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ABSTRACT 
The purpose of this study is to examine the relationship between the Gold-Oil ratio and 
the Stock market. Our focus on the volatility spillover effect as volatility can be used to 
measure the stock market risks and to build diversified portfolios. Previous studies are 
based on correlation and volatility spillover effects among gold, oil and the stock market 
bilaterally. Therefore we generate the idea of combining gold and oil together, namely 
the Gold-Oil ratio, to test the relationship with the stock market. We also conduct the 
research with different time frames in order to make comparison with this relationship 
in the long-run from 1995 to 2015, medium-run from 2009 to 2015 and short-run from 
2014 to 2015.  This enables us to observe the changes in volatility during the whole 
economic cycle and post the 2008 financial crisis as well as the recent oil shock of 
2014/15.  

The growing volatility of the stock market during the financial crisis has accentuated the 
importance of our subject, as we intend to provide investors with an alternative tool on 
monitoring stock market risks. Moreover, we fill an obvious research gap in the Gold-
Oil ratio, recently created by analysts. 

The research was conducted using the quantitative method. Data is collected from the 
Thomson Reuters DataStream and is based on three different time intervals on a daily, 
weekly and monthly basis. Initially, we tested the correlation between the S&P 500 
index and the GOR, and we observed that there was no consistent correlation between 
variables caused by time frames or time intervals. Later, we applied the GARCH (1,1) 
model to test volatility spillover effect. Our finding confirmed that there is volatility 
spillover effect between the GOR and the S&P 500 index from 1995 to 2015 on a daily, 
weekly and monthly basis, from 2006 to 2015 on a daily basis, from 2014 to 2015 on a 
daily basis. Also, the volatility spillover effect is persistent. We concluded that there is a 
volatility spillover effect between the Gold-Oil ratio and the stock market in the U.S. in 
the long, medium, and short-run. The implications of this finding are significantly 
practical for investors operating in volatile stock and commodities markets. 

 

Keywords: volatility spillover effect, Gold-Oil ratio, GOR, S&P 500 index, 

GARCH (1,1), correlation, time frames, time intervals, stock market 
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GLOSSARY 

 

Bear market - “a widespread decline in security prices” (Brealey et al., 2011, p. 911). 

Bull market - “a widespread rise in security prices” (Brealey et al., 2011, p. 912). 

Diversification - “Reducing risk by dividing a portfolio between many different assets” 
(Hull, 2012, p. 600).  

Hedge - “to reduce risk by holding contract or securities whose payoffs are negatively 
correlated with some risk exposure” (Berk and DeMarzo, 2014, p. 1054) 

Residual - “is the difference between an observation and its prediction from a statistic 
model” (Ruppert, 2009, p.457) 

Safe haven asset - “has the specific property of the non-positive correlation with the 
stock market in extreme market conditions” (Hood and Malik, 2013, p. 48) 

Standard & Poor’s 500 - “is widely regarded as the best single gauge of large-cap U.S. 
equities.” (http://us.spindices.com/indices/equity/sp-500) 

Volatility - “a measure of uncertainty of the return realized on an asset” (Hull, 2012, 
p.612). 

 

Volatility spillover effect - “indicates that price volatility in different markets can be 
mutually affected” (Zhang et al., 2008, p. 977) 

VIX - “A measure of the implied volatility of stocks in the S&P 500 Index” (Brealey, et 
al., 2014, p.938) 

ABREVIATIONS 
S&P 500 index - Standard & Poor’s 500 index 

GOR - Gold / Oil Ratio 

GARCH - Generalized Autoregressive Conditional Heteroskedasticity 

WTI - West Texas Intermediate 
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CHAPTER 1 Introduction 

In this part we start with introducing the volatility of the stock market and its influences. 
Then, we give a general background of the commodity market, as well as further 
highlighting the gold and oil markets. We present the volatility transmission among 
these markets as the factor which further leads to our final research idea. We clarify the 
significance as well as the value of this study. After introducing the problem 
background, we formulate the research questions before we state research gap and 
contribution. At the end of this paper, we finish with the research limitations. 

1.1 Problem Background 

Many investors have been attracted to financial markets in the past decade due to 
increasingly integrated international markets and liberalised monetary policy, especially 
from the richest countries and economic areas in addition to the march of globalisation. 
Stock prices have fluctuated widely within the U.S. and Europe in the past few years, 
largely in response to market shocks as well as subsequent central bank easing. This  
has caused the financial community to focus great attention on the concept of volatility 
(Grouard et al., 2003). The US stock market, as the most important financial market in 
the world, has an inevitable and important impact on the global economy. The empirical 
studies (Arshanapalli and Doukas, 1993; Golosnoy et al., 2015; Diebold and Yilmaz, 
2012) provide solid evidence which shows the US market has affected other markets; 
especially under financial crises. The recent study from Chan et al. (2011) confirms that 
the economic expansion is characterized by lower volatility and significantly positive 
stock returns, while economic decline is characterized by higher volatility and sharply 
negative stock returns. Hence the volatility of the stock market can be seen as an alert 
for unstable financial conditions and economic risk. Volatility, as a highly researched 
subject, has become a tool for managing risks. However, monitoring and forecasting 
volatility can be a challenge. 

 

Over the past few years, the rapidly expanding commodity market, in terms of liquidity 
and investor numbers, has brought many benefits for supporting economic activity via 
the hedging of risks (Hossenidoust et al., 2013). The relationship between commodity 
and stock markets has become an interesting research area. Volatility spillover effect as 
a highly researched topic has generated great attention from both investors and 
academics. Zhang et al (2008, p.977) define the volatility spillover effect as the mutual 
effect caused by the price volatility in different markets, which means the price 
volatility magnitude in one market can be influenced not only by its own previous 
volatility but also by the price volatility in foreign markets. Namely, the volatility 
information can be transferred among different markets (Zhang et al, 2008, p.977). A 
study from Mensit al. (2013) shows that there is a significant transmission between the 
S&P 500 index and commodity markets in terms of return and volatility spillover during 
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the period 2000-2011. The correlations between commodity and stock markets evolve 
through time and are highly volatile, particularly since the 2007/08 financial crisis 
(Creti et al. 2013). Still many unknown risks remain when making investments in 
commodity and stock markets. As we can see, by the losses made during the financial 
crisis and severe post-crisis economic recession. Therefore, it is practically useful for all 
market participants to understand the price behavior of commodity prices and the 
volatility transmission mechanism between these markets (Hossenidoust et al., 2013, p, 
1401). 

 

As the main representative commodities, gold and oil play the vital roles in both 
commodity and financial markets. In spite of their immense industrial applications in 
the world economy, gold and oil as investment vehicles have also drawn great attention 
from market participants over the past few decades. Crude oil is the mostly traded 
commodity and has the most volatile price in the commodity market (Le and Chang, 
2012, p, 72). Arouri et al. (2011) state that there are speculative fluctuations in oil prices 
and it is certain that oil price changes will inevitably affect the stock price positively or 
negatively. To be more specific, Jones and Kaul, 1996; Sadorsky, 1999; Park and Ratti, 
2008; and Apergis and Miller, 2009; etc, have found the financial link between oil 
prices, discount rate and corporate cash flows used in stock-valuation models. They 
have pointed out that changes in oil prices could trigger adjustment for the consumer 
price index, interest rates, industrial production costs, economic growth rate 
investor/consumer confidence and other economic conditions. 

 

Meanwhile, gold maintains its superiority over other metals in the commodity market 
with its properties of profit making and risk-avoidance in recent years (Zhang and Wei, 
2009, p.169). Gold can be hedged against stocks in general and plays a role of safe 
haven under extreme stock market condition (Baur and Lucey, 2010). As a result of the 
boost in economic applications and the surge in prices of gold and oil, there are 
enormous financial players engaged in investments on gold and oil markets, including 
private investors, financial institutions and even sovereign nations. The markets with 
high speculation are volatile, which not only makes the markets sugary but also generate 
huge risks for investors.  

 
The prices of gold and oil have also experienced dynamic and complex changes along 
with the volatile movement of the stock market in the past decade. The gold and oil 
markets have tripled their price meanwhile the S&P 500 index has increased more than 
four times as well (see, Figure 1, 2 and 3). In spite of significant volatility in their price 
levels, there are still some common trends to be found in their price development. These 
are leading many studies in testing the relation among these variables. For instance, a 
study from Mensi, el at (2013) shows that the historical shocks and volatility of the S&P 
500 index had significant impact on the oil and gold markets. Le and Chang (2012) 
found out that real gold returns are statistically significant and positively influenced by 
shocks on the oil prices contemporaneously. Sadorsky (1999) reveals that oil prices and 
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oil price volatility both play important roles in affecting real stock returns. However, 
these studies mostly tend to focus on the bilateral relationships among these three 
variables, namely oil and gold, gold and stock market, oil and stock market. This makes 
us think that we can combine gold and oil together to test the volatility of stock market; 
since gold and oil both have a vital influence on the stock market. 
 

	  

Figure	  1	  Gold	  price	  on	  Gold	  Bullion	  from	  1995	  and	  2015	  
	  

	  

Figure	  2	  Oil	  price	  on	  WTI	  from	  1995	  and	  2015	  
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Figure	  3	  S&P	  500	  index	  from	  1995	  to	  2015 
 

Sujit and Kumar (2011) present a concept of GOR which combines gold and oil 
together and illustrates the ratio changes during financial crises. The article from Laidi 
(2008) proves that the ratio is a better indicator than many individual series for the 
financial markets; including currency trends, and illustrates the importance of relative 
data. Despite these, it is lacking academic research on GOR as well as its relationship 
with the stock market. While the gold-oil ratio could be a critical benchmark on 
monitoring the volatility of the stock market and contribute to the understanding of it. 
This motivates us to conduct a study to fill this gap. 

1.2 Research gap 

In last few decades, the rapidly growing gold and oil markets have brought impressive 
returns to investors. However the prices of gold and oil have experienced many severe 
declines during volatile periods. Combined with the increasingly volatile stock market, 
the investors face harder choices. The highly volatile stock market not only decreases 
stock prices but also is seen as an alert of economic risks and decline (Chan et al 2011). 
Regarding big losses made during oil shocks, gold role as a safe haven for hedging 
risks, as well as the dynamic change in stock market volatility, empirical studies were 
done on exploring the correlation and volatility spillover among gold, oil and stock 
markets bilaterally. Nevertheless, none of this research combines gold and oil together 
to test the relationship with the stock market. Additionally, there is no recent study on 
testing the relationship among these three markets with the latest data including from 
early 2015. This creates a research gap. After intensive scanning, we find an opportunity 
for exploring the concept of the gold-oil ratio and this leads directly into our research 
area. Our research focuses on examining the volatility spillover effect between the GOR 
and the stock market with updated data to fill this research gap. 
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1.3 Research question  

In light of previous studies based on the correlation and volatility spillover effects 
between gold, oil and the stock market bilaterally, we generate the idea of combining 
gold and oil together, namely GOR, to test this relationship with the stock market. In 
order to acquire the knowledge regarding the relationship between the GOR and the 
stock market, we address the following question: 

                                             
What is the relationship between the Gold-Oil ratio and the Stock market in the 
U.S.? 
 
Given the focus on volatility and the importance of time frame, we develop three sub-
questions, which are: 
 
Sub-question 1: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 1995 to 2015? 
Sub-question 2: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 2009 to 2015? 
Sub-question 3: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 2014 to 2015? 

1.4 Research purpose 

Due to the deficiency of academic research on the GOR and the relationship between 
the GOR and the stock market, we conduct this study to fill this gap. The purpose of this 
study is to see if there is a relationship existing between the GOR and the stock market 
as well as relationship changes due to different periods. The purpose of this study is to 
provide an alternative tool for monitoring stock market risks.  

We choose to study the US market as it is one of most important financial markets in the 
world and it has a certain impact on global markets. We test the relationship with a 
focus on the volatility spillover effect between these two variables. To measure the 
volatility of stock market, we apply inter-daily returns on the S&P 500 index as a proxy. 
As well as, the measurement of volatility on GOR, we take gold bullion and WTI crude 
oil prices and divide them as a proxy. We intend to examine the correlation between the 
volatilities in the GOR and the S&P 500 index. Our research is based on three time 
horizons crossing 20 years in order to make the report more precise and intensive, the 
first period is from 1995 to 2015, the second period is from 2009 to 2015 and the last 
period is from 2014 to 2015. We can make future comparisons on the results in terms of 
the long-run for 20 years, medium-run for 6 years and short-run for 1 year. In the first 
time horizon of a long-run we choose to include bullish and bearish as well as 
recovering stock markets, so that we can observe the changes on volatility during the 
whole economic cycle.  Moreover, as the charts above shows, 1995 can be seen as a 
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starting point where the prices on gold and oil transform from stable to volatile. The 
second time horizon of the medium-run we choose is for reflecting the relationship 
changing after the 2008 financial crisis, so we set it from 2009. The last time horizon of 
the short-run is between 2014 till 2015 in order to apply the latest data, because it is 
interesting to see the result including the big drop in oil price and the rebound on gold 
prices as well as the frequently fluctuated S&P 500 index in the past few months. Lastly, 
we apply the linear regression test in order to see if the volatility of the GOR is able to 
predict the volatility of the S&P 500 index. 

1.5 Research Contribution 

Unlike previous studies, this study touches upon the practical side of investment, as it 
contributes a new measurement for understanding the volatility of the stock market by 
using the GOR. With the combination of existing tools for volatility measurements,  
investors are able to have a better outlook of market movement as well as make more 
integrated decisions on investments. Particularly for gold and oil investments, the GOR 
helps investors to make a better use of the price changes in gold and oil in association 
with the changes of the S&P 500 index. Vice versa for the S&P 500 index investment, 
the GOR enables the investors to monitor changes of the S&P 500 index linked with the 
price changes of gold and oil. The research is conducted in terms of different time 
periods and the finding reveals that there is volatility spillover effect between the Gold-
Oil ratio and the Stock market in the U.S. in the long, medium, and short-run. The 
implications of this finding are significantly practical for the investors operating in 
volatile stock and commodities markets. The growing volatility of the stock market 
during the financial crisis has accentuated the importance of our subject, as we intend to 
provide investors with an alternative tool for monitoring stock market risks. 

Furthermore, the research is intended to fill a research gap. This study contributes the 
theoretical side of academic research and the knowledge of investors. We provide a 
comprehensive and updated approach for monitoring and predicting the stock market’s 
movement. Our study opens another opportunity for academic researchers to analysis 
gold and oil, as well as stock markets. For investors, this study enriches their knowledge 
of the benefit of integration of two major commodities and stock markets. As the 
knowledge on the degree of dependency between the GOR and the S&P 500 index can 
be used to diversify their portfolios efficiently. Our focus on volatility spillover effect, 
in relation to volatility can be used to measure stock market risks and to build 
diversified portfolios. 

1.6. Research Limitation 

The first limitation of our study is the time series we chose. We want to investigate a 
long period of 20 years with all the changes in volatility and we limited it from 1995 to 
2015. While there are several oil shocks that happened before 1990. We chose not to 
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incorporate the volatility changes in the oil market during these shocks because they 
could cause an inappropriate result in the context of the prescribed long period. The 
second limitation is the benchmark to measure the stock market in US. There are several 
indexes, such as VIX, S&P 100, S&P 600, and so on. The only choice of the S&P 500 
index can influence our result. The third limitation is caused by the sole geography 
chosen. Due to the time restriction, we are not able to expand the research to cover more 
countries.  

1.7. Thesis Disposition 

Chapter 1 – Introduction 

In this part we start with introducing the volatility of the stock market and its influences. 
Then, we give a general background of the commodity market, as well as further 
highlighting the gold and oil markets. We present the volatility transmission among 
these markets as the factor which further leads to our final research idea. We clarify the 
significance as well as the value of this study. After introducing the problem 
background, we formulate the research questions before we state research gap and 
contribution. At the end of this paper, we finish with the research limitations. 

Chapter 2 – Research Methodology  

This chapter describes and explains the research philosophy, approach, types, 
methodology and research strategy. Data collection method and literature source has 
been indicated in this chapter as well. Moreover, this chapter focuses on the ethical 
issues concerning the study. At the end of the chapter, the summary has been given so 
that the readers get a quick grasp of the theoretical methodology. The readers could start 
to read the “positioning of our research” to understand the core structure about the 
discussion of the philosophical framework. The recommended reading procedures 
should follow the figure 4(accessible research layout) so that we could understand the 
philosophical perspectives and then comes to the discussion of related approaches that 
leading specific methodology and research strategies. 
 

Chapter 3- Theoretical framework 

In this part we present the theories that are related to our research. We start with 
introducing the Efficient Market Theory and Modern Portfolio Theory. In the Modern 
portfolio theory section, we describe different elements and introduce main parts by 
following the MTP process. Then we show Behavioral Finance together with EMT and 
MPT, which helps explain volatility in the market. Following that, we introduce 
Volatility, which is our main research area. Two of our research elements gold and oil 
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are presented in the commodity market section, where we explain the benchmarks of 
gold and oil prices. Lastly, we show our variables which are the GOR and the S&P 500 
index, which we connect together using the volatility spillover effect. We also produce a 
model based on all the theories we introduced above.  

Chapter 4 - Practical method 

In this chapter we present the practical methodology of the research. We start with 
sample data and the data collection method. Then we follow with time horizon and time 
series as well as stationarity. Thereafter, we give specific introductions to all statistical 
theories and methodology used in chapter 5 in order to test the research questions. 

Chapter 5 – Empirical results 

In this chapter we present our empirical findings of the research. Firstly, we show the 
GOR and the S&P 500 index movements in terms of descriptive statistics and 
preliminary analysis. Then, we provide all the graphs on volatility of the two variables 
in terms of different time horizons and intervals. Following that, we show the test 
results of correlation between them. Unit root test and normality test are shown 
afterwards. At the end, we use GARCH test results to answer the research question. 

Chapter 6 – Analysis & Discussion 

In this chapter we combine the theoretical framework from chapter three with the 
empirical findings to discuss and analyse the research question. We detail our tests of 
the hypothesis in a variety of scenarios and market conditions to provide a range of 
outcomes. Finally, we present a summary of our findings  based on all the conclusions 
from our tests.  

Chapter 7 – conclusion and recommendations  

In this part we present the conclusion as well as the findings which connect to our 
overall research purpose. Then we assess the quality and limitations of this paper. At the 
end, we give recommendations for further research.  
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CHAPTER 2 Research Methodology 

This chapter describes and explains the research philosophy, approach, types, methodology and 
research strategy. Data collection method and literature source has been indicated in this 
chapter as well. Moreover, this chapter focuses on the ethical issues concerning the study. At the 
end of the chapter, the summary has been given so that the readers get a quick grasp of the 
theoretical methodology. The readers could start to read the “positioning of our research” to 
understand the core structure about the discussion of the philosophical framework. The 
recommended reading procedures should follow the figure 4(accessible research layout) so that 
we could understand the philosophical perspectives and then comes to the discussion of related 
approaches that leading specific methodology and research strategies. 

