trading day, the risk of the asset as

proxied by the standard deviation greatly outweighs the return from the asset as shown by

the mean.

Figure 14: Coefficient of Variation Relationship
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Dow and Gorton (1993) and Leach and Madhavan (1993) contend that increased volatility

at opening trading is due to the high levels of information asymmetry during this period.

Using price formation models, the authors show that information asymmetry falls

throughout the day and that volatility decreases during the day as information asymmetr3

decreases. Many papers have investigated the effect of information and news to the market

effect as important factors in intra-day volatility (for example: Amihud and Mendelson

(1991), Bollerslev and Domowitz (1993) and Goodhart, Hall et al. (1993)). However, the

investigation of information flow to the gold market is beyond the scope of this research.

Given that this is indeed the first examination of intra-day gold cash and future market

patterns in these markets, at this initial stage the most pertinent need is to undertake an
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investigation of intra-day patterns. Further research into information and news to the

market effects will find benefit to this initial investigation as the basis for future analysis.

9.5 Parametric Analysis of the Second Moment - Gold Cash

The results of the initial analysis into the volatility of gold cash returns were discussed in

Chapter 7. Recapping, the results showed that a U-shaped volatility pattern was not

evident; indeed it was a W-shaped volatility curve that was displayed for all four returns.

Volatility was significantly different at various stages throughout the period. For all four

reported returns, volatility was greatest at midnight, indicating the opening of trading on

Asian markets. Volatility fell thereafter and remained low and constant for the period to

mid-day. Volatility followed an upward spiral and remained at such a level until the market

dampened down at 19:00. Volatility declined substantially and remained at this level,

which is the lowest over the time period, until midnight. Volatility levels over days of the

week for close returns were generally in agreement, with minimal difference between days.

Shown in Figure 15 is the the coefficient of variation for each of the gold cash returns.

Figure O reveals that the coefficient of variation is very large for open returns at 08:00,

indicating a large disparity between mean returns and the standard deviation of returns, as

the market opens in the U.K. Further small disparities are observed at 18:30 and 21:00. In

addition, large discrepancies are observed at 16:30 and 04:30 for close returns, and 05:00

for high returns. Once again, these highlighted cases, where large variations are in

evidence, are supported by the initial investigation of trading pattems in this market as

reported in the summary statistics.
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Figure 15: Coefficient of Variation Relationship
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9.6 Modelling Gold Returns

A range of methodologies have been used in previous research to investigate the intra-day

pattern in various markets. Variance ratios have been used to examine short-term volatility

(see Hasbrouck and Schwartz (1988), Lo and Mackinlay (1988), and Ozenbas (2006)).

Andersen, Bollerslev et al. (2000) used the flexible frontier form (FFF) to examine intra-

day volatility in the Japanese stock market. The mixture of distribution model (MODM) is

another method for investigating volatility in high frequency data which see the volatility

of prices and volume being related to differences in information arrival rates. However, the

reviews for this type of methodology are mixed. Foster and Viswantathan (1993) and

Easly, Kiefer et al. (1995, 1997) proposed a blend of MODM and the economic intuition of

structural market microstructure to assess why patterns may exist in intra-day prices and

when they occur. A time-scaling approach method has been used on foreign exchange data

to examine intra-day patterns in trade (see for example Muller, Dacorogna et al. (1990) and

Guillaume, Pichet et al. (1994)). Alternatively, Andersen and Bollerslev (1997) proposed a

GARCH (I,l) model in their analysis of high-frequency return dynamics, which follows

from the results of Drost and Nijman (1993) and Drost and Werker (1996), that intra-day

returns follow a weak GARCH (I,l) model. However, Ederington and Lee (2001) contend

that the highly utilised GARCH (i,l) model is inappropriate in the modelling of high

frequency data as it tends to mis-estimate the persistence of high frequenc> market

volatility. Goodhart and O’Hara (1997) state that much of the empirical work in this
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branch is very descriptive - examining inter relationships between quote and trade

frequency, price volatility, etc. However, the growing family of ARCH/GARCH is also

used to examine the time-varying volatility in various markets. Given the advances in this

method, Goodhart and O’Hara believe that ARCH/GARCH modelling allows greater

ability to effectively analyse high-frequency datasets. The authors contend that "in high

frequency studies, as in empirical exercises using lower frequency data, the use of GARCH

to model the autocorrelation in market volatility still reigns supreme... GARCH, in one or

another of its variant forms, is now used almost routinely to model the time path of

volatility in almost all studies of financial markets" (1997:91).

This investigation of intra-day high-frequency gold returns, therefore, will use

ARCH/GARCH modelling for the conditional analysis of gold cash and futures returns.

However, before we can proceed to this analysis, we first need to assess which member or

variant of the ARCH/GARCH family is most suitable, as described in the methodology

chapter. The following section describes the process.

9.6.1 Asymmetric Power ARCH Modelling

In order to accurately capture the conditional mean and variance of the gold cash and

futures series, GARCH modelling is utilised. As described in Chapter 6, this chapter makes

use of the methodology as proposed by Ding, Engel et al. (1993) to accurately model the

gold returns series. Recall that in the Asymmetric Power ARCH model, the power

parameter of the standard deviation can be estimated rather than imposed, and the optional

parameters are added to capture asymmetry. As specified in Ding, Engle et al. (1993), a

number of ARCH and GARCH models are nested within the PARCH model. To estimate

the goodness of fit of each model, likelihood ratio tests are used to assess the significance

of each model and provide the best fit for the data. This form of methodology will provide

the correct answer as to which variant of the ARCH/GARCH family is the most

appropriate modelling technique.

The APARCH model, estimated along with the various ARCH and GARCH models nested

within the APARCH model, is tested to identify whether the parameter restrictions

imposed are significant. The likelihood ratio test is used to ascertain the goodness of fit
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between the models. The results of the selected likelihood ratio tests are displa)ed at the

end of this chapter.

9.6.2 Likelihood Ratio Results - Gold Futures

Each model or variant is nested within alternative models. A p-value of less 0.05 implies

rejection of the nested model in favour of the alternative model. A likelihood ratio test

rejects, in all cases, the nested ARCH model in favour of each of the alternative variants,

indicating a preference for more sophisticated parameterizations.

We can see that in all cases the nested model is consistently rejected in all cases in favour

of alternative variant of the ARCH/GARCH family. We can see that for all cases there is a

preference for GARCH parameterization, leverage effect term, and the inclusion of a

power term. The APGARCH model is the clear preference for gold cash returns, all other

nested variants are rejected. The APGARCH model provides ARCH and GARCH

parameterization, a leverage effect term and a free power term, which is estimated within

the model. The model results suggest that a power and asymmetry term add value to the

four gold models, thereby suggesting the superiority of a free power term and leverage

effect term as the optimum mix. The likelihood ratio test reveals that in all cases, the

nested models are rejected in favour of the APGARCH model. The significant p value

reported indicate again the inclusion ofa GARCH term provides a better fit for the data, in

tandem with a leverage effect term and a free power term.

Overall the results indicate that the addition of a GARCH term does provide substantial

gains to the model. The inclusion of a free power term and an unrestricted asymmetric

term, in the form of the APGARCH model, appears to provide the best fit for the all

models in question.

9.6.3 Likelihood Ratio Results - Gold Cash

Similar to analysis undertaken on the gold future returns, the methodolog) as proposed by

Ding, Engel et al. (1993) is used to accurately model the gold cash returns series. The
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methodology indicated that the APGARCH approach is the most appropriate form of

modelling for the gold future returns.

The APGARCH model, estimated along with the various ARCH and GARCH models

nested within the APGARCH model, is tested to identify whether the parameter

restrictions imposed on each model are significant. The likelihood ratio test is used to

ascertain the goodness of fit between the models. The results of the selected likelihood

ratio tests are displayed at the end of the chapter for each of the gold cash returns.

We can see that in the majority of cases, the nested model is consistently rejected in all

cases in favour of an alternative variant of the ARCH/GARCH family. The APGARCH

model is the clear preference for gold future returns, and all other nested variants are

rejected; the APGARCH model provides ARCH and GARCH parameterization, a leverage

effect term and a free power term, which is estimated within the model. The model results

suggest that a power and asymmetry term add value to the four gold models, thereby

suggesting the superiority of a free power term and leverage effect term as the optimum

mix. The likelihood ratio ’test reveals that in most cases the nested models are rejected in

favour of the APGARCH model. The significant p value reported indicates that again, the

inclusion of a GARCH term provides a better fit for the data, in tandem with a leverage

effect term and a free power term.

Overall, similar to the results of the gold futures investigation, the results indicate that the

addition of a GARCH term does provide substantial gains to the model. The inclusion of a

free power term and an unrestricted asymmetric term, in the form of the APGARCH

model, appears to provide the best fit for all the models in question.

9.6.4 APGARCH Estimation Results - Gold Futures

Given that the above investigation yielded the result that the APGARCH is the most

appropriate model for this dataset, a simple asymmetric power GARCH model was

estimated for all four gold future returns. From Table 95, it is evident that ARCH and

GARCH coefficients in the APGARCH are significant at the 5% level in all gold models
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except for low returns. The estimated power term for each APGARCH model is significant

in all models. The maximum power term estimated is 0.9254 for the gold futures Io~

returns. The power terms estimated in the remaining models were broadly similar, with the

minimum power term estimated being 0.8493 for the gold futures high returns model. The

asymmetric term is positive and significant in all four models, indicating the importance of

symmetry in the dataset.
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Table 95: Gold Futures APGARCH Estimation Results

Model ~ d
-0.1299 0.8086 0.9173 0.2723

0.0001 0.0000 0.0000 0.0000
-0.1389 0.8426 0.9075 0.2125

0.0001 0.0000 0.0000 0.0000
-0.2038 0.7812 0.8493 0.3018

0.0000 0.0000 0.0000 0.0000
-0.0423 0.7944 0.9254 0.2652
0.1948 0.0000 0.0000 0.0000

Gold Futures Close Returns

Gold Futures Open Returns

Gold Futures High Returns

Gold Futures Low Returns

As stated, the asymmetry term is positive and significant in all four cases, indicating that the

effect of a positive innovation in the mean this period acts to increase the variance next

period. This is congruent with the implications of the sum of the variance terms being close

to but less than one, indicating slow but significant persistence of shocks to variance.

9.6.5 APGARCH Estimation Results - Gold Cash Returns

Following th’e same procedure for the gold future returns and given that the above

investigation yielded the result that the APGARCH is the most appropriate model for this

dataset, once again a simple asymmetric power GARCH model was estimated for all four

gold cash returns. Table 96 shows the ARCH, GARCH, power term, and the leverage term

for the APGARCH models. The p-values of the coefficients are presented underneath.

