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I 

 

Abstract 

 

 

Investing in commodities may have important benefits for investors but only in the last 

few decades have they started to think more about this possibility. Furthermore, large 

investors are more inclined to change their own personal view. Therefore, 

understanding the benefits that commodities could give to an investment portfolio might 

alleviate investors’ concerns. Several previous studies, as Belousova and Dorfleitner 

(2012) suggest, that the commodities with higher benefits are precious metals and gold, 

in particular. The purpose of our work is to understand which possible benefits are for 

equity investors and if they are common for certain commodities with different physical 

characteristics. 

  

The first part of our empirical work focuses on the main descriptive statistics of the 

return distribution (mean, variance, volatility, skewness, kurtosis and correlation) for 8 

stock indices and 7 commodity futures. The main goal of this is to understand the 

differences among the commodities and between the commodities and the stock indices. 

In the second part of the empirical work, we test the safe-haven and the hedge properties 

of these commodities on a weekly basis for all of them with stock indices, and we do 

the same on a daily and monthly basis for only commodities which are negatively 

correlated on average with the stock indices. In the last part of our work, we combine 

these 7 commodities, following the principles of Bloomberg Commodity Index 

(BCOM), in order to create a well-balanced and well-diversified commodity index. 

Additionally, we create some mixed portfolios using this index and a different stock 

index every time. After that we look at the volatilities and the returns of these mixed 

portfolios with different weight combinations. Our main goals in this section are to 

understand the characteristics of the commodity index in comparison with stock indices 

and then, finding which weight combinations give the mixed portfolios the optimal risk-

return trade off. Understanding which are efficient weights, can lead to conclusions 

about the weight that commodities should have in a portfolio according to the risk 

tolerance of the investors.    

  

The research is done considering three time frequencies: daily, weekly and monthly; in 

line with the ones used by Baur and McDermott (2010). The sample size differs among 
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these three different time basis. In fact, daily data started in January  2007 and the other 

two time frequencies data began with January 1997. All the time samples ended in 

March 2016. 

 

The results of the first part show that gold is the only commodity with a volatility 

similar to the stock indices (it also has a higher average return) and that on the daily, 

weekly and monthly basis. Whereas, the other commodities are much riskier than stock 

indices since they have higher volatility for all the three time-frequencies analyzed. 

 

The results of the second part suggest that only gold is both a safe-haven and hedging 

commodity in line with the methodology used by Baur and McDermott (2010), but only 

for DAX 30 on a weekly basis. Furthermore, our results also show that natural gas is 

strong hedge in some cases such as natural gas for STI (Singapore) on a monthly basis 

or gold for Nikkei 225 on daily, weekly and monthly basis. Other commodities are 

neither safe-haven nor hedge in any case, except for silver which is a safe-haven 

commodity for DAX 30 and Sensex which at its worst, 1% and 5%, declines in the 

market respectively.  

 

The results of the last part of our work show that all the minimum variance mixed 

portfolios (the ones with the weights give the lowest risk) - made on a weekly basis - 

reduce the portfolio volatility and make the portfolio returns higher than the stock 

indices returns in 5 cases out of 8. Additionally, the results show how investors, who 

add a well-balanced and well-diversified commodity index to their portfolios, are able 

to observe several weight combinations and choose the one which suits their risk 

tolerance. Moreover, our results show that the optimal-weight combinations  for 

commodity weights are lower than 0,5 only for FTSE 100 and S&P 500 (both values are 

0,49) and higher than 0,62 but lower than 0,7 for DAX 30, Nikkei 225, Hang Seng, 

Sensex, SSEC. Furthermore, the optimal weight for STI is 0,54. 

  

 

Keywords: Stock index, commodity, futures, return, volatility, safe-haven, 

hedge,   portfolio, diversification, correlation, optimal weights 
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Chapter 1: Introduction 
 

 

In this chapter, our aim is to present the background problem related to investments in 

commodities and then to state our research questions and research purpose. Then, we 

present the research gap we have found in the literature. In addition, we point out the 

structure of our thesis presenting briefly how it is organized and which is the aim of 

every chapter. 

 

 

1.1 Problem background 

 

In the past, investing in commodities has not been common for investors as pointed out 

by Kat (2006, p.6) “… commodity markets have been around for centuries, investors´ 
interest in them has always been quite limited. Over the last few years, however, this 

has changed completely”, after that, Kat (2006, p.6) underlines how this change was 
related mainly to the institutional investors. Since commodities are traded mainly as 

commodity futures derivatives (Fabozzi et al., 2008), according to Webb et al. (2016) 

“… most developed derivatives markets, where the majority of participants are 
institutional investors”. Additionally, Belousova and Dorfleitner (2012) ascertain what 

mentioned above, “the strong growth of commodity investments indicates an increasing 
interest of investors in commodity markets”. 
 

It is interesting to underline that this approach changes very late and not in the same 

intensity for the different size of investors, since for small investors, investing in 

commodities is still something unusual, probably except for gold, as everyone can own 

them in their daily life. These worries about investing deeply in commodities by small 

investors do not match with the possible benefits of adding them to their portfolios. In 

fact, according to Kat (2006, p.6) “Given commodities´ risk characteristics, adding a 
well-balanced portfolio of commodities to a traditional portfolio of stocks and bonds 

will reduce the volatility of that portfolio. However, it will also have an impact on the 

portfolios´ expected return”. 
 

Practically, the stock markets have been quite volatile which leads investors to pay a 

significant amount of attention to commodity investments (Conover et al., 2010). 

Therefore, many previous researches have been completed to investigate investing in 

commodities with respect to the stock markets in order to observe whether they co-

move with the market or not during both normal and stressed market conditions.  

 

During the normal market conditions, Jensen et al. (2010) and Gorton and Rouwenhorst 

(2006) have evaluated the role of commodities in the US market and understood that 

commodity futures are negatively correlated with the market which implies a strong 

hedge possibility against the market movements. These two studies have not 

investigated individual commodities, instead, a composed commodity index has been 

studied which might be subject to personal subjectivity. Moreover, the studies are 

restricted to the U.S. stock market. On the other hand, contradicting views of Wang et 
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al. (2013) show that commodities cannot be used in hedging strategies. Wang and his 

colleagues have not studied individual commodities either but what distinguish  their 

study from the previous two that they used an international commodity index to 

represent the whole commodity market in addition to specific indicators to represent the 

sectors. The study has been extended to twelve countries including U.S. 

 

During the stressed market conditions, many studies have focused on precious metals to 

investigate their role during the extreme declines in the markets. Hood and Malik 

(2013) show that precious metals are weak safe havens for the US market during the 

stressed conditions. On the other hand, Creti et al. (2012) show that, among all 

commodities, only gold has served as a strong safe haven during the financial crisis in 

2008. This study considers 25 different individual commodities instead of investigating 

only precious metals as Hood and Malik (2013) and the US stock market is the common 

benchmark for both of them. Furthermore, from these previous studies and many others 

as we show in the latter chapters, there is some arbitrage in the literature on whether 

commodities could match the expected benefits or not. 

 

Moreover, previous literature illustrates that adding commodities to a stock portfolio 

improves the performance of the portfolio with different allocations to commodities. 

For example, Bodie and Rosansky 1980 have found that the benchmark commodity 

futures index used in the study gives the same mean return as the common stocks. 

Furthermore; Switching from an all-stock portfolio to a portfolio composed by 60% 

stocks and 40% commodity index reduces the portfolio risk with remaining the same 

level of return. Conover et al. (2010) have also realised that commodities reduce the 

overall portfolio risk. Unlike Bodie and Rosansky (1980), Conover et al. (2010) have 

suggested that a portfolio allocation with greater than 5%, basically 10-15 %, 

commodity index would reduce the portfolio risk. These different studies show different 

suggestions about allocations to commodities in a portfolio of stocks. 

 

 

1.2 Research questions 

 

According to Kat (2006, p.2) “… commodity markets have been around for centuries, 
investors´ interest in them has always been quite limited”. Furthermore, Kat (2006, p.2) 
adds that “Over the last few years, however, this has changed completely. Commodities 

have very quickly become quite popular and investments in commodities are growing at 

an unprecedented rate. It is estimated that over the past few years (institutional) 

investors have poured $75 billion into commodities and according to a recent 

institutional investor survey by Barclays Capital …”. In line with Webb et al. (2016), 
Kat (2006) declares how only institutional investors have changed their idea concerning 

investing in commodities in the last few years. Webb et al. (2016) underline that the 

most developed derivatives markets concerning commodities are mainly used by 

institutional investors, thus the importance of retail investors in such markets are really 

low. 

 

Therefore, there is a lack of participation by investors in commodity markets, but 

perhaps adding commodities to an already-built stocks portfolio may have some 
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benefits such as hedges, safe havens and improving their portfolio performance. Thus 

our research questions are the following: 

 Are commodities possible hedges and/or safe havens in an equity portfolio?  

 How much should be allocated to commodities to reduce the portfolio risk?  

 

 

1.3 Research gap 

 

Many studies have been carried out to investigate the role of commodities for stock 

market investors, however, there is still considerable uncertainty about the consistency 

and the general applicability of the benefits of commodity investments for stock 

investors. As previously stated in the problem background, there are some conflicting 

views for commodities investment expressed in disagreements on whether stock 

investors can achieve the expected benefits associated with commodity investments. For 

example, a recent study of Wang et al. (2013) concludes that commodities cannot be 

used as hedge instruments while an earlier study of Jensen et al. (2010) and 

Rouwenhorst (2006) show that the commodities are negatively correlated with the stock 

market and therefore, they can be used in hedging strategies. Similarly, previous 

literature conflict whether commodities serve as safe havens during the extreme shocks 

in stock markets. Furthermore, different recommendations have been suggested on how 

much commodities are to be allocated in a stock portfolio to reduce the overall risk. As 

previously stated, there is a lack in a well-founded conclusion about the expected 

benefits of investing in commodities. 

 

In order to help in solving some of this uncertainty associated with commodity 

investments, we consider several commodity futures and several stock indices to 

investigate the expected benefits of investing in commodities. 

 

Furthermore, most studies, especially for hedge and safe-haven analysis, have focused 

on precious metals while others have used a commodity index as a representative for 

commodity markets to investigate the role of commodities in stock markets. 

Remarkably, fewer studies have focused on individual commodities, such as Creti et al. 

(2012), and therefore, we extend our study to investigate the hedge and safe-haven 

possibility for seven different commodities. Nevertheless, a US stock market indicator, 

particularly S&P 500, has been common for the vast majority of previous literature, 

however, some studies such as Baur and McDermott (2009) and Baur and Lucey (2010) 

have extended their work to cover some other international indices. That’s why we 
cover eight different world-wide indices in our study where some of them are not 

covered by the previous literature. 

 

 

1.4 Research purpose 

 

We want to investigate the benefits that could be achieved by investing in commodities. 

Particularly, we investigate whether commodities co-move or not with the stock 

markets during normal market conditions to reflect the hedge possibility and during the 
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extreme declines in the markets to reflect the safe-haven possibility. Furthermore, we 

investigate different allocations to a commodity index in stock portfolios in order to 

identify the combinations which withhold a lower risk.  

 

Our research purpose can be divided into four different parts: the first two are 

concerning the descriptive statistics of the returns distribution for the commodities and 

the stock indices. We have chosen the third one based on testing if these commodities 

may match the safe-haven and hedge properties and the last one is concerning the 

analysis of several mixed portfolios´ characteristics. During our work we refer to three 

different time frequencies: daily (from January 2007 to March 2016), weekly and 

monthly both from January 1997 to March 2016. 

 

First of all, we want to figure out whether stock investors are exaggerating their fears 

for commodity investments in term of the return and the risk. We look at the data 

concerning the first four moments of returns distribution (mean, variance, skewness, 

and kurtosis) for seven different commodities and for eight stock indices, in order to 

understand if there are important results - concerning commodities and stock indices 

return distributions - that needs to be highlighted. These results could show some 

interesting points concerning the reasons why investors are usually unwilling to invest 

in commodities. We do this for daily, for weekly and for monthly data. 

 

Secondly, we analyze the volatility of these assets for these time frequencies and the 

correlation among them. Furthermore, we provide an example of how the correlation 

between a stock index and commodities changes over time. We analyze volatility in 

order to obtain a measure of how the returns vary over time also. We investigate 

correlation between every stock index and every commodity in order to understand if 

they co-move or if they follow an opposite path, meaning that one is growing and the 

other one is decreasing. 

 

Thirdly, we investigate the safe-haven and hedge possibility for all the commodities 

related to every stock index on a weekly basis and only for the ones with negative 

correlations on a daily and monthly basis. We investigate these two possibilities in order 

to understand how commodities can compensate the performance of stock markets 

during normal times (hedge property) and during extreme stock market declines (safe-

haven property). 

 

Finally, we create a commodity index following the Bloomberg Commodity Index 

composition (BCOM), in order to build several mixed portfolios made by a stock index 

and our commodity index. We observe which weight combinations result in the lowest 

volatility for every portfolio. We build these mixed portfolios in order to understand 

how a combination of stocks and commodities can satisfy the investors’ risk tolerance, 
remembering that there are different kinds of investors, some of them love to risk, 

others are neutral and others are risk-averse. Furthermore, we want to highlight the 

weights combination that is related to the lowest volatility for every mixed portfolio we 

are going to create, because it shows the choice of a risk-averse investor who could be 

the one less inclined to invest in commodities. 
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1.5 Overview of the thesis structure 

 

In this subparagraph, we present briefly how our thesis is organized. In this chapter 
(chapter 1) our aim is to present the background problem that lead us to choose this 
topic, after that we present our research questions and then we draw upon our 
conclusion, furthermore, we underline the research gap we have found in the literature. 
 

In chapter 2, our aim is to explain which kind of scientific approach and philosophy we 
follow during our work and also to give some reasons why we have chosen this topic. 
 

In chapter 3, we present all the relevant theoretical concepts related to the topic: we give 
information about financial markets, financial assets, asset allocation, commodities 
benefits and portfolio theory. 
 

In chapter 4, we have four main goals. First of all, we present the procedures that we 
follow during the empirical work. Secondly, we present some useful statistical items 
that help the reader to better understand the practical methodology and the empirical 
part. Then we explain which kind of data and which time intervals we have chosen. 
Finally, we list briefly which database and which software we use during our thesis. 
 

In chapter 5, we present the results we got in our empirical work and we underline the 
main points that we found from it. 
 

In chapter 6, we discuss our empirical results and how they answer our research 
questions. 
 

Finally, we do some short conclusions and we list our contributions to the literature, 

furthermore, we present some ideas for further researches. 
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Chapter 2: Methodology in theory 
 

 

In this chapter, we explain why we decided to choose this topic and we discuss some 

methodological points about research in order to explain which kind of scientific 

philosophy we follow during our work. 

 

 

2.1 Why did we choose this topic? 

 

We decided to work on commodity futures among a long list of possible topics we 

gathered, for a couple of reasons, but our decision was mainly due to the fact that small 

investors are usually focusing on bond and stock markets, much more than big market 

players. Indeed, according to Webb et al. (2016) “... most developed derivatives 
markets, where the majority of participants are institutional investors”, therefore, the 

retail investors are not heavily involved in the derivatives markets such as the 

commodity futures’ ones. In line with Webb et al. (2016), Jacobs et al. (2013, p.7) 

display, due to a lack of investment access, commodities have been ignored for a long 

time by retail investors. In addition, Gorton and Rouwenhorst (2006) suggest a similar 

idea: “Commodity futures are still a relatively unknown asset class, despite being traded 

in the U.S. for over 100 years and elsewhere for even longer. This may be because 

commodity futures are strikingly different from stocks, bonds, and other conventional 

assets”. Additionally, retail investors usually do not consider the possibility of investing 

in commodities, it might be because they are worried about them or because they are not 

familiar with such markets. Our aim is trying to understand what the expected benefits 

would be, if these kinds of investors added commodity futures to their own investment 

portfolios.  

 

 

2.2 Philosophical view 

 

After the explanation of the reasons that led us to choose this topic, we present briefly 

philosophical issues: ontology and epistemology; in order to explain some items about 

how we look at the research in general. 

 

 

2.2.1 Ontology 

 

Ontology is the “the branch of metaphysics dealing with the nature of being” (Oxford 
Dictionaries) or “a set of concepts and categories in a subject area or domain that shows 

their properties and the relations between them” (Oxford Dictionaries). If we want to 
frame this definition into the business area we should say that “(social) ontology is 
concerned with the nature of social entities” (Bryman and Bell, 2015, p.32). Bryman 

and Bell (2015) illustrate that ontology has two main positions: objectivism and 

constructionism. Therefore, we define these two different ideas, and then declare the 

one we use in our work and explain the reasons for this choice. 
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Objectivism is an ontological position that implies that social phenomena confronts us 

as external facts beyond our reach or influence (Bryman and Bell, 2015, p.32). 

Constructionism is an ontological position which asserts that social phenomena and 

their meanings are continually being accomplished by social actors (Bryman and Bell, 

2015, p.33) Furthermore, “it implies that social phenomena and categories are not only 

produced through social interaction but also in a constant state of revision” (Bryman 
and Bell, 2015, p.33). 

 

In our topic, there is a belief that adding commodities to an existing stock portfolio is 

beneficial, therefore, our ontology is objectivism since we do not know the reality and 

we investigate if there is a relationship between commodity futures returns and stock 

indices returns. Further, our results are not and they are beyond our influence, therefore, 

our choice is objectivist. On the other hand, constructionism does not apply for our 

study since the benefits of investing in commodities are independent from social actors. 

 

 

2.2.2 Epistemology 

 

Epistemology is the study of knowledge and justified belief (Stanford Encyclopedia of 

Philosophy, 2005). In other words, it is the study of nature from a critical point of view 

and of the limits of knowledge. An epistemological issue concerns the question of what 

is (or should be) regarded as acceptable knowledge in a discipline (Bryman and Bell, 

2015, p.26). As for ontology, epistemology shows two different views: “interpretivism 
is a contrasting epistemology to positivism” (Bryman and Bell, 2015, p.28). Therefore, 
we have to define these two ideas, and then declare the one we use in our work and 

explain the reasons for this choice. 

 

According to Bryman and Bell (2015, p.27), the doctrine of positivism is difficult to pin 

down and outline precisely because it is used in a number of ways by researchers. 

Nevertheless, positivism can be defined as “an epistemological position that advocates 
the application of the methods of the natural sciences to the study of social reality” 
(Bryman and Bell, 2015, p.28). 

 

Interpretivism is “based on the view that a strategy is required that respects the 
differences between people and the objects of the natural science and therefore requires 

the social scientist to grasp the subject meaning of social action” (Bryman and Bell, 
2015, p.29). The term comes from writers who have been critical of the application of 

the scientific model to the study of the social world (Bryman and Bell, 2015, p.28). 

 

In this work, we follow the positivism since we extract real historical data of 

commodity futures returns and stock indices returns in order to observe the relationship 

between them, in addition to understand the possible benefits associated with adding 

commodities to an existing stock portfolio. Furthermore, the data is observable and 

measurable in numbers without relying on subjective evidence; therefore, interpretivism 

does not fit our research. 
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2.3 Research approach 

 

According to Bryman and Bell (2015, p.23), there are two main research theories, 

deduction, and induction. “Deductive is the most common view of the relationship 

between theory and research, the researcher deduces a hypothesis (or hypotheses) that 

must be subjected to empirical scrutiny. There is a need to specify how data can be 

collected in relation to the concepts that make up the hypothesis” (Bryman 2015, p.23). 
 

Our approach is deductive since we investigate the expetected benefits empirically 

using the historical data. While, “in the opposite direction from deduction, induction, 

where the researcher infers the implications of his or her finding for the theory that 

prompted the whole exercise. In other words, the findings are fed back into the stock of 

theory” (Bryman, 2015, p.23). We are not trying to develop a new theory or a model 

neither are we trying to solve a puzzle that the existing theories cannot solve; therefore, 

inductive approach does not fit our research. 

 

 

2.4 Research strategy 

 

According to Bryman and Bell (2015), what determines the choice of research method 

is the nature of data and the process that are followed in the analysis. 

 

The two most commonly used methods in business research are quantitative and 

qualitative. “Quantitative research is a research strategy that emphasizes quantification 

in the collection and analysis of data. By contrast, qualitative research is a research 

strategy that usually emphasizes words rather than quantification in the collections and 

analysis of data” (Bryman and Bell, 2015). 

 

In our research, following objectivist ontology and positivist epistemology leads us to 

use a quantitative research method. We use quantitative methods based on statistical 

tools and econometrical models in order to find key results empirically. Furthermore, 

qualitative method does not fit into our study since we do not want to emphasize words 

to get a deeper understanding of a subjective phenomenon.  In addition, we use only 

quantitative data and not qualitative ones such as the different colors in a sample of 

books. 

 

 

2.5 Research Design and truth criteria 

 

“A research design provides a framework for the collection and analysis of data. Choice 
of research design reflects decisions about priorities given to the dimensions of the 

research process” (Bryman and Bell, 2015, p.46). 

 

According to Bryman and Bell (2015), there are five different research designs: 

experimental design, cross-sectional design, longitudinal design, case study design and 

comparative design. Hypotheses are constructed and tested in the experimental design 

while data are collected for different variables in one point of time with different 
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samples and factors in the cross-sectional design. The longitudinal design is similar to 

the cross-sectional but it adds a variable of time. In the case study design, one single 

case is investigated in great depth while the comparative design investigate different 

case studies to compare them to the others. More than one design can suit one research, 

in other words, the researcher can mix several designs to fit the requirement of the 

research. In our research, we use a longitudinal design since we have different time 

horizons. 

 

In order to evaluate the research, three important criteria should be taken into 

consideration: reliability, replication and validity (Bryman and Bell, 2015).  

 

 

2.5.1 Reliability 

 

In order to be reliable, a particular measure has to be consistent. Reliability is concerned 

with the question of whether the results of a study are repeatable and also the question 

of whether the measures that are devised for concepts in the main topic are consistent or 

not (Bryman and Bell, 2015, p.49). 

