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Executive Summary  
This thesis investigates the benefits of investing in commodity futures as this asset class has 

become an important and rewarding diversifier in the last few decades. Specifically, our 

quantitative research is taking the perspective from a Swedish vs. a Norwegian investor who 

diversifies its domestic stock portfolio with commodity futures. Previous research has been done 

on the US and the European market but as far as we know, never on the Swedish or Norwegian 

market. This thesis also diverges from many other studies due to the use of individual 

commodity futures and not the overall commodity index, GSCI. We depart from the Markowitz 

mean-variance framework in order to find the optimal portfolio composition of domestic stocks 

and commodity futures during 1990-2013. Due to the characteristics of commodities, we believe 

there are patterns in the composition of the optimal portfolios depending on bull and bear market. 

For that reason, extensive research is done where we divide the 24-years period into smaller sub-

periods and investigate if some commodities are better suited in a portfolio during bull vs. bear 

market.  Furthermore, we are interested in how much an investor should allocate to commodities 

in order to get the highest return to volatility ratio. Finally, we apply four different investment 

strategies with the hope of creating a strategy superior to holding only the stock portfolio.  

We find evidence that commodity futures possess beneficial characteristics for an investor. The 

Sharpe ratio is considerably higher when the portfolio not only consists of domestic stocks but 

also commodity futures. As Copper, Crude Oil, Soybeans and Cotton seem to be rewarding 

during bull markets, instead Cocoa, Gold and sometimes Soybeans are well-performing 

commodities during bear markets. The Swedish investor is recommended to invest 40 percent in 

commodities (during bull market), which is less than the Norwegian investor as our result shows 

that 60-80 percent commodities should be included (during bull market). However, the 

conclusion of which investor that actually benefits the most from commodities diverges.  

When the four investing strategies are applied and the optimal portfolio is practically used, we do 

not find the same benefits of commodities which imply that investing in commodities is rather 

difficult. Strategies based on historical performance do not seem to be superior to holding only 

the stock portfolio which also is in line with the efficient market hypothesis. 
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1. Introduction  
Commodities are one of the oldest asset classes and have been traded for more than a century on 

the greater markets. Despite this, commodity futures are still a relatively unknown asset class 

within research and for many investors (Gorton and Rouwenhorst, 2006). However, the interest 

of investing in commodities has increased the last decade as it has performed exceptionally well. 

According to Belousova and Dorfleitner (2012), it has established a position as the best 

performing asset class over the past ten years. Its ability to diversify a portfolio, decrease 

volatility and often also generate higher returns to investors is yet another reason for the 

increased interest (Woodard et al. 2011.). We are writing this thesis in order to further highlight 

this asset class and to investigate its diversifying potential in a mean-variance portfolio 

framework. The first part of our thesis has a more investigating approach of how commodities 

interact with the stock market while we in the second part empirically test four different 

investment strategies that would be possible for investors to follow.        

Both stocks and commodities have a cyclic behavior with bull and bear markets, but 

commodities react with a time lag (Gorton and Rouwenhorst, 2006). This time lag together 

with its characteristic of being an inflation hedge could potentially make commodities a great 

diversifier. Previous studies such as Belousova and Dorfleitner (2012) and Gibson (2004) to 

mention as few have proven that a portfolio consisting of stocks will perform better if also 

commodities are added to the portfolio. However, these studies have primarily focused on the US 

and European markets. In this thesis we are therefore interested in investigating the benefits of 

commodities when added to a portfolio consisting of Swedish vs. Norwegian domestic stocks. 

Specifically, we are interested in what type of commodities that is beneficial to include in your 

portfolio during bull vs. bear market. Since commodities is a heterogeneous asset class some 

commodities may be better suited for bull market while others are more suited for bear market, 

as they possess qualities to smoother these downturns (Belousova and Dorfleitner, 2012).  

This thesis diverges from previous studies due to its focus on individual commodity futures’ 

potential for a Swedish vs. Norwegian investor. Further on, since Sweden and Norway are two 

different markets in the sense of resources and composition we investigate the potential 

difference in investing strategies.  
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2. Purpose and Research question 
The interest for commodity futures have increased the last decade, but the research within this 

filed is limited. Previous research such as You and Daigler (2013), Belousova and Dorfleitner 

(2012), Cheung and Miu (2010)  have found proof that investors can benefit from adding 

commodity futures to an already diversified portfolio but main focus have been from an 

American or European investors perspective. The purpose of this thesis is therefore to extend this 

research by considering the Swedish and Norwegian market and investigate if there are any 

potential benefits from adding commodity futures to a domestic stock portfolio. Especially, we 

are interested in identifying what sort of commodities that are the most suitable ones for the 

Swedish vs. the Norwegian stock market.  

The study will also be assessed from an investor point of view whose only aid is historical 

performance. In the search of finding the best investing strategy we hope to find the answer to 

how an investor should invest in commodities in order to generate the highest return to volatility 

ratio (Sharpe ratio).  

First, the broad research question is specified in order to cover the main are of interest. This 

research question is thereafter broken down into five hypotheses, which are formed to further 

narrow the work of this thesis, followed by a short description.  

Main research question: 

“Can a Swedish or Norwegian domestic stock portfolio benefit from including commodity 

futures?” 

Hypothesis 1: 

 It is possible to outperform the domestic stock market by holding a portfolio consisting of 

both domestic stocks and commodity futures. 

By applying the mean-variance framework, we seek to find a portfolio consisting of both 

domestic stocks and commodity futures that has a higher Sharpe ratio than a portfolio consisting 

of only domestic stocks.   

Hypothesis 2: 
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 A Norwegian stock portfolio will benefit less from adding commodities in comparison to 

a Swedish stock portfolio.  

This hypothesis is based on previous research by Cheung and Miu (2010) who finds that a 

Canadian market portfolio does not benefit from commodity futures to the same extent as an 

American market portfolio. A motivation for this result is that Canada is a resource-based 

economy and already exposed to several commodities. Both Norway and Sweden are resource-

based economies, but the Norwegian market is to a larger extent exposed to commodities, 

foremost crude oil.  

Hypothesis 3: 

 The optimal portfolio will include different kinds of commodities depending on to the 

state of the market, hence bear vs. bull market. 

This hypothesis is supported by the fact that commodities are a heterogeneous asset class with 

different characteristics, hence they can have different path throughout the business cycle. We 

therefore expect different commodities to perform well in bull vs. bear market.  

Hypothesis 4: 

 A portfolio of domestic stocks that also include commodities will get a higher Sharpe 

ratio from individual commodity futures compared to the compounded S&P GSCI 

Commodity index.  

This hypothesis is used to extend previous research and to conclude if individual commodity 

futures should be preferred above the compounded commodity index.   

Hypothesis 5: 

 An investor can benefit from applying investing strategies, including both domestic stocks 

and commodities, in comparison to holding only domestic stocks.     

Now switching to an investors perspective, we seek to find the answer to if it is possible to use 

different strategies based on historical returns in order to improve the Sharpe ratio of the 

portfolio.    
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3. Delimitations  
This thesis focuses on the investment opportunities within commodities. We find commodities to 

be a very interesting asset class whose qualities have not been studied to a large extent. 

According to previous studies, commodity futures can have a diversification benefit to a US or 

European portfolio but little or no research has been done on the effect on a Swedish or 

Norwegian portfolio. For that reason, and because we have close connection to these countries, 

we want to limit our thesis to these two markets.  

Further on, we do not want to use a commodity index that is biased in a specific sector or 

commodity, but individual index of commodity futures. We have limited the amount of 

commodity futures to 14, which have been chosen due to trading activity and liquidity. In this 

way we will be able to find exactly the commodities that are preferred for the market being. We 

also hope that this could lead to some insights for future investments.  

Monthly prices have been used in the first part of the thesis as it suits the time frame that we use 

and is in line with most other studies within this topic. However, results based on daily 

observations have also been added to give a more detailed analyze. The second part of our result 

is based on yearly performance and we therefore extend to daily data as it otherwise would be 

too few observations to base the result upon.         

We limit our portfolio to include only stocks which will be diversified with commodity futures. 

This choice has been done due to our interest of finding potential improvement of combining 

Swedish vs. Norwegian stock market with commodity futures. No other assets have been 

included in the portfolio since we want to focus on the interaction between the domestic stock 

market and commodity futures. This is done in accordance with Bodie and Rosansky (1980). The 

OMX30 works as a proxy for the Swedish stock market as this index includes the 30 largest 

companies traded on the Swedish stock exchange. Similarly, OBX25 has been chosen as a proxy 

for the Norwegian stock market as this index includes the 25 largest companies traded on the 

Norwegian stock exchange. Even though other indices exist which include a larger part of the 

stock market, we have primarily chosen indices that have available data from 1990 as this is of 

great importance for us.  
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The time frame which we base our thesis on is limited from January 1990 to December 2013. 

This period has been chosen since we want to have a large enough sample that covers both bull 

and bear markets. As both Sweden and Norway faced a crisis in the beginning of the 1990
th

 

followed by several up- and downturns including the financial crisis around 2008, we believe 

this time frame is well chosen.  

The portfolios that we construct and study in the first part are divided into different periods due 

to bull and bear market. We have made this decision since commodities are known to be 

heterogenic and therefore different commodities could be useful in bull vs. bear markets. We 

find it incorrect to only take the whole period into consideration in one portfolio as this would 

limit us in our investigation on the benefits of commodities. However, we chose to include this 

portfolio in the thesis together with the sub-period portfolios for comparison reasons.             

In part 1, the result the optimal portfolios are calculated based on their performance during the 

same period as we are looking at, since we only focus on finding the commodities that performed 

the best during a specific period. As stated above, we are here foremost interested in if a portfolio 

containing domestic equity can benefit from including commodities and if this result is 

statistically significant, if there are differences due to the origin of the equity and finally if 

individual commodity futures have an advantage to the commodity index.     

Part 2 includes an investor’s perspective and here we choose to include four different strategies: 

Equally-weighted, optimal portfolio based on previous year’s performance, minimum variance 

portfolio based on previous year’s performance and finally the equally-weighted risk 

contribution portfolio based on previous year’s volatility. There are naturally many more 

strategies available and many variables that could be helpful in predicting future performance 

such as inflation expectations or weather forecasts, but we limit this thesis to only be based on 

historical performance. We assume that all investors have the same risk aversion hence we will 

not consider difference in risk appetite.  

4. Data 
The data that we are using throughout this thesis comes from trustworthy and reliable sources, 

such as DataStream and the Swedish “Riksbanken” and Norwegian “Norges Bank”. The data 

necessary for this thesis can be divided into three different groups:  
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 Commodity futures index : S&P GSCI commodity index 

 Equity index: OMX 30, OBX 25 

 Risk-free rate: 1-month risk free rate 

We have chosen to use commodity futures prices instead of commodity spot prices because 

commodity futures are more commonly traded in the market and would be suitable for an 

investor to hold (Goldman Sachs, 2014). Furthermore, studies such as “Diversification benefit of 

commodity futures” by Cheung and Miu (2010) have also used commodity futures prices.  We 

are looking at bomonthly and daily returns based on the prices between January 1990 and 

December 2013 provided by DataStream. The 14 individual commodities that have been chosen 

are the most traded ones and represent all different subclasses in the overall S&P GSCI index. It 

should be noticed that Natural gas prices were available from 1993 and this commodity is 

therefore not included in the first few years’ portfolios. Since we want all different commodities’ 

prices to be presented and calculated in the same way, we choose to use S&P GSCI as a source 

to both the individual indices as well as for the overall commodity index. Previous studies such 

as Belousova and Dorfleitner (2012) have also based their work on the individual S&P GSCI 

indices. The overall S&P GSCI index is world production weighted and recognized as the 

leading measure of commodity price movements. The weights for the respective commodity are 

determined by the average quantity of production over the last five years of accessible data. This 

Index has a continuous high exposure to the 

energy sector. (Spindices, 2014)  

Specifically, the S&P GSCI Total Return index 

for each of our 14 commodities as well as the 

overall commodity index is used because it 

provides a useful representation of returns 

available to investors (Goldman Sachs, 2014). 

As Goldman Sachs put it themselves; “The 

S&P GSCI Total Return index measures a fully 

collateralized commodity futures investment 

that is rolled forward from the fifth to the ninth business day of each month”.  
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Figure 1 - Source: S&P Indices 
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Figure 3 – Source: Bloomberg Database  

 

Figure 2 – Source:  NASDAQ OMX A 

The Swedish equity index OMX30 and the Norwegian equity index OBX25 have been chosen as 

a proxy for the overall equity market respectively and is in line with previous studies (Cheung 

and Miu, 2010). The OMX index includes the 30 largest and most actively traded companies on 

the Stockholm Stock Exchange and is market weighted. OBX index include the 25 largest and 

most actively traded companies on the Oslo Stock Exchange. These indices have been provided 

through DataStream and are calculated with regards to extraordinary dividends (NasdaqOMX B, 

2014). The companies included in the indices change over the years. For instance, the largest 

components of the OMX, Hennes&Mauritz AB and Nordea Bank AB were not part of the OMX 

in the beginning of 1990
th

. Since we are not specifically interested in the companied but rather 

the sectors involved in the indices, we present the two indices divided by sectors. The sectors 

weights naturally change as well but general speaking the charts presented below are 

representative for the two countries during the entire period. The index for 2013 is presented 

below while additional yearly charts are presented in Appendix VII and VIII. The Global Index 

Classification Index (GISC) has been used from the Bloomberg Database.  

The two indices are very different in composition. While energy is OBX’s main contributor, only 

one percent of the OMX is weighted in the energy sector. Instead financials and industrials are 

Sweden’s and thus OMX’s most important contributing sectors. Industrials is one of Norway’s 

lowest contributing sectors with only one percent. 
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When comparing the top sectors for Sweden and Norway we draw the conclusion that these 

indices most likely have different correlation with commodities and thus different commodities 

might be optimal to combine with the two indices in order to generate higher return in a 

portfolio.         

Finally, the risk-free rate during the period 1990-2013 has been provided through Sweden’s 

“Riksbanken” and Norway’s “Norges Bank” (Appendix XIII, table 69, 70). We have chosen to 

use the monthly data from the 1-month risk free rate as it is assumed to be the most accurate risk 

free rate according to Waldenström (2011) and is used in several studies (Belousova and 

Dorfleitner, 2012).    

5. Thesis outline  
The thesis has the following structure: 

 

Figure 4 – Source: Own Production 

Chapter 6 encloses the methodology of the thesis. This part is divided into two sub-sections, part 

1 and part 2, which have different investigating approaches. Part 1 explains the method of 

investigating the benefits and characteristics of commodities when applied on the Swedish vs the 

Norwegian stock market, while part 2 explains how we apply four different investing strategies. 

Chapter 7 encloses the literature review which focuses on the previous research within this field. 

Further on, the theory necessary for the thesis is presented in chapter 8 followed by the empirical 

result and the analysis in chapter 9. Again, this section is divided into part 1 and part 2. Key 

findings, similarities/differences with previous studies and suggestions to future research are 

later discussed in chapter 10. Critique to the thesis is presented in chapter 11. Finally, chapter 12 

presents the conclusion of this thesis, providing an overall summary.      

6. Methodology  

All the choices throughout this thesis has the purpose of finding the most reliable answer to our 

research question, if a Swedish or Norwegian investor can benefit from adding commodity 
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futures to a portfolio that otherwise only consists of domestic stocks. A quantitative approach is 

used as research method throughout the thesis. This means that the investigation is foremost 

based on numerical data that is processed and analyzed with the foundation in modern portfolio 

theory. Statistical measures are performed on both the data for commodity futures and the 

respective stock market indices used in the thesis. (Davidson and Patel, 2003) Our findings are 

benchmarked against results from previous research in order to both confirm and challenge the 

results given in this investigation. The motivation behind this method is based on both the 

extensive amount of data needed in order to make the investigation possible, to interpret 

potential relationship between the variables and to be able to compare our results with previous 

findings within this field.  

In the first part of the thesis, we take a more investigating perspective in the search of the 

characteristics of commodities. We are interested in when and in what commodity futures we 

should have invested in, in order to maximize the risk-return, hence the combination of assets 

that results in the highest Sharpe ratio. This tangency portfolio, referred to as the optimal 

portfolio is naturally more or less impossible for an investor to hold since it is impossible to fully 

predict future returns. Nevertheless, this first part brings us a lot of information such as 

differences in the behavior of commodities due to bull and bear market and investment 

differences between the two countries. Portfolios with equity restrictions are added to further 

highlight the diversification effect and how the performance differs for the two investors when 

investing restrictions are applied. Statistical significant tests are later performed on the optimal 

portfolios. Froot (1995), Ankrim and Hensel (1993), Kaplan and Lummer (1997) to mention a 

few, investigate the benefits of commodity futures by holding the combined commodity index, 

S&P GSCI. This Index will also be investigated in our thesis, in order to see any potential 

differences to holding individual commodity futures in a portfolio.    

To get an overview of the different portfolios that we are working with in part 1 of the thesis, a 

figure is presented. The three portfolios are different kinds of optimal portfolios. All portfolios 

will be investigated in sub periods as well as by individual years.   
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Part 2 of the thesis applies different investment strategies. Here we use historical performance as 

an indicator of how to invest in commodities and stocks and compare the result to an investment 

in only stocks. We investigate if the optimal portfolio, the minimum variance portfolio or the 

equally-weighted risk contribution portfolio is useful indicators of future performance or if an 

equally weighted portfolio, which does not have the analysis requirement, is the better choice. 

Below are the different portfolios that are discussed in the second part of our thesis. The result 

will only be presented on annual basis. 

 

6.1. Part I 
The domestic equity portfolio for Sweden and Norway respectively is assumed to be the OMX 

index and the OBX index respectively.  This is in line with previous research where an equity 

index has been used as a proxy for the entire equity market (Cheung and Miu, 2010).  
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Figure 5 - Source: Own Production 

Figure 6 – Source: Own Production 
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We choose to include 14 of the most traded and liquid commodity futures. These will cover all 

the subclasses within the commodity index GSCI which are: energy, metals, industrial agro-raw 

materials, food and consumer products, and animal agro-raw materials (Woodard et al, 2011). 

After adding the nine commodity futures that Woodard et al. (2011) use in their study, we also 

include five more liquid commodity futures that are listed on Reuters. Commodity indices tend 

to be overweighed in some sectors, thus not representative for the entire commodity market. For 

this reason we have followed Belousova and Dorfleitner (2012) research and chosen individual 

commodities to address the question of how the Swedish/Norwegian stock market can benefit 

from adding specific commodities. We use total return commodity future indexes instead of 

excess return indexes. The reason behind this is that dividends and equivalent from the 

underlying asset in the total return index are assumed to be reinvested which implies greater 

accuracy when calculating returns; hence the excess return index is more suitable during shorter 

investment periods than those used in this thesis (Fabozzi et al, 2008, p. 15). We rely on passive 

individual commodity indices as our proxies for commodity futures to avoid any potential biases 

that could arise from actively managed commodity funds (Cheung and Miu, 2010).  

We chose to include data from 1990-2013 as this makes it possible for us to investigate both bull 

and bear markets. We will incorporate years when Sweden and Norway have crisis, when the 

entire financial world has crisis as well as years when the market prospers. This will make it 

possible for us to analyze many different aspects of the commodity futures impact.  

We are interested in what commodities that would be wise to hold in a time of bull vs. bear 

market. This strategy of dividing a period into bull and bear is also supported by Belousova and 

Dorfleitner (2012). In order to find these results, we divide the time frame of 1990-2013 into 6 

different periods based on the OMX index behavior during this time. The periods are 

investigated both over the entire periods and every single year. The OBX index has similar 

behavior, but does not follow the OMX perfectly as seen in Figure 7. However, the Swedish 

OMX will be the decision making index for the periods. As seen in figure 7, it is not crystal clear 

but still possible to divide the time periods into bull and bear market. OMX prices on shown on 

the left y-axis, OBX prices on the right y-axis and dates are on the x-axis. It should be mentioned 

that the business cycle is hard to estimate overall and so also for the Swedish market. Our simple 

estimation of bull and bear periods for the Swedish market is however supported by Andersson 
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and Ådahl (2005) and Brinca (2013) who investigate the economic climate on the Swedish 

market. They state that Sweden had their deepest crisis since the Second World War in 1990-

1993, followed by the second recession in the beginning of the year 2000 due to the international 

burst of the IT-bubble and lastly the International financial crisis with its beginning at the end of  

 

Figure 7 - Source: DataStream 

2007. The periods will be investigated both on monthly and daily observations. The monthly 

observations are used during the longer time intervals in order to follow the research by 

Berlousova and Dorfleitner (2012) who investigate the benefits of holding individual commodity 

futures from a euro investor perspective. The daily observations are used when the annual 

portfolios are estimated and interpreted since by using monthly returns the amount of 

observations would be too low. Further on, the mean-variance framework desires a more 

extensive dataset when shorter periods are investigated. The covariance matrix is sensitive to 

input data and problem may arise when the number of observations is lower than the number of 

assets. (Ledoit and Wolf, 2003). At the same time we check for potential differences of using a 

more extensive dataset compared to a sample of fewer observations but this is not our main 

focus.  

From DataStream we download the monthly and daily commodity futures prices (S&P GSCI 

Total Return index), the Swedish OMX index prices and the Norwegian OBX index prices. The 

Norwegian monthly 1-month risk-free rate is downloaded from the Norwegian bank’s website 

0

50

100

150

200

250

300

350

400

450

0

200

400

600

800

1000

1200

1400

1600

Ja
n

u
ar

y-
9

0

M
ar

ch
-9

1

A
p

ri
l-

9
2

M
ay

-9
3

Ju
n

e-
9

4

Ju
ly

-9
5

A
u

gu
st

-9
6

O
ct

o
b

e
r-

9
7

N
o

ve
m

b
er

-9
8

D
ec

e
m

b
er

-9
9

Ja
n

u
ar

y-
0

1

Fe
b

ru
ar

y-
0

2

M
ar

ch
-0

3

A
p

ri
l-

0
4

Ju
n

e-
0

5

Ju
ly

-0
6

A
u

gu
st

-0
7

Se
p

te
m

b
er

-0
8

O
ct

o
b

e
r-

0
9

N
o

ve
m

b
er

-1
0

D
ec

e
m

b
er

-1
1

Ja
n

u
ar

y-
1

3

OMX30 OBX25 1990-1993 Bear 

1994-1999 Bull 

2000-2003 Bear 

2004-2006 Bull 

2007-2008 Bear 

2009-2013 Bull 



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 16 of 165 
 

(“Norges Bank”) and the Swedish 1-month risk-free rate is downloaded from the Swedish bank’s 

website (“Riksbanken”). The respective risk-free rates are not available on daily basis, hence 

monthly observations are converted to daily when necessary.      

Our thesis has many similarities to the methodology that Belousova and Dorfleitner (2012) use in 

their study “Diversification benefits of commodities from the perspective of euro investors”.  

We will apply their new approach that commodity prices should be converted to the domestic 

currency, in our case SEK and NOK, in order to eliminate the impact from the USD. This will be 

useful since the results will more clearly show the direct effect that individual commodities have 

on an otherwise only equity based portfolio. When answering the question if commodity futures 

will improve the risk-return of an equity portfolio, we are only interested to see the effect from 

each and every commodity, which is why we convert the prices. However, we are well aware of 

the fact that the exchange rate between USD and SEK vs. NOK does play an important role in 

real life investments in commodity futures. If we had allowed for any of the two investors to 

choose between either the Swedish or the Norwegian portfolio, the SEK/NOK exchange rate 

would be of great importance if the other country’s portfolio was chosen since the investor 

would have needed to bring back the returns. 

The prices are converted to lognormal since we use raw data from stock prices (Benninga, 2008, 

p. 492). Since we have a lot of data, Visual Basic for Applications (VBA) will be used in order to 

optimize the calculations concerning the covariance matrix (Appendix XXV). All data is 

presented in annual terms, hence daily and monthly observations are converted to annual by the 

following method. We use 250 days, since there are five trading days a week (5 x 52 = 260) and 

then subtract 10 additional days to account for banking holidays.  

                                                                                
                                                      (1) 

                                                                               
                                                         (2)          

The correlation matrixes between the indices and the commodity futures are calculated for each 

year, since correlation changes over time (Chan et al, 2011) and thus can help us to interpret the 

results further. As mentioned in theory, Markowitz (1952), and many studies based on the mean-
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variance framework, highlight the importance of correlation between assets in portfolio 

management.  

 

The following steps will be repeated for each year, sub-period, the entire period as well as for 

Sweden and Norway respectively, but we simply cover the steps as for one single period. 

After calculating the covariance matrixes and inverse matrixes we calculate the “Z” value. This 

is found through the matrix multiplier in Excel where the inverse covariance matrix is multiplied 

with the excess returns (when calculating the tangency portfolio) and with the “1” column (when 

calculating the minimum variance portfolio). Each “Z” is divided by the sum of “Z’s” in order to 

find the weight of each asset in the portfolio.   

The optimal portfolio is defined as the combination of assets that results in the highest Sharpe 

ratio. While the Sharpe ratio is admittedly simple, it is used in this thesis for its transparency and 

because of its popularity in the industry and related work (Woodard et. al, 2011). We use the 

Excel Add- in “Solver” in order to make sure that we find the asset weights that maximize the 

Sharpe ratio. We put the constraint that no short selling is allowed since most constitutional 

investors do not perform short selling (Cheung and Miu, 2010) and it is easier to interpret. 

Restriction on short selling is also used in a similar research by Jensen et al (2000).   

 

In order to create the efficient frontier, which shows the entire spectrum of investment 

opportunities, we also calculate the minimum variance portfolio. This portfolio has a slightly 

different approach in Solver. Now we don’t want to maximize the Sharpe ratio but instead 

minimize the variance of the portfolio. No short-selling restriction is still applied. Different 

combinations of the optimal portfolio and the minimum variance portfolios will create the 

efficient frontier. This will be explained more extensively in the theory section. 

Different graphs will show the efficient frontier which a mix of the optimal portfolio and the 

minimum variance portfolio as explained above (1), a point showing 100% domestic stock index 

(2) and a point showing the optimal portfolio if equity index was mixed with the S&P GSCI 

Commodity Index (3). In order to get this later portfolio, in this thesis called the alternative 

portfolio, the same strategy as before is used which include converting commodity index prices 

to domestic currency, calculate covariance matrix and inverse matrix, use Solver etc.  
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Comparing (1) to (2) will give a clear picture of the potential investing in individual 

commodities could have for an investor holding only domestic equity. You and Daigler (2013) 

also graphed the efficient frontier of stocks combined with individual commodity futures and 

compared this to other assets. Just as we do in our thesis, You and Daigler (2013) focused on the 

optimal portfolio in the analytical part and use the efficient frontier more as a tool for visual 

interpretation and increased understanding. Since previous studies have foremost focused on the 

commodity index, and not on the possibility of using individual commodities, we also want to 

compare our efficient frontier (1) with the alternative portfolio (3). This will help us analyze if it 

is beneficial to use individual commodity futures instead of the overall commodity index. This is 

something new that we have not found in any other study and especially it has never been 

applied to the Swedish or Norwegian market.  

With the purpose of comparing different periods and to understand the importance of allocation, 

we construct constrained portfolios which include different amount of fixed equity index. 6 

portfolios are calculated with the weight constraints of 0%, 20%, 40%, 60%, 80% and 100% 

equity index respectively. Bodie and Rosansky also used these constraints in their study “Risk 

and Return in Commodity Futures” (1980) and we believe this contributes to the analytical part 

of our thesis. However, they were interested in the U.S. market and used the S&P 500 as the 

equity index.  

Statistical t-test and normality tests are performed on the optimal portfolios. Even though we 

have constructed many different portfolios, we focus our statistical tests on the returns of the 

optimal portfolios as these portfolios are the most interesting and important ones in our thesis. 

We use monthly returns where we rebalance every period. We assume no transaction costs. This 

strategy is also performed by Bodie and Rosansky (1980) but in smaller time frames.   

The portfolio returns are imported from Excel into the statistical data program SAS Enterprise 

guide. Each dataset include each country’s optimal portfolios, which means 6 sub-periods and 1 

for the entire period, 7 in total. We perform t-test and normality tests which also report skewness 

and kurtosis of the dataset. This will give us information about the behavior and distribution of 

the returns of the portfolios but most importantly if the means of the returns are significantly 

different form zero. This econometrics part will be further explained in the theory section.  
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6.2. Part 2 
A common message, from example Arnott and Bernstein (2002), is that historical returns do not 

explain future returns behavior. This is in line with the efficient market hypothesis which means 

that all information is already incorporated in the price and therefore there is no need to analyze 

historical returns in order to predict future performance (Fama, 1970). The challenge for 

investors holding commodity futures is therefore to develop a structure for how one should think 

about future returns. Although the theory disagrees, historical performance is used in practice 

and a first step to find the drivers behind commodity futures is using historical performance (Erb 

and Harvey, 2006).  

There are many investing strategies that investors use with the hope of outperforming the market. 

We are investigating four of these strategies which perhaps could be beneficial for investors. 

Since the previous used bull and bear periods would have been too long and foremost 

inappropriate indicators of future performance due to the characteristics of commodities, we base 

our weights on 1 historical year.  

