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ABSTRACT 

The top-down investment approach is a practice implemented by investors to achieve 

superior returns. Stovall (1995) proposed sector investing (cycle theory) to guide 

investors in their identification of undervalued (and thus potentially higher-yielding) 

securities for inclusion in their portfolios. Sector investing is vulnerable to the 

misidentification of the business cycle, potentially leading to the subsequent incorrect 

demarcation of the six business cycle phases (Stovall, 1995). Securities selected from 

sectors at the wrong phase of the business cycle might lead to inferior portfolio 

assembly. This could result in unrealised profits or even potential losses.  

Fourier analysis was used to identify and isolate the South African business cycle (and 

hence, the component phases of the business cycle). Securities were selected from 

the relevant phases according to Stovall (1995) and the performance of the resultant 

portfolios were analysed in historical periods. Sector performance evaluated during its 

relevant business cycle phase (as suggested by Stovall, 1995), was statistically 

compared with remaining sectors’ performances. The results indicate that in each 

case, Stovall’s (1995) proposed sector performance is the superior one. This suggests 

that cycle theory remains a profitable practice and is superior to the market benchmark 

(ALSI).  

Application of the various performance measurement ratios (Sharpe, Treynor, 

Jensen’s Alpha, Omega and Information) led to the conclusion that the potential exists 

for implementing an enhanced portfolio selection (i.e. the inclusion of certain securities 

and the exclusion of others improves portfolio performance). These performance 

measures further verify that the optimal portfolios were deemed ‘superior’ according 

to cycle theory. 

Key words:  Business cycle, CAPM, Comparison of Means, Fourier analysis, 

Markowitz efficient frontier, Sharpe, Treynor. 
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 CHAPTER 1: INTRODUCTION AND BACKGROUND 

 

1.1. Introduction 

Emerging markets tend to differ considerably from developed markets in numerous 

ways. One of these distinguished features is higher market volatility (Bekaert & 

Harvey, 1997:30). Emerging markets are also more exposed to shocks caused by 

regulatory changes, exchange rate deviations, and political and economic crises 

(Bekaert, Erb, Harvey & Viskanta, 1998:102; SARB, 2010:1). These shocks tend to 

cause security prices to decrease or increase substantially. According to Casarin and 

Trecroci (2006:2), there are two main reasons as to why asset prices might experience 

a boom in the market. The first is a permanent increase in the total factor productivity, 

which can result in higher earnings levels and thus lead to possible higher security 

market valuations. The second is non-fundamental in nature, i.e. shocks in the housing 

or equity markets due to over optimism about future returns and productivity, resulting 

in significant changes in the short- to medium-term periods (Casarin & Trecroci, 

2006:2).  

These underlying reasons not only contribute to security price volatility but can also 

reduce investors’ ability to successfully identify under- and over-valued securities, and 

in the process also impede optimal portfolio allocation. This implies that security prices 

which are more volatile can be a direct result of greater uncertainty about earning 

prospects, making it difficult to identify superior securities (Casarin & Trecroci, 2006:2). 

Understanding volatility in emerging markets is, therefore, an important factor to 

consider in investment and asset allocation decisions (Bekaert & Harvey, 1997:29). 

The determination of superior securities, in terms of risk-adjusted returns, is a further 

contributing factor to ensure optimal portfolio construction. To identify these securities, 

several investment strategies can be consulted to evaluate each security accordingly.  

Research on asset valuation done by Dzikevičius and Vetrov (2012:37) indicates that 

security prices and the state of the economy are positively correlated. However, 

Andersen, Bollerslev, Diebold and Vega (2007:252) argued that the equity market 

reacts differently to good and bad news, depending on the stage of the business cycle. 

(Andersen, Bollerslev, Diebold & Vega, 2007:275) further found that “good news” 
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during expansion phases influences securities negatively but has an inverse effect on 

securities during contraction phases. This is accentuated by Dzikevičius and Vetrov 

(2012:37), who stated that a rise in total security returns can be considered as the 

result of an expanding economy. This is especially true where fixed-income debt 

instruments, in contrast, are expected to perform better during economic downturns. 

All of these expectations contribute to the increase in volatility. Therefore, the outcome 

of the increased volatility as a result of the global financial crises has led to significant 

changes in market conditions, making the use of the business cycle as an investment 

tool to reconstruct portfolios a necessity. Considering all the points mentioned above, 

it becomes evident that the identification of superior securities is a daunting task. The 

analysis of global factors and the identification of superior risk-adjusted securities, 

through the use of the business cycle, forms part of the fundamental,1 top-down 

investment approach.  