 

Reliability can be divided into three concepts: stability, internal reliability and inter-

rater reliability. Stability can be investigated through a test-retest method when a test 

can be done on two occasions where high correlation should be found between the two 

results (Bryman and Bell, 2015, p.1689). Internal reliability applies to multiple-

indicator measures where the indicators should be related to each other with high 

coherence. A split-half method is one way used to test the internal reliability when you 

divide the indicators into two groups where the degree of correlation between scores is 

calculated. The value of 0 means that there is no correlation and, therefore, no internal 

consistency while the value of 1 signifies the perfect correlation and complete internal 

consistency. A result of 0.8 is usually accepted or 0.7 for many purposes. Finally, The 

inter-rater reliability is concerned with different observers’ views to the consistency 
(Bryman, 2015). 

 

In our work, all results of the research are digitally stored and available for any 

researcher to extend or to do a similar study. The extracted data are quantitative and 

they could be the same data at any point in time, therefore, the measures used in this 

study are stable over time. In addition, to mitigate the risk of internal consistency, both 

of us strictly follow the methodology to ensure that we do it in exactly the same way. 

Finally, we have collected high quality data and we have analyzed them carefully 

relying on previous theories apart from any observers’ subjectivity. 
 

  

2.5.2 Replication 

 

“It is concerned with that if the study is repeatable. Researchers sometimes choose to 

replicate the finding of others. In order to replicate, the researcher should spell out his or 

her procedures in great detail” (Bryman and Bell, 2015, p.50). During our work we 

consider previous literature as a very important source of inspiration. Furthermore, our 
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thesis is replicable for any potential future researchers since we use a secondary external 

data and thus, similar study can be conducted by others. 

 

 

2.5.3 Validity 

 

According to (Bryman and Bell, 2015, p.50), validity is the most important criterion of 

research. It is concerned with the integrity of the conclusions of the research. Validity 

can be divided into four categories: measurement validity, internal validity, external 

validity and ecological validity. 

 

Measurement validity applies primarily to quantitative research and deals with the 

question of whether or not a measure that is devised of a concept really does represent 

the concept that it’s supposed to be denoting (Bryman and Bell, 2015, p.50). Internal 

validity is related to the issue of causality, it is concerned with the causal relationship 

between two or more variables, for example if X causes Y, we need to be certain that Y 

is caused by nothing else other than X. In other words, X is solely responsible for 

variation in Y and not some other factors (Bryman and Bell, 2015, p.50).  

 

External validity deals with whether the results of the research can be generalized 

beyond the specific research context (Bryman and Bell, 2015, p.51). The last validity 

measure, ecological validity, is concerned with the question of whether the research 

findings are applicable in people’s everyday lives, in other words, the findings have to 
be ecologically valid (Bryman and Bell, 2015, p.51). 

 

In our research, we try to make sure that the statistical tools we use in the analysis are 

very precise and related to what we are looking for in order to fulfil the measurement 

validity. We also take the causation criterion in our consideration since we use variables 

related to commodities which have been used in previous studies such as Hood and 

Malik (2013) and Jensen et al. (2000). In term of the external validity, we try to extract 

as much representative samples as possible using daily, weekly and monthly data. The 

ecological validity would not be a concern since we track the historical returns on stock 

indices and commodities excluding from the human participants. 

 

 

2.5.4 Ethical issues 

 

Ethical issues about business research are concerned with two main questions; the first 

question is how should we treat the people with whom we conduct research with? The 

second question, are there activities in which we should or should not engage in our 

relations with them? (Bryman and Bell, 2015, p.129).  

 

We cannot answer the first question since our work does not include human 

participants, because our thesis is an empirical work based on quantitative data 

downloaded from a trustable database and not a work based on qualitative 

questionnaires which need an interaction with human participants in order to recollect 

the data. Therefore, in our thesis the risk of harm to participants is unlikely, since our 
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work is focused on investigating the benefits that investors’ portfolios could get by 

investing in commodities. In addition, we cannot answer to the second question since 

there are no human participants in our work but only quantitative data. 

 

Given that there are no human participants in our work we cannot discuss about the 

ethical issues related to them, but we can try to highlight some ethical issues concerning 

us as authors and the data we use in this thesis. In general, “Ethics are norms or 
standards of behaviour that guide moral choices about our behaviour and our 

relationships with others and our relationships with others” (Cooper and Schindler, 
2006, p.116). First of all, honesty is a really important aspect, because we want to 

conduct our work in an honest way in order to make our results trustworthy. Honesty is 

related to a lack of data alternation and lack of data manipulation, thus we do not want 

to use data in an unfair way, in order to have the results in line with our research 

questions and our research purpose. In other words, we do our best to be as objective 

and careful as possible in both extracting the data and providing our results and 

conclusions in a fully transparent way. Furthermore, we avoid any kind of deception 

and manipulation or withholding any information through conducting our work. 

Secondly, the aim of our work is to investigate the benefits that an investor could gain 

by investing in commodities, thus, we are careful to not suggest any immoral 

behaviours such as speculations. Finally, the results of our analysis can be used by both 

large and small investors, in this way we want to avoid any possible kind of 

discrimination according to the size and the financial possibilities of the investors, 

therefore we conduct our empirical analysis without making any kind of differentiations 

among investors. 

 

In addition, we extract our data from an authorized source, Thomson Reuters 

Datastream, which is a very trustworthy and often used database in economics and 

financial research. Furthermore, commodity futures and stock indices returns are 

available to the public and therefore, the only consent we need is to be authorized to 

extract the data from the chosen source, in our case Thomson Reuters Datastream. This 

source is available for Umeå University students since the university has already 

registered an account for students.  
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Chapter 3: Theoretical framework 
 

 

In this chapter, we present all the useful knowledge that can help the reader to better 

understand the whole thesis and can help us to have a stronger theoretical background 

during the empirical work and during the discussion about the empirical results. We 

also give explanations of why the concepts inside theoretical framework are essentials 

for our thesis. First of all, we list the different kinds of financial markets and financial 

asset classes in order to have an overall idea of financial markets and assets. In 

particular we highlight only stocks and commodities; given that we only use them in the 

next chapters for our empirical analysis. Secondly, we display the benefits to investors 

of investing in commodities shown by the previous literature. Finally, we present how 

we can evaluate the effects of commodities in a portfolio made up of other assets and 

how it is possible to select the best portfolio composition in term of risk. 

 

 

3.1 Financial Markets 

 

Financial markets are marketplaces where you can buy or sell assets such as equities, 

bonds, derivatives, and currencies. Two main parties participate in the financial 

markets: the investors or the lenders, and the borrowers or those who need capital 

(called issuers) such as governments and companies (Bodie et al., 2011). Most countries 

around the world have financial markets, for example, New York Stock Exchange 

(NYSE) and Chicago Mercantile Exchange (CME) which are two of the largest in the 

United States of America.  

 

In a capitalist system, financial markets have a very important role regarding the 

allocation of capitals. Indeed, for example, investors in the equity markets have the 

power to decide which companies will go on with their activities and which will 

disappear. The fate of such companies is dependent on their future profitability; if they 

are deemed profitable then investments will be made by investors. This gives companies 

access to new resources through new share issues or borrowing money, for example, 

allowing them to invest in R&D. On the countrary, if those companies do not have a 

solid future profitability, investors will not invest in them and they will probably have to 

reduce their investment projects or in the worst case, they will end up bankrupt (Bodie 

et al., 2011, p.5). The idea, that companies’ future is related to how financial markets 
look at them, can also be valid for other financial markets. For example, the situation 

could be the same for a country with very high sovereign debt, thus, in this case we are 

analyzing bond markets. 

 

In terms of the issuers and the lenders, markets are divided into primary markets, where 

the instrument is issued and sold to the lenders, and secondary market, where the 

investors buy and sell previously issued instruments (Bodie et al., 2011). This 

distinction between those two market types is really significant as there are some 

financial entities which are not allowed to operate in one of them. For example ECB 

cannot buy financial instruments in the primary market, neither during its own asset 
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purchase programme, according to article 18.1 of European System of Central Banks 

(ECB, 2015). 

 

Financial markets can be generally divided into several main categories: money 

markets, bond markets, stock markets, derivative markets, foreign exchange and 

commodity markets (Bodie et al., 2011). In this thesis we focus on three of them: stock 

markets, derivative markets and commodity markets; as we refer to portfolios made up 

of a single stock index and some commodity futures. In addition, we provide a short 

explanation of the other financial markets in order to highlight their main 

characteristics. 

 

 

3.1.1 Money markets 

 

The money market is a kind of market where short-term investments are made. The 

instruments traded on the money markets are highly marketable and with less than one-

year maturity, these instruments include treasury bills, certificates of deposits, 

commercial papers, acceptances, Eurodollars etc. (Bodie et al., 2011). Individual 

investors, corporates, and governments can access money markets in order to achieve 

their liquidity purpose as the main goal (Bodie et al., 2011). 

 

 

3.1.2 Stock markets 

 

The stock market, or the equity market, is a place where the corporation’s common 
stocks are issued and traded. Equity is a particular kind of financial asset that gives a 

share of ownership in a company (Bodie et al., 2011, p.4). For example if an investor 

buys 1 million shares of Coca Cola Inc. and in the stock market, where the company is 

quoted, there are 1 billion of them that means that the investor holds 0,1% of Coca Cola 

Inc. In other words, an investor, who acquires X% of a company, has an X% ownership 

of that company and all the rights related to that X%.  

 

In the world there are a lot of stock markets. The most important and well-known stock 

markets in the world are: The New York Stock Exchange, NASDAQ, London Stock 

Exchange, Tokyo Stock Exchange, Euronext, Shanghai Stock Exchange and Hong 

Kong Stock Exchange (Elton et al., 2009, p.32). There are not only organized exchanges 

but also other three types of stock markets: OTC markets1, the “third markets” and the 
“fourth markets”. In the organized exchanges a stock must be listed, whereas in OTC 

markets there are traded unlisted stocks. The last two types of stock markets are not 

really famous. The so-called “third markets” are places where listed stocks are traded 
over-the counter, whereas the so-called “fourth markets” are not real markets because 
the trades are made between the parties without utilizing an exchange (Elton et al., 

2009, p.32). 

                                                             
1 ”A decentralized market (as opposed to an exchange market) where geographically dispersed dealers are 
linked by telephones and computers. The market is for securities not listed on a stock or derivatives 
exchange” (Nasdaq). 
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Stock markets are basically institutions made up of people who are the owners of seats 

in the exchange markets; this can be seen within the New York Stock Exchange. A seat 

in the stock exchange allows trading on the exchange market. People who own a seat in 

the exchange are called members (Elton et al., 2009, p.33). They can have any of the 

following positions: 

1. Commission broker: someone who takes the orders from the public and execute 

them on the exchange market (Elton et al., 2009, p.33); 

2. Floor broker: someone who helps commission brokers when there are too many 

orders to manage for them (Elton et al., 2009, p.33); 

3. Floor trader: someone who trades only for their own interests and someone who 

does not trade for others (Elton et al., 2009, p.33); 

4. Specialist: someone who holds the book where all limit orders, that cannot be 

executed immediately, are reported. The specialists’ role is to keep the market 

balanced (Elton et al., 2009, p.33). 

Though it may seem clear that investors need brokers or dealers in order to make a 

certain trade in the stock markets, this may not necessarily be the case. This is because 

some companies allow investors to buy or sell stock directly to them, without seeking 

the help of a broker, through a system called direct stock plans. This service seems 

really useful but it has two negative points: first, it is not free as investors have to pay a 

fee and, second, there are often some restrictions concerning the market prices and so on 

(SEC, 2002). 

 

The investors gain through the dividends that companies pay or through selling the 

shares and profit from the capital gain (Bodie et al., 2011). Capital gain represents the 

difference between the price at which an asset is sold and the one at which is purchased, 

there is a capital gain only if this difference is positive, otherwise an investor has capital 

loss. Unlike the debtholders, shareholders have not fixed any kind of payments; they 

can gain money only in the ways we listed above (Bodie et al., 2011).  

 

Another important point related to stock markets is the definition of stock index. A 

stock index moves in the same line of a group of stocks that represent a defined market: 

a stock market or a sector of the economy (SEC, 2012). “There are indices for almost 
every conceivable sector of the economy and stock market” (SEC, 2012). If we only 
look at the U.S. stock market there are several important stock indices. Some of the 

most famous are: S&P 500, Dow Jones Industrial Average (DJIA), Russell 2000® 

Index and Nasdaq-100 Index. According to Stoll and Whaley (2010, p.8), S&P 500 and 

Russell 1000 are considered very significant benchmarks for the commodity market. 

Stock indices can be price-weighted or market-value-weighted.  A price-weighted stock 

index is the same thing as having a portfolio made up of one share for every company 

inserted in the stock index, thus the investment in a singular company is proportional to 

its share price (Bodie et al., 2011, p.44). In other words, this type of stock index is like a 

portfolio composed by only one share for a certain number of companies. A famous 

example of the first type is Dow Jones Industrial Average (DJIA), while an example of 

the second kind is given by S&P 500 (Bodie et al., 2011, p.48). This second type of 

stock index has a different weight system than the first one. Basically, this time the 

weight that a company’s share has in the index is related to the value of its outstanding 
equity. Thus if a company has a market value five times higher than another one, it 

https://www.sec.gov/answers/indices.htm
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would have a five-time higher weight than the second firm (Bodie et al., 2011, p.48). 

All the stock indices we use later in the portfolio making part of this thesis are market-

value-weighted indices except Nikkei 225. Furthermore, there are not only two different 

types of stock indices. In fact, a third type of stock indices exists and it is called equally 

weighted index. This weighted technique is done by giving the same weight for every 

company’s return (Bodie et al., 2011, p.49). 
 

Stock index is a key concept in this work, because the mixed portfolios, we build in the 

empirical part, are made up of a single stock index (different in every mixed portfolio) 

and a commodity index based on the Bloomberg Commodity Index (BCOM).  

Furthermore, we choose to use common stock indices instead of different personal 

selections of stocks as proxies of them, because stock indices are “the best-known 

measure of the performance of the stock market” (Bodie et al., 2011, p.44). 

 

 

3.1.3 Bond markets 

 

A bond market is where the debt securities are traded. It primarily consists of treasury 

notes and treasury bonds, corporate bonds, mortgages securities, municipal bonds and 

federal agency debt (Bodie et al., 2011, p.34). In other words, there are different kinds 

of issuers in the bond markets: countries, corporations, other public institutions and 

sovereign agencies such as The European Investment bank. Bonds are traded both in the 

primary and secondary market. This is interesting to display as almost all the volume of 

bonds trading in the secondary market are OTC (Elton et al., 2009, p.36). There are also 

different levels of liquidity in the secondary bond market for the different types of 

bonds. In fact, government bonds are very liquid on the market. On the contrary, 

corporate bonds are basically illiquid in the secondary market except for recent or large 

issues (Elton et al., 2009, p.36). In finance, the instruments quoted in the bond markets 

are also defined as fixed-income instruments, even if this expression is not completely 

right. In fact, it is better to call these instruments “bonds” (Bodie et al., 2011, p.34).  
 

 

3.1.4 Derivatives markets 

 

Derivatives markets are financial markets where the participants exchange particular 

kinds of financial instruments called derivatives. A general definition of the term, 

according to the Oxford dictionary, is that derivatives are something derived or obtained 

from another (Chui, 2012, p.3). Therefore, financial derivatives are instruments where 

their values are derived from other assets’ prices (called underlying assets) such as 
commodity, stock prices, currencies, interest rates (loans) or market indexes (Bodie et 

al., 2014, p.678). 

 

Common types of derivatives are: future and forward contracts, swaps, and options 

(Bodie et al., 2014, p.678). We provide the definitions of these types of derivatives, in 

order to understand their main characteristics: 

1. Future contracts: are agreements that deliver an asset or its cash value at an 

agreed upon price at some future date (Bodie et al., 2011, p.81); 
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2. Forwards: they are similar to the futures except that they are not traded in 

exchange. They are basically a commitment today to make a future transaction 

(Bodie et al., 2014, p.770); 

3. Swaps: are agreements to exchange series of cash flows, for example, interest 

rate swaps and foreign exchange swaps (Bodie et al., 2014, p.815); 

4. Options: an option is a financial instrument which gives the holder a right to sell 

(a put option) or to buy (a call option) an underlying asset at a specified price 

called the strike price. There is also a combination of these two basic types of 

options that create new and more sophisticated kind of options such as long 

straddle, those complex options are basically an investment strategy using 

several options. A long straddle is established by buying both a call and a put on 

a stock, each with the same exercise price and the same expiration date (Bodie et 

al., 2011, p.683).  

 

Derivatives are traded either over-the-counter or through an exchange-traded markets 

(Chui, 2012, p.9). The differences among the derivatives traded in these two types of 

markets are not only related to where they are traded but also to the ways they are 

traded (Chui, 2012, p.9). In fact, derivatives traded on exchange-traded markets are 

standardized and they have fixed deliveries or settlement terms. On the contrary, 

derivatives traded in OTC markets are cleared either through a bilateral negotiation 

between the two parties or through a central counterparty which is like an exchange 

clearing house2 (Hull, 2015, p.388). Furthermore, “exchange traded derivative markets 
have better price transparency than OTC markets” (Chui, 2012, p.9), because prices are 
not relayed to the public in OTC markets (Chui, 2012, p.9). There are other differences 

among them such as the costs of establishing a contract, for example regarding options 

(one of the most important categories of derivatives) these costs are higher in the OTC 

markets than in the exchange-traded markets (Bodie et al., 2011, p.670). That is mainly 

due to the fact that derivatives traded in the OTC markets are not standardized like the 

ones in the exchange-traded markets, as Bodie et al. (2011, p.670) suggest in the case of 

options. 

 

Derivatives can be used for hedge and speculation purposes (Bodie et al., 2014, p.678). 

There are participants in the markets who are defined as “hedgers”, because they aim to 
use derivatives with hedge purposes. Whereas there are other participants called 

“speculators” who use these instruments for speculation (Chui, 2012, p.4). Now, we 
have to understand briefly how hedgers and speculators use derivatives. It would be 

useful to try to understand it using the futures case as an example. Hedgers buy futures 

contracts with the aim of protecting themselves from price movements (Bodie et al., 

2011, p.766), thus we can consider this strategy defensive. On the other hand, 

speculators purchase futures contracts with the aim of making profits through future 

price movements (Bodie et al., 2011, p.766). We can describe this strategy as a risky 

and aggressive one. Speculators will take a short position or a long position according to 

their own forecasts about prices in the future. If a speculator believes that prices will go 

                                                             
2
 It is an organization that stands between the two parties, thus a treader sells a future contract to the 

clearing house and the other trader buys the same future contract from the clearing house (Hull, 2012, 
p.103). 
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down, a short position is the correct strategy. On the contrary, if prices will go up, 

holding a long position is the right strategy (Bodie et al., 2011, p.766). We only explain 

how speculators work, because we do not want to suggest immoral behaviours as we 

stated in the ethical issues paragraph in chapter 2. Furthermore, hedging and speculating 

are not the only reasons for entering the derivatives market. According to Chui (2012, 

p.4), there are firms which use derivatives in order to obtain better financing terms with 

banks and there are fund managers who sometimes use derivatives instruments with the 

aim of achieving specific asset allocation for their portfolios. 

 

In this thesis, we use derivatives on commodities instead of commodities themselves. In 

fact, we focus only on futures contracts, because “commodity products are based 
primarily in futures contracts” (Fabozzi et al., 2008, p.15). We explain the 
characteristics of commodity futures in the next paragraph. 

 

 

3.1.5 Commodity markets 

 

A commodity market is a marketplace where it is possible to sell, buy or trade real 

assets (Fabozzi et al., 2008, p.366). According to Cummans (2015) the top Commodity 

Exchange Markets are: Chicago Mercantile Exchange (CME), Chicago Board of Trade 

(CBOT), New York Mercantile Exchange (NYMEX), London Metal Exchange (LME), 

Intercontinental Exchange Inc. (ICE) and Multi Commodity Exchange (MCX) the latter 

of which was founded only a few years ago in 2003 and is already among the ten most 

important commodity exchange markets in the world. Cummans (2015) displays how 

each one of the previous commodity markets is notable for trading specific 

commodities. On the contrary, Chicago Mercantile Exchange (CME) is well-known as a 

platform that does not have single commodities as the most important products, but 

rather commodity indices. In fact, according to Cummans (2015), CME is famous for 

DJ-UBS Commodity Index and S&P-GSCI derivatives exchange. In line with 

Cummans (2015), Fabozzi et al. (2008, p.19) display a list of the major Commodity 

Exchanges in which it is possible to find all the previous commodity exchange markets 

listed by Cummans (2015) except for Multi Commodity Exchange. Furthermore, 

Fabozzi et al. (2008, p.19) mention seven other commodity exchanges such as the 

Tokyo Commodity Exchange (TOCOM). 

 

Commodities are the goods traded on commodity markets.  In order to understand the 

main characteristics of commodity markets one must first define a commodity.  

“Commodities are real assets such as consumption goods. They have an intrinsic value 
and are used in industrial manufacturing. Their availability varies in different periods of 

the year and the supply has a strong seasonal component for certain commodities such 

as agricultural” (Fabozzi et al., 2008, p.366). In other words, commodities are particular 

assets that are commonly used in the production process of the factories and the 

availability of some is related to strong periodicity.  

 

Different commodities are traded on the market such as oil, corn, gold, etc. 

Furthermore, they are not only traded as singular items, but there are also commodity 

indices used as benchmarks for investing in commodities (Fabozzi et al., 2008, p.366). 
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Commodity indices represent a theoretical investment in a certain basket of commodity 

futures. One of the most famous is Bloomberg Commodity Index3 (BCOM), which is 

created following four principles: economic significance, diversification, continuity and 

liquidity. The first principle BCOM contains several commodities and the quantities of 

them are decided using liquidity data and also U.S.-dollar-weighted production data. 

Diversification has four rules: first of all, no single commodity can have a weight higher 

than 15% of the index, secondly, a single commodity, plus the products derived from it, 

cannot have a weight higher than 25%, thirdly, commodities groups, such as precious 

metals, cannot have a weight higher than 33% of the index and, finally, no single 

commodities can have a weight lower than 2%. In regards to continuity, BCOM is 

created in a way that has to represent a stable benchmark for investors through an 

annual rebalancing, in order to be a good proxy of how the commodity markets change 

over time. In regards to liquidity, one of the aims of BCOM is to be considered a highly 

liquid index. This is achieved also including liquidity as an important weight factor for 

this index (Bloomberg professional service, 2016, pp.8-9).  

