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ABSTRACT
Investors continuously seek opportunities to obtain major returns when participating in
the market. This is done by optimising trading strategies and effectively diversifying
investment portfolios. Comprehensive market information is essential for investors to
achieve this. One way of diversifying portfolios and improving trading strategies is to
invest in metal commodities. Metal commodities are generally highly volatile. This
presents opportunities for investors to place themselves in a position to achieve major
returns in the commodity market. However, the Efficient Market Hypothesis (EMH)
asserts that all information is already incorporated in market prices. Based on the EMH,
no investor should be able to achieve abnormal returns when participating in the market.
There has been great controversy regarding the EMH over the last few decades.
Research has shown that the theory has been both supported and disputed. This study
examined the weak-form of the EMH on certain commodity price movements. The study
was focused on three metal commodities over a sample period from January 2011 to
June 2017. These commodities included gold, iron ore and platinum. Statistical methods
such as the autocorrelations test, runs test and unit roots test were used to determine
whether the price movements of these commodities were weak-form efficient. The results
from all the methods used indicated that the price movement of these commodities is not
weak-form efficient over the sample period. However, the autocorrelations test on gold
price movement indicated an increase in weak-form efficiency over time. Furthermore,
the study concluded that there are no significant differences in the level of weak-form
efficiency between precious metals and non-precious metals.
Keywords:
Efficient market hypothesis, Market efficiency, Weak-form efficiency, Commodities,
Runs test, Autocorrelations test, Unit roots test
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CHAPTER 1: NATURE AND SCOPE OF THE STUDY
1.1

Introduction

The idea of efficient markets is considered an influential contribution to investment
management. The Efficient Market Hypothesis (EMH) was formally presented by Fama
in 1970 and has since changed financial thinking, practice and regulation. The EMH can
be described as stock market prices fully reflecting all information available that can
influence its value (Megginson et al., 2010:357).
The EMH can be categorised according to three efficiency forms, namely weak, semistrong and strong. The weak-form implies that the stock prices incorporate all historical
price information into the current stock prices and that future stock prices cannot be
predicted based on analysis of past stock prices. According to the semi-strong form, the
stock prices incorporate all publicly available information, past and present, and there will
not be a delayed response to information that is disclosed. Lastly, the strong form implies
that stock prices incorporate all public and private information and stock prices will react
as new information becomes available rather than when it is publicly disclosed (Sachin &
Sanningammanavara, 2014:45).
This study evaluated the weak-form efficiency of commodity price movements. The weakform efficiency was tested by analysing historic daily closing prices of commodities and
determining whether there were significant autocorrelations in the data. If there are
significant autocorrelations in the historic data, it would suggest that future stock prices
can be predicted based on analysis of past stock prices and therefore the market is weakform inefficient. If the autocorrelation values are not significant, future prices cannot be
predicted by analysing past prices and the data would suggest that the weak-form is
efficient (Harper et al., 2015:3).
The evaluation of weak-form efficiency was done on the historical monthly closing prices
of gold, iron ore and platinum.
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1.2

Problem statement

Investors that have commodities in their diversified portfolio constantly seek information
on commodity price movements. It is important for investors to understand commodity
price movements and this study can assist in trading strategies (Harper et al., 2015:2).
Identifying consistent patterns from historical data can add value to investing in
commodities (Alexeev & Tapon, 2011:663). With today’s global economic uncertainty, it
is important for investors to attempt to obtain maximum profits when participating in the
market. The study of the weak-form efficiency from historical data of commodity prices
will not only contribute to individual investors but can also assist companies in making
investment decisions and assist in trading strategies for commodity trading companies.

1.3

Objectives

1.3.1 Primary objective
The primary objective was to evaluate the weak-form efficiency of certain historic monthly
closing commodity prices.
1.3.2 Secondary objective
The secondary objective was to compare market efficiency in the weak-form of a nonprecious metal to precious metals. The focus is generally on precious metals and
insufficient attention is given to non-precious metals. Should there be weak-form
inefficiency in non-precious metals, it may place investors in a position to diversify in these
markets.

1.4

Scope of study

This study falls within the field of financial management, under a sub-category which can
be classified as investment management.
The EMH is a broad topic in financial management; therefore, the study only focused on
evaluating the weak-form efficiency. Although many commodities are traded, only metals
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were considered for this study. The commodities that were focused on in this study were
gold, iron ore and platinum. The sample size for each commodity included the monthly
closing prices over 78 months.

1.5

Research methodology

1.5.1 Literature/theoretical study
The literature study focuses on previous research done on the theory of the EMH, with
the main focus on the weak-form efficiency. It also includes the methods for testing the
weak-form efficiency.
1.5.2 Empirical study
A quantitative study approach was used as part of the research to determine the weakform efficiency of historical commodity prices. Historic secondary data of commodity
prices was collected from the database on Investing.com and was used to evaluate the
weak-form efficiency of the commodity price movement.

1.6

Limitations of the study

The theory of the EMH has various forms and the study mainly focused on weak-form
efficiency. In addition to the limitations, the study only focused on three commodities,
namely gold, iron ore and platinum. The sample period spanned only 78 months between
January 2011 and June 2017.

1.7

Layout of the study

Chapter 1 describes the background of the research topic. The problem statement is
explained and the primary and secondary objectives of the mini-dissertation are
formulated. The scope of study is set out and the limitations of the study are stipulated.
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Chapter 2 consists of a literature study on the EMH with focus on the weak-form efficiency
to cover the theoretical basis of the research.
Chapter 3 covers the empirical study on historical commodity price movements based on
the theory in Chapter 2. The weak-form efficiency of daily commodity closing prices is
evaluated. The results are analysed to determine whether historical data used for the
study is weak-form efficient or inefficient.
In Chapter 4 conclusions are drawn from the results which are analysed in Chapter 3.
Recommendations will be made based on the research done in this mini-dissertation.
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CHAPTER 2: LITERATURE REVIEW
2.1

Introduction

The purpose of this chapter is to ascertain a theoretical basis for the rest of the
dissertation. The chapter first describes the EMH. The three different forms, namely
weak-form, semi-strong form and strong form, are then explained. Finally, the implications
of the EMH are also discussed.
The researcher will be testing the weak-form efficiency of certain metal commodities.
Commodities chosen for this research are gold, iron ore and platinum. A brief discussion
of each commodity and a short price history forms part of this chapter.
Different statistical tests can be used to test for weak-form efficiency and the methods for
testing the weak-form efficiency used in this study are explained. These tests include the
autocorrelations test, runs test and unit roots test.
The chapter continues to elaborate on previous research for testing the weak-form
efficiency. The main focus is on the factors that may influence the research, why there is
a need for weak-form efficiency to be tested and past literature for testing the weak-form
on metal commodities.

2.2

Efficient market hypothesis

Over the past few decades, the EMH has been considered an essential part of financial
economics (Kristoufek & Vosvrda, 2015:27). The EMH states that a market which fully
reflects available information is considered efficient (Fama, 1970:383). The topic has
become a well-researched field among financial researchers due to the major implications
the EMH has on the operations of financial markets (Shaker, 2013:178). The EMH is
based on whether information that is newly generated instantly reflects on the market
prices sufficiently (Eom et al., 2008:4630). This implies that changes in market prices
follow unpredictable changes, referred to as a random walk process. The EMH denotes
that the only way for individuals or institutions to obtain abnormal profits is by investing in
assets that have higher risk (Titan, 2015:442). Market efficiency has become the
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foundation of many financial models to enhance investment strategies (Yadirichukwu &
Ogochukwu, 2014). Market price movements are considered to follow a random walk if:


Day-to-day market prices do not show any form of a pattern;



Price movements are random from a statistical perspective; and



There is a low autocorrelation on a time series of market prices (Degutis &
Novickyte, 2014:8).

This random walk nature of market prices implies that there is no possibility of speculating
market prices and being profitable (Ajao, 2012:169). Studies conducted on the EMH to
date have been profound and the EMH has been both rejected and supported (Sachin,
2014:45). The theory of the EMH has been disputed by certain investors and studies on
the subject matter since the 1970s (Metghalchi, 2015:178).
Over the past few decades, literature has debated the legitimacy of the EMH (Rounaghi
& Zadeh, 2016:12). Key sources of criticism for the EMH are as follows:


Evidence disputing the random walk theory on asset prices;



Occurrences of bubbles and crashes of asset prices;



Abnormal profitability on less complex strategies to beat the market;



Excess volatility in stock prices;



Seasonality in returns; and



Investor overreaction (Degutis & Novickytė, 2014:20).

