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Abstract

This study employs a quantitative approach to investigate the momentum phenomenon in
the commaodity futures market. The study captures the phenomenon using two momentum
indicators, namely, MACD and RSI, and extends the scope of indicator utilization to both
jointand single usage. The research aims to explore whether portfolios consisting of these
indicators can generate abnormal returns in the commodity futures market, in comparison
to the S&P GSCI, which was used as the benchmark index. The study uses accumulated
data from 2010 to 2019, with portfolios constructed on a quarterly basis. Statistical
significance determination is executed by exporting the data to Stata, where the normality
distribution is ascertained using the Shapiro-Wilk test. This was later followed by t-tests
in order to dictate statistical significance on each portfolio compared to the S&P GSCI.

The study reveals empirical evidence to support two of the three strategies, namely, the
joint use of the aforementioned momentum indicators and single use of the RSI
momentum indicator. However, the accumulated yield of the portfolio provided
insufficient results to conclude the statistical significance of the single use of the MACD
momentum indicator. The authors derive these results and observed phenomena from
several financial theories, which are divided into three main sections in the theoretical
framework, including information-based, risk-based, and behavior-based explanations.
Relevant theories are included to support the research at hand.

Furthermore, the authors incorporate the Efficient Market Hypothesis (EMH) under the
pretense of challenging its view on efficient markets. They do so by constructing
portfolios which yield abnormal returns and subsequently question the notion of efficient
markets. The authors deduct that their findings produce some evidence to support the
absence of strong form and semi-strong form of market efficiency in the commodity
futures market. Overall, this study provides valuable insights into the momentum
phenomenon in the commodity futures market and different incorporating investment
techniques in which they are utilized. The ways in which momentum strategies can be
utilized and momentum indicators interpreted, as displayed in this thesis, presents
practical implications for investors and financial professionals.

Key words: Momentum Effect, Contrarian Effect, Investment Strategy,
Commodity Futures, Efficient Market Hypothesis, Behavioral Finance Theory
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List of Conceptual Explanations

Alpha momentum:

Refers to the momentum of an investment strategy's excess returns relative to a
benchmark index. Alpha is the excess return earned by an investment above the
market return, and alpha momentum is the trend to which an investment strategy
outperforms or underperforms the benchmark index consistently over time. When
Alpha is discussed in this thesis the authors refer to the excess return created by a
portfolio where the S&P GSCI, acting as the benchmark index, is utilized to
compare the yield produced.

Bear Market:
A bear market refers to a period of falling asset prices and investor pessimism in
the financial markets. During a bear market, caution among investors is enhanced
and the sentiment negative regarding future growth of the economy.
Subsequently, this causes the demand for commodities and other assets to decline
and prices to fall.

Bull market:
A bull market refers to a period of rising asset prices and investor optimism in the
financial markets. During a bull market, investors have confidence in the future
growth of the economy and expect to earn profits from their investments. As a
result, demand for commodities and other assets increases, causing prices to rise.

Commodity Futures:
Commodity futures are financial contracts that allow traders and investors to
speculate on or hedge against price movements in a specific underlying
commodity, such as agricultural, metals, or energy products. A futures contract is
an agreement between two parties to buy or sell a specified quantity of a
commodity at a predetermined price and date in the future.

Contrarian effect:
The contrarian effect is a strategy where an investor buys assets that have recently
underperformed the market and sells assets that have recently outperformed the
market. The idea behind the contrarian effect is that market trends often overshoot
their intrinsic values, causing overvalued assets to eventually fall and undervalued
assets to rise. Contrarian investors seek to capitalize on these market overreactions
by taking positions opposite to the prevailing market sentiment.

Herding Behavior:
Herding behavior highlights the influence of social and psychological factors in
financial decision-making. This includes a tendency for individuals to mimic the
actions or decisions of a larger group, often without fully understanding the
reasoning behind those actions or decisions. In finance, herding behavior refers to
the tendency of investors to follow the crowd and make investment decisions
based on the actions of others rather than on their own independent analysis.



Intrinsic value:
Intrinsic value is a financial concept that refers to the perceived or calculated value
of an asset, such as a stock or commodity, based on its fundamental
characteristics, such as earnings, dividends, and financial performance, rather than
its market price. Comparing the calculated intrinsic value to the current market
price can provide guidance to an investor whether an asset is overvalued or
undervalued.

Investment Strategy:
An investment strategy refers to the approach that an investor takes in managing
their investments in order to achieve their financial goals. An investment strategy
can encompass a wide range of decisions, including asset allocation,
diversification, risk management, and timing of investments.

Momentum Effect:
The momentum effect is a phenomenon observed in financial markets where
assets that have performed well in the recent past tend to continue to overperform
in the future and vice versa for assets that have underperformed. The momentum
effect is often used by traders and investors as a basis for their investment
decisions. Thus, the strategy encompasses buying past winners and selling past
losers.

Social Agents:
Social agents are people or groups who play an active role in shaping social
phenomena and the meanings attached to them. They create and maintain social
structures, cultural norms, beliefs, and values associated with them. Social agents
can range from individuals to larger entities like institutions, organizations,
cultures, and nations.
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ADI: Average Directional Index

APT: Arbitrage Pricing Theory

BFT: Behavioral Finance Theory

CAGR: Compound Annual Growth Rate

CAPM: Capital Asset Pricing Model

CAR: Cumulative Abnormal Returns

EMA: Exponential Moving Average

EMH: Efficient Market Hypothesis

MACD: Moving Average Convergence Divergence
ROC: Rate of Change

RSI: Relative Strength Index

S&P GSCI: Standards & Poor’s Goldman Sachs Commodity Index
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1. Introduction

This section aims to deliver a background on momentum effect, commodity futures and
how they can be linked to explore new investment opportunities. Given the lack of prior
studies where these two fractions have been investigated, the author's ambition is to
provide further clarity in the area, as well as presenting the relevant findings from
previous research. Additionally, this section will provide the reader with insights to the
chosen topic, its contributions and the purpose and relevant research question under
investigation.

1.1 Problem Background

The main focus of the thesis will be towards optimal uses of momentum indicators in the
commodity futures market. The occurrence of momentum effect will be the principal
phenomenon under scrutiny, as such, analysis of its behavior will be probed in regard to
portfolio strategies. The reasoning behind selecting the commodity futures market is the
lack of prior studies encompassing momentum in said market. To this point, the main
center of attention in observing and identifying momentum effects has been in the stock
market. After its introduction by Jegadeesh and Titman (1993) the following studies have
thus largely revolved to the formerly mentioned market. In practice this includes the
works of Daniel et al. (1998), Zaremba (2018) and Siganos (2013) to name a few. The
results of such studies will be further scrutinized in the upcoming sections.

The momentum effect is a relatively new discovery which was first investigated and
brought to light by Jegadeesh and Titman (1993). The findings gained global attention
and were scrutinized further as it contradicted the well-known efficient market hypothesis
(EMH), which was developed independently by Samuelson (1965) and Fama (1963,
1965). As opposed to the EMH which states that all available information is incorporated
and fully reflected in asset prices, the momentum effect is largely focused on market
sentiment and identified as an anomaly. The authors posit that the theory under
consideration holds significant value in the context of this study and will thus investigate
it further in the theoretical framework.

A commaodity is a tangible product that can be bought, sold, or traded. Commaodities are
broadly categorized into two types according to Gorton and Rouwenhorst (2006, p. 63).
Firstly, investment commodities, which refer to commaodities that are stored with the
expectation of increasing in value over time, such as precious metals (e.g., gold, silver).
Secondly, consumption commodities, such as industrial metals and agricultural products,
which are used for consumption purposes. These commodities can be bought or sold both
physically or through financial instruments, e.qg., futures contract, which will be the focal
point of this thesis. A futures contract is described by Foster et al. (2019, p. 185) as an
agreement to buy or sell an underlying asset at a predetermined price at a future settlement
date.

Investment horizons are of great importance to decide when conducting a study of this
dignity since it holds potentially significant influence on the results. This thesis on the
momentum effect for commaodity futures requires the establishment of proper guidelines
pertaining to the duration of the analysis, subsequently, producing valid results in
execution. Given that commodities are known to be subject to shorter and more volatile
cycles, the authors found it beneficial to compartmentalize the total time period into



separate quarterly intervals. By doing so, the ability to further investigate the ups and
downs becomes more plausible. The benefit of selecting a long-term horizon is also clear
as it facilitates a higher level of scrutiny under which different events in history can be
included and thus, its effects at the time. The authors found that a ten-year investment
horizon will capture both the short and long-term effects of the phenomenon under
investigation. The selection of the time period was influenced by the seminal study
conducted by Caporale and Plastun (2021), who also opted for a similar time frame. Thus,
the authors have decided to revise the portfolio on a quarterly basis during the full ten-
year period in order to better adjust and optimize the portfolio to current market
conditions. The relevant point in time of this thesis will be 2010-2019.

1.2 Problem Discussion

In this section the authors will go further into detail regarding the research at hand and
the gap of knowledge they aspire to fulfill. During the initial stages of this thesis, the
authors identified this gap while conducting a thorough literature review. Given the
limited amount of research on the commodity market, the authors found it particularly
interesting to explore. Additionally, they were intrigued by the concept of momentum,
which has the potential to yield significant returns and contradict the notion of market
efficiency. The authors found it interesting to test and challenge thie theory through
exploiting the characteristics of momentum.

1.2.1 Challenging the Efficiency of the Market

The commodity futures markets have traditionally been considered an attractive asset
class, in the sense of their potential to provide diversification benefits, inflation hedging,
and speculative opportunities. However, the EMH suggests that achieving abnormal
returns is challenging, regardless of which market one intends to invest in. By questioning
the conventional perspective of the EMH, investors can uncover other investment
opportunities and gain a deeper understanding of the phenomena within the commodity
futures market. Momentum strategies have frequently demonstrated positive returns in
various asset classes, such as equities, currencies, and bonds. Nevertheless, the efficacy
of momentum strategies in the commodity futures market is still a subject of debate,
although the number of existing studies are low. Therefore, it is crucial to investigate
whether momentum strategies can achieve abnormal returns in the commodity futures
market in a long-term time period, and, if so, to what extent. This study aims to contribute
to the existing literature on commodity futures trading by examining the potential of
momentum strategies in said market, thus providing insights into the factors that influence
their effectiveness.

In order for an investor to embrace a momentum strategy, they must hold the belief that
the market is not efficient. This assertion is supported by the discovery made in a study
conducted by Garleanu and Pedersen (2018), who demonstrated that informed asset
managers outperform less informed managers. This contradicts the efficient market
hypothesis, which propounds that all available information about the market is widely
disseminated. Subsequently, investors cannot obtain excess returns through superior
market knowledge or a better understanding of the assets or firms in which they invest in
(Gérleanu & Pedersen, 2018, p. 1663).

Attempts at challenging the EMH in the financial market have been subject to rigorous
examination throughout the years. The authors believe that this area is of great importance



and of contributional value, thus recognition of excess returns through momentum
strategies will be a focal point of this thesis and investigated further. Jegadeesh and
Titman (1993) investigated momentum strategies by investing in past winners and selling
past losers and found a significant excessive return over the period 1965 to 1989
(Jegadeesh & Titman, 1993, p. 89). However, the market for commodity futures is not as
explored, thus this thesis aims to contribute to said research gap. In order to achieve the
goals of this thesis, the authors will take aid in appropriate momentum indicators, which
will be introduced in section 3.5.3. Furthermore, the selected sectors and commodities
will be introduced and motivated in section 3.5.1 and 3.5.2.

1.3 Purpose and Research Question

The author's aim is to investigate whether excess returns can be identified when utilizing
a momentum-based investment strategy on the commodity futures market. The authors
find it interesting to investigate commodity futures as many investors limit their trading
to instruments such as stocks and bonds. However, exploring alternative investment
opportunities, e.g., commodity futures, may generate higher returns, thereby
accommodating a portfolio diversified to a larger extent. Section 3.5.4 will provide a
detailed explanation to how the excess returns will be assessed and compared with the
use of a benchmark index. The selection of data will be based on two separate commodity
sectors, namely, energy and metal. The reasoning behind this choice is to promote
diversification within portfolios. Furthermore, this will help to identify commonalities
and disparities, leading to optimization of portfolio construction. A total quantity of nine
commodities have been selected within the two sectors, whereof four of the top
performing indicator values dictate the portfolio construction. Data will be collected
during a time span of ten years to encompass a long-term perspective. With these
conditions the authors aspire to fulfill the research question of capturing the phenomena
of momentum. Consequently, resulting in the following research question:

Would the utilization of momentum strategies lead to abnormal returns in the
commodity futures markets?

Additionally, the authors aim to enhance the comprehensiveness of their investigation by
integrating an analysis of the potential variations in results based on the employment of
momentum indicators in combination or isolation. They will assess which approach yields
the most favorable outcomes as part of their study of the examined phenomena and
indicators. The indicators that will be subject to this paper are the Relative Strength Index
(RSI) and Moving Average Convergence Divergence (MACD). Furthermore, RSI is used
to see overbought and oversold levels as well as probable trend reversals and MACD is
used to spot momentum and trend shifts. The data will be acquired through secondary
sources on the Thomson-Reuters Eikon database and Borsdata. Relevant data will later
be exported to Microsoft Excel where calculations will be conducted, and hypotheses will
be tested with the use of Stata. The thesis will take aid in established theories and develop
hypotheses appropriate to support the research question.

1.4 Theoretical and Practical Contributions

The aim of this thesis is to explore and provide contributions of knowledge to the
effectiveness of momentum-based strategies in generating excess returns in the
commodity futures market. Among the theoretical contributions, parallels can be drawn



between the framework of existing theories and momentum trading. The research can also
shed light on the potential factors that can affect momentum trading strategies, such as
the presence of long-term trends or structural changes in the market. Furthermore,
contributions to the existing literature on the EMH can be made through clarifications of
its inconsistencies. EMH states that it is impossible to consistently generate excess returns
under perfect market conditions. Thus, successful implementation of this thesis research
ambition would as a result contradict EMH and subsequently support existing evidence
against the theory.

In addition to the aforementioned theoretical contributions, the investigation of the
momentum phenomena can also yield practical insights that may prove advantageous for
commodity traders and investors. Such insights have the potential to offer guidance in the
development and execution of effective momentum trading strategies in generating
profitable returns. The research can also provide practical implications for commodity
market regulators and policy makers. The thesis explores potential impacts of momentum
trading strategies on the commaodity futures market and evaluates the effectiveness of
regulations and policies in managing the adherent potential risks associated with these
strategies. This will include examining the impact of position limits and margin
requirements on the performance of momentum trading strategies and their impact on
market stability.

Overall, writing a thesis on momentum strategies with the aim of achieving abnormal
returns on commodity futures markets can provide valuable theoretical and practical
contributions to the field of finance. Furthermore, through analysis of the selected
indicators, an additional contribution lies in identifying the superior indicator. Finally, the
authors hope that the research can provide additional insights to the area and subsequently
support or disprove current theories and aid investors seeking to join the commodity
market.

1.5 Choice of Topic

Both authors have a great interest in finance and investments, therefore, a topic that
further encourages knowledge and development in said area came to be crucial in the
choice. Furthermore, after the authors conducted investigations in the area, they detected
a topic that covered an achievable research gap for a master thesis. Firstly, they came
across the momentum effect and confirmed in advance that there was a research gap to
be found covering the particular phenomenon. Secondly, the authors discovered that
momentum strategies on the commodity futures market were relatively underexplored
and thus an appropriate subject for further investigation. The author's background and
further insight to the choice of topic will be explained in section 3.1, encompassing the
thesis preconceptions. Furthermore, subcategories following section 3.5 contains further
insight to the selected sectors, commodities and the indicators utilized in the thesis.

1.6 Delimitations

The thesis consists of several delimitations in order to obtain the desired results within a
reasonable scope. For instance, the collected sample of data is limited to the commaodity
market and solely based on futures as the main instrument. Moreover, the data collected
will cover a decade-long period, 2010 to 2019 to be precise. Consequently, it should be
noted that any information related to the progression of events prior to the aforementioned



period will not be included in the dataset. Caution should also be exercised if utilizing
these methods while investing or forecasting with the aim to generate excess returns.

It is important to note that the relationship between commodity futures and their
subsequent movements can be the result of many factors. This thesis limits the
movements of said events to a single phenomenon and the examination and understanding
of it. The authors mention this since movement of assets can be influenced by several
forces, and although one variable seemingly explains an event, underlying causes could
be entirely different. Lastly, a limitation made by the authors in order to keep the sample
of data at a manageable level is the limitation of sectors. Out of all commodity sectors,
this thesis will only focus on two (metal and energy) and in those two sectors nine
different commodities will be selected.