 

BCOM is not the only commonly used benchmark for the investors in the commodity 

markets. The three most famous commodity indices are: Goldman Sachs Commodity 

Index (GSCI), Dow Jones-AIG Commodity Index (DJ-AIGCI) and Reuters-CRB 

Futures Price Index (CRB). The first two are traded at Chicago Mercantile Exchange 

and the third one at New York Board of Trade (Erb and Harvey, 2006). According to 

Till and Eagleeye (2006, p.3) GSCI has become the most important benchmark for 

investors in the commodity markets. In line with Erb and Harvey (2006), Stoll and 

Whaley (2010) affirm that GSCI and Dow Jones–UBS Commodity Index (DJ-UBSCI), 

which was previously known as Dow Jones-AIG Commodity Index (DJ-AIGCI), have 

stood out in the last decades as the most important benchmarks for commodity markets. 

It seems clear that in the commodity markets there are a few more important 

benchmarks and others that are less important. The three studies we just quoted seem to 

suggest that GSCI is the most commonly used benchmark for commodity markets. 

These studies are only three examples but there are a lot of other studies that quote and 

consider GSCI a key benchmark for commodity markets. In this thesis we refer to 

Bloomberg Commodity Index (BCOM), instead of GSCI, as our commodity index 

benchmark. We choose to use BCOM instead of GSCI for several reasons such as the 

fact that oil has a very high weight in GSCI, around 60% both in 2015 and in 2016 

(S&P Global, 2016, p.39). We can state that GSCI is much more focused on oil than 

BCOM, since a certain commodity cannot have a weight higher than 15% and, thus, we 

do not want to use a benchmark that gives such high weight to a single commodity. 

 

Another important point about commodity markets is the following: how are 

commodities traded on the market? There are many ways to participate in the 

commodity market, briefly stated as follows: 

1. Buying the physical good: investors could go directly to the commodity itself 

and make physical trades on the spot market. Except for precious metals, this 

way is not practical for investors because of the storage needs (Fabozzi et al., 

2008, p.11); 

                                                             
3
 BCOM is not the only commodity index created by Bloomberg. 
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2. Commodity stocks: buying stocks in companies operating in the natural 

resources field. This method can be criticized as these stocks do not reflect the 

performance of the commodity market; nevertheless, they are driven by some 

other factors such as the performance of the company itself (Fabozzi et al., 2008, 

p.11-12). Therefore, we believe that this is probably not the best way to invest in 

commodities since there are other elements other than the commodities 

themselves that influence the prices of the companies operating in natural 

resource markets; 

3. Commodity mutual funds: “one can actively invest in commodity fund, realizing 
an adequate diversification benefit with moderate transaction costs. Commodity 

funds differ in term of management style, allocation strategy, geographic, and 

temporal investment horizon in the denominated currency, and investment 

behaviour. It is also important for investors to distinguish between active and 

passive funds’’ (Fabozzi et al., 2008, p.12); 
4. Commodity future indexes: investing in these indexes is considered as a passive 

form of investing. These investments can be made either through Commodity 

index certificates or Exchange-traded-funds (ETFs). The ETFs are easy to trade 

and safer for the investors as there is no credit risk of the issuer company in the 

event of default compared to the certificates. In addition, investing in certificates 

includes currency risk, since the indexes are denominated in U.S. dollar 

(Fabozzi et al., 2008, p.13); 

5. Commodity futures: investing in commodity futures can involve high risk 

because of the leverage when the investor trades with the initial margin, a small 

move in the prices could lead to high gains or high losses. Most commodity 

traders close their position before the maturity date to avoid any delivery 

(Fabozzi et al., 2008, p. 15-17). 

 

As stated above, we only use futures contracts, because “commodity products are based 
primarily in futures contracts” (Fabozzi et al., 2008, p.15), not touching upon the other 
four ways to participate in the commodities markets. In addition, we also refer to a 

commodity futures index (Bloomberg Commodity Index) as a benchmark, in order to 

decide which weights are given to each commodity to compose our commodity index 

that we add in the mixed portfolios during the empirical part. 

 

 

3.2 Financial assets and derivatives instruments 

 

In this section, we only present the financial assets (and their derivatives) that we use in 

the empirical part of this thesis, thus stocks and commodity futures. In the empirical 

part we consider stock indices instead of stocks. Furthermore, it would not be worthy to 

deeply analyze all the different kinds of financial assets but solely list them, because we 

do not use them later and thus it would be unnecessary. We provided brief definitions of 

the other financial assets previously in order to give a brief overview of the financial 

markets we will not be focusing on during this thesis. 
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3.2.1 Stocks and stock index derivatives 

 

Stocks are a type of financial asset traded on stock markets. A single stock gives to the 

holder a share in the ownership of a certain company and a claim on the company’s 
profits and assets. Therefore, if a company decides to pay dividends for 100 million 

dollars and an investor holds 1% of the company’s shares, he or she will get 1 million 

dollars as dividends. Another important point about stocks is related to the fact that all 

the stocks are not completely the same. In fact, stocks are categorized into two 

categories: 

1. Common stocks: a common stock represents a corporation’s ownership share. 
People who hold this financial instrument are called common stockholders, they 

have rights to elect a board of directors and each common stock gives one vote 

in order to influence the corporate policy. In the event of default or liquidation, 

the debt holders, and preferred stockholders have the priority on the 

corporation’s assets before the common stockholders who receive any potential 
leftover which makes the common stocks riskier than the debt or the preferred 

stocks (Bodie et al., 2011); 

2. Preferred stocks: a preferred stock represents a combination of equity and debt 

features. Investors in this kind of stock have a partial ownership in a corporation 

that generates a fixed amount of income for the holder. The common stocks 

usually do not have voting rights, but they have the priority over common 

stockholders on the dividends or on the assets in case of liquidation, but still 

after the debt holders. Preferred stocks can be callable by the issuing firm or 

convertible into common stocks (Bodie et al., 2011). 

 

Investors can participate in stock markets through either trading singular stocks or 

deciding to invest in entire stock indices. Trading singular stocks is not related to our 

empirical work, because we consider only stock indices. For this reason we explain 

below how investors can buy or sell stock indices. If an investor wants to invest in a 

certain stock index, it is not necessary to buy every single stock contained in such stock 

index. A second way to invest in stock indices is given by some mutual funds 

companies, which offer to investors the opportunity to invest in a particular kind of fund 

called an index fund. This type of fund tracks perfectly a stock index (Berk and 

DeMarzo, 2014, p.404). A third option to invest in stock indices consists of buying a 

stock index derivative contract. The first time investors had this opportunity was in 

1982, when futures contracts based on stock indices were traded for the first time. This 

kind of derivatives instruments was immediately successful and their number increased 

quickly (Figlewsky, 1983, p.1). These instruments have become so important that 

institutional investors used them as one of the main instruments for trading (Ghosh, 

1993, p.1). We just stated how important stock index futures have become and when 

they were traded for the first time. Now, we want to provide a brief definition of what 

they are. For example if we consider S&P 500 stock index, a futures contract on it 

“represents the purchase or sale of the five hundred stocks underlying the S&P 500 

index in a proportion consistent with the weights set by the index, with the trade date 

specified for the expiration of each contract” (Kawallwer et al., 1987, p.2). The last 
point in regards to stock index futures concerns how investors can utilize them. 
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Kawallwer (1987, p.3) suggests that these instruments can be used for: trading, arbitrage 

and trading.  

 

In this thesis, we consider several stock indices instead of single stocks or stock index 

derivatives. Nevertheless, it is worthy to provide some useful information about stocks 

and stock index derivatives in order to have a complete overview concerning stock 

markets. 

 

 

3.2.2 Commodities and commodity futures 

 

As we said in the previous paragraph, commodities are real assets with an intrinsic 

value and are used in the production process of the factories. Furthermore, their 

availability is not steady during the year due to a strong periodicity concerning some of 

them (Fabozzi et al., 2008, p.366). 

 

“The quality of commodities is not standardized because each commodity has specific 

properties. Thus, investors must distinguish between soft and hard commodities. Soft 

commodities are divided into agricultural (e.g., cacao, coffee, corn, cotton, oats, 

soybean, sugar, and wheat) and livestock (e.g., cattle, hogs, and pork bellies). Their 

price depends on the weather in different parts of the world at various times. Hard 

commodities are the products from the energy, precious metals, and industrial metals 

sectors and react to industrial drivers” (Fabozzi et al., 2008, p.366). 
 

Unlike shares, commodities are storable and there is a cost associated with storing the 

commodity. In fact, “Another important characteristic of commodities is their 
storability. This characteristic plays a special role in pricing because investors separate 

storable from non-storable commodities. Commodities have a high degree of storability 

if the cost of storage is low with respect to their total value (e.g., industrial metals). 

Livestock is storable, but it must be fed and housed continuously. It is profitable in a 

specific phase of its life cycle. Because availability is an important feature that 

influences the supply, the discovery of new reserves for some commodities, such as 

metals and crude oil, affect pricing” (Fabozzi et al., 2008, p.366).  
 

Commodities are not true financial assets (Fabozzi et al., 2008, p.45), but only if we 

consider the derivatives on them, it is possible to identify a financial asset class for 

commodities. Therefore, commodities are the underlying assets for financial derivatives, 

if they are not sold directly to customers on the spot market. Even though commodities 

are not defined as financial assets, there are similar pricing dynamics between the 

futures prices and the spot prices as for others financial asset class (Fabozzi et al., 2008, 

p.45). Among the four sorts of derivatives listed before (futures contracts, forwards, 

swaps and options), the commodity markets are mainly based on futures contracts 

(Fabozzi et al., 2008, p.15). This is the reason why we decide to use commodity futures 

in the empirical part of this work instead of physical commodities or the other three 

kinds of commodity derivatives listed above.  
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According to Fabozzi et al. (2008, p.15) commodity futures are deals between two sides 

to deliver a commodity in a certain amount, in an already established date at a certain 

price decided when the contract is signed. Therefore, since it happens for a generic 

futures contract, commodity futures have four characteristics: 

1. A determined underlying asset; 
2. A certain amount; 
3. A fixed date; 

4. A fixed price determined by the contract. 

Furthermore, Fabozzi et al. (2008, p.16-17) display that there are other contract 

specifications in the case of commodity futures: 

1. Trading hours; 

2. The tick which is the minimum price variations allowed; 

3. The currency in which the contract is traded in the commodity market; 

4. The daily price limit is a specific characteristic of commodity futures markets; 

5. The last trading date; 

6. Delivery regulations (for example the type of settlement). 

Among these six elements, delivery regulations are important because there are two 

different kinds of settlements for delivering commodities. First, it is possible to deliver 

commodities at the maturity of the futures contracts, this situation happens only in 2% 

of the cases (Fabozzi et al., 2008, p.16). The second possibility is related to closure of 

the futures positions, this means that an investor has to buy and then sell the same 

quantity of futures contracts before the maturity of them (Fabozzi et al., 2008, p.16). 

 

One more interesting point about commodity futures concerns the relationship between 

futures prices and spot prices. If an investor physically buys a commodity he or she will 

have some storage costs. Furthermore, the costs of financing the purchase of the 

commodity have to be included in the mathematical relationship between futures prices 

and spot prices (Fabozzi et al., 2008, p.45). This relationship can be expressed with the 

following formula:  = � + −  

where  are the costs related to the purchase of the commodity,  are the costs of storage 

the commodity,  is the spot price of the underlying asset,  is the price of the future 

contract,  is the maturity of the futures contract and  the time when the arbitrage is 

initiated, thus −  is the time until maturity (Fabozzi et al., 2008, p.40-45). This 

formula displays how the relationship between futures prices and spot prices is linear. In 

fact, futures price is equal to spot price multiplied by � + − . It is easy to 

understand how futures price and spot price can be identical when � + − =  and, 

therefore, when + − = .  This only happens in two cases: 

1. When there are neither storage costs nor purchasing costs: + = ;  

2. At the end of the futures contract: − = . 

 

In this section, we state that commodities have spot prices and futures prices. In 

addition, we display their relationship from a mathematical point of view. We explain in 

the next chapter which ones we use during the empirical part and why we decide to use 

spot prices or futures prices. 
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3.3 Asset allocation and diversification: a general point of view 

 

In this section we present three important concepts. First of all, we explain what asset 

allocation means and why it is important in this thesis. Secondly, we show some general 

ideas about portfolio diversification, and then more specifically with regards to our 

thesis, where we present the benefits to an investor’s portfolio that commodities could 
bring. Finally, we explain briefly the meaning that we give to the expression “mixed 
portfolio” in this work, as we use it several times in the whole thesis. 
 

 

3.3.1 Asset allocation 

 

“Asset allocation involves dividing an investment portfolio among different asset 
categories, such as stocks, bonds, and cash” (SEC, 2009). Assets have different levels of 
risk and return, therefore, one of the most important decisions the investors make is how 

much to allocate to every certain asset in their portfolios. Asset allocation aims to 

balance risk and return (Bodie et al., 2014, p.182). The best asset allocations for 

investors depend on their time horizons and their risk tolerance (SEC, 2009). In regards 

to time horizons, a long-term investor should prefer a riskier asset allocation because he 

or she can wait for the next positive period of the business cycle. On the contrary, a 

short term investor cannot benefit from business cycles fluctuations since its time 

horizon is shorter, thus he or she should prefer a less risky asset allocation (SEC, 2009). 

We do not discuss how our results can change depending on different time horizons for 

the investments, because we implement our empirical work from the point of view of a 

representative investor without a specified time horizon. In regards to risk tolerance, it 

is important to highlight how different investors will choose different allocations of 

risky assets. In particular, more risk-averse investors will prefer to have less risky assets 

and an higher proportion of risk-free assets in their portfolios (Bodie et al., 2011, 

p.174). Therefore, “the optimal allocation in the risky assets is inversely proportional to 
the level of risk aversion” (Bodie et al., 2011, p.174). Investors have different risk 
attitudes. They can be divided in three different categories, each one composed by 

people who have a different willingness to hold risk. Following the general approach, 

these three categories are the following: 

1. Risk averse: someone who prefers a safe income as opposed to a risky way of 

obtaining the same level of expected value (Pindyck and Rubinfeld, 1995, 

p.146); 

2. Risk neutral: someone who has no preferences with regards to a safe income and 

an unsafe income even if the expected value is the same (Pindyck and 

Rubinfeld, 1995, p.146);  

3. Risk loving: someone who prefers an unsafe income to a safe income even if the 

expected value is the same (Pindyck and Rubinfeld, 1995, p.146). 

In this work, we do not make distinctions among these three categories of investors 

when allocating financial assets in the portfolios that we will build up, but we highlight 

the minimum variance portfolios, thus in this way we show the best portfolio for a risk 

averse investor. Therefore, we only make distinction among these three categories of 

people when we display the results of our empirical work, since we show several weight 

combinations for every mixed portfolio and, thus, it is possible to observe which are the 
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best weight combinations for these three different kinds of investors. Nevertheless, we 

are aware that asset allocations could be different considering these three categories of 

investors, in particular in regards to the commodities we allocate in the portfolios. 

Investors with different risk attitudes would prefer different commodities, for example a 

risk averse investor would prefer holding more gold, since gold is a commodity with a 

low volatility, than a very volatile commodity. 

 

In this thesis, we use several stock indices instead of singular stocks. We explain the 

reasons for this choice in the next chapter. In addition, we also consider several 

commodity futures as the second asset class included in the portfolios we create in the 

empirical part of this work. 

 

 

3.3.2 Diversification 

 

Following the famous quote “Don’t put your eggs in one basket”, investors try to 
diversify their investments as a good strategy to avoid any unsystematic risk that could 

affect a certain investment. We just stated that diversification helps to reduce the 

unsystematic risk (or specific risk), but it does not help against the systematic risk (or 

market risk). We have to ask ourselves what diversification is and how it works. 

Diversification consists of adding further assets to a portfolio, in order to obtain a 

portfolio made up of a higher number of assets. Diversification has an important effect 

on investment portfolios: it reduces the variability of them. Its effects are lower when 

the number of assets in the portfolios increases (Brealey et al., 2014, p.172). In fact, 

“almost all of the benefit of diversification can be achieved with about 30 stocks” (Berk 
and DeMarzo, 2014, p.361). Diversification benefits also have the same trend as the 

other asset classes. Furthermore, we also have to explain that the reason why a portfolio, 

composed by certain number of different assets, can be less risky than the average of the 

risk of its components is related to the correlation coefficients between the returns on 

the assets. A portfolio with no or negative correlation between its assets returns would 

result in a well-diversified portfolio with lower risk than every individual security, 

because assets with such correlations do not move in the same ways (Brealey et al., 

2014, p.173). Understanding why a portfolio that is made up of assets with zero or 

negative correlation between its assets is not difficult. It is sufficient to look at the 

formula for the variance of a two-asset portfolio, because the results are the same when 

considering the n-asset portfolio: �� = � + � + �  

(Francis and Kim, 2013, p.90) 

In this version of the formula the correlation coefficient between the two assets is not 

shown, thus it is necessary to replace the covariance (�  with:  � , = ∑ �− ̅ − ̅� = � , � ��=     (Wolfram MathWorld) 

Therefore, the formula becomes: �� = � + � + � , � �  
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where � ,  is the correlation coefficient between the two assets. If the correlation 

coefficient is negative then the portfolio’s variance will decrease and if the correlation 
coefficient is zero then the portfolio’s variance will be given only by the sum of square-

weighted variances. On the contrary, a positive correlation coefficient will make a 

portfolio’s variance rise. 
 

 

3.3.3 Mixed portfolio 

 

A portfolio consisting of commodities and stocks, as any other portfolio, is supposed to 

achieve the portfolio goals of return, the safety of money and diversification benefits. 

Unlike stocks, investing in commodities is a high-risk place, because prices can be quite 

volatile for a lot of reasons, for example if the Organization of the Petroleum Exporting 

Countries (OPEC) has a meeting in order to decide the targets amount for the future oil 

prices, the markets might react sharply, before the meeting due to the rumors and after 

that due to the decision effects on financial operators strategies. We decide to use the 

expression “mixed portfolio” in order to show how the portfolios we build and analyze 
in the empirical part are each made up of two different categories of assets. In this work 

mixed portfolios are composed by certain stock indexes, which is always different, and 

a portfolio of commodity futures built following the criteria of Bloomberg Commodities 

Index (BCOM). 

  

 

3.4 The benefits that commodities could give to a portfolio 

 

In this section, we present the benefits that investing in commodities could give to a 

portfolio composed by other assets such as an equity portfolio in our case. In the 

literature, there is a huge number of studies about commodities and a lot of them are 

focused on three aspects: first of all, the diversification that an investor obtains adding 

commodities to his own investment portfolio, secondly, a specific commodity or 

commodities could be a good hedge against other financial markets adverse movements 

such as stock price fall and, finally, commodities could be hedge for other markets 

particularly in negative situations (extreme market decline). The last two aspects are 

quite similar, but they are not the same concept. In the literature there are two different 

names for them: hedging and safe haven. To sum up, we identify three important 

benefits that commodities could give to a portfolio if they are added in it: 

diversification, hedging and safe haven. 

 

 

3.4.1 Portfolio diversification with commodities 

 

We stated in the previous paragraph what diversification is from a general point of 

view. In this section, we aim to analyze this important concept from the commodities 

point of view in order to be more relevant to the topic of the thesis. 

 

A portfolio made up of stocks can take advantages from the diversification given by 

commodities in several different cases. First of all, the return raises and the volatility 



 

26 

 

decreases or remains constant. Secondly, the overall return goes up and the volatility 

rises. Thirdly, the return does not increase but the volatility goes down, thus the 

portfolio become less risky. Finally, the return slightly decreases but at the same time 

the volatility has a large reduction. When volatility and return do not have opposite 

movements, for example both volatility and return increases, the overall benefits depend 

on the investors’ risk attitudes. In fact, as we stated before, investors can be classified 
into three different categories: risk loving, risk neutral and risk averse. We do not 

investigate the differing results caused by the three categories but we have decided to 

mention them in order to show how the results could change according to investors’ risk 
preferences. For example, risk averse investors do not like to add commodities to his or 

her portfolio if the volatility slightly increases, the return will also have a strong growth. 

On the contrary, a risk lover would like to add commodities to his or her portfolio in 

this situation. To sum up, diversification made up of commodities improves portfolio’s 
performances, thus portfolio’s return will go up or portfolio’s volatility will decrease or 

both at the same time. Several studies have displayed these results. 

 

Gorton and Rouwenhorst (2006) have compared a bond index, the S&P 500 and an 

equity index equally-weighted built up by them. They have found that their commodity 

index had return similar to the S&P 500 index, but the standard deviation was lower for 

the commodity index. Therefore, according to this study adding commodity futures in a 

portfolio made up of stock will improve portfolio’s performance, since it will be less 

risky and the return will be not affected. Cheung and Miu (2009) have done a study 

where their aims were to observe the diversification benefits of commodity futures to an 

existing portfolio. Using a commodity index constructed by Gorton and Rouwenhorst 

(2006), they evaluated the commodity benefits for two potential investors, the first one 

is a US investor and the second one is from a resource-based economy, a Canadian 

investor. They used data from January 1970 to December 2005 on a monthly basis.  

Their main result was that adding commodity futures resulted in an improvement in the 

Sharpe ratio for both investors.  

 

Conover et al. (2010) conducted the study: “Is now time to add commodities to your 
portfolio?”. Using Goldman Sachs Commodity Index (GSCI) again, they found that 5% 

allocation to commodity futures was not sufficient to reduce the portfolio standard 

deviation. On the other hand, they found that a portfolio allocation with 10% or more 

reduces significantly the standard deviation of the portfolio. For 10% commodity 

futures in the portfolio, using monthly returns, the standard deviation of a small-cap 

portfolio decreases by more than 58 basis points, which means more than 200 points on 

an annual basis. Same for the large-cap portfolio, standard deviation decreases by 42 

basis points. Adding 15% commodity futures to the small-cap portfolio reduces the 

standard deviation by almost 85 basis points (300 basis points on an annual basis) while 

over 59 basis points for a large-cap portfolio.  