2.1 Preconceptions ， Choice of subject and 

Perspectives 

Compared with heavy contextual study, we can gain advantages by purely working with 
numbers. Producing a contextual study result would have a higher possibility of 
suffering severe bias caused by language and culture shock. After four years of 
university studies in international business, our knowledge of business administration, 
statistics, economics and law might unexpectedly affect our ideas, attitude, opinions, 
choice and decision about our research topic, methods, design and the analysis of 
findings. 
 
We are business student and specialize in the financial area, thus we are interested in 
commodity goods and stock market. We have seen some researchers suggest the GOR 
gives hints for buying and selling. We know that gold and oil could be the most 
representative commodities from an international perspective. Therefore we think it is 
perfect to combine the GOR and the stock market with these two factors and we want to 
test if they have some kind of relationship with each other. 
 
Usually, the underlying perspective constrains our target group of readers. Our research 
has been conducted from an investor’s point of view. This determines what theories we 
are interested in and how we answer the research questions. The result of the study 
might contribute to a market regulator’s ability to monitor a financial crisis. It might 
also help a bank manager to hedge risk. Therefore, our study intends to draw an 
integrated conclusion to provide relevant and useful information for all the stakeholders 
relating to our perspective. 
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2.2 Positioning our research 

Before we became immersed into the details of our research, there was a need to set up 
a clear structure of research methodology that we might discuss and adopt. Our 
methodological choice together with our theoretical framework would build the 
foundation for our data collection and analysis. The possible methodological aspects are 
summarized in Figure 1. We will explain each section of our methodological choices in 
the following.  

	  

Figure	  4	  The	  accessible	  research	  layout 
 

•  Positivism; Objectivism; Interpretivism; 
Constructionism; Realism 

Research	  
Philosophy 

•  Deductive Approach 
•  Indutive Approach Research	  Approach 

•  Exploratory Studies 
•  Descriptive Studies 
•  Explanatory Studies 

Research	  Design 

•  Experiment; Survey; Case study; Action research; 
Ground theory; Ethnography; Archival research Ressearch	  Strategy 

•  Quantitative Method  
•  Qualitative Method Research	  Method 

•  Cross-Sectional Studies 
•  Longitudinal studies Time	  Horizon	   

•  Literature Source: Business Source Premier; Google 
Scholar; Umea DIVA 

•  Data Source: DataStream 

Literature	  and	  Data	  
Source 

•  Level of access and level of ethical consideration 
•  Data protection and ethical consideration 
•  Bryman's four ethical principles 

Ethical	  
consideration 
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2.3 Research philosophy 

Research philosophy provides the background of how researchers understand the world, 
the choice of research philosophy reflects our knowledge, experiences, preconceptions, 
and research capability. Our knowledge, experiences which underpin the philosophy 
choice, will determine our research paradigm, strategy, design and method. (Saunders et 
al, 2009, p.128-129) 
 
When Bryman describes ontology view, he introduces the objectivism and 
constructivism as two antithetical dimensions. (Bryman & Bell, 2007, p.22) However, 
Saunders (2009 p.119) advocates that positivism can be understood through both 
ontology and epistemology views. It raises the confusion whether positivism should 
belong to an ontology view and be connected to objectivism, as Bryman said, or that 
positivism should not be tied to objectivism and can also be comprehended through an 
epistemology view as Saunders proposed. In 2014, Hanson stated that the root of 
positivism could be constructive instead of being tied only to objectivism. This makes 
us realize that our thesis might not be limited to the view of Bryman. When we discuss 
the positivism, we are set to think both in an epistemological way and an ontological 
way and then we will distinguish our philosophical choice of view with realism. We will 
also generally discuss our philosophical choice within the popular business 
philosophical paradigm.  

2.3.1	  Ontology-‐Positivism	  

According to Cederlund (2015), Ontology is more about what we are studying, while 
epistemology study more about why we are studying what (Cederlund, 2015, p.89). 
Many business researches give preference to ontological view to study the world. Jones 
et al (2011) believe ontologically constructed resource to be reliable (Jones et 
all,2011,p.632). Actually, by reading through their article, people could notice that 
international entrepreneurship, where overwhelming new information and large scale 
and cross-border players involving in the business activities, generates a very 
complicated business environment. If we only focus on studying each theme or studying 
some articles published in a certain year, we would get too many different conclusions 
such as importance of traditional view, Pattern ID and etc, compared with the 
importance of knowledge creation as organizational issues (Jones et all,2011,p.637). 
Ontology view accept the different explanations and contradictory findings in the world 
and describe them as they are. Meanwhile, some studies prefer to use natural science to 
describe the phenomena and the logic behind. This type of belief falls in positivism 
because, in Saunders’ view and Weber’s view, positivism approach, using numbers or 
statistics to undertake the matters, is in a value-free way (Saunders et al., 2009, p.114). 
In its epistemological assumption, positivists believe that their acceptable knowledge is 
built under a reality, which is independent out of human mind. (Saunders et al., 2009) 



	   20	  

The human experience of the world will reveal objects that lay down the foundation of 
human knowledge. (Weber, 2004, p.6) The positivist approach for the research 
undertaken is in a value-free way. Although the researcher is a part of the data collection 
process, the “feeling” of the researchers is less important in the research process 
(Saunders et al., 2009, p.114). Weber’s ontology view of positivism is closer to the 
Saunders’s “value free” opinion as well. Reality is separated from the individuals’ lives 
and the individuals’ lives that are both subjective and objective cannot affect the 
independent reality (Weber, 2004, p.5). We believe that our thesis would be quite close 
to the positivism philosophical view. As a university student without any successful 
investment experiences in gold and oil futures market, our opinions are not like Harvard 
professor in Finance or popular financial analysts that consistently beat the market. 
Consequently, our opinions cannot affect the data of gold and oil prices. Meanwhile, the 
data of oil, gold and stock prices are transparent and simply recorded without 
complicated calculation, the possibility for cooking the data to favor our idea is very 
low. In result, the data collection process is free from our personal value and mind. That 
is why, no matter it is in epistemological view or ontological view, the way we think 
about the world and the objects that the thesis study and reveal are studied in a natural 
science way with data collected from the public sources free from our personal value. 

2.3.2	  Ontology	  -‐	  Objectivism	  

According to Cederlund (2015), Ontology is more about what we are studying 
(Cederlund, 2015, p.89). However, in opposite to the positivism that using natural 
science method to study the objects, objectivism could be free from the natural science 
methodology and can be grounded in phenomenological context of subject matters. In 
Jones et al(2011) research study, they use ontology that are grounded in context of 
subject matter to classify out a system that could reflect the context and is flexible to 
response to new developments(Jones et all, 2011, p.635). Objectivism has its roots in 
realism and essentialism (Langacker & Lakoff, 1988, p.384). Therefore, similar to the 
view of realism to the world, objectivism sees that there is a real world external to the 
knower. It is independent of people’s mind and the structure of the world can be 
modeled and determined by relations, entities and properties. The supply of gold and 
crude oil is external, out of mind. How our minds recognize the change of the supply 
and the price of gold and stock market are independent of our human experience. 
Instead, our thoughts about how the volatility spillovers should be between the GOR 
ratio and stock returns are governed and reflected by external reality (Jonassen, 1991, 
p.9). Our thesis could fall in the idea of this philosophical view, especially when we 
need to distinguish ourselves from the subjectivist ontology view. However, our 
philosophical choice for the ontology view is closer to positivism than only an 
objectivism; as the objects that we can study will be easier and better for us to 
understand when we study them in a natural science way than a rhetoric way or a 
qualitative way.  
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2.3.3	  Epistemology	  -‐	  Interpretivism	  

While ontology is more about what we are studying, epistemology ponders more about 
why we are studying what (Cederlund, 2015, p.89). Cederlund (2015) has once referred 
to Maclnnis’s finding in 2011 in calling for conceptualization for marketing research 
and emphasizing on an epistemology view to study. They both realize that 
overwhelming empirical studies with descriptive accounts, narratives and intimate 
interactions have put the marketing business research in a superficial framework where 
we feel hard to understanding the deep meaning behand the evidences, choices and 
implications from the practice.(Cederlund, 2015,p.89) In their literature review, they 
realize that dominant ontological view of research has ignored many independent views 
or phenomena that could be observed by epistemological review such as sensemaking 
issue in B2B marketing(Cederlund,2015,p.90). The formal structured studies cannot 
conclude why person make decisions irrational and the influence of those decisions 
when they are the subject to make the choices and they put out many examples such as 
some executives making decision favoring speed over accuracy, satisfying with 
acceptable results and not optimization-oriented(Cederlund,2015,p.91). 
Same as the epistemology to study why we are studying what in the world, 
Interpretivism also focus on how the knowledge construct the world and how the 
attributes of the subjects influence the way they gain and use knowledge. As Weber 
(2004) recalled, Interpretivism recognizes the world could reflect individuals’ objective, 
history, culture, and experiences. The individuals’ perspective would shape the way how 
individuals construct the knowledge about the world (Weber, 2004, p.5). Saunders 
emphasizes on how the researchers comprehend the world according to their different 
roles as social actors. This construction of knowledge suits people and social actors 
better than some objects such as computers. Sometimes, even knowledge processed by 
the computers can be well interpreted by the interpretivism as the continual process of 
the computer programming consists of symbolic interactions that people have written 
the subjective language and rules into. It contains certain degree of uncertainty and 
ambiguity. It is thereby not free from value. It has phenomenology that builds the 
knowledge based on the sense of the world around the observers (Saunders et al., 2009, 
p.115-116). Our research philosophy is certainly not in this branch of school of the 
business research philosophy. 

2.3.4	  Epistemology	  -‐	  Constructionism	  

Rawwas et al (2012) specified that epistemology as a branch of philosophy can evaluate 
competing views between many knowledge aspects such as morality, nature, standards 
and etc (Rawwas et al,2012,p.525). By learning the attributes of people such as their 
experience, existence and knowledge, people could observe many logical relationship 
between their attributes and their ways to interact with the world such as people with 
epistemic virtues being more actively processing moral situations and showing more 
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opinions with moral thinking (Rawas et al, 2012, p. 525).  
Same as the epistemology to study why we are studying what and focus on the 
explanation of ongoing interaction between subjects and the surrounding objects, 
objectivism as another epistemological view also emphasizes on studying known or 
unknown objects that are being influenced by the knowledge, process of behaviors and 
attributes from the subjects in practice. While the emphasis of objectivism is on the 
known object, constructivism considers about how we construct knowledge. The 
formation of the acceptable knowledge is associated with prior practicality, cerebral 
structures, faith and perception (Jonassen, 1991, p.10). As we are neither the 
participants nor the influential market actors to the gold, oil and stock market, our prior 
knowledge cannot precedes all reasoning, it cannot affect how we perceive and interpret 
how we are a part of constructing the reality of the volatility of the gold, oil and stock 
(Mergler et al., 1986, p.1280). Even though our research has certain features such as 
being longitudinal in time horizon, we cannot say that our philosophical view is 
constructionism as the change of opinions, values and conclusions are varied due to the 
change of time instead of the change of our personal value. 

2.3.5	  Realism	  

Realism is one of the philosophical views that might probably be our best choice, if 
positivism is not a favorite for us. It indeed has several characteristics that are similar to 
positivism. They both utilize a scientific approach to study and implement the research. 
The underlying assumptions are similar as well. In realism, the two most outstanding 
branches are direct realism and critical realism. Direct realism believes that our sense of 
capturing the world is reliable. The information collected from our sensations is 
sufficient for an accurate research result. Meanwhile, critical realism believes the world 
to be multi-level. Standing on a different level to conduct research can even generate a 
contrasting understanding of the underlying research phenomena. In critical realism, our 
sensation could deceive us so that being on another level of structures, procedures and 
process is able to fundamentally change the research result (Saunders et al., 2009, 
p.114-p.115). 

2.4 Research paradigm	  

According to Burrell and Morgan (1982), the purpose of establishing four paradigms is 
to clarify the assumptions and facilitate the understanding and plotting of research. Our 
research paradigm is popular functionalist, which business and management researchers 
normally adopt. It is objective in an ontological perspective when we study the entities, 
the objects and the phenomena surrounding us. It is regulatory in that the research 
purpose is not to seek out and cast judgment or critical opinions which will 
fundamentally affect our existing acceptable knowledge and affairs. It rather focuses on 
providing recommendations and solutions to specific research questions and problems 
within a regulatory changing environment (Saunders et al., 2009, p.120-121). 
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2.5 Research Approach 

It is crucial to decide what approach should be used when doing research, because 
readers need to understand whether our research will generate new ideas or whether our 
research will test a theory. 
 
Our research approach consists of two methods, one is deduction another is induction. 
The difference between them is that one is testing theory and another is building theory. 
Recently, the complexity of the research increased so much that more and more 
researchers are using an abductive approach, which is a mixed approach between the 
two basic approaches. 
 
According to Ghauri & Gronhaug (2005), deduction and induction approaches are two 
methods to constitute theory and knowledge and then to draw conclusions about them. 
An induction approach usually draws conclusions from the empirical observations to 
build theory. The process is from the observations -> findings -> theory building. 
Afterwards, the newly built theory will be combined back with existing knowledge and 
this improves the theories as a whole. Therefore, theory building is always the result and 
the outcome of an induction approach (Ghauri & Grønhaug, 2005, p.124). 
 
In accordance with Merton (1967), Chalmers (1982) and Bryman and Bell (2007), a 
deduction approach often draws conclusions over logical reasoning, and it complies 
with quantitative research. When talking about logical reasoning, a deduction is always 
logical but logical reasoning may not be true in reality.  The process follows logical  -> 
testing -> draw conclusions (Ghauri & Grønhaug, 2005, p.124).  
 
Babbie (2013) has constructed an integrated induction and deduction cycle to illustrate 
the relationship and the differences between the two approaches. Compared with the 
discussion from Saunders (2009) and Bryman (2007), Babbie’s research cycle for 
induction and deduction is much easier to understand and illustrate. Babbie (2013) 
concludes that an induction approach moves from the observations or individual 
phenomena to a generalized pattern that represents some degree of order among the 
observations or individual phenomena (Babbie, 2013, p.22). A deduction approach goes 
in the opposite direction. It moves from the generalized pattern to observe whether there 
is a fit between observations and the patterns. The “whether” is usually examined by the 
observations which will test whether the pattern actually occurs (Babbie, 2013, p.22). 
The relationship between the two approaches is demonstrated as below: 
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Figure	  5	  Research	  approach	  circle 
Source: Babbie, 2013, p. 22. 
 
The induction is from observations to empirical generalizations and to theories. The 
deduction is from theories to hypotheses and to observations. In Saunders (2009), table 
4.2 highlights the main distinction for the inductive and deductive approaches, which 
leads us to further believe that our research approach is deduction. The deductive 
approach is more about formulating a hypothesis relating to a theory and then to test the 
theory in order to draw relevant conclusions. For instance, it moves from theory to data 
to explain a causal relationship between variables. The researchers are independent of 
the research process and the data collection is quantitative. As our thesis is researching 
quantitative data such as oil, gold and stock price data to describe a possible causal 
relationship between variables, it will go from a logic hypothesis formulation to theory 
testing. Consequently, the deduction approach is appropriate for our research purpose 
(Saunders et al., 2009, p.127). 
 

2.6 Research Design 

In consonance with how to answer the research questions, the answer of the study can 
be descriptive, exploratory, explanatory or a mixture of them all.  
 
Descriptive research can be a part of the exploratory research or the explanatory 
research. It can also be an extension of the exploratory and the explanatory research 
(Saunders et al., 2008, p.140). Nonetheless, the descriptive research punctuates that the 
purpose of the research is to describe the phenomena as clear and detailed as possible. 
The descriptive research contributes to future research evaluation, comparison and 
knowledge development by providing rich and accurate descriptions, even though the 
descriptive research cannot generate outstanding evaluation and analysis itself 
(Saunders et al., 2009, p.140).  
 
Our thesis cannot satisfy this design nature of the research purpose. The research topic 
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of this thesis cannot extract rich literature or a theoretical background while this thesis is 
not going through an interview. It is thereby going against the three principles of 
conducting exploratory research: a search of the literature, interviewing “experts” in the 
subject and conducting focus group interviews (Robson, 2002, p.59). 
 
Our thesis is not an explanatory type of research. The thesis must disclose some 
evidence to support a relationship between variables in order to be explanatory research. 
The evidence could be found during an event/case study, data mining, and observations 
and so on. It usually follows a statistical test to examine the correlation. But what is 
important is not the correlation itself, but the possible explanations behind the 
correlation. Therefore, it is required to go ahead and go beyond the data to figure out the 
characteristics and reliabilities of the relationship (Saunders et al., 2009, p.139-141). 
 
At the beginning, we are not sure about if there is any relationship between the variables 
we have chosen. Therefore, we only want to do a descriptive research that shows the 
volatility spillover between the variables. However, after we test the data and describe 
our findings, we realize that we could be able to explain some findings among the 
descriptive results. Therefore, we have done a descriptive-to-explanatory research in the 
end. We have demonstrated a possible relationship implied by the Garch (1,1) testing 
result. However, since there are many data results, such as those histograms and tables 
that are not from Garch(1,1), that we do not try to explain the meaning behind, we could 
say that we still have many pure descriptive findings. In general, we come from 
descriptive research, leaving many descriptive findings aside, to explain a little bit 
relationship between the GOR and the SP500. 
 

2.7 Research Strategy 

Our research strategy will be shaped by a lot of things, such as our research questions, 
goals, our knowledge base, the possible resources as well as our philosophical grounds. 
Experiment is used to analyze causal links, which is to test one independent variable as 
to whether it has any effect on another one or not (Hakim, 2000, p.127). As Saunders et 
al. (2009, p.142) stated, experiments mostly applying to exploratory and explanatory 
research for solving ‘how’ and ‘why’ questions. However, this strategy may be 
inappropriate for some businesses as well as management research questions (Saunders 
et al, 2009, p.141-142). 
 
Survey is both a famous and a widespread strategy in business and management 
research, and it is commonly adopted to justify who, what, where, how much and how 
many questions need to be asked. Since this approach is often linked to a deductive 
approach, it tends to be used for exploratory and descriptive research. Surveys can 
enable collection of amounts of data from a wide sample in an efficient way.  
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Robson (2002, p.178) defines a case study as ‘a strategy for doing research which 
involves an empirical investigation of a particular contemporary phenomenon within its 
real life context using multiple sources of evidence’. Yin (2003) notes that context, 
within a case study, shows that the area between the phenomenon being studied and the 
context within are not immediately clear. A case study can help define a detailed context 
and illustrate the methods being used, as well as the sample studied.(Morris and Wood, 
1991). A case study strategy enables the chance to ask the ‘why’, ‘what’ and ‘where’ 
questions, This explains why the case study strategy is often used in explanatory and 
exploratory research. The data collection techniques used can be various and often used 
together. 
 
Then it comes to the action research, which was first mentioned in 1946, it contains four 
main points. The first point is to highlight the aim of the research, and then the degree 
of participation. Thirdly, the relationship between practitioners and researchers on 
whichever level. The third point is important because once you have made the context 
and purpose, there should be a process from diagnosing the action at first, planning how 
to take action, taking the action and eventually evaluating the result. Once done, it will 
lead into the next same process until a satisfactory result has been reached. Lastly, 
action research should have advancement, it should lead into other contexts. So based 
on these features, action research is suitable for the how questions. 
 
