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ABSTRACT 

 

The purpose of this study was to investigate the relationship between gold and stock 

returns with evidence from BRIC countries during 2001-2010. The importance of this 

topic is caused by instability in the world economy and stock markets, and due to this 

instability, there is a growing interest in gold from investors and the current bull market 

of gold. Considering that gold is independent from most of the macroeconomic factors 

we believe that it therefore should be independent from or low correlated with stock, 

which makes this metal useful for portfolio diversification. Based on previous studies, 

we also believe that gold can be used to predict, to some degree, the stock market trend. 

The force behind such stable price growth of gold is sustained by demand from 

emerging countries such as BRICs. Moreover, there is lack of research on this topic 

from the perspective of different economic sectors. These facts determined the choice of 

countries along with their economic sectors. The research was designed in the frame of 

quantitative method. The types of relationship that were investigated are correlation and 

spillover effects. In order to examine these relationships we have utilized secondary 

data, which are gold prices and stock indices turned into returns. The Pearson’s 

correlation and diagonal BEKK GARCH were applied to test the correlation and 

spillover effects between returns of gold and stock, respectively. The results of the study 

showed that gold and stock returns are correlated, however to a low degree. 

Additionally, correlation varies across countries and their economic sectors over time, 

which may influence investors’ decision in choice of allocation of investments. The 

other findings showed the existence of mean spillover effects, both unidirectional and 

bidirectional, and volatility spillover effects between gold and stock returns. The 

principal conclusions were that gold is an efficient portfolio diversifier, which also 

plays a role of a hedge and a safe haven. Similarly, taking into account an existence of 

spillover effects, gold can be helpful in terms of stock prediction and vice versa. 

Further, another important finding was that not all of the economic sectors had mean 

spillover with gold, but in terms of volatility, every sector had a certain relationship 

with gold.   

 

Keywords: gold, stock, BRICs, economic sector, correlation, spillover effect, VAR, 

BEKK GARCH 
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GLOSSARY 

Bull Market – “a financial market of a group of securities in which prices are rising or 

are expected to rise. The term "bull market" is most often used to refer to the stock 

market, but can be applied to anything that is traded, such as bonds, currencies and 

commodities” (Investopedia, 2011a). 

Diversifier is defined as “an asset that is positive (but not perfectly) correlated with 

another asset or portfolio in average” (Baur & Lucey, 2010, p. 219). 

Hedge is defined as “an asset that is uncorrelated or negatively correlated with another 

asset or portfolio in average” (Baur & Lucey, 2010, p. 219). 

Returns – “the gain or loss of a security in a particular period. The return consists of 

the income and the capital gains relative on an investment. It is usually quoted as a 

percentage” (Investopedia, 2011d). 

Safe haven is defined as “an asset that is uncorrelated or negatively correlated with 

another asset or portfolio in times of market stress or turmoil” (Baur & Lucey, 2010, p. 

219). 

Spillover effect is “the effect that one situation or problem has on another situation. 

For example, the weak European economy will have a spillover effect on the US 

dollar”(Longman, 2011). 

Troy ounce is a measure of weight. Nowadays, the troy ounce is mostly used for 

measuring weight of precious metals and particularly gold and it equals to 31.103 

grams.  

ABBREVIATIONS 

AIG – American International Group 

BRICs – a group of the developing countries: Brazil, Russia, India and China 

G7 – Great Seven, a group of the developed countries: France, Germany, Italy, Japan, 

United Kingdom, United States and Canada 

MSCI – Morgan Stanley Capital International 

N11 – Next 11, a group of eleven developing countries, which have a potential for fast 

growing: Bangladesh, Egypt, Indonesia, Vietnam, Turkey, Philippines, Pakistan, 

Mexico, South Korea, Nigeria and Iran 

VISTA – a group of developing countries: Vietnam, Indonesia, South Africa, Turkey 

and Argentina 
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CHAPTER 1: Introduction 

The purpose of this chapter is to provide an overall introduction of this research work. 

In the first half of this chapter, we discuss the problem background, research questions 

and objectives. Similarly, delimitation of the study, research gap and some relevant 

concepts are presented in the second half of the chapter. Finally, the disposition of the 

thesis is presented. 

 1.1. Problem Background  

Gold is a precious and highly liquid instrument that possesses the attributes of both 

commodity and currency. It has been used throughout the history as money, and has 

been a most popular metal for investment purposes. Accordingly to its currency 

characteristic, “it performs as medium of wealth, means of exchange and a unit of 

value” (Goodman, 1956; Solt & Swanson, 1981, cited in Tully & Lucey, 2007, p. 317). 

Furthermore, gold is used for industrial purposes, as an investment and reserve asset, 

and jewelry. Over recent decade, demand for gold has been rising dramatically, due to 

reasons such as the world economic recession, the USD depreciation and inflation raise 

(Do, Mcaleer, & Sriboonchitta, 2009, p. 1). As most commodities, the gold price is 

affected by supply and demand along with speculation. After 1975, when the United 

States allowed its citizens to own non-jewelry gold, the price of gold changed 

drastically. First, it increased up to $850 per ounce in 1980 ($2337 in 2011 dollars), and 

then there was a steady decline for two decades which stopped at $250 per ounce on 

July 20, 1999 (Smyth & Zarembski, 2006, p. 38). In 2011, the gold price exceeded 

$1800, which is approximately 26% rise in compare to 2010 (WorldGoldCouncil, 

2012c). In contrast to other commodities, saving and recycling influence gold price to a 

greater extent than its consumption. The majority of the gold that has been mined 

throughout history still exists in a tangible form. According to the World Gold Council 

(2012b), the total volume of gold that has ever been minded from the beginning of 

civilization was approximately 166700 tons by the end of 2011. In addition to the world 

gold reserves, the gold price is also related to other factors for such as the USD 

exchange rate, oil price, and financial crisis. Several studies have been done to 

understand the behavior of gold price. Abken (1980) and Salant & Henderson (1978) 

found inflation, gold demand and supply, world events, and gold auction as determinant 

of the gold price. Similarly, Machlup (1969) found speculation as the main factor that 

influences the gold price. However, Ratner & Klein (2008) argued that financial 

markets are dynamic in nature and all of these studies are outdated for current 

investment purposes. During 2001-2010, after decades of bear market, the finance 

market experienced radical increments in the gold price.  

Unlike gold, the stock market was negatively affected by the economic crisis. In spite of 

the development of several tools and techniques to predict the stock price, the stock 

market is still regarded as the most volatile and unpredictable market for investment 

purposes. Generally, investors buy and sell stocks on a frequent basis to earn returns 

from the fluctuation of the stock price. The stock market was exceedingly volatile 

during last 10 years. As a result, many companies became bankrupt, and even the big 

economies of the world couldn’t save themselves from the crisis in 2008. Although the 

foundation of the economic crisis started in the early years of the last decade, the real 

panic started in 2008 when the largest US financial institutions such as Fannie Mae, 

Freddie Mac, Merrill Lynch, Lehman Brothers and AIG were either put up for sale, 

taken over by the US government or became bankrupt. This news not only put the US 
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into a deep financial problem, but also affected the emerging economies such as India 

and China. Interestingly, in spite of 10% GDP growth in the first eight months of 2008 

and the addition of many new larger companies, the SSE (Shanghai Stock Exchange) 

index dropped by 70% during the same year. It was surprising for policy makers that the 

Chinese stock market had already crashed by September 2008, whereas the economic 

crisis hit other stock markets hard in October of the same year (Yao & Luo, 2009, pp. 

667-668). On the other hand, Cardoso & Leal (2010, p. 204) provided reasons why the 

impact of the crisis on the Brazilian economy, especially on housing firms, was 

relatively small as compared to other countries’ economies. One reason could be the 

response of the Brazilian economy as a whole during the crisis, and another one could 

be that it has not had a large securitized mortgage market. In general, during the last ten 

years, the stock market has experienced extreme high volatility. 

The exceptional high volatility of the stock market and, at the same time, the bull 

market of gold were among the major events in the financial market during the last ten 

years. This shows that in spite of the development of several financial instruments for 

investment purposes, gold is still treated as one of the most reliable sources for 

investment. Furthermore, the current bull market of gold, which started in April 2001, 

has attracted many researchers to analyze the relationship between gold and other 

financial instruments for example stocks and bonds. Given that gold was among the first 

forms of money, it is generally believed that gold is a safe haven in the financial market. 

However, Baur & Lucey (2010) studied the US, UK and Germany markets and found 

that gold is a hedge instrument on average and a safe haven on extreme stock market 

conditions. Similarly, during the period 1978-1995, stocks and bonds dominated and 

over performed gold in terms of risk/return ratio, however gold was still an efficient 

portfolio diversifier over the period 1978-1983 (Johnson & Soenen, 1997, cited in 

Sumner, Johnson, & Soenen, 2010, p. 107). Jaffe (1989) and Lawrence (2003) found 

that due to the low correlation with the US assets, gold is valuable as a portfolio 

investment. At the same time, Chua & Woodward (1990) found that the correlation 

between these two assets increases over time, which leads to diminishing role of gold as 

a portfolio diversifier. Ratner & Klein (2008) analyzed the behavior of gold price from 

1975 to 2005 and compared the correlation of gold return with the US stock sectors and 

the MSCI (Morgan Stanley Capital International) US total stock index. Further, they 

measured the performance of portfolio with and without gold with the help of an 

efficient frontier. However, similarly to Johnson & Soenen (1997), Ratner & Klein 

(2008) found that over the long term gold is a relatively poor investment compared to 

the US equities. But, they suggested that investors could have earned return excess of 

the US equities by timing their holdings of gold. Despite being a poor investment 

compared to the US equities the price of gold has been increasing since 2001. This 

contradicting result can be understood by the data collection period that only includes 

the first half of the current bull market period. The current bull market of gold may be 

the result of a change in the relationship of gold return with financial instruments. 

Because of the low correlation and increasing demand gold keep rising to influence the 

financial markets. Liao & Chen (2008) analyzed the influence of gold on different 

industries in Taiwan. And, they found that previous volatility of gold return has 

spillover effects on several Taiwan industries, however not all of them. Therefore, 

investors can use gold for prediction of stock of those industries. Further, Sumner et al. 

(2010) found low spillover effects of gold returns on the US stock returns. Similarly, 

Mishra, Das & Mishra (2010) found the occurrence of Granger causality between gold 

and stock returns in India, thus gold return can be used to predict stock return in India.    
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In most of the studies discussed above, the researchers have studied the relationship of 

gold return with stock market as a whole. Liao & Chen (2008) studied Taiwan market 

and found that gold and oil prices do not have a similar kind of relationship with all 

industries. Further they mentioned that the forces behind the gold and oil prices are the 

demand by the emerging countries, especially BRICs (Brazil, Russia, India, and China). 

BRICs is the group of the fastest growing countries. So far, however, there has been 

little discussion about the relationship of gold return with stock returns of different 

economic sectors in particular countries. In addition, no research has been found that 

compared the relationship of gold return with particular economic sectors of different 

countries. Since the demands of gold in BRIC countries are regarded as one of the major 

factors behind the current bull market of gold, we come up with the idea to study the 

relationship of gold return with different economic sectors of BRIC countries. It would 

be interesting to know that whether the huge demand of gold by these BRICs has any 

relationship with the stock market of these emerging countries or not.  

1.2. Research Questions and Objectives 

Based on the problem background, the authors believe that there is lack of studies 

concerning the relationship between gold returns and stock returns in the perspective of 

individual economic sectors. The studies on this question provide the answers for the 

portfolio formation and assets forecasting fields. As previous researches show, there is 

low correlation between gold and stock prices. This fact provides gold with 

diversification benefits in equity portfolios. According to the other research, there are 

low spillover effects, but not equal for every industry, between gold and stock returns. 

This knowledge can be helpful in stock prediction. In order to make this knowledge 

more precise, the correlation and spillover among individual economic sectors are 

examined in the current paper. In this way, we address the following research questions:  

 Are gold returns and stock returns correlated? How do correlations change 

across different economic sectors and across countries over time? 

 Are there any spillover effects between gold and stock returns and return 

volatility? 

1.3. Research Purpose  

Taking into account the importance of research questions in both theoretical and 

practical perspective along with the lack of such studies generally and among BRICs 

particularly, we have conducted this research. The focus of this research is to 

understand the relationship between stock and gold returns by exploring the correlation 

and spillover effects between international gold returns and individual economic sector 

stock returns in Brazil, Russia, India and China over the period of 2001-2010. Once the 

correlation between these two variables is found, next step would be comparing it 

among the economic sectors as well as among the countries. The results of correlation 

analysis have been discussed in perspective of portfolio theory and make sense for 

theoretical and practical side of the problem. From researchers’ and investors’ 

viewpoints they have got some new empirical studies and knowledge for decision 

making for portfolio containing gold. The results of spillover analysis are useful for 

researchers and market analysts in prediction and forecasting activities.  
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1.4. Research Gap and Contribution  

In recent years, the whole world has experienced the economic crisis and the growing 

gold market. It is becoming increasingly difficult to ignore the role of gold in the 

financial market. And, it would be eventually interesting to explore the relationship of 

gold with different economic sectors. At the same time, whether gold has same kind of 

relation with similar industries of different countries. The research to date has tended to 

focus on the relationship of gold with stock return of the particular countries. On the 

basis of the literature review, the authors haven’t found any research that compares the 

relationship of gold and stock returns of individual economic sectors across different 

countries. Barely two articles were found where the relationship of gold price return 

with individual industries was examined. Ratner & Klein (2008) studied correlation of 

gold with the US stock across different economic sectors over the period 1975-2005, 

where the bear market period dominated the bull market period. Similarly, Liao & Chen 

(2008) work was focused on spillover effects between gold and stock across different 

economic sectors of Taiwan and included only half of the current bull market. Both 

articles are focused on a single country. In this way, based on the literature review, the 

research gap is occurred, which suggests to analyze and compare the individual 

economic sectors of the group of BRIC countries.  

Since, this research intents to fulfill the research gap, that will be a scientific 

contribution. Our results address to be useful for researchers as well as for investors in 

the following ways: 

Firstly, since gold is a very old financial instrument, most of the research works on gold 

are outdated. While searching a literature for our study, we figured out that the gold 

market lacks current empirical study, especially study of last ten years. Even researches 

conducted in 2010 are based on the old data. During the last ten years, the world 

economic crisis and the bull market of gold are two major events for investors of gold. 

Since most of the previous researches are based on the old data, we strongly believe that 

our study with last ten years data is valuable contribution to the financial literature.  

Secondly, in recent years, there was a limited amount of studies analyzing gold returns 

with the individual economic sectors stock returns. Liao & Chen (2008) suggested that 

demand of gold from emerging markets and especially from BRICs is one of the major 

reasons for the current bull market of gold. BRICs appear as a group of the fastest 

developing countries in the world. According to the Goldman Sachs, by 2050 BRICs 

will become much larger economy force than Great Seven (G7). The outcome of the 

thesis provides a valuable empirical study which contributes to the portfolio investment 

and stock prediction in BRICs.  

Thirdly, gold is traditionally regarded as a safe investment for inflation and a hedge 

against stock return. But, many researchers have found that investors should analyze 

market conditions before placing gold into their portfolio. The conclusions of this paper 

contribute to the portfolio knowledge, which facilitates investors in the portfolio 

decision making. The investors can see the correlation of gold return with stock return 

of different economic sectors, and accordingly see the shift of the efficient frontier from 

a full stock portfolio to 90% stock and 10% gold portfolio. Since we are going to 

compare the economic sectors returns of the different countries, this information is not 

only important for local investment purpose, but also for the investors intended to invest 

in an international portfolio. 
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Fourthly, some authors have found that investors who can time their holding of gold 

correctly could have earned excess of the US equities in a short run period. This can be 

the result of an inefficient financial market. Since stock is more risky than gold, the 

return on stock should be higher than gold return. Our results, to some extent, contribute 

to assess gold as an individual investment in terms of return/risk ratio. 

Fifthly, some researchers found that gold return has low spillover effect on stock return. 

However, the spillover effect is not equal for every industry. Our research intends to 

study the return and return volatility spillover between gold and stock across BRIC 

countries and their economic sectors. In this way, the results of our research contribute 

to market analysis, prediction and forecasting activities.  

Finally, our research work intends exploring the gold market more deeply, and the 

outcomes of our study is a source for the further research. In addition, there are some 

suggestions for the future research.  

1.5. Model of Research 

The figure below exhibits the structure of the research, which can be conditionally 

divided in four parts. In the first part of the study all the data is collected. Further, the 

collected data is tested by utilizing the econometric tests. After, the results of the tests 

are discussed and based on the discussion the conclusions are drawn.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.1: The research model 

Source: by the authors 
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1.6. Disposition 

The organization of the reminder of this thesis is as follows: 

Chapter 1: Introduction  

The purpose of this chapter is to provide an overall introduction of this research work. 

In the first half of this chapter, we discuss the problem background, research questions 

and objectives. Similarly, research gap and some relevant concepts are presented in the 

second half of the chapter. Finally, the disposition of the thesis is presented to readers. 

Chapter 2: Theoretical Methodology  

This chapter presents an overview of the methodological approach used to conduct the 

research. It starts with the choice of subject and preconceptions about the topic. Further, 

we discuss our philosophical stance which is followed by our methodological approach, 

type of study, research strategy, and method. We also demonstrate the research “onion” 

based on our stances on different stages, which helps a reader to understand the 

direction of the study at first glance. The chapter finalizes with literature and data 

source, and quality criteria. 

Chapter 3: Literature Review  

This chapter presents relevant theories and literatures that help a reader to understand 

the gold market and to frame the research gap. This chapter begins with the literature 

review concerning gold market and returns, following by the stock markets and returns 

in BRICs. Next, the theoretical background is presented including relevant for our study 

theories as Modern Portfolio Theory and Behavioral Finance. The final part of this 

chapter presents a literature review of the relationships between gold and stock returns.  

Chapter 4: Practical Method 

The aim of this chapter is to present the practical methodology of the research. The 

chapter begins with the description of sample data, time horizon and continues with data 

collection method. Further, return calculation method is described followed by the 

explanation of the Pearson’s correlation tool and portfolio simulation. Finally the 

chapter terminates with unit root test, VAR and BEKK GARCH models.  

Chapter 5: Empirical Findings  

The following chapter is mainly divided into three parts. Firstly, the descriptive 

statistics of the data are presented in order to examine the financial data trends, and test 

it for normality. Secondly, the results of the correlation test over 10, 5 and 1 years are 

demonstrated. Finally, the results of unit root, VAR and BEKK GARCH tests are 

revealed.  

Chapter 6: Discussion  

The aim of this chapter is to discuss the results of the empirical study. The chapter 

begins with the discussion of the correlation test in perspective of the portfolio theory. 

Next, the discussion continues with VAR and BEKK GARCH test results.  

 

Chapter 7: Conclusion  

The aim of this chapter is to draw conclusions of the current paper and provide 

recommendations for further research. First, we summarize the findings of the research. 

Further, we provide suggestions for further research. Finally, the quality of research is 

assessed.   
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CHAPTER 2: Research Methodology 

This chapter starts with the choice of subject and preconceptions about the topic. 

Further, we discuss our philosophical stance which is followed by our methodological 

approach, type of study, research strategy, and method. We also demonstrate the 

research “onion” based on our stances on different stages, which helps a reader to 

understand the direction of the study at first glance. The chapter ends with literature 

and data source, and quality criteria. 

2.1. Choice of Subject 

For our Master’s thesis we have chosen a field of finance. The reason why this subject 

was selected is because both of the authors are interested in finance and intend to work 

in this area in the future. Financial markets and investments are of a particular interest 

of the authors.  

Both authors have taken and successfully passed all compulsory courses of the Master’s 

in Finance Program at Umeå University, such as Corporate Finance, Investments, 

Financial Statement Analysis and Risk Management. Moreover, they both have 

obtained an experience in banking and corporate finance. Both theoretical education and 

practical experience have raised the authors’ interest in portfolio implementation. Since 

increasing correlation between assets reduces the benefits of portfolio diversification 

and gold is believed having low correlation with the stock (Ratner & Klein, 2008, p. 

77), the authors are interested to study the relationship between gold and stock 

scrupulously.    

The gold as a financial instrument is not new; it is probably the oldest one, as old as 

money. In recent decades gold has attracted lots of investors’ attention and its price 

increases dramatically day by day. Ari J. Officer (2009) argues that ”there is no 

theoretical rationale why anyone should even want to invest in gold; because gold has 

value only because we believe it is valuable”. But, in actual fact, the reasons behind a 

significant demand increase are complex. It can be speculation, the USD exchange rate, 

political and economical uncertainty. Other researchers parallel gold with cash. At their 

point of view gold can be considered as currency which is not directly associated with 

any country’s economy, and it is safer from economic and political instability than cash. 

Then it could even be viewed as a hedge against country risk. Usually, during and after 

the crisis, when investors try to get rid of their high risky investments, they relocate 

their finances into the less risky assets, such as gold, thus hedging their crisis risks. 

Apparently, there are quite many studies that have been conducted during the whole 

history, but most of them are outdated due to responsiveness of financial markets. 

Therefore, the new studies based on empirical data concerning association of gold and 

stock returns would be very valuable for the investors in case of portfolio diversification 

and for prediction of stock behavior.  

2.2. Preconception 

From the choice of subject to the conclusion, research can be biased by the author’s 

educational background, experience, and believes. However, the biasness during the 

conducting research is inadmissible. In order to avoid biasness, business researchers 

need to be objective to the research and attempt to be independent of personal aspects to 

be impartial and unbiased  (Saunders, Lewis, & Thornhill, 2009, p. 596). 
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Both authors have studied finance previously at Master’s level as well as Bachelor’s. 

Courses gave the authors a fundamental knowledge of financial theories utilized in the 

current paper, such as portfolio theory, behavioral finance and other theories related to 

the research question. Furthermore, the authors possess working experience in banking 

and corporate financing. Both educational background and working experience made 

the authors to be more objective. The research method utilized in this paper is 

quantitative, which is performed by Pearson’s correlation and BEKK GARCH. Both 

tools are based on the objective numerical data. Thus, the inference and conclusions that 

have been drawn at the end of the paper have not been influenced by our 

preconceptions. Also, it is worth to mention that during the process of the current 

research the supervisor as well as the colleagues did read the work through regularly 

and gave the advices in order to prevent the authors’ subjective selection and 

preconceptions to influence the study.  

2.3. Perspective 

Perspective can be referred as the group of people for whom the result of the study is 

useful. Thus, the researchers are guided by perspective in the literature searching, data 

selection, choice of methods. Although our study is mainly focused on investors’ 

perspective, the results of this study can also be useful for market analysts. The last ten 

years were very crucial for stock investors as well as for gold investors. Investors were 

highly affected by high volatile stock price and at the same time re-emergence of gold 

in their investment portfolio. The study of past behavior is very crucial for future 

prediction. Investors of BRIC countries can devise their investment strategy, especially 

allocation of gold in their portfolio, on the basis of our findings.  Similarly, some 

researchers have argued that demand of gold from emerging countries is one of the 

major factors behind the bull market of gold, especially from BRIC countries. 

(discussed in chapter 1). Our findings can provide both existing and potential investors a 

better understanding of portfolio formation, including gold, in BRIC countries. 

Similarly, gold is an international commodity and our empirical findings can benefit the 

international gold market analysts. Moreover, the spillover results can be beneficial in 

gold and stock return behavior prediction. 

2.4. Research “Onion” 

Figure 2.1 exhibits the structure of the research methodology of the study. First the 

research philosophy is presented in order to define the development and the nature of 

the knowledge. Next, the research approach presents that the study involves the use of 

existing theory. The central part of the research “onion” represents the type of study 

which outlines the purpose of the research. After defining the research strategy, the 

method of research is specified. 
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Figure 2.1: Our research ”onion” 

Source: (Saunders et al., 2009, p. 108) 

2.5. Research Philosophy 

The choice of research philosophy not only helps to design a solid piece of study, but 

also determines the direction of the study. The philosophical position of researchers 

shows how they see the world and how they are going to study the social reality. 

Moreover, the knowledge of research philosophy is very crucial for researcher since it 

plays an important role in the selection of approach and strategy for the study. There are 

two directions for defining research philosophy: Ontology and Epistemology.  

2.5.1. Ontology  

Ontology describes the role of social actors in the formation of social entities. It deals 

with the question of existence of relationship between people, society and the world in 

general. “The central point of orientation here is the question of whether social entities 

can and should be considered objective entities that have a reality external to social 

actors, or whether they can and should be considered social construction built up from 

the perceptions and actions of social actors” (Bryman & Bell, 2011, p. 20). There are 

two types of ontological positions that can be adopted for research work: Objectivism 

and Constructionism. Objectivism position assumes that social realities are independent, 

and beyond our reach and influence. Social entities are not created by social actors but 

by the nature of reality. On the other hand, constructionism position asserts that social 

phenomena and their meanings are continually being accomplished through social 

interactions (Bryman & Bell, 2011, p. 22). 

The ontological stance for our study is Objectivism. Our aim is to analyze the 

relationship between gold return and stock return of BRIC countries from 2001 to 2010 

which match the characteristics of the objectivism position. The data required for our 

analysis is secondary data which has already been collected by other actors and 

therefore at the moment of gathering it for the current research were independent of any 

subjectivism of social actors and researchers. Similarly, we are going to follow some 
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statistical techniques to analyze exiting relationship instead of creating any new realities 

or entities. 

2.5.2. Epistemology  

An epistemological issue is about the appropriate knowledge to study the social reality. 

It deals with the questions as: what is knowledge and what are sources and limitation of 

knowledge? Similar to ontology, it has also two philosophical positions: Positivism and 

Interpretivism. Positivism is about adopting the philosophical stance of natural scientist. 

In this philosophical position, researcher will only work “with an observable social 

reality and that the end product of such research can be law like generalizations similar 

to those produced by the physical and natural scientist” (Saunders et al., 2009, p. 113). 

In contrast, interpretivism position assumes that “the subject matter of the social 

sciences – people and institutions- are fundamentally different from that of the natural 

sciences” (Bryman & Bell, 2011, p. 16). And, the study of social actors requires 

different logic and research procedures. This type of philosophical stance is highly 

suitable for the study of business and management, particularly in case of organizational 

behavior, marketing and human resource management (Saunders et al., 2009, p. 116).  

Interpretivism is more about studying the psychology of human beings. Although we 

have used behavioral finance to explain the psychology of investors who buy gold and 

stock for different purposes, the main concern of this research is not to study the factors 

that influence such behavior. Therefore it does not fit with our research objective. Our 

study is based on exiting theories that help us to generate our hypotheses. We have 

collected ten years numerical data and follow scientific approach to analyze the 

observable data to test our hypotheses. Furthermore, on the basis of our statistical 

results we either accept or reject our hypotheses, and accordingly our theory will be 

modified. Based on the above arguments, our study mainly stands on the positivism 

position for epistemological stance. 

2.6. Research Approach 

After the philosophical stance, the research approach determines the association 

between theory and research work. Deduction and induction are two research 

approaches that set the research design. In deductive approach, researchers use existing 

theory to develop hypothesis in the beginning, and design the research to test the 

hypothesis. The researchers either confirm or modify the theory on the basis of their 

hypothesis testing. Unlike deductive approach, research with inductive approach starts 

with data collection and ends with development of theory. The researcher uses his or her 

findings for the theory that prompted the whole exercise (Bryman & Bell, 2011, p. 11). 

Many researchers attach these approaches with particular philosophy: deduction owes 

more to positivism and induction to interpretivism. Similarly, deductive approach is 

more attached to natural science study where certain theory guides the data collection 

strategy. However, such classification has no practical value (Saunders et al., 2009, p. 

124). 
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Figure 2.2: The process of deduction and induction 

Source:  (Bryman & Bell, 2011, p. 11)  

Deductive approach is more suitable for our study because, instead of creating a new 

theory, our thesis is based on existing theory. We have used ten years data to analyze 

the relationship between gold return and stock return. Similarly, hypotheses have been 

generated from previous studies such as correlation of gold returns with stock returns of 

different economic sectors of BRIC countries. The statistical results based on ten years 

data have been used to either accept or reject the hypothesis which leads to the 

confirmation or modification of existing theory.  Based on the above discussion, all the 

characteristics of our research approach follow the pattern of deductive logic. 

2.7. Type of Study 

There are three types of study: exploratory, descriptive and explanatory type. An 

exploratory research is a way to clarify the understanding of the problem, to search new 

ideas and solutions, to ask questions and to assess happening events in a new light. A 

descriptive study is a means to identify an accurate profile of situation, event or person, 

but not the causal linkages of the elements. In contrast to descriptive study, the objective 

of explanatory research is to ascertain casual linkages between variables (Saunders et 

al., 2009, pp. 139-140). This paper combines two types of study: descriptive and 

explanatory. The main purpose of the study is to find the relationship between gold 

returns and stock returns. However before detecting the linkages, the main features of 

the variables need to be presented.  

2.8. Research Strategy 

On the basis of the research questions and objectives, we choose archival research 

strategy, which signifies the utilization of “administrative records and documents as the 

principal source of data” (Saunders et al., 2009, p. 150). Our research and conclusions 

are entirely based on the official data collected from administrative records and 

documents such as daily gold prices and economic sector indices available from the 
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official database named DataStream of Thomson Reuters. Besides, the data used in our 

archival study are part of the reality being studied (product of day-to-day activities), 

rather than being obtained originally as data for research purposes by the administration 

of the organizations (Saunders et al., 2009, p. 150). Thereby, such choice of strategy as 

archival strategy makes it feasible for the authors to meet the objectives and to answer 

the research questions of the current thesis, which concentrates on the relationship 

between gold returns and stock returns, in both descriptive and explanatory way.    

2.9. Research Method 

After defining philosophical stance and research approach, type of study and research 

strategy, the next step is to choose method which includes the data collection techniques 

and data analysis procedures. Quantitative and qualitative are two major strategies that 

are used in business research. Quantitative method is generally known for any data 

collection techniques or data analysis procedures which generates or utilizes numerical 

data. In contrast, qualitative is seen as the method that generates or uses non-numerical 

data (Saunders et al., 2009, p. 151). Further, the trend of research work has categorized 

these strategies with particular philosophical stance and research approach. Quantitative 

method more associates to deductive approach with positivism and objective 

philosophical stance. Whereas, qualitative method is more associated to inductive 

approach with interpretivism and constructionism philosophical stance (Bryman & Bell, 

2011, p. 27). Sometimes researchers conduct their research with the combination of 

these two strategies. The following table represents the fundamental differences 

quantitative and qualitative research methods.  