The evolution of research on the EMH over the last decade has been essential to the
world of financial economists. Because of the controversy of the EMH, research on the
subject continuously increases. However, previous research showing evidence rejecting
and supporting the EMH leaves the questions behind the theory unanswered (Titan,
2015:442-443).
2.2.1 Forms of the EMH
The EMH can be classified according to the following three efficiency forms:


Weak-form;



Semi-strong form; and



Strong form
Page 6

These three forms of the EMH are classified based on the information which market prices
reflect (Megginson, 2014:357).
2.2.1.1 Weak-form
The weak-form of the EMH entails that market prices reflect all historical price and volume
information. Information technology has developed to such an extent that availability and
accessibility to such information is in abundance. Participants in the market use historical
information, giving the market weak-form efficiency (Sachin, 2014:45). When a market is
efficient in the weak-form, prices will be unpredictable and can only change when new
information with regard to market prices become available (Megginson, 2014:357).
Technical analysis is considered a method of forecasting future prices. Analysts have
become increasingly sophisticated in modelling to predict future prices based on historical
data. Analysts also believe that the change in patterns and trends of market prices are a
result of traders’ outlook on economic, political and psychological forces. Researchers
and analysts have utilised past market prices and volume information to dispute the weakform efficiency of the EMH (Metghalchi et al., 2015:178).
Early studies have shown that there is limited confirmation of profitability with regard to
technical trading rules on market prices. This supported the weak-form efficiency of the
EMH (Alexeev & Tapon, 2011:662). In contrast, according to a survey by Park and Irwin
(2007), 95 modern studies support weak-form inefficiency compared to 56 cases that
support weak-form efficiency. This weakens the case of weak-form efficiency. Several
recent studies have examined time-varying weak-form efficiency in market prices and
assessed the dynamics of market efficiency (Mensi et al., 2014:90).
The majority of the weak-form EMH literature have focused on determining if a market is
weak-form efficient or weak-form inefficient over a given period. This was generally done
as if market efficiency is a stagnant characteristic that does not change during market
development. Most studies argue that it is more important to understand the factors that
influence market efficiency (Charfeddine & Khediri, 2016:489).
2.2.1.2 Semi-strong form
Another form of market efficiency is the semi-strong form. The semi-strong form implies
that market prices incorporate all information that is publicly available, including historical
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data (Megginson, 2014:357). In the semi-strong form, it becomes complicated to
outperform market prices as fundamental and technical analyses become insufficient
(Mahlophe, 2015). It is still possible to outperform the market by utilising inside
information in this form (Latif et al., 2011:2).
2.2.1.3 Strong form
The third form of market efficiency is known as the strong form of efficiency. This form is
the highest form of efficiency. The strong form efficiency asserts that the market prices
reflect all information, including private information (Sachin, 2014:45). All information,
including historic data, public and private information, are incorporated in market prices
(Latif et al., 2011). Kristoufek and Vosvrda (2013:27) note that strong form efficiency
eliminates profit making for insiders that have access to private information.
The diagram in Figure 1 below illustrates the different forms of the EMH.

Figure 1: Flow diagram of the EMH
Source: Shankari and Manimaran (2015:16)

2.2.2 Implications of market efficiency
Individuals and institutions should not be in a position to consistently beat the market by
utilising basic investment strategies. A market that is efficient should have negative
inference on many investment strategies and have the following characteristics:
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There should be equal odds for market prices to be over- or undervalued and
therefore should be random. Equity research, information collection and valuation
should be costly to consistently beat the market;



Executing low-cost investment strategies that randomly diversify across stocks in
the market with little or no information would be better than other investment
strategies;



An investment strategy that requires minimal trading would be better than an
investment strategy that requires frequent trading;



Market efficiency does not imply that there is no possibility for market prices to
deviate from its true value;



When a market is efficient, it does not imply that an investor will never beat the
market over a period of time; and



An efficient market does not imply that a group of investors will never beat the
market over an extended period. However, this would not be because of superior
investment strategies, but rather because of being fortunate (Damodaran, 2012:7).

Parks and Zivot (2005) further graphically explained the difference between the
implications of an efficient market and an inefficient market with reference to new
information on stock prices.
Figure 2 (see below) on page 10 illustrates how prices will immediately and completely
respond to new positive information when a market is efficient.
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Positive news
release
New expected price
path in the absence of
Expected price path in
the absence of any new
Immediate reaction to positive news =
increase in price

Time
Past

Present

Future

Figure 2: Illustration of expected price path responding immediately to positive news
Source: Parks and Zivot (2005:1)

In an inefficient market, prices will not change immediately. Prices will respond gradually
and possibly incompletely. Figure 3 (see below) illustrates how prices in an inefficient
market will respond gradually or underreact to new positive information.

Positive news
release
Efficient
Price path in the

price

path

absence of any new

Gradual/partial

reaction

to

positive news
Time
Past

Present

Future

Figure 3: Illustration of expected price path responding gradually to positive news
Source: Parks and Zivot (2005:1)
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In an inefficient market, it is also possible that prices may overreact to new positive
information. Figure 4 (see below) shows how prices may overreact and then adjust
gradually over time to positive information that becomes available.

Positive news
release
Efficient
Price path in the

price

path

absence of any new

Time
Past

Present

Future

Figure 4: Illustration of expected price path overreacting to positive news
Source: Parks and Zivot (2005:2)

Previous research has shown that pricing of commodity indexes are not always efficient
in the weak-form. This was based on commodity prices tending to over- and underreact
to new information that became available. These findings disconfirm the EMH in the
weak-form which makes it possible for market participants to predict commodity price
changes (Fernandez, 2010:282).

2.3

Commodities

A commodity is defined as "...a basic good used in commerce that is interchangeable with
other commodities of the same type; commodities are most often used as inputs in the
production of other goods or services." (Investopedia, 2017). Commodity markets have
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drawn the attention of financial investors for the last two decades. This occurrence was
so significant that financial investors represent approximately 80% of investors in
commodity markets. The reason for this is that commodities have become a profitable
form of asset (Kablan et al., 2017:215). Generally, all commodities are influenced by
supply and demand (Gilroy, 2017).
In the past, commodities were used for buying and trading goods prior to the existence of
money. In modern times, commodities are used in manufacturing and production facilities.
Many developing countries are largely dependent on commodities. Price movements of
commodities were regarded as random and unpredictable. Previous studies on
commodity prices have shown autocorrelation on historical data that could assist in
predicting future prices. The existence of autocorrelation on historic commodity prices
would suggest arbitrage opportunities (Zunino et al., 2011:877). Commodity markets
have received a large amount of attention with regard to testing the market efficiency ever
since.
Commodity prices are highly volatile (Mignon & Piton, 2012). The past two decades have
seen commodity trading increase more than seven times and the severity of price
changes has continuously raised interest in commodity price changes. This is due to the
impact commodities have on diversification, hedging and risk management (Charles et
al., 2015:284). The return predictability of commodities has strong repercussions for the
rate at which information is digested and profit opportunities in the commodity market.
This study focuses on the commodity price changes of gold, iron ore and platinum.
2.3.1 Gold
Better understanding of the behaviour of gold prices has been an intriguing and
challenging topic in global finance (Ntim et al., 2015:2). Reboredo and Ugolini (2017:56)
suggest that the dynamic price of gold has a crucial impact on gold production. Gold is
considered one of the most ancient and essential of all precious metals for the following
reasons:


It is utilised as a medium of currency;



Central banks use it as a haven;



It is utilised as a hedging and derivative instrument;
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It aids in diversifying investments, mitigating portfolio risks; and



It is also used in manufacturing technological goods Reboredo and Ugolini
(2017:56).