Grounded theory is a way of qualitative research, based on the original, experiential 
materials to build the theory. It emphasizes and promotes the theory from the materials. 
Only by deeply analysing the data can research form the frame of the theory, so 
basically it is a process of conclusion. The prime job of grounded theory is to build an 
essence theory from the grand theories and hypothesis of the micro-operations. Keep 
comparing is the core analysis idea of grounded theory, between data and data, as well 
as between theories and theories. Then based on the relationship, refine the category and 
its properties. Trying to be flexible during the grounded theory, by using the related 
references can broad our horizon, offer new concepts and theoretical frames, but in the 
meantime, is not constrained by the existing theories. 
 
Ethnography, it is like a part of anthropology. The aim is to give an explanation of 
society in the way that a particular society will explain. So it costs time and energy, 
researchers should be absorbed into that society in order to observe things and conduct 
research. 
 
Last but not the least, is the archival research. Similar to the process of grounded theory, 
but by using archival research strategy, we can focus on previous patterns and make 
changes as time goes by. The point is that archival research should be based on the 
original data analysis, otherwise there might be the danger of misleading research. We 
are not to study the old data but use it in a modern context. Also the records might not 
be that suitable or accurate, they can only be supplementary to your research. 
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As we describe above, we are not conducting experimental strategy, because our thesis 
only answers“what”and “if”questions  instead of “how”and “why”questions. 
And it is obvious that we are not using survey strategy or case studies, because we did 
not send any questionnaires and did not conduct any interviews. We are not using 
grounded theory since it is a way of qualitative research. In conclusion, archival 
research is our best choice, it is the most suitable for us in order to compare to others. 
What we are doing is to find administrative records and documents as our principal 
source of data. We do not conduct any secondary data analysis. 

2.8 Research Method 

The research method here refers to the data collection techniques that basically consist 
of two types of methods: quantitative and qualitative. 
 
A quantitative method follows a procedure from collecting to the generation of 
numerical data while the a qualitative method produces non-numerical data as the 
output. The main difference between the two types of methods is whether their data 
analysis and production is numerical or not (Saunders et al., 2009, p.151). 
 
According to Saunders (2009), research methods that focus on either quantitative or 
qualitative research are only mono-method research. However, research method is not 
that simple. Research method will be very complicated when there are multiple methods 
used. In general, multiple methods can be divided into two categories: multi-method and 
mixed-method. They are similar in the way that there will be both qualitative method 
and qualitative analysis used while there are quantitative data collection methods and 
quantitative analysis processed at the same time. Nevertheless, the main difference 
between them is whether they can combine quantitative and qualitative method into one 
research or not (Saunders et al., 2009).   
 
How to make a choice of the research design? Smith (1981, in Saunders et al. p.154) 
argues that quantitative and qualitative data collection techniques and analysis have 
their own procedures. Each method adopts certain types of data collection techniques 
which will constitute a particular result. However, both Smith and Bryman (2007) agree 
that it is challenging to be sure about the nature of the effect from the choice of research 
design. A research result can be affected by multiple factors, such as strict selected 
method, anticipated research result and the acceptance to implement a type of method. 
Bryman (2007) provides seven reasons for choosing mixed methods: triangulation, 
facilitation, complementarity, generality, aid interpretation, study different aspects and 
solving a puzzle. Therefore, Saunders suggests clear research questions and objectives 
to guide the method to enable research in order to meet expectations instead of 
theoretically connecting one research method, based on several reasons. 
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2.9 Time Horizon  

When doing the research, we need to know if we want to study at a specific time or a 
period. This it is crucial for us to determine which time horizon we should choose. 
Meanwhile, our choice of time horizon will not be affected by our research strategy and 
our choice of method (Saunders et al., 2009, p.155). 
 
There are four characters for cross-sectional study, which are discussed by Bryman & 
Bell (2007). Firstly, cross-sectional study emphasizes using variation, namely, using 
more than one type of independent variable to study the relationship between them and 
the dependent variables. The type can be people, countries, institutions, or whatsoever. 
This is called “more than one case” by Bryman & Bell (2007). Secondly, cross sectional 
study collects all the variables at a specific time point. Thirdly, the cross sectional study 
can be used both in a quantitative or a qualitative method, as long as there is 
quantifiable data. Lastly, the cross sectional study is interested in finding the patterns of 
association between variables across different factors (Byrman & Bell, 2007, p.55). 
 
In our thesis, we analyze the volatility relationship between the GOR and the stock 
market, but only in the U.S. And the most important thing is that when we conduct the 
research, we select 25 years as our research time length. More specifically, our study 
period is from the year 1995 to the year 2015. Longitudinal study, on the other hand, is 
able to study the change and development of events over time. And it apparently more 
suited to our case when comparing to cross-sectional study. 

2.10 Literature and Data Source 

Due to our archival research strategy, we mainly collect data from secondary sources 
which are not directly from experiences, experiments, interviews or practical research. 
Instead, we obtain information from databases generated by a third party, previous 
researchers and public sources. Our literatures are all peer reviewed articles from 
authorized sources such as Business Source Premier (EBSCO). In order to search out 
more relevant articles relating to our key words, we have searched through Umea 
University Diva and Google Scholar to ensure that we have not missed any relevant 
articles that closely relate to a relatively new research topic. The keywords we have 
searched include: the GOR, the relationship between gold and oil, the relationship 
between the GOR and stock market return, the relationship between gold and stock 
market return, the relationship between oil and stock market return, Gold price 
volatility, oil price volatility and the S&P 500 index. We have also partially read articles 
relating to keywords such as S&P 500 index volatility, composite index return, gold 
price and oil price to enrich our understanding of the underlying indices studied in our 
research topic. Meanwhile, we obtain quantitative data from DataStream, which is the 
most common and reliable database for research in finance. 
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We try to improve our literature review quality and accuracy by paying close attention 
to the time frame of the articles we referred to and the literature source we mostly use. 
We have both historical articles and the most up to date articles in our literature review. 
We mostly refer to scientific peer reviewed articles published in famous business 
journals. We try to avoid only refering to textbooks, surveys or books that are lacking 
peer review. We also try to avoid only refering to internet sources for some research 
questions, that are in the frontier of the research area. When we have to refer to an 
internet source, we try to avoid drawing any conclusion or to generate ideas out of the 
knowledge from the internet source, which leads to a descriptive research design for our 
research. 

2.11 Ethics consideration 

In Bryman & Bell (2007)'s view ethics in business research is a topic any research 
cannot avoid. Discussion about the ethics is a discussion about the role of values in the 
research process (Bryman & Bell, 2007, p.127). It is based on the discussion about the 
role of values that we came into the discussion about the ethical principles and ethical 
problems. It looks like ethical consideration is a limitation or a responsibility that shapes 
our research process. Howbeit, Saunders et al. (2009) regards ethical consideration as an 
essential part of the research. They reveal that ethic consideration is closely relating to 
the level of access to the data of the research. Therefore, Saunders believes that “ethics 
are critical aspects for the success of any research project” (Saunders et al., 2009, 
p.168). 
Using the manual given to every student by Umeå School of Business and Economics to 
follow guided the research ethics when writing the thesis. The handbook contains all the 
required information in terms of structure of the thesis and ethical guidelines for the 
student to follow during their research. 
 
For our thesis, our quantitative method incorporated with archival strategy induces a 
research process that has far less potential for ethical problems. Our research does not 
require a social contact to be able to gain access to the data. Therefore, our thesis does 
not need to follow a very strict or specific social norm indicating what type of behaviour 
a person ought to follow (Robson 2002). Our thesis does not concern both de-
ontological and a teleological view, which relates to whether the end result of the thesis 
can be justified by data collection (Saunders et al., 2009, p.184). During the research 
process, the participants that create the data are hardly to be harmed. As our data is 
retrieved mainly from DataStream. For the privacy of the data generator, DataStream 
protects the confidentiality and the reactions of the participants (Saunders et al., 2009, 
p.184). Most of the data is from public sources and open to all stakeholders. However, 
there are still two parties that might be affected by this research. They are investors who 
might believe in the result of this thesis and the object party that is being studied due to 
our research objective and purpose. Our thesis is a descriptive design research. 
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Therefore, we will objectively describe whatever data we see. At the same time, we do 
not provide any biased financial suggestion to prompt investors to follow certain 
financial actions. Therefore, the effects on the way we use, analyze and report the data 
can avoid the harm and interest conflicts towards the investors (Saunders et al., 2009, 
p.186). 
 
Without research participants in the data generating process, our thesis fits better with 
Bryman’s four ethical principles, when we discuss its ethical consideration. The four 
principles are: whether there is harm to participants, whether there is a lack of informed 
consent, whether there is an invasion of privacy and whether deception is involved 
(Bryman & Bell, 2007, p.132). The first principle is about ethical behavior. It even 
mentioned the code of conduct and AoM Code of Ethical Conduct that could be referred 
to. The conduct can ensure the protection of confidentiality. It reveals the pros and cons 
of anonymity and how it reconciles between protecting the participants and improving 
the effectiveness of research result (Bryman & Bell, 2007, p.133). As the gold, oil and 
stock data is relating to the general financial performance of the market or a financial 
asset, there is no possibility to harm to a specific company or financial institution by 
invading privacy, lacking of informed consent or deceiving the participants. Meanwhile, 
we highlighted our research objective to reduce the possibility of information 
asymmetry caused by unethical research purpose to further avoid invasion of privacy 
and lack of informed consent (Bryman & Bell, 2007, p.137-140). 
 
Our research is particularly relevant to ethical consideration when we discuss data 
protection. The 1998 Data Protection Act legitimates and ensures the protection of 
personal data. This protection covers the whole period from obtaining, processing, 
analyzing data to reporting data (Bryman & Bell, 2007, p.143). However, the data from 
DataStream has appropriate technical and organizational measures. Meanwhile, the oil, 
gold and S&P 500 index stock prices are publicly available and will not harm 
individuals. 
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2.12 Summary of Research Methodology	  

	  
Figure	  6	  Summary	  of	  research	  methodology	  
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CHAPTER 3 Theoretical Framework     

In this part we present the theories that are related to our research. We start with 
introducing the Efficient Market Theory and Modern Portfolio Theory. In the Modern 
portfolio theory section, we describe different elements and introduce main parts by 
following the MTP process. Then we show Behavioral Finance together with EMT and 
MPT, which helps explain volatility in the market. Following that, we introduce 
Volatility, which is our main research area. Two of our research elements gold and oil 
are presented in the commodity market section, where we explain the benchmarks of 
gold and oil prices. Lastly, we show our variables which are the GOR and the S&P 500 
index, which we connect together using the volatility spillover effect. We also produce a 
model based on all the theories we introduced above.  

3.1 Dominant Paradigms 

3.1.1 Random Walk and the Efficient Market 

The random walk theory was first proposed by the British statistician Maurice Kendall 
in 1953, which states that the movements of stock prices are random and unpredictable 
(Brealey et al., 2006, p. 334). Many scholars have been inspired to continue to develop 
and test models tracking the behavior of stock prices, whereas the random walk theory 
casts doubt to these models (Fama, 1995, p.75). If these practical models for predicting 
the future price are useful, then why have countless investors made losses rather than 
consequent profits? Instead, investors often make good use of price information when 
trading (Brealey et al., 2006, p. 337). However, all the information from historical prices 
will only be in response to the price today not tomorrow (Brealey et al., 2006, p. 337). 
Consequently, prices follow the random walk theory and reflect all available 
information that illustrates a well-functioning and efficient market (Bodie et al., 2011, 
pp. 371). This notion is referred to as the efficient market hypothesis (EMH) (Bodie et 
al., 2011, p. 373). 

The EMH is built on three assumptions: firstly, a large number of participants are 
competing in the market; secondly, information can be achieved readily and costless; 
thirdly, transactions are at little cost (Mayo, 1997, p. 235). However, in the real world 
the first and second requirements are apparently fulfilled but not the last one (Mayo, 
1997, p. 236). The commissions or fee of trading is relatively higher for individual 
traders as opposed to financial institutions in terms of trading volume (Mayo, 1997, p. 
236). If the markets are efficient, the stock prices should be consistent with their 
fundamentals and associated to all known information. Moreover, stock prices must 
adjust rapidly as soon as new information is released. It is meaningless to use financial 
analysis that measures the stock’s value, since today’s price is measured already. The 
EMH hypothesis claims that stocks with undervalued or overvalued prices are not stable 
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and changeable. The equilibrium prices can be reached only if there are no more 
incentives for changing the price. Because of random and unpredictable stock price 
movement, the investors cannot constantly outperform the market (Mayo, 1997, p. 235-
237). While if the markets are not so efficient and the price did not adjust rapidly, then 
there are chances for investors to outperform the markets by taking advantage of price 
changes before reaching equilibrium. Being aware of how efficient the markets are is 
vital for investors. These proper techniques of financial analysis can help investors in 
determining stock value and taking better investment decisions (Mayo, 1997, p. 238-
239). 

There are three forms of market efficiency that are classified according to the 
information reflecting the level of security prices: weak, semi-strong and strong. In the 
markets with weak efficiency, the prices move randomly and capture all the information 
contained in the past stock price. Moreover, investors cannot make constantly high 
profits by following pattern of past return. In the markets with semi-strong efficiency, 
prices capture all publicly available information and adjust instantly to the new 
published information. In markets with strong efficiency, prices capture all the relevant 
information, both public and private (Brealey et al., 2014, p. 324-325). In the early 
establishment of EMH it was considered that the well-defined facts of real market and 
were undoubted (Brealey et al., 2014, p. 328). However, from the beginning of the 21st 
century, the hypothesis dominant position started to be challenged (Malkiel, 2003, p. 
60). 

Many evidences of anomalies which challenge EMH were revealed by financial 
journals (Brealey et al., 2014, p. 328). Anomalies imply that the market price is different 
from the fundamental value (Wang et al., 2014, p.1755). Theoretically, there are no 
opportunities to make abnormal returns in an efficient market (Brealey et al., 2014, p. 
328). Practically, anomalies can occur in many circumstances which enable investors to 
make abnormal returns. For instance, the leakage of information enables some investors 
to know the relevant information earlier than the public, which can drive stock prices to 
begin increasing, sometime before the information is published officially (Bodie et al., 
2011, pp. 382). The study from Fama and French (1998) reveals that value stocks have 
higher returns than growth stocks in global markets. Fischer (1986) states that noise 
trading makes the market somewhat inefficient. Jegadeesh et al. (2004 citied in Bodie et 
al., 2011, pp. 397) finds out that the changes of consensus recommendations are relevant 
to the changes of stock price. Wang et al (2014) argues that information asymmetry can 
cause mispricing, where uninformed investors require higher cost of capital than 
informed investors as a result of less information achieved. Furthermore, the new 
generation of economists believes that future stock prices can be more or less forecasted 
based on the historical price patterns and certain fundamental valuation metrics. They 
also highlight the significant influence of psychology and behavior on stock price 
(Malkiel, 2003, p. 60). In conclusion, there are numerous anomalies against EMH, 
which drive stock markets movement and make the outcome complex and volatile. 

In the 1980s, the excess volatility of stock prices became the concern since it was 
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beyond the prediction of an efficient market model (Shiller, 2003, p.84). Malkiel (2003, 
p.60) argues that real stock markets are less efficient and more predictable. The large 
and unexpected swings occurring on common stocks indices are the reason of the price 
changes due to the inefficient reflection of new information (Grossman & Shiller, 1980. 
p.222). The stock price change is not only simply following the EMH but also 
associates to these anomalies. Therefore stock markets and prices are highly volatile. 
However Peters (1996, p.5) argues that a healthy market is the one with volatility rather 
than necessarily fair prices, compared to an efficient market, a market where the assets 
are fairly priced corresponding to the available information, futhermore a low-volatility 
market is unhealthy. 

3.1.2 Modern portfolio theory (MPT) 

After introducing how stock markets work and how the investors behave in stock 
markets, we will present what investments investors should make. We believe this part 
will help the reader understand the reason we choose a mix of gold and oil as the tool to 
measure the performance of stock markets. For the investors, it is also important to 
know portfolio theories in order to eliminate certain risks when making investments. 

The portfolio theory originated from Harry Markowitz’s breakthrough paper “Portfolio 
Selection” on 1952, which awarded him the Nobel Prize in 1990 (Rubinstein, 2002, 
p.1041). Markowitz focused on the common practice of portfolio diversification and 
revealed that investors could choose stocks with different movements to decrease the 
standard deviation of portfolio returns (Brealey et al., 2014, p. 190). This portfolio 
theory gives the birth of MPT (Rubinstein, 2002, p.1041). MPT has the most impact on 
the practice of portfolio management and is now considered as the norm in investment 
management (Fabozzi et al. 2002, p.7). MPT furnishes a frame for constructing and 
selecting portfolios, which is founded upon the investments’ expected performance and 
the investors’ risk appetite (Fabozzi et al. 2002, p.7). All the investments are along with 
risks; even the U.S. Treasury bills as the safest investment are still influenced by 
inflation risks (Brealey et al., 2014, p. 160). The investors are looking for investments 
with best combination of high return and low return. This enhances the wild application 
of MTP. 

The core concept of MPT is diversification, which means creating a diversified portfolio 
by not putting all the money in one single investment (Fabozzi et al. 2002, p.7). The 
reason behind diversification is that the prices of different stocks don’t move exactly 
together (Brealey et al., 2014, p. 172). Even a small diversification can contribute to 
decreasing variability of a portfolio; therefore diversification reduces the risk (Brealey 
et al., 2014, p. 172). (Fabozzi et al. 2002) has summed up the MPT investment process 
(see. figure 7), which is also called mean-variance optimization or the theory of 
portfolio selection (Fabozzi et al. 2002, p.7). This theory shows how to make an optimal 
portfolio by trading off risk-return or following  a mean-variance efficient frontier under 
the given estimation of the returns, volatilities and correlation among the investments 
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and restrictions from investment choices (Fabozzi et al. 2002, p.9). As the graph shows, 
the investors’ final goal is to get the optimal portfolio. Following this we will give a 
brief introduction of the models from the MPT investment process that are relevant to 
our research. 

                   
 

 

Figure	  7	  The	  MPT	  investment	  process 
Source : Fabozzi et al., 2002, p.8 

3.1.2.1	  Expected	  return	  of	  a	  portfolio	  

The expected return is the weighted average of the possible returns under the probability 
distribution of returns given, and the weight corresponds to the probabilities (Berk & 
DeMarzo, 2013, p 316). The expected return of a portfolio is the weighted average of 
the expected returns of all individual investments within it (Berk & DeMarzo, 2013, p 
387). The formula of the expected return of a portfolio is: 

                                                                                                           𝐸 𝑅𝑝 =   𝛴𝑖  𝑥𝑖  𝐸   𝑅𝑖  

Equation 1 Expected return for portfolio 
xi ＝the weight of each individual investment on the portfolio, sum of xi is 1.          
Ri =the return of each individual investment on the portfolio 
Rp = the weighted average of the returns on the investments in the portfolio 

3.1.2.2	  Variance,	  Standard	  deviation	  and	  Volatility	  

There are two common measurements on the risks of the probability distribution, 
namely variance and standard deviation, and the standard deviation of a return can be 
referred to as volatility (Berk & DeMarzo, 2013, p 318). Volatility is widely accepted as 
the tool for measuring percentage changes in prices or rates of return, and the stock 
return volatility can be measured by the standard deviation in financial academic area 
(Schwert, 2011, p.790-792). Moreover the variability of the returns can be both 
measured by variance and standard deviation (Berk & DeMarzo, 2013, p 318). The 
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relationships among these variables are that standard deviation is the same as volatility 
and equals the square root of the variance (Berk & DeMarzo, 2013, p 323). The 
equation of estimation on standard deviation or volatility of returns (like the S&P 500  
index) based on the average realized return is (Berk & DeMarzo, 2013, p 323): 

                                          𝑉𝑎𝑟  (𝑅)   =   
1

𝑇 − 1    (𝑅!