The top-down investment approach is a more logical investment strategy than the 

bottom-up approach is and has also proved to be an efficient way of formulating an 

investment strategy (Reilly & Brown, 2012:342; Crescenzi, 2009:2). In this study, the 

focus will be on the top-down investment approach for its logic and empirical support, 

rather than the bottom-up approach (Reilly & Brown, 2012:310). The top-down 

approach furthermore supports the belief that both the economy and the industry have 

a significant impact on the total returns of securities, whereas the bottom-up approach 

is more of a stock-picking approach, designed to identify undervalued securities 

relative to their market price and might provide the investor with superior returns, 

regardless of the industry and market outlook (Reilly & Brown, 2012:310).  

The three tiers of the top-down investment approach is very broad in nature, when 

considering international and national macroeconomic indicators such as Gross 

Domestic Product (GDP) exchange rates, and inflation and interest rates (Reilly & 

Brown, 2012:312). A change in these macroeconomic indicators translates into 

disparities in the “fundamentals” that affect asset prices (Dzikevičius & Vetrov, 

2012:37). This implies that these macroeconomic indicators have a direct result on 

how asset allocation is made, based on the economic prospects of a country (Reilly & 

                                                           
1 Fundamental analysis refers to the process of analysing the macroeconomic, industry and company specific 

factors influencing the risk and return characteristics of an investment (Marx et al., 2010:75). 
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Brown, 2012:312). The first step of the top-down approach is therefore the analysis of 

macroeconomic indicators.  

The second step of the top-down investment approach entails an industry analysis, 

where sectors that are believed to gain from economic prospects are identified. During 

this step, the seasonally adjusted quarterly GDP data will normally be considered to 

construct a full economic cycle. The economic cycle serves as a foundation for the 

identification of the different phases. The economic cycles can easily change if the 

economy experiences a shock that has not been anticipated. As stated above, security 

markets react differently to the arrival of new information, i.e. good news as opposed 

to bad news, depending on the state of the economy, which is determined based on 

the current status of the economic cycle (Andersen et al., 2007:252). Based on the 

nature of the economic cycle, theory suggests that during certain phases of the cycle, 

there will be certain sectors that would outperform the market (see Figure 1.1), the 

identification of which can serve as guidance to identify early buy signals that could 

lead to superior returns (Emsbo-Mattingly, Hofschire, Litvak & Lund-Wilde, 2014). 

 

 

Figure 1.1: Economic cycle and relative stock performance. 

Source: Stovall (1995). 
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Once the sectors have been identified that are believed to outperform the market, then 

specific securities can be identified and evaluated, from which an investment portfolio 

can be constructed based solely on historical performances of the companies in that 

sector. The company valuation stage is where undervalued companies are identified 

that are expected to benefit most in that specific sector (Marx, Mpofu, de Beer, Nortjé 

& van de Venter., 2010:76). Benson, Gray, Kalotay and Qiu (2008:446) stated that, 

over the past 50 years ending 2008, numerous performance metrics have been 

proposed alongside a considerable amount of literature evaluating the ability of 

managed portfolios to outperform certain benchmarks. Although these papers may 

differ in terms of their degrees of sophistication, they all mostly focus on some form of 

risk-adjusted performance measurements (Benson et al., 2008:446). 

This can be done by means of a performance evaluation process which revolves 

around the mean-variance optimisation. According to Bekaert, Erb, Harvey and 

Viskanta (1998:102), the traditional mean-variance analysis is, to some extent, 

problematic with respect to emerging markets, especially regarding variance, as the 

risk measure proxy and also other measures, such as standard deviation and beta, 

which are based on the variance. In these instances, emerging market returns 

displayed significant higher moments (kurtosis and skewness), which traditional risk 

measures fail to account for (Bekaert et al., 1998:103). Another downside to the 

traditional mean-variance analysis approach is that it does not take higher moments 

into consideration, leading to the variance displaying flawed perceptions of the actual 

risk (Harlow, 1991:29). This tends to influence the reliability of traditional performance 

measures, which can lead to ambiguous investment decisions being made (Van 

Heerden, 2015:209). Brooks and Kat (2002:26) also argue that for this reason, 

traditional performance measures are most likely to overestimate the real risk inherent 

in the asset classes under evaluation.  

According to Aparicio and Estrada (2001:1), the general assumption regarding the 

daily returns is that data are normally distributed. This premise is rejected by Aparicio 

and Estrada (2001:1) and supported by Van Heerden (2015:15) who argues that non-

normal returns can be present in monthly, weekly and daily frequencies, with certain 

exceptions to lower frequencies that tend to display less non-normal returns. 

Therefore, risk-adjusted performance measures that also assume normality must be 

averse to the effect of non-normality and higher moments during volatile periods, such 
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as the global financial crises (Van Heerden et al., 2014:176). Although mean-variance 

is typically used as for portfolio optimisation, it may not be most optimal tool for 

portfolios with non-normal returns (Page, 2006:26). 