2. Theoretical Point of Departure

This section encompasses relevant theories to the thesis. The authors aim to deliver a
holistic view of the chosen theories by displaying their shortcomings, as well as their
scientific contributions. The section will focus on three main strands of explanations to
the momentum effect, i.e., information-based, risk-based, and behavior-based
explanations, as well as separate subsections encompassing relevant theories and
appropriate background to the thesis. The selected theoretical frameworks in this section
are designed to facilitate the comprehension of the study's results. The section will
culminate in an overview of prior research and empirical findings, thus providing support
for the current thesis findings.

2.1 Motivation of Selected Theories

The purpose of the theories included in this section is to provide a coherent and logical
framework that enables the reader to better understand the main concepts of this thesis.
The authors aim to initially present information-based explanations through classical
theories such as the Efficient Market Hypothesis, and later move on to theories in the
realm of risk-based explanations. Risk-based explanations encompass the CAPM and
Factor models and explain the evolution of how risk assessment has been conducted. The
early stages of risk-based explanations mainly relied on market risk; this was later
complemented with several additional factors to increase the comprehension of risk. The
next fraction is the information-based explanation, which focuses on more contemporary
theories based on psychological factors. These also serve as criticisms to the rational and
efficient market assumptions. Behavioral finance theory is one such theory that highlights
the irrational nature of investors, while herd behavior and prospect theory further
elucidate the underlying mechanisms of market inefficiencies based on behavior.

This section then proceeds to present the two main elements on which the thesis is built
upon, namely the momentum effect and commaodity futures. The momentum effect is one
of the main theories in this study which challenges the EMH by demonstrating that past
stock performance can be used to predict future returns, thus contradicting the view of
efficient markets. By presenting this theory and its implications, the paper contributes to
the ongoing debate regarding the validity of EMH while highlighting the importance of
considering alternative theories in financial analysis to accommodate implications for the
commodity futures market.

Lastly, the paper discusses previous research deemed important and relevant to the
present study. A critical analysis of its relevance is also provided and argued to motivate
its use in this thesis. By providing a structured and logical sequence of theories, this paper
contributes to a more nuanced and clear understanding to the complexity of financial
markets.

2.2 Information-based Explanations

In the process of sectionalizing the various components associated with the momentum
effect, multiple categories and theories are relevant in addressing the gaps in
understanding of this phenomenon (Li & Wang, 2021, p. 1697). One such category is the
information-based explanations which stem from the idea that some investors have
superior access to information, thereby prohibiting efficient functioning of markets and



by extension, the EMH. These investors can thus identify and divide assets that will
outperform in the near future and subsequently produce momentum in its price. In this
section the authors will provide further insight to information-based explanations to
highlight its importance to the reader.

2.2.1 Efficient Market Hypothesis (EMH)

The EMH is a theory of great interest to this thesis, as it is challenged by the scrutinized
phenomenon in this thesis, by stating that markets are efficient and thus, abnormal returns
impossible to achieve over time. EMH is, and has for long been, one of the most well-
known and fundamental theories in economics. The authors therefore deem it necessary
to take the theory into account in the navigation of this research.

Despite some flaws, the contributions to research after its publications has been greatly
beneficial to assumption-based theory making and a prominent part in financial literature.
The EMH was created independently by Fama (1963, 1965) and Samuelson (1965). Their
findings provided practitioners and academics with a basis in the identification of efficient
or ‘perfect’ markets and how they distinguish from inefficient or ‘imperfect’ markets.
According to Fama (1970, p. 383) the definition of an efficient market is one in which
asset prices, always, fully reflect all available information. In a world of efficient markets,
all practitioners are also given equal amounts of access to information, thus mitigating
asymmetric information, and constructing a state of affairs where assets trade at a fair
price. Under these assumptions markets are thus efficient, which furthermore eliminates
possibilities of arbitrage and proclaims conditions where consistent excess returns are
impossible to achieve.

In the publication of the efficient market hypothesis conducted by Fama, (1970) he
introduces three different levels of efficient markets; (1) weak form, (2) semi-strong form,
and (3) strong form. (1) Weak form suggests that past prices and returns of securities are
already reflected in the current market prices and cannot be used to predict future returns.
In other words, technical analysis and historical price patterns are ineffective in
generating abnormal returns. (2) Semi-strong form states that all publicly available
information, including historical prices and fundamental data, is fully reflected in
securities prices. Therefore, no one can consistently achieve above-average returns by
using this information. (3) Strong form suggests that all information, including insider
information, is incorporated into securities prices and is unavailable to the public. In this
sense, it is impossible for anyone, including insiders, to achieve higher returns than the
market average (Fama, 1970, p. 383).

Furthermore, Fama (1970, p. 386-387) explores the random walk model and its
associations to the EMH. The random walk model can be traced back to a book written
by Regnault (1863). Since then, several other authors have further elaborated upon the
model, which was later popularized by Malkiel (1973). The theory proclaims that changes
in asset prices have the same distributions and are thus independent from each other.
Given these circumstances, former movements or trends in prices cannot be used as a
basis in foretelling future price developments. With this in mind, and if true regarding
asset price movements, financial advisors would add little to no utility to investors’
portfolios. Fama (1970, p. 387) later argued that random walk should merely be seen as
an extension of the ‘fair game’ which proclaims the nature of efficient markets. The
reasoning being that they display complementary market environmental information such
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that the evolution of investor preferences and the generating process of new information
combined to produce equilibria in which continual return distributions arise through time.

However, the validity of the EMH has been challenged in view of the numerous
irregularities and inconsistencies to real-world outcomes (Ball & Brown, 1968; Basu,
1975; 1977; 1983; Jensen, 1978; Banz, 1981; Fama & French, 1992; Jegadeesh & Titman,
1993). Firstly, the human factor needs to be considered, under the pretense of the EMH
all actors perceive information in the same way. The statement is however far from reality
and impossible to achieve, investors will likely always have different opinions about
assets fair market value which poses a gap in the theory. Secondly, in the world of
efficient markets, no investor would be able to generate abnormal returns, subsequently
overperforming a benchmark index. This is also not true and can be proven by the
countless profitable investors who have managed to produce abnormal returns for several
years. One such example is the well-renowned American investor Warren E. Buffet who
has successfully achieved out of the ordinary returns for decades. It is important to note
that Fama (1970) was somewhat aware that the model could not be efficient in all cases
since it takes time for asset prices to respond to new information. The model does not
however, give a clear foundation as to the amount of time needed for asset prices to
regress to fair market values (Fama, 1970, p. 415).

2.2.2 Information Asymmetry

Referring to the earlier discussion on efficient markets, a crucial condition to their
existence is the accessibility of information and its equitable dissemination among all
participants in the market. Thus, information asymmetry plays a crucial role against
efficient markets and affects traders' reactions to information. The level of information
asymmetry can also influence the success of each group's investment strategy.
Specifically, when information asymmetry decreases, informed investors tend to sell their
winning assets and hold onto their losing assets. This effect is not limited to informed
investors however, as less informed investors also exhibit similar behavior in the presence
of high levels of information asymmetry (Strobl, 2003, p. 24-25).

Furthermore, according to Strobl (2003, p. 3) informed traders tend to react more
aggressively to new information while less informed traders tend to underreact. The
aggressive position of informed traders forces their counterpart to adopt an antagonistic
contrarian effect, creating a larger gap between the two groups (Strobl, 2003, p. 3).
Subsequently, the over and under reactions that market participants exhibit, entail a
momentum effect on the relevant asset. Researchers have provided different explanations
to this phenomenon, for instance, according to Johnson (2002) and Strobl (2003) a single-
firm structure with standard pricing can produce positive and strong correlation between
past returns and future expected return when the expected dividend growth varies over
time. Additionally, the findings made by Strobl (2003, p. 24-25) suggest that
informational differences can be the cause of both behavioral bias and momentum effect
in prices. In summation, information asymmetry can be connected to both market
efficiency and the subsequent level of momentum experienced on the relevant market.

2.3 Risk-based Explanations

Despite momentum effect being a widely studied and empirically observed phenomenon,
the underlying reasons behind the momentum effect remain elusive. One explanation that
has gained traction in recent years is the risk-based explanation, which posits that the
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momentum effect arises due to the inherent riskiness of the assets involved. In this view,
the momentum effect can be seen as a manifestation of investors' aversion to risk, where
they prefer to invest in assets that have exhibited lower risk in the recent past and avoid
those that have shown higher risk. This thesis aims to explore and evaluate the risk-based
explanation for the momentum effect, examining its theoretical foundations, empirical
evidence, and potential implications for portfolio management.

2.3.1 Capital Asset Pricing Model (CAPM)

Treynor (1961), Sharpe (1964), Lintner (1965), and Moussin (1966) created and
developed the Capital Asset Pricing Model (French, 2003). The Harry Markowitz model
for portfolio selection serves as a fundamental basis for the CAPM and was established
in 1959. Fama and French (2004) further describes Markowitz's approach as a trader
making a portfolio at time t-1, with the expectation of generating a stochastic return at
time t. The model operates under the assumption that investors exhibit risk aversion and
only consider the mean variance of their expected one-period investment return when
making their portfolio decisions. This results in the selection of “mean-variance efficient”
portfolios, meaning portfolios that are selected to either: (1) minimize the variance of the
portfolio return given the expected return; or (2) maximize the expected return given the
variance. As a result, the Markowitz method is often referred to as a “mean-variance-
model”.

The concept of the original CAPM model advocated that an investment's return be
proportional to the market risk associated with that same investment. It demonstrated a
linear link between the two elements: (1) expected return and (2) market risk, with a high
expected return required for an investment with high market sensitivity, and vice versa.
CAPM was further developed by Black (1972), who investigated the consequences of
changing assumptions in the classic CAPM. The study analyzed two scenarios: the lack
of a riskless asset with borrowing and lending limitations, and the presence of a riskless
asset with short position restrictions. The expected return-beta connection of risky assets
remained linear, comparable to the standard CAPM, with a lower slope in the presence of
a riskless asset. In a constrained borrowing situation, efficient portfolios were made up of
a riskless asset and a single risky portfolio, with the predicted return-beta connection
depicted by two straight lines, steeper for lower-risk portfolios. The research aids in the
comprehension of capital market equilibrium under changing CAPM settings (Black,
1972, p. 455).

As a critique to the CAPM, Ross (1976) presented the Arbitrage Pricing Theory (APT).
The APT is a linear asset pricing model that evaluates the return on a single security based
on multiple independent macroeconomic factors. This theory serves as a further
development of factor investing, as it acknowledges multiple forms of systematic risk, as
opposed to the CAPM, which only recognizes one type of systematic risk (Ross, 1976, p.
341). APT's contribution to asset pricing research offers a more comprehensive approach
to analyzing and predicting security returns.

2.3.2 Factor Models

Factor models can be considered a type of statistical model that is frequently employed
to investigate the relationships among numerous variables. Such models are designed to
pinpoint a smaller set of latent factors that can account for the variability detected in the
larger number of observed variables. As mentioned before, Sharpe (1964), Lintner (1965),
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and Black (1972) created the CAPM which for long was seen as the way both practitioners
and academics considered the relationship between risk and return. However, Fama and
French (1992; 1993) revolutionized this traditional way of considering risk and return
when presenting the three-factor model. This model jointly incorporates the size and value
factors into a risk model that already accounts for market risk. This, as opposed to CAPM,
which solely depends on market risk, can supply a more comprehensive explanation of
stock returns. For long this was implemented on the stock market but was unexplored in
the area of commaodities. This changed when Schwartz and Smith (2000) presented a two-
factor model. Prior to the work of Schwartz and Smith (2000), a two-factor model for
commodity prices had not been formulated. Their article offered a two-factor model that
analyzed the stochastic behavior of commodity prices. The model incorporates short-term
mean-reverting variations in commodity prices, as well as the uncertainty in the level to
which prices revert in the long-term (Schwartz & Smith, 2000, p. 909). This provides a
more authentic model of the short-term and long-term dynamics of commodity prices
with a minimal amount of supplemental effort.

Building upon the research of Schwartz and Smith (2000) a comparative study was
conducted by Aiube and Samanez (2014). This study compared the use of a two-factor
and a three-factor model on the commodity market. Furthermore, the researchers
elucidate that the interest in commodities escalated after the boom in oil prices in the
aftermath of the financial crisis in 2008. The findings demonstrate that the three-factor
model provides a more veracious fit to the term structure of prices and volatilities,
particularly for contracts with long maturities. Contradictory, the two-factor model tends
to underestimate the risk premiums in most parts of the curve, this is illustrated in figure
1 (Aiube & Samanez, 2014, p. 3736, 3744).
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Figure 1: Term structure of volatility (Source: Aiube & Samanez, 2014, p. 3744)
In summary, due to the growing attention over the past two decades, the authors consider

it important to highlight the role of Factor Models when analyzing investments in
commodity futures.
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2.4 Behavioral Finance Theory (BFT)

In a study conducted by Sharma et al. (2021) behavioral biases during investment
decisions were investigated. The article firstly explains four well-known financial
theories. (1) investors are always rational, (2) markets operate with efficiency. (3)
investors shape their portfolios in line with modern portfolio theory and (4) anticipated
returns are a function of risk and risk alone (Sharma et al., 2021, p. 224). Furthermore,
Sharma et al. (2021) suggests that these assumptions started to be questioned in the 1950s
and 1960s due to growing market inefficiencies and the fact that people do not always act
rational. Subsequently, the BFT started to take form.

The limitations in the previously mentioned theories have contributed to the emergence
of behavioral finance, an innovative discipline that unites research principles from
finance, cognitive psychology, and behavioral economics. BFT therefore advances
theories rooted in psychological framework to elucidate financial market anomalies, or as
in the discussed article, stock market anomalies. Its primary intention is to investigate
human behavior, which deviates from rationality and can impact individual investment
decisions, thus, influencing the market. Sharma et al. (2021, p. 232) conducted this study
on the Indian market and the results conclude that behavioral biases do affect investors
significantly in their investment decisions.

Another perspective of BFT is to view it as a complementary theory to classical finance.
Yadav (2016) examines the concept of Bounded Rationality and describes it as a novel
paradigm and theory that provides an explanation for instances where individuals do not
always act rationally. In Yadav’s (2016) study, it is concluded that BFT can aid investors
in the decision-making process as a supplement to more classical financial theories.

Previously in this thesis, the authors presented critiques against the EMH through the
discoveries produced by Fama and French (1992; 1993) and their factor models. When
the BFT arose there was some unexpected critique from Fama (1998), who at the time
was widely recognized as a proponent of the idea that the market is efficient. Therefore,
one might expect Fama to support the idea of BFT. However, this was not the case.
Instead, Fama (1998) presented evidence in a study suggesting that the market efficiency
theory should not be completely disregarded. Consequently, the authors suggest that
implementation of BFT in this thesis could be of contributional value. However, they also
emphasize the importance of acknowledging its complexity and thus, not blindly trusting
its fundamental principles. To provide a wider understanding of this concept to the reader,
the following two sections will further elaborate on the subject by introducing herd
behavior and prospect theory. These two theories are related to the field of behavioral
finance and highly relevant to the theme of this thesis.

2.4.1 Herd Behavior

As opposed to momentum trading strategies which involves buying winners and selling
losers based on well-informed investors activity, herding is simply following, thus
imitating other market participants' behavior. This phenomenon has been researched
extensively and identified in several markets, as has its amplifying effect on prices.
According to Yan et al. (2012) there are two main areas in literature that discuss this
phenomenon regarding financial markets. The first is the effects of herding and its
implications to drive prices away from intrinsic values, subsequently driving the market
toward inefficiency (Banerjee, 1992; Bikhchandani et al., 1992; Bikhchandani and
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Sharma, 2001; Yan et al. 2012). The second, a contradictory view which states that
investors with lesser information can become informed by emulating market movements.
By doing so, these investors can obtain fundamental market values through a free riding
like approach (Froot et al., 1992; Hirshleifer et al., 1994; Hey and Morone, 2004; Yan et
al. 2012). Given these two different views of the herding effect, its palpable implications
become somewhat ambiguous. Research in this area was conducted by Yan et al. (2012)
through combining the effects of herd behavior and momentum effect and as a result,
attempts at clarifying tangible effects.

According to a paper written by Yan et al. (2012), momentum effect is amplified in the
presence of low degree herding at an industry level. Developed through their research
based on 29 years of data (1980-2008), the article displays that herding aids in driving
asset prices towards fundamentals, thus augmenting market efficiency and consequently,
decreasing momentum. However, Yan et al. (2012) also argues that there are no definite
theories regarding terminal implication on herding towards momentum, the research is
thus mainly empirical.