Our investigation is based on the previous research by You and Daigler (2013) who investigate if 

portfolio performance can be improved by adding individual commodity futures in a mean-

variance framework. Their investigation is based on the research by Dye and Groth (2000) who 

apply an ex-post view on small sample equity portfolios. You and Daigler (2013) extend this ex-

post view to single commodity futures which is also done in this thesis.  The study is based on an 

ex-post portfolio, where the weights are determined by the optimal portfolio at time t, and 

applied to the average returns in time t + 1. We use this strategy to both investigate if the 

efficient market hypothesis hold, that is, if past returns cannot reflect the future and if portfolio 

weights at time t, will give a superior result to the equity index at time t + 1. The OMX30 and 

OBX25 are again used as benchmarks of the domestic stock market in their respective countries. 

As mentioned by You and Daigler (2013) there is a lack of research within this field of applying 

portfolio theory on commodity futures, hence part 2 in our research is foremost based on the 

work performed by You and Daigler in 2013.  

The different strategies used in part 2 are the ex-post optimal portfolio, the ex-post minimum 

variance portfolio, the equally-weighted portfolio and the ex-post equally-weighted risk 

contribution portfolio (ERC). The first strategy evaluated is the ex-post optimal portfolio. Since 
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we can only use historical data, we use the weights that we have calculated for the optimal 

portfolio in time t and apply these weights on the data at time t+1 and produce these “optimal t+1 

portfolios”. The second strategy is the minimum variance portfolio where the weights are based 

on the previous year’s performance. Perhaps the assets that had low variance last year will also 

keep low variance this year. The third strategy is the equally-weighted portfolio which does not 

need any knowledge about last year’s performance as no analysis is required. We choose to put a 

constraint on the equally-weighted portfolio of 60% stocks as the index includes 30 vs 25 stocks 

and therefore deserves a large part of the portfolio. Treating the stock index as one single asset 

and thus only give it 1/15
 
weight of the portfolio would be wrong since an investor is assumed to 

hold a stock portfolio which is about to be diversified with commodity futures. The remaining 40 

percent is equally invested in the commodity futures. An equally weighted portfolio exposes the 

advantage of diversification to a greater extent than the optimal portfolio, since all commodities 

are represented as an equal share (Erb and Harvey, 2005). The fourth and last strategy is also an 

ex-post strategy were the weights at time t will be used at time t+1. The Equally-weighted risk 

contribution portfolio is a rather new approach which Maillard et al. introduced in 2010. In their 

study they conclude this risk contribution portfolio to be a mix of the minimum variance 

portfolio and the equally-weighted portfolio and therefore the performance of this portfolio will 

always be somewhere in between these two. The idea of this strategy is that the risk of the 

portfolio should be evenly distributed amount the assets. Therefore the asset with the lowest risk 

contribution (standard deviation) will get the largest part in the portfolio. In the same way, the 

asset with the highest risk will get the lowest weight in the portfolio. In order to find these 

weights we have to look at past year’s standard deviation and then take the inverse of the 

standard deviation from this asset divided by the total. By taking the inverse of the asset divided 

by the sum of all inverse numbers, you will find the weight that the specific asset should have in 

the portfolio. To sum it up, we expect the weights to be approximately proportionally inverted to 

the level of their volatility (Maillard et al. 2009).     

The portfolios are compared to each other and benchmarked against the OMX Index and the 

OBX Index respectively. We experienced some problems with the Sharpe ratio regarding the 

inability to rate negative values. To overcome this problem, we followed the research by 

Arugaslan et al (2007) and used the Modigliani Risk adjusted Performance measure (M
2
) which 

is an extension of the Sharpe ratio. Arugaslan et al (2007) made their investigation on the US 



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 21 of 165 
 

market where they rated the 20 largest equity funds available on the market. Their investigation 

spanned over a five year period where the M
2 

ratio where calculated on an average over this 

period. We use this approach and calculate the ratio as an average over the entire period 1990-

2013. Further we also calculate the ratio for every year, in order to see potential differences 

during bear and bull markets. The M
2 

is presented in percentage form where the Sharpe ratio is 

adjusted to the “market risk”, in this case the standard deviation of the OMX/OBX Index. This is 

in line with Arugaslan et al (2007) who use the S&P500 as a proxy for the US market risk. The 

ratio has the advantage of a greater interpretation and ability to rate negative values.  

The different investment strategies are at the end of this part rated based on their standard 

deviation, expected return and M
2 

ratio which will together help us extend the analysis. 

Just as in part 1, we will perform statistical significance test on the portfolios included in part 2 

through SAS Enterprise guide. Again, we consider the t-test and normality tests in order to 

further evaluate if the results are trustworthy and the returns are significantly different from zero. 

Further on, information about skewness and kurtosis will tell us something about the shape and 

behavior of the returns. The efficient market hypothesis is tested on the OMX in order to check if 

we might find proof of inefficiency. We do this by create the first, second and third lag of the 

OMX returns and then regress the lagged returns on the OMX. To test the OLS assumptions, we 

test for heteroscedasticity in order to check if the variance in the error term depends on the 

lagged OMX variables. In order to trust the t-test of this regression we use the heteroscedastic 

corrected standard errors as well as the Newey-West HAC standard errors. The later test, which 

incorporates both heteroscedasticity and autocorrelation, needs to be coded in SAS with the 

following code: 

PROC MODEL DATA = OMXreturns; 

Endo OMX; 

Exog lagOMX lag2OMX lag3OMX; 

parms b0 b1 b2 b3; 

OMX = b0 + b1*lagOMX + b2*lag2OMX + b3*lag3OMX; 

fit OMX /gmm kernel=(bart,5,0) vardef=n; 
 

RUN; 
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We also want to check for autocorrelation which is why we use the Durbin-Watson test as well 

as the check for white noise.  

7. Literature review  
The revolutionary theory about diversification was first published in 1952 by Harry Markowitz 

in his article ”Portfolio Selection”. He argues that diversification of an investor’s portfolio is 

only beneficial if you combine high return with low risk. By simply adding many assets, you will 

not for sure gain higher return on your portfolio. It’s the combination of low correlation between 

the assets, high return and low risk that will be the most rewarding investment hence the 

portfolio that everyone should desire. Markowitz also introduces what is known as the “Efficient 

Frontier”, a curved line showing different possible combination of assets and its return and risk 

of that combination.       

Sharpe continues in this field of research and publishes his article “Mutual Fund Performance” in 

1963. He follows Markowitz idea of finding assets with high return and low risk and wants to 

develop the Treynor’s measure further.  He creates the reward-to- variability ratio, also known as 

the Sharpe ratio.  

The interest for commodities and their qualities as an investment alternative goes way back. 

Johnson (1960) was early within this filed and investigated the properties of coffee and how the 

spot and future prices were used in terms of hedging and speculating. The investigation 

technique is in modern standard quite modest and was performed through personal interviews 

with brokers. In his research he found that both speculative and hedging activities were existent 

and that the tangent portfolio could be improved by optimizing the market alternatives.  

 

The research that is done on the diversification effect of commodity futures is mixed and comes 

in different shapes. Ankrim and Hensel (1993) and Kaplan and Lummer (1997), to mention a 

few, conclude that an allocation of the commodity index GSCI to a portfolio provides a good 

diversifier for stocks and bonds in a modern portfolio framework. Froot (1995) finds in his study 

that the GSCI also could work as a hedge. He finds that adding the commodity index to a 

portfolio will result in benefits both as an initial hedge and after other real assets have been 

added to the portfolio.   
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Satyanarayan and Varangis study from 1996 “Diversification benefit of commodity assets in 

global portfolios” is one of the first studies that looks at the effect of including commodities in a 

portfolio comprising equity from both emerging and developing markets. Instead of investing in 

real estate, which is a similar inflation hedge as commodities, they argue that the commodity 

index GSCI which is exchange-traded should be preferred due to its liquidity. They conclude that 

the diversification effect, even if only a small percentage of GSCI is included, is beneficial. 

Gibson (2004) is one of many authors that praise the investment in many different asset classes, 

including commodities. He concludes after extensive research that Markowitz diversification 

theory still holds and works especially well for different asset classes. Diversifying among asset 

classes is a good way to reduce the volatility and increase the overall returns.    

 

Bodie and Rosansky (1980) studied how returns on commodity futures can be compared with 

returns on common stock. By using data from 1950- 1976 they compared the returns and 

variation in one diversified portfolio consisting of commodity futures and a second portfolio with 

common stocks, using the S&P 500 index. They find that the mean of the returns were similar 

for the two portfolios but also that the futures were doing well in years when the stocks were 

doing badly and vice versa. The reason for why the two portfolios tend to work in different 

directions is because of their negative correlation. They try different combination of the two 

portfolios and come to the conclusion that with 60% stocks and 40% commodity futures, the risk 

could be reduced by one-third while keeping the same return. This means that the common stock 

portfolio did not provide the minimum variance during this period, with the implication that an 

investor should mix its portfolio of stocks with commodity futures. They also find that 

commodity futures work as very good inflation hedge, something that many researchers have 

proved before and after this article.    

 

A slightly different result does Jensen et al (2000) get in their study. They also examine the 

returns of the commodity futures compared to stocks but from 1973 to 1997. They conclude that 

commodity futures are not good investments standing by their own as their returns are lower and 

risk higher in comparison to stocks. However, they do agree with Bodie and Rosansky (1980) 

that when mixing the two asset-classes, the futures add value. When optimizing the portfolio, 

meaning maximize the return to volatility ratio, the commodity futures were given substantial 
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weight. What is new in the study by Jensen et al (2000) is that they examine the monetary 

policy’s impact on the commodity futures returns. The result shows that during restrictive policy 

the commodity futures have high returns and low risk and therefore the weight in efficient 

portfolios was high. On the other hand, when the monetary policy was expansive the commodity 

futures performed poorly and had little or no weight in the efficient portfolios.   

 

A majority of the previous research acknowledge the diversification benefits by holding 

commodity futures.  Daskalaki and Skiadopoulos (2011) on the other hand states that commodity 

futures do not contribute to a more diversified portfolio, with the exception of the commodity 

boom during 2005 – 2008. Their investigation is made on the American market and spans over 

the period 1989 – 2009. This finding is also supported by Cao et al (2010) who investigate the 

potential benefits of commodity futures in a globally diversified portfolio. Their investigation is 

based on daily returns over the period 2003-2010, where they test the efficient frontier with and 

without commodity futures. They conclude that the effect of diversification is arbitrary low and 

that the returns from the investigated funds is not statistically significant different from zero.  

Anson (1999) writes in his article “Maximizing utility with commodity futures diversification” 

that a common perception in literature is that commodity futures may be too risky for the typical 

risk-averse investor. In his research he demonstrates that commodity futures, when considered in 

a portfolio context, are a valuable asset class for risk-averse investors. He benchmarks the 

commodity future to the commodity future index GSCI. Due to its excellent diversification 

potential over long periods of time, Anson (1999) finds that commodity futures have greater 

utility, the more risk-averse the investor.  

 

Gorton and Rouwenhorst (2004) investigate the qualities of commodity futures and construct an 

equally-weighted index covering the period between July 1959 and December 2004. They want 

to provide evidence of the long-term characteristics of an investment in commodity futures as an 

asset-class. They find that the commodity futures have provided high returns and relatively low 

risk (as measured by standard deviation). Actually, an investment in commodity futures has a 

slightly lower standard deviation than stocks. Since they also find that the distribution of the 

commodity futures returns are positively skewed relative to equity returns, they have less 

downside risk. These findings are further supported by Fabozzi et al (2008, p. 30-31) who 
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investigate the long-term distribution of commodity futures and finds evidence of a positive 

skewed distribution as well as positive excess kurtosis. It has been especially effective to 

diversify a portfolio of stocks and bonds with commodity futures, as these returns are negatively 

correlated over most horizons.  Gorton and Rouwenhorst (2004) provide two explanations for the 

negative correlation between commodity futures and the more traditional stocks and bonds. First 

of all, commodity futures perform better in periods of unexpected inflation, a time when stock 

and bond returns usually disappoint. Secondly, due to the characteristics of this asset class, 

commodity futures diversify the cyclical variation in stock and bond returns.   

 

Woodard et al (2011) evaluate the investment performance of a variety of futures contracts 

individually as well as a general index to shed light on which markets provide the most benefits. 

The authors argue that this component is absent in most studies. They use Goldman Sachs 

Commodity Index (GSCI), as well as nine individual commodities (crude oil, copper, gold, 

silver, corn, soybeans, wheat, lean hogs and live cattle). Each portfolio includes one commodity 

combined with the traditional portfolio containing stocks and bonds. The nine commodities were 

selected because they represent some of the most liquidly traded contracts the five commodity 

subclasses that comprise the GSCI. During the time frame of 1994- 2006 they come to the 

conclusion that oil is the single most important commodity because it contributes the most to the 

portfolio performance in all cases.  Long investments in copper, cattle and silver also 

consistently improve the portfolios, but to a lower degree than oil. The other commodities are not 

part of the optimal portfolios and do not increase the performance.    

 

Due to the limiting scoop of applied portfolio theory on individual commodities (Erb and Harvey 

(2006), You & Daigler (2010)), You and Daigler (2013) decide to examine whether it is 

beneficial to diversify a portfolio with individual commodity futures by using the Markowitz 

optimization model. Some researches do even investigate standalone single commodities and 

their performance over time. Emmrich and McGroarty (2013) investigate the performance of 

gold both as a real asset and as a mutual fund. Their findings indicate that gold has a low 

correlation with the US stock Index and that the performance of gold increased during the last 

financial crisis. As previous studies have mostly focused on equally weighted portfolios instead 

of generating optimal portfolios, You and Daigler (2013) provides an alternative way to examine 
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diversification and risk- return results by using the mean- variance optimization model. Looking 

at the risk and return, both on an ex-ante and ex-post basis, it is beneficial to diversify with 

individual commodity futures. The ex-post portfolios are obtained by applying the weights from 

the optimal portfolio at time t to the data at time t + 1. Their result shows that the potential Value 

at Risk (VaR) losses is smaller for these portfolios in comparison to otherwise traditional 

portfolios.  

 

According to Cheung and Miu (2010) there are several unresolved issues concerning the 

diversification benefits of commodity futures. They address some of these issues in their study 

“Diversification benefits of commodity futures”. The study is based on the US and the Canadian 

markets with data from 1970- 2005 where they compare the results between the markets but also 

analyze them individually. First, they show that the diversification benefit that is previously 

assumed does indeed exist and is statistically significant in the long run. They argue that 

previous studies rarely test their result to see if it is statistically significant. Secondly, they 

conclude that commodity futures behave in similar way as other asset classes but with the 

exception that when they experience low returns they also have low variance and vice versa. It 

could be mentioned that international equities often experience a negative return-variability 

relationship. It is also this analysis that lead Cheung and Miu to the conclusion that it is the 

infrequent periods of outburst in the commodity market that is the source of the long-run 

diversification benefits. However, these benefits decrease in a bearish commodity market, which 

in this study appears to be the norm. Third, their result show that when the US and Canadian 

stock markets are bearish and investors are in need of diversification, the benefits of commodity 

are vanished. Therefore they conclude that the common impression that commodity futures are 

an ideal stabilizing asset in time of bearish equity environment is violated and not true. Instead it 

is in the outburst of the commodity markets that the strength of improving performance lies. 

Forth, when comparing the two markets, US and Canada, they conclude that the diversification 

benefits may differ due to different domestic markets. Canada, who is known to be a resource-

based economy, seems to benefit less of adding commodities than what the US does. The 

diversification benefit of commodity futures can therefore not be seen as universal. Finally, they 

also conclude that the characteristics of commodity futures make it a good investment for 

conservative investors.    
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One of the most contributing articles regarding commodity futures in the last years is the article 

by Belousova and Dorfleitner (2012), “On the diversification benefits of commodities from the 

perspective of euro investors”. This paper investigates the diversification contribution of 

commodities to a portfolio of traditional stocks and bonds from the perspective of a euro investor 

during the period 1995- 2010. It differs from most previous studies in both the methodology and 

by the use of individual commodities. They convert the commodity prices from USD to Euro in 

order to eliminate the exchange rate influence. They study the individual commodity futures and 

their different behavior in bull and bear markets. By using statistical spanning tests, the 

conclusion is made that commodities still is a valuable investment due to the diversification 

benefit. The result shows that industrial metals, agricultural and livestock contribute to the 

reduction of risk. These commodities are therefore more appropriate for risk-averse investors 

who want to minimize the risk. Further on, energy and precious metals contribute to both the 

reduction of the risk and to improved return. Therefore these commodities are appropriate for 

both conservative and aggressive investors.  The contribution to the diversification benefit varies 

a lot across different commodities which are an important implication. As they find a difference 

between bull and bear markets they argue that investors can improve the portfolio performance 

by adding individual commodities. Moreover, they conclude that this result can be applied to 

both physical commodity as well as commodity futures.  

 

Chan et al (2011) contribute to the research within commodity futures by investigating the 

relationship between different asset classes through a tranquil regime and a regime defined by 

crisis. They use Markowitz framework in order to investigate the correlation between financial 

assets (stocks and bonds), commodities (gold and oil) and real estate. Their investigation is based 

on monthly return and the time series data span from 1987 to 2008. Stocks and bonds are 

represented by the S&P500 index and government bonds, oil and gold are represented by spot 

prices and the real estate market is represented by the S&P Case–Shiller Composite-10 home 

price index. Their result shows that during tranquil markets stocks, oil and real estate have a 

positive return with a low volatility and during times of recession bonds and gold outperform the 

other assets.  
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Clare et al (2014) have a different approach when investigating the performance of commodities 

and their contribution to an optimal portfolio. Their investigation is based on historical trend 

observations and the momentum effect, which accounts for the performance of a commodity in 

the previous period. Their data consist of the 28 most actively traded commodity futures on the 

market from 1992-2011. The indices are based on excess return and they find further evidence of 

commodities as a heterogeneous asset class, with different return patterns through times of crisis 

and upturns. Further, they find significant results that commodities as coffee and natural gas have 

a substantial higher return and volatility compared to the other commodities in the investigation.   

 

The observed low correlation between the assets is one of the arguments to why commodity 

futures are a great diversifier in a portfolio of stocks and bonds. Silvennoinen et al (2013) 

investigate how the correlation coefficient between stocks, bonds and commodities develops 

over time and how it is affected during different time periods. The evidences from this research 

are that the correlation coefficient is time varying and that some commodities have a stronger 

correlation with stocks during crises and therefore not a great diversifier during this time period. 

Gold may be one of the most known commodities that are suitable during bear markets. The 

research by Baur and McDermott (2010) extend this already investigated area by investigate the 

development of the gold price during the last financial crisis, and find further proof for this 

statement.        

8. Theory 

8.1. Commodity theory 
Commodities have several uses and can provide benefits as single investments for absolute 

return, provide a hedge against inflation, and as a diversifying asset in a traditional portfolio 

(Belousova and Dorfleitner, 2012). Commodities are broadly accepted as a separate asset class 

and are divided into two main categories, hard and soft commodities. These categories can be 

further subdivided as shown in figure 8.   



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 29 of 165 
 

 

Figure 8 - Source: Fabozzi et al (2008) p. 682 

Commodities differ significantly from the other assets classes in many areas. First, they are real 

assets, hence are primarily used for consumption and not as an investment alternative. Second, 

they have an intrinsic value and provide utility in either industry production or as a component in 

consumer goods. Finally, they are limited in supply, either due to seasonality in production or as 

a scarce resource. The asset class is not homogenous, hence it has no standardized quality. All of 

the subgroups have different standards and some of the subgroups characteristics differ 

substantially (Belousova and Dorfleitner, 2012). To qualify as a separate asset class the assets 

have to be similar and have a homogenous risk-return profile. Commodities are heterogeneous in 

their characteristics, but have a similar risk-return pattern, hence commodities qualify as separate 

asset class within a portfolio context. What further separate commodities from the other asset 

classes are that they are physical assets and can be consumed or transferred. They do also have a 

real value and do not provide any continuous cash flow as stocks and bonds. (Fabozzi et al, 2008, 

p.9) 
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8.1.1. The price of a commodity 

Fully-collateralized commodity futures have historically provided the same risk premium, return 

and Sharpe ratio as stocks and bonds (Gorton and Rouwenhorst, 2004). However, capital 

assets can be priced by the net present value method but commodities don’t provide cash flow 

streams, hence they are priced by a different scheme. Commodity prices are primarily 

determined by the demand and supply of the specific commodity at the global market. Since the 

price is determined globally, there should be no local differences between countries or regions. 

Further all commodities are denoted in US dollar, which means that non US investors are also 

exposed to fluctuations in the exchange rate. (Fabozzi et Al, 2008, p.90)  

 

Commodity futures are based on the current futures price and expectations of the future spot 

price.  The owner of the futures contract will earn a return when the spot price is higher than 

expected and make a loss when the spot price is lower than expected. That is, the investor is 

trying to capture the earnings from normal backwardation, by holding a long position in the 

underlying futures contract (Basu and Miffre (2013). Normal backwardation is however not a 

normal situation why long only position is a quite risky or non-profitable investment strategy. 

(Erb and Harvey, 2005)  The return on the futures position is highly correlated with movements 

in the spot price and the correlation is especially significant during periods of high volatility. 

Temporary volatility can be pronounced in the spot market, since many spot commodity prices 

exhibit seasonal fluctuations. Foreseeable seasonality does however not affect the futures returns 

because they are included when the market participants set the futures prices.  (Gorton and 

Rouwenhorst, 2004) Commodity prices swing in long cycles that range from 16-22 years. The 

price fluctuations can also be subject for a super cycle, which means that there is a high jump in 

the long term demand which gives a lasting increase of that specific commodity’s price. 

Commodities experience both bear and bull markets, however the majority are mean reverting by 

nature, which means that the price tend to revert to the price of production in the long run. 

(Fabozzi et al, 2008, p. 557) 

 

The price of commodities is strongly connected to the global inflation and an increase in the 

inflation will have a positive effect on the price movements. The price movements are 

impossible to impact in the short run, as a shift in the demand will have no immediate effect of 
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the price development, since the supplier don’t react instantly to the market. (Fabozzi et al, 2008, 

p. 54)     

8.1.2. Diversification  

Commodities have a long term low correlation with both stocks and bonds, hence they can 

provide benefits in terms of diversification in a traditional portfolio. There are several reasons 

why commodities are uncorrelated to traditional financial assets. First, they react differently 

against inflation, when inflation increase commodity prices increases while stocks and bonds 

react in the opposite direction and get a negative effect. There are also dissimilar expectations in 

the market for the different asset classes, which make them attractive as a hedge from the 

investors point of view. The final reason for the diversification effect is due to different behavior 

in the business cycle. (Gorton and Rouwenhorst, 2004) 

 

Correlation is time varying, hence the average correlation over a long time span is not 

representative for the commodity over all. The correlations coefficient can fluctuate from a 

positive to a negative value within a year, thus the portfolio needs to be rebalanced. Since 

commodities are a very heterogeneous asset class, daily price reaction can occur due to 

commodity specific factors, hence their performance both standalone and together must be 

reconsidered over time. According to You and Daigler (2013) correlation tends to be higher 

between commodities within the same category, for example Live Cattle and Lean Hogs both 

belongs to the animal agro-raw products and tends to follow the same trends. This implies that 

diversification will increase if commodities from different sub groups are chosen. A pure buy 

and hold strategy might increase the portfolio risk substantially, which is why a more active 

management strategy could be preferable. An active strategy makes it possible to extract the 

benefits from holding commodities by increasing or decreasing the weights of the respective 

commodities in the portfolio, depending on the situation in the market. Previous research shows 

that even though commodities are a heterogeneous asset class, they are affected in a similar way 

by macroeconomics factors, hence they can be a great hedge against stocks and bonds that react 

in a different way.  

8.1.3. Commodities and exchange rate 

Most of the traded commodities are denominated in US dollar, hence exporters, importers and 

traders outside the United States are exposed to movements in the exchange rate. The effect of a 
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volatile exchange rate goes beyond the investor’s risk and a movement in the exchange rate of a 

single commodity can have a substantial effect on the return both from the supplier and the 

buyer’s point of view (Belousova and Dorfleitner, 2012). When the US dollar is depreciating, the 

US dollar denominated commodity price will increase, since non US exporters will demand a 

higher price in return for the loss in the exchange rate. Since there is a lot of variables that are 

affecting the price movements it is hard to predict future prices for commodities. If the dollar is 

depreciating and the demand will increase further, commodity prices will continue on a high 

level, but if any of the variables changes so will the future price. (Fabozzi et al, 2008, p. 105)     

8.1.4. Commodities and Inflation  

Stocks and bonds are generally negatively correlated with inflation, hence their return are 

sensitive to periods of high inflation. Commodities on the other hand have in general a positive 

correlation with inflation, both expected and unexpected changes in the inflation rate. These 

properties make commodities a great hedge against periods with high inflation. (Jensen et al 

2000) However, not all commodities have these qualities, example Wheat and Silver have a 

correlation close to zero with inflation. Correlation is not time consistent and commodity futures 

return have a higher volatility relative to the inflation rate, hence the correlation is smoothed over 

time. (Gorton and Rouwenhorst, 2004) This implies that the long-term correlation capture the 

inflations properties to a greater extent than during a shorter time horizon. Investor must also 

have in mind that a historically high positive correlation between inflation and a certain 

commodity is no proof for a positive pattern in the future. (Fabozzi et al, 2008, p. 68-71)      

8.1.5. Commodities and the Business Cycle  

Within modern finance theory there exist two different kinds of risks, systematic and 

idiosyncratic risk. Idiosyncratic risk can be diversified by holding a portfolio with many different 

assets. Systematic risk however is known to be non-diversifiable since macroeconomic 

movements affect the entire market.  The non-diversifiable risk is associated with beta in the 

capital asset pricing model that corresponds to the risk within the business cycle. (Gorton and 

Rouwenhorst, 2004) Commodities are affected both by inflation and a changing demand, which 

gives indication of a cyclical behavior. In times of expansive economy were unemployment rate 

is low, wages are high and there is a strong consumer demand there is also a high inflation rate. 

A high inflation will as mention above in most case have a positive effect of commodity prices. 

An increased demand will also increase the demand for commodities which will enhance the 
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prices further. However, the inflation rate cannot rise in eternity and will be treated with a more 

tightening monetary policy and a higher real interest rate. This action will make investments 

more expensive and the expansion phase will peak. When the expansion phase is decreasing so 

will the inflation, and with a varying time lag so will the price of commodities. (Bjornson and 

Carter, 1997) Capital assets such as stocks and bonds have a negative returns in the beginning of 

the recession, the downward slope within the business cycle. Commodities on the other hand 

have a time lag before they react to the downward moving trend, which means that commodity 

futures can have a diversifying effect with respect to the systematic risk during different stages 

of the business cycle. In particular commodity futures perform well in the beginning of the 

recession where the other asset classes have a poor performance and vice versa. (Gorton and 

Rouwenhorst, 2004) The business cycle of commodities is however hard to predict since there 

is a lot of variables influencing the up- and downturns. Furthermore, the time lag for when an 

event will occur is inconsistent over time.  (Bjornson and Carter, 1997)     

8.1.6. Investing in commodities  

Commodities are traded by a number of financial instruments, which varies by risk and liquidity. 

One alternative is to invest directly in the physical good, but the storage problem might not be 

the best alternative for financial investors. (Fama and French, 1987) Instead commodity futures 

and commodity indices are preferred. (Fabozzi et al, 2008, p. 557)     

 

Futures are traded on an exchange or through a clearing house, were the underlying derivative is 

a real asset. The futures contract are standardized, hence they can be traded on a secondary 

market. This method makes it possible for investor to invest in futures without having the 

obligation of delivering the real commodity when the contract runs out. (Johnson, 1960) Before 

the date of delivery occur, the investor sells the contract and replace it with a new contract with a 

later delivery, thus the investor can maintain exposure to the commodity without taking actual 

delivery.  

 

A more passive strategy is to invest in commodity futures index, which offers a broad exposure 

to commodity asset classes or subsectors. The different indices are constructed mechanically and 

can either span over a broad range of commodities or have a more narrow approach with 

individual commodities. There are several investable indexes, which differ in both composition 
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and focus area. This makes it possible for an investor to find an index with exposure to the 

commodities that matches their preferences. One of the most common used indices is the total 

return index. (Erb and Harvey, 2005) 

 

Investors that have a passive investment in commodity indices should be aware of their exposure 

to a volatile market, risk of losses when commodity prices are falling and small appreciations in 

the long-term spot prices.  The downside of investing in commodity indices may however be 

offset by the positive aspects. (Fabozzi et al, 2008, p. 87-88)    The key is to find the right index 

for your portfolio where the composition and diversification is essential both with respect to each 

other, but also to the rest of the assets within the portfolio. Most of the indices have publicly 

traded commodity futures index contracts, which has the same qualities as the futures contract 

mentioned above. Other alternatives is to participate in an over the counter swap or investing in a 

commodity fund that is tied to different indices provided by fund managers. (Fabozzi et al, 2008, 

p.562)     

 

It is also possible to invest in an index that only follows a single commodity. The advantage of 

using a single index is that you capture all the potential upsides when the commodity is having a 

positive development and you can chose to only invest in the commodities that are suited for 

your investment strategy. The downside of using single commodities is that the investor is 

exposed to a potential higher risk and a lower diversification in the portfolio. (Fabozzi et al, 

2008, p.568) Some of the most traded commodities and their characteristics are explained below. 