From Table 96 it is evident that ARCH and GARCH coefficients in the APGARCH are

significant at the 5% level for all gold models. The estimated power term for each

APGARCH model is significant in all models. The maximum power term estimated is

0.9362 for the gold cash high returns. The power term estimated in the remaining models is

broadly similar, with the minimum power term estimated being 0.8857 for gold cash low

returns. The asymmetric term is positive and significant in all four models. This indicates

the importance of symmetry in the dataset as reflected also in the gold futures modelling

which reveals the effect of a positive innovation in the mean this period acts to increase the

variance next period. With the sum of the variance terms being close to but less than one,

slow but significant persistence of shocks to variance exist.
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Table 96: Gold Cash APGARCH Estimation Results

Model Q p d ~.
0.0140 0.5835 0.8998 0.6439
0.0095 0.0000 0.0000 0.0000
0.0238 0.5788 0.8970 0.6486
0.0000 0.0000 0.0000 0.0000
-0.0713 0.5811 0.9363 0.6345
0.0000 0.0000 0.0000 0.0000
0.1222 0.5709 0.8857 0.6645
0.0000 0.0000 0.0000 0.0000

Gold Cash Close Returns

Gold Cash Open Returns

Gold Cash High Returns

Gold Cash Low Returns

9.7 Non Parametric Analysis of Gold Future and Cash Returns

9.7.1 Non-parametric Analysis of the First Moment - Gold Futures

Given the knowledge that data under examination are non-normally distributed, a further

examination using non-parametric testing is required. Therefore. the Kruskal Wallis test. a

non-parametric alternative to ANOVA, is used. It tests whether several independent

samples are from the same population. It is distributed as a chi-squared statistic with n-I

degrees of freedom, where n is the number of possible distributions from which the sample

can be drawn. The null hypothesis is that the data are from the same distributions, l.ooking

at time of day, the null is that the data do not differ as to time of day. A significant finding,

a rejection of the null hypothesis, would indicate that a time-of-day effect is present. The

results are shown in Table 97. The results indicate that evidence of an intra-day effect in

the mean in all four gold future returns exists.

Table 97: Gold Futures Kruskal Wallis H Test

Chi-Square df Significance

Open Rtn 47.4106 21 0.0008

High Rtn 58.0788 21 0.0000

Low Rtn 73.4131 21 0.0000

Close Rtn 42.6041 21 0.0035

Therefore we can conclude that we have evidence of intra-day effects in the unconditional

first moment. The investigation of particular time periods that are significant will be

further analysed in the following conditional analysis.
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9.7.2 Non parametric Analysis of the First Moment - Gold Cash

The Kruskal Wallis test is used once again, as with the futures series. The null hypothesis

is that the data are from the same distribution and do not differ as to time of day. The

results are shown in Table 98. The results indicate that there is limited evidence of an intra-

day effect in the mean. The findings, at the 5% level of non-parametric analysis, show that

intra-day seasonal behaviour is observed for all four gold cash returns. This finding

indicates that an intra-day effect is present. Given that all four cash returns significantly

reject the null hypothesis, this further cements our evidence from the parametric analysis

that an intra-day seasonal effect is present in gold cash returns.

Table 98: Gold Cash Kruskal Walfis H Test

Return Chi-Square df Asymp. Sig.

Open Rtn 91.1564 47 0.0001

High Rtn 316.9008 47 0.0000

Low Rtn 493.9306 47 0.0000
Close Rtn 104.7077 47 0.0000

9.7.3 Non-parametric analysis of the Second Moment - Gold Futures

Intra-day patterns of the unconditional variance of gold future returns are examined using

the Levene test, which tests for equality of variance that is robust to non-normality. Table

99 displays the results of the Levene Test, which examines for the presence of seasonality

in the second moment, the variance by time of day. In all cases, we can reject the null of

homogeneity of variance in gold future returns, indicating that intra-day variation in gold

future variance returns may exist.

Table 99: Gold Futures Test of Homogeneity of Variances

Levene Statistic dfl dr2 Sig.
Open Rtn 157.6605 21 21428 0.0000
High Rtn 161.0802 21 21428 0.0000
Low Rtn 160.6210 21 21428 0.0000
Close Rtn 161.8102 21 21428 0.0000

253



Following from this analysis, the next approach is to model the conditional mean and

variance returns. Figures 16 A-D display a graphical depiction of the conditional variances

as derived from the estimated equation of each of the APGARCH models for gold future

returns. All graphs reveal an inverted U-pattern, indicating a steep increase in conditional

variance from 08:22h until 08:52h whereupon variance reaches its highest levels.

Thereafter variance gradually declines until close of trading at 13:30, where conditional

variance equals initial conditional variance at opening trading.

Figure 16 A-D: APGARCH Conditional Variance
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The non parametric analysis of the conditional variance is shown below. The results, in

support of the unconditional analysis, report that an intra-day effect may exist in both the

mean and variance of gold future returns.

Table 100: Conditional Variance: Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

Open Rtn APGARCH 20.5010 21 21429 0.0000

High Rtn APGARCH 31.0423 21 21429 0.0000

Low Rtn APGARCH 30.2522 21 21429 0.0000

Close Rtn APGARCH 27.5156 21 21429 0.0000

Table 101: Conditional Variance: Kruskal Wallis H test

Chi-Square df Asymp. Sig.
Open Rtn APGARCH 1344.0251 21 0.0000

High Rtn APGARCH 1717.2465 21 0.0000
Low Rtn APGARCH 1819.2054 21 0.0000
Close Rtn APGARCH 1664.7414 21 0.0000
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9.7.4 Non-parametric analysis of the Second Moment - Gold Cash

Intra-day patterns in the unconditional variance is examined using the Levene test. ~vhich.

as specified earlier, tests for equality of variance that is robust to non-normali~~. Table 102

displays the results of the Levene Test, which examines for the presence of seasonali~ in

the second moment, the variance. In all cases, we can reject the null of homogenei~ of

variance in gold cash returns. The results reveal that in all cases we can say that an intra-

day pattern in the variance of gold cash returns may exist.

Table 102: Gold Cash Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
Open Rtn 104.2694 47 37941 0.0000
High Rtn 109.3448 47 37941 0.0000
Low Rtn 114.0485 47 37941 0.0000
Close Rtn 103.737 47 37941 0.0000

Figures 17 A-D provide a graphical depiction of the conditional variances as derived from

the estimated equation of each of the APGARCH models for gold cash returns. All graphs

reveal an inverted W-pattern, reflecting increasing variance from midnight until 01:30

(start of trading on TOCOM), whereby variance declines until 04:30. Thereafter. it slowly

increases until mid-day when a large increase in variance is evident until 16:30

(corresponding to trading on COMEX). Following this. variance falls steeply to reach the

lowest recorded level at 22.30.
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Figure 17 A-D: APGARCH Conditional Variance Gold Cash Returns
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In line with the results of the conditional variance in the future series, the cash series also

indicate that an intra-day seasonal pattern may exist, as shown from the Kruskal Wallis H

test and the Levene Test.

Table 103: Conditional Variance: Kruskal Wallis H Test

Chi-Square df Asymp. Sig.
Open Rtn APGARCH 5195.9812 47 0.0000
High Rtn APGARCH 5071.3732 47 0.0000
Low Rtn APGARCH 5016.1755 47 0.0000
Close Rtn APGARCH 5153.4823 47 0.0000
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Table 104: Conditional Variance: Test of Homogenei~" of Variances

Levene Statistic dfl dr2 Sig.
Open Rtn APGARCH 215.3024 47 37941 0.0000
High Rtn APGARCH 197.3965 47 37941 0.0000
Low Rtn APGARCH 207.0533 47 37941 0.0000
Close Rtn APGARCH 206.7282 47 37941 0.0000

The graphical depictions of the APGARCH conditional variance for gold cash and futures

initially appear very different. The futures conditional variance indicates a sharp rise in

volatility at 08:22 and gradually declines for the remainder of the trading day-indicating

the effect of the opening period of trading on the volatility of returns. Looking at the cash

market, the conditional variance can be generally described as an inverted W shape, xvith

pronounced periods at midnight, 09:30 and a significant rise from mid-day to peak at 18:00

where thereafter it retreats. The beginning of the rise in the conditional variance in the cash

market corresponds to the major rise in conditional variance in the futures market at 08:22.

Recall that the futures data is based on trading in New York and reflects this time period.

whereas the cash data is based on GMT. As gold is an internationall) traded asset, the

conditional variances of the two markets are similar and reveal imporlant inter linkages

that occur between the markets.
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9.8 Conditional Analysis

9.8.1 APGARCH Modelling - Gold Future Returns

The APGARCH model as the preferred mode of analysis for this dataset is used to model

each gold future returns series with the inclusion of dummy variables as indicated from the

unconditional analysis in section 9.2. In order to derive an examination of the intra-day

effects, if any, of the included dummy variables on the mean and variance, we can state

that in the mean equation if the dummy variables are significant we can reasonably state

that intra-day patterns exist. However, if dummy variables are significant in the conditional

variance equation but not in the conditional mean equation, then we can conclude that

intra-day patterns in gold returns occur in market risk.

Where evidence of an intra-day effect existed in the unconditional analysis, relevant

dummy variables are included in the mean equation. In order to examine the effect of each

time period on the variance, a dummy variable is included for all time periods, save for

08:22, in the conditional variance equation. Using this’ approach, the constant in the

variance equation is the effect of 08:22 on volatility and the remaining intra-day dummies

become the differential effect from 08:22 on volatility of the various intra-day periods.

Given that the data is non-normally distributed, a student t-distribution is used along with

an APGARCH specification.

Tables 105 - 108 show results of this analysis and Table 109 displays the regression

diagnostics of this dataset. The results show that, in general, the APGARCH specification

provides a reasonable fit for the data. The ARCH Lagrange multiplier (LM) test, for the

detection of autoregressive conditional heteroskedasticity (ARCH) in the residuals (Engle

1982), is computed. The null hypothesis is that there is no ARCH up to order q in the

residuals. Table 109 also shows the results for the F-statistic, which is an omitted variable

test for the joint significance of all lagged squared residuals. The results indicate that for all

gold futures returns, residual ARCH effects are not an issue.
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Table 105: APGARCH Estimation by time of day (Open Rtns)

Variable Coefficient Sig.
Mean Equation

09:52 -0.0002 0.0000

10:07 -0.0001 0.0003

12:07 0.0000 0.3 ! 12

Constant in Mean 0.0000 0.4344

Variance Equation

Constant in Variance 0.0000 0.0009

7 O. 1542 0.0000
ct 0.0462 0.0001

1~ 0.5948 0.0000

8:37 0.0000 0.0011

8:52 0.0000 0.0009

9:07 0.0000 0.0007

9:22 0.0000 0.0009

9:37 0.0000 0.0008

9:52 0.0000 0.0008

! 0:07 0.0000 0.0008

10:22 0.0000 0.0008

10:37 0.0000 0.0008

10:52 0.0000 0.0008

i 1:07 0.0000 0.0008

I 1:22 0.0000 0.0008

I 1:37 0.0000 0.0008

11:52 0.0000 0.0008

12:07 0.0000 0.0008

12:22 0.0000 0.0008

12:37 0.0000 0.0009

12:52 0.0000 0.0008

13:07 0.0000 0.0008

13:22 0.0000 0.0008

13:30 0.0000 0.0009

d 2.0023 0.0000
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Table 106: APGARCH Estimation by time of day (High Rtns)

Variable Coefficient Sig.