2.4.2 Prospect Theory

Developed by Kahneman and Tversky (1979), prospect theory is a behavioral model
designed to explain decision-making in situations where individuals face pressure. This
theory attempts to elucidate the significant emotional response of individuals towards
avoiding loss and their contrasting indifference towards gain. In essence, the prospect
theory was developed as a critique of the expected utility theory, which demonstrated
inconsistencies between risky prospects and the fundamental principles of utility theory.
The theory highlights two significant effects. Firstly, the certainty effect, where
individuals exhibit risk aversion in decisions with guaranteed profits and risk-seeking
tendencies in choices involving assured losses. Secondly, the isolation effect, which
causes inconsistent preferences due to individuals' tendency to disregard shared
components (Kahneman & Tversky, 1979, p. 263).

To further fortify the critique against the expected utility theory, Kahneman and Tversky
(1979) demonstrated circumstances under which the theory is inconclusive. This was
done by collecting data mainly through questionnaires and distributing them among
universities in different countries. The results were often corresponding despite
geographical, demographic, and other differences in circumstances. In their study, French
economist Maurice Allais is mentioned for his well-known example which exploited the
certainty effect and counter acted the expected utility theory. See the problem below:

Problem 1: Choose between
A: 2500 with 33% probability B: 2400 with 100% certainty
2400 with 66% probability
0 with 1% probability

The number of respondents in this problem were 72, whereof 18% chose option A and
82% chose option B (Kahneman & Tversky, 1979, p. 265). This is a clear demonstration
of the certainty effect where individuals tend to overweight outcomes that are certain and
disregarded outcomes that are merely possible. A rational thinker would observe option
A as the superior option, having only 1% risk of going empty-handed while obtaining a
99% chance of receiving the same amount or 100€ more.
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Problem 2: Choose between
C: 2500 with 33% probability D: 2400 with 34% probability
0 with 67% probability 0 with 66% probability

In the second problem, 83% of the respondents chose option C while 17% chose option
D. This pattern of modal choices further overrules the expected utility theory as argued
by Allais. When placed in a problem where the difference between earning money is only
1%, the majority preference is, as through a monotonicity approach to gain as much as
possible, thus the resulting 83% in option C (Kahneman & Tversky, 1979, p. 266).

The authors argue there is a potential connection between prospect theory and the
momentum effect. According to prospect theory, individuals are more sensitive to losses
than gains, and the magnitude of the loss looms larger than the magnitude of the gain. In
the context of the momentum effect, investors may therefore be more reluctant to sell
assets that have performed well in the past for fear of missing out on further potential
gains, even if the assets are overvalued. Similarly, investors may be more hesitant to buy
assets that have performed poorly for fear of incurring further losses, even if the assets
are undervalued. This behavioral bias may explain why the momentum effect persists
despite contradicting the efficient market hypothesis, which suggests that all available
information is reflected in the asset's price (Kahneman & Tversky, 1979, p. 274-275). The
momentum effect suggests that investors may be slow to react to new information and
may rely on past performance as a heuristic for future returns (Daniel et al., 1998).

In conclusion, the connection between prospect theory and the momentum effect suggests
that behavioral biases may play a role in the persistence of momentum anomalies. By
considering how investors make decisions under uncertainty and how their reference
point may shift based on recent experiences, we can better understand the behavior of
financial markets and the potential for anomalies such as the momentum effect to persist.

2.5 Momentum Effect

Jegadeesh and Titman's (1993) discovery of the momentum effect challenged the widely
accepted efficient market hypothesis by showing that market sentiment plays a crucial
role in asset pricing. This theory, deemed as an anomaly, will be explored in depth in this
section, as will the appropriate indicators for identification. The findings regarding
momentum effect suggest a tendency among assets that previously display high (low)
returns during the last three to twelve months to continue to outperform (underperform)
in the future (Jegadeesh & Titman 1993). Although there is extensive evidence in support
of the momentum strategy’s robustness and reliability there are imperfections. According
to Zaremba et. al. (2021), one of these flaws lie in the time-varying exposure to
momentum portfolios in different types of risk factors. In terms of market risk, e.g., there
is an increased risk of allocating a too volatile portfolio since high beta assets tend to
produce higher return and are thus selected more frequently (Daniel & Moskowitz, 2016).

Several endeavors have been made in the attempt to explain this phenomenon which was
summarized by Cooper et al. (2005). For instance, Daniel et al. (1998) assume that
investors are highly confident in their private information, thus, subsequently resulting in
overreactions. Investors with a magnified level of confidence in combination with self-
attribution bias will react poorly and attempt to confirm or disconfirm news to suit their
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own sentiment. The overconfidence in unity with an overreaction will, according to
Daniel et al. (1998) result in momentum return.
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Figure 2: The price movement of a stock (red line) after a positive information event (Source: Wiest, 2022,
p. 100).

The figure above displays the movement of stocks (red line) from their fundamental
values (gray line). A positive public event might either result in an overreaction, driving
prices up, or an underreaction, causing a delay in price movements. According to Wiest
(2022), the price level later returns to its fundamental value after public information is
processed. Although true that overreactions can cause momentum, the same can also be
said about underreactions according to Daniel et al. (1998; Wiest, 2022, p. 100). This can
occur when new information is not fully adopted and reflected in asset prices which
consequently creates an inverse relationship to its intrinsic values. When the public
perception is altered and adjusted to new information, the result is a momentum effect
back to fundamental values (Wiest, 2022). Figure 2 thus demonstrates Daniel et al. (1998)
model of how these behavioral effects among investors’ might drive prices far above their
intrinsic values. Investors who observe positive events in the public domain following a
self-motivated action based on publicly available information will attribute their success
to their own abilities and cause the price to increase even further. The hazardous part of
this mindset is that the same investor will disregard public information that diverges from
their own actions based on private information. Furthermore, a similar theory was
developed by Hong and Stein (1999) who divided investors into two categories:
“momentum-traders’’ and “news-watchers’’. The former solely rely on past price changes
while the latter relies on private information. The two groups work in opposite streams in
which an underreaction from news watcher produces an overreaction among the
momentum traders.

Moreover, it is difficult to determine whether momentum is the result of mispricing or
due to systematic risk. John Cochrane (2011) pointed out the paradoxical nature of
momentum, while pondering on why momentum stocks both rise and fall together, as if
exposed to a rife systematic risk. To address this uncertainty, a new strand of literature
has emerged that analyzes momentum in portfolios that capture the factor structures
underlying individual stocks. Moskowitz and Grinblatt (1999) found positive returns for
a strategy based on past industry returns, while more recent studies by Gupta and Kelly
(2019), Arnott et al. (2021), and Ehsani and Linnainmaa (2022) have found momentum
in factor returns used to explain the cross-section of stock returns. However, it remains
unclear whether the presence of momentum in these portfolios is due to positive serial
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autocovariances of industry factors or risk factors. Furthermore, to measure momentum,
it is common practice to utilize an indicator to determine what actions to take. Some well-
known indicators with the purpose of fulfilling these requirements are: The Moving
Average Convergence Divergence (MACD), Relative Strength Index (RSI), Average
Directional Index (ADI) and Rate of Change (ROC). Although the two latter mentioned
can provide valuable insight, they also contain fallible characteristics. For instance, ADI
displays if a trend is going up or down through two accompanying indicators. The
indicator can however produce crossovers which invoke confusion in asset prices. ROC
solely exhibits the speed of which a variable is changing which is insufficient for the
purpose of this thesis. The authors have thus selected the two formerly mentioned
indicators, namely RSI and MACD, which will be further elaborated in section 3.5.3.

As previously discussed, a great body of research has been conducted on the momentum
strategy regarding the stock market. In recent years however, some, although few studies,
have been conducted towards the commodity market. These studies will be further
elaborated in the subsections following section 2.7. To conclude, although momentum
investing has attained significant prominence, ambiguity persists regarding the
fundamental catalysts driving momentum and the optimal approach for harnessing it in
investment portfolios to generate abnormal returns. Further research is needed to better
understand the co-movement of past winner and loser commodity futures, thus
determining whether momentum is driven by mispricing or systematic risk.

2.6 Commodity Futures

Future contracts were first developed in the mid/late 19" century in the US. The New
York Gold Exchange introduced gold futures contracts in the mid-1860s, which was
followed by New York Cotton Exchange and The New Y ork Butter and Cheese Exchange
around ten years later. Wellmun (2020) describes a big development in the futures market
appearing in the 1920s when metals, such as: copper, silver, zinc, and lead began to trade
in the financial market. In this era, the determination of prices on several commodities
commenced without any physical exchange of the underlying asset, leading to
possibilities for speculative trades.

In portfolio management, commodity futures are frequently utilized as a risk management
tool to offset the stock risk in a portfolio. This is due to their, most often, negative
correlation with stocks (Gorton & Rouwenhorst, 2006, p. 60). This inverse relationship
creates an effective hedge and reduces the overall risk of the portfolio. In this thesis,
commodities futures will serve as the only financial instrument in the portfolio, rather
than being utilized as a hedge, which is a common practice in most portfolios.
Furthermore, a future contract can be confused with a forward contract, however, there is
a distinct difference; a forward contract has a single cash settlement at expiration while a
futures contract has daily cash settlements based on the futures daily settlement price.

As previously mentioned, commodities can be bought physically or through a financial
instrument, e.g., a futures contract. The distinction between investing in physical
commodities and futures contracts can be effectively illustrated through a numerical
example, as presented by Gorton and Rouwenhorst (2006). In this example the
researchers compare investing in physical commodities versus futures contracts. The
market anticipated a future spot price of $27 for oil and a current price of $30. The futures
price was set at $25 to attract investors, representing the risk premium for assuming short-
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term price risk. If the market expectation is realized, a physical commodity investor would
lose $3, while a futures contract investor would gain $2. If the expectation is not met and
the final spot price is $26, the investor of the futures contract will still make a $1 profit,
which can be divided into the risk premium and the difference between the expected and
final spot price (Gorton & Rouwenhorst, 2006, p. 48-49).

However, risk-averse investors may be more reluctant towards trading in commodities
due to their volatility and the level of uncertainty encompassing the outcome between the
date of investment and the future settlement date. This sentiment mainly shared by risk-
averse investors, was also clearly stated following an investment conference in New York
in 2015, Lawrence Loughlin of Drobny Capital was cited in Meyer and Auther’s article
(2015), and expressed himself in the following way: ”"Commodities ~"couldn't be hated
more” ...Four years of negative returns for indices tracking futures, with a fifth under
way, have undermined the idea that leaving part of one's portfolio in a basket of oil,
natural gas, soybeans, copper and other commodities was prudent. “There's zero interest
right now from the institutional space.”

One reason investors may have this view lies in the difficulty of creating a benchmark
index for commodities, owing to their multiple categories and seasonality, which causes
lofty volatility at times. This alternative source of investing is often compared to hedge
funds. According to Blocher et al. (2018), commodities and stocks are more comparable
than commodities and hedge funds. Commaodities and stocks both have open markets,
public closing prices, and transparent end-of-day portfolio values. Additionally, the
Commodity Futures Trading Commission (CFTC) and United States Securities and
Exchange Commission (SEC), respectively, each have a well-defined regulating body.
Both also reflect a predetermined set of investments from which a management must
select either long or short positions. These parallels lead Blocher et al. (2018) to suggest
that their article can create a benchmark to factor models for commodities funds, much
like Fama and French (1993, 2015) did for equity mutual funds (Blocher et al., 2018, p.
342). Commodities, as well as stocks, are both driven by supply and demand settings, in
other words, the present market sentiment. One distinction between commodity futures
and stocks, however, lies in their drivers of fundamental value. Blocher et al. (2018)
investigates commodity investments and finds that the key fundamentals pricing
commodity risk premia are inventory and storage costs. Intrinsic value in stocks is
however driven and determined by the economic performance of a firm, e.g. dividend
streams, discounted cash flow, residual income etc.

2.6.1 Pricing Commodity Futures

In the preceding section, the authors explored the concept of commodity futures. The
objective is to furnish the reader with insights into the functioning of commodity futures
pricing. This is deemed essential for the purpose of this thesis as it facilitates a
comprehensive understanding of the underlying dynamics involved in the construction of
commodity futures. Contango and Normal Backwardation are technical terms used to
characterize the shape of the futures curve in a market. A futures curve represents the
relationship between the prices of a commodity at various points in the future. Miffre
(2000) provides a description that outlines a situation in which a market is characterized
as "in contango”, whereby the prevailing spot price of a commodity future is higher than
the delivery price. This situation is often attributed to an oversupply of the commodity or
high storage costs, as market participants must incur the expense of storing the
commodity until the delivery date. Conversely, when a market is in "Normal
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Backwardation," the price of a commodity for future delivery is higher than the current
spot price. This scenario reflects market expectations of declining prices over time or high
demand for immediate delivery (Miffre, 2000, p. 804-805). Bodie et al. (2014, p. 792)
provide a clear illustration of this concept in Figure 3, in which the Y-axis displays the
price for the future, while the X-axis shows the price development through the time
period.
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Figure 3: Contango and Normal Backwardation (Source: Bodie et al., 2014, p. 792)

When comparing the two, research has found that the most backwardated commodities
often outperform the most contangoed commaodities. This occurrence can be linked to
Kaldor’s (1939) theory of storage, which describes observed features in the commodity
market. In conclusion, contango and normal backwardation reflect market expectations
about future supply and demand conditions for a commodity and are used to describe the
slope of the futures curve.

The pricing of futures has been one of the hardest financial puzzles to solve for the past
century (Rouwenhorst & Tang, 2012). Surmising the market for a specific commaodity
and anticipating if it goes into contango or normal backwardation is a prevalent way to
speculate when investing, however, new approaches have also been developed. One
recent approach was developed by Gwilym et al. (2020) and takes its stands in modeling
the competition between agents in a dynamic economy with constraints related to
borrowing and hedging. These restrictions offer diverse actors market power and cause
movements between distinct equilibria, which may be rated based on their effectiveness
in spreading commodity price risk. Gwilym et al. (2020) assert that changes between
different equilibria, which result in both normal backwardation and contango, are the
cause of discrepancies in prior study findings. Given the problems posed by these shifts
and the difficulty of analyzing moment circumstances in a dynamic environment, they
advise against depending on time series data for interpretation (Gwilym et al., 2020, p
366).
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2.6.2 Systematic Risk on Commaodity Market

When investing in commodity markets, it is crucial to consider the impact of external
factors on investments, such as macroeconomic shocks. A study conducted by Souza and
Fry-McKibbin (2021) highlights the importance of considering such factors when
investing in the commodity markets, particularly, the energy and metal sector. The
research outcomes indicate that an exclusive reliance on commodity prices may result in
an overestimation of the impact of such prices on the macroeconomic landscape. Thus,
investors should consider a more comprehensive approach to investing in these markets
while considering a broader range of external factors that can impact their investments
(Souza & Fry-McKibbin, 2021, p. 781). This has important implications for this thesis as
it emphasizes the need to incorporate a more nuanced understanding of market dynamics
necessary to perform informed investment decisions.

In a study conducted by Ruenzi and Weigert (2018) they revealed that the momentum
strategy's profitability is reduced significantly when controlling for its crash sensitivity.
Their results also showed that momentum strategies have a positive loading on the crash
sensitivity factor. This suggests that a significant portion of the momentum effect is a
compensation for systematic crash risk exposure. Hence, the study provides a risk-based
explanation of the momentum anomaly. Moreover, it underscores the importance of
considering macroeconomic factors such as crash sensitivity in investment decision-
making (Ruenzi & Weigert, 2018, p. 79). To conclude, when investing in commodities it
is important to realize that it is a volatile market and a sector could crash due to
macroeconomic factors, the authors therefore emphasize the importance of having a
diversified portfolio to minimize the systematic risk.

2.7 Previous Research

As mentioned previously in this section, momentum as a phenomenon is a relatively new
discovery, introduced by Jegadeesh and Titman (1993). However, up until recently, the
bulk of succeeding literature solely encompassed the momentum phenomenon in the
stock market. While searching and examining previous research, the authors of this thesis
have thus found a limited quantity of momentum studies based on the commodity market.
Two prominent research papers could however be found which captured the essence of
the desired research. These two papers have thus been included in this thesis to serve as
a guide in fulfilling its purpose.

2.7.1 Zaremba et al. (2021) Alpha Momentum in Commodity Markets

The discrepancy in the momentum effect primarily revolves in its connection and
behavior in the commodity futures market. The first, and one of the few research projects
that have explored this area was done by Zaremba et al. (2021). Given the fact that this
study is barely two years old, there is still room for new investigations and further
scrutiny.