The chosen indices are all sub-indices to the S&P GSCI commodity index and works as 

benchmarks for their respective market.      

 

S&P GSCI Gold – This index follows the COMEX gold future. Gold has always been one of our 

most valuable metals and the different currencies have historically been directly connected to 

their respective country’s gold reserve. Gold fulfill all the requirements for money functioning, it 

can be used as an exchange in a transaction, it comes in an arithmetic unit and the purchasing 

power do not weaken over time. Gold has the characteristics of being a stable investment when 

the rest of the market shows turbulence and has shown to be a great hedge against inflation. Gold 
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differs from other raw materials concerning the consumption, and almost 90 percent of the 

extracted gold mass is still in circulation. (Fabozzi et al, 2008, p.696-698)     

 

S&P GSCI Silver – Silver is the most common and comprehensive metal and is subject to the 

highest number of patents of all metals. Silver has had an active monetary role in history, but is 

today primarily used within jewelry and the industry segment. The supply comes foremost from 

mining and 90 percent of the production are concentrated to ten countries were Mexico and Peru 

have great market shares. The price trends are highly correlated with gold, but silver is more 

volatile than gold, since the price is affected both by value storage and the demand within the 

industry sector. (Fabozzi et al, 2008, p.698-670)     

 

S&P GSCI Copper – The annual supply is produced worldwide where Chile produces almost 35 

percent and 10 percent is produces from copper scrap. The building sector and electronic 

producer stands for the highest demand of copper. (Fabozzi et al, 2008, p. 702-703)     

 

S&P GSCI Wheat – Wheat is one of the most important agriculture-raw commodities in the 

world and stands for more than 20 percent of the worldwide calorie intake. Wheat has several 

uses, but the main part is used to produce flour. Wheat is like other soft commodities dependent 

on weather conditions and the geographical area where it is produced. Even though wheat is a 

significant commodity, only a fifth of the world production reaches the world trade market, the 

rest is consumed on the domestic market where it is produced. (Fabozzi et al, 2008, p. 706-707)     

 

S&P GSCI Corn – Corn do also top the list over important soft commodities. The primary use of 

corn is within animal breeding, but a great part is also used for production of food. As with 

wheat, the largest demand is within the countries that produces the most part, hence a great part 

of the production never reaches the international markets. (Fabozzi et al, 2008, p. 707)     

 

S&P GSCI Soybeans – Soybeans are used both within food production and as animal feed, but its 

use has also been discovered within the industry sector. The compressed oil from soybeans is 

used within a broad span that reaches from soaps to biofuel. Since the energy market is reaching 

after new areas and products the use of soybeans has got a lot of attention. Soybeans are one of 
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the most important soft commodities in the world trade and their weighting in raw material 

indices is often over represented compared to other commodities within agriculture. (Fabozzi et 

al, 2008, p. 707)     

  

S&P GSCI Coffee – Coffee is one of the most important international commodities. Coffee is 

divided into two subgroups, Arabica high quality beans and Robusta beans. The former is traded 

in New York and the second in London. The demand for coffee beans are increasing and many 

farmers are redirecting their production towards these plants, hence there is indications of a 

growing market. (Fabozzi et al, 2008, p. 707-708)     

   

S&P GSCI Cocoa – Cocoa is very hard to produce and can only be grown in the warmest zones, 

hence over 70 percent are cultured in West Africa. The demand for cacao is primarily from the 

sweets industry who accounts for 90 percent of the world’s harvest. (Fabozzi et al, 2008, p. 708)     

 

S&P GSCI Cotton – Cotton is an industrial Agro raw product that has a history of being used for 

more than 5000 years. Cotton is produces in more than 70 countries over the world and China 

and the United States are the most important cotton-producers. Cotton is like most croppers 

sensitive to weather conditions and seasonality dependent, thus the world supply can be highly 

affected of extreme weather conditions. (Fabozzi et al, 2008, p.709)     

 

S&P GSCI Lean Hog – Lean Hogs is slaughter ready pigs that have reach an average age of six 

months. When a pig reaches their optimal weight about 35 percent are reserved for the market 

and the rest processed as ham. Hogs are produced all over the world with China as both the 

leading supplier and consumer. The price of Hogs and Live cattle are also dependent on the price 

of the crops mentioned above, hence their price movements are to some extent correlated. 

(Fabozzi et al, 2008, p 701)     

 

S&P GSCI Live Cattle – Live Cattle describes cattle that weight an average of 1200 pounds and 

are ready to be slaughtered. Cattle are bread on all continents and the main producer and supplier 

is the United States.  Live Cattle have historically performed steady with an average positive 
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return and relatively low volatility and have had a Sharpe ratio that is comparable with US 

stocks.  (Fabozzi et al, 2008, p. 710)     

 

S&P GSCI Crude Oil – Crude Oil is a heterogeneous commodity with over 250 different types of 

Crude Oil that differ in both quality and sulphur content. Crude oil is the most traded raw 

material in the world, but the supply for oil differs from other raw materials due to a partial 

monopolistic market. The Market is dominated by the OPEC cartel, which was founded in 1960 

by six member states. Today, OPEC has 12 member states and controls almost 40 percent of the 

entire market supply, hence they have a vast influence over the price and production of crude oil 

at the market. The demand for crude oil is increasing every year and has risen by 20 percent in 

daily demand since the beginning of 1980. The market for Crude Oil is very volatile and research 

has shown that almost 95 percent of the world supply is already found, hence the oil price will 

increase further in the future. (Fabozzi et al, 2008, p. 582-584) The oil price has increases 

substantially the last decade, the upward curve has only been disturbed during the IT-crisis in the 

beginning of 2000 and the financial crisis in 2008.    

 

S&P GSCI Natural Gas – Natural gas is a byproduct of crude oil, hence they share many similar 

characteristics. Natural gas is developed above Crude Oil and do also differ due to where it is 

extracted. It is limited in its supply and researches are estimating that this commodity only will 

last for approximately 60 more years. (Fabozzi et al, 2008, p. 584-585) 

8.1.7. Bull vs Bear market 

The cycle in the equity market is commonly described in terms of bull and bear markets. The 

bull and bear markets describe the long term conditions in the financial market, were the bull 

market is the upward sloping trend and bear market the downward sloping trend. There exist 

daily volatility in the market, but the market is always in a bear or bull trend. The different trends 

can last for several years before they peak and take the opposite direction. The minimum period 

to classify as a trend is 3-6 months and the duration of previous trend is no indication of how 

long the next trend will last. (Pagan et al, 2003) Commodities and stocks have different path in 

the business cycle, hence the differentiation between bear and bull markets reveals that investors 

can enhance the portfolio performance by changing exposure to individual commodities during 

times of recession and appreciation. (Belousova and Dorfleitner, 2012) 



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 38 of 165 
 

8.1.8. Evaluation of commodity investing  

The objective of adding commodities to a diversified portfolio is to increase the effect of 

diversification, which is a higher return and lower volatility. One way to evaluate the potential 

benefits of commodities is to use portfolio optimization and create the portfolios efficient 

frontier with and without the investment in commodities. (Fabozzi et al, 2008, p. 35) 

Commodities are primary traded as futures and according to Levy (1987) purchasing and selling 

futures is similar to purchasing and selling stocks, thus portfolio theory is also applicable to the 

futures market.  

 

8.2. Modern Portfolio Theory  

One mayor issue for investors is how to combine and allocate their wealth between different 

assets. The role of diversification is well known, but the first theory within finance was not 

established until 1952, when Markowitz presented his framework “mean-variance portfolio 

theory”. (Bodie and Rosanski, 1980) The framework was developed to find the optimal portfolio 

and is based on the principles that investors want to maximize their return and minimize the 

variance of their investment. The optimal portfolio according to Markowitz is the value weighted 

portfolio that includes all risky assets, that is the market portfolio. (Dye and Groth, 2000) The 

framework requires information about the covariance matrix and mean return from the asset, 

which is unknown, hence the model needs to be estimated on historical data. Further, the method 

is limited as a single-period model, but is still the most common method used today. (Kan and 

Zhou, 2007)  Markowitz research directed a lot of attention towards the role of diversification 

and the advantage of a great dispersion of the portfolio. By diversifying the portfolio an investor 

can reduce, but not eliminate the portfolio risk. (Markowitz, 1952) When constructing or 

rebalancing a portfolio, the different securities should not be considered as single assets. Rather 

the assets covariance and contribution of risk reduction to the entire portfolio should be 

considered, due to the relationship between return and variance. (Rubinstein, 2002) Sharpe 

(1966) developed Markowitz’s theory further and extended the model to a more applicable 

approach. Markowitz model uses a portfolio consisting of only two assets, while Sharpe uses 

multiple assets, hence it is easier for investors to implement in a real situation. 
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The Markowitz mean variance framework is based on several simplifying assumptions. First, the 

investor is primarily interested in optimizing the portfolio as explained above. The assets returns 

are normally distributed, the correlation between the assets is fixed and constant and the 

volatility of the assets is known. All investors are rational and risk averse and they are assumed 

to maximize their current economic utility. All investors have access to the same information at 

the same time and have an accurate conception of possible returns. There is no transaction cost 

and considerations are not given to any tax liabilities. The investors can not affect the price of the 

investment and all assets are available in any wanted size or percentage share. Lastly, all 

investors are free to borrow or lend unlimited to the price of the risk free rate. (Markowitz, 1952)   

 

The portfolio with the highest expected return is most likely not the one with the lowest variance. 

An investor has the opportunity to gain expected return by increasing the variance, or reduce the 

variance by sacrificing expected return. (Markowitz, 1952) The opportunities available to an 

investor can be evaluated by constructing different combinations of portfolios and investigate the 

risk-return relationship. The combinations of portfolios forms a hyperbola, were the upper curve 

is named the efficient frontier and is a 

part of the investment opportunities. 

The efficient frontier starts at the 

“minimum-variance” portfolio and 

consist of different portfolios that are 

considered to be efficient. A portfolio is 

efficient when the return is maximized 

given the portfolio variance or standard 

deviation. (Benninga, 2008, p. 250) The 

portfolios that are places below the 

minimum variance portfolio are  

Figure 9 - Source: Own Production 

inefficient, hence there is a portfolio with the same variance, but a higher expected return 

positioned directly above it. (Bodie et al, 2011, p. 239)   
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In order to create the efficient frontier, you can use Proposition 2 from Benninga (2008, p. 250) 

who states that “The Efficient Frontier is the set of all convex combinations of any two efficient 

portfolios”.  That is, if portfolio x and y are efficient portfolios and α is a constant, then portfolio 

z is also an efficient portfolio. 

                                                                      [

           

           

 
           

]  (3) 

        

Where 

α = a constant multiplied by the respective portfolio weights 

  = portfolio 1 

y = portfolio 2 

All of the different portfolios are based on return, the covariance and the correlation. These 

parameters will be explained in the first part, followed by the different portfolios.    

8.2.1. Log normal return 

The calculation of stock returns is crucial, since it is one of the most important parameters of 

investors and it lays the foundation for further interpretations. Future Stock prices are uncertain 

and so is the distribution of the stock returns. To be able to use the raw data from historical stock 

prices as input one can the use log normal return, which assumes that “the natural logarithm of 1 

plus the return from holding a share from t to        is normally distributed” (Benninga, 2008, 

p. 492). This assumption is important since most of the classic statistics used in this thesis 

presumes normality. The log normal return is continuously compounded and will always be 

smaller than discretely compounded return, but the difference is usually not significant. 

(Benninga, 2008, p. 258)  

                                                                          (
      

        
) (4) 

The asset return is then calculated as the average over a given period and the portfolio return are 

calculated as the asset return and the given weight in the portfolio. (Bodie et al, 2011, p. 227)     

                                                                                  ∑            (5) 



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 41 of 165 
 

∑  

 

   

Where 

  = the return of the   : th asset 

   = the weight of the   : th asset with respect to the entire portfolio 

8.2.2. Covariance Matrix 

The covariance matrix is required in order to calculate the efficient portfolios of stocks and 

commodities. The matrix can be calculated with several methods, but the most common one is 

the sample variance-covariance matrix, which is also used in this thesis. The matrix is 

symmetric, where the elements on the main diagonal give the variance and the elements off the 

main diagonal gives the covariances. (Gujarati and Porter, 2008) The covariance is as mentioned 

an important parameter within portfolio optimization, thus the accuracy of input data is essential. 

A large sample is preferable when estimating the covariance matrix, since small sample 

problems occur unless the historical observations is at least one order of magnitude larger than 

the number of assets. (Ledoit and Wolf, 2003). The portfolio weights in Markowitz mean 

variance framework are a function of two parameters, which is the vector of expected return of 

the risky assets and the inverse covariance of the covariance matrix of this returns (Kourtis et al, 

2012). The input for the matrix is the continuously compounded returns of the index and 

commodities. The calculation of the covariance is optimized by using VBA in Microsoft Excel, 

see code in Appendix XXV.  (Benninga, 2008, p. 297-298) 

                                            Covariance Matrix =    [
  

     

   
      

 
] (6) 

Where 

  
  = the variance of asset i 

   = the covariance between asset n and asset i 

8.2.3. Variance and Standard Deviation 

Risk is an essential parameter within Portfolio Theory and investors are primarily interested in 

the likelihood of deviations from the expected return, that is, the volatility of the assets. The risk 

is measured as the variance which is the squared deviations of the expected return or the standard 

deviation. (Bodie et al, 2011, p. 157)     
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∑      ̅   

   
  (7) 

Where 

   = the return of the asset i 

 ̅  = the mean return of the asset i 

  = the number of observations in the sample 

 

The standard deviation is the square root of the variance and is presented in percentage units, 

hence more intuitive. 

                                                                               √
∑      ̅   

   
  (8) 

The portfolio variance with two risky assets could be calculated with the following equation;  

                                                             
      

   
     

   
                 (9) 

When the number of assets in the portfolio increases, so does the parameters within the equation, 

thus it is helpful to use matrix calculations. Portfolio Variance of multiple assets; 

 

                                                                               
       (10) 

 

                                       
   [      ]   [

  
     

   
      

 
]   [

  

 
  

] (11) 

  = the column vector, encloses the different weights of n assets 

S = is the covariance matrix 

    the transpose of the w matrix. 

The calculations can be optimized by using Visual Basic Add-in in Excel. (Benninga, 2008, p. 

291-297) 

8.2.4. Covariance and Correlation  

The covariance is a statistical measure that quantifies the covariation between assets. A positive 

covariance means that the compared assets rate of return moves in the same direction, and a 

negative covariance means that the assets move in opposite directions.   

                                                    (     )    (    )             (12) 
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The correlation coefficient is an extension of the covariance equation and describes the linear 

relationship between assets. The relationship is describes by a pure number and varies between 

±1. Assets with a correlation of +1 have a perfect positive correlation and assets with a 

correlation of -1 have a perfect negative correlation. (Bodie et al, 2011, p. 229) Neither 

correlation nor covariance is time consistent, assets might be positively correlated during one 

time period and negatively correlated during the next. This implies that portfolios that are 

constructed based on correlation or covariance needs to be rebalanced over time in order to take 

advantage over changing market conditions. (Chan et al, 2011)  

                                                               (    )   
    (    )

    
 (13) 

8.2.5. Diversification  

When investing in assets the investor will face two different kinds of risk, one is the systematic 

risk and the other one is the unsystematic risk. The unsystematic risk is firm or industry specific 

and is linked to unforeseeable events that do not affect the entire market. (Gup, 1977) The 

unsystematic risk can be reduced or even eliminated by diversification, hence therefore there 

exist a positive relationship between return and systematic risk, which is the risk premium. If you 

hold a portfolio with only one asset, the risk of the portfolio is equal to the assets variance. The    

risk can be reduces by introducing more assets to the portfolio, as long as the correlation between 

them is low. The effect from diversification increases as the number of assets is introduced to the 

portfolio and a proper diversification strategy can reduce all unsystematic risk. Some assets have 

a very low historical return and some may even be lower than the risk free rate of return. At first 

it might not seem attractive to incorporate this asset in the efficient portfolio due to a negative 

risk premium. However, Lintner (1965) shows that even though risky assets are outperformed by 

risk free assets, they can add value to the portfolio if they are negatively correlated with the other 

assets in the portfolio. The remaining risk is called the market risk and is macroeconomic risk 

factors that affect the entire market. (Bodie et al, 2011, p 246.)   

8.2.6. Minimum- Variance portfolio 

The minimum-variance portfolio is based on the mean-variance portfolio where the objective is 

to achieve the lowest variance possible. The minimum variance portfolio shows the benefit of 

diversification, since the variance of this portfolio is lower than any of the individual asset. A 

reduced variance is possible to reach if the assets are not perfectly correlated. The minimum 
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variance portfolio exhibits a market beta that is smaller than one, this implies that the portfolio 

will underperform relative to the market portfolio during bull markets and will outperform the 

market portfolio during bear markets. (Scherer, 2011) In order to obtain the efficient portfolio the 

variance needs to be subject to the minimization problem were the variance is the lowest possible 

given an expected level of return. (Bodie et al, 2011, p. 232)   

                                                       ∑ ∑                      (14) 

Subject to     

∑           

   

 

∑  

 

   

As the number of assets in the portfolio increases the calculatiuon are optimized by using matrix 

calculations. 

8.2.7. Tangency Portfolio 

The tangency portfolio is also known as the optimal portfolio and is as the minimum variance 

portfolio sprung from the mean-variance framework by Markowitz (1952). The optimal risky 

portfolio is a combination of risky assets that gives the best risk-return trade-off. The portfolio 

lies on the efficient Frontier were the Capital Market Line tangent the efficient frontier. This 

portfolio has the steepest slope, hence the highest return-to-volatility ratio. The weights for the 

optimal portfolio can be found by maximizing the slope, which is done by optimizing the Sharpe 

ratio. The ratio is calculated as excess return on the standard deviation, where the excess return is 

calculated as average return subtracted by the risk free rate.   (Sharpe, 1966)  

                                                                           
        

  
 ,            (15) 

Where 

   = portfolio return 

   = risk free rate 

∑      

The weight must sum to 1, since we require that the investor is fully invested in the portfolio. 
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8.2.8. Equally- weighted portfolio 

The use of an equally weighted portfolio can be related back to around the fourth century when 

this way of allocation was recommended in the Talmud. Rabbi Isaac bar Aha said “A man 

should always place his money, a third into land, a third into merchandise, and keep a third at 

hand” (Benartzi & Thaler, 2001).  Markowitz reported that he used a similar rule himself for 

psychological reasons. He believed that by diversify the portfolio with 50 percent stocks and 50 

percent bond he would not regret his choice in the future (Zweig, 1998). This way of dividing the 

all the assets in equal weights (1/n) can be seen as too easy and simple way of allocating a 

portfolio but it has actually proof of being very successful (Maillard, Roncalli, & Teïletche, 

2010). The equally-weighted portfolio is a more reliable choice than the optimal portfolio in 

practice because it does not rely on excess returns and it is not sensitive to any variables or 

estimates. It is also proved to be better than the minimum variance portfolio as this one tend to 

be too concentrated in a few assets while the equally-weighted is very spread out (Maillard et al., 

2010). According to DeMiguel and Nogales (2009) it is well known that equally-weighted 

portfolios in practice often outperform the mean-variance portfolios. Optimization with the 

mean-variance framework can often produce weight in assets that are extreme or non-intuitive in 

the portfolio (Black & Litterman, 1992). This does not mean that the theory is wrong, just that it 

needs some modification before practically applied in order to gain reliability and robustness 

with respect to estimation errors (Kolm, Tütüncü, & Fabozzi, 2014).   

 

There are two ways that could potentially make the equally-weighted portfolio costly in the sense 

of performance. The first one is that investors might choose a portfolio that is not on the efficient 

frontier. However, this cost is assumed to be very small as a well-diversified portfolio should be 

reasonable close to some point on the efficient frontier (Benartzi & Thaler, 2001). The second 

potential cost is that an investor might end up with an inappropriate point on the efficient frontier 

which means a point which result in an inefficient portfolio. This cost could potentially be quite 

significant (Benartzi & Thaler, 2001). Another drawback is that the equally-weighted portfolio, 

although its diversification in weights, is not diversified enough in risk contribution. Often a few 

assets contribute to the most part of the portfolio’s risk (Maillard et al., 2010).  
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8.2.9. Equally-weighted risk contribution portfolio  

Maillard et al (2009) analyze another heuristic approach which is a mix between the minimum 

variance portfolio and the equally-weighted portfolio, called the equally-weighted risk 

contribution portfolio. They consider this approach as a minimum variance portfolio with a 

constraint of keeping the risk equally distributes among the assets. Having these features, they 

also show that the volatility of the equally-weighted risk contribution portfolio is right in the 

middle between the equally weighted portfolio and the minimum variance. They conclude the 

equally-weighted risk contribution portfolio to be an attractive alternative in comparison to the 

other two as it could be a good trade-off between the other two in the sense of risk, risk 

budgeting and diversification. Fernholtz et al (1998) have shown that by diversify the risk among 

the assets in the portfolio, the return can be improved.   

 

There are clear similarities between the ERC (also called risk parity) portfolio and the equally-

weighted portfolio. The main difference is that equally-weighted portfolio allocates capital 

evenly among the assets while the risk parity portfolio allocates the total risk evenly among the 

assets. Even though the ERC portfolio is easy to interpret and explain, it can be rather difficult to 

construct when additional constraints are used. Only the specific case when there is a long-only 

constraint with no additional constraints, the calculation is rather uncomplicated (Kolm et al, 

2013). We will only consider the long-only constraint in this thesis also because most investors 

cannot take short positions. Moreover, since we want to compare the equally-weighted risk 

contribution portfolio to the other portfolios, it is important to keep similar constraints in order to 

analyze the result in the right way (Maillard et al, 2009).  

      

Measuring the risk contribution of individual assets in relation to the total portfolio risk is one of 

the most important concepts in portfolio management (Kolm et al, 2013). There are many 

different ways of doing this. Only in the article by Maillard et al (2009) they present several 

different approaches to calculate the risk contribution. To sum it up, the theoretical results show 

that assets will get a weight roughly proportionally inverted to the level of their volatility. The 

higher the volatility of an asset, the lower its weight in the equally-weighted risk contribution 

portfolio is. In the same way, the lower the volatility of an asset, the higher will its weight be in 

the portfolio.    
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8.2.10. Sharpe ratio  

The Sharpe ratio or reward-to-variability ratio as it was originally called by the author is a 

measure that compares the attractiveness of assets due to its historical performance (Sharpe, 

1966). The numerator shows the excess return, thus the reward of holding the asset. The 

denominator shows the standard deviation for the asset, thus the risk of holding the asset. 

Naturally, you want as high ratio as possible meaning that you get rewarded as much as possible 

for the risk you are taking. The formula for the Sharpe ratio is; 

                                                             
   ̅     

  
      (16) 

This ratio has due to its simplicity and usefulness been highly used in portfolio management and 

asset allocation since it was first introduced in 1964 by William F. Sharpe. In a study from 1981 

Korkie and Jobson (1981) conclude that the Sharp ratio has better qualities than the similar 

Treynor measure and also that it is a powerful measurement although moderately large amount 

of sample is necessary to make it reliable. Sharpe ratio can be used as an analytical tool in order 

to evaluate the optimal result of the tangency portfolio and among different portfolios (You, L. 

and Daigler, 2012). While the Sharpe ratio is admittedly simple, it is used in this thesis for its 

transparency and because of its popularity in the industry and related work (Woodard et al, 

2011). 

8.2.11. Modigliani Risk adjusted Performance measure (M2) 

The Sharpe ratio is the most common measure of risk-adjusted return within the field of finance. 

However, the Sharpe ratio is somewhat difficult to interpret when you get negative outcomes 

(Araguslan et al, 2007). Modigliani and Modigliani (1997) have developed an alternative 

measure of risk adjusted performance that is an extension of the Sharpe ratio where the market 

portfolio is used as a benchmark. As seen in formula 17 it is simply the Sharpe ratio times the 

market risk plus the risk-free rate. The advantage with this measure is that the performance is 

measured in percentage units and tells by how much the portfolio outperforms or underperforms 

the market.  The benchmark portfolio used by Modigliani and Modigliani (1997) and Araguslan 

et al (2007) is the S&P500.  

                                                                        
   

  ̅      

  
          (17) 

Where 

   = the standard deviation of the benchmark portfolio 
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8.3. Econometrics Theory 
Having a large sample of data that you base your results on, it is important to conduct different 

types of statistical tests in order to know if you can trust the result, or if it exist issues. Also, 

these tests will generate valuable information about how the data behaves, is distributed and 

nevertheless if the estimated mean is significantly different from 0.  

8.3.1. OLS assumptions 

The foundation of econometrics lies in the classical linear regression model (CLRM). In order to 

justify the result of a regression, we must also make sure that the seven assumptions for CLRM 

hold (Gujarati and Porter, 2009, p.61-68). These are presented below: 

1. The linear regression model has to be linear in the parameters. However the variables can 

be linear or nonlinear. This means that the regression has to look like: 

             , where u is equal to the error term 

2. The X variable (if not fixed values) and the error term    has to be independent, which 

means that the covariance between them is equal to 0.  

3. There is no effect from Xi on the error term. Written as      |     . Or if X is 

nonstochastic, then        . 

4. Homoscedasticity, which means that the variance of the error term does not depend on 

the X variable.    

5. No autocorrelation, which means that the observations are sampled independently. There 

is no pattern of correlation among the disturbances.   

6. The number of observation have to be greater than the number of parameters/explanatory 

variables.  

7. The X values in the sample cannot be all the same.  

Our data consists of time series which is a particular type of data that creates several challenges. 

First, a dataset must be stationary, which can be found by scatter plotting the observations 

(Gujarati and Porter, 2009, p.737). However, since we are working with returns, we already 

know that the dataset does not follow any trend but is mean reverting and stationary.    

We will focus on four different types of tests: t-test, normality test, autocorrelation and 

heteroscedasticity.  
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8.3.2. T- test 

Before performing the t- test we need to have a hypothesis which we will base our formula on. In 

our case we will have the following hypothesis: 

H0: The mean of the estimate is = 0, with the alternative hypothesis H1: the mean is ≠ 0.  

This means that we have a two-sided test; hence our t-value can be both negative and positive, 

testing if the returns are significant different from 0 (Gujarati and Porter, 2009, p. 118).  

The t-statistical test formula is: 

        
 ̂    

     ̂  
     (18) 

Translated into our thesis the formula will be: 

        
      

                          
    (19) 

The mean and standard error is available through the SAS data program or can be computed 

using the following formula: 

     
∑  
 

     (20)  

 Where r= return at time i, and N= total amount of periods. 

                                                                                           
  

√∑  
 
    (21) 

It means that the standard error is an estimator of the standard deviation of the sampling 

distribution (Gujarati and Porter, 2009, p.69).  

The t-value can either be compared to the critical value of a two- sided test (+/- 1.96 at the 5% 

significant level) or you may compute the p-value, both will give the same result (Gujarati and 

Porter, p.115).  

If ǀtǀ > critical t α/2 then we reject the null hypothesis that the mean is = 0. Alternatively, if ǀtǀ < t 

α/2 then we cannot reject the null hypothesis that the mean is = 0 hence it is possible that the 

mean is 0. If we only want to have a 5% probability of rejecting H0 if it is actually true, then we 
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say our significance level is 5%. If we choose a 10% significant level, our critical value will be 

lower in absolute terms (+/- 1.64) (Gujarati and Porter, 2009, p.117). If instead of comparing the 

t-value to the critical value, you want to compute the p-value, you reject the hypothesis at the 5% 

significant level if the p-value is less than 0.05 and at the 10% level if the p-value is less than 0.1 

(Gujarati and Porter, 2009, p. 117).    

8.3.3. F-test 

F-test is a joint test which is applicable in regression models where we have more than one 

variable. The null hypothesis is that the all the coefficients of the variables included are equal: 

               

The alternative hypothesis is that this is not true; hence the coefficients differ between the 

included variables. (Gujarati and Porter, 2009, p. 237) 

8.3.4. Normal distribution 

The probability distribution that you most often come across in econometrics is the normal 

distribution. A continuous random variable is normally distributed and has a bell-shaped form as 

in the graph displayed in figure 10 if its probability density function is:  

                                                            
 

 √  
       

 

 

      

   ),                          (22) 

       

It has a mean of µ and variance σ
2
 which is symmetric around its mean. Another property of this 

distribution is that approximately 95% of its probability lies between µ-2σ and µ+2σ in a so 

called 95% confidence interval. As the normal distribution is symmetric its skewness is zero and 

it has a kurtosis of 3 as seen in the graph.  If a variable is normal distributed, then you can 

compute the probability that it exceeds a special value or decrease to a special range. The normal 

distribution is denoted X ~ N(µ,σ
2
) where the ~ stands for “distribution as”, N stands for normal 

distribution and the parenthesis include the mean and variance. (Gujarati and Porter, 2009, 

p.816-817).   

One way of understanding the distribution of a dataset is naturally to look at the distribution 

histogram and plot but there are also several tests. A simple test of normality is the Jarque-Bera 

(JB) test of normality. The underlying logic is that the skewness and kurtosis cannot depart from 

0 and 3 respectively, in order for the sample to be normally distributed. The formula for the test 

is the following: 
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     [
  

 
 

      

  
]                   (23) 

Where S is the skewness and K is equal to 

kurtosis. JB use the Chi-square statistic 

with 2df (Gujarati and Porter, 2009, p.132).  