 

Jensen et al. (2000) used the Goldman Sachs Commodity index (GSCI) to evaluate 

adding commodity futures to a portfolio consisting of stocks, bonds, real estate and 

treasury bills. Using data from 1973 to 1997, they found that the commodity futures 

improves the portfolio performance giving higher return, they have also tested another 

way to invest in commodities. This was not done by adding commodities themselves 
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but instead equities of precious metals firms. They found that with a 25% allocation to 

the equities of precious metals firms improves portfolio performance, seeing as its 

return increased by 1.65% and the standard deviation fell by 1.86%. With smaller 

allocations the improvements of portfolio returns and risk are less evident.  

 

Bodie and Rosansky (1980) have analyzed the performance of 23 commodities from 

1950 to 1979. They found that a portfolio with 60% US stock and 40% commodity 

futures reduces the risk of the portfolio by 30% without giving up returns. They relied 

on an aggregate measure for the commodity futures but not optimal allocations of 

individual commodities.  

 

Hood and Malik (2013) have done an empirical analysis using S&P 500 and three 

precious metals traded at COMEX in New York (gold, silver and platinum) from 

November 1995 to November 2010. They found that gold is the only of the three 

precious metals with a lower standard deviation than S&P 500 on a daily basis. In 

regards to average returns, all the three precious metals have a higher (average) return 

than S&P 500. Therefore, portfolios made up of the S&P 500 and gold are the only 

portfolios composed of one of the three commodities and the S&P 500 with both a 

higher return and a lower risk. For example, they found that a combination of 60% gold 

and 40% S&P 500 has a higher expected return and a 37% smaller standard deviation 

than a portfolio completely composed by the S&P 500. 

 

Satyanarayan and Varangis (1994) have shown how adding the GSCI (the most 

important commodity futures index in the world) always improves the efficient 

portfolios frontier as defined in Markowitz’s theory, thus giving higher returns with the 
same levels of volatility or vice versa. They have found this out through the recognition 

that the shares of commodities in investors’ portfolios could account for at least 20%, 

but not more than 40% of portfolios’ shares. Furthermore, they displayed how these 
values were much higher than the typical shares of commodities at that time. 

 

In the literature, there are many studies on the benefits of diversification given by 

commodities which investigate how those benefits change if the investment horizon 

changes. Egelkraut et al. (2005) have found that the benefits of including commodities 

futures in a well-diversified portfolio vary in the short-run, but they have found THAT 

in the long run commodities tend to improve the financial performance of a portfolio. 

Furthermore, they have found that commodities have a correlation with other asset 

classes. There were also researchers who investigate how commodities’ diversification 
benefits change in different historical periods. Ankrim and Hensel (1993) have found 

that commodities improve portfolio’s diversification. In particular, they have found that 
commodities improve diversification during periods of high inflation such as the 1970s, 

because commodities reduce the portfolio’s risk. Therefore, this study displays how 
diversification benefits given by commodities are higher when inflation is large and 

lower when inflation is small. In line with Ankrim and Hensel (1993), Becker and 

Finnety (2000) carried out a similar analysis, but they considered a commodity index 

(GSCI). They have shown how including a commodity index in a portfolio made up of 

other assets improve the portfolio’s risk-return relationship from 1970 to 1990. They 

have found that this result was clearer during high inflation moments (1970s). 
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A question investors could ask themselves concerns if commodities are a good way to 

diversify portfolios during financial crisis. Büyüksahin et al. (2010) have found that the 

correlation between stocks and commodities did not go up from 2006 to 2008, when last 

subprime crisis started. They have studied the relationship between GSCI and the S&P 

500 from 1992 to 2008. Their results suggest that commodities keep their role as a way 

to diversify stocks portfolios also during financial crisis. This point will be debated 

further later when we will discuss about hedge and safe-haven. 

 

Another point about diversification benefits given by commodities is related to the 

differences among the different types of commodities. Belousova and Dorfleitner 

(2012) have investigated the diversification benefits for euro investors of commodities 

in a portfolio of stocks and bonds represented in stock indices as benchmark assets. 

They chose 25 different individual commodities relying on the Dow-Jones-UBS 

Commodity Index (DJ-UBSCI) and the S&P Goldman Sachs Commodity Index (S&P 

GSCI). Both physical commodities and commodity futures have been investigated. 

Using a sample of monthly data from January 1995 to December 2010, they found that 

industrial metals, agricultural and livestock reduce the risk of the portfolio, while 

energy sector and precious metals reduce the portfolio risk and provide a higher return. 

The results show that investors gain these diversification benefits through both physical 

commodities and commodity futures. Fortenbery and Hauser (1990) have analyzed the 

diversification benefits of cattle, hog, corn, and soybean. They have reported a reduction 

in the non-systematic risk of portfolios for two of the four commodity futures analyzed. 

Egelkraut et al. (2005) have analyzed the benefits of adding commodity futures to an 

efficient portfolio made up of bonds and stocks. They used data from 1994 to 2003 on a 

daily basis. They have found that only crude oil contributed significantly to portfolio 

performance among all the futures contracts analyzed by this study. 

 

In this section, we present first a general idea of what is diversification with 

commodities and then we show several studies in order to understand which are the 

results that the previous literature displays. After showing so many empirical studies, 

we believe that commodities have remarkable diversification benefits concerning 

portfolio’s performance improvement, even if there are no clear suggestions about 

which is the optimal share of commodities to insert in the investors’ portfolios for 
achieving that. 

 

 

3.4.2 Hedging 

 

Hedging is a strategy to invest in an asset(s) that could reduce the risk of the price 

movements in another asset (or portfolio). In other words, hedge strategies are made by 

adding assets to a portfolio in order to avoid the risk of adverse (price) movements that 

could happen to the portfolio. In this way, we can say that hedging is like a form of 

insurance. Now, we have to ask ourselves which are the characteristics that the new 

assets added in the portfolio should have. In order to avoid adverse (price) movements, 

the new assets must not be perfectly correlated with the former ones. Furthermore, they 

also must not have low positive correlation coefficients otherwise their hedging effects 

will not be strong. Therefore, we can state that new assets added to a portfolio for 
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hedging purposes must have correlation coefficients as low as possible, in order to be 

more precise, correlations should be slightly positive, zero or negative. Therefore, a 

negative correlation between two assets can give a strong hedge while a low correlation 

is defined as a weak hedge (Hood and Malik, 2013, p.48). 

 

In term of stock markets, investors look forward to obtain a protection against the price 

fluctuations of their equity investments. Many studies have investigated whether 

commodities would provide investors with a hedge against these fluctuations to reduce 

the investment portfolio risk. To examine the relationship between commodities and 

stock markets, literature (Gorton and Rouwenhorst, 2006; Jensen et al, 2000) indicates 

an inverse relationship between stock returns and commodity futures returns. Gorton 

and Rouwenhorst (2006) have evaluated the role of commodity futures in US market. 

They found that commodity futures offer the same return and Sharpe ratio as US stocks 

for data from 1959 to 2004. They also found that the commodity futures are negatively 

correlated with the US stock market. Jensen et al. (2000) used the Goldman Sachs 

Commodity index to evaluate adding commodity futures to a portfolio consisting of 

stocks, bonds, real estate and treasury bills. Using data from 1973 to 1997, they found 

that the commodity futures improve the portfolio performance with higher return. In 

addition, commodity futures which have low or negative correlations with equities 

imply potential hedge property for commodity futures. On the other hand, a more recent 

study of Silvennoinen and Thorp (2010) found that the commodity futures correlations 

dynamics with US stock market increases from close to zero in 1990s to 0.5 in 2009 

which would discourage investors from adding commodities the stock portfolios. 

 

A related study of Wang et al. (2013) has investigated the hedging possibility of 

commodities against the stock markets. Wang et al. (2013) have used Rogers 

International Commodity Index (RICI) which is composed of 28 commodities to 

represent the whole commodity market in addition to specific indicators to represent the 

sectors. These indicators are RICI-Agriculture (RICA), RICI-Energy (RICIE) and RICI-

Metals (RICIM). Based on daily data from January 2005 to February 2012 of the four 

commodity indices and stock indices from twelve countries, they got that all commodity 

indices are linked to the stock indices in most countries during the normal market 

conditions which indicates the commodity indices cannot be used in hedging strategies. 

 

Some other studies have focused on the role of precious metals. For example, Conover 

et al. (2007) have investigated the role of previous metals in a US portfolio either 

directly via the commodity themselves or indirectly via equity of precious metals. They 

found the indirect investments dominate the direct investments in precious metals. They 

also found that gold appears to be a better hedge than silver and platinum against the 

negative effect of the inflationary pressures. Hood and Malik (2013) have also evaluated 

the role of precious metals as a hedge during the normal market conditions. Using the 

daily closing spot prices for gold, silver, platinum, S&P 500 index and the volatility 

index (VIX) from November 1995 to November 2010, they found that gold can be a 

strong hedge while silver and platinum are a weak hedge for the US stock market. They 

also found that VIX can be a strong hedge. Baur and Lucey (2010) have investigated the 

role of gold as a hedge for US, UK, and German stocks and bonds during the period 
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1979-2009. The empirical analysis showed that gold is a hedge for only US and UK 

markets. 

 

These different views might be attributed to different time horizons and/or the 

subjectivity in the case of a commodity index being investigated. In our study, we use as 

big and recent sampling as possible to be more representative. In addition, we 

investigate the hedge possibility for individual commodities. 

 

 

3.4.3 Safe-haven 

 

Safe haven and hedging could be seen as similar concepts, but there are differences 

between them. Baur and McDermott (2010) highlight an important difference between 

these two concepts: a hedge is held on average while a safe haven is only held in certain 

particular periods such as financial crisis. After proving an explanation about why these 

two concepts differ, we have to give a definition of what a safe haven is. If an 

investment is considered as a weak hedge against another asset, it might move slightly 

in the same way with this asset in the crisis periods, since a low correlation is defined as 

a weak hedge (Hood and Malik, 2013, p.48). An asset that works as a weak hedge 

should be avoided in such periods and it should be exchanged with another one with a 

correlation coefficient negative or equal to zero. Therefore, a safe haven is an asset with 

no correlation or negative correlation with another one in periods of market stress (Baur 

and Lucey, 2010). An asset can be considered a strong or a weak safe haven. A strong 

(weak) safe haven is defined as an asset that is negatively correlated (uncorrelated) with 

another asset or a portfolio in certain periods only, for example in times of heavy falls in 

stock markets (Baur and McDermott, 2010). 

 

Global economies have always suffered financial crises throughout history. Investors 

may experience huge losses during these crises and thus, they seek an asset class that 

may compensate them. The possibility of commodities, especially precious metals, 

being safe havens has been investigated in some empirical studies to show the 

relationship between commodities and the stock markets during the financial turmoil. In 

most cases, gold appears to be a strong safe haven during this period of extreme decline 

in stock markets. 

 

Creti et al. (2012) has investigated 25 commodities compared to US stock market. 

Using data from January 2001 to November 2011, with focusing on the crises year in 

2008, they found that the correlation between S&P 500 and commodities is highly 

volatile showing the highest correlation during the financial turmoil (except for gold). 

They also found that gold is different from all other commodities since gold has 

negative correlations during the extreme declines in the market, which implies a strong 

safe haven property, while the correlations increase between US stock market and other 

commodities during these declines. 

 

Baur and McDermott (2009) have done a multi-country analysis to test the role of gold 

as a safe haven across 13 individual international stock indices, including developed and 

developing countries, and 6 regional indices in US dollar (Emerging markets, World, 
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EMU, EU, Latin America and North America). They have used daily, weekly and 

monthly data for 30-year period from March 1979 to March 2009. Baur and McDermott 

(2009) found that gold is neither a hedge nor a safe haven for most regional indices 

except for the North American for all frequency of data (daily, weekly and monthly). 

For the stock indices, they found that gold is a strong safe haven in the extreme market 

declines on the daily frequency across the developed-country markets, but not the 

emerging markets. Baur and Lucey’s (2010) study also found that gold serves as a safe 

haven for the three markets in US, UK and Germany. Furthermore, gold does not serve 

as safe haven at all times, but only after the extreme declines in the market, in other 

words, short-lived safe haven property (around 15 trading days). 

 

In line with these previous studies, Wang et al. (2013) found that only the precious 

metals indicator (RICIM) can serve as a safe haven during the serious crises in the stock 

markets. In other words, precious metals would be worthy to add to portfolios during 

these extreme declines to reduce risk. Lucey and Li (2014) have also investigated the 

safe haven property of the precious metals (gold, silver, platinum and palladium) for the 

US investors. Using daily data from January 1989 to July 2013 of the commodity 

futures, S&P 500 Index and ten-year US government bonds Index, they found the 

following relationship between gold and the other three precious metals, sometimes 

silver, palladium and platinum act as safe havens while gold does not. Furthermore, 

when all precious metals act as safe havens, silver, palladium and platinum act as 

stronger safe havens than gold. On the other hand, Hood and Malik (2013) found that 

gold, silver and platinum are weak safe havens for the US stock market. 

 

Historically, gold receives widespread attention in the financial news and among 

investors as a possible safe haven during the extreme declines in the stock markets. We 

did our empirical work to investigate not only gold, but also other different 

commodities. 

 

 

3.5 Modern portfolio theory: return, variance formulas and keys concepts 

 

In order to evaluate the quality of a portfolio in comparison with others, we need some 

measures to do that. The most famous measures, that show how good a portfolio is, are: 

expected return and variance. These two measures can explain the characteristics of a 

portfolio and show its quality taking them individually or considering a combination of 

them. In other words, we can make a ranking of portfolios considering the expected 

returns or the variance, or we can also look at a combination of these two indicators, for 

example the portfolio with the best expected return with a 10% variance.  
 

In order to better understand the idea concerning taking into account both these 

indicators, we can explain what is meant by the optimal portfolio analysis made by 

Markowitz (also called modern portfolio theory). “Markowitz portfolio analysis is used 
to choose the optimum portfolio using mathematical measures” (Francis and Kim, 2013, 
p.85). “The objective of portfolio analysis is to find the set of efficient portfolios”, 
furthermore, “efficient portfolios have the greatest expected return for a given level of 
risk, or offer the lowest risk for a given level of expected return” (Francis and Kim, 
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2013, p.85). As we define with which measures the quality of a portfolio can be 

evaluated, we split in two parts our brief mathematical dissertation about the expected 

return and the variance of a portfolio: the two-asset portfolio case and the general n-

assets portfolio case. We will make reference to the n-assets case when we will create 

our commodity index. Whereas, we will make reference to the two-asset case when will 

build up the mixed portfolios made up of a single stock index (different in every 

portfolio) and a commodity index. 

 

 

3.5.1 Portfolio analysis inputs  

 

The key tools for the portfolio analysis of a set of n candidate assets are:  

 n expected return: [ ], i=1, 2, …,n 

 n variances of returns: � , i=1, 2, …,n 

 
2−

 covariances4: � , i=1, 2, …,n;    j=1, 2, …,n;   ≠   

(Francis and Kim, 2013, p.86) 

In other words, for the expected return and the variance formulas for a portfolio we need 

to know: n expected return, n variances of returns and − /  covariances. 

 

 

3.5.2 The two-assets portfolio case  

 

If we consider a portfolio made with only two assets the formulas for its variance and its 

expected return are really simple. The portfolio´s expected return is (Francis and Kim, 

2013, p.87): 

� = +  

where ,  are the weights of the two assets in the portfolio and ,  are the 

expected returns for the two assets. Therefore, the expected return for a two-asset 

portfolio is the weighted expected return of the two assets.  The variance of a two-

security portfolio is (Francis and Kim, 2013, p.90): �� = � + � + �  

where �  is the covariance between the two assets and � , �  are the variances for the 

two assets. 

 

 

3.5.3 The n-assets portfolio case 

 

If we consider an ideal portfolio made with n different assets the formulas for expected 

return and variance are more complicated and are the generalization of the two-asset 

case. The expected return for an n-asset portfolio is: 

                                                             
4
 � , = ∑ �− ̅ − ̅��=        (Wolfram MathWorld) 



 

33 

 

� = ∑=  

(Francis and Kim, 2013, p.136) 

In other words, the expected return of the portfolio is the weighted expected return of 

the n assets. The variance of an n-asset portfolio is: 

�� = ∑ ∑ �==  

(Francis and Kim, 2013, p.137) 

where if i=j �  is not a covariance, although it is a variance. 

 

These two formulas can be expressed also in vector-matrix notation. The formula for a 

portfolio´s expected return becomes: �´� = �  

(Francis and Kim, 2013, p.140) 

where �´ = , , … , ,   is the weights vector of n assets and � is the expected 

return vector (Francis and Kim, 2013, p.140). The formula for a portfolio´s variance 

becomes: �� = �´ � � 

(Francis and Kim, 2013, p.140) 

where � is the ( × ) variance-covariance matrix (Francis and Kim, 2013, p.140). 

 

 

3.5.4 Efficient portfolios and minimum variance portfolio 

 

In order to understand if a portfolio is better than another one, it is useful to look at a 

Cartesian space with mean and variance (or standard deviation) on the axes. In this way 

it is possible to identify for a single portfolio every possible weight combination of its 

own assets. Those assets must be risky ones, because otherwise the curve that shows 

every weight combination for that portfolio is not anymore a parabola, but rather a line 

(Berk and DeMarzo, 2014, p.372).  

 

 
Figure 1. Portfolios frontier only made by risky assets (Francis and Kim, 2013, p.103) 
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Figure 1 shows an example of how all the possible weight combinations for a portfolio 

made up of risky assets is a parabola. Figure 1 shows also as in that case the Cartesian 

space has standard deviation on the x-axis. It is possible to identify a point on the 

parabola (also called portfolios frontier) that corresponds to a particular combination of 

assets’ weights for which there are no other combinations with a lower standard 

deviation. In figure 1, this combination corresponds to the minimum variance portfolio 

(MVP) (Francis and Kim, 2013). MVP portfolio has a really notable characteristic; it 

divides the portfolios frontier in two parts: one upward and one downward. In figure 1, 

an example of a weights combination in the downward part is “K”, whereas, “P” is an 
example for the upward part. All the portfolio’s combinations that stay in the upward 
part of the portfolios frontier provide the best risk–return combinations. The part of the 

frontier above the minimum variance portfolio is called the efficient frontier of risky 

assets (Bodie et al., 2014, p.220). In other words, the efficient frontier is the upper part 

of the curve composed of the different assets’ combinations in a variance-return, or as in 

this case a standard deviation-expected return Cartesian space. Efficient frontier is also 

known as Markowitz Efficient Frontier. (Mangram, 2013, p.66). It represents the best 

combination of assets (those giving the maximum expected return for a certain level of 

risk) in an investment portfolio (Mangram, 2013, p.66). In the efficient frontier is 

possible to find the efficient portfolios (also called optimal portfolios), if we look at 

every point as a single portfolio instead of a combination of assets. This is idea do not 

change the results, but let us use the expression “efficient portfolios” or “optimal 
portfolios” instead of optimal/efficient weight combinations of assets. On the contrary, 

the downward part of the frontier is composed of inefficient portfolios (or inefficient 

assets’ weight combinations). They are named like this, because there is (at least) a 

portfolio that is better regarding both expected return and volatility (Berk and DeMarzo, 

2014, p.365). 

 

In the empirical part of this thesis, we display for every mixed portfolio different weight 

combinations and we also highlight the minimum variance portfolio (the one with the 

lowest variance and, thus, the one with the lowest volatility). Our aim is to show which 

are the best proportion of commodities in equity portfolios, in order to understand how 

much commodities should be in a portfolio if an investor want to reduce the overall risk. 

This aim is in line with our second research question. Since we display in appendix 2 a 

lot of different sets of weights for every mixed portfolio, it is also possible to look at 

sets of weights that increase portfolios’ returns. 

 

 

3.6 Alternative theories to modern portfolio theory 

 

Markowitz’s modern portfolio theory is also called Markowitz mean-variance portfolio 

theory (Burke, n.d., p.2). The second denomination displays better how Markowitz’s 
theory works. It is focused on the analysis of portfolio’s weight combinations through 

two statistical measures: mean and variance.This mean-variance approach is not the 

only one highlighted by the literature and  by the financial textbooks. We believe that 

modern portfolio theory is the best choice for our thesis for several reasons. First of all, 

this is not a very complicated approach neither from a theoretical point of view nor from 

a mathemathical point of view, thus we can manage it without too many difficulties. 
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Secondly, this approach is the most used in portfofolio analysis and thus there are much 

more studies using it than alternative approaches. Therefore, we do not want to move 

away from the mainstream approach. Finally, this approach allows us to understand 

quite easily, what should be the weights of commodities in our commodity index in the 

mixed portfolios in order to reduce the overall portfolio risk, this idea is in line with our 

second research question. 

 

Nevertheless, we decide to list some of the alternatives to Markowitz’s modern portfolio 
theory. The geometric mean return criterion is an approach that calculates the geometric 

mean5 of historical return instead of calculating the arithmetic mean of historical returns 

(Francis and Kim, 2013, p.215). This approach searches for the portfolio with the 

highest GMR which is also the one that maximizes the investors’ expected terminal 
wealth and, furthermore, it is usually a well-diversified portfolio (Francis and Kim, 

2013, p.217). A second alternative is the safety-first criterion, which is only focused on 

to avoid not reaching a minimum target return or to achieve a fixed safety margin 

(Francis and Kim, 2013, p.218). A third alternative to Markowitz’s theory is the 
semivariance analysis. This approach is based on the semivariance which is a measure 

of dispersion as variance, but it only considers the statistical observations that are below 

a fixed reference point (Francis and Kim, 2013, p.228). There are studies that display 

how there is a perfect correspondence between efficient portfolios and asset prices 

which is shown in both Markowitz’s theory and semivariance approach, but only if the 
probability distributions are symmetric, otherwise the results are different between these 

two approaches (Francis and Kim, 2013, p.236). Another alternative approach to 

Markowitz’s mean-variance portfolio theory is called mean-variance-skewness analysis. 

This approach states that if skewness exists in the returns’ probability distributions it 
should be considered inside the analysis (Francis and Kim, 2013, p.246). With this 

approach the analysis is no longer two-dimensional but rather three-dimensional, 

because skewness is added as a third axis in the Cartesian space. These four alternatives 

to Markowitz’s theory are not the only ones, but we do not want to add more of them, 
because this is not the main goal of our thesis. 