Mean Equation

09:52 -0.0002 0.0000

10:07 -0.0001 0.0282

12:07 0.0000 0.4018

13:30 0.0001 0.0000

Constant in Mean 0.0000 0.3153

Variance Equation

Constant in Variance 0.0000 0.0007

~/ 0.1618 0.0000

ct 0.0438 0.0001

I3 0.5917 0.0000

8:37 0.0000 0.0009

8:52 0.0000 0.0008

9:07 0.0000 0.0006

9:22 0.0000 0.0008

9:37 0.0000 0.0007

9:52 0.0000 0.0007

10:07 0.0000 0.0007

10:22 0.0000 0.0007

10:37 0.0000 0.0007

10:52 0.0000 0.0007

11:07 0.0000 0.0007

11:22 0.0000 0.0007
11:37 0.0000 ’ 0.0007

11:52 0.0000 0.0007
12:07 0.0000 0.0007

12:22 0.0000 0.0007

12:37 0.0000 0.0007

12:52 0.0000 0.0007

13:07 0.0000 0.0007

13:22 0.0000 0.0007

13:30 0.0000 0.0007

d 2.0083 0.0000
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Table 107: APGARCH Estimation by time of day (Low Rtns)

Variable Coefficient Sig.
Mean Equation

08:37 0.0004 0.0000

08:52 0.0000 0.3333

09:37 0.0001 0.2180
09:52 -0.0001 0.0004

10:07 -0.0001 0.0002

10:22 0.0001 0.0070

11:22 0.0001 0.0485
12:07 0.0000 O. i 765

12:22 0.0000 0.2892

12:37 0.0000 0.7715
Constant in Mean 0.0000 0.6862

Variance Equation
Constant in Variance 0.0001 0.0000

~, O. ! 569 0.0000

ct -0.0243 0.0605

[~ 0.6700 0.0000

8:37 -0.0001 0.0000

8:52 -0.0001 0.0000

9:07 -0.0001 0.0000

9:22 -0.0001 0.0000

9:37 -0.0001 0.0000

9:52 -0.0001 0.0000

10:07 -0.0001 0.0000

10:22 -0.0001 0.0000

10:37 -0.0001 0.0000

10:52 -0.0001 0.0000

I 1:07 -0.0001 0.0000

I 1:22 -0.000 i 0.0000

11:37 -0.0001 0.0000

11:52 -0.0001 0.0000

12:07 -0.0001 0.0000

12:22 -0.0001 0.0000

12:37 -0.0001 0.0000

12:52 -0.0001 0.0000

13:07 -0.0001 0.0000

13:22 -0.0001 0.0000

13:30 -0.0001 0.0000

d 1.6391 0.0000
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Table 108: APGARCH Estimation by time of day (Close Rtns)

Variable Coefficient Sig.
Mean Equation

10:07 -0.0001 0.0019

11:22 0.0001 0.0231
12:07 0.0000 0.5077
12:22 0.0000 0.4286
13:30 0.0001 0.0362
Constant in Mean 0.0000 0.3272

Variance Equation

Constant in Variance 0.0000 0.0007
~’ 0.1582 0.0000
ct 0.0453 0.0001
13 0.5963 0.0000
8:37 0.0000 0.0008
8:52 0.0000 0.0008
9:07 0.0000 0.0005
9:22 0.0000 0.0007
9:37 0.0000 0.0006
9:52 0.0000 0.0007
10:07 0.0000 0.0007
10:22 0.0000 0.0007
10:37 0.0000 0.0007
10:52 0.0000 0.0006
11:07 0.0000 0.0007
11:22 0.0000 0.0006
11:37 0.0000 0.0007
11:52 0.0000 0.0006
12:07 0.0000 0.0007
12:22 0.0000 0.0006
12:37 0.0000 0.0007
12:52 0.0000 0.0007
13:07 0.0000 0.0007
13:22 0.0000 0.0006
13:30 0.0000 0.0007
d 2.0041 0.0000
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Also shown in Table 109 are the Ljung-Box Q-statistics and their p-values for the

standardised residuals and the squared standardised residuals. The Q-statistic for the

standardised residuals at lag k is a test statistic for the null hypothesis that there is no

autocorrelation up to order k. This tests for any remaining serial correlation and checks the

specification of the mean equation. If the mean equation is correctly specified, all p-values

of the Q-statistics should be insignificant. The Ljung-Box Q-statistics for the squared

standardised residuals tests for remaining ARCH in the variance equation and checks the

specification of the variance equation. If the variance equation is correctly specified, all p

values of the Q-statistics should be insignificant. The results show that for gold futures,

most Q-statistics for standardised residual are significant, indicating that serial correlation

may be an issue. However, for all four returns, we can see that serial correlation is not

observed in the squared standardised residuals.

Looking at the APGARCH analysis, the constant in the variance equation is not explosive.

The leverage effect and power terms are positive and significant. The coefficient of the

ARCH term sums to less than one in the variance equation. The constant in the variance

equation is significant indicating the effect of 08:22 on volatility. The intra-day dummies

are significant in the variance equation for all four gold future returns, where for close,

high, and open returns, all dummies have the effect of increasing variance. For low returns,

where all dummies are significant, the effect of decreasing variance is evident. However, it

must be noted that the magnitude of these effects are minimal. From the mean equation for

all four gold future returns, we can see that the time 10:07 is significant. Varying

significant time periods are observed in the four gold models. For close returns we can see

that 10:07, 11:22 and 13:30 are significant time periods. For high returns, 09:52, 10:07 and

13:30 are significant. For low returns, 08:37, 09:52, 10:07, 10:22 and 11:22 are significant

while for open returns, 09:52 and 10:07 are significant time periods.

Figures 18 A-D show the conditional variance of the updated APGARCH, which includes

dummy variables. We can see that these graphical depictions significantly vary from

previous results in Figures 16 A-D, where the conditional variance rose sharply from a low

level at 08:22 compared to the situation in this case, where the volatility starts at the

highest level. We can see that conditional variance is at its highest point at 08:22, and falls

sharply until 08:52. Thereafter, the conditional variance is slowing trending downwards.

Comparing the conditional variance below to the unconditional variance as reported in
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Chapter 7, a similar pattern is common for both. However, the unconditional variance

decreased very steeply and quickly after 08:22, while the decline was more gradual for the

conditional variance. The unconditional pattern was similar to an L-shape, while the results

below resemble the first half of the letter U. However, we can say that the results are

largely in line with the unconditional and conditional variance of gold future returns.
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Figure 18 A-D: APGARCH with dummies Conditional Variance
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To conclude, therefore, we can say that we have unearthed evidence of intra-day patterns

in the gold futures market. It can be seen that 10:07 is an important time for gold mean

returns; from our initial analysis gold returns at 10:07, in many cases, reflect the lowest

return levels of the day. In addition 08:52, 09:22, 09:52 and 10:22 remain significant time

periods where intra-day effects in the variance of this asset are observed. We also note that

13:30 is an important time period. This corresponds to close of trading on the U.S. market,

given that important markets in Japan are closed, and relates to low levels of trading in the

cash market, therefore this time period is primarily U.S dominated. Further, 08:22

represents an important period for the volatility of the metal. As seen earlier in the chapter,

pronounced volatility is witnessed at this initial stage of trading. High volatility and high

volume experienced at this period of the day may, along with information effects, be

indicative of a slowdown in trading on U.K. markets at lunchtime and reflect more U.S.

buying interest.
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9.8.2 APGARCH Modelling - Gold Cash Returns

Using the pre-determined preferred model - the APGARCH, we proceed to model the

conditional mean and variance of each gold return series with the inclusion of dumm~

variables as indicated from the parametric analysis in section 9.3. The intra-day dummx

variables allow us to examine the effect that these identified time periods from Tamhanes

T2 Test results have on the conditional mean and variance of the gold return series.

Following the approach that will also be undertaken for the examination of daily

seasonality in Chapter 10, intra-day dummies are included, as identified in the

unconditional analysis, to examine any potential intra-day effects. For the mean equation,

dummies are included that correspond to significant time periods from the Tamhane T:

statistics. For the variance equation of the conditional analysis, we include dummies

variables for all time periods, save for 13:30, to reduce the probability of non-convergence

as reported in Belier and Nofsinger (1998), with n-I dummy variables included in the

variance equation. 13:30 was chosen in this case as it corresponds to the opening time

periods of the gold futures market, COMEX. Following this method, the constant in the

variance equation is the effect of 13:30 on volatility and the included dummy variables tbr

each time period represent the’ difference in effect from 13:30 on volatility for the

individual time periods. Given that the cash data is of a continuous basis, information

asymmetry theory as described in Madhavan (1992) and Fon and Lai (2006) should not be

a feature. Continuous trading should maintain that private information is compounded into

pricing and therefore information asymmetry decreases.

Tables 110-113 display the results of this analysis for all gold cash returns. Table 114

provides information on the regression diagnostics. It is evident that serial correlation

exists in the standardised residuals but not in the squared standardised residuals. The F-

statistics and the LM ARCH statistic reveal that no ARCH effects are present. In all four

gold return models we can see that the variance is not explosive and the sum of ct and 13

terms in the variance equation is less than one. From Tables 110-113 we can see that the

constant in the variance equation is significant in all cases. From this analysis, significant

time periods for gold cash returns are emerging. Rather than identifying significant time

periods from the variance equation, it is easier to highlight periods that are not significant.

Across all returns, 00:00, 12:30 and 14:00 are not regarded as important time periods. For

all returns, save for close, 14:30 is not significant. In addition, the folloxving times are not
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important periods: 13:00 (open and low retums); 15:00 (open and high returns), and 00:30

(open returns). From the mean equation of the conditional analysis, it is interesting to note

that many of the time periods that were not significant in the variance equation are

significant time periods for the mean. For high and low returns, 12:30, 13:30, 18:00 and

18:30 are significant, corresponding to the beginning and end of trading on COMEX in

New York. High returns also report 00:00 and 17:30 as significant time periods while close

and high both report 16:00 as important. For all returns, we can see that the asymmetry

term and power terms are significant.
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Table 110: APGARCH Estimation with Dummies (Open Returns)

Variable Coefficient Sig.