The Chi-square distribution is a right-

skewed distribution but as the number of 

degrees of freedom increases, the 

distribution becomes more and more 

symmetrical. There are more normality 

tests available, for instance the Shapiro- Wilk test (W), Kolmogorov-Smirnov, Cramer-von 

Mises and Anderson-Darling. These will not be explained in detail but they have the common 

factor that when the p-values are lower than 0.05 we can reject the hypothesis that the sample is 

normally distributed (SAS A, 2014). It is recommended to use several tests on the same dataset 

as well as plot since they might indicate different result (SAS A, 2014). When the sample size is 

large, a tests ability to reject the null hypothesis of normal distribution increases because 

increasingly smaller departures from normality can be found and it is therefore extra important to 

check different sources such as the tests mentioned above, skewness, kurtosis and plots. 

Especially, the Shapiro-Wilk test is not available for sample >2000 (SAS A, 2014).  

8.3.5. Skewness and Kurtosis 

In order to investigate the shape of the probability distribution we need the third and fourth 

moments of a distribution. The third moment is helpful when you want information about the 

symmetry of the distribution around its mean, specifically called skewness. The fourth moment 

can instead be helpful when you want information about the flatness of the distribution, 

specifically called kurtosis (Gujarati and Porter, 2009, p.815). They are specified in the 

following way: 

                      (24)            
       

                 (26) 

                       (25)           
       

[       ] 
              (27) 
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Normal distribution 

Figure 10 – Source:  Own Production 
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Figure 13 –Source:  Own Production 
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Positive Skewness 

Figure 12 – Source: Own Production 
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Kurtosis 

Leptokurtic Mesokurtic Platykurtic

Figure 11 and 12 present positive versus a negative skew. The skewness can be both negative 

and positive but in order for the variable to be completely symmetric the skewness needs to be 

zero. If we are looking at returns from stocks, commodities or other types of assets, an investor 

naturally would prefer positive skewed returns. Kurtosis is the measure of the peak of a normal 

distribution. The value of kurtosis indicates how high the normal distribution is of the mean. The 

normal distribution is called Mesokurtic and has a kurtosis of 3. In the case of positive kurtosis 

(leptokurtic) the kurtosis takes values > 3 and means that the distribution has long tails and a 

higher peak. Negative kurtosis (platykurtic) takes values < 3 and means instead that the 

distribution has fat tails and is flatter than the normal distribution.  Kurtosis is presented in figure 

13. (Gujarati and Porter, 2009, p.815-816) 
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Negative Skewness 

Figure 11 – Source: Own Production 
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8.3.6. Heteroscedasticity 

Before discussing the implication and possible problems with heteroscedasticity we must first 

understand what type of regression we are applying it to in this thesis. To check for 

heteroscedasticity in a data sample of returns, we assume that the return in period t is affected of 

the return in period t-1:  

                                                                                     (28)  

Where         = X and   = the error term. 

The errors are homoscedastic if the variance of the error term does not depend on Xi. 

Heteroscedasticity can therefore be explained as when the variance of the error term depends on 

X, hence is not constant (Gujarati and Porter, 2009, p.365). If heteroscedasticity is current the 

OLS estimator can still be linear and unbiased but no longer BLUE (best linear unbiased 

estimator) (Gujarati and Porter, 2009, p.371). By using estimates that are heteroscedastic, the t- 

and F-tests based on these estimates can be misleading as the confidence intervals can be 

unnecessary large. It is possible that what seem to be statistically insignificant are in fact 

significant, hence our conclusion can be wrong (Gujarati and Porter, 2009, p.374).  

If we have homoscedasticity the variance of (ui ) =  2 for all i . So the variance around B1 is:  

              ̂    
  

∑  
      (29) 

If we have heteroscedasticity the variance of (ui ) =  i
2 for all i . In this case the variance around 

B1 is the same as the equation above but it can be estimated as:  

            ̂    
∑  

   
 

(∑  
 )

     (30) 

In order to detect if the model has heteroscedasticity, we can use the “White’s general 

heteroscedasticity test” which does not rely on the normality assumption and is rather easy to 

apply (Gujarati and Porter, 2009, p.386-387). Given model 28, we can create the following 

auxiliary regression based on the squared residuals and find the R
2
.  

      ̂ 
                      

        (31) 

Where  ̂ 
 
 is the squared residual from model 28 and    is the new error term assumed to fulfill 

the OLS assumptions.  

 

We test the following hypothesis:  
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H0: Homoscedasticity   H1: No homoscedasticity (Heteroscedasticity) 

 

When the null hypothesis holds, the sample size multiplied with the R
2
 (n * R

2
) follows the chi-

square distribution with degrees of freedom equal to the amount of variables in the regression 

(not taking the intercept into account). If the chi-square value exceeds the critical value at a 

specified level of significance (usually 5%) the null hypothesis can be rejected and we therefore 

have heteroscedasticity (Gujarati and Porter, 2009, p.387).    

 

The R
2
 is a goodness of fit measurement of a regression which takes vales between 0 and 1. It 

explains how much of the variance of the model that is explained by the variance in the 

variables. In that way it is possible to find out if the variables chosen actually explain the Y. 

However, there are shortcomings with the measure, such as when adding more variables, the R
2
 

always increase even though the regression is not improved (Gujarati and Porter, 2009, p.493). 

This short coming is fixed by the adjusted R
2
 which include a penalty for adding more variables. 

Heteroscedasticity arises in many econometric applications. Generally, the economic theory 

points towards errors to be heteroscedastic (Stock and Watson, 2012, p.203).     

If we have trouble with heteroscedasticity, then the OLS estimators are still consistent but the 

standard errors are not. The practically implication is therefore to use the White’s 

heteroscedasticity corrected standard errors also known as robust standard errors, or even better, 

the Newey- West HAC standard errors which takes both heteroscedasticity and autocorrelation 

into account (Gujarati and Porter, 2009, p.448).  

8.3.7. Autocorrelation 

It is very common in time series, which is the type of data that we have in our thesis, that the 

value in time t has correlation with its past values. This is called autocorrelation or serial 

correlation. If there is a correlation between Yt and Yt-1, it is called first autocorrelation. If there 

is correlation between Yt and Yt-2 it is called second autocorrelation and so on. Unlike other 

economic time series our data involves returns which according to the efficient market 

hypothesis (EMH) are unpredictable. In order for the EMH to hold there should be no 

autocorrelation in our dataset since it otherwise would be easy to predict future returns and make 

money out of it.  
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Given such a model described above, it is assumed that the error terms are generated by the 

following formula: 

                (32) 

Where -1 <p <1 and is the coefficient of autocovariance and   is the error term (which satisfies 

the OLS assumptions). The error term is often referred to as white noise (Gujarati and Porter, 

2009). If the autocorrelation = 0 then there is no autocorrelation. One of the assumptions for the 

linear regression model is that there is no autocorrelation which means that this assumption is 

violated if we have autocorrelation. The OLS estimators remain unbiased, consistent and 

asymptotically normally distributed but will no longer be efficient. If autocorrelation is 

disregarded, the t-test and F-test will give serious misleading result of the estimated coefficient 

(Gujarati and Porter, 2009, p.423-424). There are several ways to detect autocorrelation. The 

most popular is the Durbin-Watson test which is based on the estimated residuals. This test 

simply takes the ratio of the sum of squared differences in successive residuals to the RSS 

(Gujarati and Porter, 2009, p.434) and takes values between 0 and 4. The critical value is not 

unique which makes it more difficult to know if you reject the null hypothesis or not. You 

instead use an upper and lower bound, dU and dL respectively. If the regression model includes a 

variable that is the lagged value of Y, the d value can often be close to 2. This would suggest that 

there is no autocorrelation in the model even though it might be the case, indicating a build-in 

bias (Gujarati and Porter, 2009, p.437). Even though Durbin developed an h-test for such 

occasions, this is not as powerful as the Breusch-Godfrey test, also called LM test, which could 

be a more appropriate choice (Gujarati and Porter, 2009, p.437). Due to space and time 

limitations we will not explain these tests further. The White noise test is a common test for 

detection of autocorrelation (SAS B, 2014). This test has the null hypothesis that none of the 

autocorrelation up to a specific lag is significantly different form zero (SAS B, 2014). If the null 

hypothesis can be rejected, hence the autocorrelation cannot be determined as zero, the lagged 

returns can explain the return in time t. If you face autocorrelation it is useful to use the 

heteroscedasticity and autocorrelation consistent Newey-West HAC standard errors instead. It is 

only optimal valid in large samples (Gujarati and Porter, 2009, p.448). These standard errors 

should be used to correct for OLS standard errors, not only in situations of autocorrelation but 

also when you face problem with heteroscedasticity as this method corrects for both.   



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 56 of 165 
 

9. Empirical Results  
Our results are partly shown in this section and partly put in the appendix due to its extensive 

amount of data. The most interesting and important results are presented here.  

The result can be divided into two parts which individually consists of several different sections. 

Part 1 investigates the diversification benefit a Swedish or Norwegian stock portfolio would have 

had if it was diversified with commodities during January 1990 to December 2013. The 

investigated periods cover the entire period from 1990 to 2013, sub-periods based on bull and 

bear markets, as well as individual years. The hope is to find commodities with the feature of 

performing well during either bull or bear market and perhaps also find country-specific 

differences. First, the overall performance of the commodity futures during our 23 years period is 

presented and their correlation with the equity indices OMX and OBX. The different portfolios 

are thereafter explained, starting off with the optimal portfolio whose calculation will be 

explained step by step. By calculating the minimum variance portfolio the efficient frontier is 

constructed. The following part presents a summary of all the portfolios performance and thus 

includes the ones mentioned above as well as the alternative portfolio and the equally-weighted 

portfolio. To further investigate the impact of diversification, another section is included which 

presents portfolios with restricted weights of stocks. Finally, statistical tests are performed on the 

optimal portfolios through the statistical data program SAS.   

Part 2 of our result investigates four different investment strategies. Here we focus on the 

possible annual return that an investor could have got if she followed any of these methods. We 

try to answer the question if the optimal portfolio is possible to apply practically when we have 

to rely on historical data or if perhaps there are other better alternatives. The optimal portfolio 

based on previous year’s performance is calculated followed by the minimum variance portfolio 

based on previous year, the equally-weighted portfolio and the rather new approach – the 

equally-weighted risk contribution portfolio (ERC), which naturally also has to be based on the 

previous year’s performance. Finally, statistical significant test are presented where we also try 

to answer if the efficient market hypothesis holds. 
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9.1. Result Part 1 

9.1.1. Commodity performance 

In order to get an overview of all the individual commodity futures, we plot the accumulating 

returns over the entire period 1990- 2013.  

 

Figure 14 - Source: DataStream 

The Crude Oil and Copper have been the most rewarding commodities in the long run. Further 

on, Silver and Gold have had a pretty good return the last few years. The other commodities do 

not seem to have a very high return but could of course have other qualities such as low/negative 

correlation with the equity market and other assets, and low risk. The only commodities that we 

clearly see have negative returns during this period is wheat and natural gas. Therefore we 

should not expect to see any weight of these assets in our optimal portfolios.   

We are interested in how the individual commodity futures and the OMX vs. OBX correlate. 

This could give us an idea of which commodities that are better suited in a portfolio. According 

to Markowitz (1952) low or negative correlation between assets is an important factor in order 

for the portfolio to perform the best. Table 1 shows correlation between the Swedish OMX and 

the commodity futures returns based on SEK. The correlation between the OMX and the copper 

and cotton are rather high with a correlation above 0.2 followed by soybean and coffee with 

correlations above 0.1. The mean-variance theory tells us that in order to diversify a portfolio in 
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the most beneficial way we need to find assets with low or negative correlation. We therefore 

expect that commodities such as crude oil, gold, cocoa and sugar to be included in some 

portfolios. Since correlation varies over time, the correlations between the assets are also 

calculated for every year, which are shown in Appendix I and II, table 1-48.    

Table 1 – Source: Own Production 

 

The correlation matrix between the Norwegian OBX and the commodity futures returns are 

based on NOK and shown in table 2. In this case we find Copper and Crude Oil with correlations 

above 0.2 closely followed by Soybeans, Corn, Cotton and Silver. Overall, we see that the 

correlations between the OBX and the commodities are much higher in comparison to the 

Swedish example above. This indicates that the diversification potential for a Norwegian stock 

portfolio is worse than for a Swedish. We therefore expect the Sharpe ratio to be lower for 

Norway than for Sweden which would be in line with what Cheung and Miu (2010) found in 

their study. 

Correlation matrix 1990-2013 Sweden

OMX Natural gas Crude Oil Gold Silver Copper Wheat Corn Soybeans Sugar Coffee Cocoa Cotton Lean Hogs Live Cattle

OMX 1 -0.121 -0.033 -0.059 0.108 0.240 0.056 0.090 0.106 0.014 0.142 -0.035 0.216 0.048 0.062

Natural gas 1 0.298 0.062 -0.008 -0.003 0.071 0.123 0.076 0.063 -0.038 -0.061 -0.036 0.062 -0.020

Crude Oil 1 0.1448 0.136 0.255 0.064 0.023 0.087 0.002 0.062 0.073 0.108 0.069 0.090

Gold 1 0.695 0.283 0.237 0.209 0.236 0.152 0.260 0.201 0.149 0.200 0.250

Silver 1 0.322 0.172 0.233 0.215 0.102 0.251 0.221 0.122 0.092 0.082

Copper 1 0.170 0.144 0.220 0.185 0.217 0.127 0.255 0.108 0.150

Wheat 1 0.598 0.509 0.189 0.197 0.134 0.239 0.148 0.168

Corn 1 0.697 0.156 0.221 0.180 0.345 0.091 0.149

Soybeans 1 0.196 0.252 0.191 0.414 0.123 0.228

Sugar 1 0.154 0.135 0.122 0.015 0.205

Coffee 1 0.217 0.206 0.062 0.172

Cocoa 1 0.213 0.070 0.103

Cotton 1 0.101 0.163

Lean Hogs 1 0.533

Live Cattle 1
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Table 2 – Source: own Production 

 

9.1.2. The Portfolio Process 

We are creating two different types of portfolios; the optimal portfolio, also called the tangency 

portfolio and the minimum variance portfolio.  

The portfolios are divided into different periods based on the Swedish bull and bear market. The 

OMX index is a proxy for overall equity market in Sweden. The Norwegian OBX index, which 

is a proxy for the Norwegian stock market, has similar behavior. This is why we use the same 

time frames for the Norwegian portfolios. In this way we will be able to analyze which 

commodities that have been successful in bull versus bear market. Even though our result, based 

on historical data, can’t promise anything for future performance we can still search for patterns 

and foremost argue that investing in commodities statistically can or cannot improve your equity 

portfolio.  The comparison of performance between the Swedish and Norwegian portfolios will 

help us reach the conclusion if the investment recommendations of commodities diverge between 

countries.          

As we have seven portfolios for each country, we will not present the entire process for all 

portfolios but instead show the different steps for one period, in this case the Swedish entire 

period from 1990-2013. We will show how the optimal portfolio is found and how the efficient 

frontier is constructed with help from the minimum variance portfolio. A summary of all the 

optimal portfolios are presented later on in this section.  

Correlation matrix 1990-2013 Norway

OBX Natural gas Crude Oil Gold Silver Copper Wheat Corn Soybeans Sugar Coffee Cocoa Cotton Lean HogsLive Cattle

OBX 1 0.003 0.205 -0.071 0.171 0.311 0.141 0.186 0.195 0.048 0.151 0.049 0.173 0.013 -0.011

Natural gas 1 0.298 0.062 -0.008 -0.003 0.071 0.123 0.076 0.063 -0.038 -0.061 -0.036 0.062 -0.020

Crude Oil 1 0.145 0.136 0.255 0.064 0.023 0.087 0.002 0.062 0.073 0.108 0.069 0.090

Gold 1 0.695 0.283 0.237 0.209 0.236 0.152 0.260 0.201 0.149 0.200 0.250

Silver 1 0.3221 0.172 0.233 0.215 0.102 0.251 0.221 0.122 0.092 0.082

Copper 1 0.170 0.144 0.220 0.185 0.217 0.127 0.255 0.108 0.150

Wheat 1 0.598 0.509 0.189 0.197 0.134 0.239 0.148 0.168

Corn 1 0.697 0.156 0.221 0.180 0.345 0.091 0.149

Soybeans 1 0.196 0.252 0.191 0.414 0.123 0.228

Sugar 1 0.154 0.135 0.122 0.015 0.205

Coffee 1 0.217 0.206 0.062 0.172

Cocoa 1 0.213 0.070 0.103

Cotton 1 0.101 0.163

Lean Hogs 1 0.533

Live Cattle 1



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 60 of 165 
 

9.1.2.1. The optimal- and minimum variance portfolio 

One of the first steps when creating the optimal portfolio is to calculate the covariance matrix 

and the inverse covariance matrix. These are further explained in the theory part. 

Table 3 – Source: Own Production 

 

Table 4 – Source: Own production 

 

When these matrixes are created we can continue to calculate the next step. As explained in the 

methodology, by using the matrix multiplier (mmult) in Excel on the inverse covariance matrix 

and Excess return we find the Z value. By taking the Zi value divided by the sum of the entire Z 

column, we find the weight of that asset.   

We use Solver to find the weights that maximize the Sharpe ratio. We put in the restriction that 

the sum of weights has to be 1 and that no short selling is allowed; hence the weights have to be 

Covariance Entire period Sweden

OMX Crude Oil Gold Silver Copper Wheat Corn Soybeans Sugar CoffeeCocoa CottonLean Hogs Live Cattle Natural gas

OMX 0.002 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000

Crude Oil 0.000 0.008 0.001 0.001 0.002 0.000 0.000 0.001 0.000 0.001 0.001 0.001 0.000 0.000 0.004

Gold 0.000 0.001 0.002 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000

Silver 0.001 0.001 0.003 0.007 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.000 0.000

Copper 0.001 0.002 0.001 0.002 0.005 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.000

Wheat 0.001 0.000 0.001 0.001 0.001 0.006 0.003 0.003 0.001 0.002 0.001 0.001 0.001 0.001 0.001

Corn 0.001 0.000 0.001 0.001 0.001 0.003 0.006 0.004 0.001 0.002 0.001 0.002 0.001 0.001 0.001

Soybeans 0.001 0.001 0.001 0.001 0.001 0.003 0.004 0.005 0.001 0.002 0.001 0.002 0.001 0.001 0.001

Sugar 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.008 0.002 0.001 0.001 0.000 0.001 0.001

Coffee 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.012 0.002 0.002 0.001 0.001 -0.001

Cocoa 0.000 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.007 0.001 0.000 0.000 -0.001

Cotton 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.002 0.001 0.006 0.001 0.001 0.000

Lean Hogs 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.001 0.006 0.002 0.001

Live Cattle 0.001 0.000 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.002 0.003 0.000

Natural gas 0.000 0.004 0.000 0.000 0.000 0.001 0.001 0.001 0.001 -0.001 -0.001 0.000 0.001 0.000 0.022

Inverse Covariance Entire period Sweden

OMX Crude Oil Gold Silver Copper Wheat Corn Soybeans Sugar Coffee Cocoa Cotton Lean Hogs Live Cattle Natural gas

OMX 719.5 14.2 109.1 -66.0 -89.9 -6.9 -15.0 -36.0 3.4 -39.7 28.9 -42.7 -5.5 -107.3 0.7

Crude Oil 14.2 144.5 0.1 -11.8 -43.1 -7.3 25.9 -9.5 13.3 -0.5 -7.7 -12.2 5.3 -22.8 -27.9

Gold 109.1 0.1 919.7 -358.3 -22.3 -60.2 46.5 -23.2 -10.9 -25.8 -6.5 -15.6 -23.3 -142.6 -20.6

Silver -66.0 -11.8 -358.3 321.2 -40.4 25.5 -49.9 6.1 2.5 -8.2 -22.3 20.6 -3.4 74.0 12.2

Copper -89.9 -43.1 -22.3 -40.4 267.1 -10.8 21.8 -15.4 -24.2 -8.3 1.1 -30.5 -7.7 8.8 7.7

Wheat -6.9 -7.3 -60.2 25.5 -10.8 284.3 -139.3 -43.7 -17.8 -5.4 1.8 7.1 -22.6 13.2 4.0

Corn -15.0 25.9 46.5 -49.9 21.8 -139.3 434.4 -228.0 6.6 -4.8 -11.8 -30.4 9.8 0.8 -21.4

Soybeans -36.0 -9.5 -23.2 6.1 -15.4 -43.7 -228.0 455.7 -12.6 -9.9 -6.6 -62.9 7.4 -45.6 -0.7

Sugar 3.4 13.3 -10.9 2.5 -24.2 -17.8 6.6 -12.6 135.5 -5.9 -11.9 -1.5 25.3 -54.9 -8.6

Coffee -39.7 -0.5 -25.8 -8.2 -8.3 -5.4 -4.8 -9.9 -5.9 103.0 -16.3 -6.7 8.4 -15.0 3.2

Cocoa 28.9 -7.7 -6.5 -22.3 1.1 1.8 -11.8 -6.6 -11.9 -16.3 162.2 -23.4 -5.5 -2.6 7.8

Cotton -42.7 -12.2 -15.6 20.6 -30.5 7.1 -30.4 -62.9 -1.5 -6.7 -23.4 221.3 -5.1 -0.5 9.8

Lean Hogs -5.5 5.3 -23.3 -3.4 -7.7 -22.6 9.8 7.4 25.3 8.4 -5.5 -5.1 247.7 -200.0 -10.7

Live Cattle -107.3 -22.8 -142.6 74.0 8.8 13.2 0.8 -45.6 -54.9 -15.0 -2.6 -0.5 -200.0 629.7 19.7

Natural gas 0.7 -27.9 -20.6 12.2 7.7 4.0 -21.4 -0.7 -8.6 3.2 7.8 9.8 -10.7 19.7 53.1
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above or equal 0. The restriction of no short selling is used because most constitutional investors 

do not perform short selling (Cheung and Miu, 2010). As presented in table 5, the yearly return 

of the optimal portfolio is 9.94 percent during 1990-2013 and is diversified with foremost 

Copper but also Soybeans and Crude Oil.  No stock index is included in this period. The standard 

deviation is 22.12 percent which leads to a Sharpe ratio of 0.23 which is considered as low.  

Table 5 – Source: Own Production 

  Return rf Excess Z Weights   Entire Period- Optimal portfolio 

OMX 0.004062 0.003998 6.38E-05 0.369186 0   Monthly     

Crude Oil 0.005777   0.001779 0.742785 0.0241   Exp ret 0.83%   

Gold 0.003836   -0.00016 1.161735 0   VaR 0.41%   

Silver 0.004311   0.000313 -0.26561 0   std 6.38%   

Copper 0.008726   0.004728 1.149187 0.8571   Sharpe ratio 0.0671   

Wheat -0.00471   -0.00871 -1.41674 0         

Corn -0.00386   -0.00786 -1.70835 0   Yearly     

Soybeans 0.005608   0.00161 3.310047 0.1188   Exp ret 9.94%   

Sugar 0.002951   -0.00105 0.088862 0   VaR 4.89%   

Coffee -0.00388   -0.00788 -0.79099 0   std 22.12%   

Cocoa -0.00101   -0.00501 -0.65718 0   Sharpe ratio 0.2326   

Cotton -0.00105   -0.00504 -1.2477 0         

Lean 
Hogs 

-0.00498   -0.00898 -1.43583 0         

Live 
Cattle 

0.001852   -0.00215 -0.05426 0         

Natural 
Gas 

-0.02317   -0.02717 -1.36785 0         

      sum: 2.1227 1         

The construction of the minimum variance portfolio is similar to the optimal portfolio but has a 

few crucial differences in the calculation of the weights. First, when the Z is calculated, the 

excess return is not used, but instead the 1 column (see example for entire period in Appendix 

XIV table 71 and XV table 72). This is necessary in the matrix calculation and has mathematical 

purpose in order to minimize the variance.  Second, in Solver we don’t want to maximize the 

Sharpe ratio but minimize the variance. However, the other restrictions are still applicable.  As 

expected, the yearly standard deviation is substantially reduced, to 10.29 percent, see table 6. 

Unfortunately, so is the expected return which leads to a Sharpe ratio of -0.23 percent.    
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Table 6 – Source: Own Production 

  Return rf  Z Weights  Entire period- MinVar 

OMX 0.004062 0.003998 1 466.8101 0.379087   Monthly   

Crude Oil 0.005777   1 60.6444 0.049341   Exp ret 0.20% 

Gold 0.003836   1 366.1515 0.214499   VaR 0.09% 

Silver 0.004311   1 -98.2636 0   std 2.97% 

Copper 0.008726   1 13.93822 0   Sharpe ratio -0.0676 

Wheat -0.00471   1 22.19982 0.022689       

Corn -0.00386   1 45.2919 0.013227   Yearly   

Soybeans 0.005608   1 -24.6986 0   Exp ret 2.39% 

Sugar 0.002951   1 38.3733 0.03192   VaR 1.06% 

Coffee -0.00388   1 -31.953 0   std 10.29% 

Cocoa -0.00101   1 87.20189 0.065498   Sharpe ratio -0.234 

Cotton -0.00105   1 27.29279 0.024426       

Lean Hogs -0.00498   1 20.10286 0.019677       

Live Cattle 0.001852   1 154.8221 0.150236       

Natural Gas -0.02317   1 28.39159 0.029401       

      sum: -1176.31 1       

Before the efficient frontier is possible to graph we need the input data for it. As explained more 

in detail in the theory part, the efficient frontier is a mix of the optimal portfolio and the 

minimum variance portfolio. By choosing different combinations of these two portfolios, the 

hyperbola is created. It is based on proposition 2 (Benninga, 2008, p. 250) and to practically 

explain, the calculation of the first cell in table 7 (the weight of OMX (1.137)) is explained: we 

multiply the optimal portfolio’s weight of OMX (0%) with (-2) and add the minimum variance 

portfolio weight of OMX (37.91%) multiplied with ((-2) - 1). When the entire table is done, we 

can find the expected return, variance, standard deviation and Sharpe ratio for each and every 

efficient frontier point.  

The efficient frontier (figure 15) is thereafter created by using the yearly expected returns and 

standard deviation shown in the lower part of table 7.   
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Table 7 – Source: Own Production 

 

 

Figure 15 - Source: Own Production 

Figure 15 includes our efficient frontier, the OMX and another portfolio, “Commodity Index 

Alternative”, which mix the commodity index (S&P GSCI) and the OMX. This later portfolio 

has been constructed in the same way as previously explained optimal portfolio. Instead of 

having the individual commodities we have only used the overall commodity index mixed with 

the OMX in order to get the optimal portfolio of this combination. During this period, the Sharpe 

ratio was maximized when there was 100% weight in OMX. Therefore we can barely see the red 

OMX point. This result indicates that investing in the overall commodity index, which previous 

research often focus on, is not the optimal investment. The blue dots on the efficient frontier 

show the minimum variance portfolio and the optimal portfolio respectively. By analyzing the 
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graph it is clear that by taking on the same amount of risk as the stock portfolio, it is possible to 

find a combination of commodities that generate higher returns.    

The efficient frontier is calculated in the same way also for Norway (see calculations in 

Appendix XII table 68) and shown in figure 16. It is presented together with the OBX in order to 

show how much better return it was possible to get with the same amount of risk during this 

period given the portfolio was mixed with commodity futures.  

 

Figure 16 - Source: Own Production 

When comparing the two efficient frontiers we see that the Norwegian stock portfolio generate 

the same return as the Swedish but with much higher standard deviation. This makes it even 

more important for a Norwegian portfolio to be diversified with commodities. Previous result 

showed that the Norwegian OBX would benefit less from diversifying with commodities than 

the Swedish OMX as the correlation with commodities was higher. One would therefore perhaps 

assume that Norway wouldn’t benefit in the way it does in the efficient frontier. The reason for 

this is that the OBX is not at all included in the optimal portfolio and therefore it does not matter 

how the OBX correlates with the commodities. As found in the appendix, the optimal portfolio 

does only consist of Copper during this period. However, in the minimum variance portfolio the 

OBX has 16 percent weight and the main commodities included are Gold with 31 percent weight 

and Live Cattle with 27 percent weight. Both of these commodities have negative correlation 

with the OBX which suggest that the Markowitz theory holds.       
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9.1.2.2. Exchange rate 

As explained in the methodology we follow what Belousova and Dorfleitner (2012) did in their 

study and remove the exchange rate fluctuations by converting the prices from the commodities’ 

local currency (USD) to SEK and NOK respectively. In this way we will more clearly see the 

true effect of combining commodities and the domestic stock market and not the effect that the 

exchange rate fluctuation might have caused. The only concern is that when we compare the 

performance of the Swedish portfolio with the Norwegian portfolio, differences in exchange rate 

movement might cause some minor interpretation errors later on in the result. It should be 

mentioned again that we are looking at two different investors, one Swedish investor who can 

only invest in the Swedish portfolio and one Norwegian investor who can only invest in the 

Norwegian portfolio. If for instance the Swedish investor would have had the opportunity to 

choose between the two portfolios, and ended up with the Norwegian portfolio, the exchange rate 

NOK/SEK would be of great importance since the investor needs to bring back the returns to 

SEK. However, this is not something that we will consider in this thesis.   