 Quantitative Qualitative 

Principal orientation to the 

role of theory in relation to 

research 

Deductive; testing of 

theory 

Inductive; generation of 

theory 

Epistemological 

orientation 

Natural science model, in 

particular positivism 

Interpretivism 

Ontological orientation Objectivism Constructionism 

Table 2.1: Fundamental differences between quantitative and qualitative research methods 

Source: (Bryman & Bell, 2011, p. 27) 

The choice of method is based on the nature of data and research question that are used 

to meet the objective of research. Our aim is to analyze the relationship between gold 

return and stock return, which requires collection of historical prices of gold and stock. 

Further, these numerical data have been processed and analyzed with different statistical 

tools to accept or reject our hypotheses which correspond to the quantitative method. 

Moreover, our objectivism and positivism philosophical stance along with deductive 

approach approve the use of quantitative method since all these positions are associated 

to each other. 

2.10. Literature and Data Source 

After choosing a research method, the next step is to select a type of data and its 

sources. There are three categories of literature sources available: primary, secondary 

and tertiary (Saunders et al., 2009, p. 69). The current research requires utilizing of 

secondary data, such as books, journals, newspapers and databases. For the theoretical 

framework and literature review we use books and articles from the sources such as 
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Umeå University Library, Business Source Premier, Google Scholar and other 

databases. The numerical data necessary for the research and statistical tests are taken 

from the DataStream of Thomson Reuters both for gold and stocks. The usage of the 

secondary data may have lots of advantages, especially for students, which are usually 

limited with time and financial resources. The benefits may be the following: it saves 

cost and time as a consequence there is more time for analysis; the data provided by 

official sources are usually of high-quality; there are opportunities of longitudinal 

analysis as well as for cross-cultural analysis; reanalysis can offer new interpretation; 

etc. (Bryman & Bell, 2011, pp. 312-320). 

The limitations of using secondary data (Bryman & Bell, 2011, pp. 320-322; Saunders 

et al., 2009) pp. 268-272) are important to be considered before choosing this type of 

information source for the research. The first important limitation is access to the data, 

which may be difficult and costly. In our case the access to the DataStream was kindly 

provided by Umeå University. Another potential difficulty that the researchers can face 

using secondary data is lack of familiarity with data and that the data might be collected 

for the purpose that does not match the researchers’ needs. However, since for our main 

research the only data required are historical gold and stock prices, these limitations are 

not influential for the current research. Finally, the last but not the least limitation could 

be that the researchers can have no control over the quality of the secondary data. 

Considering that for gold prices we only use historical recorded data, we need to be sure 

of the reputation of the source. Similarly, we can trust the quality of the stock price 

index data created by Thomson Reuters since that is one of the most reliable consulting 

and financial data providing companies in Europe and one of the most leading 

companies in the world. 

2.11. Reliability and Validity  

Reliability and validity criteria are crucial for the research quality assessment. In order 

to be able to evaluate the quality of research one should understand the nature of these 

two criteria. Reliability refers to “whether or not the measures that are devised for 

concepts in business and management are consistent” (Bryman & Bell, 2011, p. 41), 

whereas, validity is concerned with “the integrity of the conclusions that are generated 

from a piece of research” (Bryman & Bell, 2011, p. 42). The best research quality 

assessed would be the presence of both high reliability and high validity. In such 

circumstances, it leads to consistent results after reapplication which precisely fit our 

hypothesis and initial problem.   

Reliability assessment aims to find out whether under the initial circumstances the 

results of the experiment repetition maintain to be the same. (Easterby-Smith, Thorpe, 

& Lowe, 2002, p. 53) asserts that the consistency of findings can be assessed by posting 

the following questions: 

 Will the measures provide the same results on other occasions? 

 Will similar observations be reached by other observers? 

 Is there transparency in how sense was made from the raw data? 

The first question deals with the quality of results to be replicable. The idea behind 

replication is if it happens that researchers choose to replicate the findings of other, the 

study must be capable of replication. This paper consists of the data collected from their 

original and publicly available to everyone to replicate the test in the future. Although, 
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if someone would intend to replicate this study, they would need to choose the same 

period, use the same data and follow the same methodology then they would reach the 

same results.     

The second question deals with access to the data. Our raw data are gold prices and 

stock indices, created by Thomson Reuters. The data is downloaded from the official 

database, and consequently, every researcher who has access to this database must be 

able to access the same data. However the access if not free, and we could make it 

possible because Umeå University’s subscription.  

The data employed in the research need to be consistent with the data taken from the 

other reputable sources. In case with gold price, our raw data is London Fix, which is a 

benchmark for other gold markets. Therefore, this data must be the same if one would 

wish to download the London Fix gold price from other reputable sources. In case with 

stock data, our raw data are stock indices which were created by Thomson Reuters. 

Therefore, the one who wishes to download the same data must have an access to the 

Thomson Reuters database.  

Reliability ascribed in quantitative research is “a function of the source and the method 

by which the data were collected”. In order to assess reliability of the source one can 

look at the reputation or authority of the source (Saunders et al., 2009, p. 274). Each 

source has been ascertained to be trustworthy and reliable, prior to employing any data 

and other information to the thesis. Theories that are used in this paper are all broadly 

well known and published in high ranked academic journals and books. All books are 

taken from Umeå University Library and articles are taken from official databases such 

as LIBRIS and Business Source Premier. All raw data about gold prices and stock 

indices are taken from the official source named DataStream of Thomson and Reuters.    

Methodology chosen is considered to be reliable because it is presented in the right way 

by following reliable sources as Bryman & Bell (2011) and Saunders et al. (2009). 

Consequently, everyone can understand it and use for the further researches.  

Validity is “concerned with the integrity of the conclusions that are generated from a 

piece of research” (Bryman & Bell, 2011, p. 42). In other words, validity means 

“whether the findings are really about what they appear to be about” (Saunders et al., 

2009, p. 157). Further, we examine three types of validity: measurement validity, 

internal and external validity.  

Measurement validity signifies that whether or not the measures really reflect the 

concepts that they are expected to be denoted. Stated differently, the estimation of 

measurement validity expects that a measure is reliable (Bryman & Bell, 2011, p. 42). 

Concerning our research we measure the relationship between gold returns and stock 

returns by relevant data possessing by means of SPSS 17 and Eviews 7. The data 

obtained are stated to be from reliable sources, and presented on consistent 

methodological way.  

Internal validity is concerned basically with the issue of causality – “whether a 

conclusion that involves a causal relationship between two or more variables holds 

water” (Bryman & Bell, 2011, p. 42). Seeing that the second part of our research is 

studying causal relationship between gold and stock, internal validity is relevant to 

examine. In our research we are trying to find the effects of previous gold return and 

return volatility on current stock return and return volatility, and vice versa. If the 
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results show the existence of spillover, it means that one variable can be used to predict 

another one. In order to find this causal relationship, the VAR and BEKK GARCH 

models were utilized. However, there are definitely many other alternative reasons that 

cause the behavior of gold and stock. Therefore, the internal validity is obtained only in 

terms of causal effects of just one independent variable, which is previous gold returns 

in this case, on dependent one (stock returns), and vice versa.  

External validity refers to the issue of whether “the conclusions of research can be 

generalized outside the specific research context” (Bryman & Bell, 2011, p. 43). With 

the regard to our research, the rapid market growth of gold is explained by rising 

demands from emerging markets, and especially the BRICs. Thus, only four countries 

are decided to be analyzed. However, we are aware of demarcation of the sample, but 

due to these countries represent the most of the demand for gold, we are confident that 

the quality of results have not been affected. 
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CHAPTER 3: Literature Review 

In this chapter the basic theories that are relevant to our study are presented. It exhibits 

a smooth transition from the literature review which goes through the previous 

academic studies that have been done in the area of gold and stock markets and returns 

into the theoretical framework containing basic theories, such as Behavioral Finance 

and Portfolio Theory. Finally, the chapter is concluded by the literature review of the 

relationship between gold and stock returns. The outline of the literature review can be 

presented by the following figure:  

 

 

 

 

 

 

 
Figure 3.1: The literature review outline 

Source: the authors 

3.1. Gold Markets and Returns 

“Gold and silver are money. Everything else is credit” 

J.P. Morgan 

For the purpose of being able to fully perform the study it is essential as a first step to 

review the main features and peculiarity of gold as a financial instrument, gold market 

and its returns. Gold is a precious and highly liquid instrument that has the attributes of 

both commodity and currency. It has been used throughout the history as money, and 

has been a most popular metal for investment purpose, storage of wealth and as a source 

of high quality collateral. Furthermore, gold is used for industrial purposes, jewelry, and 

as reserve asset. However, it is only a tiny fraction of the world gold is used in industrial 

purposes. The other 90% of the all gold in the world is stored as a reserve of wealth, as 

in depositaries of golden bullions, or as jewelry in private collections. The capacity of 

gold to respond to the price changes and to be highly liquid is considered as a crucial 

difference from other commodities (Lawrence, 2003, p. 2). 

3.1.1. Factors that Affect Gold Price 

As most commodities, the gold price is affected by market supply and demand along 

with speculation. However, unlike most of commodities, saving and recycling affect 

gold price rather than its consumption. Besides the world gold reserves, the gold price 

also relates to the USD exchange rate, oil and other commodities prices, economic 

instabilities and financial crises, and other world events such as wars, natural hazards 

and disasters. Several studies have been done to understand the behavior of gold price. 

Abken (1980) and Salant & Henderson (1978) found inflation, gold demand and supply, 

world events, and gold auction as the determinant of gold price. Similarly, Machlup 
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(1969) found speculation as main factor influencing the gold price. However, taking 

into account that that financial markets are dynamic in nature, the studies on financial 

markets need to be updated on the regular basis.   

The more recent studies such as Tully and Lucey (2007), applying GARCH models to 

examine macroeconomic influences on gold, found that the US dollar is the main, in 

fact in most cases the only one, macroeconomic variable that affects gold returns. 

Similarly, Lawrence (2003, p. 2) confirmed that GDP and other macroeconomic factors 

are uncorrelated with gold returns. Later, Kutan & Aksoy (2004) found that gold market 

does not serve as a hedge against inflation with evidence from Turkish gold market. 

They investigated the effects of consumer price index releases and other public 

information arrival on gold returns and volatility in conditions of emerging market with 

high inflation rate. Kutan & Aksoy (2004) also found that Turkish gold market does not 

react substantially to the release of the consumer price index news, however the gold 

market respond to the public information about GNP and balance of trade. This 

indicates a significant impact of new information on gold returns, but limited impact on 

gold conditional volatility (Kutan & Aksoy, 2004, pp. 13-26). During 2001-2010, after 

decades of bear market, finance market experienced radical increments in gold price. 

 

3.1.2. Bull Market of Gold from 2001-2010 

In our research we have covered the time period from 2001 to 2010. This time coincides 

with the current bull market of gold that has begun in 2001 and lasts till now and 

according to the Erste Group (2010, June) forecast it will last even longer. From figure 

3.2 we can see the steady and continuous rise in gold price from $260 per ounce in 

February 2001 until more than $1400 by the end of 2010, which constitutes 

approximately 438% growth for 10 years.   

Figure 3.2: Gold price development 2001-2010 (in $) 
Source: (WorldGoldCouncil, 2012c) 

The table below provides the annual gaining since 2001, where the average annual 

gaining equals approximately 18.42%. 
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Year Annual return 

2001 1,41% 

2002 24,01% 

2003 21,56% 

2004 5,00% 

2005 16,99% 

2006 23,79% 

2007 31,78% 

2008 3,12% 

2009 27,12% 

2010 29,35% 

Mean 18,42% 

Table 3.1: Gold average annual return 2001-2010 (in %) 
Source: the authors, according to the data utilized in the research 

We can see that the volatility of annual gold returns is quite high. The lowest annual 

return was in 2001 followed by 2008, and the highest annual return was in 2007. All 

returns are positive. 

3.1.3. Factors that Affect the Current Gold Bull Market 

Knowing the factors that affect gold price we can attempt to explain the factors that 

contribute the sustainable growth rate of gold. The first important factor is supply and 

demand of gold. Generally, the rule of supply and demand can explain the price growth. 

The price usually increases in conditions when supply does not satisfy the growing 

demand. It is not a secret that the gold reserve in the world is limited along with 

constantly increasing demand for gold. The following table exhibits gold supply and 

demand over last decade, 2001-2010.  

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Supply 3763 3625 3937 3412 4016 3572 3471 3513 4034 4108 

Production 2645 2618 2621 2493 2548 2486 2476 2409 2584 2659 

Producer Hedging -151 -412 -289 -438 -92 -410 -444 -346 -252 -116 

Sales by Centr. Banks 520 547 620 479 663 370 484 236 30 87 

Recycling 749 872 985 878 897 1126 956 1217 1672 1653 

Demand 3727 3360 3194 3498 3733 3405 3552 3806 3493 3813 

Jewelry 3008 2660 2482 2613 2708 2284 2405 2187 1760 2060 

Electronics 197 206 233 262 281 308 311 293 246 287 

Other Industries 97 83 81 84 88 91 93 87 74 83 

Dentistry 69 69 67 68 62 61 58 56 53 50 

Coins & Bars 357 339 292 339 386 401 432 862 743 995 

ETFs and sim. 0 3 39 133 208 260 253 321 617 338 

Sum 36 265 743 -86 283 167 -81 -293 541 295 

Table 3.2: Supply and demand of gold 2001-2010 (in tons) 

Source: (GoldRateForToday, 2012b) 

Supply of Gold 

All supply of gold consists of mining production, recycling of gold and sales by central 

banks. The figure below exhibits the 10-year average gold supply flows. 
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Figure 3.3: 10-year average gold supply flows (in %) 

Source: Created by the data from (GoldRateForToday, 2012b) 

Annual average supply of gold over recent ten years from mine production is accounted 

as 2258.90 tones (60% of total supply). Meanwhile, supply from central banks’ sales 

was 403.60 tones, and recycled gold was 1100.50 tones.  

Even in the age of high technologies the gold mining is still very challenging. In 2010, 

mining production increased about 9% and embraced about 60% of all gold supply. 

However, as we can see from table 3.2 the mining production of gold in 2001 was 2645 

tons, which was the highest in annual gold production within the decade. Thus, there 

was a slight decrease trend of annual gold mining production since 2001 to 2008. 

Therefore, this fact is partly able to explain the rise of gold prices during last decade. 

Majority of the ever mined gold still exists in a tangible form. According to the World 

Gold Council (2011), the total volume of gold ever minded over the course of human 

history was approximately 166700 tons by the end of 2011. The production of gold is 

approximately 2600 tons a year. The known gold but not extracted is about 37000 tons. 

Thus, the reserve of gold is limited and all known amount of gold in the world is 

approximately 203700 tons.  

 

Figure 3.4: Gold production by countries, 2010 (in %) 

Source: (USGS, 2011)  
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According to the US Geological Survey, the world biggest producer of gold is China 

(345 tons). Russia and Brazil are also among the world largest gold producers with 

mining of 7.6 % (190 tons) and 2.6% (65 tones) of the world production in 2010, 

respectively. In 2009, India only produced 2800 kilograms (IndexMundi, 2011) which is 

a small fraction of the overall annual world production.   

Recycling of gold is another source for gold supply. It helps to serve the increasing 

demand while mining is slightly falling or remaining the same as it was said above. The 

recycled gold supply in 2010 was about 39% of the total gold supply and in comparison 

to 20% in 2001 (see table 3.2) it explains the gold price increase in some extent.  

Central Banks and Gold 

Central banks and multinational organizations (such as International Monetary Fund) 

are regarded the largest holders of gold in the world. In November 2011 the total gold 

held by these organizations was accounted as 30708.30 tons, which is approximately 

18% of the global above-ground gold (WorldGoldCouncil, November, 2011). 

Since 1989, for two decades central banks have typically been net-sellers of gold to the 

private sector. However, in 2009 that period came to the end and the amount of 

proposed gold by central banks fall dramatically from 236 tons in 2008 to 30 tons in 

2009. Thus, the central bank sector has become a net-buyer of gold. Particularly, 

emerging countries are being defined as substantial buyers of gold for their reserves by 

reasons of the rapidly growing economies of these countries and especially India and 

China (WorldGoldCouncil, 2012a). Thereby, this can also motivate the bull market in 

some degree.  

In November 2011, the World Gold Council has published its monthly report with the 

list of the largest holders of gold reserves in the world (WorldGoldCouncil, November, 

2011). According to the report, the world biggest holder of gold is the United States of 

America. All the US’s gold equals to 8133.50 tons and is valued at about $423.63 

billion. China is placed on the sixth place with its 1054.10 tons of gold that is valued at 

approximately $54.90 billion. Russia and India are placed on 8
th

 and 11
th

 places, 

respectively. Russian reserve of gold is counted to be 851.50 tons at $44.35 billion. 

And, Indian gold is valued at $29.05 billion of 557.70 tons. Brazil is a holder of a least 

amount of gold among the BRIC countries. Brazil’s reserve is officially reported to be 

33.60 tons which is valued at $1.75 billion.   

Demand of Gold 

During the last decade demand for gold increased dramatically, not just from central 

banks as was said above but also from other investors. Such a demand rise partly 

explains the current bull market. India, China, US, Turkey and Saudi Arabia represented 

over half of world demand (WorldGoldCouncil, 2012a). Liao & Chen (2008) in their 

research have stated that the forces behind the gold price increase are the demands by 

the emergency countries, especially BRICs (Brazil, Russia, India, and China) and it can 

be explained by their economic performance. Do et al. (2009, p. 1) stated that from the 

macroeconomic viewpoint, within the last decade, a rise of gold demand has been 

influenced by reasons of world economic crisis, the USD depreciation, inflation raise, 

and production diminishing. Mishra et al. (2010, p. 48) have also pointed several 

reasons for high demand for gold. Firstly, gold provides fully security on the condition 

that it is retained by central banks. In the light of that, the gold possesses no credit risk 
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in contrast to sovereign debt. Another reason for a high demand of gold can be liquidity. 

Gold has the property of sustaining liquidity and gold cannot turn worthless even 

though economic distress or crisis. The third motive for holding gold is that gold 

provides possibility for portfolio diversification. The figure below provides the 10-year 

average gold demand flows: Jewelry – 2416.70 tones; industry – 409.80 tones; 

investment – 731.80 tones. 

 

Figure 3.5: 10-year average gold demand flows (in %) 

Source: Created with the data from (GoldRateForToday, 2012b) 

US Dollar and Gold Price 

The researchers from the “Gold Rate for Today” official website (GoldRateForToday, 

2012a) proposed that one of the reasons of the gold bull market, which we have being 

observed during the last decade, is the increase of the US national debt and weakening 

of the US dollar in relation to other currencies. Therefore, since the gold is mostly 

priced in the US dollars, the gold price is relatively correlated to the value of the US 

dollar. Thus, the dollar depreciation leads to the gold price increase, since gold becomes 

more attractive for international investors.  

Gold and the Financial Crisis 

It is a well-known fact that investors turn to the gold during times of political and 

economic crisis due to the fact that gold is worldwide accepted currency and possesses 

no credit and liquidity risks, which confirms safe haven characteristics, while the paper 

currency depends on the political and economic confidence of the country it represents. 

During the last financial crisis in 2008, the US government nationalized two biggest US 

mortgage lenders as well as the biggest US insurer, which enhanced the demand for 

physical gold. During the crisis, the US government also lowered the rate for T-bill 

down to 0.25% which stimulated the demand for gold due to investors turned to the 

similarly low risky but more profitable asset (GoldRateForToday, 2012a). 

3.1.4. Is Gold a Hedge or a Safe Haven? 

Baur & McDermott (2010) and Baur & Lucey (2010) conducted researches in order to 

answer a question whether gold is a hedge or a safe haven. Baur & McDermott (2010)  

found that over the period 1979-2009 gold are both a hedge and a safe haven for most 

European and American capital markets, however not for Australia, Canada, Japan, and 
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most of emerging markets, such as the BRICs. Gold was a strong safe haven for major 

developed markets during the recent financial crisis (Baur & McDermott, 2010, pp. 

1886-1898). Similarly, Baur & Lucey (2010) attempted to answer the same question 

whether gold is a hedge or a safe haven. They studied UK, US and German stock 

returns, bond returns and gold returns over 1995-2005. The researchers concluded that 

gold is a safe haven for stocks, but not for bonds. Besides, gold is a hedge in average, 

but a safe haven in time of extreme market shocks. Additionally, the functions of safe 

haven of gold are only short-term. However, investors that holding gold more than 15 

days after negative shock will lose money (Baur & Lucey, 2010, pp. 217-229). 

3.1.5. Gold as a Portfolio Diversifier 

Many researchers have agreed that gold plays an important beneficial role in portfolio 

diversification. Taking into account that gold is a highly liquid asset and therefore can 

be accessed any time and possesses no credit risk, investors turn to gold under 

conditions of uncertainty and financial stress. The low correlation between gold and 

stock returns makes gold an efficient portfolio diversifier (Lawrence, 2003). In his 

research, Lawrence (2003) tested whether the main reason for such a low correlation 

between gold returns and stock returns is that gold returns are not correlated with 

macroeconomic factors, which are strongly correlated with other financial assets, such 

as bonds and stocks. The more detailed review about gold as a portfolio diversifier is 

presented in chapter 3.5.2. 

3.2. Stock Markets and Returns 

In business term, stock is the financial instrument that facilitates the flow of fund 

between companies and investors, and stock market is the place where investors buy 

and sell stocks. Companies use stock to generate fund for their business activities, and 

investors buy stock to invest their money in the finance world. Buying and selling of 

stock depend on preference of buyer as well as the financial condition of the company. 

Some investors buy stock for the regular income that they receive in form of dividends. 

Whereas, some investors buy stock to generate money from short term fluctuation of 

stock price. Even though stock market was established to help the corporate world, it 

has become the gamble place for many investors. Kumar (2009) analyzed the monthly 

portfolio of the US brokerage firm and used the socioeconomics characteristics to infer 

their gambling behavior in stock market. He found that psychological, social, economic, 

political, and religious identities influence the risk taking behavior of investors. And, if 

portfolio choice has link with these socioeconomic characteristics, these factors could 

have impact on stock price (Kumar, 2009, p. 1931). 

3.2.1. Fundamental and Technical Traders  

The action of traders also plays an important role in price movements of stock. Moosa 

& Li (2011) used an econometric model to differentiate the effect on stock price by 

fundamentalist traders (based on financial ratios) and technician traders (technical 

analysis). They used time series and panel data to analyze the roles played by 

fundamentalist and technicians on stock prices of 100 companies from Shanghai stock 

exchange (monthly data from Taiwan Economic Journal Database), and found that, 

overall, the fundamentalists are dominated by technicians in the price determination of 

stock. They concluded their study with possible reasons behind the dominance of 

technicians’ traders. One of the main reasons is the key role played by the government, 

which determines the companies that can be listed and number of shares that company 
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can issue. Most of the listed companies, directly or indirectly, belong to government. 

And, government formulates strategies for stock exchange to achieve their objective like 

creating jobs, improving government credibility, and maintaining social stability, which 

make the market independent to economic fundamentals and the performance of real 

sector of economy (Moosa & Li, 2011, p. 28). Moreover, “Chinese individual investors 

lack the investment knowledge and skill in general because they have not been in 

business for long time. This characteristic results in the dominance of noise traders who 

are essentially technicians” (Moosa & Li, 2011, p. 29). Further, they argued that the 

dominance of technician traders can also be understood by some aspect of behavioral 

finance. The performance of Chinese market makes the investors overconfident, and, 

consequently, they overestimate the accuracy of information.  Similarly, investors judge 

the uncertain events on the basis of their experience which ignores the 

representativeness of other factors, and lead to significance divergence of market price 

from fundamental value. The Chinese corporate governance system also facilitates the 

dominance of technician traders. Major portion of shares are owned by state and big 

institutions, and it is believed that interests of individual investors who represents the 

30% of total shares are not well protected. Therefore, Chinese individual investors are 

generally involved in short- term capital speculation rather than long term investment 

which make them more like technician traders rather than fundamental traders (Moosa 

& Li, 2011, p. 29).  

High demand of gold from BRIC countries can be the outcomes of the dominance of 

technical traders in those countries. Sometimes traders just follow the crowd or judge 

the situation on the basis of their experience, which makes difficult to know reasons 

behind increment in price of particular assets because traders don’t follow any economic 

variable for their decision. In some countries, like India, people buy gold because they 

think that it is more valuable than common stock. Generally, Indian traders don’t 

perceived stocks as an alternative to gold. The gold trading in India is mainly guided by 

individual sentiments, and strongly deep-rooted in the Indian social psyche. “In India 

gold has been held by individuals for years and has passed hands of many generations. 

In addition, the equity culture in India is not as developed as in some other parts of the 

world. Gold has not yet lost its prime importance as a hedge against loss of wealth in 

times of crises” (Mishra et al., 2010, p. 54). 

3.2.2. Stock Market in Emerging Economies 

The world economy can be divided into two parts: developed and developing markets. 

Researchers have formed different groups of emerging as well as developed countries to 

study their combine contribution on the world economy. The groups that they formed 

according to the particular economic characteristics are: BRICs, N-11 (Next-11) 

&VISTA. Since our study is about one of the groups of emerging countries and we are 

talking about emerging countries throughout our study, it is important to give a small 

glance of stock market in emerging countries. Before investing in any countries, the 

knowledge of the trend of stock market in those countries helps investors to analyze 

different types of risk. Although the world economy depends on the policies made by 

the developed countries, any changes in the economy of developing countries (as India 

and China) directly affect the world economic activities because these countries are 

either largest exporter or largest importer of goods, services or funds. The recent 

agreements between India and US (trade agreements), and India and France (trade and 

energy agreements) show the importance of emerging markets. 
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Investopedia defines emerging markets economy as an economy with low to middle per 

capita income. Such countries constitute about 80% of the world population and 

represent approximately 20% of the global economies (Investopedia, 2011b). Ahmed, 

Rosser Jr, & Uppal (2010) analyzed the non-linear bubbles in 27 emerging markets in 

Asia, Africa, South America and Eastern Europe from 1990 to 2006. They found that 

these economies have experienced not only the substantial economic growth, but also 

the industrial growth in terms of internationalization. “The total market capitalization 

for the countries in the sample increased from $1.1 trillion to $3.7 trillion over the 

period 1992-2005.The market capitalization as a percentage of GDP increased, on 

average, for the group, from 36% to 90%” (Ahmed et al., 2010, p. 27). Moreover, 

almost all the countries in the sample had experienced the non-linear speculative 

bubbles in their stock markets during 1995-2006. Of these, Malaysia managed to control 

the fluctuation by controlling the international capital movement, partially with Islamic 

banking system. The authors have further argued that although governments try to 

stabilize their markets, such bubbles are inevitable part of the development of the 

financial system in emerging markets, and slowing the bubbles can lead to slower 

market capitalization growth as in Malaysia and Brazil. The financial crisis of 2008 

shows that even the improvement in efficiency and availability of fund for development 

investment can bring risks and dangers, and any economy can be affected by the crisis if 

its market is connected to rest of the world economy (Ahmed et al., 2010, p. 38). 

Demirtas & Zirek (2011) have argued that we cannot apply same techniques to predict 

the future trend in developed and developing market. They studied 20 emerging markets 

to predict the future earning, and found that the number of industries play an important 

role in diversification of information about the cash flow. Emerging markets have low 

numbers of industries, and stocks’ co-movement is much higher as compared to 

developed market (e.g. US), which makes the diversification of cash flow information 

much harder in emerging markets. Whereas, in the US market, large number of  

industries and uncorrelated stocks makes it difficult to predict future earning on the 

basis of aggregate earning, because the information about the cash flow in firm level 

earnings generally gets diversified away in aggregation process. On the basis above 

arguments, they concluded that we can use aggregate earning in emerging market to 

predict the future expected earnings. Apart from the prediction of future earning, this 

study shows that we need to take care of information diversification effect in emerging 

market before formulating any investment strategy. 

3.2.3. Effect of Liberalizing Emerging Stock Markets 

The liberalization of potential emerging market attracts investors from different parts of 

the world which may change the local market trend of economy. The results of this 

study will be beneficial for international portfolio, and it is important to know what kind 

of changes these emerging countries bring in the world economy by liberalizing their 

economy.  

Generally, there is a tendency that returns on stocks from single country move in same 

direction, but it is unlikely with stock from different part of world. The international 

diversification allows investors to choose securities from different part of world which 

help them to enhance their reward-to-volatility ratio. According to international assets 

pricing models (IASP), the liberalization of emerging market not only invites foreign 

investors, but also helps to reduce the cost of capital by allowing them to share the risk 

between domestic and foreign investors. Henry (2000) studied 12 emerging countries 
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from Latin America and Asia to know the two major post liberalization impacts in 

emerging countries. First, if the cost of aggregate capital decreases due to liberalization, 

then the county should observe increase in equity price index when it announces the 

liberalization. Second, there should be increase in the overall physical investment 

following the liberalization process because the decrease in capital cost will transfer the 

negative NPV (Net Present Value) project into positive NPV.   

Countries Liberalization Date 

Argentina November, 1989 

Brazil March, 1988 

Chile May, 1987 

Colombia December, 1991 

India  June, 1986 

Korea June, 1987 

Malaysia May, 1987 

Mexico May, 1989 

The Philippines May, 1986 

Taiwan May, 1986 

Thailand January, 1988 

Venezuela January,1990 

Table 3.3: Liberalization period of some emerging countries  

Source: (Henry, 2000, p. 534) 

After announcement of the liberalization, these 12 countries experience returns of 4.7% 

per month real dollar terms during eight months after implementation of initial stock 

market liberalization. However, “after controlling for co-movements with world stock 

markets, economic policy reforms, and macroeconomic fundamentals, the average 

abnormal return, 3.3% per month over the same horizon, is smaller but still 

economically and statistically significant” (Henry, 2000, p. 530). Furthermore, if an 

emerging country is fully segmented from the world market, then its equity premium 

will be proportional to the variance of the country’s aggregate cash flow. While, after 

the liberalization process and integration of stock market of emerging country, its equity 

premium will be proportional to covariance of country’s aggregate cash with those of a 

world portfolio (Henry, 2000, p. 530). This shows the consequences of liberalization 

(internationalization) of emerging economies. The contribution of risk by emerging 

market in world portfolio’s variance should be analyzed for equity premium. 