                                                             
5
 The geometric mean of historical returns is: �̅ = [∏ += ] / −  (Francis and Kim, 2013, p.215) 
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Chapter 4: Methodology in practice  

 

 

In this chapter, we have some goals. First of all, we clarify all the choices that we have 

done concerning the data selection. Secondly, explaining how we implement all the 

empirical calculations regarding the data we have downloaded. Thirdly, we describe the 

rules we follow in building our mixed portfolios and we analyze them. Finally, we 

mention all software and all databases we use in our work. In addition, we present 

definitions and provide explanations for every statistical tool we use in the empirical 

work, in order to give a well-explained framework concerning these tools. 

 

 

4.1 Data samples and explanations 

 

In this section, we explain what kind of data we use in our thesis and we justify our 

choices regarding the time frequencies of data, the time interval of data and why we 

choose a particular commodity or a stock index instead of some different companies’ 
shares. Furthermore, we justify why we choose futures prices instead of spot prices for 

the commodities and we mention that we use data mainly downloaded from a database 

called Thompson Reuters Datastream. 

 

 

4.1.1 Why did we choose these time frequencies? 

 

Since our work concerns stock indices and commodity futures prices, we use data from 

Thompson Reuters Datastream. We downloaded three different historical series from 

the time frequency point of view, for every commodity and stock index: daily, weekly 

and monthly. We decided to ignore the yearly data for two main reasons: firstly, we 

think that in one year it might happen that too many different factors can influence the 

stocks’ values and the values of the commodities and, secondly, with our intervals we 

consider a long period of time with many observations in order to obtain relevant 

sample of data. 

 

Furthermore, we also choose these time frequencies because they were the most used in 

the previous literature. Hood and Malik (2013) use daily data for commodities and stock 

indices as Conover et al. (2007) and Charles et al. (2015), instead, Daskalaki and 

Skiadopoulos (2011) use monthly data, the same as Belousova and Dorfleitner (2012). 

Weekly frequency is used by Bosch and Pradkhan (2015) only for an analysis on 

commodities and also by Baur and McDermott (2010) analyzing the role of gold as a 

safe haven in relation with several stock indices. Since in the previous literature all the 

three time frequencies (daily, weekly and monthly) used to be presented, we want to 

analyze the characteristics of all of them and to choose the best one for every particular 

analysis, for example, testing the safe-haven property of commodities. 
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4.1.2 Why did we choose these time intervals? 

 

We chose these time intervals basically for one reason: the database we used for 

downloading data did not let us download data for longer periods of time. Therefore, 

our time intervals selection was limited by the availability of data in the database we 

used (Thompson Reuters Datastream). The database allowed us to download daily data 

only from January 2007. Whereas concerning weekly and monthly data it allowed us to 

download data from January 1997. All the three time intervals end including March 

2016, so the first quarter of 2016 is included. 

 

The daily data time interval is 9 years and 3 months long. Whereas the weekly and the 

monthly time intervals are 19 years and 3 months long. Our aim at the beginning was to 

take much longer period of time in order to have bigger samples of data, for example 

concerning monthly data it would be better to have a time horizon of 50 years.  

 

 

4.1.3 Why did we choose indices instead of single stocks? 

 

We decided to focus on stock indices data instead of a portfolio made by singular 

companies’ shares such as Apple or Walmart, because a stock index represents a well-

diversified portfolio of stocks and it is generally used as a benchmark by the investors, 

for example “the S&P 500 is one of the most commonly used benchmarks for the 

overall U.S. stock market”. Furthermore, in our analysis, we build portfolios composed 

by a stock index and a commodity index that we build later.  

 

Another reason that leads this choice is the fact that investing in some singular stocks 

instead of indices is riskier and not necessarily more profitable. “.. a study by Dalbar 
Inc. in 2003 showed that from 1984-2002 the average annual return of the S&P 500 was 

12.2%, while the average annual return achieved by mutual fund managers was only 

9.3%” (Harding, 2013). Therefore, Harding (2013) suggests investors to avoid 

individual stocks. We follow his suggestion using stock indices in our mixed portfolios 

through this thesis. 
 

 

4.1.4 Why do we use futures and not spot prices? 

 

Another important aspect that we need to underline is about commodities prices. In 

general, the spot price is “the current price at which a particular security can be bought 
or sold at a specified time and place” (Nickolas, n.d.). Instead, if we refer to 

commodities, the definition is the following: “the current price of a spot contract, at 
which a particular commodity could be bought or sold at a specified place for 

immediate delivery and payment on the spot date” (Nickolas, n.d.). The main difference 

between the spot price of a commodity and the one concerning a security is related to 

the fact that the commodity should be delivered physically at the spot date. 
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A futures price is the price at which a buyer has to purchase an asset (or a seller has sold 

an asset), in an already decide moment in the future. “In fact, commodity futures 
represent bets on the expected future spot prices. Inventory decision, storage costs and 

interest rates are linked the expected future spot prices to the current spot price.” In 
other words, a commodity futures price depends on its spot price, but also depends on 

other factors such as the time until the delivery of the commodity. Further, “in order to 
avoid and maintain a long future positions, maturing contracts are sold and contracts 

that have not yet reached the delivery are purchased” (Fabozzi et al., 2008). 

 

In our analysis, we do not use the spot prices, but the futures prices, basically for two 

reasons. First, as explained above, the spot prices are related to a physical delivery, 

instead, futures prices represent the values of financial derivatives instruments regarding 

an underlying asset, in our case a commodity. Second, for the concept expressed by the 

following sentence: “Most financial investors do not hold spot commodities outright—
just consider the inconvenience and storage costs that would be involved—but rather 

gain commodity exposure through futures contracts” (Ilmanen, 2012, p.114).  
 

Therefore, since we analyze the possible investments in portfolios composed by a stock 

index and commodities, it would not be convenient to use the spot prices, because it 

refers to a physical delivery at the spot date. This date is when a spot transaction is done 

and it means that the amount of money used for it is transferred from one subject to the 

other. There is a time rule concerning the spot date: usually the standard is two days 

according to the market custom. Therefore, it is not convenient to consider the spot 

prices due to the short time between the conclusion of the transaction and the delivery, 

in fact, a spot market is a market where goods are sold for cash and delivered, instead, 

future markets is a place where futures contracts are traded. These kinds of contract are 

agreements to deliver assets or their cash value at agreed upon prices at some future 

date (Bodie et al., 2011, p.81). 

 

To sum up, future prices are better to be used in our analysis than spot prices for some 

reasons. First of all, the transactions concluded at the spot prices are done at current 

market values instead the ones ended at the future prices are based on the actual futures 

prices. Secondly, futures have a longer time horizon than spot transactions. Finally, spot 

prices are related to transactions made at the market values, instead, futures prices do 

not properly follow the market values, since they are fixed at the time the instrument 

was issued. That can make it possible to use these kinds of derivatives as hedging 

instruments, since futures contracts are one of the most utilized instrument used for 

hedging, it is due to the fact that companies use future contracts in order to compensate 

their risk exposures. 

 

 

4.1.5 Commodities and stock indices selection criteria 

 

After explaining why we chose those time frequencies, stock index instead of single 

stocks, and futures prices instead of spot ones, we have to list the criteria which have 
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led us to choose a particular group of commodities and a particular group of stock 

indices. 

 

We selected seven commodities following the Bloomberg Commodity Index (BCOM), 

which can be defined in the following “BCOM is a highly liquid and diversified 

benchmark for the global commodities market” (Bloomberg (2015, Oct 29)). This 

index, in 2016, is divided into six groups and includes twenty-four commodities. We 

select our seven commodities following three main criteria. First of all, we insert at least 

one commodity and no more than two for every group, we keep out only “livestock” 
since it is the group with fewer commodities together with precious metals (two) and 

with the lowest weight in the index (less than 6%). Secondly, we include all the 

precious metals since there are a lot of scientific papers concerning the possibility of 

investing in this kind of commodity, such as Conover et al. (2007). Finally, we chose 

the commodities with the highest target weights in every group in 2016, the only 

deviation from this criteria is about the choice between Brent Oil and WTI Oil. We 

chose the second one because, in 2015 it has quite a bigger weight and only slightly 

smaller in 2016, furthermore according to Bloomberg (2014, Oct 29) WTI Oil weight 

was much higher in 2014 than Brent Oil one, respectively 8.5% and 6.5%. 

 

We selected eight stock indices from two different groups: developed countries and 

developing countries, and for every group, we selected four stock indices. We follow 

three criteria for this selection: firstly, we select the main index in a stock exchange 

market, for example, DAX 30 for Frankfurt Stock Exchange, secondly, we select 

countries and their relative stock exchange which are benchmark worldwide for 

example, the UK and the London Stock Exchange, finally, we select stock indices from 

developing countries that are not too related to commodities such as Brazil, Russia or 

South Africa, in order to avoid the higher effects that commodities can have on the 

stock indices of those countries.  

 

To sum up, we select seven commodity futures: Comex Copper, Cbot Corn, Comex 

gold, Comex silver, ICE_US Sugar no.116, NYMEX Light Sweet Crude OIL (WTI) and 

NYMEX Henry Hub Natural Gas. We also chose eight stock indices: S&P 500 (US), 

FTSE 100 (UK), Nikkei 225 (Japan), DAX 30 (Germany), Hang Seng (Hong Kong), 

Sensex (India), SSEC (China) and STI7 (Singapore). 

 

 

4.2 Statistical framework  

 

In this section we explain and define all the important statistical tools that are useful for 

our empirical work, in order to understand in a better way what they are. Our aim is to 

build up a strong theoretical framework about them in order to help the reader to 

understand the empirical part with fewer efforts. 

 

                                                             
6
 Raw cane sugar is the underlying asset of those futures. 

7
 The full name is ”Straits Times Index”. 
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4.2.1 Correlation 

 

According to Russell (2014) correlation describes how two different things have 

similarities or dissimilarities. “Specifically how two investments move in relation to 

each other, how tightly they are linked or opposed” (Russell, 2014). Furthermore, 
according to Russell (2014) correlation between different historically investments is 

never static, it is not so difficult that the correlation of investments change over time, in 

particular during highly volatile or crashing markets. For this reason we will provide an 

example of how correlation change over time (look at rolling correlation part) in order 

to confirm this idea. 

 

From the statistical point of view it is a coefficient that shows if there is a positive, a 

negative or no relations between two variables. 

The correlation coefficient is calculated using the following formula (Dougherty, 2007, 

p.18):  � = �√� �  

Where X and Y are two random variables, � is the covariance between X and Y and � �  is the product of the variances of the two random variables. If there is a positive 

association between them, � , and hence � , will be positive (Dougherty, 2007, p.18). 

If there is an exact positive linear relationship �  will assume its maximum value of 1 

(Dougherty, 2007, p.18). Similarly, if there is a negative relationship between them, � will be negative, with a maximum value of -1 (Dougherty, 2007, p.18). In other 

words, the correlation coefficient can assume all the value in the interval [-1, 1]. 

 

In this thesis, we look at the value of the correlation among stock indices returns and 

commodities returns. 

 

There are other ways of measuring volatility, for example a GARCH8 model that is a 

generalization of ARCH9 model. These models aim is to give a volatility measure that 

can be used in financial decisions concerning risk analysis, portfolio selection and 

derivative pricing (Engle, 2001, p. 4-5). The aim of this thesis is not to make an analysis 

focus on volatility using these models, thus we only wanted to quote them in order to 

show that there are other ways of measuring volatility. 

 

 

4.2.2 Expected value, standard deviation and variance 

 

There are three important statistical tools that we use in this thesis, in order to evaluate 

the characteristics of an investment portfolio: expected value, standard deviation, and 

variance. In finance, “we call the expected value as expected return: it is a weighted 

average of the possible returns, where the weights correspond to the probabilities” (Berk 

and DeMarzo, 2014, p.316). Since we are looking at historical data we use only the 

                                                             
8
 Generalized autoregressive conditional heteroscedasticity 

9 Autoregressive conditional heteroskedasticity 
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expression “return”. In finance, we refer to the standard deviation of a return as its 
volatility (Berk and DeMarzo, 2014, p.318). Therefore, the two most important 

statistical tools concerning an investment portfolio are: expected return and volatility. In 

this statistical framework, we explain these tools only from the theoretical point of 

view, therefore without referring directly to finance. 

 

If we give a formal definition of expected value we can quote the one elaborated by 

Grinstead and Snell (1997, p.226). “Let X be a numerically-valued discrete random 

variable with sample space Ω and distribution function m(x). The expected value E(X) 

is defined by”: = ∑�Ω  

In other words, the expected value of a random variable is defined as the probability-

weighted average of all the different possible values the random variable can assume. 

 

Another important statistical descriptive tool to understand the characteristics of a 

discrete random variable is represented by the variance. Grinstead and Snell (1997, 

p.257) give us a formal definition of the variance for a discrete random variable. “Let X 

be a numerically valued random variable with expected value µ = E(X). Then the 

variance of X, denoted by V (X), is the following”: � =  − �  

In other words, the variance is the expected squared deviation from the mean (Berk and 

DeMarzo, 2014, p.317). Furthermore, the standard deviation is the square root of the 

variance (Berk and DeMarzo, 2014, p.317). 

 

 

4.2.3 Skewness and kurtosis 

 

We have already defined what expected value and variance are. These two indicators 

are the first two moments of a statistical distribution. The third and the fourth moments 

give us other characteristics about the shape of a statistical distribution. They are 

respectively skewness and kurtosis. In general, “the expected value of  is called the ℎ  of the random variable ” (Stock and Watson, 2015, p.71.) 

 

“Skewness measures the lack of symmetry of a distribution” (Stock and Watson, 2015, 

p.69). In other words, skewness is a mathematical measurement of how a distribution is 

symmetric or not. The skewness of a distribution of a random variable is (Stock and 

Watson, 2015, p.69): � � =  [ − � ]�  

Where �  is the standard deviation and �  is the mean of the variable . The numerator 

of this formula has some positive values and other negatives, but if a distribution is 

symmetric, the positive values have to be compensated by the negative ones and thus 



 

42 

 

the numerator is equal to 0. Therefore, “the skewness of a symmetric distribution is 
zero” (Stock and Watson, 2015, p.70). 

 

“The kurtosis of a distribution is a measure of how much mass is in its tails and, 

therefore, is a measure of how much of the variance of  arises from extreme values” 

(Stock and Watson, 2015, p.71). In other words, kurtosis shows a mathematical value 

about how big the tails of the distribution are.  The kurtosis of the distribution of  is 

(Stock and Watson, 2015, p.71): � =  [ − � ]�  

For a distribution with a large amount of mass in its tails, the kurtosis will be large 

(Stock and Watson, 2015, p.71). The numerator is always positive because − �  

can only be positive and the denominator is never negative, because it is the square of 

the variance, therefore, kurtosis cannot be negative (Stock and Watson, 2015, p.71). 

“The kurtosis of a normally distributed random variable is 3, so a random variable with 

kurtosis exceeding 3 has more mass in its tails than a normal random variable” (Stock 

and Watson, 2015, p.71). In other words, if we analyze a variable with a kurtosis higher 

than 3, for example, 6 gives information about the shape of the distribution of a random 

variable, in this case, the distribution will have a double mass of statistical observations 

in its tails. Furthermore, “a distribution with kurtosis exceeding 3 is called leptokurtic” 
(Stock and Watson, 2015, p.71). 

 

 

4.2.4 Regression model 

 

In a regression model, there is one variable, usually known as the dependent variable, it 

is determined by other variables, usually known as explanatory variables, independent 

variables or regressors (Dougherty, 2007, p.43). If there is only one regressor, we are 

looking at a simple regression model.  = + +  

Where  and  are the parameters of the equation,  the regressor and  the random 

factor known as the disturbance term (Dougherty, 2007, p.43). 

 

If there are two or more, we are looking at a multiple regression model. This is an 

extension of the simple regression analysis to cover cases which the dependent variable 

is hypothesized to depend on more than one explanatory variable (Dougherty, 2007, 

p.119). For example, we can look at the following model: � = + + +   

Where �  represents the hourly earnings,  the year of schooling,  the 

years spent working after leaving full-time education and   the random factor known 

as the disturbance term (Dougherty, 2007, p.119). 

 

In general, the multiple regression model is the following: = + + ⋯ + +  
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it shows as  depends on � −  explanatory variables , … ,  (Dougherty, 

2007,p.123). 

 

In this thesis, we use a simple regression model between the return of different 

commodities, as dependent variables, and the return of different stock indices, as 

regressors. 

 

 

4.2.5 Dummy variables 

 

A dummy is a variable, which can only take on the values of zero and one (Verbeek, 

2004, p.12). This kind of variables are used for “measuring the effect of qualitative 
factor and therefore not measurable in numerical terms” (Dougherty, 2007, p.175). 
 

If we consider a simple regression model adding a dummy we have the following 

relation: = + + +  

Where D is the dummy variable. If D is equal to 0, the regression model will be the 

following: = + +  

If D is equal to 1, the regression model will be the following: = + + +  

 

We can easily notice that the dummy variable creates two different regression models, 

one for each category underlined by the dummy itself, for example if we are speaking 

about gender and  D=1 means female, we have that D=0 means not female, so male. 

Therefore, according to gender, a dummy divides the sample of data giving us two 

different model equations. In this case, the difference between the two models is 

represented by . 

 

In order to better understand what a dummy is, we can use a dummy related to the kind 

of schools attended by the people called TECH (Dougherty, 2007, p.179). If the value 

of the dummy is 1, it means that the person, we are referring to, attended a technical 

school (Dougherty, 2007, p.179). If the value is 0 we are referring to someone who 

attended a different kind of school. This idea can be extended also to multiple 

regression models.  

 

In this thesis, we use dummies inside a multiple regression model, between the return of 

different stock indices and the return of different commodities, in order to underline the 

effects of particular group of returns such as the worst 5% returns of S&P 500 or the 

worst 1% returns from the same index. The aim of this is to test if commodities are safe 

haven for investors. 
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4.2.6 Regression parameters significance testing 

 

There are two ways to understand if the parameters of a regression model are 

significant: a statistical test t and the p-value. The regression model, for example, is the 

following: = + + � 

where   and  are the regression parameters. 

 

If we want to test the significance of the two parameters we have to follow this 

methodology for both: “test  : =  versus �: ≠  in order to assess whether 

the independent variable has an influence on the dependent variable” (Wackerly et al., 

2008, p.584). In other words, if that hypothesis  is not rejected the parameters is not 

significant from the statistical point of view and that means that the effect of such 

parameters is not significant in the regression model. 

 

The statistic t for testing the -parameter can be calculated in this way (Wackerly et al., 

2008, p.584-585): = ̂ −√  

Where: ̂  is the estimator of a real regression parameter; 

  is the value which we want to test if a real parameter is equal or not to it (usually 

this value is equal to zero); 

  is the parameter using for estimating the standard deviation �; 

 is the (i,i) element in the matrix �´� − , which is a part of the covariance matrix � �´� −  (Verbeek, 2004, p.20). 

 

The  we can find using the previous formula has to be compared with the statistic 

value �, where  is the significance level. According to Quinn and Keough, (2002) 

“Fisher introduced the idea of a conventional probability (of obtaining our sample data 
or data more extreme if H0 is true) for rejecting H0; this is called a significance level. He 

suggested a probability of one in twenty (0.05 or 5%) as a convenient level”. The value �  depends also on the degrees of freedom of the t distribution as the statistical table 

about t distribution can easily show. It is important to underline that “as df (degrees of 
freedom10) gets very large, the t distribution gets closer in shape to a normal z-score 

distribution” (Gravetter and Wallnau, 2008, p.236). In other words, if the degrees of 

freedom are a lot the t distribution is equal to the normal distribution and it happens 

when the sample size is very high. The way for testing the hypothesis presented above 

with t statistic is the following: compare � with . There are one or two rejection 

regions, the number of them depends on if we are doing a one-tail or a two-tail test. 

 

                                                             
10 According to Wackerly et al. (2008, p.585) the degrees of freedom for a t distribution in this contest are − , where  is the sample size. 
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Wackerly et al. (2008) use the following scheme for explaining what the rejection 

regions are: > �   upper-tail alternative < − �  lower-tail alternative | | > �/  two-tailed alternative 

If we reject the hypothesis : = , as shown above, it means that the regression 

parameter  is statically significant because it is statically different from 0. 

  

Another way of testing the hypothesis : =  versus �: ≠  is the following: 

calculating a statistical measure called p-value. The p-value is the smallest value of  

for which the null hypothesis can be rejected (Wackerly et al., 2008, p.513). Thus, if the 

desired value of  is greater than or equal to the p-value, the null hypothesis is rejected 

for that value of  (Wackerly et al., 2008, p.513). 

 

 

4.3 Empirical work explanation  

 

In our analytical work, we use several convenient statistical tools to make a comparison 

of data that leads us empirically to the results. Our observations contain the daily, 

weekly and monthly prices of some stock indices and some commodities in several time 

horizons. Using these observations, we calculate the daily, weekly and monthly returns. 

These tools are already stated in the theoretical framework; therefore, we explain these 

tools in term of our empirical work. 

 

 

4.3.1 Returns calculation 

 

The first step for our empirical analysis is the calculation of the returns for every stock 

index and every commodity that we consider in our work. Furthermore, we calculate the 

returns for all of these samples in daily, weekly and monthly data. 

 

We calculate returns using the formula for the growth rate, in other words, when we 

mean returns, they are the growth rates between two consecutive statistical 

observations. The annual growth rate for a series of T annual observations, say , , 

, … , , is defined as (Mawson, 2002, p.4-5): 
 = − −−  

 

We can use  instead of  and  instead of , in order to have a better symbology 

related to the idea of returns, thus the formula becomes: 
 = − −−  

 

where , with t=1,…,n are the statistical observations that composed of historical 

series.  
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Using this formula for a sample of data let us find the historical series of returns for the 

value of that series. One last point about return calculation has to be underlined: if a 

historical series of values is a matrix × , the return series is a matrix − × , the 

reason is obvious, since for the oldest value of the historical series there is no − , 

because the historical series starts with it. 

 

 

4.3.2 The moments of return distributions  

 

In order to understand some useful features of returns distributions for stock indices and 

commodities, we calculate the first four moments of such distributions: mean, variance, 

skewness, and kurtosis. 

 

We calculate these four moments for every commodity and for every stock index three 

times using different frequencies: daily, weekly and monthly. We use Microsoft excel 

for these calculations. In Microsoft Excel, there are direct formulas for the mean, the 

variance, the skewness and the kurtosis. They are respectively “AVERAGE”, 
“VARIANCE.S”, “SKEW” and “KURT”.  
 