!

!!!

− 𝑅)2  

Equation	  2	  Variance	  estimate	  using	  realised	  returns	  

T= calculated period	  
R=realized return 
R  =estimated average return	  

The realized return is the actual return collected from the historical data. The reason 
why we estimated the average realized return is because we can only calculate the mean 
from the realized return and are not able to find the exactly expected mean value. In 
order to estimate the variance, we need to calculate average squared deviation from the 
mean. Thus it needs to use the best estimated mean value from the realized return by 
adjusting the time frame with consideration of degree of freedom. The adjustment is 
This 1/(T-1) and the T - 1 is the degree of freedom as there is only T - 1 independent 
variables that can change by themselves (Berk & DeMarzo, 2013, p 323). There is 
always one variable that is already decided by all other independent variables due to that 
we do not know the true expected return and we have to calculate deviations from the 
estimated average return. In the time of variance estimate using realized returns, we can 
calculate the historical volatility of the returns, the equation is (Berk & DeMarzo, 2013, 
p 323): 

𝑆𝐷 𝑅 =    𝑉𝑎𝑟(𝑅) 

Equation	  3	  Portfolio	  standard	  deviation	  

SD= standard deviation	  
Var = variance	  
R=realized return	  

The meaning of calculating the standard deviation is to know whether the return can 
deviate from its mean and is risk-free or not. If the return is risk free return, the variance 
and its standard deviation are zero.  

3.1.2.3	  Trade-‐off	  between	  risk	  and	  return	  

The stock market is full of risks with many possible outcomes, and the total risk of all 
stocks can be characterized by diversifiable risk and market risk (Brealey et al., 2014, 
p.190). Creating a well-diversified portfolio can eliminate diversifiable risk, on the 
contrary, market risk cannot be eliminated since it has market-wide variations (Brealey 
et al., 2014, p.190). The standard deviation measures total variability or total risk in the 
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portfolio (Risk and Return: Diversification). Therefore volatility can be used to measure 
risk. 

Making investment is a trade-off between risk and return. The risk return trade-off is 
fundamental to finance (Lundblad, 2007, p.123). Here the return is referred as expected 
return rather than real return (Hull, 2012, p.2). The possibility of getting higher returns 
increases with higher risk. The more risk an investor takes the more return he or she can 
get (Hull, 2012, p.2). Most investors are risk averse, prefering to increase expected 
returns, meanwhile declining the standard deviation of return (Hull, 2012, p.2). Hence 
efficient portfolios are sought after more than ever today. Especially those which are 
offering the highest possible expected return for a given level of volatility (Berk & 
DeMarzo, 2013, p.371). The efficient frontier consists of a set of portfolios offering 
maximized expected return for each level of risk (Bodie et al., 2011, p. 252). 

There are two sources for investors to create portfolios, which are risk-free asset and 
risky asset (Berk & DeMarzo, 2013, p.371). One way to maximize the diversification 
for decreasing the risks is to add all risky assets like stocks; another way of decreasing 
risk is investing on risk-free asset like Treasury bills (Berk & DeMarzo, 2013, p.371). 
The tangent portfolio is the optimal portfolio, which is the combination of the risk-free 
investment with the highest reward-to-volatility ratio and the risky investment (Berk & 
DeMarzo, 2013, p.373). Figure 8 shows the combinations of the risk-free asset and the 
tangent portfolios, which offer the best trade-off between risk and return (Berk & 
DeMarzo, 2013, p.374). 

 

Figure	  8	  The	  tangent	  or	  efficient	  portfolio	  

Source: Berk and DeMarzo 2013, p.374 

Moreover there is also a positive relationship between historical average return and 
volatility of different investments for a large portfolio, which shows (see. Figure 9) the 
investment with higher volatility has rewarded investors with higher average return 
(Berk & DeMarzo, 2013, p.327). Therefore, volatility can be used as a reasonable tool 
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for measuring risk when evaluating a large portfolio like the S&P 500 index (Berk & 
DeMarzo, 2013, p.328). Hence, we can see the critical significance of studying 
volatility that can help the investors to better manage risk and forecast the future return 
on their portfolio investment. 

 

Figure	  9	  The	  historical	  trade-‐off	  between	  risk	  and	  return	  in	  large	  portfolio	  

Source: Berk and DeMarzo 2013, p.327 

3.2 Behavioral finance 

Nowadays, Behavioral finance as one of the most crucial subjects goes much against 
efficient markets theory (Shiller, 2003, p.83). Behavioral finance is the study showing 
how the psychology of financial practitioners influences on both their behaviors and 
markets’ subsequent effect, which helps to explain the reason of inefficient market 
(Sewell, 2007, p.1). 

Many economist and scholars have developed lots of surprising and profound theories 
and models on behavioral finance, which aim to contribute to a better understanding of 
the stock markets in terms of the behavior of investors. One famous model is prospect 
theory from Kahneman and Tversky (1979). They found that people underestimate 
outcomes with a rare possibility compared with outcomes with certainty (Kahneman 
and Tversky, 1979). This tendency, namely isolation effect, has contributed both to risk 
aversion when making decisions related to insure gain and to risk seeking when make 
decisions related to insure loss (Kahneman and Tversky, 1979). The prospect theory is 
developed under two circumstances: firstly, the value is allocated to gains and losses 
instead of final assets; secondly, the probabilities are changed into decision weights 
(Kahneman and Tversky, 1979). The convex curve represents losses and the concave 
curve represents gains. In addition, for losses it is normally steeper than for gains on 
value function (see. Figure 10) (Kahneman and Tversky, 1979). Kahneman and Tversky 
(1979) identify four different patterns on risk attitudes through the prospect theory. Risk 
aversion tends to pursue moderate gains as long as it is with a high probability. 
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Meanwhile, it appreciates investment that has low probability of loss. Risk seeking 
investors look for high return even though the probability is low and in this case there is 
high probability of high or moderate loss (Sewell, 2007, p.2). 

	  

Figure	  10	  Prospect	  theory	  model 
Source: Kahneman and Tversky, 1979, p 3. 

After the prospect theory, the behavior finance entered into a flourishing early stage. 
Many studies and findings have further contributed to the development of this area, such 
as the model of consumer behavior involving mental accounting (Thaler, 1985); Dual 
theory (Yaari, 1987); Reference-dependent model of riskless choice (Tversky and 
Kahneman, 1991); Herd behavior model (Banerjee, 1992); Cumulative prospect theory 
(Tversky and Kahneman, 1992); Myopic loss aversion (Benartzi and Thaler, 1995); 
Conservatism principle (Basu, 1997); Mixture model of expected utility theory and 
prospect theory (Harrison and Rutström 2009), and so on (cited in Sewell, 2007, p.3-
7).   

Increasingly, the economists believe the anomalies against the efficient-market theory 
consist of irrational decisions made by the investors (Bodie et al., 2011, p. 410). Assume 
all the investors behave rationally by following the efficient-market hypothesis, and 
then it is not necessary to find behavioral theory (Wärneryd, 2001, p.41). However, the 
real market shows imperfection (Wärneryd, 2001, p.41). Some also argue the stock 
prices sometimes are different from the fundamental value that maybe caused by the 
idea that the investors do not trade in rational way all the time (Brealey et al., 2014, p. 
333). 

There are two types of irrational investors: the first type of investors deduces 
inappropriate probability distribution of future rates of return as the result of often 
assessing the information in an incorrect way; and the second type of investors 
frequently makes consistently suboptimal choices (Bodie et al., 2011, p. 410). On the 
contrary, the rational investors take advantage of the market inefficiencies and exploit 
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the arbitrage opportunities (Brealey et al., 2014, p. 334). The arbitrage is defined as a 
strategy on investment that generates superior returns with no risks (Brealey et al., 2014, 
p. 334). If the market is efficient, the arbitrage will force the abnormal prices back to 
normal as the result of that the arbitrageur makes profit through buying low and selling 
high till reaching the fundamental value (Brealey et al., 2014, p. 334).  The costs of 
arbitrage can cause large deviations of prices from fundamental (Pontiff, 1996, p.1135). 
As a result the stock prices become volatile. Moreover the volatile “arbitrage” positions 
expose the arbitrageurs to the risks of loss and the portfolio liquidated (Shleifer & 
Vishny, 1997, p.55). Nevertheless, there are limits to the arbitrage such as trading costs, 
sell shorts (Brealey et al., 2014, p. 334). The section of behavior finance can help to 
understand the volatility of stock market in the inefficient market. 

3.3 Volatility 

3.3.1	  Volatility	  

Random walk theory, efficient market theory, modern portfolio theory and behavioral 
finance help on explaining the volatility of stock markets. Volatility is the central 
concept of our paper and we introduce main theories to link it in a broader scale. 
Volatility as a phenomenon and as a concept has been generating great attention from 
the modern financial markets and academic researchers. Regardless many investors 
show aversion against market fluctuations, volatility also triggers superior returns along 
with risks (Siegel 1998. p.277). Portfolio managers and risk arbitrageurs as well as 
corporate treasurers intently supervise the trends of volatility, since the price change 
would affect their investment and risk management decisions (Kalotychou & Staikouras, 
2009, cited in Gregoriou, 2009, p.4). 

Some assume that the reason for the occurring volatility of a stock or other asset is 
because of newly published information, while the research shows that the volatility is 
mostly the result of trading itself (Hull, 2012, p.207). Trading based on knowledge that 
the price of an asset is different from its fundamental value (Shleifer et al., 1990, p. 148). 
And the market fundamentals are based on the price of an asset that must only reflect 
the information both from current and future return of this asset, it should be under the 
assumption of rational behavior and rational expectation (Blanchard and Watson, 1982, 
p.2). 

Volatility is a mirror of inevitable market experience reflecting three elements that are 
closely associated and interactive among each other: fundamentals, information and 
market expectations. The adjustments of equity prices respond because of the changes 
from different sectors of our society for instance: economic, political and monetary. 
These changes have shaped the intensity of price fluctuations and drive the market price 
movement. At the same time, the information that changes the fundamentals should 
enlighten market activity and lead a change on future price. Indeed, the process is 
regarded as a sequence of  changes among fundamentals, information arrival as well as 
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new expectations. Consequently, a new trading position is created (Gregoriou, 2009, 
p.5). So volatility also appears. Likewise, Clark (1973), Tauchen and Pitts (1983) and 
Ross (1983) confirm that volatility is a better proxy of information since high volatility 
may occur rather than a significant and visible return when the information flows across 
the markets (Mensi et, al. 2013.p.17). 

3.3.2	  Volatility	  and	  financial	  crisis	  

Many studies (e.g. Chan et al, 2011; Hsu and Feifei, 2009; Schwert, 2011) have showed 
a positive relationship between volatility and financial crisis. The financial crisis is 
referred as economic uncertainty and decline. Likewise, Chan et al, (2011) conform that 
the economic expansion is characterized by lower volatility and significantly positive 
stock returns, while economic decline is characterized by higher volatility and sharply 
negative stock returns. 

Hsu and Feifei (2009) study U.S equity market volatility under the average bull market 
and average bear market and made a comparison of volatility in both markets. They find 
U.S equity market volatility is significantly higher in bear markets and recessions, the 
increasing volatility of down/contracting market can be explained by macroconomic 
instability. Under the period of down/contracting market, the shocks to the economic 
productive sectors occur more serious and often and the investors experience the 
declines both on wealth and risk taking (Hsu and Feifei, 2009, cited in Gregoriou (2009) 
p. 196-197). 

Another study from Schwert (2011) focuses on the changes of stock volatility in U.S 
over time by using monthly returns from 1802 to 2010 and daily returns from 1885 to 
2010 as well as intraday returns from 1982 to 2010, where specially highlighted the 
change under the financial crises. By producing different figures of standard deviation 
of return (see. Figure 11), Schwert (2011) finds that Great Depression from 1929 to 
1939 was highlighted with high levels of stock market volatility, and October 1987 
crash leaded by one of the highest volatilities, following the 2008 crisis the shock raised 
the second largest flow of volatility. Hence volatility can be seen as an alert of unstable 
financial condition and economic risks. Studying volatility can therefore enhance the 
understanding of stock market behavior during financial crises. 
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Figure	  11	  The	  standard	  deviation	  of	  monthly	  US	  stock	  returns	  from	  1885	  to	  2010 
Source: Schwert (2011), p.794 

3.4 Commodity market 

3.4.1	  Commodity	  market	  and	  Hedging	  

Commodity can be defined by Webster’s New Universal Unabridged Dictionary (1996) 
as any unprocessed or partially processed good namely grains, fruits, vegetables or 
precious metals (Secomandi, 2010, p. 449). However, it also includes energy source for 
instance, coal, oil and natural gas (Secomandi, 2010, p. 449). On a financial scale, 
commodity prices are variable and volatile since the storage of the assets enables their 
merchants to exercise a real option to buy at a low price and sell at a higher price later 
(Secomandi, 2010, p. 449). From the early 2000s, the investments started flowing into 
the commodity markets at an unprecedented speed and increased from $ 15 billion in 
2003 to $ 250 billion in 2009 (Irwin and Sanders, 2011; cited by Adams and Glück, 
2014/13, p.1). The huge growth of commodities markets is attributed to investments 
from commodity futures and commodity index funds (Daskalaki and Skiadopoulos, 
2011, p. 2606). The most common strategy of commodity investment is to use 
commodity indices, which work similarly to an equity index like the S&P 500 index. 
Namely, the investors hold a basket of commodities in a given commodity index, which 
typically is based on commodity futures prices (Tang and Xiong, 2012, p.58). As well, 
the investors from index trading can act as a channel to spill volatility from outside 
financial markets on and across commodity markets. Consequently, the commodity 
prices have increased to a significantly high level, and the inherent fluctuations have 
also experienced a fundamental change (Basak and Pavlova, 2014, p.1). For instance 
(see. Figure 12), the futures prices of five main representative commodities from five 
major commodities markets including energy, grains, softs, livestock and metal have 
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become higher and more volatile in the past decade. The synchronized boom and bust 
cycles start after 2004 (Tang and Xiong, 2012, p.56-58). 

The two largest commodity indices in term of the market share are the S&P GSCI and 
the DJ-UBSCI. The former one is weighted by the world production of each commodity 
and the later one depends on the relative volume of trading activity on a specific 
commodity (Tang and Xiong, 2012, p.59). The S&P GSCI is heavily weighted toward 
the energy sector, contrarily the DJ-UBSCI consists of the sector constraints 
compensating for the S&P GSCI and limits the weights of the energy sector (A Brief 
History Of Commodities Indexes, 2010). WTI crude oil is outstanding in the energy 
sector of both indices by alone occupying 40.6% on the S&P GSCI and 15.0% on the 
DJ-UBSC among all the commodities with futures contracts traded in the United States 
in 2008 (Tang and Xiong, 2012, p.59). Hence, oil is always taken as a research 
benchmark by academics when studying the relation between commodity and stock 
market. Consistent with this idea, Tang and Xiong (2012) find the prices of non-energy 
commodity futures have become more correlated with oil prices in US in line with great 
growth of index investment in commodity markets. And this trend has been 
significantly highlighted in both the S&P GSCI and the DJ-UBSCI. Moreover, the 
financiarization of the commodity markets can explain the breakthrough price volatility 
of non-energy commodities around 2008 (Tang and Xiong, 2012, p.54). 

 

Figure	  12	  	  Commodity	  futures	  prices	  from	  1991-‐01	  to	  2011-‐07	  

Source: Tang and Xiong, 2012, p.58 

This phenomenon of the large inflows into commodity investments is referred to as the 
financiarization, which has contributed to the changes of the behavior and dependence 
structure between commodities and the general stock market (Adams and Glück, 2014, 
p.1). Financiarization of commodities is mainly caused by the institutional investors 
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who widely hold commodities as an asset class in order to seek diversification benefits 
(Basak and Pavlova, 2014, p.1). The commodities here are purely seen as investments 
like financial assets or securities for hedging of the risks rather than a means to support 
real economic activity (Vivian and Wohar, 2012, p.395). After the stock market crash, 
commodities are accepted as new asset categories by many institutions due to the 
findings of negative correlation between commodity returns and stock returns from 
Greer (2000), Gorton and Rouwenhorst (2006), and Erb and Harvey (2006) (cited by 
Tang and Xiong, 2012, p 56). 

3.4.2	  Gold	  market	  and	  benchmark	  

Gold is a precious metal that has served as a safe haven during political and economic 
turmoil for many centuries (Aggarwal and Lucey, 2007, p.217). A lot of studies have 
focused on the role of gold as a safe haven and an instrument to hedge in portfolio 
diversification (Lucey and Li, 2014, p.35). In comparison to gold, other precious metals 
with property of natural inflation hedge have lower correlations with equity index 
(Lucey and Li, 2014, p.35). Consequently, the impact of the gold market on the 
commodity market and even to the world economy gets more and more attention from 
academic and industrial as well as research area. 

The gold market is divided into physical and paper gold markets (Truck and Liang, 
2012, p.3). The later one focuses on trading in claims to the physical market (Truck and 
Liang, 2012, p.3). The former one involves trading in physical gold in form of bullion 
including gold bullion and coins (Truck and Liang, 2012, p.3).  The bullion market 
builds a bridge between larger gold suppliers, refiners, central banks, smaller investors 
as well as fabricators (Truck and Liang, 2012, p.3). Moreover, it is mainly a spot market 
that is complemented by trading in forward to hedge the physical positions (Truck and 
Liang, 2012, p.3). The gold trading is consistent worldwide in term of the intra-day spot 
price through global Over-the-Counter (OTC) gold trading markets (Baral, 2012, p.103). 
There are three key prices as benchmarks of gold price in the London bullion market, 
namely the spot (fixing) price, the forward price and the lease rate (Baral, 2012, p.103).  

By balancing purchases and sales orders through its members a daily clearing or fixing 
price is obtained which is known as spot price. If we take the simultaneous purchase and 
sales price of gold forward contracts of different time frames then we get forward price 
(GOFO) and it is usually expressed as annual percentage. The lease rate is stated as an 
annualized interest rate and it is actually the short-term loans denominated in gold. 
London gold fixing has been considered as the most common benchmark of gold price 
since 1919 (Truck and Liang, 2012, p.3; Baral, 2012, p.103). Accordingly, in line with 
the benchmark used in the previous studies we referred to, we choose the spot price of 
gold bullion as our benchmark in this paper.  