Previous literature outcomes on weak-form efficiency with regard to gold are mixed. It
therefore remains an intriguing topic when it comes to market efficiency in the weak-form
(Ntim et al., 2015:219).
Figure 5 (see below) on page 14 shows the monthly closing prices of gold since January
2011. Time series data can be found in Table 7 in the Appendix. In this study, the unit
used for the gold price is US dollars per ounce. The price of gold declined rapidly after
July 2012; however, the price kept fluctuating in a relatively narrow range since June
2013. Since the end of 2015, the gold price seems to follow an upward trend. The price
of gold seems to react in various ways over different periods. The following factors may
have the most significant influence on the price of gold:


Employment reports;



Consumer price index (CPI);



Gross domestic product (GDP); and



Monetary shocks (O’Connor et al., 2015)
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Figure 5: Time series plot of monthly closing prices of gold from January 2011 to June
2017

2.3.2 Iron ore
Globally, iron ore is considered the most useful metals (Rio Tinto, 2012). Iron ore is used
for the following applications:


Cast iron is used in moulded parts in vehicles;



Steel has many uses and is also the most common form of the metal;



Stainless steel contains chromium to increase its rust resistance. It is used in
various vehicle parts, hospital equipment and utensils; and



Tool steel is most commonly used in metalworking tools (Rio Tinto, 2012).

Literature with regard to weak-form efficiency on historic iron ore prices is extremely rare,
if any is available. Most researchers tend to test weak-form efficiency on other
commodities and more particularly, precious metals. Because of the various uses of iron
ore, the understanding of price movements of this commodity should be of interest in the
commodities market.
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The monthly closing prices of iron ore since January 2011 is shown in Figure 6 (see below).
Time series data can be found in Table 8 in the Appendix. In this study, the unit used for
the iron ore price is US dollars per metric ton on a 62% iron content basis. There have
been increases and decreases in the iron ore price between 2011 and 2014. Since 2014,
there has been a steep decline in the iron ore price.
According to Gilroy (2017), the following four main factors influence the price of iron ore:


Capacity expansion of producers;



China’s steel production;



Cost curve of miners; and



Curtailment of iron ore capacity.
Time series plot of monthly closing price of iron ore
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Figure 6: Time series plot of monthly closing prices of iron ore from January 2011 to June
2017
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2.3.3 Platinum
Commercially, platinum is one of the most important platinum group metals (Hillard,
2012). Platinum production predominantly takes place in South Africa and the country is
responsible for 75% of the world’s production (Cummans, 2015). Platinum is primarily
used for its industrial purposes as a commodity and is the rarest precious metal (Charles
et al., 2015:284). One of the most common uses of platinum is in catalytic converters in
vehicles to reduce toxic gases to tolerable levels. Platinum is also used in the following:


Chemical and petroleum refining processes;



Electronic equipment; and



Medical and jewellery industries (Charles et al., 2015:284).

Platinum resources are limited and considered one of the most sought-after precious
metals globally. Figure 7 (see below) on page 17 shows the monthly closing price of
platinum since January 2011. Time series data can be found in Table 9 in the Appendix.
In this study, the unit used for the platinum price is US dollars per ounce. The price of
platinum has followed an overall decline trend since 2011. This is probably due to end
users seeking alternatives for the precious metal. The four main factors that drive the
price of platinum are:


Substitutes (palladium);



The South Africa effect;



Technological developments; and



The state of the auto industry (Cummans, 2015).
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Time series plot of Monthly closing price of platinum
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Figure 7: Time series plot of monthly closing prices of platinum from January 2011 to June
2017

2.4

Methods to test weak-form efficiency

There are various methods to test for weak-form efficiency. The following tests have most
commonly been used in previous research to test for this efficiency:


Autocorrelations test;



Runs test;



Unit roots test; and



Variance ratio test

The unit roots test is opposed to the weak-form hypothesis with regard to the null
hypothesis, whereas with the rest of the aforementioned tests, the null hypothesis
supports the weak-form efficiency hypothesis (Aumeboonsuke & Dryver, 2014:351).
Shaker (2013:184) investigated weak-form efficiency in Finnish and Swedish stock
markets using the autocorrelations test, unit roots test and variance ratio test. This study
concluded consistent results of weak-form inefficiency for all three tests used. Different
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levels of weak-form efficiency were found between the runs test and autocorrelations test.
The results from both tests concluded the same outcome that proved weak-form
efficiency (Andrianto & Mirza, 2016:103). Testing weak-form efficiency may differ in
outcome depending on the statistical test used (Mobarek & Fiorante, 2014). Ajao (2012)
suggested that the autocorrelations test analyses whether there is independence in price
movements, while the runs test analyses randomness. Therefore, it is advisable for more
than one statistical test to be used when testing weak-form efficiency. The
autocorrelations test, runs test and unit roots test were be used for the purpose of this
study.
2.4.1 Runs test
The runs test is classified as a non-parametric test for the purpose of determining whether
consecutive price movements are random. The null hypothesis for the runs test is for
weak-form efficiency. The runs test counts the number of times where the values of the
time series move towards the mean value of the data. For example, movement of a price
above the mean and decreases towards the mean will be considered as one run. The
same will apply for movement of values below the mean and increases towards the mean
value of the time series data (Patel et al., 2012:118). Khan and Khan (2016) supported
that the runs test can be used for verification of randomness.
2.4.2 Autocorrelations test
The autocorrelations test is classified as a parametric test and is used under the
assumption that data is normally distributed (Harper et al., 2015:4). According to Ajao
(2012:173), the autocorrelations test analyses independence for successive price
changes. The autocorrelations test measures how observations relate in a time series
with a time lag between them. This can be used as a mathematical tool to positively
identify repeating patterns (Aumeboonsuke & Dryver, 2014:351). The autocorrelations
test is the most common and undeviating way to test for weak-form efficiency (Hou &
Sun, 2014:10)
2.4.3 Unit roots test
The unit roots test is classified as a parametric test and analyses whether a time series
is stationary or non-stationary (Akber & Muhammad, 2014:815). A time series is regarded
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as non-stationary if it has a unit root (Njuguna, 2015:82). A non-stationary time series is
an indication that the time series data is random (Shaker, 2013:179). The unit roots test
analyses data under the assumption that the data is serially uncorrelated (Njuguna,
2015:80). Based on literature, the unit roots test can be used to assist in testing for weakform efficiency.