9.1.3. Portfolio Results 

The summary of the result of each optimal portfolio is presented below. For each time period, 

Sweden and Norway is compared in the sense of expected return, variance, standard deviation, 

Sharpe ratio and weigh of assets (see Appendix XVI table 73 and Appendix XVII table 74 for 

calculations). In order to give a visual interpretation, the efficient frontiers are also graphed but 

due to space limitation these will be found in the Appendix XVIII figure 1-7 and Appendix XIX 
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figure 8 -14. As before, the graph also shows the performance of the domestic equity portfolio 

during the same period.  

Since we want to compare the result of investing in commodity index versus individual 

commodities, the “Commodity Index Alternative” is constructed for all different periods. This 

optimal portfolio, including the commodity index and the OMX, is also included in a table. 

In order to understand and clarify the pattern of commodities, we also produce the same portfolio 

on a yearly basis. This will give us important knowledge of the possible difference in commodity 

weights during each sub-period.     

Finally, in order to further analyze the allocation of assets, the expected return, standard 

deviation and Sharpe ratio of all the individual assets are presented in the last table.  

9.1.3.1. Result 1990-1993 
Table 8  – Source: Own Production     Table 9 – Source:  Own Production 

When looking at the bear sub- period, 100 percent 

of the portfolio is weighted in live cattle, for both 

Sweden and Norway.  The performance differs 

although they have the same asset included in the 

portfolio. This is most likely the result of the 

choice we made of removing the exchange rate 

influence. The fact that the Swedish portfolio 

perform better during this period is therefore 

mostly an effect of this. The alternative portfolio suggests 62 percent in the OMX and 38 percent 

in the Index which results in almost half the return as our optimal portfolio and even negative 

Sharpe ratio. This implies that the use of commodity futures is more rewarding than the use of 

the overall commodity index.  The Norwegian alternative portfolio gets the same conclusion.  

1990-1993 Sweden Norway 

Exp ret 21,9% 17,8% 
VaR 3,2% 2,4% 
std 18,0% 15,5% 
Sharpe ratio 0,5394 0,3961 
Asset      Weight 
OMX /OBX 0 0 
Crude Oil 0 0 
Gold 0 0 
Silver 0 0 
Copper 0 0 
Wheat 0 0 
Corn 0 0 
Soybeans 0 0 
Sugar 0 0 
Coffee 0 0 
Cocoa 0 0 
Cotton 0 0 
Lean Hogs 0 0 
Live Cattle 1 1 
Natural Gas 0 0 

1990-1993  Commodity Index Alt. 

 Sweden Norway 
Exp ret 10,5% -0,9% 
VaR 2,4% 4,5% 
std 15,6% 21,2% 
Sharp ratio -0,10632 -0,59026 
Asset Weight Weight 
Commodity index 0,3803 0,2443 
OMX/OBX 0,6197 0,7557 
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In order to analyze the use of commodities in more detail, we present the annual performance of 

the portfolios as well. We find that live cattle is actually only included with high weight in the 

optimal portfolio in 1992 for the two countries. This detailed result show that in 1990 Copper, 

Cotton and Lean Hogs was the optimal choice but in 1991 it would have been optimal to invest 

solely in Wheat. This implies that there is not a stable commodity or mix of commodities that 

constantly would have been the best. However, Live Cattle futures does make sense to hold 

during the entire period as table 8 show that the Sharpe ratio is the highest, 0.53. This result is 

also supported by the research by Fabozzi et al (2008, p. 219) who states that the Live Cattle 

sector outperformed the other commodity futures with a positive roll, a high return and a low 

periodic volatility during this time period.  

The result of this sub period follows the theory about commodities and the business cycle from 

Gorton and Rouwenhorst (2004). In the beginning of the recession in 1990, the commodity 

futures perform rather well, whereas the OMX and OBX are showing a poor performance. At the 

end of the recession, the OMX/OBX is improving their performance and a majority of the 

portfolio weight is placed in the respective equity index.  

Table 10 – Source: Own Production 

Portfolio Sweden Norway 

Year 1990 1991 1992 1993 1990 1991 1992 1993 

Exp Ret 23.8% 40.0% 58.6% 46.2% 22.6% 44.2% 44.8% 39.0% 

VaR 1.8% 4.9% 2.9% 1.3% 2.2% 5.2% 2.7% 1.5% 

Std 13.3% 22.2% 17.0% 11.3% 14.7% 22.8% 16.4% 12.1% 

Sharpe Ratio 1.05 1.25 2.52 3.30 0.66 1.42 2.01 2.56 

Asset Weights Weights 

OMX/OBX 0 0 0 0.530 0 0 0 0.500 

Crude oil 0.110 0 0 0 0.124 0 0 0 

Gold 0 0 0 0.121 0 0 0 0.023 

Silver 0 0 0 0.016 0 0 0 0.072 

Copper 0.328 0 0 0 0.364 0 0 0 

Wheat 0 1 0 0.153 0 1 0 0.149 

Corn 0 0 0 0.075 0 0 0 0.090 

Sugar 0 0 0 0.028 0 0 0 0.035 

coffee 0 0 0 0 0 0 0 0 

Cocoa 0 0 0 0 0 0 0 0 

Cotton 0.333 0 0 0.052 0.343 0 0 0 

Lean hogs 0.190 0 0.038 0 0.169 0 0.033 0 
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Live cattle 0.039 0 0.962 0 0 0 0.967 0 

Soybeans 0 0 0 0.025 0 0 0 0.131 

natural gas         

Table 11 – Source: Own production 

1990-1993 Expected Return Standard deviation Sharpe ratio 

OMX 10.43% 19.38% -0.0883 
OBX -3.24% 26.24% -0.5672 
Crude Oil 0.57% 37.81% -0.3060 
Gold 6.76% 19.62% -0.2742 
Silver 5.96% 29.01% -0.2131 
Copper 12.48% 26.30% 0.0130 
Wheat 13.05% 25.87% 0.0352 

Corn 8.24% 23.90% -0.1631 
Soybeans 10.98% 22.87% -0.0507 
Sugar 7.18% 30.25% -0.1639 
Coffee -8.40% 37.46% -0.5484 
Cocoa -2.57% 27.32% -0.5385 
Cotton 15.33% 25.79% 0.1238 
Lean Hogs 20.64% 24.53% 0.3467 
Live Cattle 21.86% 18.22% 0.5336 
Com. Index 10.56% 22.82% -0.0693 

9.1.3.2. Result 1994-1999 
 Table 12 – Source:  Own Production                   Table 13 – Source:  Own Production 

 

 

 

 

 

During this period we find slightly different optimal 

portfolios for Sweden and Norway. As Sweden 

includes 69 percent of stocks, Norway only includes 

19 percent of stocks. Instead Norway has higher 

weight of Crude Oil and Coffee. The alternative 

portfolios choose to solely invest in the stock market 

which results in a lower expected return and Sharpe 

ratio than the other optimal portfolios. Even though 

1994-1999 Commodity Index Alt. 

 Sweden Norway 
Exp ret 14,80% 10,27% 
VaR 2,10% 4,34% 
std 14,40% 20,82% 
Sharpe ratio 0,647 0,226 
Asset Weight Weight 
Commodity index 0 0 
OMX/OBX 1 1 

1994-1999 Sweden Norway 

Exp ret 16,6% 18,8% 
VaR 1,9% 4,3% 
std 13,6% 20,7% 
Sharpe ratio 0,813 0,637 
Asset Weight 
OMX /OBX 0,690 0,194 
Crude Oil 0,242 0,488 
Gold 0 0 
Silver 0 0 
Copper 0 0,073 
Wheat 0 0 
Corn 0 0 
Soybeans 0 0 
Sugar 0 0 
Coffee 0,068 0,245 
Cocoa 0 0 
Cotton 0 0 
Lean Hogs 0 0 
Live Cattle 0 0 
Natural Gas 0 0 
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table 12 shows that Norway has the highest return on its portfolio, the Sharpe ratio is actually 

lower than Sweden’s due to its high standard deviation.  

When analyzing the more detailed result we find that the stock index and Crude Oil still have 

large weights in most of the years and would therefore justify the previous result. Chan et al 

(2011) reach a similar result and find evidence that Crude Oil often has a great performance 

during time of expansive periods. However, one can also discuss if an investor should have such 

a high exposure to the energy sector within the portfolio, since this sector is known to have a 

high volatility and a lot of investors tend to avoid this commodity (Fabozzi et al, 2008, p. 31). It 

should be noticed that Sugar and Coffee also have reasonable large weights during three of the 

six years. The reason to why Sugar has not been included into the overall portfolio is because its 

performance during the whole period has been negative with a Sharpe ratio of -0.1. The expected 

return for Coffee is impressive 25.96 percent but due to its high standard deviation the Sharpe 

ratio is 0.39 which results in portfolios with only a smaller part of this commodity. Clare et al 

(2014) find significant evidence that Coffee has both higher return and volatility compared to 

other commodities during the time period 1992-2006, which further can explain why Coffee has 

a smaller part of the portfolio during this period. Instead Crude Oil, which has an expected return 

of 19.5 percent and Sharpe ratio of 0.46, is the commodity with the highest weight. The OMX 

has the highest Sharpe ratio and for that reason this is also the asset with the highest weight in 

the Swedish portfolio. For the Norwegian portfolio, its best option is to include crude oil since its 

Sharpe ratio is higher than any other asset. This justifies the large weight of Crude Oil in the 

portfolio.  

This sub period is defined as an expansive period in the business cycle. The equity in the 

Swedish market shows a strong performance during most part of the period and outperforms all 

the commodity futures in 1998.  The Norwegian stock market shows a somewhat weaker 

performance, were the OBX Index is excluded in 50 percent of the sub periods.     

Table 14 – Source: Own Production 

Portfolio Sweden Norway 

Year 1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 

Exp Ret 48.2% 26.5% 49.9% 42.1% 16.2% 69.9% 47.8% 36.4% 42.7% 41.5% 2.9% 56.8% 

VaR 2.7% 1.2% 1.4% 1.9% 9.3% 2.2% 2.4% 2.1% 1.2% 1.8% 2.3% 2.2% 

Std 16.5% 10.9% 11.7% 13.7% 30.5% 14.7% 15.6% 14.6% 10.9% 13.6% 15.1% 14.8% 
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Sharpe 
Ratio 

2.58 1.61 3.74 2.77 0.39 4.55 2.68 2.10 3.45 2.79 -0.23 3.35 

Asset Weights Weights 

OMX/OBX 0 0.344 0.427 0.165 1 0.524 0 0 0.476 0.291 0 0.313 

Crude oil 0.041 0.084 0.209 0 0 0.257 0.064 0.160 0.186 0 0 0.321 

Gold 0 0 0 0 0 0 0 0 0 0 1 0 

Silver 0 0 0 0.184 0 0 0 0 0 0.161 0 0 

Copper 0.446 0 0 0 0 0.148 0.427 0 0 0 0 0.174 

Wheat 0 0 0 0 0 0 0 0 0 0 0 0 

Corn 0 0.483 0 0 0 0 0 0.671 0 0 0 0 

Sugar 0.080 0 0.100 0.249 0 0 0.091 0 0.097 0.227 0 0 

coffee 0.174 0 0.124 0.102 0 0 0.160 0 0.102 0.103 0 0 

Cocoa 0 0 0 0.112 0 0 0 0 0 0.077 0 0 

Cotton 0.259 0.089 0 0 0 0 0.258 0.170 0 0 0 0 

Lean hogs 0 0 0.140 0 0 0.030 0 0 0.140 0 0 0.026 

Live cattle 0 0 0 0.050 0 0.041 0 0 0 0 0 0.166 

Soybeans 0 0 0 0.138 0 0 0 0 0 0.142 0 0 

Natural 
gas 

0 0 0 0 0 0 0 0 0 0 0 0 

 

Table 15 – Source: Own Production 

1994-1999 Expected Return Standard deviation Sharpe ratio 

OMX 14.80% 14.46% 0.6425 

OBX 10.27% 20.97% 0.2240 

Natural Gas -21.26% 47.22% -0.5671 

Crude Oil 19.50% 30.48% 0.4588 

Gold -2.40% 13.59% -0.5824 

Silver 2.84% 24.80% -0.1079 

Copper 9.22% 23.47% 0.1576 

Wheat -10.14% 25.26% -0.6198 
Corn -4.78% 23.37% -0.4407 

Soybeans 0.52% 21.83% -0.2287 

Sugar 2.10% 27.03% -0.1265 

Coffee 25.96% 52.90% 0.3864 

Cocoa -11.07% 24.98% -0.6642 

Cotton 2.67% 20.99% -0.1355 

Lean Hogs -11.44% 27.25% -0.6223 

Live Cattle 1.17% 14.02% -0.3098 

Com. Index 5.02% 16.97% -0.0291 
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9.1.3.3. Result 2000-2003 
Table 16 – Source: Own Production              Table 17 – Source:  Own Production 

 

 

 

 

 

The allocation of assets is pretty similar for the two 

countries. 28 percent and 38 percent, respectively, is 

allocated in Crude Oil. Soybeans have more than 50 

percent weight in each. Cocoa has a weight of around 

11 percent in both portfolios but Sweden is the only 

one to invest a small part in Sugar. The alternative 

portfolio suggests investing only in the commodity 

index.  

Although the performance of Soybeans in table 19 

(Sharpe ratio of 0.4) explains the high weight in the portfolio, the detailed result in table 18 does 

not fancy the commodity in the same way. Only during 2002 and 2003 is Soybeans included in 

the optimal portfolio. Instead Cocoa prove itself in 2001 and 2002 with very high weights in both 

portfolios. The Crude Oil is included in three out of four years and with a Sharpe ratio of 0.35 

this commodity naturally takes an important role during this period.  Naturally, with negative 

Sharpe ratio in both equity indices we do not expect any weight in these even though they are 

heavily weighted in 2003.   

This period is stated as a bear period and shows indications of a recession in the business cycle, 

even though not as clear as the period in 1990-1993 and 2007-2008. The result is however 

similar to the period in 1990-1993 where the OMX Index is excluded in the beginning of the 

recession and current at the end of the recession. The Norwegian market shows a similar pattern, 

but holds a rather great weight in the OBX even in the start of this period. Due to the fact that 

2000-2003 Sweden Norway 

Exp ret 13,0% 13,3% 

VaR 2,8% 3,8% 

std 16,8% 19,4% 

Sharpe ratio 0,5498 0,3474 

Asset Weight 

OMX /OBX 0 0 

Crude Oil 0,281 0,380 

Gold 0 0 

Silver 0 0 

Copper 0 0 

Wheat 0 0 

Corn 0 0 

Soybeans 0,5353 0,5118 

Sugar 0,0728 0 

Coffee 0 0 

Cocoa 0,1110 0,1077 

Cotton 0 0 

Lean Hogs 0 0 

Live Cattle 0 0 

Natural Gas 0 0 

2000-2003  Commodity Index Alt. 

 Sweden Norway 
Exp ret 7,85% 7,41% 
VaR 5,24% 5,52% 
std 22,88% 23,49% 
Sharpe ratio 0,180 0,037 
Asset Weight Weight 
Commodity index 1 1 
OMX/OBX 0 0 
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Norway didn’t experience the same downturn as Sweden during this period, this is in line with 

previous discussed matter.   

Table 18 – Source: Own Production 

Portfolio Sweden Norway 

Year 2000 2001 2002 2003 2000 2001 2002 2003 
Exp Ret 79.4% 51.8% 25.8% 25.3% 137% 58.7% 20.5% 35.8% 

VaR 3.4% 5.8% 3.5% 2.5% 8.6% 10.6% 4.8% 1.5% 
Std 18.3% 24.1% 18.8% 15.8% 29.2% 32.5% 22.0% 12.3% 

Sharpe Ratio 4.12 1.98 1.15 1.40 4.43 1.57 0.59 2.55 

Asset Weights Weights 
OMX/OBX 0 0 0 0.442 0.183 0 0 0.413 

Crude oil 0.026 0 0.293 0.015 0.042 0 0.357 0.041 

Gold 0 0.183 0 0 0 0 0 0.143 
Silver 0 0 0 0 0 0 0 0 

Copper 0 0 0 0.174 0 0 0 0.156 
Wheat 0 0 0 0 0 0 0 0 

Corn 0 0 0 0 0 0 0 0 
Sugar 0.245 0 0 0 0.391 0 0 0 
coffee 0 0 0 0 0 0 0 0 

Cocoa 0 0.527 0.366 0 0 0.809 0.524 0 
Cotton 0 0 0 0 0 0 0 0 

Lean hogs 0 0.290 0 0 0 0.191 0 0 
Live cattle 0.111 0 0 0 0 0 0 0 

Soybeans 0 0 0.340 0.369 0 0 0.119 0.247 

Natural gas 0.617 0 0 0 0.384 0 0 0 
Table 19 – Source:  Own Production 

2000-2003 Expected Return Standard deviation Sharpe ratio 

OMX -12.17% 16.81% -0.9468 
OBX -3.29% 23.99% -0.3693 
Natural Gas 2.09% 68.33% -0.0242 
Crude Oil 16.18% 35.38% 0.3515 
Gold 4.81% 12.97% 0.0824 
Silver -2.25% 17.96% -0.3336 
Copper -0.81% 20.25% -0.2248 
Wheat -7.70% 22.72% -0.5036 
Corn -14.26% 22.75% -0.7912 
Soybeans 12.57% 22.33% 0.3953 
Sugar 7.19% 37.55% 0.0918 
Coffee -42.58% 30.02% -1.5433 
Cocoa 10.49% 40.34% 0.1672 
Cotton -11.04% 32.43% -0.4559 
Lean Hogs -14.61% 30.79% -0.5959 
Live Cattle -0.91% 21.48% -0.2168 
Com. Index 7.85% 23.13% 0.1777 
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9.1.3.4. Result 2004-2006 
Table 20 – Source:  Own Production           Table 21 - Source: Own Production 

Stocks are the main contributor to all the portfolios. 

Copper also has an important role as its weight is around 

40% for both portfolios. Norway has 14% Live Cattle 

while Sweden allocates 5% to Coffee instead.  

In the annual performance Sweden has highest weight in 

the OMX throughout the entire period which is in line 

with the overall portfolio result. Copper perform very 

well during this periods with an incredible return of 

almost 46 percent and a Sharpe ratio of 1.67 as seen in table 23. Even though sugar has higher 

Sharpe ratio than both Coffee and Live Cattle and is used in both 2004 and 2005, this commodity 

is not chosen in the overall portfolio. It may depend on higher correlation with the Copper in 

comparison to Coffee and that the return for Sugar in 2006 had the poorest performance of all 

commodity futures (Appendix III, table 49 and IV, table 50). Both stock indices are included 

during this expansive period and represent a major part of the portfolios throughout the period.    

Table 22 – Source:  Own Production 

Portfolio Sweden Norway 

Year 2004 2005 2006 2004 2005 2006 
Exp Ret 26.5% 54.8% 22.3% 29.4% 62.7% 32.2% 
VaR 1.6% 0.9% 2.5% 1.4% 1.7% 3.5% 
Std 12.8% 9.6% 15.8% 11.6% 13.1% 18.7% 
Sharpe Ratio 1.90 5.54 1.27 2.34 4.62 1.56 
Asset Weights Weights 
OMX/OBX 0.333 0.310 0.532 0.606 0.199 0.419 
Crude oil 0.083 0 0 0.025 0 0 
Gold 0 0.142 0 0 0.060 0 
Silver 0 0.049 0 0 0.096 0 

2004-2006 Sweden Norway 

Exp ret 24,7% 31,0% 
VaR 1,5% 1,9% 
std 12,2% 14,0% 
Sharpe ratio 1,8606 2,0420 
Asset Weight 
OMX /OBX 0,5424 0,4902 
Crude Oil 0 0 
Gold 0 0 
Silver 0 0 
Copper 0,4115 0,3721 
Wheat 0 0 
Corn 0 0 
Soybeans 0 0 
Sugar 0 0 
Coffee 0,0461 0 
Cocoa 0 0 
Cotton 0 0 
Lean Hogs 0 0 
Live Cattle 0 0,1378 
Natural Gas 0 0 

2004-2006  Commodity Index Alt. 

 Sweden Norway 
Exp ret 10,00% 27,9% 
VaR 0,70% 2,9% 
std 8,50% 17,1% 
Sharpe ratio 0,9433 1,4883 
Asset Weight Weight 
Commodity index 0,057 0 
OMX/OBX 0,943 1 
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Copper 0.243 0.271 0.112 0.098 0.355 0.142 
Wheat 0 0 0 0 0 0 
Corn 0 0 0.356 0 0 0.439 
Sugar 0.067 0.149 0 0.053 0.237 0 
coffee 0.052 0 0 0.027 0 0 
Cocoa 0 0 0 0 0 0 
Cotton 0 0 0 0 0 0 
Lean hogs 0.222 0 0 0.192 0 0 
Live cattle 0 0.056 0 0 0.011 0 
Soybeans 0 0 0 0 0 0 
Natural gas 0 0.024 0 0 0.041 0 

 

Table 23 – Source:  Own Production 

2004-2006 Expected Return Standard deviation Sharpe ratio 

OMX 20.85% 15.40% 1.3449 
OBX 27.88% 17.32% 1.4675 
Natural Gas -48.94% 59.80% -0.8523 
Crude Oil 10.89% 28.76% 0.3081 
Gold 11.82% 13.92% 0.7041 
Silver 23.50% 32.58% 0.6590 
Copper 45.56% 26.03% 1.6727 
Wheat -4.45% 21.41% -0.3025 
Corn -5.68% 29.04% -0.2654 
Soybeans -2.89% 30.46% -0.1613 
Sugar 9.10% 27.60% 0.2561 
Coffee 7.31% 29.24% 0.1808 
Cocoa -3.30% 24.55% -0.2168 
Cotton -25.20% 28.18% -0.9661 
Lean Hogs 2.69% 21.43% 0.0309 
Live Cattle 4.52% 18.00% 0.1387 
Com. Index 5.78% 23.05% 0.1628 

 

 

 

 

 

 



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 75 of 165 
 

9.1.3.5. Result 2007-2008  
Table 24 – Source: Own Production           Table 25 –Source:  Own Production 

 

 

 

 

 

During this period we find no weight of stocks in the 

Swedish and Norwegian portfolio except in the 

alternative portfolios. Instead Gold is the main 

contributor to the fine results that these portfolios 

generate. Gold is actually not the main contributor in 

2007 as we see in the yearly result but since it is the asset 

that performs the best during both of these bear years, it 

make sense that it is heavily weighted in the overall 

portfolio. During the financial crisis stocks all over the 

world fell drastically and the OMX and OBX is no exception. Chan et al (2011) finds that Gold 

has a great performance during times of recession and should have a higher weight in the 

portfolio. This is further supported by Baur and McDermott (2010) who investigate the 

development of the Gold price during this last recession and found the same result. Cocoa has 

interestingly enough higher return than Gold and a high Sharpe ratio. Perhaps one can draw the 

conclusion that people eat more chocolate during a crisis which makes the price to increase, but 

such conclusion is not for us to draw without further investigation. Soybeans is again used in a 

bear period. Together, these assets could make an investor forget all about the financial crisis. 

Table 26 - Source: Own Production 

2007-2008 Expected Return Standard deviation Sharpe ratio 

OMX -16.60% 14.92% -13.577 
OBX -34.63% 37.01% -10.872 
Natural Gas -26.02% 43.88% -0.6765 
Crude Oil -13.75% 40.81% -0.4267 

2007-2008 Sweden Norway 

Exp ret 23,8% 22,7% 

VaR 4,4% 4,2% 

std 20,9% 20,5% 

Sharpe 
ratio 

0,9671 0,8365 

Asset Weight 

OMX /OBX 0 0 

Crude Oil 0 0 

Gold 0,7437 0,6914 

Silver 0 0 

Copper 0 0 

Wheat 0 0 

Corn 0 0 

Soybeans 0 0,0089 

Sugar 0 0 

Coffee 0 0 

Cocoa 0,2563 0,2997 

Cotton 0 0 

Lean Hogs 0 0 

Live Cattle 0 0 

Natural Gas 0 0 

2007-2008  Commodity Index Alt. 

 Sweden Norway 
Exp ret -16,50% -32,7% 
VaR 2,10% 11,9% 
std 14,50% 34,4% 

Sharpe ratio -1,388 -1,112 

Asset Weight Weight 
Commodity index 0,02 0,08 

OMX/OBX 0,98 0,92 
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Gold 22.28% 21.50% 0.8663 
Silver -0.80% 29.84% -0.1495 
Copper -23.99% 35.42% -0.7807 
Wheat 7.36% 35.77% 0.1035 
Corn -3.99% 34.77% -0.2200 
Soybeans 19.35% 34.76% 0.4513 
Sugar -9.52% 32.73% -0.4028 
Coffee -8.94% 31.29% -0.4029 
Cocoa 28.38% 36.25% 0.6817 
Cotton -19.57% 28.66% -0.8105 
Lean Hogs -27.28% 31.62% -0.9788 
Live Cattle -8.73% 16.44% -0.7536 
Com. Index -9.85% 28.83% -0.4685 

This period is identified by the greatest recession during the entire investigated period. This is 

also shown in the results where the equity index is excluded entirely for the Swedish market and 

only current to a minor extent for the Norwegian market. What differs this period from the other 

observed recession is that the recession was worldwide, which influenced the movement of the 

Gold future. 

Table 27 –Source: Own Production 

Portfolio Sweden Norway 

Year 2007 2008 2007 2008 

Exp Ret 38.1% 41.4% 30.3% 47.7% 

VaR 2.2% 7.7% 2.5% 6.9% 

Std 15.0% 27.7% 15.8% 26.2% 

Sharpe Ratio 2.31 1.35 1.59 1.57 

Asset Weights Weights 

OMX/OBX 0 0 0.057 0 

Crude oil 0.073 0 0.083 0 

Gold 0.364 0.392 0.207 0.429 

Silver 0 0 0 0 

Copper 0 0 0 0 

Wheat 0.114 0 0.118 0 

Corn 0 0 0 0 

Sugar 0 0 0 0 

coffee 0 0 0 0 

Cocoa 0 0.608 0 0.571 

Cotton 0 0 0 0 

Lean hogs 0 0 0 0 

Live cattle 0 0 0 0 

Soybeans 0.450 0 0.534 0 

Natural gas 0 0 0 0 
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9.1.3.6. Result 2009-2013 
 Table 28 – Source: Own Production                                                Table 29 –Source:  Own Production 

 

 

 

 

 

 

The last sub-period that we are looking at allocate high 

weight of stocks to the portfolio, 65 percent weight in 

OMX and 45 percent weight in OBX respectively and 

thereof implies bull period. The same assets are 

including in both their portfolios but with slightly 

different weights. For instance Copper is much more 

involved in the Norwegian portfolio. As table 30 

shows, the OMX perform better than the OBX with a Sharpe ratio of 0.73 in comparison to 0.64, 

the Swedish portfolio naturally wants a larger part of the equity index. For this reason the 

alternative portfolios invest only in the stock index as both the expected return and Sharpe ratio 

in higher than the commodity index. Again, Copper is detected during bull market.  

Year 2009 is usually described as part of the financial crisis but since we follow the movement 

of the OMX Index the entire period will we classified as a time of expansion. As seen in table 

30, the equity indices are included during the entire period for both of the markets, with the 

exception of 2011, where Gold futures outperform all other alternatives.  

Table 30 –Source: Own Production 

Portfolio Sweden Norway   

Year 2009 2010 2011 2012 2013 2009 2010 2011 2012 2013 

Exp Ret 67.7% 51.1% 11.9% 13.6% 16.6% 68.1% 65.3% 12.8% 12.0% 19.2% 

VaR 4.4% 2.3% 4.8% 2.3% 0.9% 6.2% 3.1% 4.2% 2.4% 0.7% 

Std 21.0% 15.2% 22.0% 15.0% 9.3% 24.8% 17.5% 20.5% 15.4% 8.4% 

Sharpe 
Ratio 

3.20 3.33 0.46 0.81 1.69 2.65 3.59 0.49 0.65 2.09 

2009-2013 Sweden Norway 

Exp ret 8,1% 12,4% 
VaR 0,6% 1,7% 
std 7,8% 12,9% 
Sharpe ratio 0,9001 0,7863 

Asset Weight 
OMX /OBX 0,6485 0,4464 
Crude Oil 0 0 
Gold 0,0404 0,0938 
Silver 0 0 

Copper 0,1350 0,3172 
Wheat 0 0 
Corn 0 0 
Soybeans 0,0944 0,0627 
Sugar 0,0178 0,0055 

Coffee 0 0 
Cocoa 0 0 
Cotton 0,0639 0,0743 
Lean Hogs 0 0 
Live Cattle 0 0 
Natural Gas 0 0 

2009-2013  Commodity Index Alt. 