The study conducted by Zaremba et al. (2021) examined if alpha momentum effect could
be observed in the commodity futures market. The basis of data selection encompassed
25 different commodities from four distinct sectors. These commodities consisted of:
agriculture (cocoa, coffee, corn, cotton, oats, orange juice, rough rice, soybean meal,
soybeans, sugar, wheat), energy (Brent crude oil, ethanol, gasoline, heating oil, natural
gas, West Texas Intermediate (WTI) crude oil), livestock (feeder cattle, lean hogs, live
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cattle) and metals (copper, gold, palladium, platinum, silver). In this research, a sample
of data spanning from February 1986 to October 2017 was utilized. Monthly returns were
calculated using the S&P-Goldman Sachs Commodity Indices (GSCI) for single
commodities, Credit Suisse or JP Morgan and used based on availability. These
benchmarks were selected for their representation of actual excess returns, availability,
and avoidance of arbitrary rolling approach decisions.

In the conclusion of the study, alpha was reported to be identified in the cross-section of
commodity returns. The effect of momentum was reported to be especially strong in the
12-month alpha period. A strategy of going long (short) in commaodities with high (low)
alphas was thus proven to display mean monthly returns of 1,05% (0,75%) (Zaremba et
al.,, 2021, p. 10). Furthermore, the researchers display a clear distinction between the
superiority of alpha momentum strategies over price momentum strategies in the context
of risk-adjusted returns. The reasoning behind this is the alpha momentum's 15 years of
profitable performance (in the data results), something that the price momentum fails to
accomplish. The researcher finally pressed upon the two strategies' relationship to one
and other and stated that alpha momentum is likely a driver of price momentum. The
relationship is however not reciprocally since alpha momentum was shown to explain
price. momentum, while price momentum was unable to explain alpha momentum
(Zaremba et al., 2021, p. 11).

2.7.2 Caporale and Plastun (2021) Alpha, Momentum and Contrarian

A study by Caporale and Plastun (2021) further pressed upon the issue of insufficient
research being conducted in the field. The study initially illustrates the inconsistent
relationship between the well-known EMH and the frequently occurring price anomalies
contradicting the theory. Among the variables explaining these anomalies, Caporale and
Plastun (2021) list; momentum and contrarian effect, calendar, and size effect i.a. and
their counteracting ability to distort efficiency on markets. The ambition with their
research is to examine whether price (momentum or contrarian) effects exist after 1-day
abnormal profits. Furthermore, the study attempts to estimate timing parameters for these
effects. Research was conducted by collecting data between January 2009 and January
2019 and testing the hypothesis through average analysis, t test, trading simulations and
cumulative abnormal returns (CAR) (Caporale & Plastun, 2021, p. 356). The source of
data utilized was obtained from MetaQuotes Software Corp. The following calculations
were made to complete the study:

Close; .
R, = (Omi ~1)-100% [1]

Ri is the rate of return on the ith day and closei and openi are the prices at the start and
end of the ith day.

Positive returns are calculated as follows:
Ri> (Ro +h+ 6,) 2]
Negative abnormal returns:

Ri < (Ru

+h+ 6,) 3]
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Where k is the number of standard deviations used to find abnormal returns and & is
the average size of daily returns in period n (Caporale & Plastun, 2021, p. 357).

Furthermore, the calculations for CAR are made as follows:
AR, =R, — E(Rt) [4]

Where Rt is the return at time t and E(Ry) is the corresponding average return computed
over the whole sample period as follows:

E(R,) = (%) iT=1 R; [5]
Where T is the sample size.
Finally, the cumulative abnormal (CAR) return can be defined as:

CAR; =Y*, AR, [6]

| start with 1 (representing the first hour of a trading day) and end with 24 (which is the
last hour of the trading day).

The findings indicate that the hourly returns on days exhibiting abnormal returns are
significantly greater compared to those on average or "normal” days. Notably, a
momentum effect is discerned for both oil and gold prices on days with abnormal returns,
which prevails until the conclusion of the day. The study further observes that on days
with abnormal returns, prices tend to move in the direction of the abnormal returns until
the end of the day. Furthermore, the analysis demonstrates that there are price effects on
the following day, with a momentum effect in the case of oil prices and a contrarian effect
in the case of gold prices. However, these effects are time-limited, and the corresponding
timing parameters are assessed. Based on trading simulations conducted in this study, it
is suggested that these effects can be leveraged to attain abnormal profits. Thus, the
discovery could be of great interest to investors and traders seeking anomalies with the
intention of maximizing profits (Caporale & Plastun, 2021, p. 366).

2.7.3 Summary of Previous Research

In summation, the study conducted by Zaremba et al. (2021) examined the existence of
alpha momentum effect in the commodity futures market and reported that alpha was
identified in the cross-section of commodity returns, with the effect of momentum being
especially strong in the 12-month alpha period. The study concluded that alpha
momentum strategies displayed higher risk-adjusted returns than price momentum
strategies. Caporale and Plastun (2021) further emphasized the lack of research in this
area and examined the existence of price (momentum or contrarian) effects after 1-day
abnormal profits. The study found a discernible momentum effect in both oil and gold
prices on days with abnormal returns, which prevailed until the end of the day.

Our study aims to examine the momentum effect on commodity futures using two
different momentum indicators, namely, Moving Average Convergence Divergence
(MACD) and Relative Strength Index (RSI), and to investigate the extent to which alpha
can be found in the commodity futures market. The research gap therefore consists of
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investigating the alpha momentum effect with the selected momentum indicators, which
is not explored in previous literature.

In addition to the aforementioned pertinent prior research, the authors also collected
inspiration and guidance from other studies exploring the momentum effect in the stock
market. While these studies pertain to a distinct market, their insights proved highly
valuable in the development of this thesis. The seminal work of Jegadeesh and Titman
(21993) on the momentum effect laid a foundation for further research in the area. To name
a few, and provide a clear summary, see the listed literature below:

e Cooper et al. (2005) summarized various endeavors made to explain the
momentum effect, including the behavioral finance explanation presented by
Daniel et al. (1998).

e Hong and Stein (1999) developed a theory that divided investors into two
categories: "momentum traders” and "news-watchers" and found that their
different investment strategies can create momentum effects.

e John Cochrane (2011) pointed out the paradoxical nature of momentum in that
momentum stocks both rise and fall together, which raises questions about
whether momentum is due to mispricing or systematic risk.

e Moskowitz and Grinblatt (1999), Gupta and Kelly (2019), Arnott et al. (2021),
and Ehsani and Linnainmaa (2022) found momentum in factor returns used to
explain the cross-section of stock returns. However, it remains unclear whether
the presence of momentum in these portfolios is due to positive serial
autocovariances of industry factors or risk factors.
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3. Method

The aim of this section is to deliver a comprehensive understanding of the scientific
methods utilized by the authors. The opening of this section focuses on the adopted
theoretical methods, i.e., the relevant paradigms implemented to properly achieve and
guide the conducted research. Later, the section provides insight to the practical methods
utilized to accomplish and manage data and perform the appropriate statistical tests,
thereby accumulating empirical evidence. The objective is additionally to provide the
reader with a clear comprehension on how the selected methods will contribute and serve
the thesis and its final results.

3.1 Preconceptions

The authors of this thesis are currently studying their last semester at Umea School of
Business and Economics (USBE), pursuing a Degree of Master of Science in Business
and Economics. The topic of this study pertains to the area of finance, which is
appropriate for both authors as it aligns within their domain of expertise at master level.
The sphere of finance has also been of great personal interest for both authors, which has
provided supplementary proficiency beyond the academic curriculum. USBE has
provided the authors with an expertise in scientific writing throughout the education and
additional statistical and mathematical skills, which will be of great benefit for the
purpose and quality of this thesis. However, it is of importance to denote that neither of
the authors possess professional experience in the area. Subsequently, the advancements
produced in this thesis will primarily be based on former research and thus approached in
a deductive manner.

3.2 Literature Search

When conducting a master thesis, it is paramount that all the literature utilized is of great
reliability. To ensure sources of adequate reliability, the authors have predominantly
employed literature published in academic journals and ensured that they are peer-
reviewed. These articles have been accessed via online means through the Umea
University Library Database. When necessary, and on a handful of occasions, the authors
use citations from non-academic journals. These sources are however not utilized to
bolster theoretical claims or gather statistical data but to provide real-life
contextualization. The authors have made concerted efforts to overcome the challenges
of always using firsthand references, which was also nearly achieved thanks to the Umea
University Library (UmUB) immense database and google scholar as a complementary
source of research. However, on the occasions where the primary source was unavailable,
the authors were prompted to rely on the peer-reviewed secondhand source’s reference of
the primary source. These sources are clearly stipulated as secondary in the text to provide
transparency for the reader.

3.3 Scientific Approach

According to Bryman and Bell (2017), the successful execution and focus of a study is
contingent upon the formulation of the research question. Thus, it is crucial to ponder the
underlying epistemological and ontological assumptions upon which the research is
based. This implies that to formulate a research question effectively, a thorough
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understanding of the underlying theoretical framework that the research is based upon is
necessary.

Within the epistemological and ontological assumption, it is necessary for a writer to
select an appropriate research paradigm that best displays its philosophical views.
According to Collis and Hussey (2021, p. 39) a research paradigm serves as a guide to
how scientific research should be conducted, in other words, the paradigm serves as a
philosophical framework. As of today, there are two principal research paradigms;
positivism and interpretivism, the second was however implemented fairly recently. Kuhn
(1962) advocates scientific achievements only stemming from one source, a source we
today refer to as natural science. Since then, researchers have distinguished social science
from this original source, thus manufacturing the second paradigm. According to Smith
(1983), research up until the 19th century mainly focused on inanimate objects and the
belief that knowledge and the world was based on positivism, also known as realism. This
paradigm was developed in the late 18th century by theorists such as Comte (1789-1857),
Mill (1806-1873) and Durkheim (1859-1919). Furthermore, the positivistic approach
processes quantitative data in numerical form (Collis & Huessy, 2021, p. 39-40). The new
strand of literature investigating an alternative to positivism, was labeled interpretivism
and based on principles of idealism. An Interpretivist views social reality as subjective
and socially constructed, and knowledge as subjective evidence stemming from its
participants. The interpretivist approach processes qualitative data in nominal form
(Collis & Hussey, 2021, p. 41-42).

When comparing positivism and interpretivism and given the fact that the latter was
developed as critique to the former, it is often assumed that they are largely separated
from each other. Although it is accurate that there is a substantial gap between the two,
the similarities exceed the differences according to Onwuegbuzie and Leech (2005, p.
271). To name a few examples: both drive research questions through the use of research,
both use various methods in the collection of data, both apply techniques in the analysis
of data, and both discuss and draw conclusions. The selected paradigm of a research is
based on the assumptions that distinguish the two, where the dominating assumptions will
serve as a guide in the application of the research paradigm. Regardless of which
paradigm directs the research it is important to note its applicability and identify its
caveats and relevancy (Collis & Hussey, 2021, p. 46).

3.3.1 Ontological Assumptions

Social ontology concerns itself with the fundamental nature of social reality and how it is
perceived and understood. In this section the authors will scrutinize the two predominant
views of social reality within social science: constructivism and objectivism. These two
ontological assumptions differ in the key assumptions regarding the nature of social
phenomena and how it can be studied. By investigating these differing perspectives, the
authors believe that they can better understand the complexity of social reality in an
appropriate way.

According to Bryman and Bell (2017, p. 52), objectivism is an ontological standpoint that
posits the existence of social phenomena and their connected meanings as independent of
social actors. This perspective further postulates that social phenomena and the categories
used to understand them have an existence that is not contingent upon the actions or
perspectives of individuals. In other words, objectivism contends that the social world has
an objective reality that exists unaccompanied of subjective interpretations. Furthermore,
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Bryman and Bell (2017, p. 53) describe constructivism as an ontological standpoint that
posits the notion that social phenomena and their associated meanings are frequently
produced by social actors. This perspective argues that social phenomena and categories
are not only formed through social interaction, but also in a perpetual state of revision. In
other words, social entities and categories are not fixed, but rather socially constructed
and reconstructed through occurring social processes.

To summarize, the main difference between objectivism and constructivism lies in their
ontological standpoint regarding the nature of social phenomena and their associated
meanings. Objectivism asserts that social entities and categories possess an objective
reality that is not reliant on social actors, whereas constructivism claims that social
phenomena and categories are persistently generated and updated by social actors via
continual social interactions. In essence, objectivism postulates an objective reality that
subsists independently of subjective interpretations, while constructivism accentuates the
subjective nature of social phenomena and categories, which are reliant upon ongoing
social processes. The beliefs underpinning this paper goes in line with the ontological
assumptions of objectivism. This means that social entities are deemed objective and have
an external reality that is distinct from social agents (Bryman & Bell, 2017, p. 52-53).
However, as this thesis aims to investigate factors connected to market sentiment and thus
some level of behavior psychology, the authors do not consider this thesis to be fully in
line with the objectivism paradigm. On the spectrum separating objectivism and
constructivism there are several levels to each side. The authors believe that this thesis
should be placed somewhere on the middle of the spectrum, but with a clear vicinity
towards objectivism.

3.3.2 Epistemological Assumptions

This thesis aims to advocate knowledge through testing with a scientific approach.
Bryman and Bell (2017) describe this approach as positivism and further explains it as an
epistemological position favoring the implementations of scientific methods in studying
social reality and all its facets. Positivism contains five important principles that describe
what the approach is composed of. (1) Phenomenalism, this principle states that the only
knowledge that can be viewed as real knowledge is the one that can be confirmed by our
senses. (2) The theory’s purpose is to generate hypotheses that by means of statistical
testing aid scientists in taking a stand to statutory declarations, this is described as
deductivism. (3) Knowledge is received through the collection of factual data, which
serves as the basis for legal regulators, this concept is frequently referred to as
inductivism. (4) Science must be impartial and thereby objective. (5) The approach also
emphasizes the importance of the distinction between scientific and normative claims.
This is to great extent affiliated with phenomenalism, along with the other principles it
constitutes the positivist approach (Bryman and Bell, 2017, p. 47). In this thesis the
authors have chosen to approach reality through a positivistic view. It is necessary to
mention that the authors do not intend on dismissing other epistemological positions or
research methods. The decision to adopt a particular framework is based on its alignment
with the research question and the objectives of the study. For transparency reasons it is
although worth mentioning that positivism has faced criticism for its emphasis on
quantification and its assumption of an objective reality that can be discovered through
observation and measurement. Despite this, the paradigm has been used extensively and
produced remarkable contributions to social science, leading to major discoveries and
insights (Bryman and Bell, 2017).
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The positivistic approach is also proclaimed by functionalists Ardalan (2003) to function
just as well in social science, as it does in its more historical habitat, i.e., natural science.
Furthermore, Ardalan (2003, p. 207-208) describes the scientific approach in financial
science as follows: “Knowledge of finance is ultimately a product of the researcher’s
paradigmatic approach to this multifaceted phenomenon. Viewed from this angle, the
pursuit of financial knowledge is seen as much an ethical, moral, ideological, and
political activity,” as it is a technical one.” The authors have decided to adopt this well-
formulated statement in their thesis, as it aligns with its research design. The reason being,
enablement of a scientific approach that emphasizes both the technical moments while
still accentuating the ethical, moral, ideological, and political dimensions of financial
knowledge. With this in mind, the authors aim to contribute to a more comprehensive
understanding of financial phenomena. In short, the authors believe that by bolstering a
holistic approach to financial knowledge, their work can convey a meaningful
contribution to society, as well as to the field of finance. Therefore, it is necessary to hold
a positivistic approach in this type of study, as it is guided by previous research and aims
to hold an objective standpoint to knowledge. When selecting and analyzing data in this
thesis, the authors have thus taken an effort in adopting the framework that encompasses
and is connected to positivism.

3.4 Research Approach and Methodological Choice

In the previous section the authors explained and motivated the selected paradigms, in
this section they aim to connect the mentioned paradigms with the methodology relevant
in the design of this research. This thesis will approach the research by collecting
secondhand data, which will be explained further in section 3.5.5. According to Collis
and Hussey (2021, p. 54) there are some methodologies that align with a positivistic
approach, one of these are experimental studies which is practiced in this thesis.
Experimental studies are commonly utilized to explore the relationships between
variables. In this study the authors have chosen to conduct a paired t-test to compare two
independent variables to disclose potential differences on a significant level of 5%. In a
t-test there is an experimental group and a control group, the former is the created
portfolios while the latter is the S&P GSCI benchmark index (Collis & Hussey, 2021, p.
246). Given the type of research to be conducted, the authors believe it to be the most
suitable test for the purpose of this study, in section 3.5.8 the statistical method will be
explained further.