However, the co-movement of developed and developing stock markets limits the 

diversification effect. Wong, Penm, Terrell, & Ching (2004) analyzed the co-movement 

between stock market in major developed countries (United States, United Kingdom 

and Japan) and those in Asian emerging countries (Malaysia, Thailand, Korea, Taiwan, 

Singapore and Hong Kong) and found that there is co-movement between some of the 

developed countries and emerging countries. Furthermore, they found that the co-

movement of these markets started after the 1987 stock market crash which intensified 

after the 1997 Asian Financial Crisis. 

3.3. BRIC Countries since 2001 

Although BRICs is a part of emerging countries, these four countries have different 

market conditions and we cannot simply generalize BRICs with other emerging 

markets. And, since BRIC countries are main markets for our study, it is extremely 

difficult to continue our study without talking about BRICs in depth. 
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3.3.1. Introduction of BRIC Countries 

The acronym BRICs (Brazil, Russia, India and China) was first introduced by Goldman 

Sachs on November 30, 2001 to denote the four largest and fasted growing countries. 

Later, in 2008 these four countries initiated a first step to form a political alliance of 

BRICs. When Goldman Sachs formed acronym to compare their performances with 

other groups of countries like G7, they predicted that by the end of this decade BRIC 

economies would make up about 10% of total world GDP. However, by the end of 

2007, the total GDP of BRIC countries was 15% of the world economy. Similarly, there 

was tremendous increment in equity market value of these countries: Brazil by 369%, 

India by 499%, Russia by 630% and China by 201%, using A-share market (O'Neill, 

2007, p. 5). Although BRICs and other developing countries were less affected by 2008 

world economic crisis as compared to developed countries, it affected the Goldman 

Sachs projection that China could become as big as US by 2027, and, consequently, 

BRICs would be as large as G7 countries (O'Neill & Stupnytska, 2009, p. 4). 

3.3.2. Recent Development in BRIC Countries 

According to the Goldman Sachs (2011) latest report on BRICs infrastructure, although 

there has been notable improvements in recent years, they need to accelerate their 

investment in infrastructure to prevent it from constraining future growth rates in 

BRICs. And, in spite of recent increments, the development levels of BRICs remain far 

behind from developed countries’ average, and degree of economic growth varies 

largely across both countries and sectors. In 2006, Goldman Sachs estimated that BRICs 

needs an investment of $400 billion (around 8.5% of GDP) per year to satisfy the 

growing demand over period 2006-2010. However, the actual investment in 

infrastructure is about 4-5% (average) of GDP. Even though China and India started 

from the low level, they have experienced the fasted infrastructure growth rates. 

Whereas, Brazil growth rate is slow as compare to other members of BRIC countries, 

which decreases the overall growth rate of BRICs. The scenario in Russia is different 

since there is more advanced infrastructure, which was built during the Soviet era, but 

the insufficient investment in maintenance has made most of these infrastructure fall 

into disrepair. Unlikely to infrastructure scenario, all four countries have experienced 

tremendous growth in telecommunications, mainly in mobiles and internet 

(GoldmanSachs, 2011, pp. 1-2). 

  

Figure 3.6: Infrastructure improvement of BRICs  

Source: (GoldmanSachs, 2011, p. 2) 
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Technological innovation is another major indication of economic growth. In recent 

years, BRIC countries have experienced huge amount of technological innovation 

which helped them to maintain their technological competitiveness. The most common 

indicators that are used by researchers to major the technological achievements are: 

R&D, patents and new products (Tseng, 2009, p. 29). However, Tseng (2009) used 

utility patents and citation ratio and compared the BRIC countries’ technological 

innovation with VISTA (Vietnam, Indonesia, South Africa, Turkey, and Argentina) 

countries’ technological innovation during period 1976-2006. Between 1976-1989 the 

overall number of patents of BRIC countries was less than of VISTA countries; 

however after 1992 the number of patents in BRIC countries started to increase and it 

was nearly 12 times more than for VISTA in 2006. From 1976-2006, China (4745), 

India (3678), Russia (3029) and Brazil (2134) were first, second, third and fourth 

respectively in the hierarchy of patents (Tseng, 2009, p. 30). However, citation ratio, 

defined as the average number of a country’s patents cited by later patents and indicates 

the quality of patents, of Russia, Brazil, India and China were 5.3, 4.7, 3.6 and 3.6, 

respectively. Furthermore, the author compared the innovation strength in 30 

technological fields for BRIC countries, and found that electrical engineering (10.2% of 

total patents of BRIC), audiovisual technological (9.3%), telecommunications (7.7%), 

and information technology (6.8%) are the top four area of innovation strength (Tseng, 

2009, p. 33). 

Foreign listing occurs when any company list and trade their stock outside the host 

company for more funds. To explore the economic expansion, BRIC countries are main 

countries of issuers and the major places involved in this process are the United States, 

the United Kingdom and Luxembourg. Until the late 1990s, foreign listing was mainly 

dominated by stocks coming from Europe, North America, and Australia. However, 

after 2000 there was boom in economy of many emerging markets and the foreign 

markets experienced entry of many new stocks, especially from BRIC countries 

(Wójcik & Burger, 2010, p. 2). “In 2007, the four largest emerging market economies of 

Brazil, Russia, India, and China (BRICs) accounted for 73% of the new DRs 

(depositary receipts) listed on foreign stock exchanges, 63% of the capital raised, and 

48% of the trading value” (Wójcik & Burger, 2010, p. 2). Moreover, in 2006 around 

100 companies from BRICs were listed abroad, and in 2008 the total share of these four 

countries was 20% of the total number of outstanding foreign listings. The listing 

activity was slowed down by 2008 financial crisis, but did not stop. There were 

tremendous changes in number of cross listed firms in BRIC countries, where number 

of firms doubled in Russia, tripled in China, and quadrupled in India. Cross listing firms 

are mainly large fast growing companies, capital intensive, and export oriented. And, 

the choice of host markets is mainly affected by trading relationships between host and 

home market and industrial specialization of host market (Wójcik & Burger, 2010, p. 

19). Although, there has been dynamic growth in BRICs cross listing, India and China 

seem to have more liberal policy regarding foreign listing which can be understood by 

the shortage of domestic capital for their expanding corporate houses. Similarly, the 

large part of privatization in Brazil during 1990s was conducted with share issues on the 

US markets (Wójcik & Burger, 2010, p. 8). 

Together with opportunities, emerging markets also come with threats for developed 

countries and regulated market players. Kuhrt (2008) analyzed the opportunities and 

threats brought by BRIC countries in the field of active pharmaceutical ingredients 

(APIs). BRIC’s markets, with double digit growth rate and low cost base, can serve as 

bases for conducting clinical trials, research and development (R&D), and 
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manufacturing activities. In addition, these markets can be potential market to sell 

finished dose products and APIs. Together with economic boom and growing size of 

middle class people, the rate of certain diseases is also increasing in BRIC countries, 

especially in India and China, which increases the demand of medicine. Although few 

foreign companies have tried to explore BRIC pharmaceutical markets, these markets 

are mainly dominated by local players. 

3.3.3. Alliance between BRIC Members 

The formation of BRICs is also helping its members in expanding their economy as 

these countries are exploring each other market. With the total investment of $215 

million from 2001-2009, Brazil has become new destination of Chinese direct 

investment. The investment was about to reach $12 billion in 2010. One of the major 

reasons to pursue closer economy by China and Brazil is to find new markets amid a 

shaky global economic recovery from the last recession. The Chinese investments are 

mainly focused in petroleum, mining, steel and energy sectors which help them not only 

to generate profit but also in securing raw materials needed to support China’s booming 

economy. Similarly, Chinese companies are also paying attention to Brazil 

macroeconomic stability and healthy domestic growth prospects. Therefore, they may 

invest in modernization of infrastructure ahead of the 2012 World Cup and the 2016 

Summer Olympic Games, both to be held in Brazil. During the Brazilian president visit 

to China in May 2009, both countries singed 13 agreements, which made China as 

Brazil’s largest trading partner. Moreover, these two countries signed some new 

agreements during the summit of BRICs held in April 2010, which also included 

studying the role of Brazilian Real and Chinese Renminbi instead of the US dollar in 

their bilateral trade. “In the broadest terms, the deals are a demonstration of fraternity 

between two of the world’s biggest emerging powers, at a time when the global 

leadership credentials of developed countries are being held up to question” 

(EconomistIntelligenceUnit, 2010, p. 2). Similarly, the talks on replacing the US 

currency in their bilateral trading highlighted the China’s recent strategy to replace the 

US dollar. 

3.3.4. Business Strategies for BRIC Countries 

On the basis of the current economic activities, many experts and researchers have 

argued that the world economy hierarchy is going through a major shift. With the 

current 40% of the world’s foreign exchange reserve and 15% of the world GDP, BRIC 

countries will be dominant economic leaders by 2050. Hinojosa (2011), director of 

strategic corporate solutions for western union business solution, suggested that 

business style in emerging countries is different from the most of the developed 

countries, and there are three highlighted areas to be considered before starting business 

with BRIC countries. Banking system, local currency payment options, and risk and 

hedging strategy are major areas to be focused before exploring investment 

opportunities in BRIC countries. Research on banking activities such as cost and time of 

transactions, benefits of using local currency for payments instead of the US dollar, and 

availability of hedging option can be beneficial for foreign countries. This may require 

talking to foreign exchange or hire financial experts who deal with these countries. Just 

because dollar is universally accepted, it is not always cheaper or cost effective payment 

option.  The supplier or buyer party has to convert this dollar into local currency, and 

generally the exchange fee and volatility costs are passed on in the form of the higher 

prices. On the other hand, Chinese companies receive tax break for bringing in the US 
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dollar, and some savings can be passed on to them if the payment is in dollar (Hinojosa, 

2011, p. 1). 

3.4. Portfolio Management and Behavioral Finance 

The main objective of the paper is to find the relationship between international gold 

returns and stock returns of BRIC countries. In the light of our objectives the study need 

to be utilized in to the frame of the portfolio management and spillover effect in order to 

be able to perform the statistical tests, draw the conclusions on results of and provide 

the suggestions for the investors and for further studies. The main theories and models 

suitable for the research are the Modern Portfolio Theory and Behavioral Finance.   

3.4.1. Modern Portfolio Theory 

The importance of Modern Portfolio Theory (MPT) for the current study is based on the 

fact that in reliance of this theory the authors will be able to draw the conclusions and 

propose the suggestions of the role of gold in portfolio diversification.  

The Modern Portfolio Theory describes the relationship between expected return and 

risk of assets and it was first introduced by Harry M. Markowitz (1952; 1959). 

According to the theory investors should attempt to maximize the portfolio expected 

return at same level of risk or minimize risk of the portfolio at same level of return. One 

of the important basic assumptions of Modern Portfolio Theory is the issues of 

behavioral finance, and particularly, the attitudes of investors toward risk. According to 

the behavioral finance investors are averse to risk. In case of worthy compensation the 

tolerance to risk may increase (Ogden, Jen, & O'Connor, 2003, p. 36).  Investopedia 

defines MPT as “a theory on how risk-averse investors can construct portfolios to 

optimize or maximize expected return based on a given level of market risk, 

emphasizing that risk is an inherent part of higher reward” (Investopedia, 2011c). 

Measurement of Return and Risk 

Markowitz (1952; 1959) proposed a mathematical model as well as methods of an 

optimal portfolio formation, and provided the recipe of risk minimization by means of 

utilizing uncorrelated assets. One of his significant achievements was defining the 

concepts of expected return and risk. For estimation of the relationship between 

expected return and risk in his model, he utilizes the distribution of probabilities. As an 

indicator of expected return he implicates statistical expectation (weighted average) and 

standard deviation as a measure of risk.  

Expected return of the portfolio is simply a sum of weighted average of expected returns 

of the assets included in the portfolio, and is calculated by the following formula: 

 
      ∑       

 

   

 
(3.1) 

where ∑   
 
    is a total weight of portfolio and equals to 1; n is a number of securities 

included in the portfolio;    is percentage of the asset i included in the portfolio;       

are the returns on ith asset and portfolio p (Ogden et al., 2003, p. 37). 

The risk of the portfolio is measured by variance, and is calculated by the following 

formula: 
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where          ) is covariance and can be expressed as    (     )             ;     

is a correlation coefficient between the returns on assets i and j;       is standard 

deviation of the assets i and j (Ogden et al., 2003, p. 37).  

Diversification 

Markowitz (1959) was the first who attracted attention to the concept of diversification 

of portfolio. He proved that investors may reduce risk of portfolio by means of selecting 

the diversified assets, and avoid selecting those securities which are highly correlated 

for the portfolio. He confirmed that the correlation among returns of securities is not the 

same for all of them and it varies among industries. Securities in the same industries are 

more correlated, than those from the unrelated sectors (H. M. Markowitz, 1959, p. 5). 

Therefore, the principle of diversification states that an investor can achieve reduction 

in his/her overall risk exposure with no reduction in his/her expected return by 

diversifying across risky assets (Bodie & Merton, 2000, p. 298). Diversification is 

driven under the assumption of the uncorrelated risks. However, in practice, the various 

significant risks are positively correlated to each other, being influenced by common 

basic economic factors. As a result, the investors cannot infinitely decrease stock market 

risk by buying many different stocks (Bodie & Merton, 2000, p. 301). Realizing that 

absolutely safe stocks and bonds do not exist, the risk is presented as systematic 

(market) risk and nonsystematic risk. Systematic risk is also known as non-diversifiable 

and is always associated with changes in price of the all outstanding securities in the 

market, and remains not depending on amount of stocks added to the portfolio. 

Unsystematic risk is also called diversifiable, which is connected with price change that 

is inherent as unique circumstances of a particular security, and can be eliminated by 

adding more stocks to the portfolio.  

The following figure exhibits the volatility of portfolio in dependence of number of 

stocks included in the portfolio as well as correlation between the stocks.  

 

Figure 3.7: Effect of increasing the number of stocks in the portfolio on volatility of return 

Source: (Bodie & Merton, 2000, p. 302) 
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Thus, the standard deviation reduction comes from increasing amount of stock to the 

portfolio. However, the standard deviation reduction becomes less significant by 

growing a number of stocks. Finally, after a particular amount of stocks, the standard 

deviation almost remains the same. Thereby, that remaining standard deviation is risk 

that cannot be reduced by diversification, and known as systematic or non-diversifiable 

risk. In such manner, other things equal, the portfolio with higher correlation possesses 

higher systematic risk than the one with lower correlation.  

Efficient Portfolio and Efficient Frontier 

Efficient portfolio is defined as one that contains only systematic risk and provides the 

maximum expected return for a given level of volatility or risk, as well as minimum 

level of risk for a given expected return (Berk & DeMarzo, 2011, p. 317). Theoretically, 

the efficient portfolio cannot be diversified further. It is assumed that an investor selects 

an optimal portfolio from the number of efficient portfolios. An optimal portfolio is 

“one that best combines risky assets together with risk free assets” (Bodie, Kane, & 

Marcus, 2008, p. G8); it should lie on the efficient portfolio frontier, which is defined as 

a number of portfolios containing of risky assets with higher possible rate of return for a 

specific level of risk (Bodie & Merton, 2000, p. 336). Graphically, an optimal portfolio 

can be identified as a point of tangency of utility curve of a particular investor and an 

efficient frontier.  

Next, we are going to consider a portfolio with two risky assets in order to show how 

the degree of correlation between returns on the assets influences the degree of the 

portfolio returns variance reduction.  

The expected return of the two risky assets portfolio is the following: 

                 (3.3) 

where     and    are the proportions of the investor’s wealth invested in securities A 

and B, respectively;    and    are the expected returns on the assets A and B, 

respectively; and    is a weighted average of    and   , that measures the portfolio’s 

expected return (Ogden et al., 2003, p. 37). 

And the standard deviation of the same portfolio is the following: 

    √  
   

    
   

                (3.4) 

where     is the covariance of the securities A and B; and    is the standard deviation 

of the portfolio, that measures the risk of the portfolio (Ogden et al., 2003, p. 37). 

Assume that the returns on assets A and B are perfectly positive correlated, which 

means the correlation coefficient between   and   is        , then the standard 

deviation of the portfolio simply turns to the weighted average standard deviation of the 

assets included: 

   
    

   
    

   
            (3.5) 

   
             

  (3.6) 

              (3.7) 
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Consequently, it is obvious that there is no diversification benefit when the correlation 

is perfectly positive. However, when the correlation is less than +1 (       then the 

portfolio standard deviation is lower than weighted average standard deviation of the 

assets included in the portfolio. Therefore, in such circumstances the diversification 

provides the benefits.   

Assume that the correlation between two risky assets A and B are perfectly negative 

correlated (       . Then the standard deviation of the portfolio is: 

   
    

   
    

   
            (3.8) 

   
             

  (3.9) 

              (3.10) 

In case of correlation coefficient is perfectly negative, the diversification benefit 

achieves the maximum value. Figure 3.8 illustrates the efficient frontiers with different 

degree of correlation.   

 

Figure 3.8: Efficient frontier and correlation  

Source: (Chen, Chung, Ho, & Hsu, 2010) 

The line that outlines that region along assets placed in the risk/return area is known as 

an efficient frontier. Bodie, Kane, & Marcus, (2009, p. G4) defines efficient frontier as 

“a graph representing a set of portfolios that maximize expected return at each level of 

portfolio risk”. The following figure exhibits the curve BVAC that represents all 

investment opportunities of every possible combination of proportions of assets A and 

B. 
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Figure 3.8: Efficient frontier 
Source: (Chen et al., 2010) 

In figure 3.8 V point represents a minimum variance portfolio and portfolios lying 

below this point are considered to be inefficient. The portfolios lying on the segment 

between V and A are efficient portfolios and are considered to be suitable for investors 

because they meet the law of maximizing expected return while maintaining certain 

standard deviation, and minimizing standard deviation remaining certain expected 

return. Therefore, the cut VA represents an efficient frontier. Investors will choose an 

optimal portfolio placed on the efficient frontier and the choice will only depend on 

investor’s tolerance to risk (Chen et al., 2010). 

3.4.2. Behavioral Finance 

According to the Modern Portfolio Theory, the choice of optimal portfolio depends on 

the investor’s tolerance or aversion to risk. This theory is based on the hypothesis of 

rational expectations. However, in reality behavior of investors in the financial markets 

is irrational. In conditions of uncertainty and risk, people’s behavior is influenced by a 

variety of emotions, misperception of information and other irrational factors. 

Particularly, based on identification of such irrational factors and assessment of their 

effects on financial markets, the theory of behavioral finance is important to turn 

attention to for the purpose of being able to understand the portfolio formation behavior 

and the price and return change of stock and gold.  

Sewell (2007, p. 1) defines behavioral finance as “a study of influence of psychology on 

the behavior of financial practitioners and the subsequent effect on markets. Behavioral 

finance helps explain why and how markets might be inefficient”.   

Efficiency of the financial markets can be biased by investors’ irrationality. Barberis & 

Thaler  (2003) suggested two factors that affect investors’ decision making: beliefs and 

preferences. They summarized previous studies concerning believes and presented the 

following aspects: overconfidence, optimism, representativeness, conservatism, belief 

perseverance, and anchoring. 

Usually overconfident investors believe that they possess a greater knowledge and 

abilities than other investors. Barber & Odean (2001) stated that overconfident investors 

trade more excessively. They tested their research in terms of genders and concluded 
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that males are generally more overconfident than females. The consequences of such 

overconfidence behavior on financial markets can be growth of the trading activity, 

which can cause very serious problem, such as return reduction. Expecting to benefit 

from, as they believe, their superior awareness, the overconfident investors buy and sell 

stocks feverishly. Barberies & Thaler (2003) suggested that conservatism is particularly 

consistent with underreaction. Investors who incline to conservatism might disregard 

the full information content of announcement if they have prior opinion about an event, 

which contradicts with existing image about the event. Optimism is related to positive 

thinking, high expectation and great ambitions of investors.  Anchoring is related to the 

situation when investor’s decision on estimates depends on previous values, which 

usually causes insufficient adjustments as a result.   

Another factor that can affect investors’ decision making process is preferences. In 

order to understand risk tolerance or loss aversion Prospect Theory was developed by 

Kahneman & Tversky (1979). The following behavioral effects of preferences were 

defined by Kahneman & Tversky (1979): loss aversion, certainty effect, and isolation 

effect. According to the Prospect Theory investors are usually averse to risk however 

“people overweight prospect outcome that are merely probable in comparison with 

outcomes that are obtained with certainty”. Such a behavior”contributes to risk 

aversion in choices involving sure gain and risk seeking in choices involving sure 

losses” (Kahneman & Tversky, 1979, p. 263). This preference tendency is known as 

certain effect. Another behavior tendency is known as isolation effect. Under this 

tendency, “people generally discard components that are shared by all prospects under 

consideration”, “which leads to inconsistent preferences when the same choice is 

presented in different forms” (Kahneman & Tversky, 1979, p. 263). Another interesting 

finding made by Kahneman & Tversky (1979) was that distress from losing is quite 

higher than satisfaction from gaining. Therefore, while making decision, people choose 

such options, where the chance to avoid loses is the greatest. Such behavior is known as 

risk aversion. According to the numerous previous researches risk aversion behavior is 

inherent to the majority of the financial market participants.   

Barberis & Thaler (2003) attempted to explain the behavior of investor in terms of 

portfolio diversification. They presented two phenomena of diversification behavior: 

insufficient diversification and naive diversification (Barberis & Thaler, 2003, p. 1099). 

They argued that in reality investors diversify their portfolios much less than it is 

suggested by exiting portfolio theories. The first reason for that is that investors prefer 

to invest in the local domestic stock, especially to those companies that are located 

closer to investors geographically, native language of reports, and when CEO represent 

the same cultural background. According to Barberis & Thaler (2003)  another aspect of 

insufficient diversification can be ambiguity and familiarity. They argued that investors 

may find their domestic stock markets, firms or employer’s stock more familiar then 

foreign or those located far away. Therefore, the portfolio might be not enough 

sufficiently diversified that it could be according to the theory. Information availability 

is another crucial factor for investors who might choose to invest to domestic assets, due 

to that searching domestic information simply might be cheaper. Another phenomenon 

of irrational portfolio diversification presented by Barberis & Thaler (2003) was naive 

diversification, which means that many investors “seem to use strategies as simple as 

allocating 1/n of their findings to each of the n available investment options, whatever 

those options are” (Barberis & Thaler, 2003, p. 1101). 
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In recent years, due to inability to explain various phenomena happening in financial 

markets, many researchers have initiated investigations both in the fields of finance and 

psychology. One of the main attainments of behavioral finance can be awareness that 

people’s decisions in financial sphere as well as others are influenced by emotions, 

stereotypes, illusions, prejudices, or fallacy in prediction.  

3.5. The Relationship between Gold Returns and Stock Returns 

It is confirmed by many researchers that gold return has certain relationship with stock 

return. However, this relationship in terms of correlation is quite low. Sumner, Johnson 

& Soenen (2010) attempted to find the interdependence among gold, stocks and bonds 

by examining whether gold returns and volatilities can be useful in prediction of the US 

stock and bond market movements or vice versa. By analyzing volatility spillover the 

researchers concluded that there is an absence of any significant relationship between 

gold and stock return volatility. According to this, gold hardly can be helpful in 

forecasting stock behavior (Sumner, Johnson, & Soenen, 2010, p. 115). However, low 

correlation of gold returns with stock returns makes gold an efficient asset for portfolio 

diversification.  

3.5.1. Gold Returns vs. Stock Returns 

Since gold was among the first forms of money, the price of gold has always been the 

center of attraction. Moreover, the recent surge in gold price attracted many researchers 

and investors to know the importance of gold in finance market, especially the role of 

gold in portfolio diversification. The consistent growth of gold price during the world 

economic crisis raised the question that whether gold can be used for portfolio 

diversification. Gold has done well in the recent years and it proved to be good 

investment for investors who have over weighted gold in their portfolios in recent years. 

If anybody had invested $10000 dollar (36.89 ounces) in gold in 2001, the total value of 

36.89 ounces on 1
st
 September 2011 would have been more than $67000. Whereas, “the 

same investment in Vanguard Total Stock Market Index Fund (symbol VTSMX), for 

example, would have been worth $12,445 after the same ten year period” (Kristof, 

2011, p. 1). Gold has risen roughly 160% versus decline of 8% in the S&P500 index 

between 2005 and 2010 (Carlson, 2010, p. 1). Kristof (2011) argued that due to the 

opposite price behavior of gold with stock, it is a good portfolio diversifier. Plus, he 

added that gold is a great hedge against black swans and falling dollar, and the price of 

gold fall when world economies are stable and stock and bond markets performed well 

as it happened in 1980s and 1990s. 

Moreover, the behavior of gold price attracted few researchers to analyze the 

relationship between gold and stock. Baur & Lucey (2010) analyzed the three pre-

assumed characteristics of gold: a hedge instrument, a portfolio diversifier and a safe 

haven instrument. Hedging and diversifying features are not suitable in extreme adverse 

market conditions, because the asset could exhibit positive correlation during such 

conditions. Whereas, the third property helps the asset to be uncorrelated or negatively 

correlated with another asset or portfolio during market stress or turmoil. Baur & Lucey 

(2010) analyzed ten years (1995-2005) data from three markets (US, UK and Germany) 

to test these three features of gold. The selection of period includes both bull and bear 

market which allowed them to test whether the price of gold behave differently in 

different market conditions. However, the results suggest that gold plays different roles 

both in various markets and in different market periods. Both in the United States and 
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Germany the results showed similar kinds of scenario where gold has no significant role 

as a hedge or a safe haven in bull markets, but the role is significant in a bear market. 

All three features have relatively similar kinds of estimates in United Kingdom, but 

hedge has slightly higher estimates which indicate that gold is a stronger hedge for 

stocks in bear markets than in bull markets (Baur & Lucey, 2010, pp. 9-10). 

Furthermore, they analyzed the value of portfolio comprising stock and gold for the 

period spanning 50 days after extreme negative stock return. And, the empirical finding 

suggests that gold is a safe haven for relatively short period of time after extreme stress 

occurred. Investors turn to gold on days of extreme negative returns and sell it when 

volatility is lower. 

3.5.2. Gold as a Portfolio Diversifier  

Due to the difference between gold price determinant and other financial assets price 

determinant, gold has always been considered as a portfolio diversifier especially with 

stocks portfolio (Hoang, 2011, May 1, p. 7). Although gold as a portfolio diversifier has 

a long history, the dynamic nature of the finance world encourages researchers to study 

this unique metal on the regular basis to know its relation with other financial assets. 

McDonald & Solnik (1977) found that gold quoted at London was portfolio diversifier 

of the US portfolio from 1948 to 1975 (Hoang, 2011, May 1, p. 8). Further, they 

analyzed the relationship between gold mining stock return, gold return and stock return 

(represented by the S&P 500 index), and the results showed”that there is a positive 

relation between gold and gold mining stocks. On the other hand, there is not any 

significant relation between gold and the S&P 500 stock index. Thus, gold mining 

stocks can be favorable in portfolio diversification too” (Hoang, 2011, May 1, p. 8). 

Jaffe (1989) has confirmed that gold can play an important role in a diversified portfolio 

due to its returns are normally independent of returns on other assets, while as 

individual investment, gold is quite risky. Jaffe (1989) analyzed the relation of physical 

gold and paper gold (data supplied by Handy and Harman) with common stock (S&P 

500) from 1971 to 1987, and found that physical gold was an efficient portfolio 

diversifier than paper gold. With paper gold, the increase in return of portfolio was 

accompanied by increase in the risk too. However, Chua & Woodward (1990) found 

that the correlation of gold returns with the US stock returns is rising over time, which 

leads to lowering benefits of holding gold. Similarly, Michaud, Michaud, & 

Pulvermacher (2006) argued that gold is a strategic asset, which allows investors to 

hedge against inflation as well as to diversify portfolio. They analyzed American stock 

and London gold price from 1974 to 2005, and categorized the portfolios into two 

groups: weak portfolio and strong portfolio. Further, they analyzed these two categories 

of portfolio with efficient portfolio and show that weak portfolio includes 1% to 2% of 

gold and strong portfolio includes 2% to 4% of gold. In another study, Hoang (2011, 

May 1) analyzed the role of gold quoted (physic and paper) at Paris in the 

diversification of French portfolios during the period 2004-2009, which covers the 

economic crisis period 2007-2009. The main purpose of this study was to understand 

the factor behind the rise in gold price in France during 2004-2009, which can be 

explained by the role of gold in portfolio diversification. The study showed that during 

the period 2004-2009 gold had all the features of a portfolio diversifier. For instance, 

when correlation between gold and stock was very week, then inclusion of gold in 

French portfolios reduced their risk and increases their return, which improved the 

efficient frontiers significantly (Hoang, 2011, May 1, p. 2). However, physical gold is 

more efficient as a portfolio diversifier than paper gold. 
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All of the studies discussed above about gold as a portfolio diversifier are based on the 

overall stock exchange index and international gold price. However, few researchers 

have studied and analyzed the relationship of gold with stock on industries level. Ratner 

& Klein (2008) studied the period 1975-2005 and calculated the correlation of gold with 

10 different economic sectors of the US economy while analyzing the group of 50 

developed and developing countries to show the effects of gold on international 

portfolio. For the portfolio simulation where they applied correlation results they 

presented three variations of optimized portfolios: model (1) includes 100% US stock 

index; model (2) includes 80% of US stock index and 20% stock indexes of other 49 

countries; and model (3) includes 75% US stock index, 20% stock indexes of 49 

countries, and 5% gold. Based on comparison of the investment strategies, return/risk 

ratio increased gradually from -0.08% in model (1) to 1.35% in model (3). It showed 

that gold plays an important role in diversification of international portfolio. They chose 

the US market for comparison and converted all index and prices of international stock 

into the US dollars, because their study was mainly focused for the US investors. They 

found that gold is a poor diversifier in international portfolio over the whole sample 

period, however over the period 2001-2005 gold provided diversification benefit, but 

only up to 40% annual return. When the annual return is higher, then gold makes no 

difference in international portfolio. 

3.5.3. Spillover effects between gold and stocks 

Liao & Chen (2008) analyzed the relationship among oil prices, gold prices and 18 

industrial sub-indices in Taiwan. They argued that oil price determines the overall cost 

of economy and degree of effect may vary among different industries. Further, they 

argue that “high oil prices may dampen a country’s economy activities and stock market 

as a whole. The same theory applies to gold prices too. Nevertheless, there should be 

some industries which benefit from high oil and gold prices. That means, there are still 

opportunities for certain industries for smart investors” (Liao & Chen, 2008, p. 2). In 

their research they applied the TGARCH models in order to describe the spillover 

effects of oil and gold price returns on industrial sub-indices returns and GARCH 

models in order to examine volatility spillover effects on each other. By conducting the 

research, they concluded that the volatility of gold price returns has no effect on oil 

price returns, while oil price return volatility has spillover effects on the volatility of 

gold price returns, which means that investors can monitor gold prices by reviewing oil 

prices returns. Another finding that they concluded is that previous volatility of oil price 

returns spillover the volatility of Electronics and Rubber sub-indices returns. 