The gold price has experienced a dynamic change during last 35 years. From 1980 to 
2015, in the first 20 years the price had gradually decreased from 1980 (850 USD/Oz) to 
2001 (260 USD/Oz) as the result of that private investors had difficulty accessing the 
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gold bullion market (Gold ETF). In 2001, innovative businesses encouraged an attempt 
to build a professional gold market accessible for a new generation of gold bullion 
investors (Gold ETF). There are two most extraordinary approaches, which are Gold 
ETFs that has started on 2003 for investment institutions and Bullion Vault started on 
2005 for private individuals (Gold ETF). With more and more openness on gold market, 
the price of gold has skyrocketed in the last decade. In 2003 the price of gold was 
around 300 USD/Oz, and the price rose sharply and passed the 1,000 USD/Oz for the 
first time in 2008. The high prices of gold can also be explained as an reaction of a “fear” 
trade, which is increasing gold price caused by investors’ fear of weak future stock 
market (Ghazali, at, el,. 2013, p.428). 

Gold has successfully performed as a safe haven in the 2008 financial crisis  as its price 
increased by 6% whereas many other key minerals and equities price decreased by 40% 
(Shafiee and Topal, 2010, p.178). In the following years with several fluctuations, the 
price has continued to rise till the record price of 1,917.90 USD/Oz on late August 2011. 
After that the price started decreasing with several fluctuations until the price of $1,206 
on Jan 2015. There are several factors that slowed down and even dragged backwards 
the price of gold since 2012, such as ongoing debt troubles, monetary easing by the U.S. 
Federal Reserve, lower interest rates, and a weaker U.S. dollar (Hergt, 2013, p.3). As 
Federal Reserve Chairman Ben Bernanke agreed that gold price can be interpreted as an 
indicator of global uncertainty that reflects many things (Hergt, 2013, p.3). An increase 
in gold price would be seemed as an alert of a struggling economy as a result of crisis or 
inflation, therefore lots of investors prefer to buy gold against risk of losing their 
principal. Reversely, investors prefer to go for more speculative investments during 
stable economy, for instance stocks, bonds, real estate etc. Consequently, the price of 
gold always declines during that period. This the decline of price of gold after 2011 is a 
result of the economy gradually recovering after the crisis. 

3.4.3	  Oil	  market	  and	  benchmark	  

Oil is a crucial resource of energy for the world. Moreover, a majority of countries are 
greatly influenced by developments in the oil market, both from producers and 
consumers. After changing in relation to the world industrial structure since the 1970s, 
the oil market has been continually growing until nowadays it’s the biggest commodity 
market in the world (Chang et al., 2011, p.912). Consequently, the oil market becomes 
one of the most important energy markets in the world. 

Brent, WTI and Dubai/Oman are three most important benchmarks of oil price in global 
market, which are all associated with crude oil (Benchmarks play an important role in 
pricing crude oil, 2014). Brent is the benchmark against the prices set for the European 
oil produced in North Sea (Oil Markets Explained, 2003, cited in Oil Markets). Brent is 
used to trade in Europe, the Mediterranean, Africa, Australia and some countries in Asia 
(Benchmarks play an important role in pricing crude oil, 2014). WTI is the benchmark 
against the prices set for the local oil in the U.S. as well as imported oil from Canada, 
Mexico, and South America (Benchmarks play an important role in pricing crude oil, 
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2014). WTI is used for contracts trading on New York Mercantile Exchange and 
commonly associated with reported oil in media (Oil in Troubled Waters, 2005, cited in 
Oil Market). Dubai/Oman is the benchmark against the prices set for crude oil that is 
produced in the Middle East and exported to Asian markets (Benchmarks play an 
important role in pricing crude oil, 2014). It is used for Saudi Arabia's state-owned oil 
company and Saudi Aramco as a pricing benchmark to export to Asia (Benchmarks play 
an important role in pricing crude oil, 2014). Our focus is the U.S. market, as well as the 
previous studies that we referenced, which is based on WTI. This explains why it more 
suitable for us to choose WTI as the oil benchmark in this paper. 

Cifarell and Paladino (2010) classified that speculation played a crucial role on oil 
market, which contains massive daily price fluctuation, moreover there is an explicit 
clue that speculation is not a fundamentals driven market. There is a cause and effect 
relationship between oil price and inflation. Since oil plays the dominant role of input in 
economy, it is used in many crucial activities. For instance if the price of oil increases, 
and the airline companies will transfer this cost to customers, then the flight ticket will 
increase. In one word, if input cost increases, so should the cost of the end products, this 
is when inflation happens. 

The price of oil has gone through many dynamic changes during the oil shocks. During 
the oil crisis caused by the OPEC oil embargo from 1973 to 1974, the price of oil rose 
sharply from $20 to $50 per barrel as the result of the significant cutbacks in total oil 
production from OPEC (Hamilton, 2011, p.14). From 1974 to 1977, the oil price was 
fluctuating around $50 per barrel until the second oil crisis of the Iranian revolution. 
The price of oil skyrocketed in 1978 and peaked at around $110 per barrel in 1979 due 
to the negative impact on the oil sector from the strikes (Hamilton, 2011, p.16).  The 
economy entered into postwar recession after Iran-Iraq War in 1980 and world 
petroleum consumption experienced a significantly decline in the early 1980s (Hamilton, 
2011, p.17-18). The oil glut namely the supply exceeding the demand from 1981 to 
1986, led a great price collapse on oil (Hamilton, 2011, p.17). Consequently the price 
dropped from $27 per barrel in 1985 to $12 per barrel in 1986. The crude oil price 
doubled until $60 per barrel in a short period during the First Persian Gulf War from 
1990 to 1991 since the war involving countries Iraq and Kuwait who were responsible 
for 9% of total oil production, had reduced production (Hamilton, 2011, p.18). 

In the late 20s, a new industrial age took place and big countries like China transited 
from agricultural to modern industrial economies, that led to a huge increase in oil 
consumption (Hamilton, 2011, p.19). In 2002, both crude oil and gold prices saw a 
boom time due to the depreciated US dollar, global inflation, an oil supply managed by 
OPEC and other geopolitical events (Zhang and Wei, 2010, p.168). After that the oil 
price declined sharply to around  $30 per barrel by the end of 2008, as the result of the 
global financial crisis (Zhang and Wei, 2010, p.168). With global economic recovery 
since 2009 and the increasing demand on commodity markets, crude oil and gold prices 
have entered into a new surging stage (Zhang and Wei, 2010, p.168). The oil price 
quickly rebounded since 2009 and fluctuated around $110 per barrel till August, 2014. 
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Moreover the significant volatility transmission between the stock market and the oil 
market has been very much highlighted among the volatility spillover studies.  Malik 
and Ewing (2009) applied the bivariate GARCH models on testing the volatility 
transmission from January 1, 1992 to April 30, 2008 between oil market and five 
different US sectors, which are financials, industrials, consumer services, health care, 
and technology. They found significant transmission of shocks and volatility between 
oil prices and industrials as well as oil prices and consumer services (Malik and Ewing, 
2009, p.98-99). 

3.5 Spillover effect between stock market and 

commodity market 

3.5.1	  US	  stock	  market	  and	  benchmark	  

US stock market as one of the most important financial markets in the world, has an 
important impact on the global economy. Empirical studies (Arshanapalli and Doukas, 
1993; Golosnoy et al., 2015; Diebold and Yilmaz, 2012) provide solid evidence that 
shows how the US market has affected other markets especially under financial crises. 
Arshanapalli and Doukas (1993) test the link of stock prices among major world stock 
exchanges for instance, Germany, the United Kingdom, France, Japan and US from 
January 1980 to May 1990 and also examined the relationship of stock price indices 
before and after the October 1987 crash. The result of the study reveals that the US 
stock market had a substantial impact on the French, German and UK markets after the 
crash and global co-movements among stock price indices become more integrated 
(Arshanapalli and Doukas, 1993, p.193). Likewise, Golosnoy et al. (2015) test the intra-
daily volatility spillovers effect among the US, German and Japanese stock markets 
before and during the subprime crisis in 2008 and find that a global volatility contagion 
stems from the US market during the crisis. Hence, we believe our research, with a 
focus on the US stock market, can be more representative for a world economic trend. 

The S&P 500 index is the only one which represents the world standard for measuring 
the performance of the U.S. stocks out of three stock market indexes, namely the Dow, 
the Nasdaq, and the S&P 500 index (Siegel, 2008, p.51). In 1926, the S&P 500 index 
was first introduced with 90 large stocks, at the same time it excluded the largest stock 
in order to keep the whole index more equivalent (Siegel, 2008, p.51). In 1950, the 
index expanded to 500 stocks from the top 500 of the largest industrial, rail and utility 
firms that listed on the New York Stock Exchange (Siegel, 2008, p.51). There is over $7 
trillion benchmarked to the index, with index assets comprising around $ 1.9 trillion of 
this total. These 500 leading companies occupied about 80% of available market 
capitalization (Us.spindices.com, 2015). This sum of the market capitalizations of 500 
companies is representative of the U.S. economy (Plerou et al., 1999, p. 2519). The 
S&P 500 index is therefore a significant and widely quoted index working as the 
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leading indicator for the U.S. stock market, which  consists of vital information on 
forecasting real economic activity (Harvey, 1989, p.38). 

Another popular index is the Volatility Index (VIX), which was introduced by The 
Chicago Board Options Exchange (CBOE) in 1993 and measures the market 
expectations of near-term volatility conveyed by S&P 500 index stock index option 
prices (CBOE Volatility Index®, 2015). VIX has been accepted as the advanced 
indicator of investor sentiment and market volatility around world (CBOE Volatility 
Index®, CBOE.com, 2015). Furthermore, it concludes VIX futures win 2004 and VIX 
options in 2006 (CBOE Volatility Index®, 2015). This together has contributed on 
trading instruments for investors in order to diversify portfolios in times of market stress 
potentially (CBOE Volatility Index®, 2015). The movement of VIX has also appeared 
volatile during recent crisis. Between 2004 and mid-2007, it moved in a range of 10 to 
20 (Hull, 2012, p.208). It started increasing and reached a peak of 80 after the Lehman 
Brothers crash. (Hull, 2012, p.209). A return to the normal level continued in early 2010, 
and then jumped above 45 in May 2010 due to the European sovereign debt crisis. (Hull, 
2012, p.209). Hence, market players consider the VIX as a ‘fear’ index. (Hull, 2012, 
p.209). 

An examination on testing price behavior from January 1, 2000 to September 28, 2012, 
which illustrates the VIX index, moves in the opposite direction of the S&P 500 index 
about 80% of the time (The Relationship of the SPX and the VIX® Index, 2015). In line 
with the study of Fernandes et al,. (2014), which also confirms the negative relationship 
between the VIX index and the S&P 500 index return. Moreover Fernandes et al,. (2014) 
claims that the VIX index is independent of the USD index, the deviation in the Fed 
rates, the credit spread and the changes in oil prices. As we see from the figure, the 
recent oil crisis is not reflected in VIX movement. Another study from Mensi et al. 
(2013) proves that the oil and gold markets are mostly effected by the past shocks and 
volatility of the S&P 500 index. The conditional correlations between the S&P 500 
index and gold index as well as the S&P 500 index and WTI index appeared the highest 
among others commodities (Mensi et, al. 2013, p.15). 

By taking into consideration our research variable GOR and the research topic, we think 
the S&P 500 index is the most suitable benchmark for our research. By comparison, the 
S&P 500 index is the main stock market benchmark not only for derivative markets, but 
also for the hedge fund industry (Fernandes et al,. 2014, p. 1). Our main research 
purpose is to serve all investors from the whole financial area, which is apart from the 
main focus of VIX for investors. 

3.5.2	  Gold-‐Oil	  Ratio	  

There used to be attention on the predicting power of the gold-oil ratio. According to the 
efficient market theory, any past price information cannot be used to predict future price 
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movement as the future market price information should already contain all the past 
information, and technical analysis would be useless (Bodie et al., 2011, pp. 371). 

However, Laidi (2008) demonstrates that prolonged diminution process in the gold/oil 
ratio has been proven to be a weakening pressure on the U.S economy. During 
economicly prosperous periods, the rising demand from industrial metals and energy 
provokes the upsurge of both oil and gold prices  

Meanwhile, Lingenheld (2015) has punctuated an opinion that the gold/oil ratio implies 
that an economic crisis is inevitable. He puts forward this idea to attract investors to 
investing in the gold market. The technical tool he mostly refers to is also the gold/oil 
ratio and his opinion is especially interesting as most of the financial analysts in the 
stock market are predicting a prosperous economic in 2015 when the S&P 500 index 
breaks through its historical highest level. Lingenheld’s (2015) technical analysis 
mainly emphasizes the effect that the gold/oil ratio can predict an economic crisis. High 
level of gold/oil ratio is a signal for economic crisis and an existing time point to be out 
of the stock market, while the low level of gold/oil ratio can imply a potential buying 
opportunity to stock market. 

The incredible charts (The Gold-Oil Ratio) produced by stock market charting software 
and a market data collection company has even recorded recommended buying and 
selling opportunities by using the gold/oil ratio. 

“The gold-oil ratio identifies: 

        •        Buying opportunities (for gold) when the gold-oil ratio turns up 
at/below 10 barrels/ounce; and 

        •        Selling opportunities when the gold-oil ratio turns down at/above 
20 barrels/ounce.” 

Moreover, scientific articles, such as Laidi (2008), argue that a declining gold/oil ratio 
indicates a drag on economic performance while most of the other articles from internet 
sources argue that low gold/oil ratio is a buying point of the stock market, which imply 
a strong economic performance in the near future. This conflict is also what we are 
interested in and what we are trying to understand by this descriptive research. 

3.5.3	  Volatility	  spillover	  effect	  	  

Due to globalization, international financial markets are getting more integrated, 
consequently the volatility transmission across these markets becomes inevitable. Here 
the transmission can be referred as spillover. Zhang et al (2008, p.977) defines the 
volatility spillover effect as the mutual effect caused by the price volatility in different 
markets, which means the price volatility magnitude in one market can be influenced 
not only by its own previous volatility but also by the price volatility of foreign markets. 
Namely, the volatility information can be transferred among different markets (Zhang et 
al, 2008, p.977). Due to the effects of important financial instability and economic 
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uncertainties these spillovers have substantially increased during the crisis period 
(Arouri et.al 2011, p.1824). The volatility spillover effect between stock and commodity 
markets is one of most popular researching area, it has generated even more attention 
since the 2008 financial crisis . Many studies (e.g. Arouri et al., 2011; Diebold and 
Yilmaz, 2012; Mensi et, al. 2013; Aboura and Chevallier, 2014;) have proved the 
volatility spillover effect between stock and commodity markets. 

The study from Silvennoinen and Thorp (2013) confirmed an increasing correlation 
between stocks, bonds and commodity futures returns in U.S markets by employing 
double smooth transition conditional correlation models. They found that correlation 
between commodity futures and the S&P 500 index increased from near zero to 0.5 
through 1990 to 2009 and hit the high spot during the recent crisis (Silvennoinen and 
Thorp, 2013, p.42). Furthermore, the study suggested that the investors could lose their 
confidence in investment of commodities against risks under the stressful time in 
traditional asset markets due to the growing correlation between equity and commodity 
returns (Silvennoinen and Thorp, 2013, p.42). Likewise, the study of the U.S. markets 
from Diebold and Yilmaz (2012) measured both total and directional volatility 
spillovers across stock, bond, foreign exchange and commodities markets from January 
1999 to January 2010 by implementing the new approach of generalized vector 
autoregressive framework. They found that cross-market volatility spillovers have 
appeared more significant since the global financial crisis of 2007 and the most 
significant after the collapse of Lehman Brothers in 2008, while these four markets 
showed dynamic volatility under the whole sample period (Diebold and Yilmaz, 2012, 
p.57). 

Aboura and Chevallier (2014) tested the returns and volatility among commodities, 
stocks, bonds and currencies from 1983 to 2013 through a new econometric model, and 
found evidence that provides a solid spillover effect of return and volatility existing 
between commodity and financial markets (Aboura and Chevallier, 2014, p.42). In line 
with the study from Creti et al. (2013), which revealed that the correlations between 
commodity and stock markets evolve through time and are highly volatile especially 
from the 2007–2008 financial crisis (see. Figure13). A similar study from Mensi et, al. 
(2013) focused on the return links and volatility spillover effects between the S&P 500 
index and commodity price indices for energy, food, gold and beverages from 2000 to 
2011. In using the VAR-GARCH model, they found the solid proof of volatility 
transmission between the S&P 500 index and these four commodity markets, where the 
oil and gold markets were mostly effected by the past shocks and volatility of S&P 500 
index (Mensi et, al. 2013, p.15). Moreover the conditional correlations between the S&P 
500 index and gold index and the S&P 500 index and WTI index appeared the highest 
among others (Mensi et, al. 2013, p.15).  
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Figure	  13	  S&P	  500	   index	  and	  Commodity	  Research	  Bureau	  price	   returns	  volatility	   	   from	  2010-‐03-‐01	  to	  

2011-‐11-‐28	  

Source: Creti et al., 2013, p.18 

3.6 Our research model 

Figure 14 presents the theories we used in this chapter that relate to our research 
question and how we build the theoretical framework of our thesis.  

 
 

 

 
Figure	  14	  Theoretical	  framework	  model	  
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Chapter 4 – Practical Method 

In this chapter we present the practical methodology of the research. We start with 
sample data and the data collection method. Then we follow with time horizon and time 
series as well as stationarity. Thereafter, we give specific introductions to all statistical 
theories and methodology used in chapter 5 in order to test the research questions. 

	  

4.1 Sample Data and data collection method  

All the data in this report is secondary data, collected from Thomson Reuters 
DataStream. In order to test the volatilities spillover effect between the  GOR and the 
S&P 500 index from the years 1995 to 2015, we take the gold price and simply divided 
oil price to get the GOR, and take the S&P 500 index, also with the price. The 
benchmark of gold price is Gold Bullion spot price, the benchmark of oil price is WTI. 
All this data is collected over three different time intervals: daily, monthly and weekly.  

4.2 Time horizon 

In chapter two (the methodology part) we mentioned that we use longitudinal studies, 
then we conduct our research with three different time perspectives. For the long-run we 
took sample data for all Gold, Oil and S&P 500 indices from April 1st, 1995 to April 
1st, 2015, and April 1st, 2009 to April 1st, 2015 as medium-run, April 1st, 2014 to April 
1st, 2015 as short-run respectively. This means that we use three time spans, 20 years, 6 
years and 1 year. The choice of time spans of 20 years and 1 year are popular in finance 
research. We chose to add a medium term, 6 years, to measure specifically the existence 
of a post crisis effect. 

4.3 Time Series and stationarity 

When a sequence of observations is taken over a period of time then it is known as time 
series data (Ruppert, 2004, p. 101). In our research we are working with historical GOR 
and S&P500 index data over 20 years, 6 years and 1 year as a result it is time series 
data. It is possible to work with different statistical models in time series data. In the 
time of working with statistical models we need to process the data in a way so that the 
forecast uncertainty can be reduced. To identify the behavior of the time series data we 
need to include different parameters to come up with a model. Too few parameters can 
bring some bias into the model (Ruppert, 2004, p. 101). A sequence of random variables 
whose probability distribution is unchanged by shift in time is known as Stationary data 
series (Ruppert, 2004, p. 458). The assumption behind stationary process is that the time 
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series data remains unchanged over time (Ruppert, 2004, p. 102). In stationary time 
series the probability distribution doesn’t depend on the time horizon, This is called 
strong stationarity (Ruppert, 2004, p. 102). If in a data series the mean and variance do 
not change over time, and there is autocorrelation between them and the autocorrelation 
varies depending on the time distance then the data series is weakly stationary (Ruppert, 
2004, p. 102). 