In the theoretical framework (Chapter 3), we explain what these statistical measures are, 

here we only underline how we calculate them. There is one more point that should be 

underlined: we use “VARIANCE.S”, instead “VARIANCE.P”, because we are using 

samples of data instead of populations. The goal of these moments calculation is to 

understand several characteristics of the distribution for every stock index and every 

commodity, with three different time frequencies that we consider in this thesis. 

 

 

4.3.3 Volatility calculation 

 

We calculate the daily, weekly and monthly volatility for every stock index and every 

commodity to observe whether these commodities have stock-like volatilities or not.   

 

We also use Microsoft Excel here. In this program, there is a specific formula for 

volatility and it is “STD.S”.  This formula refers to standard deviation instead of 

volatility, since “In finance, we refer to the standard deviation of a return as its 

volatility” (Berk and DeMarzo, 2014, p.318). 

 

The aim of this volatility calculation is not only trying to figure out if commodities have 

stock-like volatilities, but also to compare the volatilities of commodities and stock 

indices in all time frequencies, in order to get useful information for the last part of our 

work, when we build portfolios composed of a stock index and a commodity index. 

 

 

4.3.4 Correlation calculation 

 

We calculate correlations among every stock index and every commodity in the 

following way: for a stock index, we calculate the correlation with all the commodities 



 

47 

 

and then we do the same for every stock indices. Furthermore, we do this process for 

the daily, the weekly and the monthly data. The aim of these calculations is trying to 

figure out if there are significant results, such as negative and positive correlation with 

the same commodity.  

 

We calculate the correlation using Microsoft Excel. In this program, there is a particular 

formula called “CORREL” that lets us calculate the correlation between two vectors of 

data. These vectors have a size of ×  and in our case are the historical returns for a 

commodity and for a stock index. 

 

 

4.3.5 Rolling correlation calculation 

 

The correlation, between a stock index and a commodity in a certain period of time, 

does not show if it is constant or if it varies over the time horizon we are considering. In 

order to understand if the correlation, between a stock index and a commodity, is almost 

constant or very variable we calculate the rolling correlation, in other words, we 

calculate how the correlation changes over time. 

 

We calculate the correlation using Microsoft Excel as above; the only difference is the 

following: we calculate the correlation using only daily data for 22 consecutive trading 

days11. Therefore, we have several correlations between a stock index and a commodity. 

We do this rolling correlation analysis only for one stock index with all the 

commodities as an example, we only want to understand if the correlations between 

stock indices and commodities vary over time.  

 

 

4.3.6 Safe-haven12 and hedge13 analysis 

 

In order to understand how useful it can be to insert a certain commodity in a portfolio 

made by a stock index, we analyze the hedge and the safe-haven properties of the 

commodities. For the hedge property, we observe the correlation coefficient (on 

average) between a stock index and a commodity. If it is negative, then the commodity 

is a strong hedge. For safe haven analysis, We consider first the commodities that we 

find having a negative correlation with a stock index using daily, weekly and monthly 

data as first step in order to observe whether the strong hedge can give a strong safe 

haven or not, and then we consider every stock index with all commodities on a weekly 

basis as the second step. 

                                                             
11

 We consider a trading month composed by 22 trading days, because according to the mode measure is 

the number of trading days that happens more often in the US stock exchange together with 21 (look at 

http://www.itg.com/trading-volume/month/), but if we think about a classic month of 30 days without 

holidays there are five trading days in every week plus two more days, thus 22 overall. We believe 22 

trading days is the best approximation for a month in order to calculate the correlation. 
12

 Hood and Malik (2013) define a strong (weak) safe-haven asset “as an asset that is negatively 
correlated (uncorrelated) with the stock market in periods of extreme stock market declines”. 
13

 Hood and Malik (2013) define a strong (weak) hedge asset “as an asset that is negatively correlated 
(uncorrelated) with another asset on average”. 

http://www.itg.com/trading-volume/month/
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We follow the way suggested by Baur and McDermott (2010) in order to analyze the 

safe-haven property of a commodity. We do not focus only on gold as a safe-haven 

commodity, as Baur and McDermott (2010) did, but also to some other commodities. 

Furthermore, in line with Baur and McDermott (2010), we make this analysis using 

daily, weekly and monthly data for some cases, and weekly for other cases as explained 

before, not as Hood and Malik (2013) which consider only the data with a daily 

frequency for the same analysis. 

 

Baur and McDermott (2010) propose an econometric model for analyzing the safe-

haven property of a commodity, that Hood and Malik (2013) present in a general way 

without focusing on a single commodity:  

� , = + , + �  = + + +  

Where:  � ,  is the return for a commodity at the time ; ,  is the return for a stock index at the time ; 

 and  are the two parameters estimated by the first equation;  �  is the error term in the first equation; 

, ,  and  are the parameters estimated in the second equation; 

 is a dummy that capture the % most negative values for the returns of a 

stock index. 

 

The econometric model shown in the first equation above explains what kind of 

relationship there is between a commodity and a stock index; actually it shows the 

relation between the returns of these two categories. The second equation shows how to 

calculate the coefficient  using the four coefficient  ( = , … , ) and three dummies 

which capture respectively the worst 1%, 5% and 10% returns of a stock index, in order 

to understand what happens if the relationship is not constant but is influenced by 

specific, extreme, markets conditions (Baur and McDermott, 2010). 

 

Our aim is to understand if there is a non-linear relationship between a commodity and 

the stock index. We can see it “if one of the parameters ,  and  are significantly 

different from zero, there is evidence of a non-linear relationship” (Baur and 
McDermott, 2010) between a commodity and a stock index. If the relationship between 

a commodity and the stock index is not linear that means “that investors act differently 
in extreme market conditions compared with normal times” (Baur and McDermott, 
2010). This research of a non-linear relationship between a commodity and a stock 

index is related with testing the safe-haven property of a commodity, because the 

definition of safe-haven (like the one proposed by Baur and McDermott (2010)) 

underlines as two assets are negatively correlated only in a certain period of time and, 

thus, the safe-haven asset, between these two, is helping to compensate the performance 

of the other one if it has negative returns. On the contrary the safe-haven asset would 

reduce the return of a portfolio composed by it and the other one. 

 



 

49 

 

We use Microsoft Excel in order to build the three dummies for the regression analysis, 

using the formula called “PERCENTILE” in order to find the values that correspond to 
the 1st, 5th and 10th percentile (in order to cut a distribution in three points underlying 

respectively the worst 1%, 5% and 10%). Then we use the formula called “IF” in three 
different columns (one for each dummy) in order to assign 0 (inside one of the three 

dummy variables) at the values of a distribution for which it is not true that are less 

respectively than the 1st, 5th, and 10th percentile, otherwise if it is true the formula would 

link to a statistical observation a value of 1 inside the dummies. 

 

After that, we import the excel file on Eviews in order to do the regression analysis 

(following the equations presented before in this section) and discover if the coefficients 

related to the three dummies are significantly different from zero. Furthermore, we will 

only focus on the significant negative coefficients in the safe-haven analysis as they 

represent the strong safe-haven property.  

 

 

4.4 Mixed portfolios creation 

 

We create several portfolios consisting of a stock index with a commodity index created 

by us following the weights of Bloomberg Commodity index (BCOM), which “is a 

highly liquid and diversified benchmark for the global commodities market”14. After 

creating these portfolios, we observe the performance with different weights between a 

stock index and our commodity index in order to understand which optimal portfolio is 

according to Markowitz theory and what benefits that investors can receive from return 

and volatility point of view. 

 

In this section we only use the weekly data as the middle of the three time-frequencies 

since our chosen stock markets have different daily opening and closing hours in 

addition to that our weekly time horizon cover longer periods than daily time horizon 

(about ten years for the daily basis and twenty for the weekly basis). On the other hand, 

monthly basis can be affected by systematic variables more than weekly.   

 

 

4.4.1 Commodity index creation following the Bloomberg Commodity Index (BCOM) 

 

In order to understand the benefits of investing in commodities, we create a commodity 

index with the commodities selected before, instead of considering singular 

commodities. In the previous literature both ways are followed, for example Erb and 

Harvey (2006) use some commodity index in their analysis such as GSCI15, other 

studies use singular commodities as Fuertes et al. (2014), that uses 27 commodity 

futures contracts. We believe that it is better to build portfolios with a stock index and a 

commodity index instead of portfolios with a stock index and several different 

commodities, since we rely on the Bloomberg Commodity Index which is considered a 

                                                             
14 http://www.bloomberg.com/company/announcements/2016-target-weights-for-the-bloomberg-
commodity-index-announced/  
15

 Goldman Sachs Commodity Index 

http://www.bloomberg.com/company/announcements/2016-target-weights-for-the-bloomberg-commodity-index-announced/
http://www.bloomberg.com/company/announcements/2016-target-weights-for-the-bloomberg-commodity-index-announced/
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benchmark for commodity futures to understand the overall benefits of investing in 

commodities from the return and volatility points of view. 

 

Our commodities index is based on Bloomberg Commodity Index (BCOM). We choose 

7 different commodities and all of them are included in BCOM. We look at BCOM 

2016 target weights as the benchmark for our weights choices.  

 

Table 1. BCOM 2016 target weights and normalized ones for the chosen commodities  

 
2016 BCOM target weights 

Normalized 2016 BCOM 

target weights 

Copper 7,63% 15,22% 

Corn 7,36% 14,68% 

Gold 11,38% 22,70% 

Natural gas 8,45% 16,86% 

Silver 4,21% 8,40% 

Sugar no.11 3,63% 7,24% 

WTI Oil 7,47% 14,90% 

TOTAL 50,13% 100,00% 

 

Table 1 shows the weights for the commodities chosen by us and the overall weight 

they have into the BCOM. Therefore, our 7 commodities count slightly more than half 

of the overall index: 50,13% in 2016, a little bit less than in 2015 when the sum of their 

weights was 51,55%. We normalize the 2016 BCOM target weights respecting their 

proportion. In this way we create a commodity index with 7 commodities choosing 

from the 22 of BCOM. 

 

4.4.2 Covariance, variance, volatility and return calculation for the commodity index 

 

We calculate the covariance for every commodity with every stock index in order to 

build the variance-covariance matrix, except for the main diagonal that is composed by 

the commodities variances. We use Microsoft Excel for calculating the covariance. In 

this program, there is a particular formula called “COVARIANCE.S” that lets us 

calculate the covariance for every commodity with every stock index.  

 

The variance-covariance matrix calculation is important because it is necessary for 

calculating the variance of the commodity index portfolio. In fact, the portfolio´s 

variance formula for n assets is the following: �� = �´ � � 

(Francis and Kim, 2013, p.140) 

where � is the ( × ) variance-covariance matrix (Francis and Kim, 2013, p.140). 

On Microsoft Excel we use a formula called “MMULT”, in order to do the products 

among these three matrices. We first do that between the first two matrices and then we 

do the same between the result of �´ �  with the third one. In our case, the matrices 

have the following size: �´ (1x7), � (7x7) and � (7x1). The result is a matrix (1x1), 
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thus, a number and it is the variance of the portfolio, in our case the variance of the 

commodity index. In order to calculate the volatility for our commodity index, is 

enough to do the square root of the variance. 

 

Last useful descriptive statistics for our commodity index is the average return of it. The 

formula for the portfolio´s expected return using the matrices is: �´� = �  

(Francis and Kim, 2013, p.140) 

where �´ = , , … , ,   is the weights vector of n assets and � is the expected 

return vector ((Francis and Kim, 2013, p.140). We use Microsoft Excel for calculating 

the expected return of the commodity index (it is a portfolio of commodities, thus we 

can use this formula), we use again the function called “MMULT” in order to make the 
product between these two matrices, actually �´ and � are only vectors since their sizes 

are respectively (1x7) and (7x1). 

 

 

4.4.3 Mixed portfolios creation 

 

We create eight mixed portfolios, one for every stock index. Every portfolio is 

composed of a different stock index and the commodity index we create, following 

partially the criteria composition of BCOM, in the way explained before. In these eight 

portfolios, there are no fixed weights for the stock index and for the commodity index. 

We investigate how the portfolio behaves when we change the combination of the 

weights. Since most investors do not short-sell, we consider that short-selling is not 

allowed which means no negative weights in our portfolios. 

 

 

4.4.4 Weights attribution 

 

In order to understand how our mixed portfolios behave from return and volatility point 

of view, we use different compositions of the several stock indices and the commodity 

index. Our goals is to figure out what the best portfolio combination is for each mixed 

portfolio in terms of minimizing the volatility to find an optimal combination of the 

weights of commodities and stock indices in the portfolios.  

 

In order to show these different combinations of weights, we do eight tables (we put 

them in appendix 2) where we report the different weight combinations and the return 

and the volatility for each one of them in line with Francis and Kim (2013, p.91). For 

the return and the volatility calculations, we use the same methodology explained 

before. 

 

 

4.4.5 Optimal portfolios according to Markowitz  

 

According to Markowitz’s theory, the optimal portfolio is the one with lowest volatility 

giving a certain rate of return or vice versa, it can be also called efficient portfolio. We 
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calculate the returns and the volatility for a lot of weight combinations for every mixed 

portfolio in order to be able to track the efficient frontier for each one. Furthermore, we 

underline the optimal weight combinations that give us the lowest volatility among all 

the other possible sets for every mixed portfolio, thus we highlight the minimum 

variance portfolios. 

 

 

4.5 Software and databases 

 

In our thesis, we use several software for the empirical analysis and for making the 

graphs and the tables. First, we want to mention Microsoft Excel, we use it for 

calculating the return of the historical series, for all the descriptive statistics about those 

distributions, and for the portfolio creation and analysis. Second, we use an econometric 

software called EViews for the regression analysis part.  

 

In regards to the database, we mainly use Thompson Reuters Datastream.  
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Chapter 5: Empirical findings 

 

 

In this chapter we show the empirical results we have got from every step illustrated in 

the previous chapter, thus descriptive statistics, volatility, correlations, regression 

analysis, portfolio building and sensitivity analysis. 

 

 

5.1 Descriptive statistics about return distributions 

 

We calculate the first four moments of returns distributions for every stock index and 

for every commodity with three different frequencies: daily, weekly and monthly. First 

we analyze our results regarding stock indices and then the ones about commodities.  

Then we highlight the most important points from the descriptive statistics tables. 

 

 

5.1.1 Stock index return distributions 

 

In this section we show the daily, weekly and monthly return distributions for every 

stock index we have chosen. Table 2 shows the distributions of daily returns of the 

stock indices. We want to underline that the sample sizes vary from one country to 

another due to differences in market holidays. Some interesting points can be observed 

in table 2: 

 Sensex gives the highest average return among the other indices whereas STI 

gives the lowest one; 

 SSEC gives the highest variance whereas STI has the lowest variance; 

 STI presents the lowest average return and the lowest variance; 

 In term of kurtosis, the indices are not normally distributed except SSEC which 

is very close to be normally distributed (a normal distribution has a kurtosis 

equal to 3). 

 

Table 2. Daily stock index return distributions characteristics (2007-march 2016) 

Stock 

Index 
Country Mean Variance Skewness Kurtosis 

Sample 

size 

S&P 500 U.S.A. 0,00025 0,00018 -0,07895 9,64517 2326 

FTSE 100 UK 0,00007 0,00017 0,05301 7,12406 2336 

Nikkei 225 Japan 0,00012 0,00027 -0,23678 7,36906 2264 

DAX 30 Germany 0,00028 0,00022 0,20802 5,90239 2346 

Hang Seng Hong Kong 0,00015 0,00029 0,30806 8,42579 2278 

Sensex India 0,00038 0,00024 0,43172 10,41590 2290 

SSEC China 0,00022 0,00034 -0,45127 3,28181 2248 

STI Singapore 0,00005 0,00015 -0,02116 5,80670 2318 

Average 
 

0,00019 0,00023 0,02658 7,24636 
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Table 3 shows the distributions of the weekly returns for the stock indices we have 

chosen. There are two smaller samples: STI and SSEC. STI financial market was 

founded in 1999, while the SSEC is lower due to more holidays16 in the Chinese 

financial market. Some interesting points can be observed from table 3: 

 Sensex is the highest average return whereas Nikkei is the lowest and almost ten 

times smaller than Sensex; 

 SSEC has the highest variance among the others whereas FTSE 100 has the 

lowest; 

 Except for SSEC, the skewness of the distributions is always negative which 

means that the left tail is longer; 

 Hang Seng and DAX 30 are almost normally distributed unlike the others. 

 

Table 3. Weekly stock index return distributions characteristics (1997-march 2016) 

Stock 

Index 
Country Mean Variance Skewness Kurtosis 

Sample 

size 

S&P 500 U.S.A. 0,00133 0,00063 -0,48102 4,82356 1004 

FTSE 100 UK 0,00072 0,00062 -0,56866 7,40344 1004 

Nikkei 225 Japan 0,00030 0,00094 -0,63529 4,51087 1004 

DAX 30 Germany 0,00179 0,00111 -0,33505 3,39396 1004 

Hang Seng Hong Kong 0,00103 0,00118 -0,15529 2,73473 1004 

Sensex India 0,00261 0,00114 -0,13815 2,10045 1004 

SSEC China 0,00186 0,00123 0,02817 1,78770 969 

STI Singapore 0,00066 0,00071 -0,06972 5,13543 866 

Average 
 

0,00129 0,00094 -0,29438 3,98627 
 

 

Table 4 shows the distributions of monthly returns of the stock indices we have chosen. 

The same as weekly, the sample size of the STI is smaller since Singapore Stock 

Exchange was founded in 1999 and our samples start in 1997. Also SSEC sample size is 

smaller than the others for the same reason explained above, but it is interesting to 

underline how one or two weeks are missing every year due to Lunar year holidays, 

which are some consecutives days, thus there is no data on a weekly basis due to a lack 

of every or almost every day in those 1-2 weeks. Table 4 shows some interesting points, 

quite similar to the weekly: 

 Sensex has the highest average return whereas Nikkei has lowest and almost ten 

times smaller; 

 SSEC has the highest variance among the others whereas FTSE 100 has the 

lowest; 

 Except for SSEC, the skewness of the distributions is always negative which 

means that the left tail is longer; 

 In term of kurtosis, only STI is almost normally distributed whereas the other 

stock indices have very low kurtosis which means that the tails of those 

distributions are very tiny. 

                                                             
16

http://markets.on.nytimes.com/research/markets/holidays/holidays.asp?display=market&timeOffset=0&
exchange=SHH  

http://markets.on.nytimes.com/research/markets/holidays/holidays.asp?display=market&timeOffset=0&exchange=SHH
http://markets.on.nytimes.com/research/markets/holidays/holidays.asp?display=market&timeOffset=0&exchange=SHH
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Table 4. Monthly stock index return distributions characteristics (1997-march 2016) 

Stock 

Index 
Country Mean Variance Skewness Kurtosis 

Sample 

size 

S&P 500 U.S.A. 0,00521 0,00200 -0,60064 0,91696 231 

FTSE 100 UK 0,00245 0,00168 -0,53535 0,42355 231 

Nikkei 225 Japan 0,00127 0,00326 -0,47441 0,57020 231 

DAX 30 Germany 0,00731 0,00419 -0,50164 1,72965 231 

Hang Seng Hong Kong 0,00466 0,00542 -0,00135 2,07228 231 

Sensex India 0,01135 0,00513 -0,09382 0,80232 231 

SSEC China 0,00832 0,00679 0,11464 1,44389 231 

STI Singapore 0,00290 0,00311 -0,51689 2,82318 199 

Average 
 

0,00543 0,00395 -0,32618 1,34775 
 

 

 

5.1.2 Commodity return distributions 

 

In this section we show the daily, weekly and monthly return distributions for every 

commodity we have chosen. The tables show that commodities generally tend to have 

two times higher variance than stocks, whereas yield almost the same range of returns 

with a little higher returns on commodities. 

 

Table 5 shows the distribution of daily returns of every commodity. Some interesting 

points can be observed: 

 Gold, silver and sugar no.11 have remarkably higher returns than almost all 

stock indices except Sensex, same line with higher variance; 

 In term of kurtosis, copper and sugar no.11 are almost normally distributed; 

 Natural gas has a negative average return which can be explained by the 

negative trend after the financial crisis in 2008 (look at figure 2). 

 

Table 5. Daily commodity return distribution characteristics (2007-march 2016) 

Commodity Futures name Mean Variance Skewness Kurtosis 
Sample 

size 

Copper Comex Copper 0,00007 0,00037 0,04389 3,35327 2330 

Corn Cbot Corn 0,00017 0,00043 -0,54747 9,11864 2330 

Gold Comex Gold 0,00036 0,00016 -0,13338 4,99671 2330 

Silver Comex Silver 0,00033 0,00049 -0,49587 5,02534 2330 

Sugar no. 
11 

ICE-US Sugar 
no. 11 

0,00035 0,00051 0,07873 3,11228 2330 

WTI Oil 
NYMEX Light 
Sweet Crude Oil 
(WTI) 

0,00015 0,00063 0,42627 5,19299 2330 

Natural Gas 
NYMEX Henry 
Hub Natural Gas 

-0,00002 0,00097 0,93656 6,39005 2330 

Average 
 

0,00020 0,00051 0,04410 5,31275 
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Figure 2.NYMEX Henry Hub natural gas historical prices (2007-March 2016) 

 

Table 6 shows the distribution of weekly returns of every commodity. Some interesting 

points can be observed: 

 Natural gas and silver have the highest average returns whereas corn has the 

lowest; 

 Gold has the lowest variance (almost ten times less than the natural gas) with a 

considerably high average returns; 

 In terms of kurtosis, corn and WTI Oil are almost normally distributed. 