Meanwhile, the volatility of Chemistry, Cement, Automobile, Food and Textiles sub-

indices are affected by previous volatility of gold price returns (Liao & Chen, 2008). 

Another research that has been conducted in order to investigate the spillover effects of 

previous gold return volatility on stock return volatility was made by Sumner et al. 

(2010). They studied the spillover between gold, US bonds and US stocks over 35 years 

from 1970 to 2005 by applying vector autoregressive (VAR) model together with 

variance decomposition. The findings were that previous gold return has low correlation 

and low spillover effect on stocks and bonds returns. Therefore, they suggested that 

gold can hardly be a useful predictor for stocks and bonds; however, low correlation 

feature makes gold a useful portfolio diversifier. Mishra et al. (2010) found a very low 

insignificant correlation and the Granger causality between gold and stock returns in 

both directions. They investigated domestic gold prices and stock prices relationship in 

India over 1991-2009 by applying Granger causality test. In this way, in India investors 

can use gold in order to forecast stock behavior and vice versa.     
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On the basis of all these available literature on gold and stock relation, we can say that 

Liao & Chen (2008) and Ratner & Klein (2008) extended the previous studies and 

analyzed the relationship of gold with stock on individual economic sectors level. 

Ratner & Klein (2008) studied the relationship of gold with the US economic sectors, 

and showed the importance of gold as portfolio diversifier through the portfolio 

simulation. Whereas, Liao & Chen (2008) studied Taiwan market, and analyzed the 

relationship between gold and stocks by analyzing causal relationship, by means of 

statistical GARCH models. Taking their arguments that they didn’t find any study on 

relationship between gold and individual industries’ indices and one of the major 

reasons of current bull market of gold is the demand from BRIC countries, our research 

is an extension of their study with different statistical tools. Correlation has been used to 

show the role of gold as a portfolio diversifier. Similarly, VAR and BEKK GARCH 

were utilized to investigate the mean and volatility spillover effects. The following 

hypotheses have been formulated to answer the research questions.  

The hypotheses 1, 2, 3 and 4 are to answer the first research question: Are gold returns 

and stock returns correlated? How do correlations change across different economic 

sectors and across countries over time?  

Hypothesis 1: There is correlation between gold returns and stock returns 

Many researchers, discussed in the literature review part, have found gold as an efficient 

portfolio diversifier due to its low correlation with stock in different financial markets. 

Thus, acceptance or rejection of this hypothesis helps to answer whether there is 

correlation of gold returns with stock returns of BRICs. 

Hypothesis 2: Correlation is constant across countries 

Similarly, according to the literature review, gold is not associated with any country 

economy; therefore, it can be used as a hedge against the country risk. Further, many 

researchers analyzed the performance of international portfolio and opportunities for its 

development. Rejection or acceptance of this hypothesis brings value to the potential 

investors who wish to diversify their portfolios with gold in BRIC countries.  

Hypothesis 3: Correlation is constant across economic sectors 

Taking into account that gold and other commodities may influence the economy as a 

whole as well as the different economic sectors; some researchers have studied the 

relationship of gold with different economic sectors. For instance, Ratner & Klein 

(2008) and Liao & Chen (2008) studied the US and Taiwan stocks, respectively and 

found that the relationship differs across the economic sectors. Rejection or acceptance 

of the hypothesis can benefit to the choice of an optimal portfolio formation consisted of 

gold and stock of different economic sectors.  

Hypothesis 4: Correlation is constant over time 

As it was discussed earlier, the financial markets are dynamic in nature, and the 

relationship between different financial instruments changes over time. This hypothesis 

is formulated to see how the relationship of gold as a financial instrument with different 

economic sectors of BRICs changes over time. 
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The hypotheses 5 and 6 are to answer the second research question: Are there any 

spillover effects between gold and stock returns and return volatility? 

Hypothesis 5: There is no mean spillover effect between gold and stock returns 

Hypothesis 6: There is no volatility spillover effect between gold and stock returns 

Liao & Chen (2008) studied volatility spillover effects between gold and economic 

sectors of Taiwan to see how volatility of gold return affect the return of different 

economic sectors of Taiwan and vice versa. Similarly, the hypotheses 5 and 6 were 

formulated to see how gold market and four fasted growing countries affect each other 

in terms of mean and volatility. Further, it would be interesting to see the volatility 

spillover effects between gold and economic sectors of BRICs during the economic 

crisis in 2008. In such manner, rejection or acceptance of these hypotheses can 

contribute to the prediction of gold return behavior using stock returns and vice versa. 
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CHAPTER 4: Practical Methodology 

The aim of this chapter is to present the practical methodology of the research. The 

chapter begins with the description of sample data, time horizon and continues with 

data collection method. Further, return calculation method is described followed by the 

explanation of the Pearson’s correlation tool and portfolio simulation. Finally, the 

chapter ends with unit root test, VAR and BEKK GARCH models.  

4.1. Sample Data 

The aim of the study is to discover the relationship between international gold price 

returns and stock market returns of the group of countries BRIC for period from 2001 to 

2010. Moreover, with the purpose of to detail the study we have considered separate 

economic sector index returns of each of the countries – Brazil, Russia, India and China. 

In order to be able to compare the results of the economic sector indices among the 

countries, the data should be consistent. Thus, we have utilized the daily indices of 

economic sectors of four countries created by Thomson Reuters. These indices are 

designed by the same methodology, which allows us to be in position for comparison. 

Methodology can be found in the DataStream database. There are 10 economic sectors 

in total. However, not all of them are listed in each individual country stock market. The 

following table exhibits the economic sectors and their presence in the countries. 

Economic sectors Brazil Russia India China 

Basic Materials yes yes yes yes 

Cyclical Consumer Goods&Services(CCGS) yes - yes yes 

Energy - yes yes yes 

Financials yes yes yes yes 

Health Care - - yes yes 

Industrials - yes yes yes 
Non Cyclical Consumer Goods&Services(NCCGS) yes yes yes yes 

Technology - - yes yes 

Telecommunications Services yes yes yes - 

Utilities yes yes yes yes 

Table 4.1: The economic sectors and their presence in the countries 

Historical data about gold are originally London Fix gold daily prices. The gold data are 

also downloaded from Thomson Reuters DataStream available from Umeå University 

library. In our research we are using gold daily prices and economic sector daily indices 

which are turned to the log returns. 

4.2. Time Horizon 

While formulating the research design it is important to define the time horizon. 

Saunders et al. (2009, p. 155) distinguishes two types of studies according to the time 

horizon: cross-sectional and longitudinal studies. As it was said earlier, we are looking 

for the relationship of gold and stock returns across the economic sectors and the 

countries over time. It was decided to investigate the correlation relationship over 

different time horizons: 10, 5 and 1 years. When we compare the results across the 

countries and the economic sectors than our study is cross-sectional. But when we 

compare the results over time than our study is longitudinal. The following table 

presents the data available over time, unfortunately, not for all of the indices the data are 
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available from January 1
st
 2001. This is one of the limitations of the current study which 

can bias the results.    

Index name Data available from… No. of observations 

available 2001 - 2010 

BRIC market Index 01-01-2001 2609 

All BRIC economic sector 

indices  

01-01-2001 2609 

Brazil market index  01-01-2001 2609 

Brazil Basic Mat. 01-01-2001 2609 

Brazil CCGS 02-04-2010 189 

Brazil Financials 01-01-2001 2609 

Brazil NCCGS 01-04-2009 457 

Brazil Telecom. 01-01-2001 2609 

Brazil Utilities 02-04-2001 2544 

Russia market index 01-01-2001 2609 

Russia Basic Mat. 02-07-2007 914 

Russia Energy 01-01-2001 2609 

Russia Financials 01-01-2007 1044 

Russia Industrials 01-01-2009 521 

Russia NCCGS 01-07-2008 653 

Russia Telecom 01-01-2001 2609 

Russia Utilities 01-01-2001 2609 

India market index 01-01-2001 2609 

India Basic Mat. 01-01-2001 2609 

India CCGS 01-01-2001 2609 

India Energy 01-01-2001 2609 

India Financials 01-01-2001 2609 

India HealthCare 01-01-2001 2609 

India Industrials 01-01-2001 2609 

India NCCGS 01-01-2001 2609 

India Technology 01-01-2001 2609 

India Telecom. 01-07-2003 1958 

India Utilities 01-07-2003 1958 

China market index 01-01-2001 2609 

China Basic Mat. 01-01-2001 2609 

China CCGS 01-01-2001 2609 

China Energy 01-10-2001 2414 

China Financials 01-01-2001 2609 

China HealthCare 01-01-2001 2609 

China Industrials 01-01-2001 2609 

China NCCGS 01-01-2001 2609 

China Technology 01-01-2001 2609 

China Utilities 01-01-2001 2609 

Table 4.2: Data available over time, and number of observations for every variable 

4.3. Data Collection Method 

The study is mainly based on the secondary quantitative data. Saunders et al. (2009, pp. 

256-262) suggest three types of secondary data: documentary, survey-based and 

multiple-source secondary data. The current research is built on the documentary 

secondary data and particularly written materials, such as historical data of gold daily 

prices and stock market and economic sector indices. The historical data has been 

accumulated by using the official database named Thomson Reuters DataStream.  
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4.4. Calculation of Return 

The raw data we have collected are asset prices. However, generally, while analyzing 

financial data it is common to examine returns rather than prices. The reason for that is 

that returns give the researchers a scale-free characterization of the asset performance as 

well as appropriate statistical properties for analysis. We have calculated the 

continuously compounded return (also called log return) of gold and stock by the 

natural logarithm of the gross returns of an asset and given by the following formula:  

 
                       

  
    

  (4.1) 

where    is a natural logarithm of ratio of price P at time t and t-1,    and      are price 

at time t and t-1, respectively (Ruppert, 2004, p. 77). Thus, in our study we use log 

returns, since they are most popular type of returns to be investigated when analyzing 

financial data. One of the advantages of using log returns in analysis of financial time 

series is simplicity of multi-period returns (Ruppert, 2004, p. 77). If ordinary returns are 

i.i.d. and log-normally distributed, which is generally assumed, then the log-returns are 

i.i.d. normally distributed, which gives much statistical freedom. For the period of this 

study log returns shall simply be called as returns. 

4.5. Pearson’s Correlation 

The first part of our relationship study is to find the correlation between gold and stock 

returns. In order to do that, we have applied the Pearson’s correlation method. The 

Pearson’s correlation method is the one to examine the strength of the linear 

relationship between two variables. The correct employment of the correlation analysis 

principally depends on the assumption of normality. Therefore, the data have been 

tested for normality and results are presented as descriptive statistics. The Pearson’s 

correlation coefficient between gold and stock time series has been calculated by using 

the following formula: 
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where     is a correlation coefficient,       is covariance of the sample,    and    are the 

sample standard deviations, and n is a number of observations. The correlation 

coefficient will definitely be located between -1 and 1. When r is -1 or 1, it means 

perfect negative or positive relationship, respectively. In case r is zero, there is no 

relationship between two variables, or perfect independence. The closer correlation to 1, 

the stronger the relationship, and conversely, the closer r to zero, the weaker the 

relationship. The positivity and negativity of the correlation coefficient indicate the 

direction of a relationship (Bryman & Bell, 2011, p. 347).   

Further, the significance of the correlation coefficient has been tested by applying t-

statistics. The significance test provides information about the probability that the 

correlation coefficient of the sample will be found in the population (Bryman & Bell, 

2011, p. 355). In other words, the significance test gives us the probability of the 

correlation coefficient having occurred by chance (Saunders et al., 2009, p. 457). The 

formula of t-test is:  
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under the null hypothesis H0: r = 0 and alternative hypothesis H1: r ≠ 0 with n-2 degree 

of freedom and significance level of 0,05. The null hypothesis will be rejected if t value 

exceeds the critical value of t. Alternatively, the null hypothesis will be accepted. That 

is to say, if the probability is low (less than 0.05) then the correlation coefficient is 

accepted to be statistically significant. Alternatively, the coefficient of correlation is not 

statistically significant when the probability is greater than 0.05 (Saunders et al., 2009, 

p. 456). To complete the correlation analysis, we have used SPSS 17. 

Limitation of Correlation Analysis 

Though the correlation is widely used for analyzing financial data due to its simplicity 

and other advantages, it still possesses some limitations which are important to be aware 

of. One of the limitations of using correlation analysis is that it only shows how strong a 

linear relationship between two variables is. Another important limitation of correlation 

is that it does not tell researchers whether or not the relationship is causal. Even there 

are tough links between two variables it does not explain that one causes another. It 

simply illustrates that two variables are related, but it is neither confirmed nor denied 

that the relation is causal. Another problem with correlation analysis can be that the 

correlation does not allow researchers to go beyond the data that is given. Therefore, the 

linear correlation coefficient has the potential to be misinterpreted. For example, if the 

given data is being a linear part of non linear relationship, then it may lead to the 

incorrect inference.   

4.6. Portfolio Simulation  

In order to discuss the results of the correlation test in perspective of the portfolio theory 

and show the performance of portfolio with and without gold, we have simulated two 

portfolio models over three periods 2001-2005, 2006-2010 and 2001-2010. The first 

model, model 1, consists of 100% of domestic stock, while model 2 includes 90% of 

domestic stock and 10% of international gold. The choice of the proportion of gold 

included in the portfolio is random, since the aim is to show the performance of gold by 

portfolio simulation rather than to find an optimal portfolio. Once the portfolios created, 

the next step is to calculate return/risk ratio, which suppose to show the performance of 

the portfolios. The higher ratio means better performance of the portfolio. The next and 

final step is to draw the efficient frontiers of both models over 2001-2005, 2006-2010 

and 2001-2010 periods. If one efficient frontier is placed more to the left than another 

one then it means a better performance of the first one.  

4.7. Unit Root Test 

In order to imply GARCH (1,1) model for our causality test, it is essential to check the 

stationarity of the data initially. Stationarity of the data is a main and very strong 

assumption in the time series analysis which implies that all aspects of behavior should 

be constant in time. However, we obtain stationarity by the weak stationary process 

which assumes that the mean and variance do not change over time, and the 

autocorrelation between two observations depends only on the time distance between 

them (e.g. cov(y2,y5)=cov(y7,y10)) (Ruppert, 2004, pp. 102-103). The stationarity of 

the data can be explained by the random walk process with help of the auto-regression 

(AR (1)) model: 
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               (4.4) 

where,    is the current value of the time series, which depends on some constant term 

 , its immediate previous term     , and a random error term   . The time series has a 

unit root when   = 1. We have used Augmented Dickey-Fuller (ADF) test to test the null 

hypothesis       = 1 against the alternative hypothesis     | | < 1. First, the ordinary 

least square (OLS) regression is run and then, the ADF is performed on the estimated 

value of  ̂. The t-statistics value is given by: 

 
    

  ̂    

    ̂ 
 (4.5) 

where,     ̂  is OLS standard error. To accept or reject the hypothesis, we compare the 

ADF test value with the critical values. The null hypothesis will be rejected if ADF 

value exceeds the critical value. Alternatively, the null hypothesis will be rejected. 

Sometimes time series include unit root at level data and we have to check the 

stationarity at first differences where we subtract the today’s data with the yesterday’s 

data. 

                          (4.6) 

                    (4.7) 

Now, the null hypothesis is         = 0, and the same t-statistics as above is applied. 

Generally, time series data become stationary as second differences test (Tsay, 2010, pp. 

76-78). 

4.8. Spillover Effects 

In this session, we have analyzed whether there is mean and volatility spillover effect 

between gold return and other market indices returns. Vector autoregression (VAR) and 

diagonal bivariate BEKK GARCH (1,1) models have been used to check the mean and 

volatility spillover effect, respectively.  

4.8.1. Return spillover – VAR 

Sims (1980, cited in Stock & Watson, 2001, p. 101) proposed Vector Autoregression 

model to study the relationship between multiple time series. It is a generalized version 

of univariate autoregression which is a single variable linear equation model. In 

univariate autoregression model, the current value of the variable is explained by its 

own lagged values. Whereas, VAR is an n-variable, n-1 equation model in which more 

than one time series is analyzed and each variable is explained by its own lagged values 

as well as past values of other variable. Our aim is to study the spillover effects between 

two variables, gold return and stock indices return, which can be explained and studied 

effectively by VAR model. If we write VAR (1) model for our requirement, for two 

variables, the model is: 
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where,    is the 2×1 vector of daily returns of each market,    is the 2×1 vector of 

constant,   is 2×2 variance-covariance matrix where the diagonal      are the respective 
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market own return with lagged one and the off-diagonal element      represents the 

mean spillover effect between two markets,        is 2×1 vector matrix of market 

information available at time t-1, and    is the 2×1 vector matrix of random error which 

are considered to be i.i.d. (Stock & Watson, 2001, p. 101). We have used Eviews 7 

software to apply this model on the research. The appropriate equation and a number of 

lags, which is based on AIC values, have been discussed in chapter 5. 

4.8.2. Variance Spillover Effect – GARCH (1,1)  

Bollerslev (1986, cited in Altay-Salih, Pinar, & Leyffer, 2003, p. 485) proposed 

generalized autoregressive conditional heteroscedasticity (GARCH) model to study the 

impact of previous variance on today’s variance. Similarly to VAR, journey of GARCH 

family also starts from a simple autoregressive model (AR) model. The extension of the 

AR model to autoregressive integrated moving average (ARIMA) model (AR, moving 

average (MA), ARIMA), is based on the assumption that random variables are 

independent and identical distributed (i.i.d.) with zero in mean and constant variance, 

that is popularly known as a homoscedastic assumption.  However, the knowledge of 

volatility is very important in analysis of financial time series, such as stock prices, 

exchange rates, inflation rates which often exhibit the phenomena of volatility 

clustering. One of the major characteristics of most of the financial time series is that 

they are random walks in their level form, and they become stationary in the first 

difference form. Therefore, it would be better to model financial time series with first 

difference. At the same time, the first differences of these financial time series often 

show high volatility, which proves that volatility exhibits certain time dependence and it 

is more important to model the volatility of financial time series to quantify the risks 

involved in a specific trading strategy. On this ground, model assuming zero mean and 

constant variance is not suitable for our data (Altay-Salih et al., 2003, pp. 487-488; 

Gujarati, 2003, p. 856). Eagle (1982, cited in Altay-Salih et al., 2003, p. 485) introduced 

autoregressive conditional heteroscedasticity (ARCH) model where variance is not 

assumed to be constant and includes the variance of random variable as an explanatory 

variable for current conditional variance estimation. The simple form of ARCH model 

can be described as: 

  

  
    ∑   

 

   

    
 

 
(4.9) 

where,   
  is conditional variance at time t, c is a constant,     is a parameter of variance 

of random variables, and     
 

 is variance of random variables with lags. Further, 

Bollerslev (1986, cited in Altay-Salih et al., 2003, p. 485) generalized the ARCH model 

by allowing the past conditional variance as a part of current conditional variance. The 

general form of GARCH (p,q) model can be written as: 
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where,    is a parameter of previous conditional variance and     
  is the previous 

conditional variance (Altay-Salih et al., 2003, pp. 487-488). And, the above equation is 

GARCH (p, q) model, where p represents the GARCH part. These models became very 
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successful in univariate cases for volatility estimation, and inspired many researchers to 

extend these models from univariate to multivariate, which was a very difficult task. 

Bollerslev et al. (1988, cited in Altay-Salih et al., 2003, p. 486) proposed a first 

multivariate GARCH model called VECH GARCH, which not only includes the time 

varying variance, but also the time varying covariance. However, they assumed a 

constant covariance between financial variables for solvability, which was not valid 

assumption because the statistical tests developed at that time showed that covariance is 

time varying. Baba, Engle, Kraft and Kroner (1989, cited in Altay-Salih et al., 2003, p. 

486) proposed a new model called BEKK GARCH, which attempts to solve a problem 

by ensuring positive definiteness of the variance-covariance matrices. One of the major 

problems in VECH GARCH is the large number of parameters to be estimated and the 

restriction on parameters needed for positive conditional matrix is positive definite. 

Later, Engle & Kroner (1995, cited in Altay-Salih et al., 2003, p. 491) proposed new 

parameterization for BEKK GARCH model to solve above problem. The BEKK 

GARCH model provides the cross-market effect on variance equation (Altay-Salih et 

al., 2003, p. 486).  

Our main purpose of studying volatility spillover between gold and stock returns of 

BRIC markets is to see whether volatility of one market affects the volatility of another 

market. Therefore, the BEKK GARCH is suitable for our study as it restricts some 

parameters, which make this model easy and simple to analyze the spillover effect 

between two markets. The bivariate conditional variance model used in our study is as 

following:  

    =   C +           
 

 A +        B (4.11) 

where, C is 2×2 triangular matrix of constant; A is 2×2 square matrix which show how 

current conditional variance depends on square of the past errors; B is 2×2 matrix which 

shows how past conditional variance affect the current conditional variance. The 

constant matrix C is composed into two triangular matrices to make sure that   is 

positive definite.  

The BEKK GARCH in matrix form can be expressed as: 
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where,       = [
      
      

]  

In the above matrix equation,    and   are the matrices of conditional variance and a 

constant, respectively. Furthermore, A and B are the matrices of parameters. The matrix 

A covers the ARCH effect and elements     measure the degree of innovation between 

markets i and j, whereas the matrix B covers the GARCH effect in the equation and the 

elements     from the matrix measure the persistence of volatility between markets i and 

j. The diagonal elements of matrix A and B show the impact of its own past residuals 

and past conditional variance, respectively. One the other hand, the off-diagonal 

elements show the impact of past residuals and past conditional variance of another 



 
47 Relationship between gold and stock returns; correlation and spillover effects 

market. The above BEKK GARCH is diagonal, and all the off-diagonal elements in 

matrices A and B are restricted to zero, e.g.    =     =     =     = 0 (Engle & Kroner, 

1995, pp. 126-128). After the off-diagonal restriction, we get to following equation in 

our analysis: 

       =         
       

     
         (4.13) 

                
        

      
          (4.14) 

           
                                      (4.15) 

In order to estimate the parameters, the Eviews 7 has been used. The results are 

presented further in chapter 5. 
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CHAPTER 5: Empirical Results 

The following chapter is mainly divided into three parts. Firstly, the descriptive 

statistics of the data are presented in order to examine the financial data trends, and 

test it for normality. Secondly, the results of the correlation test over 10, 5 and 1 years 

are demonstrated. Finally, the results of unit root, VAR and BEKK GARCH tests are 

presented.  

 

 

 

 

 

 

 

Figure 5.1: The empirical findings outline 

Source: by the authors 

5.1. Descriptive Statistics and Preliminary Analysis 

Before discussing the results of the statistical tests, we should see what our data tell 

about the trend of gold market and overall market of these four countries. Similarly, we 

see how volatile these markets were during 2001-2010. Finally, the data have been 

checked for normality. 

5.1.1. Markets’ Trends 

As we can see in figure 5.2 

the gold price has increased 

dramatically during previous 

decade. In the beginning of 

2001 it was about $272 per 

ounce and reached $1417 per 

ounce by the end of 2010. 

Until the mid of 2006, 

despite some volatility, the 

gold price was growing 

smoothly. After June 2006, 

however, the price volatility 

was increasing, but that was 

short term volatility, and 

market continued to grow 

thereafter. Overall, we can 

say that gold has been 

growing since 2001 with 

some short term fluctuation. 

 

Figure 5.2: Gold price development (in $), 2001-2010 
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On the other hand, the plots of the market indices of BRIC countries show a different 

story in contrast to the gold price plot. Except China, all other markets had growing 

price trend, with some short term fluctuations, until the world economic crisis in 2008. 

India and Brazil markets had continuous growth trend until the economic crisis, while 

China market had slightly decreasing trend. The rise trend of Russia market differs from 

the others, in terms of the higher volatility of the market, as well as growth rate. During 

the crisis year 2008, there was a sharp drop in the indices of all four countries (see 

figure 5.3), which showed the effect of the world economic crisis. However, the markets 

began to react on economic recession at different points of time. Though, the dip of 

these markets came at the same periods of the year 2008. As we can see from the graphs 

below, Brazil and Russia began to recover after 4-5 months they reached their dip. 

Indian market was hanging around their lowest point for 6-7 months. In overall, we can 

say that all four countries have similar kinds of market trends before and after the world 

economic crisis. 

 

 

Figure 5.3: Brazil, Russia, India and China indices development, 2001-2010 

 

As it was discussed in chapter 3 (see p.26), BRICs as a group is an interesting 

phenomena for the researchers in terms of their fast economic development. But we can 

see that the financial trends of BRICs are different from each other. However, the group 

was formed not based on the similarity in the market trends, but due to other economical 

and political reasons, such as these countries are fastest developing markets in the world 

(discussed in chapter 3). The researchers study these four countries as a group to know 

their combined effect on the world economy. In our research, it would also be 

interesting to look at the overall trend of these four countries in a single index. 
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On figure 5.4, we can see that the 

overall market trend of BRIC 

countries is quite similar to the 

individual members. It shows 

how these four countries are 

similar in terms of economic 

growth and a crisis shock. 

However, investors generally pay 

more attention to return volatility 

of the market before taking any 

investment decision. In the next 

section, we have looked at how 

volatile were the returns of these 

markets during 2001-2010.   

Figure 5.4: BRICs index development, 2001-2010

 

5.1.2. Volatility of BRIC’s Markets 

Until June 2006, the gold return 

volatility was within a certain 

range. However, the volatility 

increased for a short period of 

time from mid of April 2006 to 

the end of June 2006. Again, the 

gold returns were highly volatile 

from the beginning of 2008 to the 

first quarter of 2009, which 

shows the effect of the world 

economic crisis. As we have 

already discussed when the stock 

markets start to crash or are about 

to crash, investors usually incline 

to turn to the safe haven assets, 

like gold. Although the real panic 

on the other financial markets 

started during August-September 

2008, the volatility shows that 

investors had already predicted 

the crisis. 

 

  

 

Figure 5.5: Gold return volatility (in %), 2001-2010

As it was discussed before, during some periods of the last 10 years the financial 

markets have experienced extreme high volatility. The following figure 5.6 exhibits four 

markets volatility during 2001-2010.  
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Brazil 

 

Russia 

 
India 

 

China 

 

Figure 5.6: Brazil, Russia, India and China return volatility (in %), 2001-2010 

The figure 5.6 shows that all four markets were highly volatile during the world 

economic crisis. All of them had similar kind of volatility shape before 2008 and their 

certain range of volatility was not so wide. However, the Russian market was more 

volatile than Brazilian, Indian and Chinese ones during the economic crisis. Even 

though China market volatility was not so high during the crisis, but it started to react to 

earlier than the others. 

Table 5.1 exhibits the annual performance of gold return and the returns of the stock 

market indices of Brazil, Russia, India, China and BRICs as a whole for the period 

2001-2010. Except the gold market, all four markets have experienced huge losses at 

the different stages of the last decade. In terms of annual returns the gold market was 

positive within the studied period. The lowest annual gold return was in 2001 (1.41%). 

However, it was surprising that in the crisis time in 2008 the gold performed even better 

with annual return of 3.12%. The highest annual gold returns was experienced in 2007 

and accounted to 31.78%. 

 

 

 

 

-0,18

-0,13

-0,08

-0,03

0,02

0,07

0,12

0,17

0,22

1
9
9

9
.1

2
.0

6

2
0
0

2
.0

9
.0

1

2
0
0

5
.0

5
.2

8

2
0
0

8
.0

2
.2

2

2
0
1

0
.1

1
.1

8

-0,18

-0,13

-0,08

-0,03

0,02

0,07

0,12

0,17

0,22

1
9
9

9
.1

2
.0

6

2
0
0

2
.0

9
.0

1

2
0
0

5
.0

5
.2

8

2
0
0

8
.0

2
.2

2

2
0
1

0
.1

1
.1

8

-0,18

-0,13

-0,08

-0,03

0,02

0,07

0,12

0,17

0,22

1
9
9

9
.1

2
.0

6

2
0
0

2
.0

9
.0

1

2
0
0

5
.0

5
.2

8

2
0
0

8
.0

2
.2

2

2
0
1

0
.1

1
.1

8

-0,18

-0,13

-0,08

-0,03

0,02

0,07

0,12

0,17

0,22

1
9
9

9
.1

2
.0

6

2
0
0

2
.0

9
.0

1

2
0
0

5
.0

5
.2

8

2
0
0

8
.0

2
.2

2

2
0
1

0
.1

1
.1

8



 
52 Relationship between gold and stock returns; correlation and spillover effects 

Year Gold 

annual 

returns (%) 

Brazil 

Market 

Index 

returns (%) 

Russia 

Market 

Index 

returns (%) 

India 

Market 

Index 

returns (%) 

China 

Market 

Index 

returns (%) 

BRICs 

Index 

returns (%) 

2001 1,41 -2,30 50,50 -21,16 -29,40 -19,24 

2002 24,01 -1,06 32,49 17,66 -7,69 -6,24 

2003 21,56 54,51 43,81 99,43 16,60 51,42 

2004 5,00 31,13 7,43 18,21 -15,00 5,68 

2005 16,99 32,68 67,72 36,15 -11,42 26,95 

2006 23,79 39,87 67,92 38,38 106,09 57,94 

2007 31,78 35,88 20,51 67,03 138,48 77,37 

2008 3,12 -48,37 -71,82 -58,09 -64,85 -65,94 

2009 27,12 58,29 101,71 84,39 96,12 99,94 

2010 29,35 8,27 20,70 13,86 -7,79 8,28 

Mean 18,42 20,89 34,10 29,59 22,11 23,62 

St Deviation 11,30 32,20 46,55 47,36 67,16 49,42 

Return/Risk 1,69 0,65 0,73 0,62 0,33 0,48 

Table 5.1: Annual performance of gold returns and the returns of stock market indexes of BRICs, Brazil, Russia, 

India, and China 

The most striking result to emerge from the data is that China market was not stable 

from 2001, and the returns were negative during 6 years out of last 10 years. Whereas, 

India and Brazil had positive annual returns during 10 years, except in 2001 and 2008. 