2.5

Testing the weak-form efficiency

Testing for market efficiency is complex due to the lack of an obvious methodological
approach (Yadirichukwu & Ogochukwu, 2014:1204). The weak-form is most commonly
tested when it comes to testing market efficiency. Modern technology allows for
information to be easily accessible. Historical market or stock prices are easily retrievable
from the internet, making weak-form efficiency testing a common research topic in this
field.
2.5.1 Implications that affect testing weak-form efficiency
Previous research shows that the results for testing weak-form efficiency may be
influenced by various factors. Depending on sample selection or occurring events, the
outcome for testing market efficiency can change. This section focuses on aspects that
can impact results of weak-form efficiency.
2.5.1.1 Period and timescales for testing market efficiency
Harper et al. (2015) examined the weak-form efficiency focusing on silver futures prices
over a period between 2008 and 2012. The autocorrelations and runs tests were used to
determine whether the silver futures market is weak-form efficient. The study concluded
that the silver futures market was weak-form efficient over the specific period and that it
is not possible to consistently predict price movement. However, the study could not
conclude that silver futures prices were weak-form efficient over extended periods
(Harper et al., 2015:5).
Shankari and Manimaran (2015) investigated the random walk theory by utilising the runs
test and autocorrelations test. The null hypotheses for both tests would suggest that gold
price movement is random and cannot be predicted. Historical data over a 20-year period
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were sampled for the study. The results of the runs tests indicated that the gold price
movement was random over this period. Furthermore, the autocorrelations test showed
that there were no first-order autocorrelations and that gold price movement supported
the random walk theory (Shankari & Manimaran, 2015:20).
Testing the weak-form efficiency may be influenced by the period over which the test is
done. This could be due to different cyclical periods of specific commodities. The
efficiency may also be affected by certain events that have an impact on the global
economy. Oil future markets are weak-form efficient when tested over an extended period
(Jiang et al., 2014). Testing the weak-form of oil future prices over a shorter time series
were found to be inefficient; this was concluded by using bootstrapping approach. Jiang
et al. (2014) also found that the oil futures market tests weak-form inefficient when
tumultuous events occur such as the oil price crash in 1985, the outbreak of the Gulf War
and the global economic meltdown in 2008. Furthermore, results have shown that a
market will appear to be efficient if the time period is longer than the digesting time of
events that could possibly affect weak-form efficiency. Shorter time periods than the
digesting time of these events will result in weak-form inefficiency (Jiang et al., 2014:243).
Emeka et al. (2016) tested the weak-form efficiency of the Nigerian stock market and
concluded weak-form efficiency and inefficiency over different periods. The unit roots test
and a regression model were used in the investigation. Results showed that the Nigerian
stock market tested weak-form inefficient from 1985 to 2010. Over the period from 2011
to 2014 results indicated weak-form efficiency (Emeka et al., 2016:93).
Khan et al. (2011) investigated the weak-form efficiency of the Indian capital market and
results indicated weak-form inefficiency. The random walk model was examined on the
National Stock Exchange and Bombay Stock Exchange between 2000 and 2010. It was
noted from previous literature that results over an earlier sample period have shown
weak-form efficiency. Therefore, it was also concluded that the efficiency has changed
over time (Khan et al., 2011:121).
Akber and Muhammad (2014) examined the weak-form efficiency on the Karachi Stock
Exchange and found that overall index returns were weak-form inefficient. Nonparametric and parametric tests were used. The overall sample period stretched from
1992 to 2013 and two-year sublots were used to determine weak-form efficiency over
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different periods. Certain sublots tested weak-form efficient; however, the results were
sufficient to reject the null hypothesis that the overall index returns to conclude weak-form
inefficiency (Akber and Muhammad, 2014:833).
Hang and Grochevaia (2015) tested weak-form efficiency on daily data on the Chinese
stock market between 1992 and 2015. The data was tested over an overall period, but
the data was divided into four sub-periods due to the ever-changing economic climate in
China. The autocorrelations test, runs test and variance ratio test were used. All three
tests rejected the null hypothesis and concluded weak-form inefficiency over the overall
period. All three tests signalled clear predictability. However, there were mixed results of
weak-form efficiency and inefficiency when the sub-periods were examined individually
(Hang and Grochevaia, 2015:29).
Mobarek and Fiorante (2014) investigated equity markets of Brazil, Russia, India, and
China (BRIC). The sample spanned from 1995 to 2010 and periods were divided into four
sublots. Results have indicated significant positive autocorrelation in the earlier sublots
of the sample period implying that the equity markets of BRIC were weak-form inefficient.
The last sublot results were more efficient in the weak-form. The study concluded that the
sample period may influence the result for testing weak-form efficiency (Mobarek and
Fiorante, 2014:231).
Rodriguez et al. (2014) examined the weak-form efficiency over weekly, monthly,
quarterly and annual time scales on the United States (US) stock market. The data of the
time series stretched over a period from 1929 to 2014. Figure 8 (see below) on page 22
shows the intraday returns on the US stock market on weekly, monthly, quarterly and
annual time scales over the sample period.
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Figure 8: Intraday returns on the US stock market over different time scales: (a) weekly (b)
monthly (c) quarterly (d) yearly
Source: Rodriguez et al. (2014:562)

It is evident that the various time scales in Figure 8 are different over the same period.
The weekly scale shows a smoother change in stock returns compared to the rest of the
time scales. As the scale increases, the changes in stock returns become more erratic.
Returns on stocks appear to be more predictable over shorter time scales, most probably
because investors can adjust quicker to the amount of change over a shorter period. The
study further concluded that efficiency is not uniform over time and the US stock market
can be predicted to place investors in a profitable position (Rodriguez et al., 2014:563564).
2.5.1.2 Other events that may impact market efficiency
As previously mentioned, one of the implications of an inefficient market is that prices
respond gradually to new information. Charfeddine and Khediri (2016) investigated the
time-varying levels of weak-form efficiency. Weak-form efficiency was evaluated over a
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period from 2005 to 2013 on the Gulf Cooperation Council (GCC) stock markets using
the generalised autoregressive conditional heteroskedasticity in mean (GARCH-M)
model. The study concluded that the level of weak-form efficiency is not constant. The
market efficiency of stock prices can improve over different periods. Furthermore, it was
concluded that it is inappropriate to assume that market efficiency is static.
Macroeconomics and financial events occurring in during a certain period may impact the
level of efficiency.
The following macroeconomic variables influence testing weak-form efficiency:


The crude oil price;



Inflation rates;



Interbank rates;



Multilateral exchange rates; and



Share prices (Ntim et al., 2015).

Previous literature has indicated that macroeconomic news is essential in commodity
prices and may have an impact on volatility of prices, possibly affecting the market
efficiency of commodity prices. Even though macroeconomic news does have an impact
on commodity prices, the extent of the impact is largely influenced by the commodity price
cycles (Roache & Rossi, 2010:384).
In today’s global economic uncertainty, it is becoming essential to manage risk. Risk
management can be enhanced by predicting commodity future markets. Phukubje and
Moholwa (2006) suggest that agricultural commodities such as wheat and sunflower
seeds are partially predictable by looking at historical price movements. Past prices could
be used to predict future prices if the current future price is known. However, taking
brokerage costs and the time value of money into consideration, forecasting future prices
of