3.5 Practical Method

This section takes into account the practical method performed in this thesis and how it
was accomplished. Beyond the sections above, which explain the scientific approaches
and choices in data selection; the authors clarify the population, how calculations and
comparison were made, encountered problems and the applied statistical method.
Furthermore, the gathered data and its uses constitutes the basis of this thesis, thus
enabling replicability and comprehension to the reader. This section contains explanations
to the selection of the central pillars in the center of this thesis. The authors aim to provide
clarity and perspective as to why these were chosen and how they will aid in delivering
the desired results.
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3.5.1 Sectors

The most commonly traded commaodities are generally divided into four sectors, wherein
several different types of commodities are sorted. The main sectors are: energy, metals,
livestock, and agriculture (Echaust & Just, 2020, p. 6). This thesis focuses on the two
formerly mentioned. The authors have chosen to limit the data collection to two sectors
for facile processing, management and to enable portfolio diversification in different
sectors. Since this thesis takes commodities into a trading perspective, the choice in
sectors was based on the most traded ones. This will provide auspicious circumstances in
the processing of the selected data. Furthermore, the commodity market is of highly
volatile nature and largely reliant on current supply and demand factors, and
macroeconomic events and forces. Therefore, the top trading commaodities tend to change
over time given current market conditions. According to the most recently available
statistics from several different foreign exchange sites such as Forex, FXSSI and Statista
(2022; 2023); Energy and metal are at the forefront regarding trading. Given their
significant economic, social, and political implications, the authors found these two
sectors most compelling to analyze. The ambition is hence to provide valuable insights
into these sectors and develop a deeper understanding of its trading opportunities and
challenges.

3.5.2 Commodities

In the process of selecting commodities within the aforementioned choice of sectors, the
authors have looked at which commodities are most frequently traded and their
availability in form of data. The selected commaodities in the metal sector are: Copper,
Gold, Palladium, Platinum, and Silver. In an article by Shahid et al. (2020), the results
obtained from the study offer significant insights for investors to determine the optimal
timing for investing in precious metals. The study's findings enable investors to evaluate
and compare the returns yielded by various trading strategies over discrete time periods,
thus serving as valuable benchmarks for investment decisions (Shahid et al., 2020, p.
1022). To clarify, the previous statement proclaims the existence of inefficiency in the
market for precious metals, thus stipulating that momentum can be found with the use of
quality indicators. The following commaodities were selected in the energy sector; Crude
Oil WTI, Brent Crude Oil, Coal, and Natural Gas. In the forthcoming text the authors will
thoroughly examine the selected commodities to furnish the reader with a comprehensive
understanding. The authors have selected Crude Oil as it is the most traded commodity
within the energy sector according to Agnolucci (2009). This suggests that it is of great
interest to a large number of investors. This is also supported by recent data from FXSSI
(2023). The authors selected coal and natural gas to the basket of commaodities due to
their dynamic developments in recent years. Historically, the oil market has been widely
regarded as a global market, while coal and natural gas have been considered more
geographically segmented. However, this view is changing, and recent research suggests
that coal and natural gas markets are becoming less integrated, this is shown in a study
conducted by Bachmeier and Griffin (2006, p. 55). As a result, these markets are more
interesting to traders since they exhibit greater independence in price movements.

While both oil commaodities are crude oil there are a few things that separates them, which
is examined in an article by Rushlow and Bauer (2021). Firstly, their geographic origin;
Brent Crude Oil originates from the North Sea while Crude Oil WTI originates from oil
fields in the United States, predominantly in Texas and North Dakota. Secondly, Brent
Crude Oil contains higher levels of sulfur content which classifies it as a “sour” crude oil,

29



reversely, WTI contains lower levels of sulfur content and therefore classifies as a “sweet”
crude oil (Rushlow & Bauer, 2021, p. 88). The difference results in a higher price for
Brent Crude Oil due to its more concentrated level of sulfur content and its higher cost of
transportation from the North Sea. Both two oil commodities are highly traded and
therefore act as a significant benchmark for global oil prices.

3.5.3 Indicators

The fundamental goal of this thesis is that excessive return can be achieved through
momentum-based strategies. In order to monitor and attain the desired outcomes, two
momentum indicators have been selected. The choice of indicators was based on previous
research and tailored to fit the requirements of identifying momentum and abnormal
returns. Furthermore, given its properties and superiority in identifying momentum, the
authors deemed the below mentioned indicators appropriate for the purpose of this study.
With the aid of these indicators and the accumulated data, the foundation of this thesis
was henceforth established.

The first indicator or oscillator, which is also its correct appellation, is the Moving
Average Convergence Divergence (MACD). Developed by George Appel in the late
1970s, the oscillator is constructed based on moving average values. The calculation is
conducted by subtracting a longer exponential moving average (EMA), i.e., an EMA with
a larger quantity of days to a shorter EMA. The equation is thus as follows:

MACD(n) = {‘zl EMA, (i) — ?:1 EMA,; (i) [7]
Where k=12 and d = 26
EMA,(i) = a-p(i) + Al —a): EMA,(i—1) [8]

and « is defined as:
a = — [9]

Furthermore, n stands for the number of days and p(i) the asset price on the ith day.

The variable k is setat 12 and d at 26 days in view of the fact that it is the most commonly
used time span in calculation with aid of the formerly mentioned oscillator (Murphy,
1999; Rosillo et al., 2013, p. 1545).

The second indicator subject to this thesis is the Relative Strength Index (RSI) which is a
technical analysis indicator used to measure the strength of a stock or other assets relative
to its recent price movements. It is a momentum oscillator that ranges from 0 to 100, with
readings above 70 indicating overbought conditions and readings below 30 indicating
oversold conditions. The oscillator developed by J. Welles Wilder Jr. and further explain
in Welles (1978) is calculated as follows:

n-1

RSIt(n) — Zi=0 (Pt—1—Pt—i—1)1{Pt—1>Pt—i—1}_ 100 [10]
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Where Pt is the value of the index at time t and n is the number of RSI periods at which
14-days is the most commonly used (Rosillo et al., 2013, p. 1545). The RSI formula
compares the magnitude of an asset's recent gains to the magnitude of its recent losses;

30



higher RSI value indicates that the asset has been rising more frequently than it has been
falling. By comparing an asset’s recent price movements to its overall trend, the RSI can
aid investors in determining if an asset is overbought or oversold, and if it may be due for
a price correction (Rosillo et al., 2013, p. 1545).

The authors of this study have determined that when selecting indicators for the purpose
of momentum identification in the futures market, it is advantageous to consider their
effectiveness both independently and in conjunction with one another. This approach has
been adopted due to the fact that the identification of momentum in this study will be
carried out using a combination of joint and separate indicator utilization. The
aforementioned objective has been established to ensure that the chosen indicators satisfy
the requirements of this study.

3.5.4 Benchmark Index

To properly measure and assess excess return, the selection of a comparative benchmark
index is imperative to draw logical conclusions based on the results. A commodity index
is similar to other indices in the sense that they consist of a basket of the relevant asset,
where data is probed towards price and return developments. However, unlike other
indices which include periodic cash flow through e.g., interest and dividends, the total
return of commodity indices is entirely dependent on the price performance or capital
gains it produces (Hayes, 2022).

After researching different commodity indices, the authors have selected the S&P
Goldman Sachs Commodities Index (GSCI) to represent the benchmark utilized to
compare and assess the strategies and portfolios relevant to this thesis. The reason behind
the choice of S&P GSCI lies in the index size and establishment on the market, thus
benchmarking representative results. The study aims to identify excess returns of
commodities through the use of momentum strategy against the global market of
commodities, to achieve this, the authors have decided to focus on two specific sectors,
namely, metal and energy. However, to ensure a comprehensive analysis, the S&P GSClI,
which covers commodities from all four sectors, was implemented. Furthermore, the
selection of S&P GSCI as a benchmark is valid as it provides a holistic view of the
performance in the commodity market. To obtain necessary data, the authors have
sourced the daily closing prices of S&P GSCI from Thomson-Reuter Eikon Database,
which is a reputable source for financial data. The data was then converted into Microsoft
Excel to facilitate its comparison with the portfolios created through the momentum
strategy.

3.5.5 Source of Data

The results and analysis of this thesis is established from secondary data from different
financial information providers and databases. The reason why more than one source of
data was required revolves in the scarcity of its availability. Although commodity futures
have gained interest on a larger scale in recent years, it has formerly mainly been used by
professional investors. As mentioned before, commodities, as physical goods, are
influenced and affected by geopolitical events and supply chain disruptions. This provides
challenging circumstances regarding collecting consistent data. Furthermore, commodity
futures are not as actively traded as e.g., stock or bonds which is also an explanation
behind the deficient levels of data.
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The authors primarily collect data from Borsdata, and when the desired data was not
available there, they also utilize Thomson-Reuters Eikon database. In addition, daily
exchange data in the relevant time frame was collected from Yahoo Finance and
employed to convert the currency data allocated from Thomson-Reuters Eikon database
to SEK. Through access to secondary data the authors were able to accumulate larger
datasets than would otherwise be achieved. It is however important to mention, given the
nature of the data, that it could be subject to potential biases. For that reason, the authors
have carefully researched the sources' level of credibility and found them to be adequate
for this level of thesis analysis.

3.5.6 Calculations and Comparisons

The accumulated data consist of the period 2010-01-04 to 2019-12-31 which is roughly
ten years. The total time span was split into yearly sections to display an overview of the
annual performance. Within each annual period, the portfolios were constructed on a
quarterly basis and thus revised every three months. The portfolios were then constructed
through calculations using the momentum indicators (MACD and RSI) and selected based
on the four top performers in that quarter. The employed calculations for MACD can be
found in equation [7-9] in section 3.5.3, in the same section RSI calculations can also be
found under equation [10]. The total return on the selected commodities in each period
was then compared to the selected benchmark index mentioned in section 3.5.4. The
aforementioned calculations were conducted in Excel and comparisons were made based
on single and joint use of momentum indicators as displayed in section 5 of this thesis.
Through the implemented approach the authors could later measure the yield produced
by indicators and further evaluate their qualities, thus identifying its superiority in
performance.

3.5.7 Practical Challenges of Data Collection

The composition of a thesis may present a variety of challenges that necessitate careful
consideration and proactive management as the writing process progresses. For instance,
the authors encountered data collection problems, which can be common in research
based mainly on secondary data. The issues in data collection reside in its absence within
some commodity classes. The authors began by collecting data from Borsdata; this
database was however limited to seven commodities in total, which was not sufficient to
achieve the thesis purpose. As a result, the authors had to supplement the missing data
through another source, namely, the Thomson-Reuters Eikon database. The data from
Eikon could however not be obtained in the same currency as the previous data had been
collected in. Thus, the authors had to collect daily exchange data during the full ten-year
period and exchange all new data into SEK. Furthermore, index data also had to be
collected from Eikon as it was not available in Borsdata.

Another issue that the authors had to consider was to avoid bias in the process of
constructing portfolios. Since historical data is available, and thus the actual outcomes
known, the occurrence of unconscious bias based on former knowledge could potentially
tamper with the portfolio construction. For instance, if the authors accidently identified
superior performers based on the next month outcome, the portfolio would be subject to
bias. To elude this problem, the authors created a new sheet in excel where all the
portfolios were constructed and selected before the data consisting of actual outcomes
could be seen. By doing so, the authors could further fortify the reliability of the data
management process and its subsequent results.
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Regarding hypothesis testing, two commonly observed errors can be identified as matters
of concern in ensuring validity of results. As outlined by Collis and Hussey (2021, p.
243), these fallacies are commonly referred to as type | and type Il errors. The former
arises when the null hypothesis (Ho) is true, but the test results incorrectly lead to its
rejection. The latter arises when the alternative hypothesis (Hz) is true, but the test results
lead to the acceptance of Ho instead. To avoid these fallacies, the authors adopted several
measures. Firstly, they ensured that the level of observation was appropriate, thereby
minimizing the risk of making errors due to inadequate sample size. Secondly, they
maintained a confidence interval of 95%, which is widely accepted as a standard threshold
for hypothesis testing. This measure serves to reduce the risk of committing errors by
providing a range of values within which the true population parameter is likely to lie.
Lastly, the authors ensured that the research question and corresponding hypothesis were
clearly defined in order to fortify that the research design and statistical analysis were
appropriate. By adopting these measures, the authors were able to enhance the rigor of
their analysis and produce reliable results.

3.5.8 Statistical Method

In the realm of scientific research, it is commonly advocated for one or more null
hypotheses to be established and subjected to statistical testing in order to confirm or
refute them. This typically involves proposing a null hypothesis that postulates the
absence of a given phenomenon, with the aim of subsequently disproving this proposition
and affirming the existence of the phenomenon in question. Following the formulation of
such hypotheses, researchers typically select a significance level (e.g., 5% or 1% p-value)
utilized to determine if a hypothesis should be rejected or accepted, thereby rendering a
verdict on their validity. In this thesis, the authors have made the decision to adopt a
significance level that aligns with pertinent research, specifically Caporale and Plastun
(2021, p. 359) who employed a significance level of 5%. In sum, the process of testing a
null hypothesis entails specifying a subject of interest, articulating a corresponding
hypothesis, choosing an appropriate level of significance, and either rejecting or retaining
the hypothesis based on the outcome of statistical analyses (Cohen, 1977, p. 1-4).

The authors have determined the t-test to be most appropriate to test and gather statistical
evidence and thereby prove or refute the research question. This will be done at a
significance level of 5% and subsequently provide insight to whether momentum
strategies can produce excessive returns. When conducting a t-test, certain factors must
be considered, including the appropriateness of conducting either a parametric or non-
parametric test (Kim, 2015). According to Kim (2015, p. 540), parametric methods entail
defining the probability distribution of probability variables and making inferences
regarding the distribution's parameters. Non-parametric methods are used when the
identification of probability distribution is not possible. It is crucial to carefully consider
these factors when conducting statistical analyzes to ensure accurate and valid results. In
order to proceed with their analysis, the authors had to ascertain whether their portfolios
and the benchmark index exhibited a normal distribution. To accomplish this, data was
entered into Stata and a normal distribution figure was visually examined to determine
whether the data points followed a normal distribution line. The authors themselves
conducted this examination and found the distribution to be normal, allowing for the use
of a parametric t-test. Supporting figures displaying the normal distribution can be located
in appendix A.1-A.4. Moreover, a thesis of this level necessitates a higher degree of
certainty than merely observing the normal distribution. Thus, the researchers employed
the Shapiro-Wilk test to validate the assumption that all portfolios follow a normal
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distribution. Gonzéalez-Estrada and Cosmes (2019, p. 3270) conducted a study where it
was concluded that the Shapiro-Wilk test is a suitable and competitive test for moderate
to large sample sizes, as is the case of this thesis. Hence, the authors deemed the test to
be appropriate for the purpose of this study. A p-value exceeding 0.05 in a Shapiro-Wilk
test confirms normal distribution, which was found to be the case for all portfolios and
the benchmark index.

3.5.9 Method Discussion

This section aims to provide a detailed account of the authors' chosen methodology for
the practical component of the thesis, as well as an evaluation of the strengths and
weaknesses associated with this approach. The primary objective is to furnish the reader
with a transparent and comprehensive understanding of the research conducted and
subsequently raise the level of replicability in the case of similar future research.
Furthermore, to provide the reader with a clear overview of the process to which this
study was conducted, the authors refer to table 1 below which encompass the early stages
of literature review to the final stage of statistical testing. The authors drew inspiration
for their methodological scheme from a study conducted by Manzhynski and Biedenbach
(2023, p. 37).

Pre Study

Conducting Literature Review | Formulating Thesis Purpose | Formulating Research Question

NS

Selection of Thesis Parameters

Market and Sectors | Indicators | Commodities and Comparative Index

NS

Data Collection
|

NS

Data Processing
|

NS

Portfolio Construction

Selection of Relevant Data Base Exporting Second Hand Data from Borsdata and Eikon

Data Conversion to MACD and RSI Values Sorting Commodity performance by Momentum Values

Quarterly Portfolio Construction: Joint Usage | Quarterly Portfolio Construction for MACD | Quarterly Portfolio Construction for RSI

NS

Test of Normal Distribution
Export of Data to Stata | Shapiro-Wilk test: Normal Distribution | Production of Visual Representation

NS

Main Statistical Test

Determination of Significance level | Conduction of T-test | Conclusion of Statistical Results

Table 1: Method Scheme of the thesis approach

The primary aim of this thesis was to obtain relevant and appropriate data required to
accomplish the research goals. Data gathering was initiated by extracting information
from the Borsdata database, where the initial seven commodities were identified, the
remaining data was obtained from the Thomson-Reuters database. Furthermore, the S&P
GSCI index was acquired from the aforementioned database to enable a comparative
analysis of the constructed portfolios against a relevant benchmark. Upon completing the
data collection process, the authors conducted calculations of the chosen momentum
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indicators (MACD and RSI) for each commodity on a daily basis, utilizing Microsoft
Excel to determine the performance of each commodity during the relevant period. To
facilitate simplicity and ease of replication, the trading strategy was restricted to long-
position trading. Each portfolio was reviewed quarterly, and the top four performing
commodities were included in the revised portfolio. The boundary parameters that
identified top performers and trading decisions are presented in table 2 below.