Mean Equation

Constant in Mean 0.0000 0.2959

Variance Equation
Constant in Variance 0.0000 0.0095

-f O. 1500 0.0000

ct 0.0500 0.0002

[3 0.6000 0.0000

00:00 0.0000 0.3135

00:30 0.0000 0.1472

O! :00 0.0000 0.0117

O1:30 0.0000 0.0117

02:00 0.0000 0.0099

02:30 0.0000 0.0096

03:00 0.0000 0.0092

03:30 0.0000 0.0093

04:00 0.0000 0.0096

04:30 0.0000 0.0094

05:00 0.0000 0.0093

05:30 0.0000 0.0093

06:00 0.0000 0.0097

06:30 0.0000 0.0095

07:00 0.0000 0.0095

07:30 0.0000 0.0097

08:00 0.0000 0.0103

08:30 0.0000 0.0126

09:00 0.0000 0.0112

09:30 0.0000 0.0097

I 0:00 0.0000 0.0099

10:30 0.0000 0.0101

I 1:00 0.0000 0.01 O0

11:30 0.0000 0.0106

12:00 0.0000 0.0175

12:30 0.0000 O. 1648

13:00 0.0000 0.2534

14:00 0.0000 O. 1670

14:30 0.0000 O. 1282

15:00 0.0000 0.0884

15:30 0.0000 0.0452

16:00 0.0000 0.0320

16:30 0.0000 0.0242

17:00 0.0000 0.0275

17:30 0.0000 0.0148

18:00 0.0000 0.0098

18:30 0.0000 0.0098

19:00 0.0000 0.0098

19:30 0.0000 0.01 O0

20:00 0.0000 0.0091

20:30 0.0000 0.0088

21:00 0.0000 0.0087

21:30 0.0000 0.0088

22:00 0.0000 0.0091

22:30 0.0000 0.0093
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23:00 0.0000 0.0120
23:30 0.0000 0.0195
d 2.0000 0.0000

Table 111: APGARCH Estimation with Dummies (High Returns)

Variable Coefficient    Sig.
Mean Equation
00:00 0.0005 0.0000
12:30 0.0005 0.0000
13:30 0.0003 0.0000
16:00 0.0002 0.0004

17:30 -0.0003 0.0000
18:00 -0.0002 0.0038
18:30 -0.0002 0.0000
19:00 0.0000 0.7237
Constant in Mean 0.0000 0.2799

Variance Equation

Constant in Variance 0.0000 0.0058

T 0.1500 0.0000
a 0.0500 0.0001
[3 0.6000 0.0000
00:00 0.0000 0.3285
00:30 0.0000 0.0380
01:00 0.0060 0.0065
01:30 0.0000 0.0066
02:00 0.0000 0.0060
02:30 0.0000 0.0057
03:00 0.0000 0.0057
03:30 0.0000 0.0057
04:00 0.0000 0.0056
04:30 0.0000 0.0055
05:00 0.0000 0.0055
05:30 0.0000 0.0058
06:00 0.0000 0.0058
06:30 0.0000 0.0057
07:00 0.0000 0.0059
07:30 0.0000 0.0059
08:00 0.0000 0.0073
08:30 0.0000 0.0082
09:00 0.0000 0.0067
09:30 0.0000 0.0059
10:00 0.0000 0.0061
10:30 0.0000 0.0062
11:00 0.0000 0.0064
11:30 0.0000 0.0068
12:00 0.0000 0.0160
12:30 0.0000 0.4790
13:00 0.0000 0.0448
14:00 0.0000 0.2038
14:30 0.0000 0.0833
15:00 0.0000 0.0561
15:30 0.0000 0.0275
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16:00 0.0000 0.0233
16:30 0.0000 0.0203
17:00 0.0000 0.0137

17:30 0.0000 0.0077

18:00 0.0000 0.0063

18:30 0.0000 0.0061
19:00 0.0000 0.0062
19:30 0.0000 0.0062
20:00 0.0000 0.0055

20:30 0.0000 0.0053

2 ! :00 0.0000 0.0052

21:30 0.0000 0.0052
22:00 0.0000 0.0055
22:30 0.0000 0.0056

23:00 0.0000 0.0083

23:30 0.0000 0.0174

d 2.0000 0.0000

Table 112: APGARCH Estimation with Dummies (Low Returns)

Variable Coefficient    Sig.

Mean Equation

09:00 0.0000 0.9292

12:30 -0.0006 0.0000

13:30 -0.0005 0.0000

! 8:00 0.0002 0.0003

18:30 0.0002 0.0000

19:00 0.0000 0.7057

Constant in Mean 0.0000 0.0165

Variance Equation

Constant in Variance 0.0000 0.0040

O. 1500 0.0000

a 0.0500 0.000 I

13 0.6000 0.0000

00:00 0.0000 0.5678

00:30 0.0000 0.0237

01:00 0.0000 0.0045

01:30 0.0000 0.0046

02:00 0.0000 0.004 I

02:30 0.0000 0.0040

03:00 0.0000 0.0037

03:30 0.0000 0.0038

04:00 0.0000 0.0039

04:30 0.0000 0.0038

05:00 0.0000 0.0039

05:30 0.0000 0.0038

06:00 0.0000 0.0039

06:30 0.0000 0.0038

07:00 0.0000 O.O03q

07:30 0.0000 0.0039

08:00 0.00(~ 0.0043

08:30 0.0000 0.0053
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09:00 0.0000 0.0046

09:30 0.0000 0.0040

10:00 0.0000 0.0041

10:30 0.0000 0.0040

11:00 0.0000 0.0041

11:30 0.0000 0.0044

12:00 0.0000 0.0097

12:30 0.0000 0.4309

13:00 0.0000 0.1412

14:00 0.0000 0.0885

14:30 0.0000 0.0576

15:00 0.0000 0.0255

15:30 0.0000 0.0146

16:00 0.0000 0.0098

16:30 0.0000 0.0108

17:00 0.0000 0.0110

17:30 0.0000 0.0065

18:00 0.0000 0.0043

18:30 0.0000 0.0042

19:00 0.0000 0.0044

19:30 0.0000 0.0044

20:00 0.0000 0.0036

20:30 0.0000 0.0036

21:00 0.0000 0.0036
21:30 0.0000 0.0033

22:00 0.0000 0.0039

22:30 0.0000 0.0035

23:00 0.0000 0.0042
23:30 0.0000 0.0115

d 2.0000 0.0000

Table 113: APGARCH Estimation with Dummies (Close Returns)

Variable Coefficient Sig.

Mean Equation
01:00 0.0000 0.4590
09:30 0.0000 0.3335

12:00 -0.0001 0.3106

16:00 0.0003 0.0000
22:30 0.0000 0.8230

Constant in Mean 0.0000 0.3705

Variance Equation

Constant in Variance 0.0000 0.0042

T 0.1500 0.0000
0.0500 0.0000

I3 0.6000 0.0000

00:00 0.0000 0.5408
00:30 0.0000 0.0107

01:00 0.0000 0.0047

01:30 0.0000 0.0047
02:00 0.0000 0.0044

02:30 0.0000 0.0041
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03:00

03:30

04:00

04:30

05:00

05:30

06:00

06:30
07:00

07:30

08:00

08:30

09:00

09:30

lO:O0
10:30

i 1:00

I 1:30
12:00

12:30

13:00
14:00

14:30

15:00
15:30

16:00

16:30
17:00

17:30

18:00
18:30

19:00

19:30

20:00
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9.8.3 APGARCH Revised Conditional Variance

Finally, a graphical depiction of the conditional variance of the APGARCH models

reflected above is provided in Figures 19 A-D. The graphs show that the conditional

variance displayed is very similar to the conditional variance observed in the initial

APGARCH analysis, but with two obvious exceptions. We can see that variance is greater

at 00:00 and also is on an upward trend from 19:30, representing a double U or W pattern.

The graphical depictions below are very similar to those that were displayed in Chapter 7.

which illustrated the unconditional variance of gold cash returns and reported a similar W-

shaped pattern, but of greater magnitude.

Figure 19 A-D: APGARCH with Dummies Conditional Variance Gold Cash Returns
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9.9 Conclusion

From the analysis of gold cash and future returns, from both the unconditional and

conditional investigation, it appears that intra-day patterns in gold returns are observable.

Looking at gold future returns from the mean perspective, early morning plus close of

trading at 13:30 are important time periods. For volatility returns however, no clear

consensus is forthcoming as evidence of seasonal behaviour is observable for all time

periods. From the gold cash returns analysis, generally the time periods from mid-day until

late afternoon play a significant role for gold cash mean retums, corresponding to gold

trading in New York. In terms of volatility, insignificant results are reported generally

around mid-day to end of lunchtime, corresponding to the time period proceeding and at

initial trading of COMEX futures. It does appear however, from both the unconditional and

conditional analysis that a spill over effect exists across the markets, including TOCOM in

Japan. The spike in volatility observed during midnight trading of cash returns corresponds

to the start of trading in Asia. Volatility that is experienced after mid-day trading may well

be due to the start of trading in New York. For the futures market, we note U-shaped

patterns in volume and mean returns, while volatility displayed an L-shaped pattern. We

also note that 13:30 is an important time period. This corresponds to close of trading on the

U.S. market, given that important markets in Japan are closed, and corresponds to low

level of trading in the cash market; therefore this time period is primarily U.S. dominated.

Also, 08:22 represents an important period for the volatility of the metal. As seen earlier in

the chapter, pronounced volatility is witnessed at this initial stage of trading. High

volatility and high volume experienced at this period of the day might, along with possible

information effects, be indicative of a slowdown in trading on U.K. markets at lunchtime

and reflect more U.S buying interest.

At this point, it is appropriate to lay out the contributions and limitations of the analysis

undertaken in this chapter. The most important contribution of this analysis lies in the

unique dataset that was employed in the examination of the London OTC market. This is

the first occasion that the intra-day activities of the London market has been examined in

the academic literature and therefore it is a very valuable addition to the limited analysis of

the gold market that has taken place to date. It is hoped that future studies will expand on

this analysis and push the current boundaries to new levels. In addition, this analysis

applied new methodology to gold market research. As outlined in the methodology
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chapter, Ding, Engle et al. (1993) put forward a new addition to the ARCH / GARCH

family through the Asymmetric Power ARCH model. As discussed in the literature reviex~

of this methodology, such techniques have not been applied to an)’ gold market analysis

prior to this point. Therefore, the application of this technique indicates the vigour of this

research and the desire to push the boundaries of precious metals research.