 Sweden Norway 

Exp ret 7,58% 14,18% 

VaR 0,79% 3,44% 

std 8,90% 18,56% 

Sharpe ratio 0,738 0,644 

Asset Weight Weight 

Commodity index 0 0 

OMX/OBX 1 1 
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Asset Weights Weights 

OMX/OBX 0.304 0.311 0 0.509 0.651 0.291 0.132 0 0.466 0.536 

Crude oil 0 0 0 0 0 0 0 0 0 0.04777 

Gold 0.009 0 1 0 0 0 0 1 0 0 

Silver 0.071 0.203 0 0 0 0.023 0.271 0 0 0 

Copper 0.378 0 0 0 0 0.435 0 0 0 0 

Wheat 0 0 0 0 0 0 0 0 0 0 

Corn 0 0 0 0.024 0 0 0 0 0 0 

Sugar 0.238 0 0 0 0 0.251 0 0 0 0 

coffee 0 0.139 0 0 0 0 0.169 0 0 0 

Cocoa 0 0 0 0 0.177 0 0 0 0 0.198 

Cotton 0 0.315 0 0 0.027 0 0.356 0 0 0.111 

Lean hogs 0 0 0 0 0 0 0 0 0 0 

Live cattle 0 0.032 0 0 0 0 0.072 0 0 0 

Soybeans 0 0 0 0.468 0.102 0 0 0 0.534 0.108 

Natural gas 0 0 0 0 0.044 0 0 0 0 0 

 
Table 31 – Source:  Own Production 

2009-2013 Expected Return Standard deviation Sharpe ratio 

OMX 7.58% 8.97% 0.7313 
OBX 14.18% 18.72% 0.6388 
Natural Gas -46.48% 38.10% -1.2468 
Crude Oil -4.41% 22.05% -0.2464 
Gold 1.21% 20.80% 0.0089 
Silver 5.64% 36.46% 0.1266 
Copper 12.49% 20.36% 0.5631 
Wheat -18.05% 30.15% -0.6327 
Corn -4.52% 27.70% -0.2002 
Soybeans 8.61% 20.83% 0.3645 
Sugar 2.74% 36.64% 0.0468 
Coffee -12.42% 24.96% -0.5385 
Cocoa -6.49% 23.74% -0.3163 
Cotton 8.84% 27.13% 0.2880 
Lean Hogs -11.18% 24.05% -0.5074 
Live Cattle -5.53% 18.06% -0.3627 
Com. Index -0.44% 13.26% -0.1100 
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9.1.3.7. Result 1990-2013 
 Table 32 – Source: Own Production        Table 33 –Source: Own Production  

When looking at the optimal portfolios over the 

entire period, table 32, we find that Norway 

wants to allocate 100 percent of its portfolio to 

Copper. Sweden chooses to allocate a large 

weight in Copper as well but diversify with 11.9 

percent Soybeans and 2.4 percent Crude Oil. The 

alternative portfolios choose 100 percent in 

stocks which make sense due to the higher 

expected return and Sharpe ratio. According to 

table 33, investing in the commodity index would not be the optimal choice if you had bought a 

portfolio back in 1990 and held it until 2013.  

Table 35, showing the result based on daily data, gives a slightly different and more detailed 

result. The Swedish portfolio has more than 30 percent placed in the OMX, 6 percent in Crude 

Oil, 47 percent in Copper and the remaining part in Soybeans. The Norwegian portfolio is still 

overweighed in Copper, but has 13 percent in Soybeans and 6 percent in Crude oil. Woodard et 

al (2009) makes a similar investigation for the American market in the period 1992-2006 and 

finds that long investments in Crude oil, Copper, Cattle and Silver consistently improve the 

equity portfolio. We do not find this consistency when it comes to Live Cattle and Silver which 

could be a possible proof of how different investment strategies should be, depending on which 

market your equity risk lies.  

When individual commodity futures are used instead of the overall commodity index, the result 

is clearly different. When comparing table 32 to 33, we find that over the entire period from 

Entire Period Commodity Index Alt. 

 Sweden Norway 

Exp ret 4,90% 5% 

VaR 2,10% 6% 

std 14,60% 23% 

Sharpe ratio 0,005 -0,026 

Asset Weight Weight 

Commodity index 0 0 

OMX/OBX 1 1 

Entire period          Sweden          Norway 

 Exp ret 9,9% 10,0% 

VaR 4,9% 5,8% 

std 22,1% 24,0% 

Sharpe ratio 0,2326 0,1805 

Asset              Weight 

OMX /OBX 0 0 

Crude Oil 0,0241 0 

Gold 0 0 

Silver 0 0 

Copper 0,8571 1 

Wheat 0 0 

Corn 0 0 

Soybeans 0,1188 0 

Sugar 0 0 

Coffee 0 0 

Cocoa 0 0 

Cotton 0 0 

Lean Hogs 0 0 

Live Cattle 0 0 

Natural Gas 0 0 
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1990-2013 investments in commodity futures not only increase the expected return of the 

portfolio but increase the Sharpe ratio due to the better performance of Copper, Soybeans and 

Crude Oil.   

Table 34 - Source: Own Production                              Table 35 - Source: Own Production 

  

 

 

 

9.1.4. Summary of portfolio result  

To summarize the result of the optimal portfolios we present the Sharpe ratio performance of the 

optimal portfolios in comparison to the stock market index. Since the Sharpe ratio for the optimal 

portfolio is continuously higher than the stock index, the result implies that by using individual 

commodity futures in a portfolio, both a Swedish and Norwegian investor could potentially 

benefit. It could also be distinguished that the Swedish portfolio performs better than the 

Norwegian. However, this could be an effect caused by the exchange rate fluctuations between 

the SEK and NOK. According to the result, it is difficult to draw any general conclusion 

regarding what commodity you should hold in different market condition but the commodities 

that seem to help a portfolio of stocks, at least in some way, are during bull market: Crude Oil, 

Portfolio Sweden Norway 

Entire period  

Exp Ret 0,08628 0,08989 

VaR 0,028459 0,047707 

Std 0,168698 0,218419 

Sharpe Ratio 0,220714 0,142801 

Asset   

OMX/OBX 0,315617 0 

Crude Oil 0,061197 0,063262 

Gold 0 0 

Silver 0 0 

Copper 0,46994 0,80614 

Wheat 0 0 

Corn 0 0 

Sugar 0 0 

coffee 0 0 

Cocoa 0 0 

Cotton 0 0 

Lean hogs 0 0 

Live cattle 0 0 

Soybeans 0,153246 0,130599 

Natural gas 0 0 

Entire period Exp Return Std Sharpe ratio 

OMX 4.87% 14.61% 0.0052 

OBX 5.06% 23.54% -0.0261 

Natural Gas -27.55% 51.75% -0.6250 

Crude Oil 6.93% 31.81% 0.0671 

Gold 4.60% 17.03% -0.0114 

Silver 5.17% 28.66% 0.0131 

Copper 10.47% 24.66% 0.2301 

Wheat -5.65% 26.58% -0.3930 

Corn -4.63% 25.98% -0.3630 

Soybeans 6.73% 24.26% 0.0796 

Sugar 3.54% 31.91% -0.0394 

Coffee -4.66% 37.71% -0.2508 

Cocoa -1.22% 29.14% -0.2064 

Cotton -1.25% 26.84% -0.2255 

Lean Hogs -5.97% 26.62% -0.4047 

Live Cattle 2.22% 17.72% -0.1453 

Com. Index 4.11% 20.34% -0.0337 
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Figure 19 - Source: Own Production Figure 18 - Source: Own production 
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Copper, Soybeans and Cotton. Instead Cocoa, Gold and Soybeans can be helpful during bear 

market. Berlousova and Dorfleitner (2012) did a spanning test for commodity futures over the 

period 1995-2010. Their investigation shows that the energy sector will increase the portfolio 

during bull markets and precious metals will increase the portfolio performance during bear 

markets. Our result gives some further support to their findings regarding Crude Oil and Gold.   

 

9.1.5. Equity restriction 
We also want to find the weights, expected return, variance, standard deviation and Sharpe ratio 

when we put the restriction that the portfolio needs to include a specific percentage of stocks. As 

Bodie and Rosansky (1980), we put the restriction of 0%, 20%, 40%, 60%, 80% and finally 

100% of stocks. As in the beginning of this section, we only show the detailed result of one 

portfolio (from the entire period 1990 to 2013) while the other portfolios’ detailed result 

(including Norway) can be found in Appendix V, table 51 and Appendix VI, table 52.  Instead a 

summary of all portfolios’ result is presented later on in this section. 

Table 36- Source: Own production 

 Entire period Return rf Excess Z Weights    Entire period 0% OMX 

OMX 0.004062 0.003998 6.38E-05 0.369186 0   Exp ret 9,94% 
Crude Oil 0.005777   0.001779 0.742785 0.02407   VaR 4,89% 
Gold 0.003836   -0.00016 1.161735 0   std 22,12% 
Silver 0.004311   0.000313 -0.26561 0  Sharpe ratio 0,2326 
Copper 0.008726   0.004728 1.149187 0.8571       

-2,00

-1,00

0,00

1,00

2,00

3,00

4,00

5,00

1990 1995 2000 2005 2010

Sharpe ratio Norway 

Optimal Portfolio OBX Index
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Wheat -0.00471   -0.00871 -1.41674 0       
Corn -0.00386   -0.00786 -1.70835 0       
Soybeans 0.005608   0.00161 3.310047 0.1188       
Sugar 0.002951   -0.00105 0.088862 0       
Coffee -0.00388   -0.00788 -0.79099 0       
Cocoa -0.00101   -0.00501 -0.65718 0       
Cotton -0.00105   -0.00504 -1.2477 0       
Lean Hogs -0.00498   -0.00898 -1.43583 0       
Live Cattle 0.001852   -0.00215 -0.05426 0       
Natural Gas -0.02317   -0.02717 -1.36785 0       
      sum: 2.1227 1       
 

Table 37 – Source: Own Production 

 

Table 38 – Source:  Own production 

Entire period Return rf Excess Z Weights  Entire period 40% OMX 

OMX 0,0041 0,004 6E-05 0,369 0,4   Exp ret 8,23% 
Crude Oil 0,0058   0,002 0,743 0   VaR 3,05% 
Gold 0,0038   -2E-04 1,162 0   std 17,48% 
Silver 0,0043   3E-04 -0,27 0   Sharpe ratio 0,1965 
Copper 0,0087   0,005 1,149 0,6       
Wheat -0,005   -0,009 -1,42 0       
Corn -0,004   -0,008 -1,71 0       
Soybeans 0,0056   0,002 3,31 0       
Sugar 0,003   -0,001 0,089 0       
Coffee -0,004   -0,008 -0,79 0       

Entire period Return rf Excess Z Weights   Entire period 20% OMX 

OMX 0.004062 0.004 6.38E-05 0.369186 0.2   Exp ret 9,16% 

Crude Oil 0.005777 
 

0.001779 0.742785 0.0055 
 

VaR 3,95% 

Gold 0.003836   -0.00016 1.161.735 0   std 19,87% 

Silver 0.004311 
 

0.000313 -0.26561 0 
 

Sharpe ratio 0,2195 

Copper 0.008726   0.004728 1.149.187 0.75       

Wheat -0.00471 
 

-0.00871 -141.674 0 
   

Corn -0.00386   -0.00786 -170.835 0       

Soybeans 0.005608 
 

0.00161 3.310.047 0.05 
   

Sugar 0.002951   -0.00105 0.088862 0       

Coffee -0.00388 
 

-0.00788 -0.79099 0 
   

Cocoa -0.00101   -0.00501 -0.65718 0       

Cotton -0.00105 
 

-0.00504 -12.477 0 
   

Lean Hogs -0.00498   -0.00898 -143.583 0       

Live Cattle 0.001852 
 

-0.00215 -0.05426 0 
   

Natural Gas -0.02317   -0.02717 -136.785 0       

       Sum: 21.227 1       
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Cocoa -0,001   -0,005 -0,66 0       
Cotton -0,001   -0,005 -1,25 0       
Lean Hogs -0,005   -0,009 -1,44 0       
Live Cattle 0,0019   -0,002 -0,05 0       
Natural Gas -0,023   -0,027 -1,37 0       
      Sum: 2,123 1       
 

Table 39 – Source:  Own production 

 

Table 40 – Source: Own Production 

 Entire period Return rf Excess Z Weights   Entire period 80% OMX 

OMX 0,0041 0,0040 0,0001 0,3692 0,8   Exp ret 5,99% 
Crude Oil 0,0058   0,0018 0,7428 0   VaR 1,96% 
Gold 0,0038   -0,0002 1,1617 0   std 14,00% 
Silver 0,0043   0,0003 -0,2656 0   Sharpe ratio 0,0855 

Copper 0,0087   0,0047 1,1492 0,2       
Wheat -0,0047   -0,0087 -1,4167 0       
Corn -0,0039   -0,0079 -1,7084 0       
Soybeans 0,0056   0,0016 3,3100 0       
Sugar 0,0030   -0,0010 0,0889 0       
Coffee -0,0039   -0,0079 -0,7910 0       
Cocoa -0,0010   -0,0050 -0,6572 0       
Cotton -0,0010   -0,0050 -1,2477 0       
Lean Hogs -0,0050   -0,0090 -1,4358 0       
Live Cattle 0,0019   -0,0021 -0,0543 0       
Natural Gas -0,0232   -0,0272 -1,3678 0       

     Sum: 2,1227 1       

 

Entire period  Return rf Excess Z Weights   Entire period 60% 

OMX 0,004 0,004 6E-05 0,369 0,6   Exp ret 7,11% 
Crude Oil 0,006   0,002 0,743 0   VaR 2,27% 
Gold 0,004   -2E-04 1,162 0   std 15,06% 
Silver 0,004   3E-04 -0,27 0   Sharpe ratio 0,1537 

Copper 0,009   0,005 1,149 0,4       
Wheat -0,005   -0,009 -1,42 0       
Corn -0,004   -0,008 -1,71 0       
Soybeans 0,006   0,002 3,31 0       
Sugar 0,003   -0,001 0,089 0       
Coffee -0,004   -0,008 -0,79 0       
Cocoa -0,001   -0,005 -0,66 0       
Cotton -0,001   -0,005 -1,25 0       
Lean Hogs -0,005   -0,009 -1,44 0       
Live Cattle 0,002   -0,002 -0,05 0       
Natural Gas -0,023   -0,027 -1,37 0       

     Sum: 2,123 1       
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Table 41 – Source: Own Production 

Entire period  Return rf Excess Z Weights   Entire period 100% OMX 

OMX 0,0041 0,004 0,000 0,369 1   Exp ret 4,87% 

Crude Oil 0,0058   0,002 0,743 0   VaR 2,13% 

Gold 0,0038   0,000 1,162 0   std 14,58% 

Silver 0,0043   0,000 -0,266 0   Sharpe  ratio 0,0052 

Copper 0,0087   0,005 1,149 0       

Wheat -0,0047   -0,009 -1,417 0       

Corn -0,0039   -0,008 -1,708 0       

Soybeans 0,0056   0,002 3,310 0       

Sugar 0,0030   -0,001 0,089 0       

Coffee -0,0039   -0,008 -0,791 0       

Cocoa -0,0010   -0,005 -0,657 0       

Cotton -0,0010   -0,005 -1,248 0       

Lean Hogs -0,0050   -0,009 -1,436 0       

Live Cattle 0,0019   -0,002 -0,054 0       

Natural Gas -0,0232   -0,027 -1,368 0       

      Sum: 2,123 1       

 

As seen in table 36-41, the more equity that is included in this portfolio, the lower return and 

Sharpe ratio. When the equity constraint lowers to 80%, the Copper is included. Even though 

Copper is the first choice, when the equity constraint lowers to 20%, the optimal portfolio (with 

restriction) don’t chose to continue with only Copper but instead involves Soybeans and Crude 

Oil. When the constraint is 0% equity, table 36, we find the portfolio that also is known as the 

optimal portfolio with no constraints on equity. With this portfolio, including 85.7% Copper, 

11.9% Soybeans and 2.4% Crude Oil, we find the highest Sharpe ratio.  

Naturally, this result changes a lot from portfolio to portfolio and occasionally the equity is 

heavily involved even in the unrestricted optimal portfolio. What this extended research gives us 

is an understanding of how the performance changes due to how heavily we allocate the 

investment in stocks.   

The following summary will give an overview of Sweden’s and Norway’s portfolio performance 

as the equity restriction change. The expected return, standard deviation and Sharpe ratio is 

presented. The more detailed result including weights of assets can be found in Appendix V, 
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table 51 and Appendix VI, table 52. The highest Sharpe ratio for each period is in bold which 

makes it easier to compare the countries performance.  

Table 42 – Source:  Own Production 

1990-1993   Bear market             

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 21.86% 19.57% 17.29% 15.00% 12.71% 10.43% 

Sweden Std  18.03% 16.94% 16.50% 16.76% 17.68% 19.17% 

  Sharpe ratio 0.54 0.44 0.31 0.17 0.03 -0.09 

                

  Expected return 17.77% 13.57% 9.36% 4.67% 0.72% -3.24% 

Norway Std  15.47% 14.83% 15.93% 20.01% 22.46% 25.96% 

  Sharpe ratio 0.40 0.13 -0.14 -0.35 -0.49 -0.57 

 

Table 43 – Source: Own production 

1994-1999  Bull market             

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 20.74% 19.03% 18.01% 17.15% 15.91% 14.80% 

Sweden Std  26.50% 20.98% 17.19% 14.52% 13.14% 14.36% 

  Sharpe ratio 0.57 0.64 0.73 0.80 0.79 0.65 

                

  Expected return 20.23% 18.71% 17.35% 15.18% 13.11% 10.27% 

Norway Std  23.43% 20.63% 19.05% 17.77% 18.71% 20.82% 
  Sharpe ratio 0.63 0.64 0.62 0.54 0.40 0.23 

 

Table 44 – Source: Own production 

2000-2003  Bear market             

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 12.96% 8.63% 4.84% -2.28% -7.23% -12.17% 

Sweden Std  16.77% 16.11% 22.58% 14.77% 14.95% 16.64% 

  Sharp ratio 0.55 0.30 0.05 -0.41 -0.73 -0.96 

                

  Expected return 13.28% 10.53% 8.13% 4.32% 0.52% -3.29% 

Norway Std  19.40% 19.26% 24.22% 21.27% 21.09% 23.74% 

  Sharp ratio 0.35 0.21 0.07 -0.10 -0.29 -0.41 
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Table 45 – Source: Own production 

 
2004-2006 

              

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 38.86% 32.51% 27.61% 23.23% 17.35% 10.29% 

Sweden Std  21.48% 17.15% 13.91% 11.43% 9.24% 8.87% 

  Sharp ratio 1.71 1.78 1.84 1.85 1.66 0.93 

                

  Expected return 42.53% 34.70% 31.16% 31.90% 31.31% 27.88% 

Norway Std  23.66% 17.27% 14.20% 14.63% 15.74% 17.07% 

  Sharp ratio 1.69 1.87 2.02 2.01 1.83 1.49 

 

Table 46 – Source: Own Production 

2007-2008  Bear              

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 23.85% 15.85% 8.75% 1.39% -7.60% -16.60% 

Sweden Std  20.87% 17.13% 16.60% 18.04% 14.78% 14.61% 

  Sharpe ratio 0.97 0.71 0.31 -0.13 -0.76 -1.39 

                

  Expected return 22.75% 11.92% 2.37% -9.96% -23.18% -34.63% 

Norway Std  20.49% 18.58% 27.55% 28.04% 31.90% 36.23% 
  Sharpe ratio 0.84 0.34 -0.12 -0.56 -0.90 -1.11 

 

Table 47 – Source:  Own Production 

2009-2013  Bull             

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 10.93% 10.17% 8.97% 8.17% 8.09% 7.58% 

Sweden Std  14.86% 12.33% 9.58% 7.97% 8.16% 8.90% 

  Sharpe ratio 0.67 0.74 0.83 0.90 0.87 0.74 

                

  Expected return 12.67% 12.16% 12.19% 13.17% 14.09% 14.18% 

Norway Std  16.16% 13.53% 12.70% 14.23% 16.53% 18.56% 

  Sharpe ratio 0.65 0.73 0.78 0.77 0.72 0.64 

 

Table 48 – Source:  Own Production 

1990-2013  Mixed             

  % of Equity 0% 20% 40% 60% 80% 100% 
  Expected return 9.94% 9.16% 8.23% 7.11% 5.99% 4.87% 
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Sweden Std  22.12% 19.87% 17.48% 15.06% 14.00% 14.58% 

  Sharpe ratio 0.23 0.22 0.20 0.15 0.09 0.01 

                

  Expected return 10.01% 9.02% 8.03% 7.04% 6.05% 5.06% 

Norway Std  24.02% 21.26% 19.67% 19.54% 20.90% 23.50% 

  Sharpe ratio 0.18 0.16 0.12 0.07 0.02 -0.03 

It can be distinguished that during bull markets, Sweden’s best alternative is to have 60% stocks 

and 40% commodity futures. In bear markets 0 percent of the Swedish stock index results in the 

highest Sharpe ratio and therefore it can be considered being the best alternative.  The result is 

slightly different for Norway. During bull markets between 20-40% of stocks result in the best 

performance. However, during bear markets we see 0% of stocks also for Norway. The last 

result, showing the entire period, gives us the impression that commodity futures outperform 

stocks and 0% of stocks should be included in the Swedish as well as the Norwegian portfolio.    

In the article from Bodie and Rosansky (1980) they distinguished that 60 percent in stocks and 

40 percent in commodities would be the best combination but this is not what we find in our 

result. This could depend on many things but foremost we do not cover the same time period so 

we cannot compare too extensively.    

9.1.6. Inflation CPI 

As mentioned in the theory, commodity futures have historically shown to be a great hedge 

against inflation. The inflation rate for Sweden and Norway over the entire period is displayed in 

the Appendix XX, figure 15 -16. Sweden has had periods of both very high inflation and periods 

of deflation. The inflation rate for the Swedish market tends to be high during bear markets and 

as shown in our results, the OMX Index tends to be none included during these periods. This is 

in line with the evidence from Gorton and Rouwenhorst (2004) who have found that stocks in 

general are negatively correlated with inflation and returns are sensitive to periods of high 

inflation. The Norwegian market has a more stable inflation with its maximum in the beginning 

of year 1990. The inflation rate follows a similar pattern as the Swedish market but with slightly 

lower inflation rate. Both experience somewhat higher inflation during bear markets. This part of 

the result is not investigated further, hence the reflections above is just indications of how 

commodity futures can improve the results of an equity portfolio during periods of high inflation. 

Furthermore, commodities are known to be directly connected to the components of inflation 

(Gorton and Rouwenhorst, 2004) but this result refers to the American market. It could therefore 
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not be translated directly to the Swedish and Norwegian inflation. The American CPI for the US 

is displayed in Appendix XX, Figure 17, in order to show the potential similarities with the 

Swedish and the Norwegian market. There exists some similar pattern, but further investigation 

is required in order to make any conclusion about commodity futures ability as a hedge against 

inflation on the investigated markets.     

9.1.7. Statistics Part 1 

We perform statistical significance test for all the optimal portfolios for Sweden and Norway. 

The t-tests are presented below followed by normality test.  

9.1.7.1. T-tests  

Table 49 shows the result of Sweden’s optimal portfolios.  

Table 49 - Source: Own production 

Optimal 
portfolio 

Mean Std Dev Variance Minimum Maximum N Lower 95% CL 
for Mean 

Upper 95% CL 
for Mean 

t Value Pr > |
t| 

1990-1993 0.01822 0.0526 0.0028 -0.0979 0.1956 48 0.0028 0.0337 2.37 0.0218 

1994-1999 0.01382 0.0396 0.0016 -0.0977 0.1109 72 0.0045 0.0231 2.96 0.0041 

2000-2003 0.01080 0.0489 0.0024 -0.1134 0.1388 48 -0.0034 0.0250 1.53 0.1327 

2004-2006 0.02056 0.0356 0.0013 -0.0545 0.0949 36 0.0085 0.0326 3.46 0.0014 

2007-2008 0.01987 0.0615 0.0038 -0.1302 0.1606 24 -0.0061 0.0459 1.58 0.1274 

2009-2013 0.00673 0.0228 0.0005 -0.0452 0.0733 60 0.0008 0.0126 2.29 0.0259 

1990-2013 0.00828 0.0640 0.0041 -0.2897 0.1847 287 0.0009 0.0157 2.19 0.0290 

All the means are positive but they are not all statistically significant. Period 1, 2, 4, 6 and 7 are 

statistically significant at the 5% significant level but period 3 and 5 are not since the t- values 

are lower than the critical value of 1.96 (Gujarati and Porter, 2009, p.115). They are not even 

significant at the 10% significant level since the t- value is lower than 1.64. We could also look 

at the p-values and find that these two also have p-values higher than 0.1 which indicates that 

they are not significant at the 10% level (Gujarati and Porter, 2009, p.116). We can therefore not 

rely on the result of the third and fifth portfolio as their means are not significantly different from 

zero.     

Table 50 presents the Norwegian portfolios. All the means are positive here as well. Again we 

find period 1, 2, 4, 6 and 7 to be statistically significant and 3 and 5 to not be significant at the 

10% level. This is not surprising since we use the same time frames and almost the exact data. 
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We can therefore not rely on the result from the third and fifth portfolio as their means are not 

significantly different from zero.  

Table 50 - Source: own production 

 

9.1.7.2. Normality tests 

Table 51 and 52 presents the summary of the normality tests for all our Swedish optimal 

portfolios. The Shapiro-Wilk test is presented in table 51 next to the skewness and kurtosis 

followed by table 52 including the Kolmogorov-Smirnov test, Cramer-von Mises test and 

Anderson-Darling test. As many tests are preferred when checking for normality, we also plot 

the distribution. These plots are included in Appendix XXI, Figure 18-24 and XXII, Figure 25-

31 due to space limitation.  

The closer the Shapiro-Wilk test (W) is to 1, the surer you can be that the data is normally 

distributed. The null- hypothesis is that the data is normally distributed (SAS A, 2014). 

Therefore, if the p- value is below 5% we can reject at the 5% significant level that it is normally 

distributed. We can reject that portfolio 1 is normally distributed since 0.0188 < 0.05. Also the 

entire period, portfolio 7, can be rejected since the p-value 0.0002 < 0.05.  

Table 51 - Source: Own Production 

Optimal 
portfolio 

Mean Std 
Dev 

Variance Minimum Maximum N Lower 95% CL 
for Mean 

Upper 95% 
CL for Mean 

t Valu
e 

Pr > |t
| 

1990-1993 0.01481 0.0451 0.0020 -0.0950 0.1224 47 0.0016 0.0281 2.25 0.0293 

1994-1999 0.01563 0.0601 0.0036 -0.1212 0.1659 72 0.0015 0.0298 2.2 0.0307 

2000-2003 0.01107 0.0566 0.0032 -0.1278 0.1505 48 -0.0054 0.0275 1.35 0.1820 

2004-2006 0.02581 0.0409 0.0017 -0.0561 0.1173 36 0.0120 0.0396 3.79 0.0006 

2007-2008 0.01896 0.0604 0.0037 -0.1235 0.1589 24 -0.0066 0.0445 1.54 0.1379 

2009-2013 0.00907 0.0343 0.0012 -0.0934 0.0768 60 0.0002 0.0179 2.05 0.0452 

1990-2013 0.00834 0.0695 0.0048 -0.3091 0.2122 287 0.0003 0.0164 2.04 0.0428 

Test for Normality- Shapiro Wilk test 

Optimal portfolio W p Value Skewness Kurtosis 

1990-1993 0.940618 0.0188 0.9496 1.8695 

1994-1999 0.993339 0.9708 -0.115 0.1078 

2000-2003 0.978292 0.5096 0.2752 0.6543 

2004-2006 0.980789 0.7717 -0.0188 -0.1579 

2007-2008 0.968492 0.6299 -0.2976 1.274 
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The skewness is zero when the sample is normally distributed thus when it is not skewed. Four 

of the portfolios result in negative skewness which means that the distribution of observations is 

negatively skewed. This is naturally not something you want as an investor. Portfolios 1, 3 and 5 

have positive skewed distribution and are normally distributed according to the Shapiro-Wilk 

test. Portfolios 1 and 7 have higher absolute values of skewness in comparison to the other 

portfolios but their kurtosis are closer to the normally distributed value (3) than the other 

portfolios, which makes us doubt the Shapiro Wilk result of not normally distributed. When we 

take the other normality tests into account we see that portfolio 7 is in fact normally distributed 

and portfolio 1 is normally distributed at the 5% level in the Kolmogorov-Smirnov test and at the 

10% level in the other two tests. The plots further concur to this result but are found in the 

Appendix XXI, Figure 18-24 and XXII, Figure 25-31.  

Table 52 - Source: Own Production 

Normality test Kolmogorov-Smirnov Cramer-von Mises Anderson-Darling 

Optimal portfolio D p Value W-Sq p Value A-Sq p Value 

1990-1993 0.127487 0.0543 0.150962 0.0227 0.891802 0.0219 

1994-1999 0.046467 >0.1500 0.016956 >0.2500 0.152368 >0.2500 

2000-2003 0.098935 >0.1500 0.076399 0.2312 0.452843 >0.2500 

2004-2006 0.091829 >0.1500 0.042352 >0.2500 0.275648 >0.2500 

2007-2008 0.135469 >0.1500 0.058911 >0.2500 0.372087 >0.2500 

2009-2013 0.09756 >0.1500 0.122994 0.0545 0.66809 0.081 

1990-2013 0.043031 >0.1500 0.068559 >0.2500 0.747758 0.0509 

Table 53 shows the result for Norway and is similar but not exactly the same. The Shapiro-Wilk 

test again reject portfolio 7 as normally distributed since 0.0021< 0.05 but portfolio 1 cannot be 

rejected and is therefore now seen as normally distributed since the p- value 0.1144> 0.05. When 

taking the other tests into consideration, we see that the result is different. As for the Swedish 

portfolios, the entire period (portfolio 7) is normally distributed at the 5% level but portfolio 1 is 

only normally distributed at the 10% level.  