these

commodities would

not

lead to

profitable

trading

(Phukubje

and

Moholwa, 2006:198).
According to Ntim et al. (2015), gold spot prices in emerging gold markets indicate that
the EMH in the weak-form can be rejected. Gold spot prices in developed gold markets
suggested weak-form efficiency; therefore, the economic position of a market may
influence weak-form efficiency commodity prices (Ntim et al., 2015:31).
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Otto (2010) examined the weak-form efficiency of six industrial base metals traded on the
London Metal Exchange and results indicated mixed results over different sub-periods.
Futures prices on aluminium, copper, lead, nickel tin and zinc were analysed over a period
from 1989 to 2007. Earlier sub-periods were more supportive of the EMH. The study
further concluded that the reason for this was that price information was not easily
accessible in the past. Certain investors could therefore take advantage of specific
information which would be considered common today (Otto, 2010:35-39).
Andrianto and Mirza (2016) investigated the EMH on the Indonesia stock market over a
period from 2013 to 2014. The runs test and autocorrelations test were used to determine
whether the market was weak-form efficient. Both tests’ results indicated weak-form
efficiency on the Indonesia stock market. Daily closing stock prices over the 2014 period
became more efficient. The study also concluded that every year participants in the
market and products that are traded increase, resulting in the market becoming more
efficient. Furthermore, it was found that rapid technological developments allow for
information to be more readily available and evenly distributed. As a result, market
participants are in a position to react quicker to information, therefore increasing market
efficiency (Andrianto and Mirza, 2016:102-103).
2.5.2 Reasons for testing market efficiency
In order to test for weak-form efficiency, a large pool of individual stocks needs to be
analysed rather than a stock market index (Alexeev & Tapon, 2011). Alexeev and Tapon
(2011) used a model-based bootstrap to produce a series of simulated trials. A pattern
recognition algorithm was applied to stock price movements on the Toronto Stock
Exchange (TSE). The simulated prices were compared to real price movements. Patterns
which carry value-adding information were identified and it was found that price changes
moved randomly. The results could not reject the null hypothesis of weak-form efficiency
on the TSE. This study suggested that consistent patterns would add value to investment
strategies; however, patterns could not guarantee profitability (Alexeev and Tapon,
2011:661).
Nisar and Hanif (2012) investigated weak-form efficiency and concluded that South Asian
markets are weak-form inefficient. Historical index values of the major stock exchanges
such as India, Pakistan, Bangladesh and Sri Lank over a period from 1997 to 2011 were
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examined. The study used four different statistical tests, namely the autocorrelations test,
runs test, unit roots test and variance ratio test. The objective of the study was to assist
investors with portfolio selection in their strategies (Nisar and Hanif, 2012:424).
Njuguna (2015) noted that technological advancements after the year 2000 increased
market efficiency on the Nairobi Securities Exchange (NSE). Over a period from 2001 to
2015, the NSE 20 share index was tested for weak-form efficiency using the
autocorrelations test, runs test and the unit roots test. Market efficiency in the weak-form
was disputed by the results of the autocorrelations test and the runs test. The unit roots
test supported the EMH (Njuguna, 2015:122).
Ajao (2012) tested the Nigerian capital market to be weak-form efficient. An all-share
index on the Nigerian Stock Exchange was tested over a sample period from 2001 to
2010. The autocorrelations test and runs test were utilised during this study and the null
hypotheses for both tests were that price movements were random. Results of the
autocorrelations test indicated no significant autocorrelation. The runs test suggested that
the price movements were random. The null hypothesis that the price movements were
random could not be rejected. The study further noted that this investigation was
important for equity investors (Ajao, 2012:175).
Sheefeni (2015) found that there was no evidence of strong form efficiency on the
Namibian capital market over a period from 1997 to 2012. Autoregressive models were
used to test for strong form efficiency; however, evidence of weak-form efficiency was
found. The purpose of the study was to determine whether investment analysts were
obtaining abnormal returns on the market. Evidence of weak-form efficiency supported
the EMH and it was concluded that prices could not be predicted from historical data
(Sheefeni, 2015:484).
2.5.3 Testing weak-form efficiency on metal commodities
Tripathi and Kumar (2014) found different sectors to be weak-form inefficient in the Indian
stock market. Market efficiency over different sectors was tested after the global financial
crisis period. One of the sectors that indicated weak-form inefficiency was the metals
sector. It was concluded that investors had the opportunity to obtain abnormal profits in
this sector (Tripathi and Kumar, 2014:21).
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Patel and Patel (2014) examined information efficiency on metal commodities and results
indicated both weak-form efficiency and inefficiency. Aluminium, copper and nickel were
analysed over a period from 2003 to 2013. Copper tested weak-form inefficient, disputing
the EMH, while aluminium and nickel indicated weak-efficiency, supporting the EMH
(Patel and Patel, 2014:1206).
It was evident that commodity prices were largely impacted by economic recession.
Commodity price volatility has increased participation of financial investors in the
commodity markets, mainly to enhance investment returns and to achieve larger portfolio
diversification (Roache & Rossi, 2010:377).
The precious metals route is one way for investors to diversify investment strategies. For
this reason, platinum prices have become one of the most common precious metals to
be examined for weak-form efficiency. According to Chinhamu and Chikobvu (2014),
some research has shown that platinum prices are difficult, if not impossible to predict.
The GARCH model was considered an interesting approach compared to the more
common variance tests when testing the weak-form efficiency of commodities. The study
only focused on platinum prices over an extended period of approximately 40 years. The
study concluded that platinum prices using the GARCH model appeared to be weak-form
efficient (Chinhamu & Chikobvu, 2014:83).
O’Connor (2015) noted that a common misconception is that the gold market is efficient;
gold is a homogenous commodity which is traded globally. The study concluded that the
gold market is not efficient and previous research supported these sentiments. However,
the gold market appears to have increased in efficiency over the past few years
(O’Connor, 2015:31-32).
Precious metals play an essential role in investment portfolios for both individuals and
institutions (Charles et al., 2015:2). The weak-form efficiency of three precious metals,
namely gold, silver and platinum, were examined by utilising the automatic portmanteau
and variance ratio tests. The sample data consisted of daily closing prices between 1977
and 2013. The major finding of this study was that the degree of predictability of gold and
silver has shown a strong decline over time. This suggests that the gold and silver market
was not efficient in the weak-form decades ago but have become more efficient in recent
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years. The study also concluded that the predictability of precious metals prices is highly
dependent on economic and political conditions (Charles et al., 2015:290-291).
Chinhamu and Chikobvu (2014) found that results from monthly log returns of platinum
prices over the period 1999 to 2010 were weak-form efficient. This study supported the
EMH. Statistical tests such as the unit roots test and GARCH model were used.
Hypotheses implied that the log return prices over the sample period were supported by
the results (Chinhamu and Chikobvu, 2014:83).

2.6

Conclusion

Based on the literature review, research on the EMH has been profound. The EMH has
been both disputed and supported over the past few decades. The weak-form of the EMH
is the most common method for testing market efficiency due to its characteristic of
analysing broadly available historic data. The EMH plays an essential role in the
operations of financial markets.
Commodity prices for gold, iron ore and platinum have been volatile over the last decade.
The gold price has been following different trends, while the prices of iron ore and
platinum have been following downward trends.
Results for testing weak-form efficiency may be influenced by several factors such as the
sample period, timescale and macroeconomic events. Previous research suggests that
commodity markets may be predictable to a certain extent but are weak-form efficient
over extended periods. Findings in previous literature both disputed and supported the
EMH over different periods.
Based on previous research, testing weak-form efficiency on metal commodities
generally disputes the EMH, suggesting that price movements are not random and can
be consistently predicted for abnormal profits.
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CHAPTER 3: EMPIRICAL STUDY
3.1

Introduction

The theory discussed in Chapter 2 will be applied as part of the empirical study. Results
determined from the investigation are to evaluate whether each metal commodity is weakform efficiency or inefficient. These metal commodities include gold, iron ore and
platinum. This chapter elaborates on the sample selection, data collection and the data
analysis to evaluate the weak-form efficiency of monthly closing prices of gold, iron ore
and platinum commodities. Statistical tests such as the autocorrelations test and the runs
test were used. Hypotheses for both statistical tests are defined. Based on the results,
the null hypothesis will either be rejected or accepted to determine whether price
movements appear to be weak-form efficient or not.

3.2

Definition of objectives

The objective of this study was to evaluate the weak-form efficiency of certain
commodities over 78 months. The results of the empirical investigation seek evidence for
weak-form efficiency of commodity price movements over the selected period.

3.3

Method of evaluation

3.3.1 Sample selection
Precious metals such as gold and platinum were selected as both are considered the
more sought-after commodities globally. Literature testing weak-form efficiency of nonprecious metals could not be found. Iron ore was also selected to compare the results of
a commodity that does not form part of the precious group metals.
Based on the literature in Chapter 2, the period and time scales of the selected sample
may influence the outcome for testing weak-form efficiency. The sample period spanned
ten years, from 1 January 2011 to 30 June 2017. A period of more than five years was
chosen because it was gleaned from the literature review that historical data may indicate
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market inefficiency over five years and become more efficient at a later stage (Jiang et
al., 2014:243).
With regard to the time scale of the sample, the monthly closing prices of the commodities
were selected. It was gleaned from the literature review that the time scales used in the
investigation may influence the outcome when testing for weak-form efficiency. A shorter
time scale, for example a weekly time scale, has more gradual changes and investors are
able to adjust accordingly (Rodriguez et al., 2014:563-564). This may influence the weakform efficiency of the historical price data.
3.3.2 Data collection
The primary source of data was collected from Investing.com. The monthly closing prices
of gold, iron ore and platinum were used for the purpose of this study. The sample period
for the commodities under study was from 1 January 2011 to 30 June 2017. The sample
size consisted of 78 observations.
3.3.3 Data analysis
All the data required for the selected commodities over a period of 78 months were
collated in Microsoft Excel. A descriptive statistical analysis was done on the observations
for each of the commodities.

3.3.3.1 Runs test
The runs test function was utilised in Microsoft Excel with the following equations. The
runs test can be defined by the following equations (Aumeboonsuke & Dryver, 2014:352):

𝑚=

𝑁(𝑁+1)−∑3𝑖=1 𝑛𝑖2
𝑁

(1)

m = total expected number of runs
N = total number of observations
ni = number of observations in category i
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The standard error for m

𝜎𝑚 = {

∑3𝑖=1 𝑛𝑖2 [∑3𝑖=1 𝑛𝑖2 +𝑁(𝑁+1)−2𝑁 ∑3𝑖=1 𝑛𝑖3 −𝑁3 ]
𝑁2 (𝑁−1)

1/2

}

(2)

and the Z-statistic in order to test the hypothesis is

𝑍=

𝑅−±0.5𝑚
𝜎𝑚

(3)