In terms of limitations, this analysis would benefit from the inclusion of data relating to the

TOCOM market, thereby examining the three main markets for gold trading. Ho~vever. it

is for future research to assess these areas. In addition, given the sheer size and complexit)~

of this dataset, it was necessary to make certain trade-offs in the analysis. It would be a

worthwhile exercise to break down the cash market data into shorter time periods and to

assess the relationship between the cash and futures markets over a smaller scale.

However, once again, such an investigation is for future studies of this area.
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10. Daily Seasonality in Gold Returns

10.1 Introduction

This chapter examines seasonality in the unconditional and conditional mean and variance

of daily gold cash and future contracts over the 1983-2003 periods. Although gold has

been freely traded since 1974, this thesis has concentrated on the post 1983 period for a

number of reasons including the attempted cornering of the silver market by the Hunt

brothers, and the change in settlement procedures in London in late 1981 Given that much

financial research in equity markets involves searching for anomalies, in particular daily

seasonal effects in equity markets, it is interesting, therefore, to examine the extent and

nature of any such seasonality in the precious metal markets. This analysis builds upon the

results of Lucey and Tully (2006a) and provides further evidence of seasonality in the gold

market.

10.2 Methodology

The conditional and unconditional means and variances of the series are tested. Testing the

unconditional means is achieved by a series of regressions of the form

5

Eq. 28: Rt = ~_aiDi + ct
i=l

The above equation represents a simple dummy variable regression. The two sets of

statistics that emerge are the regression t-statistics, which test the difference from zero of

each coefficient, and the regression F-statistic, which is a joint test of the equality of each

coefficient to zero, simultaneously. To ensure the robustness of the results from outliers, a

robust method, in this case a trimmed least squares regression model, is applied. Results

are also reported with Whites correction for disturbances in the error terms to control for

hetroskedasticity and autocorrelation. Testing for seasonality in the unconditional variance

is, by means of Levene’s test, an alternative to the well-known Bartlett test for the equality

of variance that is robust to non-normality.
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The inclusion of daily dummies allows for the modelling of not onlx the conditional

dependence between the mean and the variance, but also potentially to examine the effect

that daily seasonality has on these conditional estimates. By including dummy variables tbr

days of the week, it allows for the examination of the effect that these have both on the

mean and the variance.

The initial examinations of the moments of the distribution, as shown in Chapter 7.

indicate that seasonality in gold returns may in fact exist. Thus the investigation continues

and examines the equality of the distributions for gold cash and future returns.

Table 123 displays the results of the Kolmogorov Smirnov Z test and the Jarque-Bera

statistics for the equality of distributions. The results for all variables reject the equalit). of

the distribution at the 5% level, confirming that the data are non-normally distributed.

Table 123: Normality Test of Gold Returns

N Kolmogorov-Smirnov Sig. Jarque-Bera Sig.

Gold Cash     5477 0.0827 0.0000 43733.1300 0.0000

Gold Futures 5477 0.091 I 0.0000 29197.2300 0.0000

288



10.3 Parametric Analysis of the First Moment

Shown in Table 124 are the results of the OLS analysis of the first moment.

Table 124: OLS Analysis of Daily Seasonality

Gold Cash

Gold Futures

Variable Coefficients T stat Sig.

Monday -0.0002 -0.7441 0.4568

Tuesday -0.0001 -0.5676 0.5704

Wednesday 0.0001 0.3244 0.7456

Thursday 0.0002 0.6174 0.5370

Friday 0.0000 0.1207 0.9039

F(5477) 0.275 0.927

Monday 0.0001 0.2366 0.8130

Tuesday -0.0002 -0.8135 0.4160

Wednesday -0.0001 -0.2508 0.8019

Thursday -0.0001 -0.3020 0.7627

Friday 0.0002 0.7785 0.4363

F(5477) 0.3150 0.9040

There does not appear to be an issue of daily seasonality in the first moment as the F-

statistic is not significant, indicating that overall seasonality is not evident. Furthermore

none of the t-statistics for any day of the week are significant, indicating that daily

seasonality is not prevalent in the mean.

However, looking at the results of the regression diagnostics it appears that the equation is

not well specified as shown in Table 125.
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Table 125: Regression Diagnostics of OLS Modelling

Gold Cash                  Gold Futures

Stat.        Sig.         Stat.
Ljung Box Q Test for Serial Correlation in Standardised Residuals

Sig.

LB(4) 11.2880 0.0240 12.7530 0.0130
LB(8) 19.4280 0.0130 13.9040 0.0840
LB(12) 21.6890 0.0410 14.4830 0.2710
LB(I 6) 23.8800 0.0920 18.2310 0.3110
LB(20) 32.0250 0.0430 21.3060 0.3790
LB(24) 36.2740 0.0520 25.3060 0.3890
Ljung Box Q Test for Serial Correlation in Squared Residuals

LB(4) 182.6200 0.0000 327.7200
LB(8) 222.1200 0.0000 367.7300
LB(12) 251.1700 0.0000 390.5000
LB(I 6) 268.8000 0.0000 414.8100
LB(20) 283.9000 0.0000 439.0500
LB(24) 306.4300 0.0000 453. ! 200
ARCH Test for ARCH Effects in Residuals

ARCH( I ) 84.6302 0.0000 159.4829
ARCH(2) 92.5484 0.0000 182.1462
ARCH(3) 105.3776 0.0000 194.762 I
ARCH(4) 39.4398 0.0000 256.7757
ARCH(5) 33.7336 0.0000 259.3056
White’s HeteroskedasticityTest

10.4500       0.0335        10.1561
Jarque Bera Test for Normality of Residuals’

43637.2000       0.0000    29298.4200

0.0000
0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000
0.0000

0.0379

0.0000

Upon examination of the serial correlation results, the Ljung Box Q-statistics are largely

significant. The Q-statistic at lag k is a statistic test for the null hypothesis that there is no

autocorrelation up to order k. If no serial correlation exists in the residuals, all Q-statistics

should be insignificant. There is clear evidence of a serial correlation in the standardised

and squared residuals for gold cash, and in the squared residuals for gold futures.

Whites Heteroskedasticity test is a test for the presence of heteroskedasticity in the

residuals. If present, it is a violation of the classical assumption of constant variance.

namely homoskedasticity. In this environment, the parameter estimates will remain

unbiased, however they are no longer efficient and sample variance estimates will be

biased and likely underestimated indicating that we cannot rely on the OLS estimates

obtained. The null hypothesis is of homoscedasticiU. From the diagnostic results, we can

conclude that hetroskedasticity is present in the data at each ARCH level.
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If the residuals of gold cash and future returns are normally distributed, then the Jarque

Bera statistics should not report a significant result. From Table 123, we can see that the

residuals are non-normally distributed.

10.3.1 Re-estimation of the First Moment

Given the present condition of the residuals, a number of corrections are taken. Using

White’s (1980) hetroskedasticity consistent covariance matrix estimator provides correct

estimates of the coefficient covariances in the presence of hetroskedasticity of the

unknown form. In order to correct for serial correlation in the residuals, the results of the

partial autocorrelation are examined as displayed at the end of the chapter. An

autocorrelation lag (AR(1-3)) is included for gold cash returns while gold future includes

an AR(1-2) term where the model incorporates residuals from the past observation into the

regression model for the current observation.

Table 126 provides the initial OLS estimates, which were originally shown in Table 122,

along with a model that allows for adjustments for auto regression plus a trimmed least

squares model (TLS), which is simply obtained by running OLS on a trimmed version of

the original dataset where the top and bottom 2.5% of the data are removed.
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Given that evidence exists of ARCH effects in the error term as shown from the regression

diagnostics, it is necessary to include the relevant ARCH terms as indicated in Table 127

and autoregressive parameters as stated above in the form of ARCH modelling for gold

cash and future returns where ARCH terms up to order five are included for both. Table

127 displays the results of the ARCH modelling for gold cash and futures, incorporating

the indicated ARCH parameters as necessary. To assess these models, Table 128 shows the

regression diagnostics. It appears that the ARCH models provide a good fit for the data.

The ARCH terms and the constant in volatility are significant. Looking at the regression

diagnostics, heteroskedasticity and serial correlation are generally not an issue; however

non-normality in the residuals still poses as a problem.

Table 127: ARCH Modelling of Day-of-the-Week Effect

Gold Cash Gold Futures

Variable Coefficient T-Stat Sig. Coefficient
Monday -0.0002 -1.2270 0.2198 -0.0001

Tuesday -0.0001 -0.3759 0.7070 -0.0003
Wednesday 0.0000 -0.0783 0.9376 -0.0001

Thursday 0.0001 0.5966 0.5508 -0.0002
Friday 0.0000 0.0464 0.9630 ’ 0.0002

AR(1) -0.0021 -0.1368 0.8912 -0.0512
AR(2) 0.0211 1.5708 0.1162 -0.0012
AR(3) 0.0023 0.1600 0.8729
Constant
Volatility 0.0000 42.0974 0.0000
ARCH1 0.1535 15.0799 0.0000
ARCH2 0.0547 5.7797 0.0000
ARCH3 0.1086 12.3580 0.0000
ARCH4 0.1642 14.2606 0.0000
ARCH5 0.1011 9.1980 0.0000

T-Stat Sig.
-0.4611 0.6447

-1.0848 0.2780

-0.4263 0.6699
-0.8479 0.3965

0.8147 0.4152
-2.9131 0.0036
-0.0812 0.9353

0.0000 64.4950 0.0000
0.1343 16.3096 0.0000
0.0480 5.9820 0.0000
0.0956 13.2272 0.0000
0.1091 11.7655 0.0000
0.0595 7.1859 0.0000
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Table 128: Regression Diagnostics of ARCH Modelling for Day-of-the-Week Effect

Gold Cash Gold Futures

Stat. Sig. Stat. Sig.
Ljung Box Q Test for Serial Correlation in Standardised Residuals

LB(4) 1.1858 0.2760 2.2832 0.3190
LB(8) 7.1124 0.2120 3.7817 0.7060
LB(12) 11.6080 0.2360 4.6828 0.9110
LB(16) 15.0540 0.3040 7.1816 0.9270
LB(20) 23.8010 0.1250 8.2530 0.9750
LB(24) 27.1460 0.1660 14.2110 0.8940
Ljung Box Q Test for Serial Correlation in Squared Residuals

LB(4) 1.5717 0.2100 0.4829 0.7850
LB(8) 4.4484 0.4870 8.7295 0.1890
LB(12) 14.3400 0.1110 14.7490 0.1410
LB(16) 19.4000 0.0790 36.0610 0.0010
LB(20) 33.4320 0.0100 45.2120 0.0000
LB(24) 42.5030 0.0040 55.3380 0.0000
ARCH Test for ARCH Effects in Residuals

ARCH(4) 1.5872 0.8111 0.4814 0.0753
ARCH(8) 4.3825 0.8211 8.7224 0.3663
ARCH(12) 14.8025 0.2524 14.8979 0.2471

ARCH(16) 30.6730 0.0148 36.0810 0.0028

ARCH(20) 34.6305 0.0222 44.2433 0.0014

ARCH(24) 42.8289 0.0104 52.4203 0.0007

Jarque Bera. Test for Normality of Residuals    12498.5500 0.0000 15215.6700 0.0000

The evidence presented in Table 127 indicates that daily seasonality in the first moment is

not a feature of gold cash and future returns. The results from the standard OLS do not

reveal any significant results. Dealing with the autocorrelation issue, furthermore, does not

provide any indication of daily seasonality, with is similar to the results of the trimmed

least squares. Both the overall F-statistics and the relevant t-statistics support this. This is

similar to the results of Lucey and Tully (2006a), where overall seasonality in the first

moment is not in evidence as shown by the F-statistics. However, Monday has significant

t-statistics for gold cash in the standard OLS, but this disappears in the robust OLS and the

TLS where no days are significantly different from zero.