 

Table 6. Weekly commodity return distribution characteristics (1997-march 2016) 

Commodity Futures name Mean Variance Skewness Kurtosis 
Sample 

size 

Copper Comex Copper 0,00142 0,00133 -0,45597 3,50712 1004 

Corn Cbot Corn 0,00118 0,00171 0,14012 2,81905 1004 

Gold Comex Gold 0,00152 0,00061 0,06268 2,36911 1004 

Silver Comex Silver 0,00208 0,00177 -0,74946 4,52068 1004 

Sugar no. 
11 

ICE-US Sugar 
no. 11 

0,00146 0,00231 0,27198 2,19332 1004 

WTI Oil 
NYMEX Light 
Sweet Crude Oil 
(WTI) 

0,00169 0,00261 -0,24835 3,13068 1004 

Natural Gas 
NYMEX Henry 
Hub Natural Gas 

0,00209 0,00517 0,39256 1,00256 1004 

Average 
 

0,00163 0,00222 -0,08378 2,79179 
 

 

Table 7 shows the distribution of monthly returns of every commodity. Some interesting 

points can be observed: 

 Natural gas has remarkably very high return among the others, same line with 

highest variance; 
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 Gold has very low variance in comparison with other commodities; 

 In terms of kurtosis, copper is almost normally distributed. 

 

Table 7. Monthly commodity return distribution characteristics (1997-march 2016) 

Commodity Futures name Mean Variance Skewness Kurtosis 
Sample 

size 

Copper Comex Copper 0,00629 0,00586 -0,04731 3,02436 230 

Corn Cbot Corn 0,00482 0,00733 -0,00313 0,34661 230 

Gold Comex Gold 0,00678 0,00248 0,11070 0,78668 230 

Silver Comex Silver 0,00899 0,00795 -0,03511 0,63972 230 

Sugar no. 
11 

ICE-US Sugar 
no. 11 

0,00648 0,01053 0,64544 1,71404 230 

WTI Oil 
NYMEX Light 
Sweet Crude Oil 
(WTI) 

0,00662 0,00920 0,03324 0,96713 230 

Natural Gas 
NYMEX Henry 
Hub Natural Gas 

0,01133 0,02527 0,64940 1,49385 230 

Average 
 

0,00733 0,00980 0,19332 1,28177 
 

 

 

5.1.3 Summary about descriptive statistics 

 

After a short comparison stated in the previous pages, now we want to underline in 

depth some more points. In regards to the daily data we found that some commodities 

and some stock indices behave in the same way in term of average return but not in term 

of variance and vice versa. For example, FTSE 100 has the same average return as 

copper but with a less than half variance than copper. Furthermore, gold has basically 

the same variance as STI, but the average return for gold is seven times higher. In 

regards to the weekly data, FTSE 100 and gold have almost the same variance, but gold 

has more than two times higher average return.  In regards to the monthly data, natural 

gas and Sensex has the same average return but Sensex has five times lower variance 

than natural gas. 

 

 

5.2 Volatility and correlation results analysis 

 

We calculate the daily, weekly and monthly volatility for every stock index and every 

commodity we have chosen, in order to compare the different stock indices and the 

commodities among themselves or only analyzing one of them with different time 

frequencies. 

 

We also calculate the daily, weekly and monthly correlation among every stock index 

and every commodity in order to observe in which cases there are negative correlations 

and when there are positive correlations. 
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5.2.1 Volatility results for stock indices and commodities 

 

Table 8 and table 9 show respectively stock indices volatilities and commodities 

volatilities. Furthermore, we also calculate the average values for daily, weekly and 

monthly volatilities in order to obtain an overall indicator in order to compare stock 

indices with commodity futures. 

 

Table 8. Stock indices volatility 

Stock Index Country 
Daily 

volatility 

Weekly 

volatility 

Monthly 

volatility 

S&P 500 U.S.A. 0,0136 0,0250 0,0448 

FTSE 100 UK 0,0130 0,0248 0,0410 

Nikkei 225 Japan 0,0166 0,0307 0,0571 

DAX 30 Germany 0,0150 0,0333 0,0647 

Hang Seng Hong Kong 0,0170 0,0343 0,0736 

Sensex India 0,0155 0,0337 0,0716 

SSEC China 0,0185 0,0350 0,0824 

STI Singapore 0,0122 0,0267 0,0557 

Average 
 

0,0152 0,0305 0,0614 

 

Table 9. Commodities volatility 

Commodity Futures name 
Daily 

volatility 

Weekly 

volatility 

Monthly 

volatility 

Copper Comex Copper 0,0192 0,0365 0,0766 

Corn Cbot Corn 0,0207 0,0414 0,0856 

Gold Comex Gold 0,0126 0,0247 0,0498 

Silver Comex Silver 0,0222 0,0420 0,0892 

Sugar no. 11 ICE-US Sugar no. 11 0,0225 0,0480 0,1026 

WTI Oil 
NYMEX Light Sweet 
Crude Oil (WTI) 

0,0252 0,0511 0,0959 

Natural Gas 
NYMEX Henry Hub 
Natural Gas 

0,0312 0,0719 0,1590 

Average 
 

0,0219 0,0451 0,0941 

 

The main important characteristics can be extracted from the tables 8 and 9, only gold 

has a similar volatility as stock indices for the three time frequencies while the other 

commodities have higher volatilities than all stock indices for all three time frequencies 

except the monthly volatility for copper. 

 

 

5.2.2 Correlation results for stock indices and commodities 

 

Table 10 shows the daily correlation between every stock index and every commodity 

futures. We got two negative correlations: gold with Nikkei 225 and natural gas with 
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SSEC. Copper has the highest correlations with all stock indices, furthermore, WTI Oil 

also has high correlations with the stock indices in comparison with the other five 

commodities. 

 

Table 10. Daily correlation among stock indices and commodities (2007-march 2016) 

 

S&P 

500 

FTSE 

100 

Nikkei 

225 

DAX 

30 

Hang 

Seng 
Sensex SSEC STI 

Copper 0,345 0,507 0,194 0,470 0,181 0,268 0,191 0,299 

Corn 0,154 0,203 0,090 0,177 0,050 0,091 0,039 0,071 

Gold 0,015 0,067 -0,008 0,048 0,015 0,072 0,027 0,053 

Natural 

gas 
0,067 0,052 0,033 0,064 0,028 0,075 -0,003 0,054 

Silver 0,142 0,241 0,079 0,205 0,095 0,167 0,091 0,177 

Sugar 

no.11 
0,149 0,208 0,082 0,174 0,048 0,089 0,040 0,080 

WTI oil 0,339 0,388 0,133 0,333 0,105 0,205 0,096 0,187 

 

Table 11 shows the weekly correlation between every stock index and every commodity 

futures. Gold has negative correlation with both Nikkei and DAX 30. Copper has the 

highest correlations with the stock indices among all other commodities. In particular, 

these values are between 0,2 and 0,4 except with SSEC, on the contrary, among all 

other correlations coefficients in table 11 there is only one higher than 0,2 which is WTI 

Oil with FTSE 100. 

 

Table 11. Weekly correlation among stock indices and commodities (1997-march 2016) 

  
S&P 

500 

FTSE 

100 

Nikkei 

225 

DAX 

30 

Hang 

Seng 
Sensex SSEC STI 

Copper 0,347 0,343 0,299 0,344 0,326 0,224 0,163 0,354 

Corn 0,140 0,126 0,092 0,115 0,100 0,082 0,029 0,115 

Gold 0,006 0,008 -0,009 -0,025 0,109 0,097 0,070 0,066 

Natural 

gas 
0,064 0,047 0,041 0,019 0,028 0,041 0,017 0,049 

Silver 0,164 0,184 0,102 0,165 0,230 0,161 0,101 0,191 

Sugar 

no.11 
0,092 0,111 0,089 0,100 0,091 0,079 0,025 0,090 

WTI oil 0,183 0,221 0,162 0,161 0,166 0,132 0,015 0,167 

 

Table 12 shows the monthly correlation between every stock index and every 

commodity futures. Gold has negative correlations with both Nikkei and DAX 30. We 

can also notice negative correlations between natural gas with DAX 30 and with STI. 

Copper still has the highest correlations among other commodities (its values take 

places between 0,268 and 0,425). WTI Oil and Silver have quite similar values to each 

other but not as high as copper. 
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Table 12. Monthly correlation among stock indices and commodities (1997-march 

2016) 

  
S&P 

500 

FTSE 

100 

Nikkei 

225 

DAX 

30 

Hang 

Seng 
Sensex SSEC STI 

Copper 0,415 0,351 0,304 0,298 0,420 0,269 0,319 0,425 

Gold 0,025 0,024 -0,006 -0,054 0,174 0,139 0,105 0,114 

Corn 0,209 0,127 0,042 0,070 0,100 0,098 0,071 0,147 

Natural 

gas 
0,030 0,037 0,051 -0,059 0,064 0,106 0,049 -0,012 

silver 0,208 0,191 0,098 0,136 0,268 0,233 0,119 0,241 

Sugar 

no.11 
0,099 0,116 0,077 0,058 0,115 0,049 0,055 0,106 

WTI oil 0,213 0,180 0,277 0,074 0,297 0,310 0,206 0,319 

 

 

5.2.3 Rolling correlation results 

 

Figure 3 shows the rolling correlation between S&P 500 and both WTI Oil and Natural 

Gas. Negative correlations are obtained for both commodities during the financial crisis 

in 2008, in addition to the beginning of 2011 and 2014. Natural gas has remarkably 

lower correlation than WTI Oil. 

 

 
Figure 3. How the correlations between WTI Oil and S&P 500 and between Natural Gas 

and S&P 500 change over the time (2007-march 2016) 

 

Figure 4 shows the rolling correlation between S&P 500 and both gold and silver. The 

figure shows the correlations have almost the same trend. Negative correlations are 
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obtained during the financial crisis in 2008 and gold would be more efficient hedge than 

silver due to lower correlation most of the time. 

 

 
Figure 4. How the correlations between Gold and S&P 500 and between Silver and S&P 

500 change over the time (2007-march 2016) 

 

Figure 5 shows the rolling correlation between S&P 500 and all of corn, copper and 

sugar no.11. Once again, these commodities tend to have negative correlations during 

the financial crisis in 2008. 

 

 
Figure 5. How the correlations between Corn and S&P 500, between Copper and S&P 

500 and between Sugar no.11 and S&P 500 change over the time (2007-march 2016) 
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5.3 Safe-haven and hedge analysis 

 

In this section we observe whether every commodity can be considered as a safe haven 

in the extreme declines in the market conditions. First, we examine commodities 

considered as strong hedges (negatively correlated) in daily, weekly and monthly 

interval, and then, we do for all commodities (regardless if they are strong hedges or 

not) on a weekly basis. 

 

 

5.3.1 Safe-haven analysis with the negative correlations 

 

As tables 10, 11, 12 show the correlation between different commodities and stock 

indices, we got several negative correlations which imply commodities’ strong hedges. 
We chose these negatively correlated commodities and stock indices to do a regression 

analysis in order to figure out if these commodities can be considered as safe havens in 

the extreme market conditions as worst 10%, 5%, 1% of the stock indices returns. 

 

Table 13 shows the hedge and safe haven coefficients on a daily basis for the 

commodities and stock indices we have chosen. The table implies that the safe haven 

analysis gives a negative coefficient for gold with Nikkei 225 at 10% quantile and for 

natural gas with SSEC at 5% quantile but when we look at the t-statistic results 

(appendix 1) we get that no values are significant therefore we cannot consider gold and 

natural gas as safe havens for Nikkei 225 and SSEC respectively. 

 

Table 13. Daily hedge and safe-haven coefficients 

Nikkei 225 

 Hedge Safe-haven 

 
 

10% 5% 1% 

Gold -0,008 -0,106 0,061 0,83 

 
SSEC 

 Hedge Safe-haven 
 

 
 

10% 5% 1% 

Natural Gas -0,003 0,103 -0,02 0,002 

 

Table 14 shows the hedge and safe haven coefficients on a weekly basis for the 

commodities and stock indices we have chosen. The table implies that gold gives 

negative coefficients at 10% and 1% quantiles for Nikkei 225, but the t-statistic results 

show that the coefficients are not significant and therefore we cannot consider gold as 

safe haven for Nikkei 225 investors. The table also shows negative coefficients for gold 

with DAX 30 at 5% and 1% quantiles, but the t-statistic results imply that the 

coefficient is significant only at 1% quantile and thus, gold can serve as safe haven for 

DAX investors at that quantile.  

 

 



 

63 

 

Table 14. Weekly hedge and safe-haven coefficients 

Nikkei 225 

 
Hedge Safe-haven 

  
10% 5% 1% 

Gold -0,009 -0,093 0,150 -0,004 

 
DAX 30 

 
Hedge Safe-haven 

  
10% 5% 1% 

Gold -0,025 0,120 -0,048 -0,236* 

 

Table 15 shows the hedge and safe haven coefficients on a monthly basis for the 

commodities and stock indices we have chosen. The table shows some negative 

coefficients but according to the t-statistic results, no negative coefficient is significant 

in the table and therefore we do not consider any potential safe haven in this table. 

 

Table 15. Monthly hedge and safe-haven coefficients 

Nikkei 225 

 
Hedge Safe-haven 

  
10% 5% 1% 

Gold -0,006 -0,109 0,198 0,455* 

DAX 30 

 
Hedge Safe-haven 

  
10% 5% 1% 

Gold -0,054 -0,043 -0,006 -0,116 

Natural Gas -0,059 -0,60 0,490 -0,223 

STI 

 
Hedge Safe-haven 

  
10% 5% 1% 

Natural Gas -0,012 -0,114 -0,670 1,076 

 

 

5.3.2 Safe-haven analysis considering all the correlation 

 

We find that almost all coefficients calculated by the econometric model are not 

significant. The tables show the coefficients for every stock index with all commodities 

using weekly data. Here are briefs about the results. We want to point out that in 

appendix 1 we report the scripts from Eviews that give the necessary values of p-value 

and t-statistic in order to understand if the coefficients are statistically significant or not. 

Here we use “*” as a symbol of statistical significance at 95%. 
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Table 16 shows that we find several negative safe-haven coefficients but no one is 

significant according to t-statistic results and, therefore, these commodities cannot serve 

as safe havens for Nikkei 225 investors.  

 

 Table 16. Safe have analysis with Nikkei 225 

  Nikkei 225   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.299 0.120 0.105 0.106 

Corn 0.092 -0.147 0.301 0.060 

Gold -0.009 -0.093 0.150 -0.004 

Natural gas 0.041 -0.305 0.422 -0.017 

Silver 0.102 -0.181 0.318 0.043 

Sugar No.11 0.089 0.114 -0.051 0.205 

WTI Oil 0.162 0.090 0.099 0.143 

 

Table 17 shows that both gold and silver can serve as safe havens for DAX 30 investors 

at 1% quantile, since both of them have a negative safe-haven coefficient and significant 

same time. In other words, gold and silver do not co-move with DAX30 market and 

therefore, gold and silver would compensate the losses for DAX30 investors’ portfolios 
in the worst 1% market declines in this market. Looking at the corresponding safe-

haven coefficients, we find that silver has a bigger safe-haven coefficient (in absolute 

value) than gold which implies that it is a more effective safe haven than gold. Several 

negative coefficients are at the 5% quantile but they are not statistically significant and 

these commodities are not safe havens at this quantile.  

 

Table 17. Safe have analysis with DAX 30 

  DAX 30   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.344 0.105 0.133 0.173 

Corn 0.115 0.109 -0.104 0.223 

Gold -0.025 0.120 -0.048 -0.236* 

Natural gas 0.019 0.116 0.124 0.015 

Silver 0.165 0.258 -0.122 -0.294* 

Sugar No.11 0.100 0.112 0.051 -0.035 

WTI Oil 0.161 0.182 -0.105 0.248 

 

Table 18 shows that only gold can serve as safe haven for FTSE 100 investors at 1% 

quantile since it is significant and has a negative coefficient. WTI Oil coefficient is 

statically significant at 1% quantile, but cannot serve as safe haven because it has a 

positive coefficient which means that it co-moves with FTSE100 market. Except corn, 

all other commodities have negative coefficients with FTSE100 at 10% quantile, but 

these coefficients are not statistically significant and therefore, these commodities are 

not safe havens.  
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Table 18. Safe have analysis with FTSE 100 

  FTSE 100   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.343 -0.086 0.296 0.009 

Corn 0.126 0.098 0.075 0.244 

Gold 0.008 -0.081 0.249 -0.376* 

Natural gas 0.047 -0.409 0.436 0.585 

Silver 0.184 -0.131 0.169 -0.285 

Sugar No.11 0.111 -0.042 0.115 0.250 

WTI Oil 0.221 -0.154 0.157 0.472* 

 

Table 19 shows that commodities appear to co-move with Hang Seng index. We find 

several negative safe-haven coefficients but no one is significant according to t-statistic 

results and, therefore, the commodities cannot serve as safe havens for Hang Seng 

investors. 

 

Table 19. Safe have analysis with Hang Seng 

  Hang Seng   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.326 0.021 0.067 0.199 

Corn 0.100 -0.016 0.128 -0.039 

Gold 0.109 0.075 -0.108 0.164 

Natural gas 0.028 0.299 -0.289 0.067 

Silver 0.230 0.013 -0.048 0.124 

Sugar No.11 0.091 0.030 0.240 -0.076 

WTI Oil 0.166 0.152 0.141 -0.048 

 

Table 20 shows, the same as for Nikkei 225 and SSEC indices, that no commodity can 

serve as a safe haven for S&P 500, since the negative safe-haven coefficients are not 

significant from statistical point of view. Copper, corn at 1% and silver at 5% quantiles 

are statically significant but they co-move with the US market at the respective 

quantiles.  

 

Table 20. Safe have analysis with S&P 500 

  S&P 500   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.347 -0.097 0.098 0.326* 

Corn 0.140 -0.011 -0.148 0.391* 

Gold 0.006 -0.043 0.142 -0.201 

Natural gas 0.064 0.363 -0.349 0.534 

Silver 0.164 -0.320 0.479* -0.319 

Sugar No.11 0.092 -0.039 0.100 0.253 

WTI Oil 0.183 0.087 0.079 0.288 
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Table 21 shows that only silver can serve as a safe haven for Sensex investors at 5% 

quantile, since it is the only significant safe-haven coefficient with negative value. That 

is why silver is worth to be added to Sensex portfolio. On the other hand, the rest of 

commodities co-move with Sensex. Copper has a significant coefficient at 1% quantile 

but it co-moves with Sensex during the extreme market declines. Additionally, it has the 

biggest coefficient for that quantile.  

 

Table 21. Safe have analysis with Sensex 

  Sensex   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.224 0.154 -0.179 0.327* 

Corn 0.082 0.104 -0.263 0.275 

Gold 0.097 -0.021 -0.100 0.101 

Natural gas 0.041 -0.184 0.319 -0.052 

Silver 0.161 0.160 -0.348* 0.134 

Sugar No.11 0.079 0.286 -0.291 0.229 

WTI Oil 0.132 0.051 -0.088 0.108 

 

Table 22 shows gold can serve as a safe haven for SSEC investors at 1% quantile, since 

it has a negative coefficient and significant same time which implies that gold prices 

would increase during the worst 1% declines in the SSEC market. Natural gas, Sugar 

No.11, and WTI Oil coefficients at 1% quantile and gold coefficient at 10% are 

statically significant, but they cannot serve as safe havens since they co-move with 

SSEC market. Nevertheless, WTI Oil strongly co-moves with SSEC index during the 

extreme market declines with the biggest safe-haven coefficient among the others. 

 

Table 22. Safe have analysis with SSEC 

  SSEC   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.163 0.079 0.056 0.035 

Corn 0.029 0.104 -0.248 -0.012 

Gold 0.070 0.229* -0.092 -0.186* 

Natural gas 0.017 -0110 -0.074 0.269* 

Silver 0.101 0.140 0.176 -0.262 

Sugar No.11 0.025 0.239 0.222 0.019* 

WTI Oil 0.015 -0.045 -0.085 0.470* 

 

Table 23 shows that there is no significant negative safe-haven coefficient and, 

therefore, no commodity can serve as a safe haven for STI investors. Looking at the 

table, we find that silver and WTI Oil at 1% quantile and 5% quantile respectively are 
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significant, but with positive coefficients and, therefore, they cannot serve as safe 

havens. Nevertheless, WTI Oil strongly co-move with STI market during the worst 5% 

market declines with the biggest safe-haven coefficient among all commodities.   

 

Table 23. Safe have analysis with STI 

  STI   

 Hedge  Safe haven  

  10% 5% 1% 

Copper 0.354 0.068 0.086 0.350* 

Corn 0.115 -0.135 0.113 0.281 

Gold 0.066 0.044 -0.051 -0.019 

Natural gas 0.049 -0.247 0.339 0.340 

Silver 0.191 0.045 -0.026 -0.191 

Sugar No.11 0.090 0.187 -0.230 0.354 

WTI Oil 0.167 -0.054 0.659* -0.202 

 

 

5.3.3 Safe-haven analysis results 

 

The tables from 16 to 23 show that gold is a strong safe haven for DAX 30, FTSE 100 

and SSEC investors at worst 1% declines in these markets. Silver can also serve as safe 

haven for DAX 30 investors at 1% quantile and for Sensex investors at 5% quantile. 

 

 

5.3.4 Hedge analysis results 

 

The daily-correlations table shows that gold and natural gas are strong hedges for 

Nikkei 225 and SSEC investors respectively. Due to positive correlations, most other 

commodities are not considered hedges since they co-move with respective markets. 

The weekly table shows that gold is a strong hedge for Nikkei 225 and DAX 30 

investors with stronger hedge for DAX 30 than Nikkei 225 because of a bigger 

coefficient (in absolute value). As in the daily situation, the rest of the commodities are 

not hedges in the weekly basis due to positive correlations. The monthly-correlations 

data (table 12) show that gold is a strong hedge again for Nikkei 225 and DAX 30 while 

natural gas is a strong hedge for DAX 30 and STI. The rest of the commodities are not 

hedge due to positive correlations. 

 

 

5.4 Portfolio results and sensitivity analysis 

 

In this section we focus on the optimal combinations for every portfolio consisting of 

our commodity index and every particular stock index. The main aim of this section is 

trying to understand which proportions of commodities in a portfolio consisting of 

commodities and stocks that match the risk-return goal of investors. 
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5.4.1 Commodity index descriptive statistics 

 

The table 24 shows the commodity index’s return, volatility and variance on a weekly 
basis. The commodity index gives a higher average return than the stock indices, as 

table 25 shows, except DAX 30, Sensex and SSEC which gives higher average returns. 

The volatility is very close to the lowest volatility among the stock indices, particularly, 

close to S&P 500 and FTSE 100. Therefore, we can affirm that our commodity index is 

very well-balanced and well-diversified, because it has a high return and a low volatility 

in comparison with several stock indices. 