Table 53 - Source: Own Production 

2009-2013 0.974123 0.231 0.1747 0.8131 

1990-2013 0.978238 0.0002 -0.3442 1.7243 

Normality test                      Shapiro Wilk     

Optimal portfolio W p Value Skewness Kurtosis 

1990-1993 0.96067 0.1144 0.4569 0.3152 
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Portfolios 4, 6 and 7 have negative skewness which gives a slightly different result in 

comparison to the Swedish portfolios which had one more negatively skewed portfolio. Again, 

the plots of the distributions are found in Appendix XXI, Figure 18-24 and XXII, Figure 25-31 

and the result is in line with previous result with more or less bell-curved shapes.   

Table 54 - Source: Own Production 

Normality test Kolmogorov-Smirnov Cramer-von Mises Anderson-Darling 

Optimal portfolio D p Value W-Sq p Value A-Sq p Value 

1990-1993 0.132658 0.0377 0.125741 0.0488 0.751068 0.0476 

1994-1999 0.044677 >0.1500 0.020963 >0.2500 0.161529 >0.2500 

2000-2003 0.092547 >0.1500 0.068847 >0.2500 0.481931 0.2281 

2004-2006 0.081404 >0.1500 0.022391 >0.2500 0.161952 >0.2500 

2007-2008 0.164243 0.0918 0.096939 0.1194 0.497305 0.2008 

2009-2013 0.063311 >0.1500 0.028838 >0.2500 0.201486 >0.2500 

1990-2013 0.037849 >0.1500 0.041586 >0.2500 0.500926 0.2146 

9.1.7.3. Summary of statistical result 

The t-test implies that all portfolios have positive means but only portfolio 1, 2, 4, 6 and 7 are 

significantly different from zero. This implies that these portfolios generate on average positive 

returns and we can trust the performance of these portfolios. The mean of portfolios 3 and 5 are 

not statistically different from zero which means that these portfolios might generate a return of 

zero. The returns of portfolio 5, including 2007-2008, have high volatility as seen in table 49 and 

50 and in the 95% confidence interval we find both the highest and the lowest return of all the 

included portfolios. This is probably one of the reasons to why these returns are not statistically 

significant from zero.  

Both the Swedish and the Norwegian portfolios have a tendency towards positive skewness 

when the portfolio consists to a high degree of commodities. These portfolios are foremost 

current during bear markets, hence portfolio 1, 3 and 5. Gorton and Rouwenhorst found evidence 

1994-1999 0.99098 0.891 0.2553 0.038 

2000-2003 0.97385 0.355 0.3271 0.4058 

2004-2006 0.987195 0.9444 -0.0463 -0.1638 

2007-2008 0.964367 0.5322 0.0674 1.025 

2009-2013 0.984574 0.6479 -0.4552 0.3906 

1990-2013 0.983394 0.0021 -0.3184 1.4086 
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in their study from 2006 that commodity returns exhibit positive skewness (in contrast to stocks 

which were found to exhibit negative skewness) in a portfolio with equally-weighted commodity 

futures between 1959 and 2004. This is also in line with what we find. We should however also 

take into account that the mean of portfolios 3 and 5 are not statistically different from zero 

hence the returns from these portfolios can anyway be zero.     

The different result of portfolio 7 in the normality tests, between the Shapiro-Wilk tests and the 

other three, could be explained by the fact that the Shapiro-Wilk test is not very well suited for 

larger sample sizes (SAS A, 2014). Therefore we trust the other tests more in this matter and 

after taking the plots into consideration we conclude that all the portfolios are normally 

distributed and we can trust the result. This means that we can assume that most of the 

observations (returns) will be situated around its mean.    

9.2. Result Part 2  

9.2.1. Investing Strategies  

In the previous section we investigated which commodity futures that are best suited for the 

Swedish and Norwegian market using Markowitz mean variance framework. The results showed 

indications that an investor could gain significant benefits from adding commodity futures to the 

portfolio. However, the investigation showed high variation in what commodity futures to invest 

in over the different time periods. This implies that there might be some difficulties to practically 

implement the Markowitz optimization method for investing purposes.  

In part 2 we will therefore investigate the potential benefits of applying the optimization method 

in an ex-post perspective. As explained in the methodology, we follow the previous research by 

You and Daigler (2013) who investigate the ex-post benefits of holding commodity futures based 

on the mean-variance framework. Except the optimal portfolio, we also use strategies based on 

the minimum variance portfolio, the equally-weighted portfolio and the ERC-portfolio.    

The first section presents the performance of the four different strategies applied on the Swedish 

market, followed by the Norwegian market. The Optimal portfolio, the minimum variance 

portfolio and the ERC portfolio is presented on ex-post basis, whereas the equally-weighted 

portfolio has the same weight throughout the entire period. The Sharpe ratio is the primary focus 

but the different strategies are later also benchmarked against each other based on expected 
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return, standard deviation and risk-adjusted performance measure in order to find the superior 

portfolio strategy. Furthermore they are also benchmarked against the stock market index in 

order to see if any of the strategies is superior to holding the stock portfolio. Finally, statistical 

significance tests are performed and we test if the efficient market hypothesis holds.   

9.2.2. The Portfolio Process 

In order to examine the resulting ex-post portfolio at time t +1, the optimal weights at year t is 

applied to the data at time t + 1. This means that the weights of each asset that were optimal in 

1990 are invested in the beginning of 1991. This procedure is repeated every year from 1990 to 

2013 on the respective portfolios. The historical timeframe of one year is chosen according to the 

research by You and Daigler (2013) who also evaluated the performance of single index 

commodity futures. Further on, since commodity futures are known to have high volatility, one 

could argue that to base the weights on longer historical timeframe would not be beneficial for 

our short holding periods.  

As explained in the methodology, the weights in the minimum variance portfolio as well as in 

the ERC-portfolio are also based on the previous year’s performance. Hence the assets that 1990 

had the lowest risk will be used in the minimum variance portfolio 1991 and so on. The equally-

weighted portfolio is the only portfolio that does not take previous performance into account. 

However, as explained in the methodology, we put a restriction of 60% stock index since this 

index should not be seen as an individual asset but a portfolio consisting of many stocks.     

9.2.3. The Swedish market  

9.2.3.1. Ex-post Optimal Portfolio  

The optimal portfolios presented in part 1 show positive Sharpe ratio throughout the periods and 

high expected returns. We now want to evaluate if this is a potential investment strategy for an 

investor. 

Table 55 shows the result for the ex-post optimal portfolio on the Swedish market that is based 

on the weights from previous year’s optimal portfolio. This strategy gives a positive Sharpe ratio 

in 50 percent of the estimated portfolios and a positive return in approximate 60 percent of the 

portfolios. The highest volatility can be observed during bear periods and in portfolios with a 

lower number of assets. As concluded by Maillard et al (2010) the optimal portfolio tends to 

have a high concentration in a few sample assets, hence the portfolio may not be an optimal 



The Benefits of Commodity Futures - An investigation from the perspective of Swedish and Norwegian Investors 

 

Page 94 of 165 
 

choice in practice. This problem is somewhat shown in this result, as some commodity futures 

perform well in the original portfolio and poor in the ex-post portfolio. 

Table 55 - Source: Own production 

 

9.2.3.2. The Equally-Weighted Portfolio 

Another option for an investor is to hold an equally weighted portfolio with no rebalancing of the 

weights throughout the entire period. The result for this strategy is shown in table 56. The Sharpe 

ratio is positive in 59 percent of the portfolios and a positive return in 70 percent of the 

portfolios. The equally-weighted portfolio contains a more diverse investment strategy compared 

to the optimal portfolio since weights are distributed among all the assets. The standard deviation 

is lower in more than 80 percent of the portfolios and the return is higher in 61 percent of the 

portfolios for the equally-weighted strategy compared to the ex-post optimal portfolio strategy. 

These results support Markowitz (1952) previous research that risk is diversifiable by adding 

more assets. Further the result is also in line with Fabozzi et al (2008, p. 4 and 241) who states 

that adding commodity futures to a portfolio will increase the benefits of diversification.  
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Table 56 - Source: Own Production 

 

9.2.3.3. The ex-post Minimum Variance Portfolio 

The purpose of the minimum variance portfolio investment strategy is to minimize the variance 

of the portfolio. The result in part 1 found the Sharpe ratio to be positive in approximate 40 

percent of the portfolios and had a positive return in 46 percent of the portfolios. All minimum 

variance portfolios are found in Appendix IX, table 64 and XI, table 66 and are used to find the 

weights for the investment the upcoming year.  

The result from investing in the minimum variance portfolio based on the previous period is 

presented in table 57. The Sharpe ratio shows a positive result in 39 percent of the portfolios and 

a positive return in 50 percent of the portfolios. If compared to the result in part 1, we see that 

not much of the performance has changed. The Sharpe ratio is almost the same and the return 

even improved which is very interesting. This implies that for an investor who is risk-averse, the 

minimum variance strategy could be a good investing strategy. The standard deviation is lower 

during the entire period in relationship to the other investment strategies, with the exception of 

the period during 1993, when the variance was lower for the equally weighted portfolio. This 

outcome is in line with the result from Millard et al (2010) who states that the risk is usually 

reduced for the minimum variance portfolio compared to the optimal portfolio that has a higher 

concentration in a few assets. His research also apply for the outcome of the equally-weighted 

portfolio, where he states that the risk can be more significant due to a higher concentration in 

assets with a high risk contribution  
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Table 57 - Source: Own Production 

 

9.2.3.4. The ex-post Equally-Weighted Risk Contribution Portfolio  

This investment strategy is an intermediate between the minimum variance and the equally-

weighted portfolio.  The ex-post ERC portfolio, presented in table 58, shows a negative Sharpe 

ratio in 61 percent of the periods and a positive return in 49 percent of the periods. The standard 

deviation is higher for the ERC portfolio compared to the ex-post minimum variance portfolio in 

96 percent of the years and is lower than the equally-weighted portfolio in 74 percent of the 

periods, which is consistent with the findings by Maillard et al (2010). 

Table 58 - Source: Own Production 

 

9.2.3.5. Strategy comparison 

The Sharpe ratio is the most common performance measure within the field of finance, but as 

mentioned in the theory the Sharpe ratio is hard to interpret when some of the output is negative. 

As explained in the methodology, in order to manage this problem we follow the research by 
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Arugaslan et al (2007), who use the risk-adjusted performance measure (M
2
). This performance 

measure is applied when analyzing the different investment alternatives. Further, the portfolios 

are benchmarked to the OMX for the Swedish market in order to investigate if any of these 

strategies can perform better than the stock market index.    
 
 

The M
2 

results
 
are displayed in detail in table 59 for every sub period. The M

2
 is used to make 

the ranking of the different portfolios possible and the portfolio with the highest M
2 

is 

highlighted in the table. The OMX Index outperforms the other portfolios in 61 percent of the 

periods, but there are some indications that the commodity futures provide benefits of 

diversification for the ex-post portfolios. The main advantage is seen during the bear periods, 

where the OMX M
2
 is outperformed in 6 of the 8 years. As seen in table 59, none of the ex-post 

portfolios outperform the OMX on a frequent basis. The portfolios are rated in table 60 to further 

improve the investigation of the best performing portfolio.  

Table 59 - Source: Own Production 

 

The portfolios are ranked by their performance with respect to the expected return, standard 

deviation and the risk-adjusted performance. The ranking system is based on the research by 

Arugaslan et al (2007) who rate their result (among others) by the M
2 

ratio and the return. We 

also account for the standard deviation, since the main advantage with the minimum-variance 

portfolio and the ERC portfolio is the reduced risk. The portfolios are ranked based on their 

average performance throughout the years and the portfolio with the greatest outcome is 

rewarded with the number 1 and the portfolio with the worse performance will get a 5. As seen 

from table 60 the ranking based on return and M
2
 gives the same results. The OMX Index has the 

highest return on average throughout the period, followed by the equally-weighted portfolio. The 

minimum variance portfolio and the ERC portfolio show a poor performance considering the 

return and M
2
 measures, but as expected they have the lowest standard deviations. The OMX 

Index has by far the highest standard deviation but when adding commodity futures to a portfolio 
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the standard deviation decreases. This implies that there exist some risk-reducing effects from 

diversification and that investors can benefits from adding commodity futures, especially during 

periods of poor performance and high volatility in the OMX Index. 

Table 60 - Source: Own Production 

Portfolio Standard dev Return M2 

 Average   Rank Average Rank Average Rank 

Optimal t+1 17.8 % 4 7.1 % 3 4.4 % 3 

Equally w 14.8 % 3 7.4 % 2 8.3 % 2 

MinVar t+1 10.8 % 1 3.1 % 4 -1.3 % 4 

Risk cont t+1 12.2 % 2 2.4 % 5 -2.2 % 5 

OMX Index 22.5 % 5 10.6 % 1 12.7 % 1 

 

When only considering the different portfolios that hold commodity futures the equally-weighted 

portfolio is the best investing strategy in comparison to the other three portfolios concerning 

return and the M
2
 ratio. This is in line with the research by You and Daigler (2013) who finds 

that due to a low stability in commodity futures, investors will benefit more by holding the 

equally-weighted portfolio. A drawback with the ex-post portfolio method is that a majority of 

the commodity futures have a high volatility and the correlation changes over time. This implies 

that a commodity future that had a great advantage in one year may show poor performance in 

the next year. Furthermore, the advantage of diversification might also decrease if a negative 

correlation in year one changes to a positive correlation in year two.  

9.2.4. The Norwegian market  

9.2.4.1. Ex-post Optimal Portfolio  

The optimal portfolio that we produced in part 1 for the Norwegian market had a positive return 

and Sharpe ratio for the entire period, with the exception in 1998, when the Sharpe ratio is 

negative.  

Continuing to the ex-post optimal portfolio, table 61 shows that the Sharpe ratio is positive in 44 

percent of the years and the portfolio return is positive in 57 percent of the years for the ex-post 

portfolio. High annual returns are displayed in both bull and bear periods, but the highest 

standard deviations are foremost found in the bear markets.   
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Table 61 - Source: Own Production 

 

9.2.4.2. The Equally-Weighted Portfolio 

The equally-weighted portfolio (table 62) shows positive Sharpe ratio in 48 percent of the years 

and positive return in approximately 70 percent of the years. The negative returns are foremost 

shown during the bear periods, which are negative in 5 out of 8 possible years. The highest 

Sharpe ratio is observed in 2005, which is consistent with the result from the ex-post optimal 

period.    

Table 62 - Source: Own Production 

 

9.2.4.3. The ex-post Minimum Variance Portfolio 

The ex-post minimum variance portfolio is based on the previous year’s performance. In part 1, 

we found a positive Sharpe ratio in 42 percent of the years and a positive return in 46 percent of 

the years (Found in Appendix). The ex-post minimum variance portfolio, table 63, instead 

generates a positive Sharpe ratio in 35 percent of the years and the portfolio return is positive in 
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61 percent of the year. This indicated that the return is definitely improved in this ex-post 

strategy but the Sharpe ratio unfortunately a little reduced. The standard deviation is lower 

during the entire period compared to the equally weighted portfolio, with the exception of 2013.   

Table 63 - Source: Own Production 

 

 

9.2.4.4. The ex-post Equally-Weighted Risk Contribution Portfolio 

This portfolio has a positive Sharpe ratio in 30 percent of the observed periods and a positive 

return in 44 percent of the periods as seen in table 64. The standard deviation is higher than for 

the minimum variance portfolio in 83 percent of the periods and lower than the equally-weighted 

portfolio in 83 percent of the periods which again is consistent with the study from Maillard et al 

(2010).  

Table 64 - Source: Own Production 
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9.2.4.5.  Strategy comparison 

The different portfolios for the Norwegian market are further analyzed in this section through the 

risk-adjusted performance measure and benchmarked against the OBX Index.  

Table 65 shows the M
2
 ratios for every portfolio and sub periods. The OBX Index is 

outperformed by the other portfolios in 52 percent of the periods, hence there are indications of 

improved performance by adding commodity futures for the Norwegian stock market as well. 

However, there is less evidence that the commodity futures contribute during recession for the 

Norwegian market, since the OBX Index achieve a higher M
2
 in 50 percent of the bear periods.  

Table 65 - Source: Own Production 

 

The rating of the M
2 

ratio, the expected return and standard deviation is done according to the 

same system as for the Swedish market and presented in table 66. The OBX Index shows the 

strongest performance and has the greatest ranking concerning the M
2
 measure and the portfolio 

return. The minimum variance portfolio has the lowest standard deviation, followed by the ERC 

portfolio. The equally-weighted portfolio does not have the highest rating in any of the 

alternatives, but it has an even performance, which again makes this strategy best out of the four 

used in this thesis.    

Table 66 - Source: own Production 

 Portfolio Standard dev Return M2 

  Average Rank Average Rank Average Rank 
Optimal t+1 19.0 % 4 3.4 % 3 3.3 % 3 
Equally w 15.2 % 3 4.5 % 2 4.4 % 2 
MinVar t+1 11.3 % 1 2.7 % 4 -1.2 % 4 
Risk cont t+1 12.2 % 2 0.7 % 5 -4.2 % 5 
OBX Index 22.5 % 5 9.9 % 1 10.8 % 1 

9.2.5. Summary of Investing Strategies 

In part 2 we have investigated four different strategies with the aim of outperforming the stock 

market portfolio. Three of these strategies have been based on the previous year’s result while 

the fourth is the equally-weighted. We have investigated which strategy that is the most suitable 
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for the Swedish and Norwegian markets, respectively, by analyzing the Sharpe ratio and the M
2
 

ratio for our four different investment strategies. Furthermore the strategies have been ranked 

solely based on expected return, standard deviation and M
2
 in order to give further information 

regarding their performance. The result for the Swedish market indicates that the equally 

weighted portfolio and the OMX Index have the strongest performance on average over the 

entire period. According to the rating system, the equally-weighted portfolio actually 

outperforms the other investment strategies in two out of the three situations. The outcome 

further implies that the Swedish market will have the greatest advantage of commodity futures 

during times of recession as the OMX M
2 

is outperformed in 6 out of 8 years. Unfortunately, 

there is no obvious choice of strategy during these bear periods. We find that during bull 

markets, the OMX is preferred in 12 out of 15 years which implies that diversifying the portfolio 

with commodities is not as important during a time of prosperous stock market.   

The Norwegian market shows a slightly different result but the stock market (OBX index) still 

outperforms the investment alternatives when accounting for the entire period. The equally-

weighted portfolio has the next best M
2
 and the second highest average return and is a clearly a 

good competitor to holding the OBX. There is definitely a difference in pattern for the 

Norwegian market during bull and bear periods in comparison to the Swedish performance. 

During bear markets, portfolios that include commodities are only beneficial in 4 out of 8 years 

in comparison to 6 years that the Swedish result shows. Instead, during bull markets the OBX is 

not as beneficial as the OMX was for the Swedish investor. Only in 7 out of 15 years was the 

stock market index the best performing portfolio in comparison to the Swedish 12 years. This 

can partly be explained by the choice of bull and bear markets which is based on the OMX and 

not on the OBX (see figure 7). But even when taking that into consideration, it seems that the 

Norwegian portfolio simply needs the commodity futures more than the Swedish portfolio. It is 

hard to draw any clear conclusion regarding portfolio choice depending on bull and bear period, 

but holding the equally-weighted portfolio during any of these markets is the best 

recommendation based on the strategies investigated.   
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9.2.6. Statistics Part 2 

9.2.6.1. T-test 

The statistical t- tests of our four different portfolios as well as the benchmark OMX index were 

made in SAS and are presented below. Table 67, showing Sweden’s result, shows that all means 

are positive but only the OMX and the equally-weighted portfolio are statistically significant at 

the 10% probability level. None of them were significant at the 5% level since the t-values are < 

1.96 and the p-values thereof are > 0.05. The Norwegian portfolios, presented in table 68, are 

also all positive but none of the means is significantly different from zero even at the 10 percent 

level. This implies that the performance of the Swedish portfolios are better since is cannot be 

distinguished that the Norwegian returns are even different from zero.  

Table 67 - Source: Own Production 

Portfolio Mean Std Dev Min Max N Lower 95% 
CL for Mean 

Upper 95% CL 
for Mean 

t Val
ue 

Pr > |t| 

Equally-
Weighted 

0.00023 0.0097 -0.0551 0.0646 6000 -0.00002 0.00048 1.83 0.0669 

Optimal t+1 0.00013 0.0116 -0.0652 0.0819 6000 -0.00017 0.00042 0.84 0.4006 

Min Var t+1 0.00009 0.0070 -0.0354 0.0711 6000 -0.00008 0.00027 1.04 0.2964 

ERC t+1 0.00006 0.0079 -0.0497 0.0791 6000 -0.00014 0.00026 0.61 0.5398 

OMX Index 0.00036 0.0147 -0.0853 0.1102 6000 -9.54E-06 0.00074 1.91 0.0561 

 

Table 68 – Source: Own Production 

Variable Mean Std Dev Min Max N Lower 95% CL 
for Mean 

Upper 95% CL 
for Mean 

t Val
ue 

Pr > |t| 

Equally-
weighted 

0.000138 0.01017 -0.081107 0.07570 6000 -0.000119 0.0003955 1.05 0.2934 

Optimal t+1 0.000073 0.01243 -0.081980 0.08111 6000 -0.000242 0.0003873 0.45 0.6501 

Min Var t+1 0.000086 0.00720 -0.048079 0.06565 6000 -0.000096 0.0002686 0.93 0.3538 

ERC t+1 0.000015 0.00863 -0.058825 0.06129 6000 -0.000203 0.0002338 0.14 0.8903 

OBX Index 0.000239 0.01499 -0.112755 0.11016 6000 -0.000141 0.0006181 1.23 0.2177 

9.2.6.2. Normality tests  

When looking at table 69 the results indicate that the portfolios are not normally distributed as 

the p-values are < 0.05 and we therefore can reject the hypothesis that the data is normally 

distributed. However, when plotting the distributions for the different portfolios we find that they 

look very much like they are normally distributed (Appendix XXIII, figure 32-36). Due to the 

high level of observations, 6000 to be specific, the distribution tests usually find the data to be 
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not normal and therefore we don’t worry too much about this (SAS A, 2014). The optimal 

portfolio t+1 is negative skewed while the others are positive skewed. OMX has the most 

positive skewed result which indicated this portfolio has the most positive observations. OMX is 

also the portfolio with highest kurtosis of 4.096 which indicates that the observations are not 

very spread out but foremost in the middle of the normally distribution curve. The optimal 

portfolio t+1 seems to be the worst portfolio in the sense of distribution with the flattest curve 

and negative skewness.        

Table 69 - Source: Own Production 

Normality test Kolmogorov-Smirnov Cramer-von Mises Anderson-Darling Skewness Kurtosis 

Portfolio Statistic p- value Statistic p- value Statistic p- value   

Equally-Weighted 0.056755 <0.0100 7.90672 <0.0050 44.89495 <0.0050 0.0703 3.8005 

Optimal t+1 0.045729 <0.0100 4.233656 <0.0050 25.11593 <0.0050 -0.1395 2.4555 

Min Var t+1 0.032965 <0.0100 2.094274 <0.0050 13.37585 <0.0050 0.1095 3.4835 

ERC t+1 0.02867 <0.0100 2.150583 <0.0050 13.42762 <0.0050 0.024 3.4531 

OMX Index 0.058579 <0.0100 9.942428 <0.0050 57.13145 <0.0050 0.1296 4.0963 

Table 70 - Source: Own Production 

The Jarque-Bera test which is presented in the theory 

section is applied to these datasets (table 70) and 

calculated by hand with n=6000 and the skewness and 

kurtosis as in table 69. All values are very high which 

again indicates that the dataset is not normally 

distributed as we reject the hypothesis of normal distribution.  

Table 71 – Source: Own Production 

The result from the Norwegian strategies is presented in table 71 and does not really indicate the 

same result as the Swedish portfolios. The tests imply that the returns are not normally 

distributed but we have a large dataset which we know will negatively affect the result plus the 

plots do not give the same sure answer (Appendix XXIV, figure 37-41). Yes, the kurtosis is high 

Normality test Jarque-Bera test 

Portfolio Value 

Equally-Weighted 165.14 
Optimal t+1 93.58 
Min Var t+1 70.43 
ERC t+1 51.90 
OMX Index 317.26 

Normality test Kolmogorov-Smirnov Cramer-von Mises Anderson-Darling Skewness Kurtosis 

Portfolio Statistic p- value Statistic p- value Statistic p- value     
Equally-Weighted 0,0665 <0.0100 10,3584 <0.0050 6285% <0.0050 -0,4952 6,7077 

Optimal t+1 0,0556 <0.0100 6,5401 <0.0050 3793% <0.0050 -0,3011 3,0621 

Min Var t+1 0,0392 <0.0100 3,4824 <0.0050 2117% <0.0050 -0,0983 3,4972 

ERC t+1 0,0343 <0.0100 3,0162 <0.0050 1791% <0.0050 -0,1814 2,6640 

OMX Index 0,0771 <0.0100 15,1101 <0.0050 8779% <0.0050 -0,4578 7,2033 
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but they are still bell-shaped and similar to the normal distribution which makes us trust the 

result. One important factor that differs from the Swedish portfolio is that the skewness is 

negative for all our portfolios, which means that the distribution of returns is skewed towards 

negative returns. This clearly indicates, in accordance with the t-test, that the Norwegian 

portfolios do not perform as well as the Swedish. The Jarque-Bera test is presented in table 72 

and highly indicates that we do not have normally distributed data.  

Table 72 – Source: Own Production 

Normality test Jarque-Bera test 

Portfolio Value 

Equally-Weighted 3681.9 

Optimal t+1 91.6 

Min Var t+1 71.5 

ERC t+1 61.2 

OMX Index 4626.5 

9.2.6.3. Efficient Market Hypothesis  

We now want to test if the return of OMX in time t-1, t-2 and t-3 can explain the return of OMX 

in time t. For this reason we construct new columns with the lagged returns and create the 

following regression: 

                                            (Model 1)  

Where   is the error term.  

The heteroscedasticity test available in SAS implies that we have problem with 

heteroscedasticity since the Chi-Square value is higher than the critical value of 5.99 (DF =2) for 

the 5% significance level. For this reason we will use heteroscedasticity consistent standard 

errors.  

Table 73 - Source: Own Production 

Heteroscedasticity test 

DF Chi-Square Pr > ChiSq 

9 88.76 <.0001 

We also perform the White test for heteroscedasticity by hand and run an auxiliary regression in 

order to be sure of the previous result. The squared residuals are regressed on the lagOMX and 
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the squared lagOMX. The model is estimated in the following way (Gujarati and Porter, 2009, 

p.386-387): 

   ̂
                                                          

                      (Model 2) 

Where    is the error term. 

Table 74 - Source: Own Production 

Analysis of Variance   

DF F Value Pr > F R-Square Adj R-Sq 
6 114.20 <.0001 0.1027 0.1018 

According to the White test, the amount of observation multiplied with the R
2 

of this auxiliary 

model follows the chi-square distribution with DF equal to the amount of regressors, without 

taking the intercept into account. The White test value is therefore equal to 6000*0.1027= 616. 

As the critical value of the chi-square distribution is much smaller than this, the conclusion is 

that we have heteroscedasticity. At the same time we see that the F-test is rejected which 

indicates that the coefficients of the variables included in the model are not equal, in fact all of 

the included variables are statistically different form zero.  

Model 1 is run again with heteroscedasticity consistent errors.  

Table 75 - Source: Own Production 

Analysis of Estimates                                                                                                Heteroscedasticity Consistent 

Variable DF Parameter Est Standard Error t Value Pr > |t| Standard Error t Value Pr > |t| 

Intercept 1 0.00039228 0.00019038 2.06 0.0394 0.00019309 2.03 0.0422 

lagOMX 1 0.01118 0.01291 0.87 0.3864 0.01867 0.60 0.5492 

lag2OMX 1 -0.03678 0.01290 -2.85 0.0044 0.01929 -1.91 0.0566 

lag3OMX 1 -0.03350 0.01290 -2.60 0.0094 0.01939 -1.73 0.0841 

The first lagged returns has a positive coefficient but is not statistically significant at the 10% 

significance level since 0.60< 1.64. However, the second and third lagged variables are negative 

and significant at the 10 percent level. The heteroscedasticity consistent standard errors are 

different from the original values and the t-value is smaller, which is in line with the previous 

result of heteroscedasticity. The intercept is still significant at the 5% level as the t-value is > 

1.96. The second and third variables are now only significant at the 10 percent level.  
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We also run the model corrected with Newey-West HAC standard errors. These standard errors, 

which take both heteroscedasticity and autocorrelation into account, can be considered as even 

better than previous results. The variables still have the same type of significance.   