Russian market, with some highs and lows, maintained positive annual return 

throughout the decade except in 2008 where all four markets were heavily affected by 

the world economic crisis started in 2008. If we compare the returns over 10 years, 

Russia (34.10%) has the highest average annual return, and, with the highly volatile 

market, China (67.16%) has the highest annual standard deviation. The next most 

striking observation to emerge from the data comparison is that during 2008 all four 

markets were plunged into a serious recession and, at the same time, the gold market 

maintained 3.12% annual return, which reflects a safe haven characteristic of gold. In 

terms of the return/risk ratio gold had better performance comparing to the other 

markets. Within the four stock markets Russia performed better than other members in 

terms of return/risk ratio, but China has the lowest return/risk ratio, which denotes the 

relatively high risk compare to return. 

  GOLD_R BRIC_R BRAZIL_R RUSSIA_R INDIA_R CHINA_R 

Mean 0,0006 0,0004 0,0006 0,0008 0,0007 0,0002 

Median 0,0006 0,0012 0,0004 0,0012 0,0011 0,0000 

Maximum 0,07 0,11 0,10 0,23 0,16 0,09 

Minimum -0,07 -0,09 -0,10 -0,20 -0,13 -0,09 

Std. Dev. 0,01168 0,01288 0,01504 0,02224 0,01657 0,01726 

Skewness -0,239 -0,494 -0,291 0,471 -0,488 -0,148 

Kurtosis 4,251 6,619 6,149 14,258 8,305 4,126 

Jarque-Bera test 194,97 1529,89 1114,80 13874,44 3162,93 147,35 

P-value (<0,001) (<0,001) (<0,001) (<0,001) (<0,001) (<0,001) 

No. Observations 2609 2609 2609 2609 2609 2609 

Table 5.2: Descriptive Statistics of daily gold returns and stock market returns, 2001-2010 

Table 5.2 exhibits the descriptive statistics of the daily gold returns and stock returns 

over period 2001-2010. According to the descriptive statistics, Russia has the highest 

average daily return (0.0008) followed by India, Brazil and China with 0.0007, 0.0006 
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and 0.0002, respectively. At the same time, Russia has the highest daily standard 

deviation of 0.02224, followed by China, India, and Brazil with 0.01726, 0.01657 and 

0.01504, respectively. However, gold has the third highest average daily return (0.0006) 

and the lowest daily standard deviation (0.01168). If we compare table 5.1 and table 5.2, 

we can say that scenario changes when investors look at the annual data and daily data.  

The descriptive statistics also reveal the values of normality of the data, which is a basic 

assumption for our statistical tests. Skewness and kurtosis measure the shape of the 

probability distribution of the data. As we can see that except Russia all other five 

markets indices are negatively skewed. Similarly, all kurtosis coefficients exceed 3, 

which exhibit high leptokurtic properties. The high leptokurtic means higher peak 

around the mean in comparison to normal distribution. The data in terms of the 

economic sectors were similarly tested for normality and the results have been presented 

in appendix 1. 

5.2. Correlation between Gold and Stock Returns 

In this section, we present the results of the correlation test between gold return and 

stock return across different economic sectors of BRIC countries. Firstly, we exhibit the 

correlation coefficients over 10 years, which is followed by the correlation test results 

over 5 years. Finally, we present the correlation over 1 year.  

In the tables, the correlation coefficients of returns of gold and stock are presented, 

however, some of the values are not statistically significant. The statistical significance 

has been tested by two- tailed t-test, and when p-value is greater than 0.05, then the 

results are not statistically greater than zero, and we have to we assume that there is no 

correlation. However, we still present those values in the tables, thus the reader can still 

get familiar with.  

5.2.1. Correlation between Gold Return and Stock Return: 10 years 

The following table 5.3 shows the 10-year correlation between gold return and 

economic sectors indices return of Brazil, Russia, India, China and BRICs as a whole 

over 10 years (2001-2010).  

Economic Sectors BRIC_R BRAZIL_R RUSSIA_R INDIA_R CHINA_R 

Basic Materials      0,157**    0,090**     0,127**     0,068**      0,055** 

CCGS      0,084**    0,158*      -     0,053**      0,018 

Energy      0,187**      -     0,113**     0,094**      0,061** 

Financials      0,095**    0,043*     0,043     0,044*      0,024 

Health Care      0,088**      -       -     0,058**      0,011 

Industrials      0,096**      -     0,115**     0,063**      0,021 

NCCGS      0,100**    0,137**     0,034     0,054**      0,017 

Technology      0,046*      -       -     0,009      0,020 

Telecommunications 

Services 

     0,091**    0,018     0,071**     0,058* 

      - 

Utilities      0,086**   -0,012     0,039*     0,037      0,015 

Overall Market Index      0,150**     0,080**     0,147*     0,067**      0,041* 

* 95% confidence interval; ** 99% confidence interval     

Table 5.3: Correlation of daily returns of gold prices and economic sectors indices over 10 years (2001-2010) 
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The results presented in the table reveal the low correlation coefficients between gold 

returns and stock returns, although all the significant values are positive. However, the 

correlation varies among the stock markets. The lowest correlation coefficient between 

gold and stock returns occurs in China overall stock market (0.041). On the second 

place is the correlation coefficient of India market index, followed by Brazil and Russia, 

which are 0.067, 0.080 and 0.147, respectively. 

However, looking at the correlation coefficients between the economic sectors, we can 

see that the lowest significant value among the economic sectors is Russian utilities 

index (0.039). The highest significant value among four markets belongs to the 

Brazilian cyclical customer goods and services, and equals to 0.158. However, the total 

overall index of BRICs results energy sector index with gold correlation as the highest 

one (0.187).  

On the basis all the coefficients together, we can summarize that gold return is 

significantly correlated with most of the India sectors, except technology and utilities, 

where we assume no correlation, since the values are not statistically significant. In 

contrast, in China the gold return is only significantly correlated with two economic 

sectors, which are basic materials and energy. Considering BRICs as a whole, the 

correlation coefficients of gold with stock indices are positive and statistically 

significant for every value, and range from 0.046 in the technology sector up to 0.187 in 

the energy sector. 

5.2.2. Correlation between Gold Returns and Stock Return: 5 years 

Table 5.4 exhibits the correlation between gold return and economic sectors indices 

return of Brazil, Russia, India, China and BRICs as a whole over 5 years (2001-2005).  

Economic Sectors BRIC_R BRAZIL_R RUSSIA_R INDIA_R CHINA_R 

Basic Materials 0,073** 0,072* - -0,033 0,052 

CCGS 0,044 - - -0,008 0,050 

Energy 0,058* - 0,002 0,042 0,050 

Financials 0,041 0,047 - -0,008 0,036 

Health Care 0,027 - - -0,011 0,038 

Industrials 0,061* - - 0,025 0,045 

NCCGS 0,007 - - -0,041 0,047 

Technology -0,028 - - -0,048 0,038 

Telecommunications 

Services 

0,006 -0,019 0,020 0,036 

- 

Utilities -0,004 -0,022 -0,033 -0,045 0,025 

Overall Market Index 0,051 0,019 0,028 -0,010 0,047 

* 95% confidence interval; ** 99% confidence interval     

Table 5.4: Correlation of daily returns of gold prices and economic sectors indices over 5 years (2001-2005) 

From the table 5.4 we can clearly see that most of the values are not statistically 

significant, assuming that there is no correlation. However, there are only four 

coefficients showing the existence of significant correlation. Across the countries, there 

is only one significant correlation between gold and Brazil basic materials index, which 

is 0.072. In BRICs as a whole the gold is correlated with the basic materials index 

(0.073), the energy sector index (0.058) and the industrials sector (0.061).  
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Next table 5.5 exhibits the correlation between gold return and economic sectors indices 

return of BRICs over next 5 years (2006-2010).  

Economic Sectors BRIC_R BRAZIL_R RUSSIA_R INDIA_R CHINA_R 

Basic Materials 0,185** 0,097** 0,127** 0,114** 0,056* 

CCGS 0,103** 0,158* - 0,105** 0,006 

Energy 0,230** - 0,160** 0,119** 0,064* 

Financials 0,112** 0,043 0,043 0,066* 0,019 

Health Care 0,115** - - 0,108** 0,001 

Industrials 0,109** - 0,115** 0,089** 0,012 

NCCGS 0,132** 0,137** 0,034 0,104** 0,005 

Technology 0,097** - - 0,057* 0,012 

Telecommunications 

Services 

0,137** 0,039 0,105** 0,066* 

- 

Utilities 0,123** -0,006 0,092** 0,061* 0,011 

Overall Market Index 0,182** 0,103** 0,193** 0,104** 0,039 

* 95% confidence level; ** 99% confidence level   

Table 5.5: Correlation of daily returns of gold prices and economic sectors indices over 5 years (2006-2010) 

In contrast with the first part of the decade, in the second half the correlation is 

statistically significant for almost every sector. Similarly as for the 10-year correlation, 

all the values are positive here. All overall market indices except China are correlated 

with gold. And likewise with the 10-year coefficients, the largest significant correlation 

occurs with Russia overall index return (0.193). However, the BRICs as a whole index 

coefficient is lower than with Russian here (0.182). Similarly with table 5.3, Chinese 

sector index returns are only correlated with gold in the basic materials sector and the 

energy sector. In contrast to China, Indian sectors are all correlated with gold and range 

from 0.057 in the technology sector up to 0.119 in the energy sector. BRICs sectors are 

all correlated with gold and range from 0.097 in the technology sector up to the 0.230 in 

the energy sector.  

According to tables 5.3, 5.4 and 5.5, it can be concluded that the significant correlation 

coefficients of the 10-year data mostly come from the second part of the period, which 

is from 2006 to 2010.  

5.2.3. Correlation between Gold Returns and Stock Return: 1 year 

The tables 5.6 presents the yearly correlation coefficients of gold and overall market 

indices of Brazil, Russia, India, China and BRICs as a whole. According to table 5.6, 

the largest yearly significant correlation across four counties occurs between gold and 

Russia overall index in 2006 (0.422). However, the overall BRICs and gold correlation 

shows even higher value, which is also in 2006 (0.471). The lowest significant 

correlation occurs in 2005 between gold and China market (0.129), which was the only 

year when gold is correlated with stock in China. If we compare the values of the yearly 

coefficients with the coefficients over 10 years, we can see that the correlation over long 

period of time is lower for every market than the correlation over short time (1 year).   

Table 5.7 presents the yearly correlation coefficients of gold with BRICs as a whole 

economic sectors. The yearly significant correlation of gold with BRICs economic 

sectors ranges from -0.139 in 2006 (energy) up to 0,461 in 2003 (technology). Most of 

the significant results appear in 2004, 2005, 2006, 2007 and 2010.  
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  BRIC_R BRAZIL_R RUSSIA_R INDIA_R CHINA_R 

Pearson's corr (2001) -0,051 -0,145* -0,016 -0,098 0,056 

Pearson's corr (2002) -0,047 -0,087 -0,101 -0,004 -0,019 

Pearson's corr (2003) -0,044 -0,063 -0,092 -0,161 0,045 

Pearson's corr (2004) 0,240** 0,279** 0,222** 0,062 0,090 

Pearson's corr (2005) 0,180** 0,075 0,111 0,079 0,129* 

Pearson's corr (2006) 0,471** 0,206** 0,422** 0,391** -0,010 

Pearson's corr (2007) 0,278** 0,227** 0,272** 0,199** 0,094 

Pearson's corr (2008) 0,040 0,041 0,149* -0,044 -0,024 

Pearson's corr (2009) 0,122* 0,018 0,071 0,062 0,121 

Pearson's corr (2010) 0,272** 0,263** 0,233** 0,211** 0,101 

P. corr (2001-2010) 0,150** 0,080** 0,147* 0,067** 0,041* 

* 95% confidence level; ** 99% confidence level   

Table 5.6: Correlation of daily returns of gold prices and stock market indices, yearly (2001-2010) 

 Basic 

Materials CCGS Energy Financial 

Health 

Care Industrial NCCGS Technolo Tecom Utilities BRIC_R 

Corr (2001) -0,012 0,027 -0,028 -0,016 -0,031 0,039 -0,152* -0,062 -0,098 -0,075 -0,051 

Corr (2002) -0,012 0,018 -0,076 0,018 0,002 0,005 -0,017 -0,031 -0,031 -0,074 -0,047 

Corr (2003) -0,060 -0,083 -0,092 -0,098 -0,059 -0,061 -0,069 -0,139* -0,112 -0,117 -0,044 

Corr (2004) 0,230** 0,070 0,267** 0,158* 0,072 0,159* 0,140* 0,065 0,254** 0,124* 0,240** 

Corr (2005) 0,185** 0,180** 0,161** 0,127* 0,165** 0,159* 0,131* 0,097 0,119 0,115 0,180** 

Corr (2006) 0,454** 0,340** 0,461** 0,361** 0,370** 0,356** 0,395** 0,384** 0,347** 0,338** 0,471** 

Corr (2007) 0,295** 0,149* 0,287** 0,220** 0,169** 0,211** 0,125* 0,185** 0,245** 0,220** 0,278** 

Corr (2008) 0,042 -0,031 0,165** -0,037 -0,014 -0,044 -0,009 -0,065 0,026 -0,019 0,040 

Corr (2009) 0,139* 0,102 0,099 0,103 0,081 0,111 0,119 0,080 0,093 0,100 0,122* 

Corr (2010) 0,282** 0,177** 0,293** 0,254** 0,110 0,190** 0,214** 0,157* 0,166** 0,235** 0,272** 

(2001-2010) 0,157** 0,084** 0,187** 0,095** 0,088** 0,096** 0,100** 0,046* 0,091** 0,086** 0,150** 

* 95% confidence level; ** 99% confidence level       

Table 5.7: Correlation of daily returns of gold prices and BRICs economic sectors, yearly (2001-2010) 
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Basic 

Materials 

CCGS Finance NCCGS Telecom Utilities BRAZIL_

R 

Corr. (2001) -0,122* - -0,050 - -0,114 -0,209** -0,145* 

Corr. (2002) -0,001 - 0,051 - -0,061 -0,135* -0,087 

Corr. (2003) 0,053 - -0,083 - -0,048 -0,103 -0,063 

Corr. (2004) 0,256** - 0,225** - 0,070 0,230** 0,279** 

Corr. (2005) 0,105 - 0,001 - 0,057 -0,018 0,075 

Corr. (2006) 0,172** - 0,132* - 0,023 0,087 0,206** 

Corr. (2007) 0,244** - 0,133* - 0,151* 0,099 0,227** 

Corr. (2008) 0,044 - -0,015 - -0,029 -0,153* 0,041 

Corr. (2009) 0,025 - -0,044 0,135 0,096 -0,002 0,018 

Corr. (2010) 0,203** 0,158* 0,234** 0,142* 0,134* 0,212** 0,263** 
 (2001-2010) 0,090** 0,158* 0,043* 0,137** 0,018 -0,012 0,080** 

*95% confidence interval; **99% confidence interval 

Table 5.8: Correlation of daily returns of gold prices and Brazil industrial indices, yearly, 2001-2010 

Table 5.8 exhibits the yearly correlation coefficients of the gold returns with the 

economic sector indices returns of Brazil. According to the table the largest significant 

correlation (0.256) of gold with the Brazil stock market index is in 2004, and 

particularly with the basic materials sector. In 2001, the basic materials sector, utilities 

sector and the overall Brazil index are negatively correlated with gold. In the same way, 

the utilities sector is negatively correlated with gold in 2001, 2002 and 2008. The lowest 

significant correlation however is with the utilities sector (-0.209) in 2001. Further, 

based on the previous results, it is clear that the correlation over short term is larger than 

over long term.   

Table 5.9 shows the yearly correlation coefficients of the gold return with economic 

sector indices returns of Russia. 

 Basic 

Mater. 

Energy Financi 

al 

Industr NCCGS Telecom Utilities RUSSIA_

R 

Corr. (2001) - 0,027 - - - -0,019 -0,097 -0,016 

Corr. (2002) - -0,123* - - - -0,001 -0,088 -0,101 

Corr. (2003) - -0,159* - - - -0,070 -0,056 -0,092 

Corr. (2004) - 0,203** - - - 0,204** 0,058 0,222** 

Corr. (2005) - 0,059 - - - 0,004 0,055 0,111 

Corr. (2006) - 0,406** - - - 0,291** 0,258** 0,422** 

Corr. (2007) 0,137 0,194** 0,181** - - 0,152* 0,145* 0,272** 

Corr. (2008) 0,117 0,120 0,033 - 0,087 0,033 0,035 0,149* 

Corr. (2009) 0,096 0,021 0,031 0,120 -0,128* 0,062 -0,035 0,071 

Corr. (2010) 0,226** 0,218** 0,108 0,108 0,103 0,146* 0,164** 0,233** 

(2001-2010) 0,127** 0,113** 0,043 0,115** 0,034 0,071** 0,039* 0,147** 

*95% confidence interval; **99% confidence interval 

Table 5.9: Correlation of daily returns of gold prices and Russia industrial indices, yearly, 2001-2010 

According to table 5.9, the largest statistically significant correlation (0.406) among the 

sectors takes place in 2006 between gold and the energy sector. However, the 

correlation between gold and the Russian overall index is even higher and amounts to 

0.422 in the same year (2006). The lowest significant correlation again occurs between 

gold and the energy sector and equals to -0.159. Comparing the coefficients over the 

long and short terms, we conclude and confirm the fact that was found previously, that 

the short term correlation is larger than the correlation over 10 years.   
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 Basic 

Mat 

CCGS Energy Financia Health 

Care 

Industr NCCGS Technol Telecom Utilities INDIA_ 

R 

Corr(2001) -0,097 -0,067 -0,042 -0,108 -0,084 -0,132* -0,153* -0,072 - - -0,098 

Corr(2002) 0,011 -0,021 0,081 0,099 -0,032 0,028 -0,030 -0,046 - - -0,004 

Corr(2003) -0,133* -0,118 -0,019 -0,081 0,015 -0,047 -0,051 -0,127* -0,133 -0,192* -0,161 

Corr(2004) 0,017 0,039 0,063 0,035 0,015 0,107 -0,002 0,019 0,103 -0,023 0,062 

Corr(2005) 0,055 0,068 0,144* 0,029 0,079 0,074 0,037 0,039 0,029 0,010 0,079 

Corr(2006) 0,374** 0,345** 0,323** 0,323** 0,367** 0,371** 0,405** 0,371** 0,300** 0,289** 0,391** 

Corr(2007) 0,211** 0,177** 0,187** 0,154* 0,162** 0,203** 0,029 0,154 0,163** 0,137* 0,199** 

Corr(2008) -0,049 -0,037 0,054 -0,073 -0,051 -0,071 -0,093 -0,102 -0,002 -0,059 -0,044 

Corr(2009) 0,088 0,047 0,042 0,064 0,067 0,026 0,123* 0,033 0,002 0,071 0,062 

Corr(2010) 0,181** 0,203** 0,176** 0,182** 0,143* 0,251** 0,228** 0,088 0,018 0,146** 0,211** 

(2001-
2010) 

0,068** 0,053** 0,094** 0,044* 0,058** 0,063** 0,054** 0,009 0,058* 0,037 0,067** 

*95% confidence interval; **99% confidence interval 

Table 5.10: Correlation of daily returns of gold prices and India industrial indices, yearly, 2001-2010 

  

Basic 

Materials CCGS Energy Financia 

Health 

Care Industr NCCGS Technol Utilities CHINA_R 

Corr (2001) 0,037 0,053 0,103 0,066 0,073 0,070 0,079 0,049 0,056 0,056 

Corr (2002) -0,005 0,028 -0,042 -0,012 0,025 0,003 0,009 0,032 -0,024 -0,019 

Corr (2003) -0,031 -0,029 0,020 -0,037 -0,101 -0,044 -0,024 -0,044 -0,058 0,045 

Corr (2004) 0,107 0,035 0,141* 0,048 0,035 0,076 0,061 0,011 0,019 0,090 

Corr (2005) 0,138* 0,152** 0,040 0,126* 0,144* 0,124* 0,107 0,136* 0,157* 0,129* 

Corr (2006) 0,054 -0,014 0,032 -0,030 -0,026 -0,038 -0,113 -0,004 -0,063 -0,010 

Corr (2007) 0,047 0,026 0,055 0,126* 0,014 0,053 0,019 -0,019 0,013 0,094 

Corr (2008) -0,013 -0,038 -0,002 -0,055 -0,017 -0,045 -0,013 -0,016 -0,022 -0,024 

Corr (2009) 0,142* 0,083 0,175** 0,083 0,041 0,104 0,122* 0,069 0,106 0,121 

Corr (2010) 0,163** 0,028 0,131* 0,107 0,004 0,068 0,015 0,059 0,070 0,101 

(2001-2010) 0,055** 0,018 0,061** 0,024 0,011 0,021 0,017 0,020 0,015 0,041* 

* 95% confidence level; ** 99% confidence level  

Table 5.11: Correlation of daily returns of gold prices and China industrial indices, yearly, 2001-2010 
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Tables 5.10 and 5.11 exhibit the yearly correlation coefficients of the gold return with 

the economic sector indices returns of India and China, respectively 

Table 5.10 presents the correlation coefficients of gold and India economic sectors, 

which range from  -0.192 in 2003 (utilities) up to 0.405 in 2006 (non-cyclical consumer 

goods and services). As we can see from table 5.10, almost every economic sector of 

India is significantly correlated with gold in 2006, 2007 and 2010. Similarly with China 

and Russia, the 10-year significant correlation coefficients of every sector is lower than 

the 5-year and the yearly ones.    

Based on table 5.11, one can see that most of China economic sectors are correlated 

with gold in 2005 except the energy sector and the non-cyclical consumer goods and 

services sector. On the other hand, the basic materials and the energy sectors in most are 

correlated with gold in time. The basic materials sector is correlated with gold in 2005, 

2009 and 2010. Similarly, the energy sector is correlated with gold in 2004, 2009 and 

2010.  Thus, from the previous tables we know that over 10 years China is only 

correlated with gold on the basis of the basic materials and the energy sectors, thus this 

table can reveal it detail. Finally, likewise the other three countries, China correlation 

values confirm that the long term coefficients are lower than the short term ones.       

5.3. Spillover Effect between Gold Return and Stock Return 

5.3.1. Unit Root Test 

In order to be able to run BEKK GARCH and investigate spillover, we need to test the 

data for stationarity. For this reason, ADF test has been run in software Eviews 7 with 

the null hypothesis     series has a unit root.  

We have compared the ADF value with the critical value (1%, 5%, and 10%) and found 

that all our series are stationary at 1% significance level. Therefore, we rejected the null 

hypothesis for all our time series. The results of ADF test are presented in appendix 2. 

5.3.2. Mean Spillover Effect between Gold and Stocks 

In order to check a mean spillover effect between gold and stocks we have utilized the 

Vector Autoregressive (VAR) test. The mechanism of VAR has already been discussed 

in the practical method, however, in Eviews 7 test we found that the appropriate number 

lag for our model is two, which is based on the Akaike & Schwarz values. We run the 

test from lag one to lag four, and found that the lag two’s Akaike & Schwarz values are 

lower than the corresponding values of lag one and four. In the case of lag two, the 

matrix form for our VAR model is as follows: 
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In equation form:     

            
         

         
         

           (5.2) 

            
         

         
         

           (5.3) 
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where, variance-covariance matrix    shows the impact of lag one and variance and 

covariance matrix    shows the impact of lag two.           are gold and stock returns 

at time t, respectively. We run the VAR test on Eviews 7 to check the mean spillover 

effect between the gold return and the stock returns of BRIC countries with the 

following null hypothesis     there is no mean spillover effect between dependent and 

independent variables.  

The following table 5.12 and table 5.13 exhibit the output of Eviews 7 that provides the 

estimated values of the parameters from the VAR equations 5.2 and 5.3 and their 

statistical significance levels. 

        
     

     
     

  F-statistics    

Gold-

Brazil 
 0.000577 

 (0.00023) 

[ 2.53989] 
 

-0.025044 

 (0.01965) 

[-1.27467] 
 

-0.007276 

 (0.01947) 

[-0.37372] 
 

 0.111545 

 (0.01511) 

[ 7.38031] 
 

 0.026991 

 (0.01526) 

[ 1.76906] 
 

14.51620 0.021820 

Gold-

Russia 
 0.000646 

 (0.00023) 

[ 2.81628] 
 

-0.011141 

 (0.01979) 

[-0.56288] 
 

 0.007779 

 (0.01981) 

[ 0.39273] 
 

 0.013437 

 (0.01040) 

[ 1.29209] 
 

-0.025144 

 (0.01039) 

[-2.41955] 
 

1.912510  0.002930 

Gold- 

India 
 0.000623 

 (0.00023) 

[ 2.71735] 
 

-0.011004 

 (0.01963) 

[-0.56070] 
 

 0.002378 

 (0.01959) 

[ 0.12134] 
 

 0.048715 

 (0.01387) 

[ 3.51123] 
 

-0.023118 

 (0.01390) 

[-1.66311] 
 

 3.578701 0.005469 

Gold- 

China 
 0.000629 

 (0.00023) 

[ 2.74727] 
 

-0.012567 

 (0.01961) 

[-0.64097] 
 

 0.001292 

 (0.01958) 

[ 0.06600] 
 

 0.038225 

 (0.01325) 

[ 2.88461] 
 

 0.021043 

 (0.01327) 

[ 1.58558] 
 

 2.741628  0.004195 

Gold-

BRIC 
 0.000612 

 (0.00023) 

[ 2.67902] 
 

-0.023003 

 (0.01979) 

[-1.16213] 
 

 0.000486 

 (0.01973) 

[ 0.02463] 
 

 0.094007 

 (0.01797) 

[ 5.23122] 
 

-0.009489 

 (0.01806) 

[-0.52553] 
 

 6.892067  0.010480 

Standard error in ( ), t- statistics in [ ] 

Table 5.12: The parameters of gold equation (equation 5.2) with different indices of BRIC countries 

         
     

     
     

  F-statistics    

Brazil-

Gold 
 0.000522 

 (0.00030) 

[ 1.76659] 
 

 0.020929 

 (0.01965) 

[ 1.06518] 
 

-0.032437 

 (0.01983) 

[-1.63537] 
 

 0.059774 

 (0.02554) 

[ 2.34026] 
 

 0.022159 

 (0.02531) 

[ 0.87550] 
 

 2.326526 0.003562 

Russia-

Gold 
 0.000621 

 (0.00044) 

[ 1.42363] 
 

 0.012611 

 (0.01977) 

[ 0.63804] 
 

-0.017419 

 (0.01975) 

[-0.88194] 
 

 0.082096 

 (0.03762) 

[ 2.18220] 
 

 0.137922 

 (0.03765) 

[ 3.66364] 
 

 4.808195 0.007335 

India-Gold  0.000618 

 (0.00032) 

[ 1.90625] 
 

 0.102312 

 (0.01962) 

[ 5.21377] 
 

-0.035294 

 (0.01966) 

[-1.79517] 
 

 0.027707 

 (0.02776) 

[ 0.99817] 
 

 0.007428 

 (0.02771) 

[ 0.26803] 
 

7.621375 0.011576 

China-

Gold 
 0.000231 

 (0.00034) 

[ 0.68251] 
 

-0.005353 

 (0.01962) 

[-0.27285] 
 

-0.007354 

 (0.01965) 

[-0.37430] 
 

-0.018034 

 (0.02903) 

[-0.62129] 
 

-0.001197 

 (0.02898) 

[-0.04130] 
 

0.161051 0.000247 

BRIC-

Gold 
 0.000374 

 (0.00025) 

[ 1.48522] 
 

 0.109914 

 (0.01979) 

[ 5.55361] 
 

-0.011274 

 (0.01989) 

[-0.56691] 
 

 0.013294 

 (0.02180) 

[ 0.60980] 
 

 0.021934 

 (0.02173) 

[ 1.00962] 
 

8.498921 0.012892 

Standard error in ( ), t- statistics in [ ] 

Table 5.13: The parameters for indices returns equation (equation 5.3) with gold 

The above table 5.12 includes the parameters of the gold equation which shows the 

mean spillover of Brazil, Russia, India and China stock returns on the gold return. 

Whereas, table 5.13 includes the parameters of the indices return equation which shows 

the mean spillover effect of gold return on the individual sector stock return of each of 

BRIC countries.  On the basis of 5% significance level, the F-statistics values of the 

parameters in table 5.12 shows that all the relation in table 5.12 are statistically 

significant except the mean spillover of Russian market on Gold market. Whereas, in 
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table 5.13 Gold return spillover on Brazil and China is not statistically significant. The 

   value shows the percentage of dependent variable explained by the equation. In both 

table 5.12 and table 5.13, the    values are very small which reflects that a very small 

part of the total returns of these markets is explained by this relation. Since the aim of 

this paper is to study the relationship between gold and stock returns, the small values 

of    is not a big concern for our model. It only shows that the returns of these assets 

depend on other factors as well. However, the    value becomes crucial when one 

analyze the model to predict the expected returns. We can display these values in an 

equation form as well. The equations for Brazil stock returns and gold returns can be 

displayed as following: 

                                                                          (5.4) 

                                                                       (5.5) 

The above equation 5.4 and equation 5.5 show that the current return of gold and index 

depend on lag value of its own market return and lag value of the cross market return. 

However, we cannot reject the null hypothesis for equation 5.5 because the relationship 

is not statistically significant. We have not discussed the null hypothesis for each 

overall market. The reader can accept or reject the null hypothesis on the basis F-

statistics value at 5% (2.37 in value) significance level. Similarly, we have not 

discussed the mean spillover between gold market and individual industries of each of 

BRIC countries in chapter 5 as it would be the repetition of same concept. We have put 

the estimated parameters of each individual economic sector in appendix 3, where one 

can easily understand the relationship from the given table. However, we have discussed 

the overall mean spillover relationship between gold market and individual industries 

return in our discussion part. 