4.4 Pearson’s Correlation 

Pearson's correlation measures the strength and direction of existing association  
between two continuous variables. The Pearson correlation produces a coefficient called 
the Pearson correlation coefficient, refer as r. If it is -1 then it means there is a perfect 
negative linear relationship between variables. If the correlation is +1 that means there 
is perfect positive linear relationship between variables. And if the correlation is 0 then 
there is no correlation between the variables. When absolute value of r is the range of 
0.1 and 0.3, this means there is a small correlation. When absolute value of r is the 
range of 0.3 and 0.5, this means there is a moderate correlation. When absolute value of 
r is larger than 0.5, this means there is a strong correlation. (Pearson's Correlation using 
Stata, 2013) Pearson's correlation coefficient for two variables, x and y, can be produced 
by following formula： 
 

r = (!!!!  )(!!!!)!
!!!
(!!!)!!!!

 

	  

Equation	  4	  	  Pearson	  correlation	  coefficient	  

n= the number of cases 
Xi and Yi =individual observation 
X   and X   =the mean  
Sx and Sy = the standard deviation  

4.5 Normality test 

In statistics, normality tests are to test if a data set is well modeled by a normal 
distribution. It is significantly practical in computing the likelihood of normal 
distribution on underlying random variables as the result of determination of model 
selection (Gupta, 2011, p.34) The normality tests supplement the graphical assessment 
of normality and the main tests for such assessment of normality are Kolmogorov-
Smirnov (K-S) test, Lilliefors corrected K-S test, Shapiro-Wilk test, Anderson-Darling 
test, Cramer-von Mises test, D’Agostino skewness test, Anscombe-Glynn kurtosis test, 
D’Agostino-Pearson omnibus test and the Jarque-Bera test.  All the tests above have the 
null hypothesis based on that sample distribution is normal. If the test is significant, 
then it follows a non-normal distribution. (Ghasemi and Zahediasl, 2012, p. 487) 
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Most normality tests focus on comparing the empirical cumulative distribution with the 
theoretical normal cumulative distribution (Kolmogorov-Smirnov, Anderson-Darling, 
Chi-Square) or empirical quantiles with the theoretical normal quantiles (PPCC, Wilk-
Shapiro). However, the Jarque-Bera test we used focuses on the skewness and kurtosis 
on sample. (JARQUE BERA TEST, 2012) The Jarque-Bera test statistic is defined as: 
 

𝑁
6 (𝑆

! +
𝐾 − 3 !

4 ) 

	  

Equation	  5	  Jarque-‐Bera	  test	  

S= sample skewness 
K= sample kurtosis 
N= sample size 

 
Skewness measures symmetry or the deficiency of symmetry. If a distribution is 
symmetry, then it will look like the same on both the left and right sides to the center 
point. Kurtosis measures whether the data are peaked or flat relative to normal 
distribution. A high kurtosis shows a distinct peak near mean with sharp decline and 
heave tails. A low kurtosis shows a flat top near the mean. (Measure of Skewness and 
Kurtosis) 

4.5 Unit root test 

Generally, finance and economic data whose movements follow the random walk model 
are known as non-stationary data (Hyndman and Athanasopoulos, 2014, p.214). These 
time series data have two characteristics highlighted in Random walks, namely obvious 
trends up or down in a long term as well as sudden unpredictable changes in direction 
(Hyndman and Athanasopoulos, 2014, p.214).  

Therefore determining the most suitable trending forms in the data becomes a vitally 
econometric task. In order to apply certain models for analyzing the data, they must be 
transformed to stationary firstly. Therefore the trend removal is necessary to apply on 
the trending data. There are two widely used trend removals that are first differencing 
for I (1) time series and time-trend regression for trend stationary I (0) time series. The 
unit root test is the tool for determining which trend removal of these two to use on 
transferring stationary data. (Zivot and Wang, 2007, p.111) Testing nonstationary and 
stationary time series is autoregressive unit root tests, which is associated with AR(1) 
model. It tests the null hypothesis ∅ = 1, Yt is I (1) that has a unit root, namely the 
nonstationary time series following the random walk. And the Alternative hypothesis 
|∅|< 1  means Yt is I (0) that is stationary time series. (Zivot and Wang, 2007, p.112). 
The test is one-side left tail test, Yt is stationary when null hypothesis is rejected and 
alternative hypothesis is accepted. (Zivot and Wang, 2007, p.114) The test statistic 
shows below: 
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t∅!! =
∅− 1
SE(∅) 

Equation	  6	  Unit	  root	  test 
∅ = the least squares estimate 
SE ∅ = the usual standard error estimates	  

 

In our hypothesis test we have used the Augmented Dicky-Fuller (ADF) test as our unit 
root test. It tests the null hypothesis that a time series yt is I (1) against the alternative I 
(0) under assumption of data dynamics of the ARMA structure. (Zivot and Wang, 2007, 
p.120).The formula shows as below: 

 

y!= β!D! + ∅y!!! + ψ!!
!!! ∆y!!! + ε! 

	  

Equation	  7	  Dicky-‐Fuller	  test 
Dt = a vector of deterministic terms (constant, trend etc.) 
P = lagged difference term 
yt-j = errors of approximate ARMA structure	  

 

To check our hypothesis we compare ADF value with our significance level (α).In the 
hypothesis test we work with two statements: one is null hypothesis and another is 
alternative hypothesis. Our goal is to check whether a null hypothesis for a certain 
statement is true. By using ADF test we find the p-value and compare it with α. If p-
value is smaller than α then we reject null hypothesis. Alternatively if p-value is larger 
than α then we accept null hypothesis (Ruppert, 2004, p.62-63). 

4.6 GARCH model 

In time series data, Auto Regressive Moving Average (ARMA) is used to model the 
conditional expectation of current observation (Yt), given the past observations. In this 
model Yt is a linear function with a white noise term. ARMA model is used to predict 
future observations based on past and present observations. We can predict Yt+1 by 
using Yt, Yt-1 etc. However, ARMA model assumes conditional variance in the model 
that means the variance is always constant in the time series. But this assumption 
doesn’t hold for data series like interest rate, stock price etc. as there is high level of 
volatility. Oftenly, the financial time series has nonconstant volatility. As a result we 
need to work with a model, which can define the nonconstant volatility of the data series. 
CARCH time series models are common measurement for the randomly varying 
volatility in econometric and finance. (Ruppert, 2004, p.363) GARCH process is 
considered as the noise term of ARMA process (Ruppert, 2004, p.391). 
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A model named AutoRegressive Conditional Heteroscedasticity (ARCH) is used to 
define conditional variance. This model is quite similar to the AutoRegressive (AR) 
model (Ruppert, 2004, p.364). AR (1) has a nonconstant conditional mean but a 
constant conditional variance, while ARCH (1) is exactly opposite (Ruppert, 2004, 
p.368). The GARCH models include ARCH models, as well the term GARCH refers to 
both ARCH and GARCH models (Ruppert, 2004, p.371). GARCH (1.1) is the most 
popular model among other GARCH models (Hull, 2012, p. 218). Akgiray (1989) finds 
GARCH (1.1) is adequate on capturing all volatility clustering and has better 
performance in forecasting American stock index volatility in the use of its estimator 
(Kalotychou & Staikouras, cited in Gregoriou, 2009, p.14).  

In the GARCH (1.1), σn2 is calculated from a long-run average variance rate VL, µμ, and 
σ. Here, γ, α, and β are the weight assigned to VL, µn-12and σn-22 respectively as well 
as the sum of the weights is 1. The “(1,1)” in GARCH (1,1) is under the assumption of 
that σn2 is the most recent observation and the most recent estimation of the variance 
rate. The more general G (p,q) model calculates from the most recent p observations and 
the most recent q estimates of the variance rate. (Hull 2012, p. 218). The formula of 
GARCH (1.1) is expressed in Hull (2012) as follows: 

 

σ!! = 𝛾𝑉! + 𝛼𝜇!!!! + 𝛽𝜎!!!!  

	  

Equation	  8	  GARCH	  (1.1) 
γ, α, β=weights assigned 
V!  =long-run average variance rate 
µμ =residual square estimation 
σ  =last term variance estimation	  
 
In order to solve the research question we develop 9 different. As well, 3 out of these 9  
are designed for each sub-question based on three different time intervals: daily, 
monthly and weekly.  
 
Sub-question 1: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 1995 to 2015? 
 
Here is the hypothesis to answer sub-question 1, Hypothesis 1:  
 
There is no volatility Spillover effect between the GOR and the S&P500 index from 
year 1995 to year 2015: 
1.1 Daily 
1.2 Weekly   
1.3 Monthly 
 
Sub-question 2: Is there any volatility spillover effect between the GOR and the S&P 
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500 index from 2009 to 2015? 
 
Here is the hypothesis to answer sub-question 2, Hypothesis 2: 
There is no volatility Spillover effect between the GOR and the S&P500 index from 
year 2006 to year 2015: 
2.1 Daily 
2.2 Weekly   
2.3 Monthly 
 
Sub-question 3: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 2014 to 2015? 
 
Here is the hypothesis to answer sub-question 3, Hypothesis 3:  
There is no volatility Spillover effect between the GOR and the S&P500 index from 
year 2014 to year 2015: 
3.1 Daily 
3.2 Weekly   
3.3 Monthly 
 
All they have same null hypothesis that is there is no volatility spillover effect and 
alternative hypothesis that is there is volatility spillover effect. We compare the 
probabilities of the coefficients α  and  β from test result with significance level at both 
1% and 5 %. At significance level of 95%: 
          

            if ℎ  a < 5%  𝑎𝑛𝑑  b < 5% , Reject Ho 

or 

          if 𝑒𝑖𝑡ℎ𝑒𝑟  a > 5%  𝑜𝑟    b > 5%, then don’t reject Ho 

 
At significance level of 99%: 
 
            if ℎ  a < 1%  𝑎𝑛𝑑  b < 1% , Reject Ho 

or 

          if 𝑒𝑖𝑡ℎ𝑒𝑟  a > 1%  𝑜𝑟    b > 1%, then don’t reject Ho 
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Chapter 5 – Empirical results 

In this chapter we present our empirical findings of the research. Firstly, we show the  
GOR and the S&P 500 index movements in terms of descriptive statistics and 
preliminary analysis. Then, we provide all the graphs on volatility of the two variables 
in terms of different time horizons and intervals. Following that, we show the test results 
of correlation between them. Unit root test and normality test are shown afterwards. At 
the end, we use GARCH test results to answer the research question. 

5.1 Descriptive statistics and preliminary analysis 

As we are going to work with the relationship between Gold-Oil Ratio and S&P500 first 
it is good to see the movement of the data series for 20 years.  

5.1.1	  GOR	  movements	  

	  
Figure	  15	  GOR	  movements	  from	  1995-‐04-‐01	  to	  2015-‐04-‐01 
 

In Figure 15 the GOR has been shown and from the graph we can see that there is no 
specific trend in the data series and it shows huge variability in the long-run. We also 
see that in last 20 years the ratio has picked its high level 3 times, which are around 27 
to 30. The lowest ratio we can observe from the figures are at the end of year 2008 and 
it is close to 5. It has faced resistance at a certain level in those 3 times and started a 
downward trend from that point. It is also same for the downward trend, it got support 
at a certain level and picked the upward point again. Now the ratio is again in the 
highest level and it has touched its resistance level. The highest GOR is close to 30 at 
the beginning of year 2015. 
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5.1.2	  S&P	  500	  index	  movements	  

	  
Figure	  16	  S&P	  500	  index	  movements 

 
In Figure 16 movement in the S&P500 index is shown for the last 20 years. From the 
graph we see that there is resistance at 1500 points around year 2000 where the index 
started its downward trend twice in last 20 years. But the time when the index reached 
1500 points, it actually broke the resistance level and it has maintained its upward trend 
until now.  

5.2 Volatility on  the GOR and the S&P 500 index 

In this part, we only present the volatility figures with the daily data, since they are the 
most representative and intensive. Therefore we can make comparison easily on the 
GOR and the S&P 500 index.  

5.2.1	  Volatility	   in	   the	   long-‐run	   -‐	  20	  years	  daily	  volatility	  of	   the	  	  

GOR	  and	  the	  S&P	  500	  index	  

From figure 5-1 and figure 5-2, we can observe the volatility in the GOR and the S&P 
500 index from 1995 to 2015. The most outstanding periods with high peaks occur 
during two financial crises 1997/98 and 2008 on both figures. The volatility of the GOR 
moves from the range -4 to 4. The GOR starts becoming rather volatile around 1996 and 
then reached a peak of around 3.5 during the financial crises in 1997/98. Thereafter, it 
gradually stabilizes until the next 2008 financial crisis and then increases fluctuations 
until another peak during the oil shock 2014/15. The volatility of the S&P 500 index 
remains volatile through before and after financial crises 1997/98 and then stabilizes 
until 2007. It peaks until the widest range from -110 to 110 in the 2008 financial crisis. 
Thereafter, it stays at an average level between -40 to 40. 
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Figure 5-1. Volatility for GOR                                  Figure 5-2. Volatility for S&P 500 index 

5.2.2	  Volatility	  in	  the	  medium-‐run	  -‐	  6	  years	  daily	  of	  the	  	  the	  GOR	  

and	  the	  S&P	  500	  index	  

From figure 5-3 and figure 5-4, we can observe volatility on the GOR and the S&P 500 
index from 2009 to 2015. The volatility of the S&P 500 index is persistent throughout 
the whole 6 years. It fluctuates between -40 to 40 and peaks till -80 during the 2011 
U.S. Debt Ceiling Crisis. While the volatility of the GOR moves relatively unstably 
with three big fluctuations, which occurs in the post 2008 financial crisis , the 2011 U.S. 
Debt Ceiling Crisis and the Oil shock 2014/15.  
    

 
Figure 5-3. Volatility for GOR                                 Figure 5-4. Volatility for S&P 500 index 

 

5.2.3	   Volatility	   in	   the	   short-‐run	  –	  1	   year	   daily	   volatility	   of	   the	  	  

the	  GOR	  and	  the	  S&P	  500	  index	  

 
From figure 5-5 and figure 5-6, we can observe the volatility on  the GOR and the S&P 
500 index from 2014 to 2015. The S&P 500 index is more volatile than the GOR and 
stays so for the whole year. The GOR has almost no volatility in the first half year in 



	   61	  

2014. Thereafter, it starts increasing its volatility after December as the result of the oil 
shock 2014/15. 
 

 
Figure 5-5. Volatility for GOR                              Figure 5-6. Volatility for S&P 500 index 
 

5.4 Correlation Test 

The correlation test examines the general associated relationship between variables. 
However, the assumptions of correlation are weaker than some other stricter tests. More 
importantly, in our research model, we are interested in the volatility spillover effect 
instead of the linear relationship between prices. Therefore, the below correlation table 
is used to generally observe if there is a consistent correlation between different time 
interval data or different time length data. In this section, we will try to examine the 
correlation between the GOR and the S&P500 during three different time lengths. In 
order to match the time interval of  the GOR and the S&P 500 index, we only choose 
results based on the same time intervals, namely daily to daily, weekly to weekly, 
monthly to monthly. The values of T tests are compared with a significant level of 95%. 
They are:  
 
1, The correlation for the GOR and the S&P 500 index of the period between 1995-04-
01 and 2015-04-01. 
2, The correlation for the GOR and the S&P 500 index of the period between 2009-04-
01 and 2015-04-01. 
3, The correlation for the GOR and the S&P 500 index of the period between 2014-04-
01 and 2015-04-01. 
 
Below shows our 20 years long-run correlation test result between the GOR and the 
S&P 500 index for different time intervals between 1995-04-01 and 2015-04-01:  
	  

20 years (1995-2015) Daily GOR  Weekly GOR  Monthly GOR 
Daily S&P 500 index -0.272724 -0.017074 0.397158 
Weekly S&P 500 index -0.664880  0.567861 -0.293223 
Monthly S&P 500 index  -0.620283 0.508630 -0.037487 
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Table	  1	  Correlation	  between	  the	  GOR	  and	  the	  S&P	  500	  index	  for	  long-‐run	  	  

 
During the 20-year long-run, the correlation of daily, weekly and monthly time interval 
between the GOR and the S&P 500 index are -0.272724, 0.567861 and -0.037 
respectively. This means there is weakly negative correlation between the GOR and the 
S&P 500 index from 1995 to 2015 on a daily basis, there is strongly positive correlation 
between the GOR and the S&P 500 index from 1995 to 2015 on a weekly basis, and 
there is almost no correlation between the GOR and the S&P 500 index from 1995 to 
2015 on a monthly basis. The correlation is positive between variables with weekly time 
interval and the correlations are both negative between variables with daily and monthly 
time intervals. They are not consistent in the signs. Meanwhile, the correlation value 
differs a lot. For instance, the daily correlation is almost 7 times higher than the monthly 
correlation. Therefore, even if there is a low significant p value (p< 5%) for all the 
three T tests for the correlation, there is no consistency between the three time intervals 
in both signs and value. 
 
Below is our medium-run correlation test result between the GOR and the S&P 500 
index for different time intervals between 2009-04-01 and 2015-04-01: 
 
6 years (2009-2015) Daily GOR Weekly GOR Monthly GOR 
Daily S&P 500 index -0.838248 -0.367346 -0.026758 
Weekly S&P 500 index -0.818611 -0.411816 0.099768 
Monthly S&P 500 index -0.801604 0.020018 0.044788 
Table	  2	  correlation	  between	  the	  GOR	  and	  the	  S&P	  500	  index	  for	  medium-‐run 

 
For the 6 years medium-run, the correlation of daily, weekly and monthly time interval 
between the GOR and the S&P 500 index are -0.838248, -0.411816 and 0.044788 
respectively. This means there is strongly negative correlation between the GOR and the 
S&P 500 index from 2006 to 2015 on a daily basis, there is negative correlation 
between the GOR and the S&P 500 index from 2006 to 2015 on a weekly basis, and 
there is almost no correlation between the GOR and the S&P 500 index from 2006 to 
2015 on a monthly basis. The correlation is negative between variables with daily and 
weekly time interval, only variables with monthly time interval have positive 
correlation. They are not consistent in the signs either. Moreover, the correlation value 
differs a lot from each other. We can see that the daily correlation is twice higher than 
the weekly correlation. Therefore, even if there is a low significant p value (p< 5%) for 
all the three T tests for the correlation, there is no consistency between the three time 
intervals in both signs and value. 
 