Hang and Grochevaia (2015) noted that the 0.5 in Equation 3 represents a correction
factor for continuity adjustments. For R, the actual number of runs in the test, that is less
than m, the correction factor adopts a positive sign. For R greater than m, the correction
factor adopts a negative sign.
Even though the runs test can be used to verify randomness, it has shortcomings. The
main shortcoming of the runs test is that it does not detect the extent of the movement
above or below the mean (Parulekar, 2017:78). The total number of runs is converted to
a Z-statistic. The null hypothesis is rejected with a 5% level of significance when the Zvalue is equal to ±1.96, greater than 1.96 or less than -1.96 (Aumeboonsuke & Dryver,
2014:352).
The hypotheses for the runs test are defined below:
H0: The historical price data is weak-form efficient.
H1: The historical price data is weak-form inefficient.
3.3.3.2 Autocorrelations test
The autocorrelation function can be defined as follows (Shaker, 2013:179):

rk =

̅
̅
∑N−k
i=1 (Yi −Y)(Yi+k −Y)
N−k
̅ )2
∑
(Yi −Y

(4)

i=1

where
𝑟𝑘 = autocorrelation function
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𝑌𝑖 = is the measurement at time 𝑋𝑖
𝑁 = number of observations
𝑋𝑖 is not use in the equation as it is assumed that the observations are equally spaced.
If the autocorrelation function is close to zero, the time series data will suggest random
observations. Should the autocorrelation function be significantly non-zero, the time
series data would not be random and therefore be autocorrelated (Filliben, 2003). The
autocorrelation function at each lag can be considered significant when the value is larger
than two standard errors (Kestel, 2009). The standard error can be defined as follows
(Filliben, 2003):

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 =

1
√𝑁

(5)

The hypotheses for the autocorrelations test are defined below:
H0: The historical price data is weak-form efficient.
H1: The historical price data is weak-form inefficient.
The autocorrelation value for a specific lag which is larger than two times the standard
deviation would be an indication of significant autocorrelation, suggesting that the
historical price data is not totally random. This would reject the null hypothesis that the
historical price data is weak-form efficient.
A correlogram was generated in Microsoft Excel for a visual representation of the
autocorrelation values. The correlogram gives an indication of where autocorrelation
values are significant, suggesting weak-form efficiency or inefficiency.
3.3.3.3 Unit roots test
EViews 7 software was used to conduct the unit roots test to analyse the historic price
movements of all three metal commodities.
The unit roots test can be defined as follows (Nisar & Hanif, 2012:418):
𝑞

∆𝜌𝑖𝑡 = 𝑎0 + 𝑎1 𝑡 + 𝜌0 𝜌𝑖𝑡−1 + ∑𝑖=1 𝜌0 𝜌𝑖𝑡−1 +∈𝑖𝑡

(6)
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with
𝜌𝑖𝑡 = price for the i-th market at time t
𝑞 = number of lagged terms
𝑎0 = is a constant
𝑎1 = estimated trend coefficient
The hypotheses for the unit roots test are defined as follows:
H0: The historical price data is non-stationary and there is unit root present.
H1: The historical price data is stationary and there is no unit root present.
The Augmented Dicky-Fuller (ADF) test statistic as determined by the EViews 7 software
is used to determine whether the historic price data is stationary or non-stationary. When
the unit roots test result (whether it is negative or positive depending on the ADF value)
is larger than the test statistic, it indicates that the data is stationary. If H0 is not rejected,
the results would suggest that the price data is non-stationary and there is unit root
present. This would imply that the historic price data is not random.

3.4

Results and discussion

The results and discussion are based on the research methodology in Chapter 2.
Microsoft Excel was used to conduct the descriptive statistics, runs test and
autocorrelations test. The EViews 7 software was used to conduct the unit roots test.
Results were formulated in tables and charts for discussion.
3.4.1 Descriptive statistics
Table 1 (see below) on page 33 shows the descriptive statistics of the time series data
for all three commodities over the sample period.
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Table 1: Descriptive statistics for gold, iron ore and platinum prices from January 2011 to
June 2017
Sample

Mean

Minimum

Maximum

Gold
Iron ore
Platinum

1372.84
104.21
1327.85

1060.30
39.58
832.20

1828.5
187.20
1875.05

Standard
deviation
206.86
42.66
293.08

Skewness

Kurtosis

Count

0.5962
0.1961
-0.0027

-0.9480
-1.2343
-1.1898

78
78
78

In Table 1, the mean of the gold price is $1 372.84 with a standard deviation of $206.86
out of 78 observations over the sample period. The data indicates positive skewness of
0.5962, suggesting most values in the lower portion of the distribution. The kurtosis of the
historic gold price data is negative at -0.9480, suggesting the distribution is less peaked
than a normal distribution.
The mean of the iron ore price is $104.21 with a standard deviation of $42.66 out of
78 observations over the sample period. The skewness of the data is slightly positive at
0.1961, suggesting more values in the lower portion of the distribution. The kurtosis of
the historic iron ore price data suggests a distribution which is less peaked than a normal
distribution with a negative value of -1.2343.
The mean of the platinum price is $1 327.85 with a standard deviation of $293.08 out of
78 observations over the sample period. The data indicates negative skewness of 0.0027, suggesting more values in the upper portion of the distribution. The historic
platinum price data indicated negative kurtosis of -1.1898, suggesting the distribution is
less peaked than a normal distribution.
The gold price appears to be the least volatile and the iron ore price the most volatile over
the sample period. Platinum price movement is the only commodity that has negative
skewness over the sample period in column 6 in Table 1 indicating a longer left tail in the
distribution. Gold and iron ore prices have a longer right tail in distribution. All commodities
indicated negative kurtosis, which suggests lower concentration close to the mean
compared to a normal distribution. The gold price data is the closest to a normal
distribution with the lowest kurtosis, seen in column 7 of Table 1.
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3.4.2 Runs test
Table 2 (see below) shows the runs test results for all three commodities over the sample
period.
Table 2: Runs test results for gold, iron ore and platinum prices from January 2011 to June
2017

Sample

Number of
observations

Number
above cutoff

Number
below cutoff

Number of
runs

Standard
deviation

Z-value

Z-critical
value

Gold
Iron ore
Platinum

78
78
78

29
39
44

49
39
34

5
4
2

4.095
4.387
4.314

-7.921
-8.206
-8.66

±1.96

In Table 2, the gold price data over the sample period had five runs, the highest number
of runs out of the three commodities. This indicates the most randomness compared to
the other commodities. The Z-value for the gold price data is -7.921. This is much less
than the critical Z-value of -1.96. As a result, the null hypothesis is rejected for the runs
test on historic gold prices over the sample period.
Historic data for iron ore prices over the sample period had four runs, the second highest
number of runs out of the three commodities in column 5 of Table 2. This indicates some
randomness in the iron ore price movement. The Z-value is equal to -8.206 for the iron
ore price, less than the critical Z-value of -1.96. As a result, the null hypothesis is rejected
for the runs test on historic iron ore prices over the sample period.
In column 5 in Table 2, the platinum price movement over the sample period had two
runs, the lowest number of runs out of the three commodities. This indicates even less
randomness compared to the other two commodities. The Z-value for the platinum price
movements over the sample period is equal to -8.660, less than the critical Z-value of 1.96. As a result, the null hypothesis is rejected for the runs test on historic platinum prices
over the sample period.
None of the commodities had a high number of runs over the sample period. All the Zvalues in column 7 of Table 2 were less than the critical Z-value of ±1.96. The null
hypothesis for randomness was rejected for all gold, iron ore and platinum price
movements over the sample period.
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3.4.3 Autocorrelations test
The following section shows the autocorrelations test results and correlogram chart for
each commodity over the sample period.
3.4.3.1 Gold
Table 3 (see below) shows the autocorrelations test results for gold prices over the
sample period.
Table 3: Autocorrelations test results for gold price movement from January 2011 to June
2017
Lag
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Autocorrelation
0.9330
0.8907
0.8554
0.8058
0.7748
0.7301
0.6670
0.6139
0.5714
0.5490
0.5283
0.4891
0.4549
0.4042
0.3581
0.3174
0.2751
0.2207
0.1557

Standard error
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132

Column 2 in Table 3 represents the autocorrelation values for the historic gold price data
for each lag in the first column. All the bold values are larger than two times the standard
error in the third column of Table 3. This is an indication of whether the autocorrelation
value at each lag is considered significant. Autocorrelation values from lag 1 to 17 in the
first column of Table 3 are significant. This indicates that there is autocorrelation from lag
1 to 17, suggesting price movement in lag 1 to 17 is not random. Lag 18 and lag 19 are
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less than two times the standard error. This indicates that price movements are random
over the last two lags.
Figure 9 (see below) is a correlogram of the lag values for gold prices over the sample
period from Table 3. The red bars on the chart indicate whether the autocorrelation value
is significant. The blue bars indicate whether the autocorrelations values are insignificant.
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Figure 9: Correlogram from autocorrelations results for gold price movement from January
2011 to June 2017