5.3.3. Volatility Spillover - Diagonal BEKK GARCH 

We have already discussed the mechanism of diagonal BEKK GARCH in the practical 

method part, and three equations that we formulated to study volatility spillover 

between two time series (gold returns and stock returns) are as follows: 

       =         
       

     
         (5.6) 

                
        

      
          (5.7) 

           
                                      (5.8) 

 

Where, equation 5.6 and 5.7 help to analyze the conditional variance of one market 

depends on its own lag conditional variance and lag residual. And, equation (5.8) helps 

to analyze the variance spillover effect between two markets. However, it does not show 

the direction of spill over between two markets. The following Table 5.14 presents the 

parameters required to analyze these three equations. As in the case of VAR, we have 

only discussed the results of overall markets in analysis part, and put the results of 

individual industries in appendix 4. Our null hypothesis for variance spillover is     
there is no variance spillover effect between two variables.   
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We have used Eviews 7 to calculate the parameters required to analyze equation 5.6, 5.7 

and 5.8. The following table 5.14 presents the estimated coefficient for variance- 

covariance equation of overall markets BRIC with gold. 

coefficient  Brazil Russia India China BRIC 

    0.002014 

(0.000169) 

[0.0000] 

0.003137 

(0.000155) 

[0.0000] 

0.002444 

(0.000144) 

[0.0000] 

0.002017 

(0.000149) 

[0.0000] 

0.001756 

(0.000137) 

[0.0000] 

    0.000138 

(6.75E-05) 

[0.0403] 

0.000237 

(6.75E-05) 

[0.0004] 

0.000171 

(8.90E-05) 

[0.0541) 

0.000100 

(8.78E-05) 

[0.2538] 

0.000298 

(8.71E-05) 

[0.0006) 

    0.001150 

(0.000117) 

[0.0000] 

0.001087 

(0.000108) 

[0.0000] 

0.001074 

(0.000113) 

[0.0000] 

0.001080 

(0.000116) 

[0.0000] 

0.001078 

(0.000117) 

[0.0000] 

    0.253345 

(0.012413) 

[0.0000] 

0.322388 

(0.009521) 

[0.0000] 

0.376367 

(0.011962) 

[0.0000] 

0.278397 

(0.010373) 

[0.0000] 

0.333981 

(0.012860) 

[0.0000] 

    0.186604 

(0.011724) 

[0.0000] 

0.170550 

(0.010200) 

[0.0000] 

0.169415 

(0.002560) 

[0.0541) 

0.169060 

(0.010502) 

[0.0000] 

0.174655 

(0.010842) 

[0.0000] 

    0.956330 

(0.004352) 

[0.0000] 

0.934782 

(0.004020) 

[0.0000] 

0.918663 

(0.004763) 

[0.0000] 

0.955389 

(0.003066) 

[0.0000] 

0.934423 

(0.005262) 

[0.0000] 

    0.977117 

(0.003058) 

[0.0000] 

0.980244 

(0.002493) 

[0.0000] 

0.980705 

(0.002560) 

[0.0000] 

0.980784 

(0.002623) 

[0.0000] 

0.979445 

(0.002744) 

[0.0000] 

Log likelihood 15810.67 14981.47 15639.47 15323.28 16302.36 

Avg.loglikelihood 6.060050 5.742228 5.994432 5.873241 6.248510 

Akaike info. Criteria -12.11320 -11.47756 -11.98197 -11.73958 -12.49012 

Schwarz criteria -12.09296 -11.45732 -11.96173 -11.71934 -12.46988 

Table 5.14: Parameters for volatility spillover effect between gold and stock  

The estimated parameters show that except the constant     and the diagonal parameter 

     all the diagonal parameters of matrix A and B have impact on conditional variance 

and co-variance of gold and stock. In the spillover relationship between India and gold, 

the ARCH effect (   ) of gold and constant of covariance equation of India and gold 

(    ) are not statistically significant. In spite of some non-significant parameters, the 

log likelihood values of our model show that there is volatility spillover between gold 

return other markets return. We reject the null hypothesis. However, the diagonal 

BECKK GARCH does not provide the direction of spillover, which means that we 

cannot say whether there is unidirectional or bidirectional volatility spillover between 

gold return and market index returns. Further, the values of     and       are greater 

than the values of     and     which indicate that there is strong impact of GARCH on 

the conditional variance and covariance than the ARCH. We can also analyze these 

relations with help of the equation formulated in our diagonal BEKK GARCH model. 

For instance, spillover between gold and Brazil overall market. 

 

       = 0.002014                  
                   (5.9) 

       0.001150                   
                     (5.10) 

                                                        (5.11) 

In our analysis,       and       represents the conditional variance of market index 

return and gold market return respectively. We can see that in all three equations (5.9), 

(5.10) and (5.11) ARCH has weak impact as compare GARCH which shows that the 
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degree of conditional variance and covariance spillover is higher than the shocks 

spillover. Moreover, the statistical significant constant value also shows the spillover 

effect between gold and Brazil market. Even we assume zero ARCH and GARCH 

impact; the non-zero constant value maintains certain level of variance and covariance 

spillover. The non- zero constant value shows that these two markets are influenced by 

common information. Similarly, the variance and covariance relationship can be 

analyzed by the follow figures.  

 

 
Brazil 

 
Russia 

 
India 

 

 
China 

Figure 5.8: variance of stock (blue), variance of gold (red), and covariance of gold and stock (green)  

As we can see on figure 5.8 that gold return conditional variance moves together with 

other four countries’ return conditional variance. However, the covariance between gold 

return and other countries index return become negative during the last quarter of 2008. 

The positive covariance shows that value of two variables moves in tandem. Whereas, 

the negative covariance means the two values move inversely. Due to the safe haven 

characteristic of gold, as in the case of correlation analysis, the covariance between gold 

return and the overall market return of BRIC countries has become negative during 

2008. Similarly, the spillover between the gold return and the economic sectors of BRIC 

countries can be seen in appendix 5. 
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CHAPTER 6: Discussion 

The aim of this chapter is to discuss the results of the empirical study. The chapter 

begins with the discussion of the correlation test in perspective of the portfolio theory. 

Next, the discussion continues with VAR and BEKK GARCH test results.  

6.1. Correlation between Gold and Stock, and Portfolio Diversification.  

6.1.1. Correlation between Gold and Stock Returns 

This part of the chapter answers the first research question: Are gold returns and stock 

returns correlated? How do correlations change across different economic sectors over 

time? 

In order to answer this question, the following hypotheses were constructed: 

Hypothesis 1: There is correlation between gold returns and stock returns. 

Hypothesis 2: Correlation is constant across countries. 

Hypothesis 3: Correlation is constant across economic sectors. 

Hypothesis 4: Correlation is constant over time. 

    There is correlation between gold returns and stock returns. 

The results show (see table 5.3) the existence of correlation between gold and stock 

returns, which is quite low. However, in some cases, the correlation coefficients are not 

statistically significant, and then we assume no correlation. Nevertheless, the 

Hypothesis 1 should be accepted.  

The fact of the low correlation is a good sign for the portfolio diversification. According 

to the portfolio theory, the low correlation between two assets brings the benefit to the 

investor by minimizing risk or maximizing return. The best diversification effect can be 

achieved with a perfect negative correlation (-1). On the other hand, the perfect positive 

correlation brings no benefit to diversification. In all cases, the correlation less than 1 is 

simply making the standard deviation less than the weighted average, and therefore 

reduces the risk. Subsequently, due to the low correlation between gold and stock 

returns, gold is addressed as an efficient portfolio diversifying asset. Looking for the 

better diversification effect, an investor may minimize standard deviation by investing 

in assets, whose returns are low/negatively correlated. Ratner & Klein (2008) also found 

that correlation between returns of gold and stock exists, and that it is quite low, and 

both positive and negative. Moreover, implementing three variations of the optimal 

portfolios they displayed the diversification effect. Further in the chapter, we have 

performed the comparison of the portfolio variations with and without gold by applying 

the method of Ratner & Klein (2008). 

    Correlation is constant across countries. 

The next Hypothesis has been rejected, because the results from table 5.3 confirm that 

the correlation of gold with stock varies over time. Therefore, one can state that the 

correlation of gold and stock changes across countries.  
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Other things equal, investor may choose to invest to assets with lower correlation of 

their returns. Therefore, in our case, investors may choose the best correlation solution 

among BRIC countries. According to the correlation results, China market has the 

lowest correlation with gold. Thus, other things equal, an investor that wishes to invest 

over 10 years can choose to invest in Chinese stock together with gold.  

    Correlation is constant across economic sectors. 

Next, the Hypothesis 3 is tested. According to table 5.3 the correlation coefficients are 

seen to be varying across the economic sectors in all four countries – Brazil, Russia, 

India and China. Thus, the correlation is not constant and Hypothesis 3 is rejected.  

Similarly with the varying correlation across the countries, other things equal, investor 

may choose to invest among the economic sector assets together with gold when the 

lowest correlation of their returns. In our case, investors may choose the best correlation 

solution among the economic sectors of BRIC countries. According to the correlation 

results, almost all Chinese economic sectors are statistically not correlated with gold, 

except Telecommunication and Utilities sectors. However, the lowest significant 

correlation of gold and stock returns among statistically significant results belongs to 

the Russian Utilities sector.  

    Correlation is constant over time. 

The next hypothesis is tested basing on tables 5.3 – 5.10, which are evidence that 

correlation changes over time. Therefore, the correlation is not constant over time and 

consequently, the Hypothesis 4 must be rejected.  

The results obtained from the correlation test demonstrate that the correlation over long 

term is lower than the correlation over short term. Thus, other things equal, investors 

may choose to invest to the portfolio diversified with gold over long term. 

6.1.2. Portfolio Simulation 

The table below contains comparison of two models of portfolios across four BRIC 

countries over 5 years (2001-2005 and 2006-2010) and 10 years (2001-2010). Model 1 

demonstrates a portfolio that consists of 100% of stock. Another model 2 represents a 

portfolio with 90% invested in stock and 10% invested in gold. The following portfolio 

models are not recommendations for future investments, since they aim to graphically 

show the performance of gold in portfolio, rather than create an optimal portfolio. 

Referring to the 5-year period (2001-2005) and Brazil sample, the annualized mean rate 

of return in model 1 (19.75%) and standard deviation (22.65%) generate a return/risk 

ratio of 0.87. In model 2, the return/risk ratio is 0.94 which shows an improvement in 

performance when adding gold to the portfolio.   
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Time 

Period 

Portfolio 

Attributes 

Brazil Russia India China 

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

2001-

2005 

Annual Mean  19,75 19,35 38,28 35,90 33,88 31,89 -10,88 -8,39 

Std. Deviation  22,65 20,54 29,11 26,23 37,01 33,32 14,10 12,78 

Return/Risk 

Ratio 

0,87 0,94 1,31 1,37 0,92 0,96 -0,77 -0,66 

% in stock  100 90 100 90 100 90 100 90 

% in gold  10  10  10  10 

2006-

2010 

Annual Mean  18,00 18,63 24,16 23,9 30,88 30,09 58,75 55,18 

Std. Deviation  31,36 28,41 50,37 45,29 53,28 48,1 82,94 74,69 

Return/Risk 

Ratio 

0,57 0,66 0,48 0,53 0,58 0,63 0,71 0,74 

% in stock  100 90 100 90 100 90 100 90 

% in gold  10  10  10  10 

2001-

2010 

Annual Mean  19,00 19,05 31,39 30,00 32,50 31,05 23,63 23,06 

Std. Deviation  26,22 23,82 39,64 35,67 43,02 38,81 64,90 58,46 

Return/Risk 

Ratio 

0,72 0,80 0,79 0,84 0,76 0,80 0,36 0,39 

% in stock  100 90 100 90 100 90 100 90 

% in gold  10  10  10  10 

Table 6.1: Comparison of investment strategies with stock and gold (annualized data) in % 

Generally, in all four countries and during the all three periods, the addition of gold to 

the portfolio brings an improvement in the return/risk ratio. Referring to the period over 

10 years (2001-2010), in the Brazil-sample, the ratio increases from 0.72 in model 1 to 

0.80 in model 2. In the India-sample, the ratio rises from 0.76 to 0.80. Similarly, the 

ratio increases from 0.79 to 0.84 in Russia-sample. And finally, in China-sample the 

ratio rises from 0.36 in model 1 to 0.39 in model 2. In the same way, referring to the 5-

year periods (2001-2005) and (2006-2010), the return/risk ratio shows an improvement 

of portfolio when adding gold in all four countries. All these results are not surprising, 

since gold outperformed stock over these three time periods, in terms of annual returns 

and standard deviations or simply return/risk ratio. It proves that gold brings 

diversification benefit to the portfolio for the assets from all four countries.  

Figures 6.1, 6.2, 6.3 and 6.4 exhibit the comparison of overlay of the efficient frontiers 

with 10% gold and no gold over time and across the BRIC countries. This visual 

comparison confirms the results presented in table 6.1. The horizontal axis represents 

the standard deviation or expected risk of the portfolio, and the vertical axis corresponds 

to expected return of the portfolio.      
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Figure 6.1: Efficient frontiers with 10% of gold and no gold (Brazil); 2001-2005 (top on the right), 2006-2010 (top 

on the left), 2001-2010 (bottom). 

Figure 6.1 demonstrates that the Brazil efficient frontier with 10% of gold investment is 

located on the left of the efficient frontier with no gold as over 10-year period as well as 

over separate two 5-year periods. This testifies that a portfolio with 10% gold has a 

higher return/risk ratio than a portfolio without gold. However, on the graph (2001-

2005) the diversification benefit decreases with increasing return.   

  

 

Figure 6.2: Efficient frontiers with 10% of gold and no gold (Russia); 2001-2005 (top on the right), 2006-2010 (top 

on the left), 2001-2010 (bottom). 

Figure 6.2 illustrates the two sets of Russia efficient frontiers: with 10% gold invested 

and pure stock. The Russia graphs demonstrate a different situation from Brazil graphs. 

The 5-year (2001-2005) graph shows that the efficient frontier with a 10% gold 

investment is located to the left of the efficient frontier without gold. However, the two 

sets of portfolios meet at the point of mean return of 41% and risk of 30%. This means 

that at this point, investing 10% of gold to the portfolio of pure stock brings no 

diversification effect, neither positive nor negative.  Interesting that further above the 

gold diversification effect turns to be negative. During 2006-2010, the graph shows that 

the efficient frontier of portfolio with 10% of gold is significantly located to the left 

along the efficient frontier with no gold. The graph of the period 2001-2010, 

demonstrates the overlap between the two lines in the middle. Further above, the 
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efficient frontier of the set of portfolios with gold added is placed to the right of another 

one, which demonstrates detriment of the gold portfolio.  

  

 

Figure 6.3: Efficient frontiers with 10% of gold and no gold (India); 2001-2005 (top on the right), 2006-2010 (top on 

the left), 2001-2010 (bottom). 

Next, figure 6.3 exhibits the comparison of India efficient frontiers, with 10% gold 

invested and pure stock. The graph (2001-2005) on the figure above demonstrates that 

the 10% gold portfolio outperforms the portfolio with no gold up to the certain point of 

risk and return (r=35.7%; σ=37.49%). In contrast, when risk and return increase, the no 

gold portfolio outperforms the portfolio with a 10% gold investment. On the next graph 

(2006-2010) the efficient frontier of portfolios with 10% gold is located to the left all 

the way along the pure stock frontier. The 10-year (2001-2010) graph illustrates a 

significant overlap of on the right side of the graph. On the left side, the 10% gold 

frontier is placed on the left to the pure stock frontier. This indicates that along the left 

side of the graph, the 10% gold India portfolio outperforms the India portfolio with no 

gold invested. 

  

 

Figure 6.4: Efficient frontiers with 10% of gold and no gold (China); 2001-2005 (top on the right), 2006-2010 (top 

on the left), 2001-2010 (bottom). 

The final figure 6.4 of the section shows the China efficient frontiers. The right top 

graph demonstrates the frontiers of the 5-year period (2006-2010). According to the 

graph, the 10% gold portfolio outperforms the pure stock portfolio when risk is lower 
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than 87%. Otherwise, the pure stock portfolio outperforms the 10% gold portfolio. In 

contrast, the 10-year graph shows that the gold portfolio outperforms the pure stock 

portfolio in condition of any risk, which is indicated by locating of the 10% gold 

efficient frontier to the left of the no gold frontier along the whole curve. 

6.2. Mean and Volatility Spillover Effect between Gold and Stock Returns 

In the section 6.1, we can see that correlation between gold return and indices returns of 

the BRIC countries not only differs among different economic sectors, but also varies 

over time. However, the correlation values do not provide any information about mean 

and volatility spillover between gold returns and indices returns of the BRIC countries. 

The VAR and diagonal BEKK GARCH models were utilized to answer the following 

research question: 

 Are there any spillover between gold and stock returns and return volatility? 

In order to answer this question, the following hypotheses were constructed: 

Hypothesis 5: There is no mean spillover effect between gold and stock returns. 

Hypothesis 6: There is no variance spillover effect between gold and stock 

returns. 

6.2.1. Mean Spillover 

The VAR model provides the bidirectional mean spillover between gold and the 

economic sectors of BRIC countries, which are presented in tables 6.2 and 6.3. All the 

coefficients calculated are non-zero, which shows that the economic sectors of BRICs 

have bidirectional mean spillover with gold. However, some mean spillover 

relationships are not statistically significant, and in that case we accept Hypothesis 5.  

    : There is no mean spillover effect between gold and stock returns. 

The following table 6.2 present the information about acceptence and rejection of 

Hypothesis 5 for bidirectional mean spillover between gold market and different 

economic sectors of BRICs. 

Mean spillover BRIC Brazil Russsia India China 

Basic on Gold Rejected Rejected Rejected Rejected Rejected 

CCGS on Gold Rejected Accepted - Rejected Rejected 

Energy on Gold Rejected - Accepted Rejected Accepted 

Finance on Gold Rejected Rejected Rejected Rejected Accepted 

Health on Gold Rejected - - Rejected Rejected 

Industry on Gold Rejected - Accepted Accepted Rejected 

NCCGS on Gold Rejected Accepted Accepted Accepted Rejected 

Technology on Gold Accepted - - Accepted Rejected 

Telecom on Gold Rejected Rejected Accepted Accepted - 

Utility on Gold Rejected Rejected Accepted Accepted Rejected 

Overall INDEX on Gold Rejected Rejected Accepted Rejected Rejected 

Table 6.2: Meam spillover of  BRIC’s economic sectors on gold ( dependent variable = Gold) 
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Table 6.2 presents the mean spillover of the economic sectors on gold where Hypothesis 

5 is accepted or rejected on the basis of VAR results (see appendix 3 for the economic 

sectors). We can see that except basic material and health sector, all the economic 

sectors do not have mean spillover on gold for all four countries. Similarly, there is no 

any case where all the economic sectors of particular countries have mean spillover on 

gold. In case of Brazil, all the economic sectors have mean spillover on gold excpet 

CCGS and NCCGS sector. Whereas, only basic material and finance sector of Russia 

have mean spillover on gold. It is somewhat surprising that half of the economic sectors 

of India, one of the larget gold importer, have no mean spillover on gold. On the other 

hand, most of the China, the largest economy among BRICs, economic sectors have 

mean spillover on gold. If we compare the overall index return of the BRIC countries, 

except Russia all the members of BRICs have mean spillover effects on gold.  

In table 6.3, we have presented another direction (gold on economic sectors) of mean 

spillover between gold return and economic sectors. Similarly to table 6.2, gold has 

mean spillover on basic material and health sectors of all BRIC members which shows 

that gold has bidirectional mean spillover with basic material and health sectors of all 

four countries. 

Mean spillover BRIC Brazil Russsia India China 

Gold on Basic Rejected Rejected Rejected Rejected Rejected 

Gold on CCGS Accepted Accepted - Accpted Accepted 

Gold on Energy Rejected - Rejected Rejected Accepted 

Gold on Finance Rejected Accepted Accepted Rejected Accepted 

Gold on Health Rejected - - Rejected Rejected 

Gold on Industry Accepted - Accepted Accepted Rejected 

Gold on NCCGS Rejected Rejected Rejected Accepted Rejected 

Gold on Technology Rejected - - Rejected Accepted 

Gold on Telecom Rejected Rejected Accepted Accepted - 

Gold on Utility  Rejected Rejected Accepted Rejected Accepted 

Gold on Overall Index  Rejected Accepted Rejected Rejected Accepted 

Table 6.3: Meam spillover of gold on  BRIC’s economic sectors  (dependent variable = BRIC’s economic sectors).  

Contrary to table 6.2, gold has no mean spillover on the CCGS sector of any BRIC 

member, and more than 50% of Chinese sectors’ returns are not affected by gold return. 

Similarly, gold has mean spillover over four and three economic sectors of Brazil and 

Russia, respectively. In case of India, more than 50% of the sectors’ return are affected 

by gold. The coefficients values in appendix 3 also show degree and effect of spillover, 

where negative coefficient values indicate the negative relationship between dependent 

and independent variables. As it was explained in chapter 5 the    values of our 

equations are very low and a reader should see the    values while interpreting the 

mean spillover. 

6.2.2. Volatility Spillover  

In this section we have accepted or rejected Hypothesis   : There is no variance 

spillover effect between gold and stock returns.  

As it was mentioned in the practical method, the diagonal BEKK GARCH model does 

not show the direction of volatility spillover, the following tables only present whether 
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there is volatility spillover between gold return and the economic sector returns of four 

members of BRIC. Hypothesis 6 has been accepted or rejected on the basis of diagonal 

BEKK GARCH results for every single economic sector, and presented in appendix 4. 

We can see in table 6.4 that Hypothesis 6 has been rejected in all cases. All the results 

are statistically significant, which indicates that there is volatiltiy spillover effects 

between the returns of gold and every economic sector of the BRIC countries.  

Volatility spillover BRIC  Brazil  Russia  India  China  

Gold and Basic Rejected Rejected Rejected Rejected Rejected 

Gold and CCGD Rejected Rejected - Rejected Rejected 

Gold and Energy Rejected - Rejected Rejected Rejected 

Gold and Finance Rejected Rejected Rejected Rejected Rejected 

Gold and Health Rejected - - Rejected Rejected 

Gold and Industry Rejected - Rejected Rejected Rejected 

Gold and NCCGD Rejected Rejected Rejected Rejected Rejected 

Gold and Technology Rejected - - Rejected Rejected 

Gold and Telecom Rejected Rejected Rejected Rejected - 

Gold and Utility  Rejected Rejected Rejected Rejected Rejected 

Gold and Overall INDEX Rejected Rejected Rejected Rejected Rejected 

Table 6.4: The volatility spillover between gold and economic sectors of BRIC 

Finally, we summarize the estimated results about mean and volatility spillover as 

follows. In the case of mean spillover, there is mixture of unidirectional-mean, 

bidirectional-mean and no-mean spillover between gold and economic secotors of the 

BRIC countries. Similarly, the volatility interdependence between gold and different 

economic sectors is persistent. 

6.3. Discussion of Results  

6.3.1. Relationship during the Economic Crisis 

 Gold_R Brazil_R Russia_R India_R China_R BRIC_R 

Gold_R 1      

Brazil_R -0.076 1     

Russia_R -0.002 0.463** 1    

India_R -0.141 0.575** 0.496** 1   

China_R -0.165 0.331** 0.378** 0.324** 1  

BRIC_R -0.111 0.702** 0.792** 0.736** 0.741** 1 

*95% confidence interval; **99% confidence interval 

Table 6.5: Correlation coefficients over August-November 2008 

Generally during economic crises, stock markets of different countries go in same 

direction, which results into the positive correlation between stock markets. Whereas, 

one of the major characteristics of gold is that it becomes a safe haven instrument in 

times of economic crises. The correlation values between returns of gold and stock 

during 2008 may not reflect this characteristic of gold, because the actual crisis hit the 

world economy during the second half of 2008 and the annual correlation values are 

average calculation of the whole year. The overall positive or negative annual 

correlation value could be the result of the relationship before the economic crisis. 
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However, GARCH is more advanced econometric model which shows the movement of 

variance and covariance throughout the sample period. We can see on figure 5.8, the 

covariance is negative between August and November of 2008. The correlation values 

between August and November are presented in table 6.5. The negative correlation 

values during economic crises show that investors generally turn to safe haven 

instruments, for instance gold, to save their investment. Moreover, the positive 

correlation between different markets indicates that during crisis time stock markets of 

different country go in same direction. 

6.3.2. Discussion 

In this section we have summarized our empirical findings and discussion along with 

our literature review findings. We started our empirical analysis with correlation 

between returns of gold and stock indices of the economic sectors of BRIC countries, 

which showed that correlation differs across the countries and their economic sectors, 

and varies with time. Further, the correlation values are positive in general time periods, 

and negative or very low in extreme market conditions. These results confirm the other 

researchers’ findings about gold as a hedge and a safe haven financial instrument. For 

instance, Baur & Lucey (2010) found that gold is a safe haven for stocks in times of 

extreme market shocks and a hedge in average, and Hoang (2011, May 1) found that 

gold has always been an efficient portfolio diversifier. Similarly, McDonald & Solnik 

(1977), Jaffe (1989) and Michaud et al. (2006) found the same characteristics of gold. 

Chua & Woodward (1990) found that the correlation of gold return with the US stock 

return is rising over time, which leads to lowering benefits of holding gold in the 

portfolio with the US stock. In our analysis of 10 years data, we did not find any 

increasing or decreasing pattern of the correlation values. However, we found that long 

term significant correlation values are lower than the values over short term, which 

corresponds Ratner & Klein (2008) findings that investors can earn excess return if they 

time their holding of gold correctly. For instance, 10-year correlation is lower than 

correlation over 5-year, and 5 year correlation is lower than over 1-year for each 

country and economic sector. Our results show the very low and insignificant 

correlation coefficients in 2008 for all BRIC members except Russia, which was a year 

of the world economic crisis. Similarly, gold played the role of portfolio diversifier 

during 10 years in China, except in 2005, where gold worked as a hedge. The role 

played by gold during 10 years in other three countries is mixture of hedge and portfolio 

diversifier characteristics. If we compare the individual sectors of BRIC countries, gold 

is a portfolio diversifier for China’s basic material and energy sectors, and a hedge for 

other sectors. In contrast gold is a hedge for only two sectors of India: technology and 

utilities, and portfolio diversifier for remaining sectors.  

On the other hand, our results contradict with some previous studies. Baur & 

McDermott (2010) found that (for the period 1979-2009) gold was not a hedge and a 

safe haven for most of emerging countries, such as BRICs. Further, our results 

contradicts with Jaffe (1989) research who found that gold is quite risky as an 

individual investment, but it still can play an important role as a portfolio diversifier due 

to its returns are normally independent from returns on other assets. But, in our study 

the performance of gold over 10 year demonstrates lower average annual standard 

deviation with given level of return, which means that gold is less risky as an individual 

investment than other stock assets in BRICs. Knowing that financial markets are 

dynamic and fast changing in nature, we can suppose that this contradiction result may 

be caused by different period and data sample studied. For instance, we studied 10 years 
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(2001-2010) periods during which gold market improved tremendously, and other stock 

markets were in deep crisis during the second half of the decade.  

For the spillover relationship, we found volatility spillover between gold return and all 

economic sectors of BRIC countries. Whereas, mean spillover relationship is full of 

unidirectional, bidirectional and no-mean spillover results. Liao & Chen (2008) found 

that gold price returns do not have volatility spillover on every industry of Taiwan. 

Since we have used diagonal BEKK GARCH, we cannot say about the direction of 

spillover between gold return and sub-indices returns of BRIC countries. If somebody 

use full BEKK GARCH model or another econometric model where they would be able 

see the direction of volatility spillover, then they compare the results with Liao & Chen 

(2008) outcomes. Further, they can predict the future volatility of gold and stock. 

Similarly, mean spillover results are also not good for prediction. The extremely low    

value suggests that there are many other variables which affect the returns of the gold 

and stock. If somebody can create VAR with suitable number of variables, then they can 

predict the mean as well. 
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CHAPTER 7: Conclusions and Recommendations  

The aim of this chapter is to draw conclusions of the current paper and provide 

recommendations for further research. First, we summarize the findings of the research. 

Further, we provide suggestions for further research. Finally, the quality of research is 

assessed.   

7.1. Conclusions 

The purpose of this paper was to examine the relationship between gold and stock 

returns by means of correlation and spillover. We attempted to answer the questions 

whether there is correlation between these two assets, and moreover, whether it varies 

across countries and economic sectors over time. Similarly, in the second part of the 

study we strived to explore whether there is mean and volatility spillover effects 

between gold and stock returns. The sample of the study was represented by four 

countries of BRICs and their economic sectors during 2001-2010. The results of the 

study enhance our understanding of gold as a financial asset and shed light on the 

problem to researchers, market analysts and investors who wish to invest in BRICs 

financial markets.  

The inference of the first research question is that there is an existence of correlation 

between gold and stock returns, which is not constant across the countries and 

economic sectors over time.  

The results of the correlation study support that gold comprises characteristics of 

efficient portfolio diversifier, due to its low correlation with stock returns. However, the 

correlation varies across countries and economic sectors, and over time. Therefore, with 

other things equal, investors can choose to invest in diverse portfolio consisting of both 

stock and gold with lowest correlation. The findings show that the lowest significant 

correlation appears between gold and Russia utilities sector. 

The second major finding was that the results confirmed a role of gold as a hedge and a 

safe haven. The safe haven characteristics of gold conform to conditions of negative, 

though not statistically significant, correlation with most of the sectors in Brazil, India 

and China during the time of the financial crisis. However, in Russia the results show a 

different situation, where gold and stocks go the same direction. This illustrates that in 

Russia, investors do not turn to gold in time of uncertainty, as investors do in China, 

India and Brazil. Whenever gold is uncorrelated or negatively correlated with stock in 

normal time, gold played a role of a hedge. In India, gold played a role of a hedge in 

almost every year and for every economic sector, except 2006, 2007, and 2010. 

Similarly in China, gold was positively correlated with almost every sector in 2005, 

which supports a role of diversifier, and other years it was a hedge for almost every 

industry.    

The answer of the second research question is that there are mean and volatility 

spillover effects between gold and stock returns.  

 The VAR analysis has revealed that gold and stock returns have mean spillover effects 

on each other. In a number of instances, the mean spillover effects are unidirectional or 

bidirectional; however, in other instances, the results have revealed no spillover 

between gold and stock. The diagonal BEKK GARCH study confirms previous findings 
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and shows the existence of volatility spillover effects between gold and stock returns in 

every case. However, as consistent with the limitations of the diagonal BEKK GARCH, 

it cannot be seen whether the volatility spillover relationship is unidirectional or 

bidirectional.       

Together, these results suggest that gold is an opportune important financial asset which 

can perform the function of portfolio diversifier, hedge and safe haven. Based on the 

existence of spillover effects, gold may also be helpful to predict stock behavior and 

vice versa.    

7.2. Limitations of Research 

Although we investigated gold and BRIC market with the appropriate econometric 

models, which contributes to the investment field and market analysis, there are some 

limitations of our study.  The most important limitation lies in the fact that all the 

economic sectors included in our study do not have an equal number of observations. 