Below presents our short-run correlation test result between the GOR and the S&P 500 
index for different time intervals between 2014-04-01 and 2015-04-01: 
 
1 years (2014-2015) Daily GOR Weekly GOR Monthly GOR 
Daily S&P 500 index 0.207318  0.396938 -0.379568 
Weekly S&P 500 index -0.829183 -0.755630 0.927416 
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Monthly S&P 500 index 0.717040 -0.727920  0.784052 
Table	  3	  correlation	  between	  the	  GOR	  and	  the	  S&P	  500	  index	  for	  short-‐run 
 
For the 1 year short-run, the correlation of daily, weekly and monthly time intervals 
between the GOR and the S&P 500 index are 0.207318, -0.755630 and 0.784052 
respectively. This means there is weak positive correlation between the GOR and the 
S&P 500 index from 2014 to 2015 on a daily basis, there is strongly negative correlation 
between the GOR and the S&P 500 index from 2014 to 2015 on a weekly basis, and 
there is strongly positive correlation between the GOR and the S&P 500 index from 
2014 to 2015 on a monthly basis. The correlation is positive between variables with 
daily and monthly time interval and the correlation is negative between variables with 
weekly time intervals. They are not consistent in the signs either. Also, the correlation 
value differs much from each other. For instance, the daily correlation is almost 4 times 
smaller than the monthly correlation. Therefore, even if there is a low significant p 
value (p< 5%) for all the three T tests for the correlation, there is no consistency 
between the three time intervals in both signs and value. 
 
Apparently, from above three figures, we observe that there is no consistent correlation 
between variables caused by time frames or time intervals. However, there are still 
significant results regardless of inconsistent. There is strongly positive correlation 
between the GOR and the S&P 500 index from 1995 to 2015 on a weekly basis, 
strongly negative correlation between the GOR and the S&P 500 index from 2009 to 
2015 on a daily basis, and strongly positive correlation between the GOR and the S&P 
500 index from 2014 to 2015 on a monthly basis. 
 

5.6	  Normality	  Test 

Table	  4	  Normality	  test	  

 
This normality test examines whether the residuals from the regression of S&P500 on 
GOR are normally distributed or not. It is performed with a Jarque-Bera test on EVIEW 
software. The value of kurtosis and skewness shows that the residuals are not strictly 
following the standard of normal distribution, since no skewness results near 0 as well 
as no kurtosis results near 3 either. None of the residuals data is symmetrically 
distributed. All the distributions from 1 year’s residuals are right skewed, the rest for 20 
years’ and 6 years’ residuals are left skewed. The distributions from 1 years and 6 years’ 
residuals have a rather flat top, while the distributions from 20 years’ residuals have a 
distinct peak. Hence, all the residuals are non-normally distributed, which means the 
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movement of residuals is volatile and it has volatility. This proves that the time series of  
the GOR and the S&P 500 index is applicable to a GARCH model in order to test their 
volatility spillover effect, since there is volatility existing in their residuals.    

5.6 Unit Root Test 

	  

Table	  5	  Unit	  root	  test	  for	  	  the	  GOR	  and	  the	  S&P	  500	  index	  
 
In order to run the GARCH model for testing the volatility spillover effect between  the 
GOR and the S&P 500 index, their time series should be stationary. We use the ADF 
test on measuring the stationarity of our time series with the null hypothesis that has a 
unit root. The test is performed with Eviews 7 software. We use the result t values to ma
ke comparison with the critical value 1%, 5%, and 10%. As the result shows, both the 
GOR and the S&P 500 index are not stationary at a significant level of 1%. Therefore, 
we apply the first order differencing method to readjust our time series. Differencing 
aims to stabilize the mean and the differenced series is the change between each 
observations in the original series, the new time series become y't=yt -yt-1 
with T-1 values (Hyndman and Athanasopoulos, 2014, p.67). Our new data becomes the 
return of the GOR and the S&P 500 index, namely daily return, weekly return, and 
monthly return during 20 years, 6 years and 1 year respectively. Then we retest the new 
data with unit root test. The new results are shown in table 6. We can see almost all the 
p-values are significantly less than 5% except the p-value of monthly GOR on 1 year. 
However when GARCH modeling the S&P 500 index, in terms of GOR, it is important 
that the dependent variable S&P 500 index is stationary and independent variable GOR 
can be without stationary property. Hence, we are able to implement GARCH model 
with the new date series that are differenced S&P 500 index and GOR, which indeed do 
not change the nature of research purpose and have much impact on the test results.  
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Table	  6	  Unit	  root	  test	  for	  differenced	  GOR	  and	  differenced	  S&P	  500	  index 

5.7 Volatility Spillover Effect Test 

The model for differenced S&P 500 index in terms of differenced GOR can be broken 
down into Mean model and GARCH (1.1) model, which is performed by Eview 8 
software. And GARCH (1.1) model is to qualify volatility spillover effect between S&P 
500 index and GOR. The formula of the model as follows: 

𝑋!,! =𝐶!,!+ 𝐶!,!+ ε 𝛾𝑉! + 𝛼𝜇!!!! + 𝛽𝜎!!!!  

	  

Equation	  9	  Mean	  model	  and	  GARCH	  (1.1)	  model	  

i= S&P 500 index 
J= GOR 
Xi,t = Conditional variance equation for S&P 500 index at time t 
Ci,0 = constant coefficient of S&P 500 index at time t = 0 
Cj,t = Constant coefficient of GOR at time t 
V!  =long-run average variance rate 
γ = Constant coefficient conditional variance  
α = Constant coefficient for squared residual 
β = Constant coefficient for last period variance 
µμ  = yesterday observed volatility 
β= yesterday predicted volatility 
 
 
 

5.7.1	  Summary	  of	  test	  results	  	  

The results of volatility spillover effect between the GOR and the S&P 500 index are 
illustrated in the table below: 
 



	   66	  

constants 20yd 20yw 20ym 6yd 6yw 6ym 1yd 1yw 1ym 

Co 0.579614 
4.793284 
[0.0000] 

2.512395 
4.324365 
[0.0000] 

10.53779 
4.723505 
[0.0000] 

1.068092 
3.851634 
[0.0001] 

5.121951 
3.860894 
[0.0001] 

17.96524 
3.423591 
[0.0006] 

1.328841 
1.602637 
[0.1090] 

6.8226021
7111.998 
[0.000] 

19.287424
1.256982 
[0.2088] 

Cj -1.746675 
-5.726163 
[0.0000] 

-2.562345 
-3.552141 
[0.0004] 

-1.19685 
-0.669870 
[0.5092] 

-13.08724 
-20.17442 
0.0000 
 

-14.71509 
-7.837892 
[0.0000] 

-21.05966 
-6.322671 
[0.0000] 

-3.831192 
-2.885750 
[0.0039] 

-12.83819 
-54.06587 
[0.000] 

-6.576772 
-1.107223 
[0.2682] 

𝛄𝐕𝐋    0.283166 
4.741070 

[0.0000] 

2.981135 
1.827744 
[0.0676] 

27.21349 
1.700462 
[0.0890] 

9.411799 
5.102994 
0.0000 
 

173.2040 
1.496885 
[0.1344] 

59.19272 
0.838055 
[0.4020] 

15.92796 
1.965129 
[0.0494] 

-21.21350 
-0.249083 
[0.8033] 

780.8910 
0.183640 
[0.8543] 

𝛂 0.063273 
16.75450 
[0.0000] 

0.083723 
7.336690 
[0.0000] 

0.195212 
3.869279 
[0.0001] 

0.108651 
7.906325 
0.0000 
 

0.177742 
2.425031 
[0.0153] 

-0.104004 
-1.203350 
 [0.2288] 
  

0.181709 
3.235910 
[0.0012] 

-0.144962 
-1.015668 
[0.3098] 

1.500446 
0.402370 
[0.6874] 

𝛃 0.939336 
281.9142 
[0.0000] 

0.920443 
88.41488 
[0.0000] 

0.823960 
22.66518 
[0.000] 

0.830908 
37.81062 
0.0000 

0.573302 
2.740955 
[0.0061] 

1.103078 
9.858851 
[0.0000] 

0.746230 
10.41539 
[0.0000] 

1.188544 
5.549683 
[0.0000] 

-0.447043 
-0.232175 
[0.8164] 

R-squared 0.012532 0.017524 0.011502 0.122229 0.149543 0.269173 0.028228 0.055313 0.048382 

Table	  7	  Volatility	  spillover	  test	  results 
 
The table above presents the values of the coefficients and the Z-Statistic, also it 
includes the probability for significance level of the coefficients. Co and Cj are the 
parameters which give the constant and coefficient of difference GOR in the mean 
model of differenced S&P 500 index. And parameters γ,α, β  represent constant 
coefficient of conditional variance, constant coefficient for square residual, and constant 
coefficient for last period variance respectively. We use α  coefficient  and  β  coefficient 
to measure the volatility spillover effect. Here, we can observe that all α coefficients are 
larger than β coefficients. We have also presented R-squared criterion. The purpose of 
introducing this criterion here is to compare the model fit across the different time 
horizons. The closer to 1 as the value of R-squared is, the better the model fits to the 
data. The more specific analysis will be presented in next chapter. 
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Chapter 6 – Analysis & Discussion 

In this chapter we combine the theoretical framework from chapter three with the 
empirical findings to discuss and analyse the research question. We detail our tests of 
the hypothesis in a variety of scenarios and market conditions to provide a range of 
outcomes. Finally, we present a summary of our findings  based on all the conclusions 
from our tests.  

6.1 Volatility spillover effect between GOR and US 
Stock market performance 

Hypotheses	  1,	  2	  &	  3	  

Hypothesis 1: There is no volatility Spillover effect between the GOR and the S&P500 
index from 1995 to 2015: 
1.1 Daily 
1.2 Weekly   
1.3 Monthly 
 
Hypothesis 2: There is no volatility Spillover effect between the GOR and the S&P500 
index from 2006 to 2015: 
2.1 Daily 
2.2 Weekly   
2.3 Monthly 
 
Hypothesis 3: There is no volatility Spillover effect between the GOR and the S&P500 
index from 2014 to 2015: 
3.1 Daily 
3.2 Weekly   
3.3 Monthly 
 
All are tested with the GARCH (1,1) model. The summary result will be presented in 
the table below with the intention to demonstrate the volatility spillover effect for the 
GOR and the S&P 500 index for each time frame, under three different time intervals. 
And we test all hypothesizes with both significance levels of 95% and 99%. When we 
observed the p values that are the probabilities of the coefficients α  and  β  are 
significantly both less than 5%, we will declare that our empirical finding rejected the 
null hypothesis. Alternatively it supports that there is volatility spillover effect between 
the GOR and S&P500 index at the 95% significance level. While if either α  or  β is 
more than 5%, we cannot reject null hypothesis. Alternatively it supports that there is no 
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volatility spillover effect between the GOR and S&P500 index at the 95% significance 
level. Same rules imply on when testing hull hypothesis on significance level of 1%.  
 
Ho: No Volatility spillover, at significant level of 95% 
	   Daily	   weekly	   Monthly	  
20	  years	  between	  SP500	  &	  GOR	   Rejected	   Rejected	   Rejected	  
6	  years	  between	  SP500	  &	  GOR	   Rejected	   Rejected	   Not	  rejected	  
1	  years	  between	  SP500	  &	  GOR	  	   Rejected	   Not	  rejected	   𝐍𝐨𝐭	  rejected	  
Table	  8	  Ho	  test	  result	  at	  significant	  level	  of	  95%	  

 
Ho: No Volatility spillover, at significant level of 99% 
	   Daily	   weekly	   Monthly	  
20	  years	  between	  SP500	  &	  GOR	   Rejected	   Rejected	   Rejected	  
6	  years	  between	  SP500	  &	  GOR	   Rejected	   Not	  rejected	   Not	  rejected	  
1	  years	  between	  SP500	  &	  GOR	  	   Rejected	   Not	  rejected	   𝐍𝐨𝐭	  rejected	  
Table	  9	  Ho	  test	  result	  at	  	  significant	  level	  of	  99% 
 
As we can see from both tables above, the null hypothesis 1 is rejected with both 
significance level of 95% and 99% on a daily and weekly as well as monthly basis. 
Since both α  and  β  coefficients are significantly both less than 1%. This we can 
conclude with 99% certainty that there is volatility spillover effect between the GOR 
and the S&P 500 index  from 1995 to 2015 regardless of different time intervals.  
 
As it is shown on table 8, the null hypothesis 2 is rejected on a daily and weekly basis 
but not on a monthly basis with significance level of 95%. Since α  coefficient from 
monthly basis is larger than 5%.  This we can conclude with 95% certainty that there is 
volatility spillover effect between the GOR and the S&P 500 index  from 2006 to 2015 
on a daily and weekly basis. From table 9, we can see the null hypothesis 2 is rejected 
on a daily basis but not on a monthly and weekly basis with significance level of 99%. 
Since α  coefficient from monthly basis is larger than 1%. This we can conclude with 
99% certainty that there is volatility spillover effect between the GOR and the S&P 500 
index  from 2006 to 2015 on a daily basis.  
 
As it is shown on table 8, the null hypothesis 3 is rejected on a daily basis but not on a 
weekly and monthly basis with both significance levels of 95% and 99%. Since 
both  α  and  β  coefficients from weekly and monthly basis are larger than 5%. This we 
can conclude with 99% certainty that there is volatility spillover effect between the 
GOR and the S&P 500 index from 2014 to 2015 on a daily basis. 

6.2 Discussion around the hypothesis 

Here in this section we discuss the statistic results and related them with previous 
theory. 
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Firstly, we have presented the results of R-square that is a criterion to compare the 
model fit in the volatility spillover test results. R-square from 6 years data is on average 
higher than 20 years and 1 year data, and R-square on monthly data from 6 year is the 
highest. This means GARCH (1,1) model fits all 6 years data better in general and fits 
monthly data from 6 year the best. Therefore the results on testing hypothesis 2 is more 
precise than the results on testing hypothesis 1&3, the result on testing hypothesis 2.3 is 
the most precise. So that we are even more confident of the result from hypothesis 2, 
which is there is volatility spillover effect between the GOR and the S&P 500 index 
from 2006 to 2015 on a daily basis.  
 
Secondly, we can compare the results from testing volatility spillover effect together 
with the correlation test and see the consistency in terms of time frames and intervals. 
The correlation test also reveals that there is strong negative correlation between the 
GOR and the S&P 500 index from 2009 to 2015 on a daily basis. So we can see the 
consistency in relationship for 6 years on a daily basis, which consists of both volatility 
spillover effect as well as correlation. As the result from 6.1 shows that there is 
volatility spillover effect between the GOR and the S&P 500 index from 1995 to 2015 
regardless of different time intervals. And the correlation test shows that there is strong 
positive correlation between GOR and S&P 500 index from 1995 to 2015 on a weekly 
basis. So we can see the consistency in relationship for 20 years on a weekly basis. 
There is volatility spillover effect between the GOR and the S&P 500 index from 2014 
to 2015 on a daily basis. There is strong positive correlation between the GOR and the 
S&P 500 index from 2014 to 2015 on a monthly basis. Here is no consistency on 
relationship for 1 year because of different time intervals.  
 
Thirdly, we have presented Cj in the volatility spillover test results. All Cj have negative 
values which means a negative association between the differenced S&P 500 index and 
the differenced GOR. For all GARCH (1.1) model tests, when their null are not rejected, 
the Cj values of them are relatively low such as -14.71509, -21.05966, -12.83819 and -
6.576772 for 6 year on a weekly and monthly basis as well as 1year on a weekly and 
monthly basis respectively. While the Cj values for 20 years on a daily, weekly and 
monthly and basis are -1.746675, -2.562345 and -1.19685 respectively. For 20 years on 
a daily basis, on average for each increase in the differenced GOR, the differenced S&P 
500 index will decrease 1.746675. Hence we can see there is smaller negative 
association between the differenced S&P 500 index and the differenced GOR when the 
null are rejected.  
 
Fourthly, we can observe the statistic results about the residuals from the S&P 500 index 
on the GOR in the normality test. Initially, there is an interesting phenomenon about the 
kurtosis. For all GARCH (1.1) model tests, when their null are rejected, the kurtosis 
values of them are significantly higher than the normal level when the residuals are 
normally distributed. All values of kurtosis on 20 years in normality test has a minimum 
value that is higher than 4. So the residuals move rather volatile with non-normal 
distribution since the kurtosis value is significantly higher than value 3. Same result 
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appears for the GARCH (1.1) model test between 6 years daily the GOR and the S&P 
500 index. Corresponding to those rejected null, the kurtosis values on monthly 6 year, 
weekly and monthly 1 year are relatively low. The kurtosis value of 1 year on a monthly 
basis is 1.7096, which is the lowest among all the kurtosis of the normality test results. 
In line with the results of GARCH (1.1) model test, the α  coefficient and β  coefficient 
from 1 year on a monthly basis are extremely higher than the rest. All the GARCH (1.1) 
model test results with a α rejected have a kurtosis value ranging from 1.9 to 4. As well 
as the only with both  α and β rejected is from 1 year on a monthly basis has lowest 
kurtosis value. This shows that the time series with the residuals with high kurtosis 
value are most likely to have volatility spillover effect. 
 
Lastly, in the volatility spillover test results, we found all β is significantly larger than α 
when the null are rejected. This means the volatility spillover effect is persistent. The 
level of volatility spillover remains stable over certain period. 
 
We have not found any study on volatility spillover effect between the GOR and the 
S&P 500 index. While, a lot of studies give the focus on gold and stock markets as well 
as oil and stock markets. A similar study from Mensi et, al. (2013) focused on the return 
links and volatility spillover effects between the S&P 500 index and commodity price 
indices for energy, food, gold and beverages from 2000 to 2011. In using the VAR-
GARCH model, they found the solid proof of volatility transmission between the S&P 
500 index and these four commodity markets, where the oil and gold markets were 
mostly effected by the past shocks and volatility of the S&P 500 index (Mensi et, al. 
2013, p.15). Our study also proved the volatility spillover effect between the GOR and 
the S&P 500 index. Mensi et, al. (2013) also reveals that the highest conditional 
correlations are between the S&P 500 index and gold index and the S&P 500 index and 
WTI index. Likewise, we have found strong correlation between the GOR and the S&P 
500 index from all study periods. Here, we use our benchmark GOR to present both 
gold and oil markets and the S&P 500 index to represent stock market in the U.S. in 
order to give a better interpretation on theory connection. 
 
Even though we do not intend to test the market efficiency (chap: 3.1), there is still the 
information on volatility transmission from gold and oil markets to stock market. This 
can be related to the market efficiency theory. Chan et al. (1997) have used unit root test 
to test stock prices for all eighteen countries including the U.S. market. They found out 
the stock prices follow a random walk in these countries and all markets are efficient 
individually (Chan et al., 1997, p.809). Likewise, the results from our unit root test 
shows that all the residuals are non stationary and follow random walk theory. 
Moreover, the average high level of β  coefficient can be interpreted as a strong 
reflection of the high degree of information which flows from gold and oil markets to 
the stock market. As Zhang et al (2008, p.977) defines the volatility spillover effect as 
the reason for the volatility information being transferred among different markets. 
Therefore, the stock market responds to the changes of gold or oil prices in terms of 
S&P 500 index changes. Adversely, gold and oil markets also respond to the changes in 
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the S&P 500 index in terms of their prices changes. The volatility information can be 
transferred among gold and oil as well as stock markets. This can also indicate an 
efficient market in the U.S.. 
 