From Figure 9, it is evident that the autocorrelation values decline rapidly from lag 1 to 7.
It is clear from the chart that the autocorrelation values are decreasing closer to less than
two times the standard error. This would suggest that the gold price movement over the
sample period became more weak-form efficient. Overall, there are no sufficient
significant autocorrelation values to suggest weak-form efficiency for gold price
movement over the sample period. The null hypothesis can therefore be rejected.
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3.4.3.2 Iron ore
Table 4 (see below) shows the autocorrelations test results for iron ore prices over the
sample period.
Table 4: Autocorrelations test results for iron ore price movement from January 2011 to
June 2017
Lag
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Autocorrelation
0.9509
0.8886
0.8400
0.7947
0.7614
0.7375
0.7097
0.6693
0.6226
0.5795
0.5336
0.4855
0.4396
0.3998
0.3645
0.3321
0.3043
0.2708
0.2315

Standard error
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132

The second column in Table 4 represents the autocorrelation values for the historic iron
ore price data for each lag in column 1. Autocorrelation values from lag 1 to 19 in the first
column of Table 4 are significant. This is an indication that there is autocorrelation in all
the lags of historical iron ore data, suggesting that price movement is not random. Figure
10 (see below) on page 38 is a correlogram of the lag values for iron ore prices over the
sample period from Table 4. All the bars in Figure 10 are red, indicating that all
autocorrelation values are significant.
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Figure 10: Correlogram from autocorrelations results for gold price movement from
January 2011 to June 2017

It is evident from Figure 10 that the autocorrelation values decline right through all lags
closer to two times the value of the standard error. This is an indication that the iron ore
price movement over the sample period became more weak-form efficient. The
autocorrelations value never reached a level of insignificance, suggesting the price
movements are not random. The null hypothesis of random price movements can be
rejected.
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3.4.3.3 Platinum
Table 5 (see below) shows the autocorrelations test results for platinum prices over the
sample period.
Table 5: Autocorrelations test results for platinum price movement from January 2011 to
June 2017
Lag
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Autocorrelation
0.9299
0.8783
0.8319
0.7743
0.7349
0.7105
0.6600
0.5985
0.5751
0.5534
0.5309
0.5180
0.4865
0.4449
0.4157
0.3895
0.3755
0.3481
0.3133

Standard error
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132
0.1132

Column 2 in Table 5 represents the autocorrelation values for the historic platinum price
data for each lag. Autocorrelation values for all lags in the first column of Table 5 are
significant. This indicates that there is autocorrelation in all the lags of historical platinum
price movement, suggesting that price movement is not random.
Figure 11 (see below) on page 40 is a correlogram of the lag values for platinum prices
over the sample period from Table 5. Similar to the iron ore chart, all the bars in Figure
11 are red, indicating all autocorrelation values are significant.
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Figure 11: Correlogram from autocorrelations results for gold price movement from
January 2011 to June 2017

In Figure 11, the autocorrelation values decline right through all lags closer to two times
the value of the standard error. This indicates that the platinum price movement over the
sample period became more weak-form efficient. Similar to the iron ore chart, the
autocorrelations value never reached a level of insignificance, suggesting that price
movements are not random. The null hypothesis of random price movements can be
rejected.
3.4.4 Unit roots test results
Table 6 (see below) on page 41 shows a summary of the results for the unit roots test for
historic price data on gold, iron ore and platinum. For further detail on the unit roots test
results, refer to Tables 10 to 12 in the Appendix.
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Table 6: Unit roots test results
Commodity

1% level

5% level

10% level

Gold
Iron ore
Platinum

-4.081666
-4.083355
-4.081666

-3.469235
-3.470032
-3.469235

-3.161518
-3.161982
-3.161518

ADF test
statistic
-2.958346
-2.695176
-3.755658

The gold price movement over the sample period unit root test results is negatively larger
than the ADF test statistic on 1%, 5% and 10% level of significance. This is an indication
that unit root is present and the historic price data of gold is non-stationary. The null
hypothesis therefore cannot be rejected.
At 1%, 5% and 10% level of significance the iron ore price movement unit roots test results
are all negatively larger than the ADF test statistic. These results suggest that there is
unit root and iron ore prices are stationary. Therefore, H0 cannot be rejected for the
historic iron ore price data.
Platinum price movement over the sample period unit root results at 5% and 10% level of
significance, indicated negatively smaller results than the ADF test statistic. However, at
1% level of significance the unit root result is negatively greater than the ADF test statistic.
This suggests that there is still unit root present and platinum price movement over the
sample period is stationary. Therefore, the null hypothesis cannot be rejected.

3.5

Summary

Chapter 3 explains the research methodology that was followed to conduct this research.
Three different statistical tests that were utilised to determine whether the historical price
movement were explained. The results obtained from all three tests were discussed.
Chapter 4 entails conclusions that are drawn from the results obtained in Chapter 3.
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CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS
4.1

Introduction

The study examined the weak-form of the EMH in certain metal commodity price
movements. An empirical study was conducted on historical price data over a period
between January 2011 and June 2017. Three statistical tests were utilised to determine
whether the data over the sample period is weak-form efficient. This chapter draws
conclusions and recommendations for further studies are discussed.

4.2

Conclusions

4.2.1 Examining the weak-form efficiency of gold, iron ore and platinum
The results of the runs test indicated five runs for gold price movement over the sample
period. Even though gold price movement indicated the highest number of runs, the Zvalue of -7.921 did not fall within the ±1.96 critical Z-value and the null hypothesis for
randomness was rejected. The results of the autocorrelations test on historic gold prices
indicated significant autocorrelations for the majority of the lags. Only the last two lags of
the historic data had insignificant values. This occurrence rejects the null hypothesis that
successive price movement of gold is independent. Based on the runs test and
autocorrelations test, the historic gold price movement is not random and is also not
independent. The unit root test for gold price movement indicated that there is unit root
present and the historic data is non-stationary. The null hypothesis could not be rejected
in the unit roots test. Therefore, the study concludes that historic gold prices are not weakform efficient. This conclusion is consistent with the findings of previous studies on weakform efficiency of gold by O’Connor (2015) and Charles et al. (2014). The finding in the
results that prices became more efficient in the latter part of the sample period is
consistent with the literature in Chapter 2 stating that market efficiency may change over
time. This occurrence may be a result of the gold price becoming more volatile over the
last few years.
The runs test on historic iron ore prices indicated four runs. A Z-value of -8.206 falling out
of range of the critical Z-value of ±1.96 resulted in the null hypothesis for randomness
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being rejected. None of the autocorrelations values were below two times the standard
error for all lags over the sample period. This was expected due to the ongoing downward
trend of the iron ore price over the sample period; therefore, all autocorrelations values
were regarded as insignificant in the autocorrelations test. For this reason, the null
hypothesis for independence of the successive iron ore price movement was rejected.
Results from the unit roots tests indicated that the iron ore price movement is nonstationary and unit root is present; therefore, the null hypothesis could not be rejected. It
can be concluded that historic iron ore prices are weak-form inefficient.
Findings from the runs test conducted on platinum price movement over the sample
period indicated the least number of runs. The Z-value in the runs test was -8.660 and
does not fall within the ±1.96 critical Z-value; thus, the null hypothesis for randomness
was rejected. Results of the autocorrelations test on platinum price movement indicated
no independence for all lags over the sample period. The null hypothesis for
independence was therefore rejected. Unit roots test results indicated the presence of
unit root that suggests the historic platinum price data is non-stationary at a 1% level of
significance. The null hypothesis therefore could not be rejected. Based on the results of
the three statistical tests used in the study, it can be concluded that the platinum price
movement is weak-form inefficient over this sample period.

4.3

Achievement of the objectives of the study

4.3.1 Weak-form efficiency of iron ore versus precious metals
The secondary objective of this study was to investigate how weak-form efficiency of iron
ore, a non-precious metal, compares to precious metals such as gold and platinum.
Historical prices of iron ore and both precious metals indicated no randomness or
independence. The study concluded that iron ore and precious metals successive price
movements are similar with regard to weak-form inefficiency. However, it is important to
note that gold indicated significant autocorrelations on the last few of lags, suggesting an
increase in weak-form efficiency in the latter part of the sample period. Iron ore did not
indicate an increase in weak-form efficiency.
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4.4

Limitations and recommendations for future research

4.4.1 Limitations
The following limitations were identified during the study:


The study was only conducted on three metal commodities, namely gold, iron ore
and platinum. There are more metal commodities that could be tested for weakform efficiency;



A sample period of only 78 months between January 2011 and June 2017 was
used; and



An autoregressive model, such as the GARCH-model, can be used to evaluate
whether similar results are obtained as the tests used in this research.