Further, due to the market history and size, all of four countries do not have an equal 

number of economic sectors classifications, which is another drawback in our 

comparison part. We mentioned in the beginning that our work is an extension of Liao 

& Chen (2008), however, due to the limitation of diagonal BEKK GARCH our study 

does not show the direction of volatility spillover between gold and other economic 

sectors of BRIC countries.  

7.3. Quality of Results 

We have discussed many results in the empirical findings and discussion chapters, 

which should help investors and market analysts to analyze the relationship between 

gold and stock of BRIC countries. However, it is important to assess the reliability and 

validity of the results that guide and set boundaries for the readers for the generalization 

of the results. As mentioned before the finance world is dynamic and fast changing, it is 

not necessary that correlation or spillover effect will be the same in the future. So, the 

results of the research will not be suitable in portfolio formation for future investment 

purposes. Investors should see the current market movements before formulating the 

portfolio. Further, in contrast to other researchers, we have mentioned that gold as an 

individual asset is a good investment. One should keep in mind that our study period 

was a bull market for gold, and the market can change in future. Additionally, the 

econometric models used in this study are only suitable for this type of study where  the 

spillover relationship is examined. Therefore, these models are not appropriate for 

prediction of mean and volatility behavior of these two assets. 

7.4. Suggestions for Further Research 

The results and discussion have left some questions for further investigation of 

relationship between gold and stock returns. First, taking into account that financial 

markets are dynamic in nature and changes happen quite fast, we recommend studying 

the same research questions by applying it to other financial markets and time periods.  

Second, considering that gold plays a role as an efficient portfolio diversifier, and we 

only carried out the simulation of portfolios with domestic stock, a future study 

investigating gold performance in an international portfolio would be very interesting.  
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Third, according to the limitation of the diagonal BEKK GARCH and a fact that we 

cannot see the direction of spillover effects, more precise information on direction of 

spillover between gold and stock would help us to establish a greater degree of accuracy 

on this matter. In order to find a direction of spillover effects, we recommend to run full 

BEKK GARCH or any other econometrics model, that can show the direction.  

Fourth, another suggestion for further research in order to extend the understanding of 

gold as a financial asset is to assess the effects of gold on bonds and compare them with 

effects on stocks. Such a study would provide more knowledge about the relationship of 

gold with other financial instruments, and would suggest whether gold is an efficient 

portfolio diversifier in portfolio with bonds.  

Fifth, further research might explore the relationship among gold, oil and stock. This 

would be interesting, because depending on the results, the researchers would be able to 

compare the effects of gold and oil on stock, and then perceive which asset is a better 

diversifier, and which one is more helpful for stock prediction.  

Finally, taking into account that one of the main features of gold as a financial asset is 

hedging and safe haven, and considering that we have not found any research about that 

in Scandinavia, we recommend to investigate Scandinavian countries in terms of 

correlation of gold with stock and perceive whether gold is an efficient diversifier, 

hedge or a safe haven.   
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APPENDIX 1: Data, preliminary analysis and descriptive statistics 
  

Exhibit 1.1: Normality curve for gold 

   

 

Exhibit 1.2: Normality curve for BRICs 

 
  

 

Exhibit 1.3: Normality curve for Brazil 

   

  

Exhibit 1.4: Normality curve for Russia 
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Exhibit 1.5: Normality curve for India 

   

 

Exhibit 1.6: Normal curve for China 

   

 

Exhibit 1.7: Normality curve for BRICs as a whole (by economic sector) 
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APPENDIX 2: Unit root test for stationary 

 

Exhibit 2.1: Overall market log return ADF stationary test. 

 
Indices  BRAZIL RUSSIA INDIA CHINA BRIC 

Intercept only -23.35814 -22.37454 -22.03366 -21.49976 -21.26951 

Intercept and trend -23.35397 -22.40012 -22.03135 -21.52279 -21.27698 

 

Exhibit 2.2: industries wise log return ADF stationary test 

Intercept only 

 BRAZIL RUSSIA INDIA CHINA BRIC 

Basic material -24.29589 -14.46779 -20.58409 -21.06121 -20.91974 

CCGD -34.47591  -21.93562 -21.79918 -21.81073 

Energy  -23.32642 -22.77558 -21.26308 -21.87702 

Financial  -23.78556 -14.46779 -35.27053 -22.08689 -21.87124 

Health   -22.17161 -22.91700 -21.94096 

Industry  -10.25515 -21.51744 -21.53513 -21.56403 

NCCGD -21.12513 -10.09243 -22.29280 -21.82035 -21.13444 

Technology   -24.07013 -21.51958 -23.76200 

Telecom  -23.49726 -22.41112 -20.09862  -22.21493 

Utility  -24.01372 -21.66245 -19.96419 -23.16000 -22.08569 

 

Exhibit 2.3: industries wise log return ADF stationary test 

Trend and Intercept 

 BRAZIL RUSSIA INDIA CHINA BRIC 

Basic material -24.30836 -14.52355 -20.58039 -21.08172 -20.92597 

CCGD -36.50576  -21.93419 -21.83245 -21.84862 

Energy  -23.36626 -22.78479 -21.26192 -21.87719 

Financial  -23.78335 -14.52355 -35.26362 -22.08698 -21.87044 

Health   -22.17481 -23.01852 -22.02003 

Industry  -10.26857 -21.52469 -21.55738 -21.58092 

NCCGD -21.21943 -10.55707 -22.32938 -21.89271 -21.18408 

Technology   -24.11514 -21.63062 -23.85623 

Telecom  -23.49568 -22.42401 -20.35530  -22.21363 

Utility  -24.02260 -21.66747 -19.98028 -23.16854 -22.09556 
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Exhibit 2.4: Unit Root Test with Eviews7 

Intercept only: Gold= -51.48966 

Industry BRAZIL RUSSIA INDIA CHINA BRIC 

BASIC -50.25204 -32.15482 -45.91299 -47.86889 -43.10322 

CCGD -15.91656  -52.16746 -48.78721 -49.60721 

ENERGY -48.92471 -50.89914 -46.83551 -48.94979 -45.66536 

FINANCIAL -14.19319 -32.15482 -45.09635 -51.36398 -46.07122 

HEALTH   -47.64222 -47.73677 -47.89019 

INDUSTRY  -23.32533 -52.25408 -49.96819 -48.84881 

NCCGD -14.19319 -22.02321 -52.16746 -27.32446 -28.09175 

TECHNOLGOY   -47.85843 -48.63903 -48.06704 

TELECOM -49.80757 -50.15574 -44.12044  -46.91891 

UTILITY -48.34893 -51.59765 -39.90387 -50.17071 -45.94034 

OVERALL 

MARKET 

-49.80968 -49.95960 -46.17392 -51.34234 -45.66776 

 

Exhibit 2.5: Unit Root Test with Eviews7 

Trend and Intercept: Gold= -51.49011 

Industry  BRAZIL RUSSIA INDIA CHINA BRIC 

BASIC -50.25335 -32.18330 -46.90431 -47.88005 -43.10295 

CCGD -16.00166  -52.15966 -48.80847 -49.63177 

ENERGY  -50.92150 -46.83680 -48.94253 -45.66090 

FINANCIAL -48.91642 -32.18330 -45.08767 -51.35788 -46.06480 

HEALTH   -47.63854 -47.80142 -47.94206 

INDUSTRY  -23.31947 -52.25278 -49.97992 -48.85624 

NCCGD -14.49406 -22.38535 -48.93263 -27.38652 -28.13853 

TECHNOLGOY   -47.87621 -48.72573 -48.11449 

TELECOM -49.79914 -50.15865 -44.27565  -46.91112 

UTILITY -48.34861 -51.59474 -39.90790 -50.17160 -45.94164 

OVERALL 

MARKET 

-49.80085 -49.97339 -46.16562 -51.35349 -45.66601 
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APPENDIX 3: VAR – mean spillover effects 

 

dependent variable – independent variable  

 
Brazil        

     
     

     
  F-

statistics 
   

Gold- 

Basic 
 0.000561 

 (0.00023) 

[ 2.46214] 
 

-0.023583 

 (0.01967) 

[-1.19877] 
 

-0.005042 

 (0.01951) 

[-0.25837] 
 

 0.076910 

 (0.01120) 

[ 6.86961] 
 

 0.012794 

 (0.01129) 

[ 1.13328] 
 

12.17525  0.018366 

Basic- 

 Gold 
 0.000994 

 (0.00040) 

[ 2.48984] 
 

 0.012124 

 (0.01962) 

[ 0.61795] 
 

-0.055951 

 (0.01978) 

[-2.82824] 
 

 0.073732 

 (0.03447) 

[ 2.13872] 
 

 0.074341 

 (0.03420) 

[ 2.17384] 
 

 3.874263 0.005918 

Gold- 

CCGS  
 0.000634 

 (0.00023) 

[ 2.76300] 
 

-0.009508 

 (0.01961) 

[-0.48484] 
 

 0.001415 

 (0.01961) 

[ 0.07217] 
 

 0.052115 

 (0.04843) 

[ 1.07618] 
 

 0.024912 

 (0.04853) 

[ 0.51336] 
 

0.412856  0.000634 

CCGS- 

Gold 
 8.11E-05 

 (9.3E-05) 

[ 0.87263] 
 

 0.027768 

 (0.01960) 

[ 1.41640] 
 

-0.025081 

 (0.01965) 

[-1.27664] 
 

 0.001276 

 (0.00794) 

[ 0.16072] 
 

-0.005189 

 (0.00794) 

[-0.65368] 
 

1.015897  0.001559 

Gold-

Financial 
 0.000609 

 (0.00023) 

[ 2.66141] 
 

-0.013632 

 (0.01956) 

[-0.69699] 
 

-0.002468 

 (0.01955) 

[-0.12628] 
 

 0.030663 

 (0.01477) 

[ 2.07546] 
 

 0.058071 

 (0.01478) 

[ 3.92821] 
 

 5.154609  0.007859 

Financial-

Gold 
 0.000357 

 (0.00030) 

[ 1.17432] 
 

 0.040748 

 (0.01961) 

[ 2.07767] 
 

 0.014098 

 (0.01962) 

[ 0.71840] 
 

 0.030316 

 (0.02596) 

[ 1.16764] 
 

 0.012855 

 (0.02595) 

[ 0.49540] 
 

1.737008 0.002662 

Gold- 

NCCGS 
 0.000634 

 (0.00023) 

[ 2.76257] 
 

-0.009759 

 (0.01962) 

[-0.49748] 
 

 0.001127 

 (0.01963) 

[ 0.05743] 
 

 0.041183 

 (0.02350) 

[ 1.75276] 
 

-0.022984 

 (0.02348) 

[-0.97895] 
 

 0.922576  0.001416 

NCCGS- 

 Gold 
 0.000274 

 (0.00019) 

[ 1.43022] 
 

 0.208431 

 (0.01960) 

[ 10.6364] 
 

-0.049403 

 (0.01958) 

[-2.52302] 
 

 0.034509 

 (0.01636) 

[ 2.10918] 
 

-0.010669 

 (0.01637) 

[-0.65166] 
 

 30.03974 0.044125 

Gold- 

Telecom 
 0.000632 

 (0.00023) 

[ 2.76407] 
 

-0.011370 

 (0.01960) 

[-0.58009] 
 

-0.002057 

 (0.01953) 

[-0.10532] 
 

 0.067685 

 (0.01393) 

[ 4.85822] 
 

 0.008576 

 (0.01399) 

[ 0.61283] 
 

 6.081245 0.009258 

Telecom-

Gold 
 0.000118 

 (0.00032) 

[ 0.36608] 
 

 0.023315 

 (0.01960) 

[ 1.18975] 
 

 0.021565 

 (0.01968) 

[ 1.09557] 
 

 0.051144 

 (0.02757) 

[ 1.85518] 
 

 0.007191 

 (0.02747) 

[ 0.26182] 
 

 6.081245  0.002579 

Gold-  

Utility 
 0.000611 

 (0.00023) 

[ 2.67174] 
 

 

 
 

-0.009962 

 (0.01960) 

[-0.50839] 
 

 

 
 

-0.000209 

 (0.01952) 

[-0.01072] 
 

 
 

 

 0.065334 

 (0.01398) 

[ 4.67280] 
 

 

 
 

 0.018932 

 (0.01404) 

[ 1.34862] 
 

 

 
 

  6.159016  
 0.009376 

 

Utility- 

Gold  
 0.000350 

 (0.00032) 

[ 1.09168] 
 

 0.055147 

 (0.01959) 

[ 2.81479] 
 

 0.005347 

 (0.01967) 

[ 0.27182] 
 

 
 0.036106 

 (0.02746) 

[ 1.31498] 
 

-0.045935 

 (0.02735) 

[-1.67969] 
 

 3.116228  0.004766 

Russia        

Gold- 

Basic 
 0.000637 

 (0.00023) 

[ 2.78820] 
 

-0.011590 

 (0.01961) 

[-0.59088] 
 

-0.003614 

 (0.01958) 

[-0.18458] 
 

 0.066295 

 (0.01338) 

[ 4.95610] 
 

-0.018979 

 (0.01340) 

[-1.41629] 
 

6.388405  0.009722 

Basic- 

Gold 
 6.59E-05 

 (0.00034) 

[ 0.19668] 
 

 0.109168 

 (0.01962) 

[ 5.56488] 
 

 0.016724 

 (0.01965) 

[ 0.85100] 
 

 0.095300 

 (0.02877) 

[ 3.31295] 
 

 0.025016 

 (0.02872) 

[ 0.87106] 
 

 12.19406 0.018394 

Gold- 

Energy 
 0.000649 

 (0.00023) 

[ 2.82973] 
 

-0.009231 

 (0.01971) 

[-0.46843] 
 

 0.006612 

 (0.01972) 

[ 0.33530] 
 

 0.004929 

 (0.00946) 

[ 0.52092] 
 

-0.021816 

 (0.00946) 

[-2.30728] 
 

1.450189  5.588461 

Energy- 

Gold 
 0.000600 

 (0.00048) 

[ 1.25804] 
 

-0.004561 

 (0.01966) 

[-0.23201] 
 

-0.015807 

 (0.01964) 

[-0.80469] 
 

 0.080866 

 (0.04094) 

[ 1.97526] 
 

 0.176538 

 (0.04097) 

[ 4.30925] 
 

 5.588461  0.008515 

Gold-

Finance 
 0.000643 

 (0.00023) 

-0.011490 

 (0.01966) 

-0.004098 

 (0.01966) 

 0.009934 

 (0.01044) 

 0.032066 

 (0.01045) 

2.633906 0.004031 
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[ 2.80562] 
 

 

[-0.58448] 
 

[-0.20847] 
 

[ 0.95110] 
 

[ 3.06957] 

Finance-

Gold 

 

-1.32E-05 

 (0.00043) 

[-0.03066] 

 

 0.003192 

 (0.01967) 

[ 0.16228] 

 

-0.008623 

 (0.01967) 

[-0.43834] 

 

 0.003343 

 (0.03702) 

[ 0.09030] 

 

 0.096671 

 (0.03702) 

[ 2.61158] 

 1.721930  0.002639 

Gold-

Industry 
 0.000613 

 (0.00023) 

[ 2.67002] 
 

-0.008530 

 (0.01957) 

[-0.43580] 
 

 0.002534 

 (0.01960) 

[ 0.12934] 
 

 0.001634 

 (0.02597) 

[ 0.06292] 
 

 0.070695 

 (0.02594) 

[ 2.72541] 
 

 1.907010  0.002922 

Industry-

Gold 
 0.000372 

 (0.00017) 

[ 2.14752] 
 

-0.017787 

 (0.01959) 

[-0.90780] 
 

 0.029373 

 (0.01957) 

[ 1.50081] 
 

-0.035606 

 (0.01477) 

[-2.41105] 
 

 0.001762 

 (0.01478) 

[ 0.11920] 
 

 2.229162  0.003414 

Gold- 

NCCGS 
 0.000627 

 (0.00023) 

[ 2.73111] 
 

-0.010681 

 (0.01961) 

[-0.54464] 
 

-0.001580 

 (0.01965) 

[-0.08039] 
 

 0.038380 

 (0.02154) 

[ 1.78174] 
 

 0.018078 

 (0.02149) 

[ 0.84119] 
 

1.150404  0.001765 

NCCGS- 

Gold 
 0.000163 

 (0.00021) 

[ 0.78127] 
 

 0.135430 

 (0.01957) 

[ 6.92035] 
 

 0.029348 

 (0.01952) 

[ 1.50313] 
 

 0.065298 

 (0.01782) 

[ 3.66498] 
 

 0.054550 

 (0.01785) 

[ 3.05528] 
 

 20.93226 0.031164 

Gold-

Telecom 
 0.000639 

 (0.00023) 

[ 2.78227] 
 

-0.009296 

 (0.01965) 

[-0.47317] 
 

 0.002687 

 (0.01965) 

[ 0.13679] 
 

 0.009269 

 (0.01372) 

[ 0.67579] 
 

-0.009591 

 (0.01372) 

[-0.69920] 
 

 0.282546  0.000434 

Telecom-

Gold 
 0.000630 

 (0.00033) 

[ 1.91604] 
 

 0.016573 

 (0.01964) 

[ 0.84387] 
 

-1.00E-05 

 (0.01964) 

[-0.00051] 
 

 0.014793 

 (0.02813) 

[ 0.52584] 
 

 0.044530 

 (0.02813) 

[ 1.58288] 
 

0.897839 0.001378 

Gold- 

Utility 
 0.000652 

 (0.00023) 

[ 2.84329] 
 

-0.008538 

 (0.01959) 

[-0.43577] 
 

 0.003724 

 (0.01959) 

[ 0.19008] 
 

-0.001357 

 (0.00880) 

[-0.15419] 
 

-0.021083 

 (0.00880) 

[-2.39523] 
 

1.488376  0.002282 

Utility-  

Gold  
 0.000614 

 (0.00051) 

[ 1.20056] 
 

-0.011052 

 (0.01961) 

[-0.56356] 
 

-0.004981 

 (0.01961) 

[-0.25399] 
 

 0.012296 

 (0.04366) 

[ 0.28166] 
 

 0.042002 

 (0.04366) 

[ 0.96209] 
 

 0.336284  0.000516 

India         

Gold – 

Basic 
 0.000631 

 (0.00023) 

[ 2.74997] 
 

-0.010306 

 (0.01962) 

[-0.52525] 
 

 0.001599 

 (0.01962) 

[ 0.08151] 
 

 0.035415 

 (0.01186) 

[ 2.98566] 
 

-0.024988 

 (0.01186) 

[-2.10635] 
 

 3.106259  0.004751 

Basic 

-Gold 
 0.000779 

 (0.00038) 

[ 2.05248] 
 

 0.102463 

 (0.01964) 

[ 5.21742] 
 

-0.001403 

 (0.01964) 

[-0.07144] 
 

 0.075697 

 (0.03249) 

[ 2.33010] 
 

 0.008615 

 (0.03249) 

[ 0.26519] 
 

 8.737611  0.013249 

Gold- 

CCGS 
 0.000624 

 (0.00023) 

[ 2.71869] 
 

-0.010385 

 (0.01962) 

[-0.52920] 
 

 0.001022 

 (0.01960) 

[ 0.05213] 
 

 0.035005 

 (0.01210) 

[ 2.89294] 
 

-0.012569 

 (0.01211) 

[-1.03761] 
 

2.453274  0.003756 

CCGS- 

Gold 
 0.000757 

 (0.00037) 

[ 2.03458] 
 

-0.022715 

 (0.01963) 

[-1.15738] 
 

 0.010632 

 (0.01965) 

[ 0.54113] 
 

 0.055270 

 (0.03183) 

[ 1.73635] 
 

-0.025986 

 (0.03180) 

[-0.81723] 
 

 1.326852  0.002035 

Gold- 

Energy 
 0.000614 

 (0.00023) 

[ 2.67922] 
 

-0.014855 

 (0.01967) 

[-0.75510] 
 

-6.42E-05 

 (0.01964) 

[-0.00327] 
 

 0.047055 

 (0.01158) 

[ 4.06305] 
 

-0.008963 

 (0.01161) 

[-0.77223] 
 

 4.231450  0.006460 

Energy 

-Gold 
 0.000712 

 (0.00039) 

[ 1.83062] 
 

 0.085202 

 (0.01966) 

[ 4.33329] 
 

-0.033790 

 (0.01971) 

[-1.71476] 
 

 0.061330 

 (0.03340) 

[ 1.83616] 
 

 0.016726 

 (0.03334) 

[ 0.50169] 
 

 6.369383  0.009693 

Gold-

Financial 
 0.000622 

 (0.00023) 

[ 2.71516] 
 

-0.009109 

 (0.01960) 

[-0.46479] 
 

 0.002492 

 (0.01956) 

[ 0.12737] 
 

 0.041349 

 (0.01136) 

[ 3.64104] 
 

-0.022235 

 (0.01138) 

[-1.95372] 
 

3.946976 0.006029 

Financial-

Gold 
 0.000773 

 (0.00040) 

[ 1.95443] 
 

 0.128093 

 (0.01959) 

[ 6.53917] 
 

-0.043244 

 (0.01963) 

[-2.20290] 
 

 0.021276 

 (0.03380) 

[ 0.62938] 
 

 0.029590 

 (0.03374) 

[ 0.87694] 
 

 11.53827  0.017422 

Gold- 

Health Care 
 0.000653 

 (0.00023) 

[ 2.84341] 
 

-0.008812 

 (0.01960) 

[-0.44958] 
 

 0.004670 

 (0.01960) 

[ 0.23827] 
 

 0.023335 

 (0.01606) 

[ 1.45276] 
 

-0.045507 

 (0.01607) 

[-2.83254] 
 

 2.456601 0.003761 

Health Care 

-Gold 
 0.000611 

 (0.00028) 

[ 2.17772] 
 

 0.068041 

 (0.01963) 

[ 3.46703] 
 

-0.001208 

 (0.01963) 

[-0.06156] 
 

 0.013292 

 (0.02395) 

[ 0.55505] 
 

 0.031269 

 (0.02394) 

[ 1.30590] 
 

3.611450  0.005519 

Gold-  0.000630 -0.010091  0.002460  0.026520 -0.016582 2.056939  0.003151 
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Industry  (0.00023) 

[ 2.74353] 
 

 (0.01963) 

[-0.51402] 
 

 (0.01962) 

[ 0.12542] 
 

 (0.01118) 

[ 2.37221] 
 

 (0.01119) 

[-1.48209] 
 

Industry-

Gold 
 0.000986 

 (0.00040) 

[ 2.44521] 
 

-0.025779 

 (0.01963) 

[-1.31293] 
 

-0.019867 

 (0.01965) 

[-1.01105] 
 

 0.050705 

 (0.03448) 

[ 1.47061] 
 

 0.017114 

 (0.03445) 

[ 0.49675] 
 

 1.157903 0.001776 

Gold- 

NCCGS 
 0.000638 

 (0.00023) 

[ 2.77940] 
 

-0.009344 

 (0.01962) 

[-0.47632] 
 

 0.003509 

 (0.01961) 

[ 0.17896] 
 

 0.028389 

 (0.01607) 

[ 1.76687] 
 

-0.026530 

 (0.01608) 

[-1.65024] 
 

 1.454135 0.002230 

NCCGS- 

Gold 
 0.000444 

 (0.00028) 

[ 1.58434] 
 

 0.043629 

 (0.01962) 

[ 2.22355] 
 

-0.025722 

 (0.01963) 

[-1.31016] 
 

 0.002314 

 (0.02396) 

[ 0.09658] 
 

 0.008462 

 (0.02395) 

[ 0.35339] 
 

 1.636961 0.002509 

Gold-

Technology 
 0.000636 

 (0.00023) 

[ 2.76973] 
 

-0.008597 

 (0.01960) 

[-0.43862] 
 

 0.002826 

 (0.01961) 

[ 0.14410] 
 

 0.011425 

 (0.00970) 

[ 1.17848] 
 

-0.002801 

 (0.00969) 

[-0.28906] 
 

 0.408459  0.000627 

Technology-

Gold 
 0.000383 

 (0.00046) 

[ 0.82679] 
 

 0.067342 

 (0.01958) 

[ 3.43926] 
 

-0.043333 

 (0.01957) 

[-2.21414] 
 

-0.078524 

 (0.03958) 

[-1.98374] 
 

-0.015518 

 (0.03961) 

[-0.39180] 
 

5.028939  0.007669 

Gold-

Telecom 
 0.000639 

 (0.00023) 

[ 2.78657] 
 

-0.009181 

 (0.01961) 

[-0.46807] 
 

 0.002610 

 (0.01961) 

[ 0.13307] 
 

 0.019640 

 (0.01013) 

[ 1.93897] 
 

-0.019521 

 (0.01013) 

[-1.92698] 
 

 1.921264  0.002944 

Telecom-

Gold 
 0.000619 

 (0.00044) 

[ 1.39402] 
 

 0.000660 

 (0.01961) 

[ 0.03367] 
 

-0.047746 

 (0.01961) 

[-2.43472] 
 

 0.070156 

 (0.03797) 

[ 1.84764] 
 

-0.008441 

 (0.03797) 

[-0.22233] 
 

 2.291822 0.003509 

Gold- 

Utility 
 0.000610 

 (0.00023) 

[ 2.65694] 
 

-0.009971 

 (0.01959) 

[-0.50899] 
 

-0.000267 

 (0.01959) 

[-0.01362] 
 

 0.025141 

 (0.01142) 

[ 2.20138] 
 

 0.017741 

 (0.01142) 

[ 1.55362] 
 

 2.062134  0.003159 

Utility- 

Gold 
 0.000573 

 (0.00039) 

[ 1.45881] 
 

 0.102736 

 (0.01957) 

[ 5.25100] 
 

-0.026673 

 (0.01956) 

[-1.36347] 
 

 0.087668 

 (0.03356) 

[ 2.61217] 
 

 0.092236 

 (0.03357) 

[ 2.74786] 
 

 10.92740  0.016515 

China        

Gold- 

Basic 
 0.000627 

 (0.00023) 

[ 2.73790] 
 

-0.014164 

 (0.01961) 

[-0.72215] 
 

-0.000932 

 (0.01958) 

[-0.04763] 
 

 0.037313 

 (0.01157) 

[ 3.22374] 
 

 0.019596 

 (0.01160) 

[ 1.68957] 
 

 3.536425 0.005405 

Basic- 

Gold 
 0.000294 

 (0.00039) 

[ 0.75623] 
 

 0.063919 

 (0.01963) 

[ 3.25594] 
 

-0.009434 

 (0.01967) 

[-0.47960] 
 

 0.019735 

 (0.03327) 

[ 0.59320] 
 

-0.009893 

 (0.03321) 

[-0.29792] 
 

 2.828768 0.004328 

Gold- 

CCGS 
 0.000631 

 (0.00023) 

[ 2.75751] 
 

-0.012419 

 (0.01959) 

[-0.63411] 
 

 0.002801 

 (0.01955) 

[ 0.14326] 
 

 0.040725 

 (0.01223) 

[ 3.32925] 
 

 0.025561 

 (0.01226) 

[ 2.08564] 
 

 4.071628 0.006218 

CCGS-  

Gold 
 0.000171 

 (0.00037) 

[ 0.46576] 
 

 0.046553 

 (0.01960) 

[ 2.37498] 
 

-0.018264 

 (0.01964) 

[-0.92997] 
 

-0.041006 

 (0.03138) 

[-1.30659] 
 

 0.007069 

 (0.03133) 

[ 0.22565] 
 

 2.028801  0.003108 

Gold- 

Energy 
 0.000626 

 (0.00023) 

[ 2.72964] 
 

-0.011647 

 (0.01963) 

[-0.59333] 
 

 6.31E-05 

 (0.01962) 

[ 0.00322] 
 

 0.021657 

 (0.01091) 

[ 1.98535] 
 

 0.011566 

 (0.01092) 

[ 1.05953] 
 

 1.315140  0.002017 

Energy- 

Gold 
 0.000491 

 (0.00041) 

[ 1.18927] 
 

 0.001850 

 (0.01965) 

[ 0.09417] 
 

 0.003895 

 (0.01966) 

[ 0.19813] 
 

 0.024510 

 (0.03535) 

[ 0.69332] 
 

-0.013788 

 (0.03533) 

[-0.39027] 
 

 0.174288 0.000268 

Gold- 

Financial 
 0.000635 

 (0.00023) 

[ 2.76830] 
 

-0.009745 

 (0.01960) 

[-0.49714] 
 

 0.002280 

 (0.01960) 

[ 0.11631] 
 

 0.017711 

 (0.01147) 

[ 1.54460] 
 

 0.009734 

 (0.01147) 

[ 0.84881] 
 

 0.822482  0.001262 

Financial- 

Gold 
 0.000203 

 (0.00039) 

[ 0.51804] 
 

-0.005702 

 (0.01960) 

[-0.29085] 
 

-0.006422 

 (0.01961) 

[-0.32752] 
 

-0.045351 

 (0.03352) 

[-1.35315] 
 

-0.009634 

 (0.03351) 

[-0.28746] 
 

 0.536545  0.000824 

Gold- 

Health Care 
 0.000616 

 (0.00023) 

[ 2.68990] 
 

-0.011374 

 (0.01958) 

[-0.58090] 
 

 0.002317 

 (0.01956) 

[ 0.11846] 
 

 0.031247 

 (0.01243) 

[ 2.51432] 
 

 0.028107 

 (0.01244) 

[ 2.25895] 
 

 3.112049  0.004759 

Health Care 

-Gold 
 0.000399 

 (0.00036) 

[ 1.10566] 
 

 0.070185 

 (0.01957) 

[ 3.58579] 
 

-0.028009 

 (0.01960) 

[-1.42925] 
 

-0.029519 

 (0.03084) 

[-0.95722] 
 

 0.008559 

 (0.03080) 

[ 0.27786] 
 

 3.825802  0.005845 

Gold-  0.000626 -0.012555  0.002650  0.044134  0.024048  4.119828 0.006291 
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Industry  (0.00023) 

[ 2.73482] 
 

 (0.01959) 

[-0.64093] 
 

 (0.01955) 

[ 0.13555] 
 

 (0.01256) 

[ 3.51399] 
 

 (0.01259) 

[ 1.91061] 
 

Industry- 

Gold  
 0.000254 

 (0.00036) 

[ 0.71194] 
 

 0.044134 

 (0.01256) 

[ 3.51399] 
 

 0.024048 

 (0.01259) 

[ 1.91061] 
 

-0.012555 

 (0.01959) 

[-0.64093] 
 

 0.002650 

 (0.01955) 

[ 0.13555] 
 

 4.119828 0.006291 

Gold- 

NCCGS 
 0.000611 

 (0.00023) 