RSI <30 Buy RSI > 30 Sell

MACD >0 Buy MACD <0 Sell

Table 2: Overview of portfolio selection strategy

One limitation of the trading strategy employed in this study, which was exclusively
based on long-position trading, is that the values generated by the indicators may not
always yield robust buy signals. This is particularly evident in the case of RSI values that
fall within the range above 30 but less than 70, as they tend to be somewhat ambiguous.
Additionally, investors may differ in their interpretation of RSI values exceeding 70, with
some considering it as an indication of an upcoming drop in asset prices due to overbought
conditions, while others may view it as an opportunity for further price appreciation. This
creates a paradoxical situation for traders, as both positions could be true or false. In this
study, the authors aligned themselves with the former type of investors, who purchase
assets during oversold conditions with the hope of witnessing price appreciation. This
decision was partly influenced by the quarterly time frame basis of the study and the hope
that this will provide the asset with sufficient time to react and generate positive returns.

Once the portfolio construction of the full-time frame was completed, the authors began
to evaluate the results. Relevant data was then divided into a separate sheet in order to be
easily accessible for statistical testing and subsequently provide empirical evidence to the
developed hypotheses. As mentioned in the previous section, the data was exported from
Microsoft Excel to Stata where the hypotheses were examined using a t-test to
confirm/refute the hypothesis. The t-test was selected as the authors deemed it to be best
suited when examining if a significant difference can be identified between two variables,
i.e., portfolio and index returns.

Portfolios Indicators

Strategy 1 MACD + RSI
Strategy 2 MACD
Strategy 3 RSI

Table 3: Overview of strategy composition
Furthermore, table 3 above provides an overview of the combination of momentum

indicator utilization in each strategy. The result of each strategy will be revealed later in
the results section of this thesis.
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4. Hypotheses

This section presents the hypotheses formulated to address the research questions and
ascertain the presence of empirical evidence at a statistically significant level. The
objectives are to achieve meaningful outcomes and provide conclusive answers.

In order to enable a setting where the research question could be assessed statistically, the
authors constructed hypotheses that could be used to draw conclusions on a certain
significance level. Through the aid of these hypotheses the ambition is to capture the
momentum phenomenon on the commodity futures market and thus increase the level of
knowledge in the relevant field. Furthermore, the conclusions that can be drawn from
these findings could provide criticism to challenge the Efficient Market Hypothesis while
also providing insight to the best use of momentum indicators.

The group of hypotheses are connected to the utilization of momentum indicators. The
authors were interested in examining if these indicators work best independently or jointly
and if the latter is true, which indicator is superior? Subsequently, the desired
investigation required three hypotheses.

4.1 Indicator Hypotheses

Ho1: Portfolios based on two momentum indicators joint performance on the commodity
futures market does not achieve statistically significant higher returns than the S&P
GSCI.

Haa: Portfolios based on two momentum indicators joint performance on the commodity
futures market achieves statistically significant higher returns than the S&P GSCI.

Hoz: Portfolios based on the MACD momentum indicators performance on the
commodity futures market does not achieve statistically significant higher returns than
the S&P GSCI.

Haz2: Portfolios based on the MACD momentum indicators performance on the
commodity futures market achieves statistically significant higher returns than the S&P
GSCI.

Hos: Portfolios based on the RSI momentum indicators performance on the commodity
futures market does not achieve statistically significant higher returns than the S&P
GSCI.

Has: Portfolios based on the RSI momentum indicators performance on the commodity
futures market achieves statistically significant higher returns than the S&P GSCI.
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5. Results

This section presents the results and statistical outputs produced during the course of this
thesis. The authors have provided visual aids in the form of figures that display each
portfolio alongside the corresponding benchmark index, allowing for easy comparison
between the two. Each measurement has been summarized so that the total accumulated
results are displayed throughout the ten-year period and on a quarterly basis. The results
and outputs from the statistical analysis will also be used to determine whether the null
hypothesis should be accepted or rejected. Thus, this section will supply the reader with
tables that display the outcomes of the t-test and the Shapiro-Wilk test. A summary of all
hypotheses is also included at the end of this section at the reader's convenience.

5.1 Performance and Statistical Results

5.1.1 Strategy 1: Joint use of the indicators (MACD and RSI)

The first portfolio strategy was based on the combined use of both indicators who
determined the selection of commaodities in the portfolio. The total sample of commaodities
was nine and in each portfolio a quantity of four were selected based on their
corresponding indicator values. The portfolios were updated every quarter to consider the
constantly varying momentum movements. The path of the first strategy was determined
through the use of both indicators and its developments are displayed below in figure 4.
Throughout the ten-year period the total accumulated return amounted to 84,14% while
the S&P GSCI produced a negative return of (-)10,24%. This inferred that the author's
strategy was superior to the index with a margin of 94,38%.

Strategy 1: Joint Use of the Indicators (MACD and RSI)
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Figure 4: Joint Use of the Momentum Indicators (MACD and RSI)

Furthermore, the authors aimed to prove or disprove the Ha1 - hypothesis, i.e., portfolios
based on joint use of momentum indicators achieves higher returns than the S&P GSCI
benchmark index. The authors performed a t-test to investigate the statistical significance
of their findings at a 95% confidence interval. Prior to conducting the t-test, they
confirmed normal distribution through a Shapiro-Wilk test. The aim of the first statistical
test was to evaluate if strategy 1 generated a significant excess return over a ten-year
period compared to the S&P GSCI, thus demonstrating the effectiveness of the
momentum strategy. The t-test generated a p-value of 0,0318, which is lower than 0,05.
Therefore, the test yielded empirical evidence on a significance level of 5% that portfolio
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based on two momentum indicators joint performance on the commodity futures market
achieves higher returns than the S&P GSCI benchmark index. The null hypothesis is thus
rejected.

T-test Portfoliol == Index and Shapiro-Wilk test for normal distribution

Variable Obs W \Y, z Prob >z

Portfolio.1 40 0.98157  0.729 -0.666 0.74737

Variable Obs Mean Std.err.  Std. dev.  [95% conf. interval]
Portfolio.1 40 .0210358 .0129284 .0817661 -.0051143 .0471858
Index 40 -.0025603 .0148507 .0939238 -.0325986 .027478
Diff 40 .0235961 .0123576 .0781564 -.0013996 .0485917
mean(diff) = mean(Portfoliol -Index ) t=1.9094

Hoa: mean(diff) =0 Degrees of freedom = 39
Ha1: mean(diff) <0 Ha1: mean(diff) 1 =0 Ha1: mean(diff) >0
Pr(T < t) = 0.9682 Pr(T >t) = 0.0636 Pr (T >t) = 0.0318

Table 4: T-test output Strategy 1 and Shapiro-Wilk test for normal distribution

5.1.2 Strategy 2: Single use of MACD

The second portfolio was constructed through the single use of the MACD indicator
signal. Values above zero indicate a buy signal while MACD values below zero would
indicate a sell signal. As previously, the portfolios were selected based on the four top
performing commaodities in the relevant quarter and based on long position trading, i.e.,
MACD values above zero. While the MACD strategy managed to surpass the S&P GSCI,
the total outcome was still negative. During the course of the ten-year period the index
generated negative accumulated returns of (-)10,24% and the MACD portfolio also
generated negative returns of (-)10,19%. In other words, the strategy was slightly better,
however, with a small margin of 0,05%. As depicted in figure 5, the MACD portfolio and
the index exhibit relatively similar movements, albeit the MACD portfolio maintains a
generally higher level throughout the ten-year period.
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Strategy 2: Single Use of MACD
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Figure 5: Single Use of MACD

Furthermore, the authors aimed to prove or disprove the Haz - hypothesis, i.e., portfolios
based on single use of the MACD momentum indicator achieves higher returns than the
S&P GSCI benchmark index. The Shapiro-Wilk test of normal distribution was
confirmed ahead of the t-test, producing a p-value of 0,06561 which is larger than 0,05
and thus indicates normal distribution. The t-test was then performed on a 95%
confidence level, consequently, a p-value less than 0,05 was required to reject the null-
hypothesis. The t-test produced a p-value of 0,4997. Subsequently, it can be concluded
that there is no empirical evidence at a 5% significance level to support the claim that
portfolios utilizing the MACD momentum indicator alone can generate higher returns
than the S&P GSCI. Hence, the null hypothesis cannot be rejected.

T-test Portfolio2 == Index, Shapiro-Wilk W test for normal data

Variable Obs W \Y, z Prob >z

Portfolio.2 40 0.94817  2.049 1.509 0.06561

Variable Obs Mean Std.err.  Std.dev.  [95% conf. interval]
Portfolio.2 40 -.0025465 .0142609 .0901935 -.0313918 .0262988
Index 40 -.0025603 .0148507 .0939238 -.0325986 .027478
Diff 40 .0000138 .0156571 .0990243 -.0316557 .0316833
mean(diff) = mean(Portfolio2 -Index ) t =0.0009

Hoz: mean(diff) =0 Degrees of freedom = 39
Haz: mean(diff) <0 Haz: mean(diff) 1 =0 Haz: mean(diff) >0
Pr(T < t) = 0.5003 Pr(T >t)=0.9993 Pr (T >t) = 0.4997

Table 5: T-test output Strategy 2 and Shapiro—Wilk W test for normal distribution
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5.1.3 Strategy 3: Single use of RSI

The third portfolio was constructed through the single use of the RSI oscillator, which
provides signals of bullish and bearish price momentum. The authors chose to follow the
standard general guideline limits of overbought and oversold conditions. As displayed in
section 3.5.3, a commodity is considered overbought when the corresponding RSI value
is above 70. Conversely an asset is considered oversold when the RSI value is below 30,
indicating a buy signal. Since these strategies are based on long-positions, values below
or close to 30 guided the construction of this portfolio strategy. As depicted in figure 6,
the RSI portfolio strategy manages to surpass the S&P GSCI benchmark index with
margin. The accumulated results of the portfolio were 94,28% while the index had (-)
10,24%, i.e. a difference of 104,52% in favor of the portfolio. Although the RSI portfolio
manages to maintain a high level of returns throughout the period, a clear breaking point
can be seen around the end of 2015. From this point onwards, the portfolio diverges even
further, creating a larger distance to the S&P GSCI.

Strategy 3: Single Use of RSI

100%
80%
60%
40%
20%

0%

-20%

-40%

-60%

-80%

Acc Index e Acc Portfolio 3

Figure 6: Single Use of RSI

Furthermore, the authors aimed to prove or disprove the Has - hypothesis, i.e., portfolios
based on single use of the RSI momentum indicator achieve higher returns than the S&P
GSCI. Once again, the authors ensured normal distribution by yielding a p-value above
0,05 on the Shapiro-Wilks test, as depicted in table 6 below. The t-test analysis yielded a
p-value of 0,0386, which is below the conventional significance level of 0,05. As a result,
the null hypothesis is rejected on a significance level of 5%. Consequently, empirical
evidence that the portfolio created in strategy 3 was confirmed. The portfolio solely
employs the RSI and outperformed the S&P GSCI during the period 2010-2019. Hence,
the hypothesis Has was accepted.

40



T-test Portfolio3 == Index and Shapiro-Wilk W test for normal distribution

Variable z Prob >z
Portfolio.3 40 0.97377 0.076 0.46954
Variable Std. dev.  [95% conf. interval]
Portfolio.3 40 .0235688 .088787  -.0048267 .0519643
Index -.0025603 .0148507 .0939238 -.0325986 .027478
Diff 40 .0261291 0910649 -.0029949 .0552531

mean(diff) = mean(Portfolio3 -Index )

Hos: mean(diff) =0

t=1.8147

Degrees of freedom = 39

Has: mean(diff) <0

Pr(T < t) =0.9614

Has: mean(diff) ' =0

Pr(T >1t)=0.0773

Has: mean(diff) >0

Pr (T > t) = 0.0386

Table 6: T-test output Strategy 3 and Shapiro—Wilk W test for normal distribution

5.1.4 Summary of hypotheses

One of the ambitions of this thesis was to challenge the EMH through the use of
momentum-based portfolio strategies. The EMH states that excess returns are im-
possible to achieve under perfect market conditions since all information is fully and
completely available. Subsequently, by achieving returns that are out of the ordinary, one

could thus question such theory.

All strategies vs. Index
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Figure 7: Overview of the portfolio and index progressions
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Figure 7 above visualizes the collected progressions of the constructed portfolios and the
benchmark index. The index highlighted in yellow generated a negative return of
(-)10,24% throughout the ten-year period while all other strategies managed to
outperform the index. Worth mentioning although is that portfolio 2 was rather close to
the index, the top performing strategies were achieved in strategy 1 and 3. Additionally,
a comprehensive depiction of the performance of each portfolio on a quarterly basis
throughout the entire duration is presented in appendix B1-B3.

A summary of the results from the conducted statistical tests performed on the three
hypotheses can be found below in table 7. As depicted in the aforementioned table, the
authors found statistical evidence on a significance level of 5% to support two of the three
hypotheses. Further analysis and discussion on the results can be viewed in the following
sections. The thesis will later end with conclusions of the findings that the authors made
during the course of their research.

Ho Ha
Strategy 1 Rejected Accepted
Strategy 2 Accepted Rejected
Strategy 3 Rejected Accepted

Table 7: Summary of hypotheses.

5.2 Practical Examples of Strategies

In order to provide the reader with a practical example of what the real-world implications
of trading with these strategies could be, the authors included an example below in table
8. The example displays how an initial investment of 100 000 SEK starting in Q1 2010
would develop throughout the 10-year time frame. Furthermore, it also displays the total
capital after 10 years. The generated returns are thus compounded quarterly to provide
insight to the actual outcomes. However, it is important to mention that the numbers
displayed in table 8 do not accommodate the discount rate and thereby an accurate future
value calculation that adjusts for inflation and time value of money. The reasoning behind
this choice is to provide simplicity for the reader, while not limiting the example to a
certain country’s discount rate.

Strategy 1. Strategy 2: Strategy 3: RSI  S&P GSCI
Joint use MACD Index

Initial
Investment 100 000 100 000 100 000 100 000
Total Capital
after 10 years | 202 812 77 366 218 100 75 850
Profit/Loss
after 10 years | 102 812 -22 634 118 100 -24 150

Table 8: Example of potential investment payoff/loss and total capital after 10 years (SEK)
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As depicted below in table 9, the authors have also summarized various values of the
different portfolios and their movements through the ten-year time period. The values
below consist of the quarterly yield, produced by the different portfolios. As displayed in
the previous sections, strategy 3 generated the highest accumulated yield, subsequently it
also has the highest mean and median of the three strategies. However, the third strategy
did not have the highest single value quarterly performance. In fact, the second strategy
managed a yield of 29,48 % in a single quarter producing extreme and erratic outliers.
Despite the substantial maximum value, the strategy did not however manage to be
profitable throughout the time frame, ending with a negative yield of -10,19 %.

Strategy 1. Strategy 2: Strategy 3: S&P GSCI
Joint use

Mean 2,10 % -0,25 % 2,36 % -0,26 %
Median 2,70 % -0,28 % 3,37 % -0,72 %
High 18,60 % 29,48 % 19,89 % 21,18 %
Low -14,04 % -1545% -20,45 % -20,84 %
St. Deviation | 8,18% 9,02% 8,88% 9,39%
Total return 84,14 % -10,19 % 94,28 % -10,24 %
Differenceto | 94,38 % 0,06 % 104,52 % N/A
index
CAGR 7,33% -2,53% 8,11% -2,73%

Table 9: Overview of portfolio key values

43




6. Analysis

This chapter presents a critical analysis of the research findings, evaluating the
consistency of the analysis with the research question, methods chapter, and theoretical
framework. It examines factors that strengthen and weaken the interpretations. The goal
is to establish a clear connection to theory while avoiding repetition of the results section.
The chapter aims to assess the authors' success in raising the level of abstraction in the
analytical discussion.