4.4.2 Recommendations for future research
There are more metal commodities other than gold, iron ore and platinum that could be
tested for weak-form efficiency. Larger sample periods can also be considered when
testing weak-form efficiency of metal commodities. Previous research has shown that
market efficiency can be influenced by the sample period. The gold price movement
indicated an increase in weak-form efficiency which was supported by previous literature.
It would be of interest to investigate weak-form efficiency of gold over the following years.

4.5

Summary

In this chapter, conclusions were drawn based on the results obtained in Chapter 3.
Primary and secondary objectives of the research were summarised. The limitations of
the study were listed and recommendations for possible future research were discussed.
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APPENDIX
Table 7: Gold time series data
Month
January
February
March
April
May
June
July
August
September
October
November
December

2011
1333.8
1409.3
1438.9
1556
1535.9
1502.3
1628.3
1828.5
1620.4
1724.2
1745.5
1565.8

2012
1737.8
1709.9
1669.3
1663.4
1562.6
1603.5
1610.5
1684.6
1771.1
1717.5
1710.9
1674.8

2013
1660.6
1577.7
1594.8
1472.2
1392.6
1223.8
1312.4
1396.1
1326.5
1323.6
1250.6
1201.9

2014
1240.1
1321.4
1283.4
1295.6
1245.6
1321.8
1281.3
1285.8
1210.5
1171.1
1175.2
1183.9

2015
1278.5
1212.6
1183.1
1182.4
1189.4
1171.5
1094.9
1131.6
1115.5
1141.5
1065.8
1060.3

2016
1116.4
1233.9
1234.2
1289.2
1214.8
1318.4
1349
1306.9
1313.3
1271.5
1170.8
1150

2017
1214.5
1260.2
1254.5
1271.7
1282.5
1249.6
-

2013
150.86
154.64
139.87
137.44
124.66
114.75
127.43
137.05
134.19
132.57
136.32

2014
122.63
121.37
111.83
114.58
100.89
92.74
96.05
92.84
82.27
80.08
73.13

2015
67.2
62.61
56.94
51.36
60.39
62.33
51.51
55.28
56.35
52.9
46.1

2016
41.17
46.33
55.52
59.58
54.49
51.36
56.61
60.43
56.63
62.77
72.25

2017
80.4
88.07
86.84
69.97
60.71
56.01
-

Table 8: Iron ore time series data
Month
January
February
March
April
May
June
July
August
September
October
November

2011
179.6
187.2
174
179.1
168.6
164
173.1
177.4
177.5
150.4
135.5

2012
140.4
140.4
144.6
147.6
136.3
134.6
127.9
107.8
99.2
113.95
120.35
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Table 9: Platinum time series data
Month
January
February
March
April
May
June
July
August
September
October
November
December

2011
1796.15
1811.85
1775.45
1875.05
1827.25
1723.55
1785.15
1849.75
1527.6
1600.95
1564.4
1403.25

2012
1593.75
1678.35
1643.15
1573.8
1406.75
1449.35
1410.5
1540.15
1656.45
1570.3
1603.8
1543

2013
1677.1
1585.25
1575.35
1506.6
1456.75
1347
1442.95
1523.45
1405.05
1452
1362.8
1371

2014
1377.9
1445.9
1417.45
1426.95
1453.55
1486.9
1464.9
1424.6
1293.3
1237.05
1189.85
1209.15

2015
1240.9
1188.7
1139.55
1142.35
1111.55
1079.35
984.15
1007.35
907.75
987.35
832.2
892.5

2016
873.05
934.05
976.3
1080
981.1
1028.85
1152.9
1055.95
1032.8
981.7
910.65
905.65

2017
999.25
1022.3
953.4
950.5
949.95
927.7
-

Table 10: Gold price movement over sample period detailed unit root test results
Null Hypothesis: MONTHLY_CLOSING_PRICE_OF has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=11)

Augmented Dickey-Fuller test
statistic
Test critical values:

1% level
5% level
10% level

t-Statistic

Prob.*

-2.958346
-4.081666
-3.469235
-3.161518

0.1507

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MONTHLY_CLOSING_PRICE_OF)
Method: Least Squares
Date: 11/05/17 Time: 15:21
Sample (adjusted): 2011M02 2017M06
Included observations: 77 after adjustments
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Variable

Coefficient

Std. Error

t-Statistic
2.958346

MONTHLY_CLOSING_PRICE_OF(-1)

-0.179236

0.060587

C

300.9503

101.2537

@TREND(2011M01)

-1.428039

R-squared

0.107977

0.562566
Mean dependent
var

Adjusted R-squared

0.083868

S.D. dependent var

74.75815

S.E. of regression

71.5546

Akaike info criterion

11.41698

Sum squared resid

378884.5

11.5083

Log likelihood

-436.5537

Schwarz criterion
Hannan-Quinn
criter.

11.45351

F-statistic

4.478747

Durbin-Watson stat

2.181515

Prob(F-statistic)

0.014585

2.972241
2.538436

Prob.
0.0042
0.004
0.0132
1.093506

Table 11: Iron ore price movement over sample period detailed unit root test results
Null Hypothesis: MONTHLY_CLOSING_PRICE_OF has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic - based on SIC, maxlag=11)

t-Statistic

Prob.*

-2.695176
-4.083355
-3.470032

0.2416

1% level
5% level
10% level

-3.161982

Augmented Dickey-Fuller test
statistic
Test critical values:

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MONTHLY_CLOSING_PRICE_OF)
Method: Least Squares
Date: 11/05/17 Time: 15:32
Sample (adjusted): 2011M03 2017M06
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Included observations: 76 after adjustments

Variable

Coefficient

Std. Error
0.050526

t-Statistic
2.695176

MONTHLY_CLOSING_PRICE_OF(-1)
D(MONTHLY_CLOSING_PRICE_OF(1))

-0.136176

Prob.
0.0088

0.301844

0.111629

2.703999

0.0085

C

20.87081

8.919122

0.0221

@TREND(2011M01)

-0.202078

R-squared

0.148892

0.096296
Mean dependent
var

2.340007
2.098516

Adjusted R-squared

0.113429

S.D. dependent var

8.531059

S.E. of regression

8.032665

Akaike info criterion

7.056106

Sum squared resid

4645.707

7.178776

Log likelihood

-264.132

Schwarz criterion
Hannan-Quinn
criter.

F-statistic

4.198539

Durbin-Watson stat

1.85969

Prob(F-statistic)

0.008537

0.0394
1.726184

7.105131

Table 12: Platinum price movement over sample period detailed unit root test results
Null Hypothesis: MONTHLY_CLOSING_PRICE_OF has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=11)

Augmented Dickey-Fuller test
statistic
Test critical values:

1% level
5% level
10% level

t-Statistic

Prob.*

-3.755658
-4.081666
-3.469235
-3.161518

0.0244

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
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Dependent Variable: D(MONTHLY_CLOSING_PRICE_OF)
Method: Least Squares
Date: 11/05/17 Time: 15:34
Sample (adjusted): 2011M02 2017M06
Included observations: 77 after adjustments

Variable

Coefficient

Std. Error

t-Statistic

Prob.
0.0003

MONTHLY_CLOSING_PRICE_OF(-1)

-0.322885

0.085973

3.755658

C

569.5477

156.4176

3.6412

0.0005

@TREND(2011M01)

-3.856544

1.119674

3.444346

0.0009

R-squared

0.160382

Mean dependent
var

11.27857

Adjusted R-squared

0.13769

S.D. dependent var

84.18639

S.E. of regression

78.17603

Akaike info criterion

11.59398

Sum squared resid

452250.3

Schwarz criterion

11.6853

Log likelihood

-443.3684

Hannan-Quinn
criter.

11.63051

F-statistic

7.067675

Durbin-Watson stat

2.127632

Prob(F-statistic)

0.001552
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