In order to examine this issue further, Tukey’s Honestly Significant Difference test (HSD)

may be used, which, as an alternative to the t-test, allows one to make pair-wise

comparisons between groups to assess whether difference exist between days of the w’eek.

However, there is a limitation to this test. As specified in previous chapters, the use of

Tukey’s HSD is restricted to data that incorporates the assumption of equalit3’ of variance
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across all series. As shown later in the chapter, upon examination of the equality of

variance, we can see that the test is not applicable to gold cash but is suitable for modelling

gold futures. Tamhane’s Adjusted T2 statistic, which is an alternative to Tukey’s HSD test,

allows for modelling in the presence of inequality of variance and therefore is used to

assess where differences exist between days of the week for gold cash. The results for both

tests are shown in Tables 129 and 130.

Table 129: Tukey’s HSD Test for Gold Futures

Mean Diff. Sig.
Monday Tuesday 0.0003 0.9355

Wednesday 0.0001 0.9972
Thursday 0.0002 0.9955

Friday -0.0002 0.9950
Tuesday Monday -0.0003 0.9355

Wednesday -0.0002 0.9918
Thursday -0.0002 0.9945

Friday -0.0005 0.7659
Wednesday Monday -0.0001 0.9972

Tuesday 0.0002 0.9918
Thursday 0.0000 1.0000

Friday ’ -0.0003 0.9498
Thursday Monday -0.0002 0.9955

Tuesday 0.0002 0.9945
Wednesday 0.0000 1.0000

Friday -0.0003 0.9385
Friday Monday 0.0002 0.9950

Tuesday 0.0005 0.7659
Wednesday 0.0003 0.9498

Thursday 0.0003 0.9385
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Table 130: Tamhane’s T2 Test for Gold Cash

Mean Diff Sig.
Monday Tuesday 0.0000 1.0000

Wednesday -0.0003 0.9981
Thursday -0.0004 0.9840

Friday -0.0002 0.9997
Tuesday Monday 0.0000 1.0000

Wednesday -0.0002 0.9995
Thursday -0.0003 0.993 l

Friday -0.0002 1.0000
Wednesday Monday 0.0003 0.998 l

Tuesday 0.0002 0.9995
Thursday -0.0001 1.0000

Friday 0.0001 1.0000
Thursday Monday 0.0004 0.9840

Tuesday 0.0003 0.9931
Wednesday 0.0001 1.0000

Friday 0.0001 1.0000
Friday Monday 0.0002 0.9997

Tuesday 0.0002 1.0000

Wednesday -0.000 ! 1.0000

Thursday -0.0001 1.0000

The above results for gold cash returns do not indicate any statistical significance between

days. This further confirms that daily seasonality in the first moment is not evident in gold

returns.
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10.4 Non-Parametric Analysis of the First Moment

Evidence exists that the data are non-normally distributed, which would caution against an

over-reliance on parametric evidence alone. Therefore, the Kruskal Wallis H-test, a non-

parametric alternative to ANOVA, is used to supplement the results above. The Kruskal

Wallis H-test examines whether the individual daily gold returns come from the same

population. The Kruskal-Wallis test is an extension of the Wilcoxon test and can be used to

test the hypothesis that several independent samples originate from the same population.

The null hypothesis is that the series do not differ according to days of the week. If the

null-hypothesis, which states that the samples originate from the same population, is

rejected (P<0.05), then the conclusion is that a day-of-the-week effect is present in the

data. The results, of the non-parametric analyses of the day of the week effect are shown in

Table 131.

Table 131: Non Parametric Kruskal Wallis Test for Day-of-the-Week Effect

Chi-Square df Sig.

Gold Cash 2.2593 4 0.6882
Gold Futures 4.7643 4 0.3123

We cannot reject the null that both series are drawn from a distribution where the daily

returns are the same. This result is consistent with the regression results. Recall that under

parametric analysis, both cash and futures gold did not show a seasonal effect. Therefore

we can see that, for both series under non-parametric analysis, a seasonal effect does not

hold.

Given that the KW test is an extension of the F-test, it is important to note that the results

for both tests provide the same answer. Testing for a day-of-the-week effect in equity

markets using both the regression F and Kruskal-Wallis test, Arsad and Coutts (1997) and

Steeley (2001) all found agreement between the two sets of tests. The finding here

indicates that evidence of seasonality in the mean is not present.
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10.5 Non Parametric Analysis of the Second Moment

The results of the Levene test are presented in Table 132, which displays the results for the

presence of seasonality in the second moment for both gold cash and futures.

Table 132: Levene’s Test for Homogeneity of Variance by Day of the Week

Variable Levene Statistic dfl df2 Sig.
Gold Cash 2.2939 4 5472 0.0570
Gold Futures 1.6378 4 5472 0.1618

In the case of gold cash, the null of homogeneity of variance is rejected across days of the

week, indicating that daily seasonality in the variance of this asset may well exist. Thus, it

is reasonable to conclude for the unconditional means and variances that the evidence is

stronger for seasonality, at the daily frequency, for the variance of the data than tbr the

means for gold cash returns while gold future returns do not display similar characteristics.
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10.6 Conditional Mean and Variance Analysis

ARCH and GARCH models have become common tools for dealing with time series

hetroskedastic models; these models provide a volatility measure that can be utilised in

portfolio selection, risk analysis, and derivative pricing. Given the range of ARCH and

GARCH variants that are on offer to the researcher, this analysis continues with the

method of assessment that has been described in Chapter 6 and is also used in Chapter 9,

that of Ding, Engle et al. (1993) who introduced a new variant called the power ARCH

(PARCH) model. In this addition to the ARCH family, the power term is estimated within

the model rather than being imposed by the author.

As shown at the end of this chapter, the APGARCH is the preferred method whereby the

analysis used in this paper ranks the variants of the ARCH/GARCH family and through the

use of likelihood ratio tests can assess which model provides a best fit for the dataset. To

take account of autocorrelation issues, from examination of the PACF an AR term where p

is equal to two is included in the mean equation.

The next question to be addressed relates to the inclusion of dummy variables. In this

chapter, given that a clear consensus for a daily mean seasonal has not been found, this

analysis will follow the lead of Lucey and Tully (2006a) and include a Monday dummy

variable in the mean equation. In order to assess the effect that each day has on the

variance, four dummy variables are included in the conditional variance equations for both

gold cash and futures. Rather than including all dummy variables for each day of the week,

which can contribute to non-convergence, dummy variables are included for Tuesday

through Friday in the variance equation. Therefore, the constant in the variance is the effect

of Monday on volatility. The daily dummy variables are the differential effects from

Monday on the variance of the individual days, where Monday’s influence in subsumed in

the constant of the variance.

Shown in Table 133 are the results of the APGARCH model, with coefficients and their

relevant p-values. An ARCH-in-Mean term is not included because, as shown in Lucey

and Tully (2006a), the term was not statistically significant, indicating no payoff for risk.
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This result is in line with that found in Faff and Hillier (2004) in relation to the risk-return

tradeoffs for gold industry stocks.

Table 133: APGARCH Estimation of Day of the Week Effect

Gold Cash Gold Futures
Variable Coefficient    T-Stat. Prob. Coefficient    T-Stat. Prob.
Monday -0.0002 -1.1355 0.2562 0.0002 0.8934 0.3716
AR(I) -0.0115 -0.8574 0.3912 -0.0245 -1.7426 0.0814
AR(2) 0.0208 1.4677 0.1422 -0.0113 -0.8069 0.4197
Constant Variance 0.0000 2.1099 0.0349 0.0000 - 1.3866 0.1656
Leverage 0.0516 21.1190 0.0000 0.0392 18.0876 0.0OO0
ARCH -0.3462 -10.1554 0.0000 -0.3525 -10.6233 0.0000
GARCH 0.9539 563.1636 0.0000 0.9638 794.9533 0.0000
Tuesday -0.0001 -2.5029 0.0123 0.0000 -0.6091 0.5425
Wednesday -0.0001 -2.7907 0.0053 0.0000 -0.6010 0.5470
Thursday 0.0000 - 1.5336 0.1251 0.0000 1.6026 0.1090
Friday 0.0001 1.7712 0.0765 0.0001 2.5214 0.0117
Power Term i .4616 20.3986 0.0000 1.6021 23.4876 0.0000

For both gold series, it is clear that the Monday dummy in the mean equation is not

significant. We see in the variance "equation that Tuesday, Wednesday, and Friday (at the

10% level) are significant for gold cash while for gold futures, Friday is significant. For

Tuesday and Wednesday, the effect is of decreasing variance whilst for Friday the effect is

increasing variance, but in each case the magnitude is minimal. For both series, the leverage

term is significant with the effect of a positive innovation in the mean this period acting to

increase the variance next period.

However, looking at the regression diagnostics of these models, this model is not the most

appropriate fit for the data. Whilst we do not have an issue of serial correlation in the

standardised residual, this problem is evident in the squared standardised residuals.

Significant ARCH effects are present in the residuals and the problem of non-normality in

the residuals remains. It is appropriate to conclude from the regression diagnostic results that

ARCH effects are present in the dataset. In these circumstances an ARCH effect term must

be included.
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Table 134: Regression Diagnostics for APGARCH Modelling

Gold Cash               Gold Futures

Stat.       Sig.        Star.