Furthermore, we connect our results with the theory on volatility spillover effect (3.5.3). 
Our findings of the volatility spillover effect existing between the GOR and the S&P 
500 index can be considered as an extended part of the previous studies (Arouri et al., 
2011; Diebold and Yilmaz, 2012; Mensi et, al. 2013; Aboura and Chevallier, 2014), 
which prove volatility spillover effect existing between commodity markets and stock 
markets. Moreover, the price volatility magnitude in one market can be influenced not 
only by its own previous volatility but also by the price volatility of foreign markets in 
the context of volatility spillover effect (Zhang et al, 2008, p.977). Our test results 
reveal that the S&P 500 index volatility magnitude is affected by the volatility of the 
GOR. Namely, stock market volatility is influenced by gold and oil market volatility as 
well.  
Gold and oil are main representative commodities, their volatilities have an impact on 
stock market volatility. In line with the study from Arouri et al (2011), which proved 
that oil price changes will inevitably affect the stock price positively or negatively in 
recent years. Sadorsky (1999) also reveals that oil prices and oil price volatility both 
play important roles in affecting real stock returns. Moreover, our finding of volatility 
spillover affect existing between the S&P 500 index and the GOR for 6 years on a daily 
provides an extended part of the previous study from Creti et al. (2013). Creti et al. 
(2013) found the correlations between commodity and stock markets evolve through 
time and are highly volatile, particularly since the 2007/08 financial crisis. We extended 
the examination period so that it includes the post financial crisis years, up until March 
2015. Hence this study provides more practical information for monitoring stock market 
risks with the most updated timescales - long, medium, short time frames, which enable 
the reader to make a comparison according to their different needs. 
 
Although the researches on studying the gold and oil ratio are very limited, there are 
some articles researching the relationship between either oil or gold prices or stock 
market performance. Kannan S. et al(2013) has utilized a bivariate BEKK-GARCH(1,1) 
to study the joint process between the commodity(crude oil and gold in their article) and 
any given pair of markets. Between 05-07-2005 and 14-12-2011, They discovered 
LLR(Log Likelihood Ratio between log likelihood of restricted model and unrestricted 
model) are consistently high for India, Malaysia and South Korea for both test 1 and test 
2 between oil and equity prices. Especially for Malaysia, the LLR value is 13.828 for 
test 1 and 11.282 for test 2.  They also revealed that China and Philippines have high 
LLR in both test 1 and test 2 between gold and equity prices. Especially for China, the 
LLR value is 25.830 for test 1 and 12.768 for test 2. (Kannan S. et al,2013,p.73) These 
findings support that three countries have bi-directional spillover between oil futures 
and equity markets while two countries have bi-directional spillover between gold 
futures and equity markets. This implies that not only oil prices are important for 
evaluating equity markets, the gold prices are essential for few countries too. This also 
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implies that the linkages between commodity futures market and equity markets are not 
strong enough for every country and there is almost no country that could have a strong 
relationship both between the oil - equity and gold-equity. They also have different 
volatility transmission before and after the crisis period. (Kannan S. et al,2013,p.75) To 
conclude, their findings demonstrated that the spillover effect indeed exists for some 
countries between either gold or oil and equity prices. However, the effects are different 
before and after crisis and different for countries. In our findings, we realize that there 
are spillover effect between the ratio of gold and oil and the equity prices during 
different time intervals and time length. We also realize that the relationship and effect 
are sometimes different for different time intervals and time length. For instance, there 
is a positive effect from 1995 to 2015 on weekly basis but there is a negative effect from 
2009 to 2015 on daily basis. Both of our findings support the idea that the spillover 
effect and possible the relationship are changing during different time period.  
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Chapter 7 Conclusion and recommendations 

In this part we present the conclusion as well as the findings which connect to our 
overall research purpose. Then we assess the quality and limitations of this paper. At the 
end, we give recommendations for further research.  

7.1 Conclusions 

Our research purpose is to examine the relationship between the Gold-Oil ratio and the 
Stock market in the U.S.. In order to answer this question, we have developed three sub-
questions as follows: 
 
Sub-question 1: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 1995 to 2015? 
Sub-question 2: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 2009 to 2015? 
Sub-question 3: Is there any volatility spillover effect between the GOR and the S&P 
500 index from 2014 to 2015? 
 
The answer for the first sub-question is that there is volatility spillover effect between 
the GOR and the S&P 500 index from 1995 to 2015 on a daily, weekly and monthly 
basis.  
 
The answer for the second sub-question is that there is volatility spillover effect 
between the GOR and the S&P 500 index from 2006 to 2015 on a daily basis. 
 
The answer for the third sub-question is that there is volatility spillover effect between 
the GOR and the S&P 500 index from 2014 to 2015 on a daily basis.  
 
In order to make our test more precise, we have taken the results based on the 
significance level of 99% at the end. The purpose of this study is to provide an 
alternative tool for monitoring stock market risks. Volatility is widely accepted as a risk 
measurement in financial markets. Therefore, we developed these questions with a 
focus on volatility spillover effect. Moreover, we want to fill the research gap on the 
deficiency of GOR study. Empirical investigation shows the bilateral relationship 
among oil, gold and stock markets. According to recent developments, we merged gold 
and oil into GOR and conducted this study to link oil, gold and stock markets together. 
And our test results enable us to answer the main question, which is: 
There is volatility spillover effect between the Gold-Oil ratio and the Stock market in 
the U.S. in the long, medium, and short-run. Therefore we answered our research 
question and fulfilled our research purpose. 
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7.2. Quality of the Results 

In chapter 5 we looked at empirical results, we presented and analyzed different results 
in order to provide empirical knowledge on volatility spillover effect between the GOR 
and the stock market. This paper provides scientific evidence that there is volatility 
spillover effect between them. Nevertheless, it is critically important to access the 
reliability and validity of the results that ensures this paper valuable. 
 
In Saunders (2009, p156-157) defines reliability as the consistency of data collection 
techniques and research result. And it suggests four mistakes which may threaten 
reliability: subject or participant error subject, participant bias, observer error and 
observer bias.  
 
Unlike the survey and the case study, such quality research involves interviewing 
people, and it may cause error and bias. Since everyone could have their own 
preconceptions and not be objective, this is a big threat to the study result. Our study has 
fulfilled the reliability criteria. As others can repeatedly produce our results by using the 
same raw data with the same econometrics models and statistical software. All the data 
are collected from Thomson Reuters DataStream, which is an academic database and 
everyone can access this data, thus it is impossible that our data is subjective. And we 
carefully collected the correct data, with correct time horizons and when running the 
Statistic Software. Moreover the U.S. stock market as our study target is a very 
transparent market with high market efficiency. These together make our finding 
reliable.  
 
For the validity concern, this study is solely designed for the research question. It only 
includes the variables we want to examine regardless of other influence factors. So that 
we can confirm the values for this relationship. However, it also restricts the application 
of our findings. Investors should not solely rely on it to measure stock market risk. As 
our aim is to provide an alternative tool on monitoring market risk. It can help to better 
understand stock market movements.  
 

7.3 Theoretical and Practical Contributions 

In general we find there is a volatility spillover effect between the GOR and S&P 500 
index, for different time interval, the relationships some are positive, some are negative.  
The contributions to this paper are made both from theoretical and practical 
perspectives. Firstly, the theoretical contribution is as a result of the absence of 
academic research on GOR. Large losses made during oil shocks, gold’s safe haven role 
in hedging risks and the volatile changes of stock markets have been the subject of 
massive empirical studies. Findings have been based on exploring the correlation and 
volatility spillover between gold, oil, stock markets bilaterally. Nevertheless, none of 
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the research combines gold and oil together in order to test the relationship with stock 
markets. Additionally, there is no recent study on testing the relationship among these 
three markets with the latest data, including early 2015. This has created a research gap. 
Our research has filled this research gap by examining and providing a measure of the 
volatility spillover effect between the GOR and the stock market within different time 
frames and updated data.   
 
The practical contribution of our research is to provide another indicator of GOR for 
investors when monitoring stock market risk. Volatility can be used to measure risk. We 
contribute research for investors and financial analysts that offer a new measurement for 
understanding the volatility of the stock market by using the GOR. This is useful both 
for hedging and speculative investment strategies. We provide a comprehensive and 
updated approach for monitoring stock market movement. Our study opens another path 
for academics and further researchers. It is also beneficial for investors, offering a 
focused outlook on the market while making investments. 

7.4 The societal and ethical implications of our 

research 

The research ethic is defined by Saunders et al. (2012, p.226) as “the standards of 
behavior that guide your conduct in relation to the rights of those who become the 
subject of your works, or are affected by it”. How the research is measured in terms of 
ethical parameters and how ethically it is actually conducted depends much on the 
researcher’s own social experience which indicates how the researcher’s behavior has 
been adapted to fit situations facing the researcher (Saunders, et al., 2012, pp. 226-227).  
 
Our research is about the volatility spillover effect between the GOR and stock market 
in the U.S. All the data we collect are transparent and published, access to this data is 
open to all, so we can freely use this data. And we use the primary data to carefully 
conduct statistical analysis to get the result. Our research with valid resourses can rich 
the knowledge for investors. Analytical examination over volatility spillover effect 
between the GOR and stock market in the U.S. helps investors to monitor market risks 
and hedge the risk with effective portfolio diversification. Moreover by reading our 
paper, we believe readers could continue deep research into this phenomenon. 
Meanwhile, investors should consider the potential opportunities from the ethical use of 
this research. Investors could apply the knowledge from this paper to monitor market 
risks in order to better diversify their portfolio, rather than seeking arbitrage 
opportunity. This enables us to have a more stable financial market and further benefits 
the entire society. Therefore we believe this is a topic of interest for society and worthy 
of further research.  
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7.5 Recommendations for further research 

During the process of this research, we have met several issues both on theoretical 
findings and practical performance. Therefore we have come up with some 
supplementary ideas and recommendations for further research on this topic. Firstly, we 
would like to suggest expanding the scale of the research sample. From the size of the 
sample, there are more stock markets that can be studied. Since both gold and oil 
investments are worldwide, it would be valuable to explore their relationship with 
several stock markets around the world, from the most efficient (Europe, Japan) to the 
emerging ones (South Africa, Nigeria). There are longer time horizons that can be 
included (actually from the beginning of commodity organized exchanges) and also 
shorter time intervals that could be worth examination. This will provide more evidence 
in this research area and contribute to create more knowledge for investors and analysts. 
 
Secondly, the GARCH model we used to test the volatility spillover effect can include 
more parameters. We suggest further research that could cover other parameters such as 
silver price, exchange rate, inflation rate etc, together with the GOR to test the spillover 
effect with the stock market. Moreover, we take the S&P 500 index as our benchmark, 
while we suggest the possibility of using more benchmarks, like the VIX index to make 
further comparison. 
 
Thirdly, this paper has focused on volatility. We suggest further research can focus on 
other perspectives, such as correlation on returns, demand and supply, gold elasticity 
etc. Moreover there are more models to qualify volatility spillover such as Generalized 
Autoregressive Conditional Heteroskedasticity model (VAR-GARCH), which could 
enable researchers to observe volatility spillover in terms of market events or news 
effect.  
 
Lastly, we found a high deficiency of academic articles on the GOR while doing 
literature reviews. We suggest more research should be done to fill this research gap. As 
authors of this paper that provides breakthrough research on GOR analysis, we would 
like to be updated with more significant findings and gain more knowledge on the GOR 
through further researches.  
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Appendix: 

1 Histograms-Normality tests  
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2 GARCH (1.1) test  

 
Dependent Variable: DSP5006Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 00:50   
Sample: 3/02/2009 3/31/2015   
Included observations: 1587   
Convergence achieved after 20 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 
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Log likelihood -6168.397     Hannan-Quinn criter. 7.786243 
Durbin-Watson stat 2.155113    
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     C 5.121951 1.326623 3.860894 0.0001 

WGOR6Y -14.71509 1.877430 -7.837892 0.0000 
     
      Variance Equation   
     
     C 173.2040 115.7096 1.496885 0.1344 
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     R-squared 0.149543     Mean dependent var 4.359620 

Adjusted R-squared 0.146835     S.D. dependent var 28.40298 
S.E. of regression 26.23497     Akaike info criterion 9.352569 
Sum squared resid 216117.9     Schwarz criterion 9.411996 
Log likelihood -1472.706     Hannan-Quinn criter. 9.376310 
Durbin-Watson stat 2.166575    

     
     

	  
Dependent Variable: MSP5006Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 12:52   
Sample: 2009M03 2015M03   
Included observations: 73   
Convergence achieved after 34 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C 17.96524 5.247485 3.423591 0.0006 

MGOR6Y -21.05966 3.330818 -6.322671 0.0000 
     
      Variance Equation   
     
     C 59.19272 70.63106 0.838055 0.4020 

RESID(-1)^2 -0.104004 0.086429 -1.203350 0.2288 
GARCH(-1) 1.103078 0.111887 9.858851 0.0000 

     
     R-squared 0.269173     Mean dependent var 18.61466 

Adjusted R-squared 0.258879     S.D. dependent var 56.87805 
S.E. of regression 48.96538     Akaike info criterion 10.57999 
Sum squared resid 170230.2     Schwarz criterion 10.73687 
Log likelihood -381.1695     Hannan-Quinn criter. 10.64251 
Durbin-Watson stat 2.474994    

     
     

 

 
Dependent Variable: DSP5001Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 18:07   
Sample (adjusted): 2/28/2014 3/31/2015  
Included observations: 283 after adjustments  
Convergence achieved after 25 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C 1.328841 0.829159 1.602637 0.1090 

DGOR1Y -3.831192 1.327624 -2.885750 0.0039 
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      Variance Equation   
     
     C 15.92796 8.105300 1.965129 0.0494 

RESID(-1)^2 0.181709 0.056154 3.235910 0.0012 
GARCH(-1) 0.746230 0.071647 10.41539 0.0000 

     
     R-squared 0.028228     Mean dependent var 0.707562 

Adjusted R-squared 0.024769     S.D. dependent var 14.41006 
S.E. of regression 14.23047     Akaike info criterion 8.045279 
Sum squared resid 56904.29     Schwarz criterion 8.109686 
Log likelihood -1133.407     Hannan-Quinn criter. 8.071104 
Durbin-Watson stat 2.053140    

     
     

	  
	  
	  
	  
Dependent Variable: WSP5001Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 18:28   
Sample (adjusted): 2/28/2014 3/20/2015  
Included observations: 56 after adjustments  
Convergence achieved after 82 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C 6.822602 0.000959 7111.998 0.0000 

WGOR1Y -12.83819 0.237455 -54.06587 0.0000 
     
      Variance Equation   
     
     C -21.21350 85.16629 -0.249083 0.8033 

RESID(-1)^2 -0.144962 0.142726 -1.015668 0.3098 
GARCH(-1) 1.188544 0.214164 5.549683 0.0000 

     
     R-squared 0.055313     Mean dependent var 3.599464 

Adjusted R-squared 0.037819     S.D. dependent var 33.00982 
S.E. of regression 32.37960     Akaike info criterion 9.684978 
Sum squared resid 56615.68     Schwarz criterion 9.865813 
Log likelihood -266.1794     Hannan-Quinn criter. 9.755087 
Durbin-Watson stat 2.345968    

     
     

 

	  
	  
 
Dependent Variable: MSP5001Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 18:22   
Sample (adjusted): 2014M04 2015M03  
Included observations: 12 after adjustments  
Convergence achieved after 92 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
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     C 19.28742 15.34423 1.256982 0.2088 

MGOR1Y -6.576772 5.939880 -1.107223 0.2682 
     
      Variance Equation   
     
     C 780.8910 4252.298 0.183640 0.8543 

RESID(-1)^2 1.500446 3.729022 0.402370 0.6874 
GARCH(-1) -0.447043 1.925462 -0.232175 0.8164 

     
     R-squared 0.048382     Mean dependent var 14.51417 

Adjusted R-squared -0.046780     S.D. dependent var 55.39924 
S.E. of regression 56.68021     Akaike info criterion 11.35031 
Sum squared resid 32126.46     Schwarz criterion 11.55236 
Log likelihood -63.10189     Hannan-Quinn criter. 11.27551 
Durbin-Watson stat 3.048660    

          
 
Dependent Variable: DSP50020Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 20:05   
Sample (adjusted): 3/31/1995 3/31/2015  
Included observations: 5218 after adjustments  
Convergence achieved after 17 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C 0.579614 0.120922 4.793284 0.0000 

DGOR20Y -1.746675 0.305034 -5.726163 0.0000 
     
      Variance Equation   
     
     C 0.283166 0.059726 4.741070 0.0000 

RESID(-1)^2 0.063273 0.003776 16.75450 0.0000 
GARCH(-1) 0.939336 0.003332 281.9142 0.0000 

     
     R-squared 0.012532     Mean dependent var 0.298770 

Adjusted R-squared 0.012343     S.D. dependent var 13.64062 
S.E. of regression 13.55618     Akaike info criterion 7.681779 
Sum squared resid 958543.9     Schwarz criterion 7.688065 
Log likelihood -20036.76     Hannan-Quinn criter. 7.683977 
Durbin-Watson stat 2.131189    

     
     

	  
 
Dependent Variable: WSP50020Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 20:07   
Sample (adjusted): 3/31/1995 3/20/2015  
Included observations: 1043 after adjustments  
Convergence achieved after 22 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C 2.512395 0.580986 4.324365 0.0000 

WGOR20Y -2.562345 0.721352 -3.552141 0.0004 
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      Variance Equation   
     
     C 2.981135 1.631046 1.827744 0.0676 

RESID(-1)^2 0.083723 0.011412 7.336690 0.0000 
GARCH(-1) 0.920443 0.010411 88.41488 0.0000 

     
     R-squared 0.017524     Mean dependent var 1.495983 

Adjusted R-squared 0.016580     S.D. dependent var 28.51037 
S.E. of regression 28.27303     Akaike info criterion 9.262969 
Sum squared resid 832137.9     Schwarz criterion 9.286698 
Log likelihood -4825.639     Hannan-Quinn criter. 9.271970 
Durbin-Watson stat 2.190252    

     
     

 

 

 

 
Dependent Variable: MSP50020Y   
Method: ML - ARCH (Marquardt) - Normal distribution 
Date: 05/20/15   Time: 20:09   
Sample (adjusted): 1995M04 2015M03  
Included observations: 240 after adjustments  
Convergence achieved after 64 iterations  
Presample variance: backcast (parameter = 0.7) 
GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C 10.53779 2.230927 4.723505 0.0000 

MGOR20Y -1.194685 1.783459 -0.669870 0.5029 
     
      Variance Equation   
     
     C 27.21349 16.00358 1.700462 0.0890 

RESID(-1)^2 0.195212 0.050452 3.869279 0.0001 
GARCH(-1) 0.823960 0.036354 22.66518 0.0000 

     
     R-squared 0.011502     Mean dependent var 6.491000 

Adjusted R-squared 0.007349     S.D. dependent var 53.78273 
S.E. of regression 53.58475     Akaike info criterion 10.55054 
Sum squared resid 683375.5     Schwarz criterion 10.62305 
Log likelihood -1261.064     Hannan-Quinn criter. 10.57975 
Durbin-Watson stat 1.983562    
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3 Correlation Test between Variables  

	  

	  

4 unit root test 
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5 Volatility on GOR 
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6 Volatility on S&P 500 index 
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