Table 76 - Source: Own Production 

Estimates with Newey-West HAC Standard errors   

Parameter Estimate Std Err t Value Pr > |t| 

Intercept 0.000392 0.000191 2.05 0.0402 

lagOMX 0.011182 0.0172 0.65 0.5166 

lag2OMX -0.03678 0.0199 -1.84 0.0652 

lag3OMX -0.0335 0.0180 -1.86 0.0634 

The F-test, which has a null hypothesis that all the including variables are equal, implies that 

there is a difference between the coefficients since we can reject the hypothesis. Since the R-

square is extremely low, it can be determined that there is no variance in the lagOMX that affect 

the variance of the OMX return. The adjusted R
2 

which takes into account that we have three 

variables gives an even lower value.   

Table 77 - Source: Own Production 

Analysis of Variance   

DF F Value Pr > F R-Square Adj R-Sq 

3 5.30 0.0012 0.0026 0.0021 

We check the autocorrelation for several amounts of lagged return through the White noise test. 

In table 78 autocorrelation does seem to be present as all the p-values are < 0.05 hence we reject 

the null hypothesis that all the autocorrelations are zero which means that white noise does not 

exists (SAS B, 2014). The autocorrelation values are low, never taking values over ǀ0.037ǀ but 

they are still not all considered to be zero. The Durbin-Watson test implies no autocorrelation, as 

all the DW values (four orders) are greater than du (1.92) at the 5% significant level for 2 

regressors (including intercept) and 2000 observations (Stanford, 2014).  

Table 78 - Source: Own Production 

Autocorrelation Check for White Noise OMX 

To Lag Chi-Square DF Pr > ChiSq Autocorrelations 

6 24.48 6 0.0004 0.012 -0.037 -0.034 0.002 -0.029 -0.024 

12 29.76 12 0.003 0 0.006 0.013 -0.007 0.003 0.025 
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Table 79 - Source: Own production 

 It should however be noticed that the theory tells us that in our case, when 

the variable is the lagged value of the Y, the DW usually takes a value 

close to 2 and therefore we cannot solely trust this result (Gujarati and 

Porter, 2009, p.437). We have already used the Newey-West HAC standard 

errors which take both heteroscedasticity and autocorrelation into account 

which is good since the statistical tests indicate issues with both of these. According to the t-test 

the first lag is not significantly different from zero but the second and third lags are which 

indicate that there is a negative effect from t-2 and t-3 on the return in time t. We can however 

not be sure as the model might not be perfect.                                       

9.2.6.4. Summary of statistical result  

The OMX index and the equally-weighted portfolio have positive means and are statistically 

significant at the 10% level. We can therefore rely on the result that these two portfolios produce. 

As the equally-weighted portfolio in many cases has proved itself to be the best strategy among 

the four used in this thesis, it is important to know that we can trust these results. These two 

portfolios also have positive skewness which indicates that most of the observations (returns) are 

positive. The normality tests indicate that the returns are not normally distributed but as the plots 

show strong signs of normality and the high number of observations makes the tests sensitive, we 

believe we can trust the results anyway.  

All the Norwegian portfolios show negative means but are not significantly different from zero 

which means that we cannot say much about these portfolios as we do not know if they actually 

differ from zero. The distribution test indicates negatively skewed returns but the high kurtosis 

confirms the t-test that a lot of the observations are very close to zero.    

According to the tests of the efficient market hypothesis, the EMH does not clearly hold. This is 

naturally complicated and it is difficult to draw any strong conclusion based on these relatively 

simple tests but we do see some influence from the previous returns. The t-test shows that the 

first lagOMX is not significantly different from zero but the second and third lags are and they 

18 42.51 18 0.0009 0.032 0.004 0.014 0.012 0.009 -0.025 

24 62.24 24 <.0001 -0.031 -0.006 0.019 -0.013 -0.001 0.041 

Durbin-Watson 
Statistics 

Order DW 

1 1.9991 

2 2.0735 

3 2.0688 

4 1.994 
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negatively affect the return in time t. This would mean that historical returns have some effect on 

future returns. We might have got another result if we had used other datasets such as returns 

from commodities or index from other countries. It should also be noticed that the optimal 

portfolio uses the covariance matrix to find the weights and not solely the returns, so it can be 

possible that the optimal portfolio t+1 is useful. However, the result in part 2 suggested that 

strategies which were based on historical returns did not perform better than the equally-

weighted portfolio, which is consistent with the EMH.  

10. Discussion and Future Research 
This thesis investigates many different types of aspects of commodities as an investment 

complement for a Swedish versus a Norwegian investor. Different choices and delimitation have 

formed the result and we will bring these up for discussion. Furthermore, similarities and 

differences from previous studies will be compared and analyzed. Some key finding and 

investment recommendations are presented in the following section. Finally, we suggest future 

research that would extend our work and are of importance for future investors.          

The longer portfolio periods are based on monthly data while yearly periods have been based on 

daily data. By using daily observations the result is more detailed and in general it differs a little 

from the result that we get by using monthly returns. For instance, during 1990-1993 the 

Swedish and Norwegian portfolios argues that 100 percent investment in live cattle is the optimal 

choice while the results based on daily return indeed include live cattle but also Cotton and 

Wheat during some of these years. As Fabozzi et al (2008, p 553-557) mention in their study, 

investment in a single commodity future is associated with potentially high risk and by using 

daily returns we would in this case get a more dispersed portfolio which is preferred. It could 

therefore be argued that daily data should always be used unless the period is extensively large.  

Further on, the choice of using longer investment periods and not rebalancing it too often have 

been in line with previous research but also this will decrease the transaction costs. Even though 

we assume that the transaction cost is zero we cannot deny that they exist and will negatively 

affect the actual return that the investor gets.      

The Swedish investor is assumed to only be able to invest in the Swedish portfolio and in the 

same way the Norwegian investor is only allowed to invest in the Norwegian portfolio. In real 
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life this assumption does not hold and they are free to invest wherever they want. If a Swedish 

investor would like to invest in the Norwegian portfolio the exchange rate would be of great 

importance and we would have needed to take that into account when calculating the return since 

the investor needs to bring back the return to Sweden. It could of course be interesting to 

compare the performance when taken these aspects into account.  

One of the most crucial decisions was to assume that the OMX30 is a proxy for the Swedish 

stock market and OBX25 is a proxy for the Norwegian stock market. The amount of stocks 

included in these indices is very limited in comparison to for instance the S&P500 which many 

other researches assume to be proxy for the US stock market. There exist broader indices for 

these two markets but unfortunately only data from 2002 is available on DataStream which made 

us take the decision to prioritize the longer timeframe above broader index. Perhaps the use of 

broader indices would have improved the analysis of diversification benefits with the domestic 

stock market. However, the behavior of commodities during bull and bear market would not 

have been distinguished and therefore we would not have been able to give any advice regarding 

investing strategies during bull and bear market which is one of our main purposes with this 

thesis.   

Further on, the OMX is not only a proxy for the Swedish stock market but also an indicator of 

both the Swedish and Norwegian economy and thus the determining factor for the bull vs bear 

market. As explained in the methodology, previous studies confirm these bull and bear markets 

for Sweden (Andersson and Ådahl, 2005; Brinca, 2013) but is could be questioned how well 

these periods can be applied to the Norwegian market. Looking at figure 7 we see clear 

similarities in price development during the early 1990
s
 and the last ten years, but for instance 

the Swedish bull market during 2000-2003 is not reflected in the Norwegian OBX. This results 

in difficulties in our comparison analysis of this sub-period but it has been taken into account.           

Throughout the thesis, the commodity futures are added to a portfolio that otherwise would 

consist of only stocks. One could therefore argue that the diversification benefits that we find by 

doing this would be the result of not having a well-diversified portfolio to begin with and not 

solely an effect from the commodity futures. Gibson (2004) concludes in his study that a well-

diversified portfolio includes both fixed-income and equity from all over the world. Gibson 

(2004) recommends to “invest as citizens of the world” and continues that one should invest in a 
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multiple-asset-class approach with assets from all over the world in order to get the best 

performing portfolio in the long run. However, if we had applied a multiple-asset-class approach 

with assets from all over the world, the effect from the domestic stocks would be reduced and 

thus the comparison of Sweden and Norway would be difficult.  

Part 2 investigates four different investment strategies: The optimal-, minimum variance- and the 

ERC portfolio, which all three are based on previous years’ performance, and finally the equally-

weighted portfolio. These four strategies are then compared and evaluated in comparison to 

holding only the domestic stock index. It can of course be questioned if these four strategies are 

the best or most appropriate strategies to investigate. Commodity prices are driven by for 

instance weather and geopolitical conditions, supply constraints in the physical production and 

serves as an inflation hedge (Daskalaki and Skiadopoulos, 2011; Bodie and Rosansky, 1980). It 

could therefore be interesting to build a strategy that takes inflation expectations or weather into 

account. Perhaps a momentum strategy would be useful if it could be customized to fit 

commodities’ behavior which is distinguished by rather quick turns in return and correlation with 

other assets (Silvennoinen et al, 2013). Further on, using one historical year and not all available 

historical return is supported by article You and Daigler (2013) and because the performance of 

commodities fluctuate a lot over the years, but it could have given an improved result if we had 

used longer or even shorter historical periods. The EMH claims that historical returns can never 

explain future returns and that means that our strategies would never be able to outperform the 

stock market index on a yearly basis. Even though we did not find one strategy that was 

consistently better than the stock market index, the strategies all together outperformed the stock 

market in many periods. The equally-weighted, which also is statistically significant different 

from zero, was the best performing strategy and thus implies that a well-diversified portfolio 

which is independent of historical returns performs better than the other included strategies. This 

is consistent with the EMH. However, that does not mean that there are no other strategies based 

on historical returns that can be useful.      

Our findings from the investigation coincide with some previous research regarding the 

performance of specific commodity futures during the different sub periods. In the first period 

(1990-1993) a major part of the portfolio weights are hold in live cattle. This result seems fair, 

both concerning the Sharpe ratio of Live Cattle and the findings from Fabozzi et al (2008, p. 
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427) who stated that Live Cattle outperformed other available commodity futures during this 

period with a high positive return and a low risk.  

The next period (1994-1994) distinguishes from the former by holding a greater portion in the 

respective stock indices. This is foremost due to a greater performance in the stock market, 

which is most significant in the Swedish market. This period includes several commodity futures 

and the greatest ones are Crude Oil, Sugar, Coffee and Cotton. The performance for Crude Oil is 

also observed by Chan et al (2011) who confirms that crude oil normally has a great performance 

during expansive periods and a high correlation with common stock. The position in Coffee is 

further motivated by Clare et al (2014) who confirm the high performance of Coffee during this 

period. However, the holding is rather low which is driven by the high volatility during this 

period.  

The portfolios for the following period, 2000-2003, hold a major portion in Soybeans and Crude 

Oil when looking at the entire period. The more detailed investigation for every year reveals that 

the equity indices are included at the end of the period for both countries. During the years 2004-

2006 both the result for the entire period and the results on annual basis indicates that an investor 

will enhance most benefits by holding the OMX/OBX Index and a great portion in Copper. One 

motive behind the great performance of Copper can be explained by the increased demand in 

China, which rose by over 78 percent from the period 2001-2005. This increased demand made 

the price for Copper jump to a substantially higher level, hence a great investment during this 

period of time. (Fabozzi et al, 2008, p. 4).  

The period 2007-2008 is characterized by the international financial crisis. The stock indices 

experienced a recession and the greatest part of the portfolio weights are placed in the Gold 

future for the respective countries. The high holding in Gold is further supported by Chan et al 

(2011) and Baur and McDermott (2010) who finds in their investigation that gold performs well 

during times of recession. However, during the crisis that Sweden and Norway faced during the 

beginning of the 1990
s 
the Gold was not helpful at all. This implied that Gold only works as a 

hedge against stock market recession when a large market such as the US market is involved. 

When small countries such as Sweden or Norway isolated face a crisis, Gold is not the 

commodity to rely on.  
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The last period (2009-2013) is rather dispersed but holds a great amount in both the equity 

indices and in Crude Oil. This result is further supported by Chan et al (2011) who states that 

Crude Oil and stocks are in general highly correlated and exhibit great performance during 

expansive periods.      

Woodard et al (2009) makes a similar investigation for the US market during the period 1992-

2006 and finds that long investments in Crude Oil, Copper, Live Cattle and Silver consistently 

improve the equity portfolio. When we look at the result over the period 1990-2013, we find 

slightly different result. Still Copper is included to a large extent and Crude oil is present but we 

suggest Soybeans instead of Live Cattle and Silver. Naturally, we investigate slightly different 

years and Soybeans perform very well in the later part of this period.  

Furthermore, when taking the entire period into account we see that by including individual 

commodity futures instead of the overall commodity index (S&P GSCI), the result is clearly 

improved. 

Berlousova and Dorfleitner (2012) did a spanning test for commodity futures over the period 

1995-2010. Their investigation shows that the energy sector will improve the portfolio during 

bull markets and precious metals will improve the portfolio performance during bear markets. 

This result gives some further support to our findings regarding the Crude Oil and Gold.  

According to the result, it is difficult to draw any general conclusion regarding what commodity 

you should hold in different market condition but the commodities that seem to help a portfolio 

of stocks, at least in some ways, are during bull market: Crude Oil, Copper, Soybeans and 

Cotton. Instead Cocoa, Gold and sometimes Soybeans can be helpful during bear market. As 

previously discussed in the result, Copper is the leading commodity during the entire period 

followed by Soybeans and Crude oil. 

The overall result during the entire period follows the theory about commodities and the business 

cycle from Gorton and Rouwenhorst (2004). They investigate the commodities’ behavior in 

relation to the business cycle and conclude that in the early stage of a recession, the stocks 

perform poorly while the commodity futures perform well. This is in line with what we find, for 

instance during the beginning of the recession in 1990 when the commodity futures perform 

rather well, while the OMX and OBX are showing a poor performance. Gorton and Rouwenhorst 
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(2004) argue that later on when the commodity returns decrease the stocks usually start to 

perform well again. Again, this is in line with our findings. At the end of the recession, the OMX 

and OBX are improving their performance and a majority of the portfolio weight is placed in the 

respective equity index while the presence of commodity futures decreases in the optimal 

portfolios.  

When we investigate the performance of portfolios with equity restrictions, the result of Norway 

and Sweden clearly differs. The Swedish result is more in line with the article by Bodie and 

Rosansky (1980) who distinguished that 60 percent in stocks and 40 percent in commodity 

would be the best combination during 1950-1976, hence generates the highest Sharpe ratio. The 

Norwegian portfolios instead imply that during bull markets, between 20-40 percent of stocks 

results in the best performance. When taking the entire period 1990-2013 into account we 

actually find that by not including stocks at all in the Norwegian portfolio, we get the highest 

Sharpe ratio which can be compared to Sweden who includes 30 percent of stocks in the 

portfolio.  

Cheung and Miu (2010) investigated the potential diversification benefits of commodity futures 

and compared the results for the US market to the Canadian market. Their results indicated that 

the US market will benefit more since Canada is a more resource based country. If the result 

should hold for this research as well, Sweden will benefit more from holding commodity futures 

compared to a Norwegian investor, since Norway is in comparison a more resource based 

economy. As shown in the data section, approximately 43 percent of the OBX is involved in the 

energy sector and 10 percent in material which can be compared to Sweden’s 1 percent and 3 

percent respectively. However, our result in part 1 diverges from Cheung and Miu (2010) as our 

result indicates that both countries substantially benefits from adding commodity futures to their 

respective portfolio. In part 1 the Swedish portfolio’s Sharpe ratio is higher than the Norwegian 

Sharpe ratio only in 50 percent of the years, which therefore would imply that commodities are 

equally good to combine with the Swedish and Norwegian stock market. On the other hand, 

when we investigate the entire period at once, we find that the Norwegian optimal portfolio 

suggest only commodities and no contribution of equity while the Swedish portfolio during the 

same time period includes 30 percent. This could be seen as a sign that the Norwegian portfolio 

is in greater need of commodities. However, when comparing the different investment strategies 
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in part 2, the M
2 

is on average higher in four out of the five Swedish portfolios in comparison to 

the Norwegian portfolios. This result could therefore imply that Cheung and Miu (2010) did 

have a point and that an investor needs to consider what type of stocks she combines with 

commodities. It can be argued that an investor, who holds a portfolio consisting of stocks and 

commodity futures, should consider investing in stocks that are not positioned in the same 

sectors as the invested commodity futures. The better performance of the Swedish portfolios 

might partly be driven by the OMX which has an average M
2
 of 12.7 percent in comparison to 

the average M
2
 of OBX, 10.8 percent. But on the other hand, the Swedish equally-weighted 

portfolio has an average M
2
 of 8.3 percent which is substantially higher than the Norwegian M

2
 

of 4.4 percent. It is difficult to conclude if this result is driven by the better diversification ability 

between commodity futures and the OMX or if other aspects such as exchange rate differences 

bias the result. As mentioned in both the methodology and the result, we converted the 

commodity prices from USD to SEK and NOK respectively and the fluctuations in exchange rate 

might in the end affect the result we get.   

To sum up the discussion we have some key findings: There exist diversifications benefits with 

commodities since the result in Part 1 shows that portfolios including both commodities and 

stocks outperform the stock market index. However, according to the result in Part 2, due to the 

volatility of commodities, investors may face difficulties finding the perfect strategy. The 

commodities that perform the best, at least in some ways, are during bull market: Crude oil, 

Copper, Soybeans and Cotton. Instead Cocoa, Gold and sometimes Soybeans can be helpful 

during bear markets. This is in line with some previous research but also coincide with others. 

We found that Gold is not always a good hedge during recessions unless the recession is also 

experienced by the greater markets. We also find individual commodities to be a better 

investment than the overall commodity index. Finally, the answer to if Swedish or Norwegian 

investors benefit the most of adding commodities to their portfolio is contradicting and difficult 

to distinguish.   

There are many angels that would be interesting to further investigate. For instance, using the 

Value at Risk as a measure of risk could be interesting. Also, we suggest future research using 

the broader equity indices which incorporates a much larger amount of companies. Finally, the 
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most important research in our opinion is to find new innovative investing strategies that fit the 

characteristics of commodities.  

11. Critique  
The thesis is primarily based on the work by Markowitz (1952) and his mean-variance theory. 

The positive aspects of using this theory are that it is well known and have been subject to a lot 

of research. The downside of using this model is that it is based on several unrealistic 

assumptions and might be too simplistic in its performance (Fama and French, 2004). Another 

Problem with this theory is the input and estimation of the covariance matrix. The main critic is 

that the covariance changes over time, hence the estimation is not applicable over a long time 

span. To overcome this problem we re-estimate the covariance in the different periods to get a 

more reliable and significant result. One option could have been to use the variance optimization 

application, a method used by Ledoit and Wolf (2004)  

One can argue that bonds should have been included to get a more diversified portfolio, but we 

have chosen to limit the research question to the stock market and follow the previous research 

of Bodie and Rosanski (1980) who investigates the relationship and performance between the US 

stock index S&P500 and the commodity futures market.  

The OMX30 and OBX25 Indices are used throughout the thesis and are used as proxies for the 

equity market in their respective country. The indices are primary used due to their availability 

but they might not be representative for the entire market. Broader equity indices could have 

been preferred in order to increase its accuracy but as we have discussed earlier, the timeframe 

would have been reduced. The movement of the OMX is also used to determine the bull and bear 

markets for the Swedish market, which can be a too naive or at least not a precise approximation. 

The Norwegian index is subdivides with respect to the Swedish market, which might not be fully 

representative for the Norwegian market at all time. The motivation behind this is simply that we 

want to compare the same time periods.    

The standard deviation is used as a measure of risk for the different portfolios. This measure is 

very common to use within portfolio theory, but there might be other measures that are more 

suitable for the commodity futures market. Fabozzi et al (2008) argue that Value at Risk is more 

comprehensive and would give a more accurate estimation when determining portfolio risk.  
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12. Conclusion  
In accordance with previous studies made on diversification benefits with commodity futures we 

conclude that commodities are beneficial to include in a portfolio consisting of stocks. As the 

results in part 1 show, the risk can be reduced and return increased if an investor diversifies the 

portfolio with commodity futures. This holds for both a Swedish as well as for a Norwegian 

investor holding domestic stocks and it is statistically significant. However, the need of 

commodities can be seen as higher for a Norwegian investor as the optimal level of commodities 

to include in the portfolio is higher. According to the result in our equity restriction section, 

having 60 percent of stocks and 40 percent of commodities maximizes the Sharpe ratio of the 

Swedish portfolio during bull markets, while only 20 - 40 percent of stocks were include in the 

Norwegian portfolio. However, further investigation resulted in contradictive result regarding 

which of the investors that actually benefitted the most from commodities.   

The commodities demonstrated fluctuations in return and risk and therefore it is difficult to 

distinguish which commodities an investor should hold. Copper is the overall winner, but as 

always in investments, you do not know what tomorrow brings. However, we found that the 

commodities that performed best during bull markets and hence work well together with stocks 

are: Copper, Crude Oil, Soybeans and Cotton. During bear markets, investments in Cocoa, Gold 

and sometimes also Soybeans can be helpful. Furthermore, Gold is not always helpful if you 

invest in a small stock market such as the Swedish or Norwegian market. The rise in Gold prices 

during recession only seems to exist when the larger markets also face a recession. Our result 

also implies that investing in individual commodity futures is preferred above the overall GSCI 

index.  

Even though the first part of our thesis shows clear evidence that commodity futures are 

beneficial for a portfolio, we faced difficulties finding these optimal portfolios when applied to 

investing strategies based on historical returns. We did however find proof of risk-reducing 

effects from the diversification. When we “no longer knew” how the commodities would behave, 

the best strategy was to hold an equally-weighted portfolio unless you simply wanted to imitate 

the stock index. However, this does not mean that there are no other strategies that would 

succeed. Since we are dealing with commodities, which is a special asset class influenced by 
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weather, inflation, government decisions, production, demand etc., these are variables that 

instead could be incorporated as strategies in future research.   

Perhaps we cannot give any simple and concise answer to how an investor should invest but our 

hope is that this thorough investigation inspires Swedish and Norwegian investors to invest in 

this asset class which definitely has something to offer.        
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14. Appendix A 

Appendices  

Appendix I - Annual Correlation Matrix - Sweden 
Table 80 - 1990 

 

Table 81 - 1991 

 

Table 82 - 1992 
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Table 83 - 1994 

 

Table 84 - 1995 

 

Table 85 - 1995 
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Table 86 - 1996 

 

Table 87 - 1997 

 

Table 88 - 1998 
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Table 89 - 1999 

 

Table 90 - 2000 

 

Table 91 - 2001 
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Table 92 - 2002 

 

Table 93 - 2003 

 

Table 94 - 2004 
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Table 95 - 2005 

 

Table 96 - 2006 

 

Table 97 - 2007 
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Table 98 - 2008 

 

Table 99 - 2009 

 

Table 100 - 2010 
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Table 101 - 2011 

 

Table 102 - 2012 

 

Table 103 - 2013 
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Appendix II - Annual Correlation Matrix - Norway 
Table 25 - 1990 

 

Table 26 - 1991 

 

Table 27 - 1992 
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Table 28 - 1993 

 

Table 29 - 1994 

 

Table 30 - 1995 
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Table 31 - 1996 

 

Table 32 - 1997 

 

Table 33 - 1998 
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Table 34 - 1999 

 

Table 35 - 2000 

 

Table 36 - 2001 
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Table 104 - 2002 

 

Table 38 - 2003 

 

Table 39 - 2004 
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Table 40 - 2005 

 

Table 41 - 2006 

 

Table 42 - 2007 
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Table 43 - 2008 

 

Table 44 - 2009 

 

Table 45 - 2010 
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Table 46 - 2011 

 

Table 47 - 2012 

 

Table 48 - 2013 
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Appendix III - Average Return Commodity Futures - Sweden 

Table 49 

 

Appendix IV - Average Return Commodity Futures – Norway  

Table 50 
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Appendix V - Equity Restriction – Sweden 

Table 51 – 56 shows the portfolio performance during the different sub periods when equity restrictions 

are used. The equity restrictions range from 0 – 100 % weight in the Swedish stock index.    

Table 51 

 

Table 52 
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Table 53 

 

Table 54 
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Table 55 

 

Table 56 

 

Appendix VI - Equity Restriction – Norway 

Table 57 – 62 shows the portfolio performance during the different sub periods when equity restrictions 

are used. The restrictions range from 0 – 100 % weight in the Norwegian stock index.    
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Table 57 

 

Table 58 
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Table 59 

 

 

Table 60 
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Table 61 

 

Table 62 
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Appendix VIII – Optimal Portfolio – Sweden   
Table 63 

 

Appendix IX – Minimum Variance Portfolio – Sweden  
Table 64 
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Appendix X – Optimal Portfolio - Norway  
Table 65 

 

Appendix XI – Minimum Variance Portfolio – Norway 
Table 66 

 

 

Appendix XII – Calculations Efficient Frontier – Sweden 

Table 67 and 68 shows the results from calculating the Efficient Frontier over the entire period. 

Equation 3 in the thesis is used in order to calculate the Efficient Frontier and the result are 

presented on a monthly basis.    
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Table 67 

 

Table 68 

 

Appendix XIII – Average Monthly Risk Free rate 
Table 69  
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Table 70 

 

 

Appendix XIV – Calculations of the Minimum variance portfolio – Entire Period – Sweden 

Appendix XIV – XVII shows the excel calculations for the minimum variance portfolio and the optimal 

portfolio for the entire period for the respective countries. The excel calculations for the optimal 

portfolio, equally weighted risk contribution portfolio, the minimum variance portfolio for every year 

and time period are found in Appendix B due to space limitations. 

Table 71 
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Appendix XV – Calculations of the Minimum variance portfolio – Entire Period - Norway 
Table 72 

 

Appendix XVI – Calculations of the Tangency portfolio – Entire Period - Sweden 
Table 73 
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Appendix XVII – Calculations of the Tangency portfolio – Entire Period - Norway 
Table 74 

 

 
 

Appendix XVIII – Efficient Frontier – Sweden  

 
 

 

 

 

 

 

 

Figure 1 
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Figure 2 

 

Figure 3 
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Figure 5 

 

Figure 6 

 

Figure 7 
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Appendix XIX – Efficient Frontier Norway  

 

 

Figure 8 

 

Figure 9 
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Figure 11 

 

Figure 12 

 

Figure 13 
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Figure 14 

 

Appendix XX – Annual CPI  
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Figure 16 – Source: DataStream 
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Appendix XXI - Normality test – Sweden  

Normality tests are performed for all the optimal portfolios during the bull and bear periods and 

presented within the thesis in chapter 9.1.7.2. The distribution are plotted and displayed below for both 

the Swedish and the Norwegian optimal portfolios.  

 

Figure 18 - Optimal Portfolio Sweden 1990-1993   Figure 19- Optimal Portfolio Sweden 1994-1999 

Figure 17- Source: DataStream 
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 Figure 20 - Optimal Portfolio Sweden 2000 – 2003   Figure 21 – Optimal Portfolio Sweden 2004 - 2006  

 

 

 

Figure 22 - Optimal Portfolio Sweden 2007 – 2008  Figure 23- Optimal Portfolio Sweden 2009 - 2013 

 

Figure 24 - Optimal Portfolio Sweden Entire Period 
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Appendix XXII - Normality test – Norway 

 
Figure 25 - Optimal Portfolio Norway 1990 – 1993  Figure 26 - Optimal Portfolio Norway 1994 - 1999 

 

 

Figure 27- Optimal Portfolio Norway 2000 – 2003  Figure 28 - Optimal Portfolio Norway 2004 - 2006 

 

 

Figure 29 - Optimal Portfolio Norway 2007 – 2008  Figure 30 - Optimal Portfolio Norway 2009 - 2013 
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Figure 31 - Optimal Portfolio Norway Entire Period  

 

Appendix XXIII - Normality test – Investing Strategies - Sweden  

 

Figure 32 – Optimal portfolio t+1    Figure 33 – Minimum variance Portfolio t+1 
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Figure 34 – ERC Portfolio t+1     Figure 35 – Equally weighted Portfolio 

 

 

Figure 36 – OMX30 Index 
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Appendix XXIV - Normality test – Investing Strategies – Norway 

 

Figure 37 – Optimal Portfolio t+1    Figure 38 – Minimum Variance Portfolio t+1 

 

 

Figure 39 – ERC Portfolio t+1     Figure 40 – Equally weighted Portfolio 

 

Figure 41 – OBX25 Index 
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Appendix XXV - VBA Code for the Covariance Matrix  

(source: Course CM_F65B.LA, Financial Models in Excel, (Benninga, 2008, p. 297) 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the Varcovar Matrix 

 

Function VarCovar(rng As Range) As Variant 

    Dim i As Integer 

    Dim j As Integer 

    Dim numCols As Integer 

    numCols = rng.Columns.Count 

    Dim matrix() As Double 

    ReDim matrix(numCols - 1, numCols - 1) 

         

    For i = 1 To numCols 

        For j = 1 To numCols 

            matrix(i - 1, j - 1) = 

Application.WorksheetFunction.Covar(rng.Colum

ns(i), rng.Columns(j)) 

        Next j 

    Next i 

    VarCovar = matrix 

End Function 

 