In the problem discussion, the authors underscore the necessity for their strategies to
function and produce significant returns by assuming that the market is not efficient.
Consequently, this thesis attempts to challenge the EMH by doing so. The findings
indicate that two out of three strategies yield statistical evidence, at a 5% significance
level of outperforming the S&P GSCI. An effort is thus made at challenging one of
finance's most renowned theories, however, the authors acknowledge that the scope of
this study is insufficient to completely refute the notion of market efficiency. Nonetheless,
they assert that it presents a robust attempt by identifying inefficiencies which give rise
to abnormal returns. Furthermore, the Random Walk model, which is connected to the
EMH, was initially examined by Fama (1970), although it has a more extensive history
dating back to Regnault's (1863) early discussion of the concept. The Random Walk
theory asserts that asset price changes exhibit an identical distribution and are therefore
independent of each other. Consequently, past prices and trends cannot be utilized to
predict the future movement of an asset. This thesis, however, utilizes indicators that
identify trends based on historical patterns to anticipate future movements. In two of the
three strategies successful attempts at predicting future asset movements were made by
generating significant excess returns, thereby contradicting the Random Walk theory's
premise.

Strategy (2), in contrast to strategy (1) and (3) did not demonstrate similar favorable
results. The complexity of the momentum effect makes it difficult to determine whether
the underperformance of (2) is a result of mispricing or systematic risk. As Cochrane
(2011) notes, the nature of momentum is paradoxical, as momentum stocks appear to rise
and fall together, suggesting a systematic risk exposure. The authors suggest this could
appear on the commodity future market as well, and therefore partly explain the poor
outcome produced in (2). The authors propose that an alternative time-horizon for (2)
could have influenced its outcome in a more favorable way. They suggest that the MACD
indicator may be more advantageous for shorter-term investments compared to a three-
month investment period. The study's investment approach focused on identifying
opportunities where MACD values were greater than zero. To improve the portfolio's
performance, the authors recommend adapting the MACD parameter value threshold to
better accommodate for the desired type of trading. Alternatively, they suggest
considering the 9-day exponential moving average (EMA) for MACD and only invest
when that value reaches above zero. This would indicate that the asset's momentum has
been sustained over an extended period, potentially yielding a stronger momentum effect.

The significant returns observed in (1) and (3) could potentially be attributed to the
prospect theory. The authors of this study provide the reader with an illustrative example
(see section 2.4.2) from a study conducted by Kahneman and Tversky (1979) of why
market participants may not always behave rationally. This example provides results that
suggest that the average investor does not behave rationally and is more loss-averse and
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less responsive to possible excess returns. The authors suggest that the prospect theory
may partly explain the significant excess returns observed in two out of three of their
momentum portfolios compared to the benchmark index. They note that investors with a
more rational outlook may benefit from the momentum effect and earn excess returns.
However, the authors caution that investors need to be aware of information asymmetry,
which can influence the success of different investment strategies. As mentioned in
section 2.2.2, the behavior of informed traders towards new information differs from that
of less informed investors. The degree of information asymmetry also plays a crucial role
in shaping the investment strategy for both groups. When information asymmetry
decreases, informed investors may adopt a strategy of selling their winning assets and
holding onto their losing assets, which can lead to a loss of momentum. Therefore,
investors must have an understanding of the role of information asymmetry in financial
markets and act rationally in accordance with the principles of the prospect theory.

The present study diverges from the studies conducted by Zaremba et al. (2021) and
Caporale and Plastun (2021) by focusing on a long-only investment strategy with a
narrower range of commodities and sectors, aiming to provide easily applicable
investment strategies to readers. While Zaremba et al. (2021) tested their strategies on
diverse time periods using both long and short positions, Caporale and Plastun (2021)
investigated the impact of abnormal return days on hourly returns for oil and gold prices,
discovering a significant and persistent momentum effect throughout the day. The work
of Zaremba et al. (2021) has been a great source of inspiration for this thesis, as their
research was the first to identify a significant excess return when implementing a
momentum strategy in the commodity market. The authors drew inspiration from the
findings of Zaremba et al. (2021) by examining their results and previous studies on which
the research was built upon. The present study aimed to present a simple yet rigorously
tested strategy that was scrutinized over a decade to provide reliable outcomes. This
approach supplies valuable insights for investors seeking to apply momentum strategies
in the commodity market. By focusing on a long-only investment strategy with a limited
range of commodities and sectors, the authors aimed to provide the reader with easily
applicable investment strategies.

The findings of the study can potentially be attributed to the use of the CAPM, which
examines an investment's anticipated return in relation to its market risk. To mitigate
market risk exposure, the study employed two distinct commodity sectors - metals,
generally considered a safer investment during financial turmoil, and energy, which can
experience negative impact during such times. The authors argue that this sectoral
diversification facilitated the development of trend signals that generated sector-specific
buy signals based on each sector's market risk profile, resulting in a successful momentum
strategy. However, the study requires further analysis and consideration of alternative
explanations to gain an established level of robustness. The authors acknowledge the
limitations of the CAPM, which only considers market risk, and thus seek to explore
factor models for a more comprehensive understanding.

When examining Figure 7, which compares all strategies to the benchmark index, the
authors note that while the index experienced significant dips in 2016-2017, (3) continued
to perform well. This finding implies that the observed performance may be attributed to
multiple factors, including macroeconomic conditions that have favored certain sectors.
Furthermore, owing to events such as the US elections and Brexit, caused further
uncertainty regarding the future and potentially increased demand for energy investments.
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Additionally, metals are often perceived as a safe-haven investment, particularly during
times of geopolitical unrest. These political occurrences may affect various
macroeconomic factors, such as inflation and interest rates. Although this thesis does not
delve into these factors specifically, the authors believe it is pertinent to mention them as
subjects of future research.

These are speculative explanations from the authors regarding how different factors may
explain portfolio performance during various periods. In conclusion, the utilization of
momentum strategies in the commodity market remains an underexplored area of finance.
There are several unresolved questions within this field of study. The authors believe that
their thesis has contributed to the advancement of this area of research and that it may
serve as a source of inspiration for both investors and future researchers.
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7. Discussion

The discussion section in this thesis expands upon the findings presented in section 5 and
offers speculative explanations. It aims to provide a comprehensive analysis of the results,
examining underlying factors and mechanisms that may have influenced the outcomes.

The results of section 5 display the constructed portfolio movements in regards to the
S&P GSCI. The first portfolio was established through the use of both momentum
indicators and yielded a return of 84,14% which is 94,38% greater than the index.
Furthermore, according to statistical tests conducted in Stata, the authors found evidence
to support the Hi hypothesis and subsequently refute the null hypothesis. The initial
sentiment that joint use of momentum indicators could produce greater returns than an
index and challenging the existence of efficient markets was thus confirmed.

The constructed portfolios were all based on long-position investment actions and revised
each quarter based on top-performing commodities according to momentum indicator
values. Figure 4 displays the first strategy’s movements over the relevant timeframe. As
depicted, the portfolio and index movements are rather similar although (1) is at a much
higher level. The portfolio diverges from the index almost immediately, although a more
distinct difference can be seen in 2016 where the produced returns increase and the gap
to the index expands further. Since external forces have strong effects on all kinds of asset
markets, one possible reason for the drop and sequent increase that occurred in 2016 can
depend on both political, global and market circumstances of that time. For instance,
following the US election that took place towards the end of 2016, historical data displays
an extensive drop in oil prices, and a subsequent gain after the inauguration. Another
event that took place at the same point in time was the national referendum in the UK
regarding Brexit. The effect on the commodity market following Brexit displayed
increases to the value of gold which can be explained by the need for safe investment
options in times of uncertainty.

In order to analyze whether the success of the joint use portfolio could be traced to their
sole qualities or if they in fact complement each other, the authors decided to test them
separately as well. However, the result of the second strategy which was based on MACD
values alone provided poor results. As displayed in section 5.1.2 the strategy yielded a
negative return of -10,19% while the benchmark index yielded -10,24%. Although the
portfolio provides higher returns with a small margin, the overall results are negative and
not favorable for an investor. When exposed to statistical testing, the authors could not
find empirical evidence to support the Hz hypothesis. Thus, a portfolio solely based on
MACD signal values would need to be complemented with some other momentum
indicator or have an adjusted time frame. MACD measures the relationship between a
longer and shorter EMA, as opposed to RSI which measures price changes in relation to
recent price highs and lows. The absence of these variables in the MACD calculations
could be a reason why its single use yielded such poor results. The momentum indicator
should thus be used in conjunction with another indicator to balance out poor investment
decisions and provide greater overall portfolio results.

Finally, in order to comprehensively evaluate the association between the aforementioned
indicators and meticulously examine the outcomes, the authors implemented a
comparable approach solely utilizing the Relative Strength Index (RSI). To the author's
astonishment the third and final portfolio would later prove to be the superior strategy,
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going above the other two strategies in terms of portfolio returns. As displayed in section
5.1.3 the strategy yielded a return of 94,28% which compared to the benchmark index
yielded a difference of 104,52%. As a result, the profound difference in yield proclaimed
anticipated results when exposed to statistical testing. The t-test conducted in Stata
provided the authors with empirical evidence to support the Hs hypothesis, thereby
rejecting the null-hypothesis. A possible explanation to the great success with the strategy
is the predictive qualities related to times of high and low activity in the market. As
mentioned in section 3.5.3 RSI values over 70 indicate overbought conditions and values
below 30 indicate oversold conditions. Given that the strategy was based on long-position
trading, levels of RSI values below 30 would indicate that the asset might be undervalued
and will subsequently rise in the short-run. The authors find that the inclusion of the
aforementioned trading strategy may constitute a contributing factor to the success
observed in the third portfolio.

The selection of an appropriate benchmark index constitutes a crucial aspect for any study
that seeks to explore the performance of investment vehicles across asset classes. While
the S&P 500 and the Barclays Aggregate Index are commonly viewed as benchmark
indices for stocks and bonds, respectively, the identification of areliable benchmark index
for commodities remains an issue of debate in the literature. The lack of said index can
also be noted as a lack of smart beta, whose goal is to obtain alpha which the S&P GSCI
failed to do, making it more complicated to use in comparative studies. Given this context,
the present study undertakes a vigilant examination of various alternatives and ultimately
selects the S&P GSCI as the most proper benchmark index for this study. The choice is
justified through its reputation as a trusted and comprehensive benchmark that adequately
captures the dynamics of the global commodity market.

To conclude, the authors began the work of this thesis with the notion that combining two
commonly used momentum indicators would generate a higher return than if using them
separately. As presented in the results, this was not the outcome. The strategy with a joint
use of the two indicators performed well, yielding an excessive return 94,38% compared
to the benchmark index. However, the strategy where the authors relied on the sole use
of RSI generated an excessive return of 104,52% compared to the benchmark index. A
possible explanation to this is the approach which consisted of a long-only investment
strategy while predicting rising activity through a contrarian method. The authors opine
that a higher return could have been achieved if their strategies allowed for shorting of
commodity futures during bearish market conditions. However, the authors contend that
in order to avoid any bias towards survivorship, more sophisticated mathematical models
would have been necessary. The authors further argue that incorporating such advanced
formulas in this thesis would have been beyond the scope for their current level of
research. Furthermore, this approach simplifies the process for readers eager to gain
insight from other investment strategies and implement them into their personal
portfolios.
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8. Conclusions

This section aims to encompass a concise overview of the outcomes, an exploration of
ethical and societal implications concerning momentum investing in commodity markets,
and ultimately the authors' suggestions for future research endeavors in this domain.

8.1 Conclusions of Results

The ambition of this thesis was to scrutinize the momentum phenomenon in the
commodity futures market using momentum indicators. In order to present a more
nuanced representation to the functions of these indicators, the authors decided to extend
the scope of indicator utilization to both joint and single usage. The selected indicators
were the MACD and the RSI. Additionally, the authors aimed to explore whether
strategies consisting of the aforementioned indicators would be able to generate abnormal
returns in comparison to the S&P GSCI. In order to achieve these objectives, accumulated
data was exported to Microsoft Excel where portfolios were constructed on a quarterly
basis during a ten-year period (2010-2019). Determination of statistical significance was
thereafter performed by exporting data to Stata where Shapiro-Wilk test for normal
distribution and t-tests were performed for each portfolio.

As mentioned in previous sections, two of three portfolios yielded statistically significant
results regarding abnormal returns in comparison to the S&P GSCI. Thereby, the authors
can conclude that the research question has been met to some extent. The reasoning
behind this is the failure of the MACD momentum indicator to generate significant
returns. Since this thesis aimed to measure both joint and single use of said indicators, the
failure of one provides ambiguous results and subsequently weakens the stance that single
usage of momentum indicators can achieve the task. The authors conclude that there are
several factors bearing responsibility to the failure of the MACD indicator. To exemplify,
a factor could be that MACD works better in shorter time frames and should be utilized
to both short and long the positions in a portfolio. Furthermore, MACD is calculated by
subtracting a shorter EMA from a longer EMA. In this thesis the short EMA was set to
12 days and the long EMA was 26 days. Experimenting with these parameters adjusted
to the commodity futures market could have benefitted the results and potentially
produced superior results.

Furthermore, the findings of this thesis produced highly favorable results during single
utilization of the RSI, even superior to the joint-use portfolio. The success of said
indicator can partly be explained by its strong capabilities to detect upcoming bearish and
bullish market conditions. For instance, values around or below 30 indicate oversold
conditions, through a contrarian approach the authors would go long when RSI values
reached this point. Subsequently, the quarterly performance revisions provided enough
time for the commaodities to break out of oversold conditions and yield favorable results.
A quarterly contrarian strategy based on opposite momentum movements can thus be
concluded to have a positive effect in portfolio construction.

Considerable attention has been directed towards examining the momentum effect in the
stock market. However, the phenomenon of momentum in the commodity futures market
has received comparatively limited scholarly investigation. Therefore, the thesis aimed to
produce a contribution to the existing literature by providing a comprehensive
investigation and scrutiny of the momentum effect in this domain. The obtained findings
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of this study will serve to enrich the understanding of momentum in the commodity
futures market. For instance, commodities as tangible volatile assets seem to operate
better through identification of extreme market conditions such as bear and bull markets.
Through utilization of momentum indicators that reflect these conditions, abnormal
returns can be achieved. The authors however also disclaim that further research for other
commodity sectors and larger samples are necessary to fortify these findings.
Furthermore, the results provide support to aforementioned behavioral finance theories
such as information asymmetry, prospect theory and delayed reactions that can be
exploited through said phenomena.

To conclude, the thesis also aimed to challenge the EMH under the premise that various
markets operate at different levels of efficiency. While the results of this study were not
entirely conclusive, the ability to generate abnormal returns in two out of three portfolios
offers some evidence that markets may not conform to the strong form or semi-strong
form of efficiency, a term coined by Fama (1970, p. 383). The authors of this thesis
advocate further investigation in this area as it could potentially provide investors with
novel investment opportunities and significant benefits if comprehensively studied and
understood.

8.2 Ethical and Societal Considerations

During this study, the authors have constructed portfolios consisting of four commodities,
selected from a basket of nine commodities. However, the authors also address an ethical
dilemma related to the inclusion of certain commaodities in the portfolio. Specifically, the
authors acknowledge that Brent Crude Oil and Crude Oil WTI may be problematic from
an environmental point of view, given their negative ecological effects. Furthermore, the
third and fourth commaodities within the energy sector, natural gas, and coal, are also fossil
fuels and therefore not optimal in terms of environmental considerations. Nevertheless,
the authors have chosen to include these commaodities in the portfolio given the easy
access to second-hand data and the volume at which they are traded. Despite these
concerns, the authors still consider these four commodities as the most appropriate to use
within the energy sector given the scope of the conducted research.

There is an important distinction to take into consideration when investing in
commodities rather than stocks. This distinction indwells in certain commodities
importance to the growth of a country, e.g., some countries have built a crucial part of
their economy by exporting commodities such as, oil, gold, and coffee etc. Therefore, it
is important to consider the social implications that investing in such commodities
produce for the exporting country.

In summary, it is important to consider the potential implications of the momentum effect
on commodity prices, particularly in developing countries where the commaodity sector is
often linked to corruption and exploitation. Investing in commodities with the momentum
effect has the potential to exacerbate income inequality and social divisions, which may
have broader social and economic consequences. Therefore, it is necessary to carefully
evaluate the ethical and social implications of exploiting any momentum effect in
commodity markets.
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8.3 Recommendation for Future Research

The field of momentum strategies within commodity markets presents a plethora of
intriguing research opportunities, including, but not limited to, the optimization of various
indicators, different time-span and different sectors. To provide some examples:

e The authors propose investigating the potential impact of momentum effect on the
commodity market during times of financial distress, with a specific focus on
exploring potential variations in sector-specific performance during bearish
periods. The suggested time frame for investigation is from 1990-2010,
encompassing two significant crises: the dot-com crash (2000-2002) and the
subprime mortgage crisis (2007-2009) (Kenton, 2023). Such research would
provide valuable insights into commodity investments during periods of financial
distress, where investors may exhibit less rational behavior. The findings could
potentially support in developing strategies for risk-mitigation and maximize
returns during turbulent market conditions.

e The authors selected the two indicators RSl and MACD in the belief that the joint
use could provide higher returns compared to single-hand usage. However, as the
results display, the best achieving portfolios were based on the single use of RSI.
The authors remain convinced that other combinations of joint-used indicators
could achieve even superior returns. As such, they recommend that forthcoming
research endeavors explore the efficacy of momentum strategies that integrate
multiple indicators and different combinations.

e Having conducted a comprehensive review of a considerable body of prior
literature concerning the momentum effect, the authors discern a deficiency in
knowledge regarding its origin, which has been attributed to two primary
perspectives. One of these perspectives posits that the momentum effect is
explicable through risk-based models, while others argue that behavioral-based
models provide a more effective explanation for this phenomenon. In light of this
gap in the literature, the authors contend that a qualitative investigation would
represent an appropriate methodology for investigating such research to scrutinize
the psychological factor further.
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9. Truth Criteria

This section evaluates the truth criteria applicable to critical examinations of theses. For
guantitative research, the validity and reliability are most relevant, these two criteria will
thus be analyzed and discussed further below.