[ 2.66724] 
 

-0.012565 

 (0.01957) 

[-0.64200] 
 

 0.001870 

 (0.01955) 

[ 0.09567] 
 

 0.035122 

 (0.01283) 

[ 2.73650] 
 

 0.035947 

 (0.01285) 

[ 2.79665] 
 

 4.133765  0.006312 

        

NCCGS- 

Gold 
 0.000439 

 (0.00035) 

[ 1.25536] 
 

 0.065801 

 (0.01959) 

[ 3.35864] 
 

-0.035939 

 (0.01962) 

[-1.83172] 
 

-0.026152 

 (0.02988) 

[-0.87536] 
 

 0.005707 

 (0.02983) 

[ 0.19128] 
 

 3.696373  0.005648 

Gold- 

Technology 
 0.000644 

 (0.00023) 

[ 2.81442] 
 

-0.012709 

 (0.01959) 

[-0.64883] 
 

 0.002428 

 (0.01954) 

[ 0.12425] 
 

 0.039665 

 (0.01102) 

[ 3.59995] 
 

 0.021755 

 (0.01104) 

[ 1.96967] 
 

 4.437159  0.006772 

Technology- 

Gold 
-2.21E-05 

 (0.00041) 

[-0.05425] 
 

 0.048412 

 (0.01960) 

[ 2.46955] 
 

 0.008576 

 (0.01965) 

[ 0.43640] 

 

 

-0.037142 

 (0.03485) 

[-1.06577] 

 

 

 0.020652 

 (0.03477) 

[ 0.59398] 
 

 1.925071  0.002950 

Gold- 

Utility 
 0.000636 

 (0.00023) 

[ 2.78069] 
 

-0.012204 

 (0.01959) 

[-0.62292] 
 

 0.003402 

 (0.01953) 

[ 0.17414] 
 

 0.051424 

 (0.01246) 

[ 4.12618] 
 

 0.019734 

 (0.01250) 

[ 1.57869] 
 

 4.985097  0.007602 

Utility- 

Gold  
 0.000102 

 (0.00036) 

[ 0.28405] 
 

 0.017546 

 (0.01960) 

[ 0.89518] 
 

-0.011998 

 (0.01966) 

[-0.61030] 
 

-0.038315 

 (0.03081) 

[-1.24349] 
 

-0.017845 

 (0.03072) 

[-0.58084] 
 

0.792005  0.001216 

BRIC        

Gold- 

Basic 
 0.000609 

 (0.00023) 

[ 2.66891] 
 

-0.024670 

 (0.01980) 

[-1.24595] 
 

-0.002348 

 (0.01974) 

[-0.11894] 
 

 0.089530 

 (0.01581) 

[ 5.66420] 
 

-0.012347 

 (0.01587) 

[-0.77780] 
 

8.071870 0.012252 

Basic- 

Gold 
 0.000436 

 (0.00029) 

[ 1.52568] 
 

 0.164978 

 (0.01980) 

[ 8.33308] 
 

-0.022294 

 (0.01988) 

[-1.12124] 
 

 0.043288 

 (0.02480) 

[ 1.74549] 
 

 0.019681 

 (0.02473) 

[ 0.79584] 
 

19.90996  0.029687 

Gold- 

CCGS 
 0.000614 

 (0.00023) 

[ 2.68582] 
 

-0.017617 

 (0.01966) 

[-0.89587] 
 

-0.000612 

 (0.01958) 

[-0.03124] 
 

 0.079529 

 (0.01617) 

[ 4.91735] 
 

 0.008384 

 (0.01625) 

[ 0.51605] 
 

 6.188562  0.009420 

CCGS-  

Gold 
 0.000367 

 (0.00028) 

[ 1.32061] 
 

 0.027921 

 (0.01966) 

[ 1.41991] 
 

-0.013736 

 (0.01975) 

[-0.69534] 
 

 0.017990 

 (0.02391) 

[ 0.75242] 
 

-0.016716 

 (0.02381) 

[-0.70209] 
 

 0.919854  0.001412 

Gold-

Energy 
 0.000628 

 (0.00023) 

[ 2.74478] 
 

-0.022808 

 (0.01992) 

[-1.14500] 
 

 0.002256 

 (0.01989) 

[ 0.11341] 
 

 0.061954 

 (0.01397) 

[ 4.43392] 
 

-0.019713 

 (0.01400) 

[-1.40795] 
 

 5.223865 0.007964 

Energy- 

Gold  
 0.000348 

 (0.00033) 

[ 1.06983] 
 

 0.100707 

 (0.01990) 

[ 5.06050] 
 

 0.014891 

 (0.01994) 

[ 0.74673] 
 

 0.048807 

 (0.02837) 

[ 1.72037] 
 

 0.063411 

 (0.02833) 

[ 2.23807] 
 

 10.51526  0.015902 

Gold-  

Financial 

 

 0.000613 

 (0.00023) 

[ 2.67436] 
 

-0.014576 

 (0.01968) 

[-0.74080] 
 

 0.002455 

 (0.01964) 

[ 0.12495] 
 

 0.054242 

 (0.01551) 

[ 3.49807] 
 

-0.005851 

 (0.01554) 

[-0.37643] 
 

 3.109584  0.004756 

Financial- 

Gold  
 0.000556 

 (0.00029) 

[ 1.91061] 
 

 0.104723 

 (0.01967) 

[ 5.32302] 
 

-0.016814 

 (0.01972) 

[-0.85267] 
 

-0.009855 

 (0.02496) 

[-0.39477] 
 

 0.009853 

 (0.02492) 

[ 0.39533] 
 

 7.139390  0.010852 

Gold- 

Health Care 
 0.000615 

 (0.00023) 

[ 2.68204] 
 

-0.013110 

 (0.01967) 

[-0.66662] 
 

 0.002509 

 (0.01964) 

[ 0.12776] 
 

 0.059878 

 (0.01891) 

[ 3.16657] 
 

-0.014091 

 (0.01895) 

[-0.74373] 
 

 2.635416  0.004033 

Health Care 

-Gold 
 0.000531 

 (0.00024) 

[ 2.22791] 
 

 0.065249 

 (0.01965) 

[ 3.32033] 
 

-0.028475 

 (0.01969) 

[-1.44618] 
 

 0.006115 

 (0.02044) 

[ 0.29919] 
 

 0.021976 

 (0.02041) 

[ 1.07680] 
 

 3.455660  0.005282 

Gold-  

Industrial 
 0.000613 

 (0.00023) 

[ 2.68070] 
 

-0.017737 

 (0.01968) 

[-0.90118] 
 

 0.000370 

 (0.01961) 

[ 0.01886] 
 

 0.074186 

 (0.01614) 

[ 4.59532] 
 

 0.005494 

 (0.01621) 

[ 0.33891] 
 

 5.391815 0.008217 

Industrial-  0.000403  0.044051 -0.011786  0.006530 -0.010938 1.429368  0.002192 
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Gold  (0.00028) 

[ 1.44377] 
 

 (0.01968) 

[ 2.23811] 
 

 (0.01976) 

[-0.59639] 
 

 (0.02400) 

[ 0.27213] 
 

 (0.02391) 

[-0.45747] 
 

Gold- 

NCCGS 
 0.000596 

 (0.00023) 

[ 2.61286] 
 

-0.020817 

 (0.01968) 

[-1.05765] 
 

 0.001143 

 (0.01957) 

[ 0.05842] 
 

 0.106990 

 (0.01826) 

[ 5.85947] 
 

 0.007096 

 (0.01838) 

[ 0.38604] 
 

   

NCCGS- 

Gold 
 0.000436 

 (0.00025) 

[ 1.77790] 
 

 0.077205 

 (0.01964) 

[ 3.93024] 
 

-0.065221 

 (0.01978) 

[-3.29815] 
 

-0.001516 

 (0.02117) 

[-0.07158] 
 

 0.015985 

 (0.02105) 

[ 0.75924] 
 

6.249625 0.009512 

Gold- 

Technology 
 0.000632 

 (0.00023) 

[ 2.75810] 
 

-0.010783 

 (0.01962) 

[-0.54967] 
 

 0.003581 

 (0.01961) 

[ 0.18267] 
 

 0.032362 

 (0.01213) 

[ 2.66841] 
 

-0.001903 

 (0.01214) 

[-0.15672] 
 

 1.830107  0.002804 

Technology- 

Gold  
 0.000270 

 (0.00037) 

[ 0.72932] 
 

 0.064205 

 (0.01959) 

[ 3.27664] 
 

-0.046939 

 (0.01961) 

[-2.39316] 
 

-0.050040 

 (0.03170) 

[-1.57880] 
 

-0.011580 

 (0.03168) 

[-0.36558] 
 

 4.581627 0.006991 

Gold-  

Telecom 
 0.000631 

 (0.00023) 

[ 2.75683] 
 

-0.016143 

 (0.01967) 

[-0.82068] 
 

-0.001712 

 (0.01963) 

[-0.08721] 
 

 0.060837 

 (0.01519) 

[ 4.00386] 
 

 0.004437 

 (0.01523) 

[ 0.29134] 
 

 4.145161  0.006330 

Telecom- 

Gold  
 0.000192 

 (0.00030) 

[ 0.64712] 
 

 0.081966 

 (0.01967) 

[ 4.16699] 
 

-0.011790 

 (0.01972) 

[-0.59794] 
 

 0.040875 

 (0.02546) 

[ 1.60520] 
 

 0.010435 

 (0.02541) 

[ 0.41060] 
 

5.375864 0.008193 

Gold- 

Utility 
 0.000620 

 (0.00023) 

[ 2.71145] 
 

-0.015226 

 (0.01966) 

[-0.77463] 
 

 0.001064 

 (0.01959) 

[ 0.05432] 
 

 0.080271 

 (0.01689) 

[ 4.75240] 
 

-0.013093 

 (0.01696) 

[-0.77207] 
 

 5.721636 0.008716 

Utility- 

Gold  
 0.000315 

 (0.00027) 

[ 1.18304] 
 

 0.102505 

 (0.01966) 

[ 5.21434] 
 

 0.015485 

 (0.01974) 

[ 0.78458] 
 

 0.013671 

 (0.02288) 

[ 0.59760] 
 

-0.008193 

 (0.02280) 

[-0.35930] 
 

7.541644 0.011456 
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APPENDIX 4: BEKK GARCH – variance spillover effects 

 

BEKK- GARCH PARAMETERS FOR INDIVIDUAL INDUSTRIES 

 

                             Log 

likelihood 

Akaike info. 

Criteria 

Schwarz 

criteria 

BRAZIL           

Basic 

 

 

0.002576 

(0.000222) 

[0.0000] 

0.000193 

(7.75E-05) 

[0.0125] 

0.001134 

(0.000114) 

[0.0000] 

0.278360 

(0.013382) 

[0.0000] 

0.181295 

(0.011727) 

[0.0000] 

0.951534 

(0.004244) 

[0.0000] 

0.000193 

(0.002976) 

[0.0000] 

15028.48 -11.51359 -11.50626 

CCGD 

 

 

0.000228 
(1.40E-0) 
[0.0000] 

5.31E-06 
(0.002833) 
[0.9985] 

0.001273 
(0.000396) 
[0.0013] 

0.777114 
(0.062296) 
[0.0000] 

0.188816 
(0.013013) 
[0.0000] 

0.744591 
(0.020292) 
[0.0000] 

0.975491 
(0.003583) 
[0.0000] 

25148.42 -19.27130 -19.25107 

Financial 

 

 

0.001186 
(0.000105) 
[0.0000] 

1.57E-05 
(8.62E-05) 
[0.8558] 

0.001133 
(0.000112) 
[0.0000] 

0.261342 
(0.012241) 
[0.0000] 

0.174197 
(0.010785) 
[0.0000] 

0.963197 
(0.003173) 
[0.0000] 

0.979515 
(0.002689) 
[0.0000] 

15858.93 -12.15020 -12.12996 

NCCDS 

 

 

0.000423 
(1.54E-05) 
[0.0000] 

-0.000514 
(0.000713) 
[0.4705] 

0.001184 
(0.000236) 
[0.0000] 

0.848723 
(0.028758) 
[0.0000] 

0.182175 
(0.012392) 

[0.0000] 

0.81288 
(0.009260) 
[0.0000] 

0.976817 
(0.003355) 
[0.0000] 

22472.69 -17.22015 -17.19992 

Telecom 

 

 

0.005738 
(0.000363) 
[0.0000] 

0.000110 
(5.01E-05) 
[0.0274] 

0.001124 
(0.000121) 
[0.0000] 

0.264956 
(0.015095) 
[0.0000] 

0.177257 
(0.010929) 
[0.0000] 

0.898753 
(0.012047) 
[0.0000] 

0.978967 
(0.002852) 
[0.0000] 

15270.76 -11.69932 -11.67908 

Utility 

 

 

0.001827 
(0.000136) 
[0.0000] 

1.83E-05 
(7.99E-05) 
[0.8191] 

0.001095 
(0.000121) 
[0.0000] 

0.311825 
(0.014590) 
[0.0000] 

0.164973 
(0.010223) 
[0.0000] 

0.947418 
(0.004619) 
[0.0000] 

0.981444 
(0.002584) 
[0.0000] 

15401.98 -11.79991 -11.77967 

Russia           

Basic 

 

 

0.000295 
(6.48E-06) 
[0.0000] 

9.45E-05 
(0.001167) 
[0.9354] 

0.001138 
(0.000115) 
[0.0000] 

0.552221 
(0.013049) 
[0.0000] 

0.178232 
(0.011349) 
[0.0000] 

0.875401 
(0.001902) 
[0.0000] 

0.978861 
(0.002813) 
[0.0000] 

20504.71 -15.71155 -15.69131 

Energy 

 

 

0.003513 
(0.000176) 
[0.0000] 

0.000163 
(7.00E-05) 
[0.0202] 

0.001103 
(0.000111) 
[0.0000] 

0.309711 
(0.010679) 
[0.0000] 

0.173804 
(0.010539) 
[0.0000] 

0.937236 
(0.004318) 
[0.0000] 

0.979708 
(0.002613) 
[0.0000] 

14712.02 -11.27100 -11.25076 

Financial 0.001253 0.000427 0.001049 0.580545 0.171117 0.869346 0.980192 17859.27 0.011153 0.0000 
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(2.80E-05) 

[0.0000] 

(0.000358) 
[0.2323] 

(0.000139) 
[0.0000] 

(0.019984) 
[0.0000] 

(0.011153) 
[0.0000] 

(0.005715) 
[0.0000] 
 

(0.002797) 
[0.0000] 
 

 

Industry 

 

1.76E-05 
(2.33E-07) 
[0.0000] 

-0.000491 
(0.000661) 
[0.4576] 

0.001202 
(0.000193) 
[0.0000] 

0.456111 
(0.001310) 
[0.0000] 

0.180510 
(0.010585) 
[0.0000] 

0.828280 
(0.001369) 
[0.0000] 

0.977412 
(0.002850) 
[0.0000] 

28213.81 -21.62116 -21.60093 

NCCDS 

 

 

0.000146 
(4.38E-06) 
[0.0000] 

0.000162 
(0.001261) 
[0.8977] 

0.001194 
(0.000125) 
[0.0000] 

0.472765 
(0.008802) 
[0.0000] 

0.186359 
(0.012484) 
[0.0000] 

0.917008 
(0.002119) 
[0.0000] 

0.976998 
(0.003213) 
[0.0000] 

22776.20 -17.45282 -17.43258 

Telecom 

 

 

0.000257 

(5.28E-05) 

[0.0000] 

0.000524 

(4.02E-05) 

[0.0300] 

0.000297 

(0.000221) 

[0.0000] 

0.357941 

(0.002509) 

[0.0000] 

0.152857 

(0.035927) 

[0.0000] 

0.727978 

(0.003798) 

[0.0000] 

0.965127 

(0.004769) 

[0.0000] 

22695.30 -14.36200 -16.53093 

Utility 

 

 

0.002837 
(0.000180) 
[0.0000] 

3.05E-05 
(8.16E-05) 
[0.7089] 

0.001099 
(0.000115) 
[0.0000] 

0.328223 
(0.008366) 
[0.0000] 

0.164681 
(0.010217) 
[0.0000] 

0.942208 
(0.002772) 
[0.0000] 

0.981344 
(0.002509) 
[0.0000] 

14396.16 -11.02887 -11.00863 

India           

Basic 

 

 

0.002860 
(0.000205) 
[0.0000] 

0.000142 
(8.54E-05) 
[0.0959] 

0.001067 
(0.000113) 
[0.0000] 

0.368420 
(0.013106) 
[0.0000] 

0.167247 
(0.010124) 
[0.0000] 

0.922197 
(0.004950) 
[0.0000] 

0.981168 
(0.002494) 
[0.0000] 

15138.13 -11.59764 -11.57741 

CCDS 

 

 

0.004526 
(0.000284) 
[0.0000] 

0.000186 
(9.39E-05) 
[0.0472] 

0.001023 
(0.000113) 
[0.0000] 

0.487907 
(0.005315) 
[0.0000] 

0.160667 
(0.009651) 
[0.0000] 

0.853706 
(0.006135) 
[0.0000] 

0.982470 
(0.002331) 
[0.0000] 

15346.75 -11.75757 -11.73733 

Energy 

 

 

0.002778 
(0.000182) 
[0.0000] 

8.24E-05 
(7.67E-05) 
[0.2824] 

0.001098 
(0.000115) 
[0.0000] 

0.323490 
(0.009124) 
[0.0000] 

0.170540 
(0.010600) 
[0.0000] 

0.938209 
(0.003274) 
[0.0000] 

0.980402 
(0.002651) 
[0.0000] 

15073.32 -11.54796 -11.52772 

Financial 

 

 

0.002736 
(0.000161) 
[0.0000] 

0.000117 
(8.25E-05) 
[0.1564] 

0.001088 
(0.000112) 
[0.0000] 

0.319470 
(0.010855) 
[0.0000] 

0.169222 
(0.010389) 
[0.0000] 

0.939070 
(0.004137) 
[0.0000] 

0.980720 
(0.002554) 
[0.0000] 

15052.04 -11.53165 -11.51141 

Health 

 

 

0.002160 
(8.11E-05) 
[0.0000] 

0.000107 
(8.51E-05) 
[0.2077] 

0.001103 
(0.000115) 
[0.0000] 

0.324938 
(0.010120) 
[0.0000] 

0.173000 
(0.010673) 
[0.0000] 

0.939079 
(0.002315) 
[0.0000] 

0.979906 
(0.002702) 
[0.0000] 

15908.07 -12.18787 -12.16763 

Industry 

 

 

0.006834 
(0.000241) 
[0.0000] 

0.000252 
(0.000131) 
[0.0544] 

0.001072 
(0.000122) 
[0.0000] 

0.796273 
(0.010787) 
[0.0000] 

0.166568 
(0.010406) 
[0.0000] 

0.677836 
(0.010019) 
[0.0000] 

0.981036 
(0.002614) 
[0.0000] 

15098.45 -11.56723 -11.54699 

NCCDS 

 

0.003640 
(0.000162) 

2.05E-05 
(6.63E-05) 

0.001110 
0.000117) 

0.342739 
(0.015005) 

0.169335 
(0.010648) 

0.903717 
(0.007407) 

0.980421 
(0.002695) 

15785.54 -12.09394 -12.07370 
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[0.0000] [0.7569] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] 

Technology 

 

0.003074 
(0.000241) 
[0.0000] 

0.000110 
(8.65E-05) 
[0.2041] 

0.001090 
(0.000114) 
[0.0000] 
 

0.351997 
(0.009555) 
[0.0000] 
 

0.167914 
(0.010312) 
[0.0000] 
 

0.931431 
(0.004063) 
[0.0000] 
 

0.980883 
(0.002569) 
[0.0000] 
 

14675.33 -11.24287 -11.22263 

Utility 

 

 

0.000147 
(1.03E-05) 
[0.0000] 
 

-3.33E-05 
(0.002083) 
[0.9872] 
 

0.001204 
(0.000109) 
[0.0000] 
 

0.412137 
(0.010281) 
[0.0000] 
 

0.186438 
(0.011523) 
[0.0000] 
 

0.941887 
(0.002180) 
[0.0000] 
 

0.976880 
(0.002877) 
[0.0000] 
 

16648.40 -12.75539 -12.73515 

China           

Basic 

 

0.002129 
(0.000143) 
[0.0000] 
 

0.000102 
(9.32E-05) 
[0.2717] 
 

0.001086 
(0.000120) 
[0.0000] 
 

0.291246 
(0.010860) 
[0.0000] 
 

0.169799 
(0.010770) 
[0.0000] 
 

0.952797 
(0.003187) 
[0.0000] 
 

0.980602 
(0.002721) 
[0.0000] 
 

15044.84 -11.52613 -11.50589 

CCDS  

 

0.002066 
(0.000156) 
[0.0000] 
 

7.16E-05 
(9.65E-05) 
[0.4580] 
 

0.001054 
(0.000116) 
[0.0000] 
 

0.324253 
(0.010950) 
[0.0000] 
 

0.165992 
(0.010262) 
[0.0000] 
 

0.943605 
(0.003200) 
[0.0000] 
 

0.981592 
(0.002532) 
[0.0000] 
 

15203.85 -11.64803 -11.62779 

Energy 

 

0.000224 
(1.47E-05) 
[0.0000] 
 

-3.55E-05 
(0.000552) 
[0.9487] 
 

0.001171 
(0.000120) 
[0.0000] 
 

0.270367 
(0.003575) 
[0.0000] 
 

0.176410 
(0.011330) 
[0.0000] 
 

0.972308 
(0.000441) 
[0.0000] 
 

0.978854 
(0.002902) 
[0.0000] 
 

14904.05 -11.41821 -11.39797 

Financial 

 

 

0.002477 
(0.000190) 
[0.0000] 
 

9.33E-05 
(8.24E-05) 
[0.2577] 
 

0.001082 
(0.000115) 
[0.0000] 
 

0.251128 
(0.010375) 
[0.0000] 
 

0.170617 
(0.010659) 
[0.0000] 
 

0.960722 
(0.003273) 
[0.0000] 
 

0.980533 
(0.002652) 
[0.0000] 
 

14897.78 -11.41340 -11.39316 

Health 

 

 

0.002258 
(0.000153) 
[0.0000] 
 

7.52E-05 
(8.91E-05) 
[0.3983] 
 

0.001063 
(0.000117) 
[0.0000] 
 

0.319708 
(0.010590) 
[0.0000] 
 

0.167419 
(0.010391) 
[0.0000] 
 

0.943042 
(0.003098) 
[0.0000] 
 

0.981268 
(0.002575) 
[0.0000] 
 

15197.64 -11.64326 -11.62303 

Industry 

 

 

0.002150 
(0.000142) 
[0.0000] 
 

8.17E-05 
(8.75E-05) 
[0.3507] 
 

0.001094 
(0.000120) 
[0.0000] 
 

0.300113 
(0.010060) 
[0.0000] 
 

0.169963 
(0.010868) 
[0.0000] 
 

0.949110 
(0.002972) 
[0.0000] 
 

0.980531 
(0.002751) 
[0.0000] 
 

15241.31 -11.67674 -11.65651 

NCCDS 

 

 

0.002293 
(0.000158) 
[0.0000] 
 

8.73E-05 
(8.64E-05) 
[0.3126] 
 

0.001077 
(0.000117) 
[0.0000] 
 

0.310354 
(0.010649) 
[0.0000] 
 

0.168898 
(0.010488) 
[0.0000] 
 

0.944336 
(0.003151) 
[0.0000] 
 

0.980884 
(0.002629) 
[0.0000] 
 

15272.95 -11.70099 -11.68076 

Technology 0.003137 7.69E-05 0.001082 0.303590 0.171674 0.943426 0.980397 14745.06 -11.29633 -11.27609 
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 (0.000276) 
[0.0000] 
 

(7.94E-05) 
[0.3328] 
 

(0.000118) 
[0.0000] 
 

(0.012168) 
[0.0000] 
 

(0.010780) 
[0.0000] 
 

(0.004074) 
[0.0000] 
 

(0.002712) 
[0.0000] 
 

Utility 

 

0.002922 
(0.000169) 
[0.0000] 
 

9.13E-05 
(8.15E-05) 
[0.2622] 
 

0.001056 
(0.000118) 
[0.0000] 
 

0.316041 
(0.012006) 
[0.0000] 
 

0.168767 
(0.010483) 
[0.0000] 
 

0.935744 
(0.004866) 
[0.0000] 
 

0.981101 
(0.002593) 
[0.0000] 
 

15240.68 -11.67626 -11.65602 

BRIC           

Basic 

 

0.001996 
(0.000155) 
[0.0000] 
 

0.000280 
(9.05E-05) 
[0.0020] 
 

0.001062 
(0.000117) 
[0.0000] 
 

0.339013 
(0.013466) 
[0.0000] 
 

0.172068 
(0.010287) 
[0.0000] 
 

0.934372 
(0.005312) 
[0.0000] 
 

0.980019 
(0.002582) 
[0.0000] 
 

15906.14 -12.18638 -12.16615 

CCDS 

 

0.003528 
(0.000179) 
[0.0000] 
 

0.000237 
(9.77E-05) 
[0.0151] 
 

0.001017 
(0.000120) 
[0.0000] 
 

0.459285 
(0.011316) 
[0.0000] 
 

0.164220 
(0.009907) 
[0.0000] 
 

0.866545 
(0.006852) 
[0.0000] 
 

0.981892 
(0.002438) 
[0.0000] 
 

15883.80 -12.16926 -12.14902 

Energy 

 

 

0.002076 
(0.000151) 
[0.0000] 
 

0.000218 
(7.31E-05) 
[0.0028] 
 

0.001111 
(0.000112) 
[0.0000] 
 

0.295530 
(0.011397) 
[0.0000] 
 

0.177475 
(0.010716) 
[0.0000] 
 

0.946342 
(0.004484) 
[0.0000] 
 

0.978878 
(0.002710) 
[0.0000] 
 

15688.10 -12.01924 -11.99900 

Financial 

 

 

0.001605 
(0.000151) 
[0.0000] 
 

0.000169 
(9.02E-05) 
[0.0615] 
 

0.001077 
(0.000115) 
[0.0000] 
 

0.271116 
(0.011725) 
[0.0000] 
 

0.171520 
(0.010784) 
[0.0000] 
 

0.956987 
(0.003646) 
[0.0000] 
 

0.980317 
(0.002699) 
[0.0000] 
 

15845.48 -12.13988 -12.11965 

Health 

 

 

0.002733 
(0.000188) 
[0.0000] 
 

0.000245 
(9.90E-05) 
[0.0135] 
 

0.001071 
(0.000121) 
[0.0000] 
 

0.440277 
(0.015010) 
[0.0000] 
 

0.171899 
(0.010811) 
[0.0000] 
 

0.879247 
(0.007907) 
[0.0000] 
 

0.980163 
(0.002727) 
[0.0000] 
 

16254.39 -12.45335 -12.43311 

Industry 

 

 

0.002244 
(0.000163) 
[0.0000] 
 

0.000205 
(9.06E-05) 
[0.0240] 
 

0.001065 
(0.000118) 
[0.0000] 
 

0.337959 
(0.012149) 
[0.0000] 
 

0.171096 
(0.010698) 
[0.0000] 
 

0.931085 
(0.004975) 
[0.0000] 
 

0.980404 
(0.002678) 
[0.0000] 
 

15894.97 -12.17782  

NCCDS 

 

 

0.002293 
(0.000162) 
[0.0000] 
 

 

0.000155 
(8.34E-05) 
[0.0638] 
 

0.001071 
(0.000112) 
[0.0000] 
 

0.372339 
(0.011077) 
[0.0000] 
 

0.169122 
(0.010689) 
[0.0000] 
 

0.913293 
(0.005570) 
[0.0000] 
 

0.000155 
(8.34E-05) 
[0.0638] 
 

  

16260.08 -12.45771 -12.43747 

Technology 

 

0.003697 
(0.000240) 

0.000185 
(7.38E-05) 

0.001090 
(0.000119) 

0.340844 
(0.013227) 

0.171648 
(0.010619) 

0.920425 
(0.006011) 

0.980135 
(0.002691) 

15112.76 -11.57820 -11.55796 
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 [0.0000] 
 

[0.0120] 
 

[0.0000] 
 

[0.0000] 
 

[0.0000] 
 

[0.0000] 
 

[0.0000] 
 

Telecom 

 

 

0.001946 
(0.000142) 
[0.0000] 
 

0.000192 
(7.98E-05) 
[0.0159] 
 

0.001120 
(0.000119) 
[0.0000] 
 

0.298547 
(0.012370) 
[0.0000] 
 

0.172903 
(0.011004) 
[0.0000] 
 

0.948703 
(0.004159) 
[0.0000] 
 

0.979662 
(0.002818) 
[0.0000] 
 

15664.95 -12.00149 -11.98126 

Utility  

 

 

0.002318 
(0.000160) 
[0.0000] 
 

0.000155 
(8.21E-05) 
[0.0594] 
 

0.001120 
(0.000109) 
[0.0000] 
 

0.314834 
(0.011522) 
[0.0000] 
 

0.179557 
(0.011287) 
[0.0000] 
 

0.934704 
(0.004821) 
[0.0000] 
 

0.978550 
(0.002797) 
[0.0000] 
 

15970.67 -12.23585 -12.21561 

Standard ( ), t-statistics [] 
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APPENDIX 5: Variance of Gold (red) and Stock (blue), and Covariance (green) 

 

Exhibit 5.1: Variance of Gold (red) and Stock (blue), and Covariance (green): Overall 

BRICs, Brazil, Russia, India and China  
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Exhibit 5.2: Variance of Gold (red) and Stock (blue), and Covariance (green): BRICs 

 

Gold and BRICs Basic Materials 

 
 

Gold and BRICs CCGS  

 

Gold and BRICs Energy  

 
 

Gold and BRICs Financials  

 

Gold and BRICs Health Care  

 
 

Gold and BRICs Industrial 

 

Gold and BRICs NCCGS  

 

Gold and BRICs Technology  
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Gold and BRICs Telecom  

 
 

Gold and BRICs Utilities  

 

 

Exhibit 5.3: Variance of Gold (red) and Stock (blue), and Covariance (green): Brazil 

Gold and Brazil Basic Materials 
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Exhibit 5.4: Variance of Gold (red) and Stock (blue), and Covariance (green): Russia 
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Exhibit 5.5: Variance of Gold (red) and Stock (blue), and Covariance (green): India 
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Exhibit 5.6: Variance of Gold (red) and Stock (blue), and Covariance (green): China 
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