Ljung Box Q Test for Serial Correlation in Standardised Residuals

LB(4) 2.8922 0.2350

LB(8) 5.5039 0.4810

LB(12) 8.7605 0.5550

LB(16) 12.1880 0.5910

LB(20) 24.2660 0.1460

LB(24) 26.7420 0.2210

Ljung Box Q Test for Serial Correlation in Squared

LB(4) 20.0670 0.0000

LB(8) 22.2710 0.0010

LB(12) 24.5640 0.0060

LB(16) 26.0620 0.0250

LB(20) 27.9520 0.0630

LB(24) 30.0560 0.1170

ARCH Test for ARCH Effects in Residuals

ARCH(4) 19.7118 0.0006

ARCH(8) 21.7672 0.0054

ARCH(12) 23.3828 0.0246

ARCH(16) 24.7680 0.0740

ARCH(20) 26.7718 0.I 418

ARCH(24) 28.9514 0.2220

Jarque Bera Test for Normality of Residuals

8786.7830 0.0000

Sig.

2.7562 0.2520

3.3090 0.7690

4.6722 0.9120

6.5940 0.9490

10.6770 0.9080

13.8070 0.9080

Residuals
26.9590 0.0000

29.9880 0.0000

33.9080 0.0000

37.0570 0.0010

38.0930 0.0040

43.0700 0.0050

26.8099 0.0000

29.2327 0.0003
32.8496 0.0010

35.8779 0.0030
36.8116 0.0123

42.3163 0.0119

9779.5520 0.0000

The analysis proceeds to re-model both gold series taking into account the presence of

ARCH effects in the variance. In this instance, an APGARCH model is specified but with

the inclusion of ARCH effects as shown in Table 135. The regression diagnostics are

displayed in Table 136.
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Table 135: Re-estimated APAGARCH Model

Gold Cash Gold Futures
Variable Coefficient T-Stat. Prob. Coefficient T-Slat. Prob.
Monday -0.0002 -0.9782 0.3280 0.0002 1.0012 0.3167
AR( 1 ) -0.0160 -0.9441 0.3451 -0.0320 - 1.8326 0.0669
AR(2) 0.0224 1.7432 0.0813 -0.0119 -0.8997 0.3683
Constant Variance 0.0000 1.0748 0.2825 0.0000 - 1.2755 0.202 I
Leverage 0.1533 16.7788 0.0000 0.1240 14.2798 0.0000
ARCH I -0.0834 -7.8068 0.0000 -0.0961 -8.7077 0.0000
ARCH2 -0.1144 -12.2650 0.0000 -0.0916 -10.4496 0.0000
GARCH 0.9667 599.2100 0.0000 0.9719 727.7354 0.0000
Tuesday -0.0001 -1.8547 0.0636 0.0000 -0.3089 0.7574
Wednesday -0.0001 -2.5114 0.0120 0.0000 -0.9928 0.3208
Thursday 0.0000 -0.2640 0.7918 0.0000 1.6627 0.0964
Friday 0.0001 1.9640 0.0495 0.0001 2.2658 0.0235
Power Term 1.4616 19.7879 0.0000 1.5248 20.2836 0.0000

Table 136: Regression Diagnostics of Re-estimated APGARCH model

Gold Cash               Gold Futures

Stat.       Sig.       Slat.

Ljung Box Q Test for Serial Correlation in Slandardised Residuals

Sig.

LB(4) 3.2265 0.1990 3.8075 0.1490

LB(8) 6.5336 0.3660 4.2666 0.6410

LB(12) 10.5540 0.3930 6.0432 0.8120

LB(16) 14.4550 0.4160 7.7485 0.9020

LB(20) 26.4330 0.0900 11.7350 0.8610

LB(24) 28.5720 0.1570 15.2780 0.8500

Ljung Box Q Test for Serial Correlation in Squared Residuals

LB(4) 4.5676 0.1020 1.9233 0.1650

LB(8) 5.3401 0.5010 11.8460 0.0650

LB(12) 6.3069 0.7890 15.0250 0.1310

LB(16) 8.8472 0.8410 17.5760 0.2270

LB(20) 10.1690 0.9260 18.4740 0.4250

LB(24) 12.1360 0.9550 24.4730 0.3230

ARCH Test for ARCH Effectsin Residuals

ARCH(4) 4.5063 0.3418 9.7444

ARCH(8) 5.3569 0.7188 11.5459

ARCH(12) 6.1899 0.9062 14.7876

ARCH(16) 8.7390 0.9238 17.6051

ARCH(20) 10.1272 0.9658 18.3968

ARCH(24) 12.1439 0.9782 24.6122

Jarque Bera Test for Normality of Residuals
6645.7350     0.0000 7772.2770

0.0450

0.1726

0.2533
0.3475

0.5613

0.4271

0.0000
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The regression diagnostics in Table 136 indicate that this model provides a substantially

more appropriate fit for the two series. Serial correlation no longer exists in the squared

standardised residuals and no ARCH effects are present. However, the issue of non-

normality in the residuals remains. From Table 135, it is clear that for gold cash, the

coefficients of the ARCH terms are significant and sum to less than one. The constant in

the variance equation is not significant. Wednesday and Friday are significant at the 5%

level, whilst Tuesday is significant at the 10% level. Tuesday and Wednesday have the

effect of decreasing variance and Friday has a positive effect. For gold futures, again the

constant in the variance is not significant. For the daily dummy variables, Thursday is

significant at the 10% level and Friday is also significant; both dummies have a positive

effect on variance. A significant result in the mean specification of the equation is not

forthcoming. As in the previous APGARCH modelling of these series, the leverage term is

positive and significant.

The statistical significance notwithstanding, the small size of the variance coefficients is

indicative of low economic significance. An arbitrage situation does not exist for traders to

profit from this situation. Thus, while statistically significant, there is little likelihood of

economic significance. Indeed any situation will be arbitraged away as it gains publicity.

Therefore, it is an important factor that while these non-random factors may exist, the

transaction cost of trying to exploit them is greater than any arbitrage opportunities. This

finding is not new in the literature on seasonality, see for example Cooper (1982), Ho and

Cheung (1991), Alexakis and Xanthakis (1995), Athannasakos (1997), Chow, Hsian et al.

(1997), Anon (1998), Lucey (2004) and Steeley (2004). Thus it is possible to conclude that

while seasonality may exist, it perhaps provides market timing rather than market trading

strategies.
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10.7 Conclusion and Discussion with Reference to the Gold Literature

The evidence from a GARCH model, using an APGARCH specification, is that seasonalit)

in the mean is not evident whilst seasonality in the variance is evidenced from the

conditional analysis. Unlike Lucey and Tully (2006a), this research does not find evidence

of a significant Monday dummy in the mean equation. In this analysis a significant positive

Friday effect in both gold series is found. Further indicators of a seasonal effect are a

negative significant effect for gold cash for both Tuesday and Wednesday. and a

significant positive effect for gold futures on Thursday.

Much of the discussion on the causes of seasonal factors in gold has concentrated on

longer term cycles. Thus, Ma (1986) postulated that as Wednesday’s mean returns [’or the

post October 1981 period changed from being negative to positive, therefore the mean

returns for Wednesday were affected by the existence of same-day foreign exchange

market settlement. However Herbst and Maberly (1988) comment that if the four outliers,

that are discussed previously, are deleted, then the same-day settlement in lbreign

exchange does not affect Wednesday’s spot mean returns. Tschoegl (1987) reports that

gold should not be affected by tax-year effects, which have been reported in Roll (1983) as

a potential source of seasonal behaviour in stocks. Tschoegl argues that as (at that stage)

gold has a market capitalization greater than that of the largest company on the NYSE, and

that in addition, as gold is traded in many countries throughout the world, it is subjected to

carrying tax regimes and tax years (1987: 251). The author also postulates that production

cycles should bear no influence on gold returns as significant above ground stocks of the

metal exist. The author cites interest rates" seasonal behaviour as grounds for seasonal

behaviour in the gold market also. Milonas (1991) states that seasonal behaviour in

commodities may be due to the cyclic nature of their production. The author notes that

crop cycle related seasonality have been unearthed by various authors including Roll

(1983), Anderson (1985), and Fama and French (1988).

According to Coutts and Sheikh (2002), the non existence of seasonal effects in the All

Gold Index on the Johannesburg Stock Exchange may be due to the market microstructure

of the exchange or indeed the composition of the index. The authors report that this is in

contrast to the many studies that have discovered international evidence of seasonal

behaviour in stock markets. Many practitioners in these markets believe that evidence of
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seasonality is attributed to the tax payment and accounting cycles. In addition, seasonal

buying behaviour in the jewellery market, especially in Asia and the Middle East, where

gold is purchased as a form of savings, during weddings and festival seasons, can induce

seasonal effects.

News generated internally in the market is difficult to extract from general news - the

mechanism used by Pettengill and Buster (1994) involves rise/fall ratios, that have no

analogy in the precious metal markets. Thus we are left with the potential that it is as a

consequence of news arriving to the market, or an as yet unspecified mechanism, that

induces daily seasonality, especially in the variance.

While the econometric approach of this investigation is not unique, this work utilised both

the non-parametric and parametric tool kit to examine for daily seasonal aspects of the gold

market. In previous research of this area, and across global assets, many studies have

concentrated solely on descriptive analysis. Therefore, this analysis provides a valuable

contribution to the literature and one that can act as an effective stepping stone to future

research. In addition, in line with the methodology path of the intra-day investigation, this

analysis also used the Asymmetric Power ARCH methodology of Ding, Engle et al.

(1993). As previously mentioned, this is the first occasion that this form of methodology

has been utilised in the gold market and we believe is an important technique in bringing

the daily seasonality investigation up to date.

Once again, much of the direction of the research undertaken in this thesis was limited to

certain boundaries. While this research question examined for the existence of daily

seasonal effects, it did not address the reasons for such effects to occur. This chapter has

alluded to possible explanations based on research across other assets, however, this area

now warrants the examination as to why the gold market behaves in such a manner and

how this contrasts or mirrors other assets. Therefore, this current research can act as the

foundation for research that questions why should these markets be subjected to such

behaviour and will aid our understanding of this asset further.
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Table 139: Partial Autocorrelation Results

PAC Prob
Gold Cash

Gold Futures

0.1240 0.0000
0.0380 0.0000
0.0490 0.0000
0.0950 0.0000
0.0450 0.0000
0.0070 0.0000
0.0090 0.0000
0.0040 0.0000
0.0350 0.0000
0.0000 0.0000
0.1710 0.0000
0.0650 0.0000
0.0490 0.0000
O. 1080 0.0000
0.0270 0.0000

-0.0110 0.0000
0.0050 0.0000
0.0140 0.0000
0.0170 0.0000
0.0240 0.0000
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II. Conclusion and Discussion

This thesis began with an introductory discussion chapter that aimed to provide the reader

with the necessary background knowledge of the market. Chapter 2 outlined many of the

key issues surrounding the yellow metal. A history of gold’s role as a monetary asset was

provided. The chapter discussed the important topics that related to the supply and demand

fundamental of the metal, the historical gold price, and the markets and methods of

investing in the metal.