 

Table 24. Commodity index weekly descriptive statistics 

 
Average 

return 
Volatility Variance 

Commodity index 0,00162 0,02528 0,00064 

 

 

5.4.2 Optimal portfolios descriptive statistics 

 

The table 25 shows that adding commodities to an existing stock portfolio (consisting of 

a stock index) decreases the portfolio volatility for all stock indices. In addition, adding 

these portions of a commodity index gives higher returns for S&P 500, FTSE 100, 

Nikkei 225, Hang Seng and STI, thus in 5 cases out of 8. On the contrary, for DAX 30, 

SSEC and Sensex, it gives slightly lower return, but that is compensated by far lower 

volatility, 52,1%, 64,3% and 53,8% respectively, lower than without the commodity 

index. Such high volatility reductions are really worthy for a risk-neutral and a risk-

averse investor since the returns decrease only by 7,2%, 9,4% and 14,3% respectively. 

 

Table 25. Stock indices’ returns and volatilities and the minimum variance portfolios’ 
weights, returns and volatility on a weekly basis 

 Stock 

index 

return 

Stock 

index 

volatility 

Commodity 

index weight 

Stock 

index 

weight 

Portfolio 

return 

Portfolio 

volatility 

S&P 500 0,00133 0,02504 0,49 0,51 0,00147 0,01977 

FTSE 100 0,00072 0,02480 0,49 0,51 0,00116 0,01971 

Nikkei 225 0,00030 0,03072 0,62 0,38 0,00112 0,02119 

DAX 30 0,00179 0,03334 0,67 0,33 0,00167 0,02192 

Hang Seng 0,00103 0,03433 0,69 0,31 0,00144 0,02243 

Sensex 0,00261 0,03371 0,67 0,33 0,00228 0,02192 

SSEC 0,00186 0,03505 0,67 0,33 0,00170 0,02133 

STI 0,00066 0,02667 0,54 0,46 0,00118 0,02042 

Average 0,00129 0,03046 0,605 0,395 0,00150 0,02109 
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In table 25 is highlighted the minimum variance portfolio for every mixed portfolio, 

since according to Markowitz’s theory minimum variance portfolio is an optimal 

portfolio. Other efficient (or optimal) portfolio compositions are shown in appendix 2. 

 

Considering the average returns and volatilities of the stock indices and of the mixed 

portfolios, the commodity index still shows its value. In fact, the average return of the 

stock indices is 0,00129 and the one of the mixed portfolios is 0,00150. On the other 

hand the average volatility of stock indices is 0,03046 and the one regarding mixed 

portfolio is 0,02109. Therefore, the average return, after adding the commodity index, 

grows by14,3% and the average volatility decreases by 44,4%. 

 

 

5.4.3 Optimal weights results analysis 

 

As shown in table 25, these optimal weights imply that adding at least 49% commodity 

index would improve the overall performance of the portfolios. We can underline two 

main points about the optimal weights in the table: first, the commodity index weights 

are lower than 0,5 only for S&P 500 and FTSE 100 and, second, the commodity index 

weights are almost double than DAX 30, Hang Seng, Sensex, and SSEC ones. 

 

Table 25 shows also that average optimal weights are 60,5% for commodities and 

39,5% for stock indices. Therefore, these average weights together with the weights of 

every mixed portfolio can help us to conclude that such analysis (creating portfolios 

with a stock index and a commodity index on weekly basis) suggests that commodities 

can have a very high proportion in investing portfolios. Financial experts usually 

suggest having a small proportion of commodities inside investing portfolio, for 

example Nerdwallet suggests that “An allocation of 5-10% of your portfolio could be a 

good benchmark, but it really depends on the investor and how much risk you are 

willing to handle”. Therefore, our results are not in line with the experts’ suggestions 

since we get considerably high proportions of commodities in investors’ portfolios. 
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Chapter 6: Discussion of results 
 

 

In this chapter we present the results we give from our empirical work and make a 

discussion concerning their implications. We focus on three main points: first of all, the 

commodity characteristics in term of risk and return, secondly, the safe-haven and 

hedge properties of them and, finally, how commodities behave in several mixed 

portfolios (with only one stock index in each one) and which are the optimal 

proportions among commodities and stock indices in those portfolios. 

 

In order to understand how commodities act in term of return and risk in comparison 

with stock markets, we found that gold is the only commodity which can be considered 

a stock market-like since it has a volatility close to the lowest one of the stock indices at 

same time with a noticeably high return, for all time frequencies. Furthermore, this 

result is consistent with Baur and McDermott (2009) findings. 

 

The rest of the commodities have noticeably higher volatilities than all stock indices 

(except for SSEC on monthly basis which is higher than copper) which indicates higher 

risks for these commodities, while the returns are higher for some commodities and 

lower for others than the stock indices for all time frequencies. In other words, risk-

seeking investors would be attracted to those commodities which offer higher returns 

than the stock indices. 

 

Regarding the hedge property, gold is a strong hedge for two developed-country 

markets but not for any of the developing-country markets: it is a strong hedge for 

Nikkei 225 on a daily, weekly and monthly basis, while for DAX 30 only on a weekly 

and monthly basis. In other words, potential losses in DAX 30 and Nikkei 225 markets 

can be covered by gold gains for investors who add gold to their stock portfolios. 

Furthermore, natural gas is also a strong hedge for SSEC market on a daily basis and for 

DAX 30 and STI on a monthly basis. These results are inconsistent with Baur and 

Lucey (2010) findings which suggest that gold is a strong hedge for UK and US markets 

and that could be due to a different time period than ours. Furthermore, Gorton and 

Rouwenhorst (2006) and Jensen et al. (2000) have investigated commodity future 

indices and found that commodity futures are negatively correlated with the US market 

and could be strong hedge, which could also be due to different time period. 

 

In addition, using the rolling correlation for S&P 500 as an example, we found that 

commodities have negative correlations during the financial crisis of 2008-09, but only 

during 2008 (look at figure 3, 4 and 5), which indicates that commodities do not co-

move with the market during that period.  

 

We also found that only gold can be a strong hedge and safe haven at same time and 

that happens only for DAX 30 on a weekly basis, which means that gold does not co-

move with DAX 30, neither in normal conditions nor in the extreme-decline conditions. 

Using the weekly data, gold serves as safe haven for FTSE 100 and SSEC markets in 

the worst 1% of market declines, while silver is as safe haven commodity for DAX 30 
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and Sensex at worst 1% and 5% declines in the market respectively. The rest of 

commodities cannot serve as safe havens, since the results do not show that property for 

them due to a lack of statistical significance for the negative safe-haven coefficients 

shown from table 16 to table 23. The results are consistent with Baur and Lucey (2010) 

regarding the possibility of safe-haven property of gold for the UK and the German 

markets but not for the US. Hood and Malik (2013) has also found that gold doesn’t 
serve as strong safe haven for US market. 

 

In term of the portfolio performance, all the optimal mixed portfolios (the ones with the 

optimal weights) reduce the portfolio volatilities which give lower risks than having 

stock index portfolios, thus, risk-averse investors would prefer adding the commodity 

index to their stock-index portfolios. Furthermore, the optimal commodity proportions 

can be considered as high quantities e.g. 49% for S&P 500 portfolio, which is the 

lowest one. These results reflect the benefits that the commodity index adds to the 

portfolios. These results are consistent with Bodie and Rosansky (1980) findings in the 

reduction of the overall portfolio volatilities. Moreover, Nerdwallet (2014) suggests 

adding 5-10 % commodities to a stock portfolio while we find that at least 49% 

commodities is sufficient in reducing the overall portfolio risk. In addition, the 

proportions we find are higher than any other previous literature findings and that could 

be subject to which commodity index is composed. 
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Conclusions, contributions and further researches  
 

 

In this section, we present the conclusion of our results in order to answer our research 

questions. We evaluate the role of several commodities as potential tools for hedging or 

providing safe havens in different stock markets (including developing and developed 

markets). In addition, we figure out how adding commodities to a stock market portfolio 

would improve the overall performance of this portfolio. 

 

In terms of return and volatility, except for gold, commodities are risky a place to invest 

in. Furthermore, we generally cannot consider commodities as strong hedges since they 

are negatively correlated with the markets with only some exceptions for gold and 

natural gas. Nevertheless, most commodities are not safe haven either during the 

extreme market declines except for gold and silver for some indices.  

 

For investors who seek better performance for their portfolios, adding big portions of 

commodities to their portfolios could be attractive to gain lower portfolio volatility or 

higher return. 

 

In the previous literature, researchers focus on precious metals as Hood and Malik 

(2013), and in particular gold as Baur and McDermott (2010), in order to investigate the 

safe haven property. Whereas in our work, we observe seven different commodities also 

with completely different physical characteristics, for example corn and natural gas. 

Additionally, we use different market indices as benchmarks in order to evaluate the 

benifits for different market investors while other researchers use a particular 

benchmark such as S&P500, for example Hood and Malik (2013). 

 

Previous studies, for example Erb and Harvey (2006), use GSCI (Goldman Sachs 

Commodity Index) as a commodity index benchmark for analysis concerning 

commodities characteristics. In our work we use another important benchmark for 

investing in commodity: Bloomberg Commodity Index (BCOM). Therefore, we use a 

different commodity index as benchmark for the construction of the one with the seven 

commodities selected by us. 

 

We extend the portfolio analysis made by Hood and Malik (2013, p.50) using not only 

precious metals, but a commodity index made by seven commodities and some of them 

belong to completely different categories. Furthermore, we do not use only S&P 500 as 

stock index, but also other seven stock indices from developed and developing 

countries.   

 

We go deeper in correlation calculations in comparison with previous literature, for 

example Hood and Malik (2013) or Daskalaki and Skiadopulos (2011), since we 

calculate the correlation among a stock index and seven commodities and the same for 

the other seven stock indices on three different time-frequencies, whereas the previous 

studies focus on only one. 
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Further future research could be done by others to extend our work, for example, instead 

of using a commodity index as a measure, individual commodity could be taken into 

consideration in the optimal weight combinations in the portfolios. These portfolios can 

be composed by two or more commodities. 

 

All other market-traded commodities could be a field for hedge and safe haven 

investigation by future researchers since we only focus on seven commodities. 

Additionally, one could focus on a specific commodity in its related market, for 

example, Oil in Saudi Arabia market or natural gas in the Russian market.  

 

Another idea for a future research could be following our methodology for portfolios 

creation, but instead of using fixed value for the correlations (correlations on average) 

among the stock indices and the commodity index, it would be interesting to use rolling 

correlation values in order to understand better how the portfolios’ characteristics 

change over time from the return, the volatility and the optimal weight combinations 

points of view. 
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Appendix 1: Safe-haven analysis for all the correlations with Eviews 

 

 

In this appendix we add all the scripts from the empirical work we did on Eviews about 

safe-haven and hedge properties. It is important to point out that the variables are shown 

in the columns of the tables following this order: C is , “RETURN_...” is , 

“D0_1_...” is , “D0_05_...” is  and “D0_01_...” is . Of course we refer to the 

model we presented in chapter 4.2.6, it is the following: 
  � , = + [ + + + ] , + �  

 

 

I) Weekly 

 

Nikkei 225 

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + ( � _ ) + ( � _ )+ ( � _ )] , + �  
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DAX 30  

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + ( � _ ) + ( � _ )+ ( � _ )] , + �  
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FTSE 100 

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + ( _ ) + ( _ )+ ( _ )] , + �  
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S&P 500 

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + ( &�_ ) + ( &�_ )+ ( &�_ )] , + �  
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Hang Seng 

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + ( � �_ � ) + ( � �_ � )+ ( � �_ � )] , + �  
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Sensex 

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + +  + ] , + �  
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SSEC 

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + + + ] , + �  
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STI  

 

We present the results given by Eviews using the following equation with all the 

commodities we have selected before: 

, = + [ + + + ] , + �  
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II) Daily 

 

It is important to remember that for the daily data we only focus on the negative 

correlations. We present the results given by Eviews using the following equations: 

, = + [ + ( � _ ) + ( � _ )+ ( � _ )] , + �  

 

 
 

�� � _�� , = + [ + + + ] , + �  

 

 
 

Dependent Variable: N_GAS_RETURN

Method: Least Squares

Date: 05/05/16   Time: 12:36

Sample: 1/03/2007 3/31/2016

Included observations: 2330

Variable Coefficient Std. Error t-Statistic Prob.  

C 0.000304 0.000714 0.426252 0.6700

SSEC_RETURN -0.045284 0.051717 -0.875609 0.3813

D0_1_SSEC_RETURN 0.103308 0.138758 0.744518 0.4566

D0_05_SSEC_RETURN -0.020004 0.146008 -0.137007 0.8910

D0_01_SSEC_RETURN 0.001660 0.121352 0.013682 0.9891
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III) Monthly 

 

It is important to remember that for the monthly data we only focus on the negative 

correlations. We present the results given by Eviews using the following equations: 

, = + [ + ( _ ) + ( _ )+ ( _ )] , + �  

 

 
 

 
 

 
 

Dependent Variable: RETURN_GOLD

Method: Least Squares

Date: 05/05/16   Time: 12:56

Sample: 1997M02 2016M03

Included observations: 230

Variable Coefficient Std. Error t-Statistic Prob.  

C 0.008012 0.003538 2.264715 0.0245

RETURN_NIKKEI_225 -0.074471 0.073952 -1.007029 0.3150

D0_1_NIKKEI -0.109398 0.197614 -0.553593 0.5804

D0_05_NIKKEI 0.197745 0.233771 0.845892 0.3985

D0_01_NIKKEI 0.455048 0.223276 2.038055 0.0427

Dependent Variable: RETURN_GOLD

Method: Least Squares

Date: 05/05/16   Time: 12:58

Sample: 1 230

Included observations: 230

Variable Coefficient Std. Error t-Statistic Prob.  

C 0.005933 0.003794 1.563856 0.1193

RETURN_DAX_30 -0.004565 0.071104 -0.064207 0.9489

D0_1_DAXS -0.043383 0.196400 -0.220889 0.8254

D0_05_DAXS -0.005767 0.211979 -0.027206 0.9783

D0_01_DAXS -0.115612 0.185224 -0.624171 0.5331

Dependent Variable: RETURN_NATURAL_GAS

Method: Least Squares

Date: 05/05/16   Time: 12:59

Sample (adjusted): 1 199

Included observations: 199 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.  

C 0.006660 0.012883 0.516926 0.6058

STI_RETURN 0.095905 0.292172 0.328247 0.7431

D0_1_STI -0.114444 0.770264 -0.148578 0.8820

D0_05_STI -0.669251 0.815030 -0.821137 0.4126

D0_01_STI 1.076534 0.720921 1.493276 0.1370
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Dependent Variable: RETURN_NATURAL_GAS

Method: Least Squares

Date: 05/05/16   Time: 13:01

Sample: 1997M02 2016M03

Included observations: 230

Variable Coefficient Std. Error t-Statistic Prob.  

C 0.007506 0.012143 0.618138 0.5371

RETURN_DAX_30 -0.020938 0.227591 -0.091999 0.9268

D0_1_DAXS -0.598924 0.628641 -0.952728 0.3418

D0_05_DAXS 0.490653 0.678507 0.723136 0.4703

D0_01_DAXS -0.223470 0.592870 -0.376929 0.7066
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Appendix 2: Mixed portfolios
17

 different weight combinations 

 

 

In this appendix we provide a table for every mixed portfolio. In every table is possible 

to observe the return and the volatility of the mixed portfolio for several weight 

combinations. Furthermore, in this appendix we show the set of weights for all the 

portfolios (made by the commodity index18 we have created in this thesis and by a stock 

index from the ones we have chosen) with the lowest volatility. Since volatility is the 

square root of the variance, the weight combination with the lowest volatility is the one 

with the lowest variance. Therefore, this weights combination is the minimum variance 

portfolio. If we do the same in every table, it is possible to find the minimum variance 

portfolios. We highlight them with bold font in every table. In addition, these tables also 

display some weight combinations for every mixed portfolio, thus a reader can easily 

observe which are the weight combinations that correspond to efficient portfolios 

according to Markowitz’s theory, as we stated in the theoretical framework.  
 

 

S&P 500 

 

Commodity index 

weights 
S&P 500 weights Portfolio return Portfolio volatility 

0 1 0,00133 0,02504 

0,1 0,9 0,00136 0,02326 

0,2 0,8 0,00139 0,02178 

0,3 0,7 0,00142 0,02067 

0,4 0,6 0,00145 0,01998 

0,48 0,52 0,00147 0,01978 

0,49 0,51 0,00147 0,0197708 

0,5 0,5 0,00148 0,0197714 

0,55 0,45 0,00149 0,01985 

0,6 0,4 0,00150 0,02005 

0,7 0,3 0,00153 0,02079 

0,8 0,2 0,00156 0,02195 

0,9 0,1 0,00159 0,02347 

1 0 0,00162 0,02528 

                                                             
17

 We used the word ”mixed” in order to underline better that in these portfolios there are made up of  two 
different kind of assets.  
18 Look at chapter 4 for further information about it. 



 

100 

 

FTSE 100 

 

Commodity index 

weights 
FTSE 100 weights Portfolio return Portfolio volatility 

0 1 0,00072 0,02480 

0,1 0,9 0,00081 0,02306 

0,2 0,8 0,00090 0,02162 

0,3 0,7 0,00099 0,02055 

0,4 0,6 0,00108 0,01990 

0,48 0,52 0,00115 0,01972 

0,49 0,51 0,00116 0,01971 

0,5 0,5 0,00117 0,01972 

0,6 0,4 0,00126 0,02002 

0,7 0,3 0,00135 0,02078 

0,8 0,2 0,00144 0,02195 

0,9 0,1 0,00153 0,02347 

1 0 0,00162 0,02528 

 

 

Nikkei 225 

 

Commodity index 

weights 
Nikkei 225 weights Portfolio return Portfolio volatility 

0 1 0,00030 0,03072 

0,1 0,9 0,00043 0,02822 

0,2 0,8 0,00056 0,02598 

0,3 0,7 0,00070 0,02407 

0,4 0,6 0,00083 0,02259 

0,5 0,5 0,00096 0,02160 

0,6 0,4 0,00109 0,021195 

0,61 0,39 0,00110 0,021187 

0,62 0,38 0,00112 0,021186 

0,63 0,37 0,00113 0,021191 

0,7 0,3 0,00122 0,02139 

0,8 0,2 0,00136 0,02219 

0,9 0,1 0,00149 0,02351 

1 0 0,00162 0,02528 
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DAX 30 

 

Commodity index 

weights 
DAX 30 weights Portfolio return Portfolio volatility 

0 1 0,00179 0,03334 

0,1 0,9 0,00177 0,03060 

0,2 0,8 0,00175 0,02810 

0,3 0,7 0,00174 0,02591 

0,4 0,6 0,00172 0,02411 

0,5 0,5 0,00170 0,02279 

0,6 0,4 0,00169 0,02206 

0,66 0,34 0,00168 0,021919 

0,67 0,33 0,00167 0,021918 

0,68 0,32 0,00167 0,021924 

0,69 0,31 0,00167 0,02194 

0,7 0,3 0,00167 0,02196 

0,71 0,29 0,00167 0,02198 

0,8 0,2 0,00165 0,02249 

0,9 0,1 0,00164 0,02363 

1 0 0,00162 0,02528 

 

 

Hang Seng 

 

Commodity index 

weights 
Hang Seng weights Portfolio return Portfolio volatility 

0 1 0,00103 0,03433 

0,1 0,9 0,00109 0,03157 

0,2 0,8 0,00115 0,02905 

0,3 0,7 0,00121 0,02681 

0,4 0,6 0,00126 0,02495 

0,5 0,5 0,00132 0,02354 

0,6 0,4 0,00138 0,02268 

0,68 0,32 0,00143 0,022431 

0,69 0,31 0,00144 0,022428 

0,7 0,3 0,00144 0,022431 

0,8 0,2 0,00150 0,02281 

0,9 0,1 0,00156 0,02378 

1 0 0,00162 0,02528 
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Sensex 

 

Commodity index 

weights 
Sensex weights Portfolio return Portfolio volatility 

0 1 0,03371 0,03371 

0,1 0,9 0,03050 0,03091 

0,2 0,8 0,02729 0,02834 

0,3 0,7 0,02408 0,02609 

0,4 0,6 0,02087 0,02423 

0,5 0,5 0,01766 0,02286 

0,6 0,4 0,01446 0,02208 

0,66 0,34 0,01253 0,021923 

0,67 0,33 0,01221 0,021919 

0,68 0,32 0,01189 0,021923 

0,7 0,3 0,01125 0,02195 

0,8 0,2 0,00804 0,02247 

0,9 0,1 0,00483 0,02361 

1 0 0,00162 0,02528 

 

 

SSEC 

 

Commodity index 

weights 
SSEC weights Portfolio return Portfolio volatility 

0 1 0,00186 0,03505 

0,1 0,9 0,00184 0,03186 

0,2 0,8 0,00181 0,02892 

0,3 0,7 0,00179 0,02631 

0,4 0,6 0,00176 0,02412 

0,5 0,5 0,00174 0,02249 

0,6 0,4 0,00172 0,02154 

0,65 0,35 0,00170 0,02135 

0,66 0,34 0,00170 0,02134 

0,67 0,33 0,00170 0,02133 

0,69 0,31 0,00169 0,02135 

0,7 0,3 0,00169 0,02137 

0,71 0,29 0,00169 0,02139 

0,8 0,2 0,00167 0,02198 

0,9 0,1 0,00164 0,02333 

1 0 0,00162 0,02528 
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STI 

 

Commodity index 

weights 
STI weights Portfolio return Portfolio volatility 

0 1 0,00066 0,02667 

0,1 0,9 0,00076 0,02473 

0,2 0,8 0,00085 0,02307 

0,3 0,7 0,00095 0,02177 

0,4 0,6 0,00105 0,02087 

0,5 0,5 0,00114 0,02045 

0,53 0,47 0,00117 0,02041791 

0,54 0,46 0,00118 0,02041787 

0,55 0,45 0,00119 0,020423 

0,6 0,4 0,00124 0,02052 

0,7 0,3 0,00133 0,02109 

0,8 0,2 0,00143 0,02212 

0,9 0,1 0,00152 0,02353 

1 0 0,00162 0,02528 

 