Comprising research of any type requires fundamental criteria which constitutes the frame
of the research and ensures trustworthy results. According to Bryman and Bell (2017, p.
41) there are mainly three such criteria to consider, namely, reliability, replication, and
validity. All three criteria are closely related to one and other, however there is a distinct
similarity between reliability and replicability. For simplicity the authors have chosen to
solely focus on reliability and validity and their applicability to this thesis in the two
subsections below. As for the two aforementioned criteria, the word in itself can be hard
to differentiate from one and other, the difference however lies in what they aim to
measure, as will be further discussed below (Bryman & Bell, 2017, p. 157).

9.1 Reliability

Reliability refers to whether a study has been conducted properly and thus if the results
are trustworthy and reliable. The criteria also refer to the consistency of a concept or
measure which can be connected to the formerly mentioned replication criteria (Bryman
& Bell, 2017, p. 158). In other words, if the research in question was conducted again by
someone else but under the same circumstances, would the second researcher be able to
replicate the previous results? If the answer to the former question is yes, the research
fulfills the reliability criterion and subsequently the replicability criterion. This criterion
is principal and subject to thorough scrutiny during the review process performed by
peers. Hence, a study that can be replicated and conducted properly would be considered
of high reliability. This was, needless to say, the author's ambition in the process of
writing this thesis.

In the pursuit of producing a high-quality thesis, Bryman and Bell (2017, p.158)
underscore the importance of stability as a key element in ensuring reliability. Stability,
as they suggest, is closely linked to consistency, and therefore, it is imperative to verify
the stability of the results throughout the research process. One practical method to
accomplish this objective is to construct portfolios using uniform techniques on a
quarterly basis. By adopting such an approach, it becomes feasible to replicate the results,
thereby augmenting their credibility. To construct the replicable portfolio, the authors
employed a systematic approach that involved building three distinct portfolios using two
indicators, namely, RSl and MACD. One portfolio was created through a joint use of both
indicators, with a specific focus on selecting commodity futures with the lowest RSI and
highest MACD values. The other two portfolios were constructed independently using
the same indicators. One portfolio was formed based solely on the lowest RSI values,
while the other portfolio was created exclusively based on the highest MACD values.
Notably, the authors deliberately chose to rely solely on these indicators as a means of
ensuring consistency in their approach. The authors oppose that by utilizing the objective
methodology of employing available quantitative second-hand data and providing a
comprehensive explanation of the results' construction, this thesis manifests a high level
of replicability and, therefore, reliability.
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9.2 Validity

Validity pertains to the issue of whether an indicator or a set of indicators, designed to
assess a particular concept, effectively captures that concept. According to Bryman and
Bell (2017, p. 159) there are numerous ways of demonstrating validity. Namely, face
validity, concurrent validity, predictive validity, construct validity and convergent
validity.

Furthermore, Bryman and Bell (2017) accentuate the significance of attributing
credibility to the superficial characteristics of a research instrument, indicating that it
accurately captures the essence of the concept under investigation. The objective of the
authors is to exploit momentum as a means of guiding investment decisions that generate
returns that surpass the designated benchmark index, the S&P GSCI. To achieve this aim,
the authors employ two indicators, which evaluate whether a future is overbought or
oversold. Specifically, the RSI is utilized to measure the strength of price movement,
while the MACD is employed to identify changes in trend momentum. This strategic
employment of RSI and MACD serves to enhance the validity and rigor of the study. To
further ensure validity, the authors engaged in seminars where the participants, all of
whom were in their 8th semester of studies in economics and majoring in finance, read,
and provided feedback on the study and the measures for it as it was being constructed.
Additionally, the authors received guidance and feedback from their supervisor, who
directed them with expertise throughout the process.
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Appendix A: Visual Representation of Normal Distribution
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A.2: Normal Distribution of Portfolio 2
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A.3: Normal Distribution of Portfolio 3
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Appendix B: Quarterly Strategy Output’s

Strategy 1: Joint Use of Indicators

Year Index Acc Index Portfolio 1 Acc Portfolio 1 Example Example: Index
Q12010 -2,92% -2,92% -1,34% -1,34% 98 656,33 kr 97 077,11 kr
Q22010 -1,11% -4,03% 3,06% 1,72% 101 678,36 kr 95 998,03 kr
Q32010 1,41% -2,62% 18,60% 20,32% 120 592,31 kr 97 354,02 kr
Q42010 14,22% 11,60% 14,77% 35,09% 138 405,61 kr 111 199,55 kr
Q12011 -5,51% 6,09% -1,11% 33,99% 136 873,99 kr 105 071,20 kr
Q22011 -2,84% 3,25% 6,82% 40,81% 146 213,51 kr 102 089,93 kr
Q32011 4,12% 7,37% -0,64% 40,17% 145 275,56 kr 106 298,55 kr
Q42011 8,69% 16,06% 10,91% 51,08% 161 127,09 kr 115 537,12 kr
Q12012 -7,33% 8,73% -7,41% 43,67% 149 185,90 kr 107 066,84 kr
Q22012 0,94% 9,67% 6,92% 50,59% 159 512,13 kr 108 068,47 kr
Q32012 -3,40% 6,27% 7,65% 58,24% 171 721,94 kr 104 395,55 kr
Q42012 -3,33% 2,94% 3,41% 61,66% 177 578,68 kr 100 923,18 kr
Q12013 -3,59% -0,64% 7,37% 54,28% 164 490,44 kr 97 303,17 kr
Q22013 4,83% 4,19% 3,71% 57,99% 170 587,79 kr 102 000,73 kr
Q32013 -2,30% 1,89% -3,04% 54,95% 165 405,98 kr 99 659,11 kr
Q42013 2,12% 4,01% 5,74% 60,70% 174 903,67 kr 101 776,73 kr
Q12014 2,90% 6,91% 3,34% 64,03% 180 740,75 kr 104 723,98 kr
Q22014 -2,58% 4,33% 0,19% 64,22% 181 086,53 kr 102 023,14 kr
Q32014 -8,75% -4,42% -10,30% 53,92% 162 428,96 kr 93 091,97 kr
Q42014 -15,18% -19,60% -12,67% 41,25% 141 851,59 kr 78 963,21 kr
Q12015 3,11% -16,49% 11,53% 52,78% 158 202,87 kr 81 417,35 kr
Q22015 -20,84% -37,34% -14,04% 38,74% 135 997,14 kr 64 446,32 kr
Q32015 -3,40% -40,74% -4,11% 34,64% 130 411,23 kr 62 254,77 kr
Q42015 -19,48% -60,22% -8,35% 26,28% 119 517,46 kr 50 126,59 kr
Q12016 18,47% -41,75% 17,21% 43,49% 140 082,98 kr 59 383,34 kr
Q22016 -0,33% -42,08% 14,56% 58,05% 160 483,50 kr 59 189,04 kr
Q32016 10,13% -31,95% 0,07% 58,13% 160 599,30 kr 65 182,92 kr
Q42016 2,60% -29,36% 6,47% 64,59% 170 987,92 kr 66 874,80 kr
Q12017 -6,25% -35,61% 2,34% 66,94% 174 995,50 kr 62 692,69 kr
Q2 2017 -15,05% -50,66% -0,34% 66,60% 174 405,74 kr 53 259,07 kr
Q32017 19,32% -31,34% 7,37% 73,97% 187 255,54 kr 63 548,60 kr
Q42017 1,72% -29,62% -3,14% 70,83% 181 370,34 kr 64 640,97 kr
Q12018 21,18% -8,44% 0,40% 71,22% 182 088,78 kr 78 331,01 kr
Q22018 -4,66% -13,10% -8,94% 62,29% 165 817,96 kr 74 681,69 kr
Q32018 -6,45% -19,55% 7,12% 55,16% 154 004,15 kr 69 866,74 kr
Q42018 3,46% -16,09% 14,93% 70,09% 176 992,51 kr 72 283,54 kr
Q12019 3,16% -12,93% -1,58% 68,51% 174 197,81 kr 74.567,81 kr
Q22019 -10,34% -23,27% 5,39% 73,90% 183 581,91 kr 66 858,52 kr
Q32019 6,44% -16,82% 3,29% 77,19% 189 624,81 kr 71 167,05 kr
Q42019 6,58% -10,24% 6,95% 84,14% 202 812,32 kr 75 850,23 kr
Profit/Loss 102 812,32 kr -24 149,77 kr

B.1: Strategy 1: Joint Use of Indicators
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Strategy 2: Single Use of MACD

Year

Q12010
Q2 2010
Q32010
Q42010
Q12011
Q22011
Q32011
Q42011
Q12012
Q22012
Q32012
Q42012
Q12013
Q22013
Q32013
Q42013
Q12014
Q22014
Q32014
Q42014
Q12015
Q22015
Q32015
Q42015
Q12016
Q22016
Q32016
Q42016
Q12017
Q22017
Q32017
Q42017
Q12018
Q22018
Q32018
Q42018
Q12019
Q22019
Q32019
Q42019

Index
-2,92%
-1,11%
1,41%
14,22%
5,51%
-2,84%
4,12%
8,69%
-7,33%
0,94%
-3,40%
-3,33%
-3,59%
4,83%
-2,30%
2,12%
2,90%
-2,58%
-8,75%
-15,18%
3,11%
-20,84%
-3,40%
-19,48%
18,47%
0,33%
10,13%
2,60%
-6,25%
-15,05%
19,32%
1,72%
21,18%
-4,66%
-6,45%
3,46%
3,16%
-10,34%
6,44%
6,58%

Acc Index
-2,92%
-4,03%
-2,62%
11,60%
6,09%
3,25%
7,37%
16,06%
8,73%
9,67%
6,27%
2,94%
-0,64%
4,19%
1,89%
4,01%
6,91%
4,33%
-4,42%
-19,60%
-16,49%
-37,34%
-40,74%
-60,22%
-41,75%
-42,08%
-31,95%
-29,36%
-35,61%
-50,66%
-31,34%
-29,62%
-8,44%
-13,10%
-19,55%
-16,09%
-12,93%
-23,27%
-16,82%
-10,24%

Portfolio 2
-3,92%
-0,13%
29,48%
10,55%
-0,43%
4,87%
-12,71%
1,09%
-15,45%
4,74%
1,97%
-5,96%
5,56%
-4,58%
-7,16%
12,01%
3,54%
-0,85%
-2,14%
-11,72%
7,07%
-14,04%
-12,83%
-14,55%
3,24%
18,54%
8,65%
-3,61%
-2,19%
-6,34%
2,34%
1,55%
-4,47%
-0,94%
3,59%
1,78%
-7,60%
-6,11%
0,75%
6,22%

Acc Portfolio 2

-3,92%
-4,05%
25,42%
35,98%
35,54%
40,42%
27,70%
28,80%
13,35%
18,09%
20,06%
14,10%
19,66%
15,08%
7,92%
19,93%
23,46%
22,61%
20,48%
8,75%
15,82%
1,79%
-11,05%
-25,60%
-22,35%
-3,82%
4,84%
1,22%
-0,96%
-7,30%
-4,97%
-3,42%
-7,89%
-8,83%
-5,23%
-3,45%
-11,05%
-17,16%
-16,41%
-10,19%

Profit/Loss

Example

96 075,02 kr
95 950,60 kr
124 235,34 kr
137 344,74 kr
136 752,28 kr
143 414,48 kr
125 183,86 kr
126 554,58 kr
107 000,33 kr
112 074,18 kr
114 284,00 kr
107 473,72 kr
113 446,22 kr
108 249,72 kr
100 499,87 kr
112 564,94 kr
116 544,99 kr
115557,81 kr
113 088,69 kr
99 829,06 kr
106 887,80 kr
91 884,78 kr
80 093,54 kr
68 438,83 kr
70 658,60 kr
83 757,32 kr
91 003,32 kr
87 714,04 kr
85 797,02 kr
80 358,33 kr
82 236,81 kr
83 511,45 kr
79 777,91 kr
79 028,03 kr
81 868,04 kr
83 325,94 kr
76 993,39 kr
72 291,48 kr
72 834,97 kr
77 365,86 kr

-22 634,14 kr

B.2: Strategy 2:

Single Use of MACD

63



Strategy 3: Single Use of RSI

Year

Q12010
Q22010
Q32010
Q42010
Q12011
Q22011
Q32011
Q42011
Q12012
Q22012
Q32012
Q42012
Q12013
Q22013
Q32013
Q42013
Q12014
Q22014
Q32014
Q42014
Q12015
Q22015
Q32015
Q42015
Q12016
Q22016
Q32016
Q42016
Q12017
Q22017
Q32017
Q42017
Q12018
Q22018
Q32018
Q42018
Q12019
Q22019
Q32019
Q42019

Index
-2,92%
-1,11%
1,41%
14,22%
5,51%
-2,84%
4,12%
8,69%
-7,33%
0,94%
-3,40%
-3,33%
-3,59%
4,83%
-2,30%
2,12%
2,90%
-2,58%
-8,75%
-15,18%
3,11%
-20,84%
-3,40%
-19,48%
18,47%
0,33%
10,13%
2,60%
-6,25%
-15,05%
19,32%
1,72%
21,18%
-4,66%
-6,45%
3,46%
3,16%
-10,34%
6,44%
6,58%

Acc Index
-2,92%
-4,03%
-2,62%
11,60%
6,09%
3,25%
7,37%
16,06%
8,73%
9,67%
6,27%
2,94%
-0,64%
4,19%
1,89%
4,01%
6,91%
4,33%
-4,42%
-19,60%
-16,49%
-37,34%
-40,74%
-60,22%
-41,75%
-42,08%
-31,95%
-29,36%
-35,61%
-50,66%
-31,34%
-29,62%
-8,44%
-13,10%
-19,55%
-16,09%
-12,93%
-23,27%
-16,82%
-10,24%

Portfolio 3
7,16%
4,29%
7,62%
19,89%
-0,25%
3,25%
-3,26%
15,63%
6,21%
6,52%
7,65%
0,65%
-12,29%
5,89%
2,29%
5,74%
0,87%
0,47%
-13,32%
-20,45%
6,37%
-13,79%
-2,64%
9,93%
19,24%
13,49%
-4,04%
9,98%
0,88%
2,98%
9,36%
-4,78%
6,31%
-10,08%
3,50%
5,80%
-8,06%
9,52%
8,66%
2,17%

Acc Portfolio 3
7,16%
11,45%
19,07%
38,95%
38,71%
41,96%
38,71%
54,34%
48,13%
54,64%
62,30%
62,95%
50,65%
56,54%
58,83%
64,58%
63,71%
63,24%
49,92%
29,47%
35,84%
22,05%
19,41%
29,34%
48,58%
62,08%
58,04%
68,02%
68,91%
71,89%
81,24%
76,46%
82,77%
72,69%
76,18%
81,99%
73,93%
83,44%
92,10%
94,28%

Profit/Loss

Example

107 158,28 kr
111 758,41 kr
120 270,07 kr
144 188,39 kr
143 834,54 kr
148 511,99 kr
143 677,68 kr
166 136,99 kr
155 817,28 kr
165 970,81 kr
178 675,00 kr
179 839,00 kr
157 729,27 kr
167 014,72 kr
170 845,63 kr
180 655,68 kr
179 092,49 kr
178 255,73 kr
154 506,83 kr
122 914,17 kr
130 740,12 kr
112 708,27 kr
109 730,50 kr
120 629,22 kr
143 843,06 kr
163 254,64 kr
156 666,20 kr
172 300,84 kr
173 825,11 kr
179 002,93 kr
195 748,84 kr
186 392,59 kr
198 146,10 kr
178 174,44 kr
184 405,99 kr
195 103,88 kr
179 378,27 kr
196 451,40 kr
213 457,40 kr
218 099,73 kr

118 099,73 kr

B.3: Single Use of RSI
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