The main thrust of the literature began with a comprehensive review pertaining to variables

that play an important role in the determination of gold prices. This chapter examined, in

detail, the nature of the relationship between gold and various macroeconomic, financial,

and real variables that have been examined in the literature.

The second element of this work provided a comprehensive review of the literature relating

to intra-day patterns in asset returns in Chapter 4. The literature reported a number of

similarities across a range of asset returns; many assets reported U-shaped patterns in mean

returns, volatility, and volume, with markets opening high and closing high. Where

markets closed for lunch, a common occurrence was a double U or W-shaped pattern.

However, a smaller segment of papers report that such patterns are not a feature and the

results obtained may be as a result of the econometric methods chosen. A number of

authors have attempted to provide reasonable explanations for these occurrences. The role

of information flows, trading mechanisms, liquidity, and others have been cited as playing

a large role in the determination of asset patterns. However, the literature in this regard

does not arrive at a general consensus; thus we must accept, in this attempt at providing

explanations for this behaviour, that a wide range of factors play a significant role and

exert considerable influence on intra-day asset patterns.

The third element of this work provided a sizeable review of the varied literature relating

to daily seasonal ity calendar irregularities in asset returns. A comprehensive review of the

literature was provided for a range of asset market, both on a U.S. and an international

basis. Much of the literature across markets pointed towards a common occurrence; that of

abnormally high returns reported on Fridays, with abnormally low returns reported on
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Monday. The literature relating to this form of seasonality was essentiallx t~’o-fold in

nature. The first area concentrated on the search for seasonal patterns in returns, while the

second area concentrated on the quest for explanations for this phenomenon.

The thesis also provided the methodology tools and the data that was utilised in the testing

of the behaviour of gold prices. Each methodological issue was discussed and documented

extensively. Each dataset used in this thesis was described in detail, in particular where

multiple datasets were used in any section of the analysis. Such methods, using robust

methodological approaches, permitted this thesis to examine the ke)~ issues under

consideration: what are the main influencing factors on gold prices, intra-day patterns in

gold returns, and daily seasonality issues.

The major findings of this thesis provide for the addition of significant new information to

the academic literature, much of which has been published in peer reviewed journals and

presented at international conferences. Research in the gold market has largely been

neglected for many years; therefore the first contribution of this thesis is to provide an up-

to-date comprel~ensive analysis of the seasonal patterns of gold reiurns and the

identification of the major macroeconomic and financial areas that impact on gold pricing.

The main findings can be summarised as follows:

What Influences the Gold Market:

I) Gold, on a daily basis, is not influenced by an) of the included explanatory

variables, indicating that gold is priced by other variables exogenous to the system.

2) The influence of the dollar is very apparent across time and this relationship has not

altered: it remains the largest influencing factor on gold prices. Interest rates play a

key role, both from the U.S. and the U.K. This is a feature of both the long-run and

the short-time periods across cash and futures datasets.

3) The U.K. pound is an important variables during sub-periods of analysis

4) Oil is an important variable during sub-periods of analysis.
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5) The importance of the role of equity market indices, with the S&P 500 of greater

importance to gold prices during the two sub-periods and the FTSE 100 the more

dominant market over the long term.

6) The results of the cash and futures market are largely in agreement.

It is clear that gold returns are impacted in a very different manner over the long run versus

crisis periods and the changing nature of these relationships over the two frequencies -

either daily or monthly. From a monthly perspective, the close negative relationship of the

US dollar cannot be ignored as highlighted by previous academic papers. Gold is

considered to be the anti-dollar and a significant negative correlation is unsurprising. Other

important variables include US interest rates which have a negative influence on gold

returns, in addition to the important role of equity markets. However, the results become

quite different upon examination of crisis periods and we see the emergence of the

S&P500 and oil as playing key roles. The influence of US interest rates and exchange rates

persists, but new players emerge during the crisis periods. However, on a daily nature, it

appears that gold is priced by variables outside of the included data and therefore

exogenous to the system. Therefore, this is a prime area for further analysis in the future.

The results presented in this thesis correspond to important additions in the current market

literature. While papers by Christie-David, Choudry et al (2000) and Cai, Cheung et al

(2001) examined macroeconomic influences, no research to date has examined the market

in such depth, across multiple time periods and varying frequencies. Therefore, this

research is a timely addition to the academic literature given the growing interest among

the international finance community in the gold market.

Intra-day patterns:

1) The futures market appears to follow a largely U-shaped pattern in returns, which

has been documented in the finance literature in relation to other asset markets.

2) The cash market, whilst operating on a 24-hour basis, does not provide such a

pattern and results are very mixed concerning the intra-day return patterns of the

cash price of the metal.
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3) A significant degree of spill-over effects appear to be a feature of gold trading.

through Japan, the U.K. and the U.S.

This analysis mapped the research that has been undertaken across many international asset

classes and applied such an investigation to the gold market. Building on the analysis from

a host of international publications, this area examined in depth the major macroeconomic

and financial variables that impact on the gold market. As evidenced across man) global

assets such as equities and foreign exchange, a U shaped pattern has been widely linked to

volume, returns and volatility. Therefore it is not surprising that the gold market followed

this trend. However it is interesting that this tendency was particular to the futures market

of the asset solely. In addition, volatility patterns across the two markets differed. Upon

deeper consideration of these findings, it is noteworthy to highlight that the London gold

market operates in a very different manner to that of New York. London attracts much of

the gold physical business and is widely used by physical participants from Dubai. India.

Turkey and elsewhere, which are areas that act as central hubs for the jeweller), market. In

addition, many end-users of the metals such as industrial manufacturers engage though

London. The US, as a futures market, operates in a very different manner and attracts much

more speculative activity. Therefore, with these considerations in mind, it is unsurprising

that varying patterns are observed over these two gold markets.

This research has broadened the scope of the academic literature, both in terms of the

chosen methodologies and datasets. This paper was the first of its kind to investigate the

role of intra-day patterns on the London Bullion Market and this is where the major

contribution of this chapter lies. Therefore, this thesis presents the first analyse of the intra-

day London gold market activity and corresponds to an important platform for future

research. Prior to this point, any intra-day patterns were focused on the activities of the US

or the Japanese markets. Given that London is the centre of the OTC or spot market, this

research represents an important contribution to the body of knowledge in this area and is a

valuable starting point for further analysis in this area.
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Daily Seasonality:

1) Seasonality is a feature of the gold cash and futures market.

2) Seasonality is not evident in the mean of the asset.

3) The evidence from a GARCH model, using an APGARCH specification, is that

seasonality in the mean is not evident, whilst seasonality in the variance is

evidenced from the conditional analysis.

4) News to the market may be the driver behind the seasonality patterns present;

however, further analysis in this area would be required.

The work on daily variation in the moments of gold is extremely thin. Ball (1982), Ma

(1986), Yschoegl (1987), Herbst and Maberly (1988), Ma, Wong et al. (1989), Coutts and

Sheikh (2002) and Lucey and Tully (2006a) represent the sum total of research that has

been conducted in this area, as documented in Chapter 5. Since these works, the

examination of gold and related asset seasonality has lagged. This research thus attempts to

fill that gap, using a variety of robust estimators that take account of the dynamics of the

series.

In particular, the daily seasonality in the conditional and unconditional first and second

moments (mean and variance) of two assets is investigated: gold cash prices and gold

futures prices. This analysis used an extended dataset of twenty years to investigate

seasonality in the cash and future markets of this metal. It thus allows for comparisons

between the gold market dynamics as found in earlier studies such as Ma (1986) and

current research. Using sophisticated econometric modelling, with parametric and non

parametric analysis, this analysis provides an appropriate investigation of the cash and

futures market of gold.

The importance of daily seasonality lies in the challenge that it may give to standard

notions of market efficiency. While there are many definitions of an informational efficient

market, the basic element required is that there is no possibility, based on previous

information, of making persistent trading profits over and above a ’buy-and-hold’ strategy.

If there was a discernable pattern evident, then prices would adjust to incorporate this and

over time the pattern would disappear.
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The earlier work by Ma (1986) provided the building blocks for the examination of these

issues, but unfortunately research in the gold market languished as other areas such as

equity markets flourished. However, given the growth in the awareness of commodities

and subsequently precious metals as an alternative asset class, this research is vet3

appropriate for the current audience.

II.I Further Research

The discussion of the findings of this research and positioning of this work inevitabl3~ leads

to areas of future research. In addition to the publications that have been highlighted earlier

in this thesis, a number of major new opportunities for further research have arisen from

the research examined in this study. It was beyond the scope of this thesis to delve deeper

into many of the issues that arose throughout the analysis of the identified research

questions. Therefore, given the unique nature some of the datasets examined, a number of

new fields in the analysis of the gold market may be explored in the future.

These include the following:

An analysis of the possible reasons for the existence of the day of the week effect

and intraday pattern in gold returns. Many studies exist across global assets as the

reasons behind this behaviour such as market settlement effects, investor

psychology etc. Such research in the gold market would be very valuable to the

current gold literature.

The examination of information flows between the gold markets operating on

TOCOM, the London OTC market and COMEX. Given the uniqueness of the OTC

data which was utilised in this research, it would be a very beneficial exercise to

examine the information flows across the three major gold markets
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The role of central banks and their impact on gold volatility. Within the current

Central Bank Gold Agreement (CBGA), central banks have agreed to limit their

gold sales to 500 tonnes per annum over a five year period. The actions of central

banks have the ability to induce great volatility in the gold market. Future research

could investigate the effect of central banks announcements and their subsequent

sales on the price path of gold over this period.

A complete supply and demand analysis of the gold market. As identified earlier, it

was beyond the scope of this thesis to carry out a full examination of the supply and

demand fundamentals of the gold market and their impact on gold returns. The

examination of such factors as set out in Chapter Two would provide a valuable

contribution to the current gold literature.

¯ The role of the Indian market and its influence on the international gold market.

The Indian market is the largest consumer of physical gold, therefore acting as an

important determinant of gold prices. Factors such as the wedding season, the

outcome of the monsoon season and the strength of the Indian Rupee, amongst

others, all play an important role in the determination of Indian physical demand.

As such, the gold market would benefit from a thorough analysis of the Indian

physical market.

This thesis presented an in-depth investigation of three areas of the gold market and

therefore augments the academic literature with new results and further insights into

the yellow metal. However, the author hopes that this analysis will act to entice other

researchers to join this exciting field of study and delve deeper into the operations of

this unique metal.
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