1.2. Problem statement 

Through the top-down investment approach, it is evident that complications can easily 

arise in any one of the three tiers of evaluation. Problems can occur in the form of 

wrongful estimation of the business cycle or when a distinction has to be made 

between the six different phases of the business cycle. Therefore, the selection of the 

wrong sector can lead to the inclusion of securities that are not regarded as 

theoretically correct. This might lead to potential profits not being realised, or even 

possible losses occurring. When considering this, the validity of the current top-down 

investment theory sector selection comes into question.  

1.3. Research question 

Are the securities selected via the business cycle in the top-down investment approach 

still considered to be an effective investment strategy to guide the investment decision-

making process?  

1.4. Objectives 

The objective of this study is to test the validity of securities included in sector investing 

(Stovall, 1995) and which will be identified based upon a security’s market 

capitalisation, and which will then be included during a specific phase of the business 

cycle. The identification of superior securities will be done through the use of various 

risk-adjusted measures, which will be used as a method to determine whether a 

security has, in fact, outperformed the market. For the purposes of this study, the JSE 

All Share Index will be used as a benchmark for the market to determine whether a 

security has in fact outperformed the market. The following approaches will be 

considered and compared to one another to determine whether investing in sectors 

based on the business cycle is, in fact, the superior method to follow:  

 Each phase of the sectors has a start and end date, but to accurately determine 

the start and end date of all the phases in the business cycle, Fourier analysis 

will be applied. Once the dates are established, a portfolio can be constructed 
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to invest in securities that are theoretically expected to perform the best in the 

first phase. At the end of the first phase, the portfolio will be entirely 

reconstructed to invest in securities of the second phase, and so on. In other 

words, an active management strategy is followed.  

To accomplish the objective described above, certain assumptions and limitations 

have to be set, which will restrict one from deviating from the goal of the study. These 

assumptions and limitations are considered as important guidelines, and it is therefore 

imperative not to exclude any of them. 

1.4.1. Assumptions 

For the purposes of this study, only one assumption will be drawn, and that is that the 

investor cannot reconstruct the portfolio on a monthly or weekly basis. If the portfolio 

is reconstructed on a monthly or weekly basis, it will then be contradictory to the theory 

because the performance measurements conducted will display controversial results. 

The reason for this is that, because performance measures are “backward looking” 

and will display more favourable results for past sectors, relative to the one currently 

under evaluation, the market would then already have run its course. The purpose, 

therefore, is to determine whether the current sector under evaluation is in fact starting 

to display the promising growth that theory predicts it to be.  

1.5. Research Methodology 

The research methodology of this study is divided into two parts, the literature review 

and an empirical study. The research method will provide the reader with a compilation 

of literature studies conducted on the business cycle, Fourier analysis, the CAPM, all 

the various performance measures, the Markowitz efficient frontier, and normality 

criticisms. All of these will be used to compile a relevant literature basis that will enable 

us to perform an empirical study alongside all of the objectives set forth. In meeting all 

the objectives, an answer to the research question is provided, and through providing 

an answer to the research question, the problem will be solved. The empirical study 

will therefore consist of the construction of the business cycle, the construction of an 

efficient frontier, a comparison of means and an evaluation of the performance of the 

securities selected, based on various risk-adjusted performance measures.  
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1.6. Literature Review 

The research presented on previous findings in the literature study will support the 

results of the empirical study. The first topic of discussion in the literature review will 

be the CAPM, followed by the business cycle. To fully understand its role, the business 

cycle has to be examined by using leading and lagging indicators, and by identifying 

what factors influence turning points. Another topic of enquiry will be examined by 

through looking at the over-all concept of the various risk-adjusted performance 

measures and the Markowitz portfolio optimisation allocation. Historical studies on the 

normality of data will also be examined. This chapter will, therefore, present the reader 

with a basis of what previous studies have found to develop the methodology needed 

in this study. 

1.7. Chapter outline 

A summarised outline of the chapters in this dissertation is presented as follows: 

1.7.1. Chapter 2 

The literature of this study will be divided into two chapters, with Chapter 2 being the 

first part of the literature study. Chapter 2 will comprise information on the investor’s 

decision-making process, thus reflecting on how the investor thinks and what tools he 

or she uses to identify securities. Additionally, the history of the CAPM will be looked 

at, together with its importance, which is followed by Markowitz’s portfolio optimisation 

and the role of the mathematics behind portfolio construction. The chapter will 

conclude with a descriptive explanation as to how business cycles are formed and 

how distinctions are made between all phases. 

1.7.2. Chapter 3 

In this chapter, the link between the efficient frontier and the traditional performance 

measures selected will be discussed. Furthermore, an analysis of performance 

measures regarding their goals, advantages and disadvantages will be done.  
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1.7.3. Chapter 4  

The methodology chapter comprises an explanation of the type of data that will be 

used, together with the various sources used to accumulate the data. This will be 

followed by a discussion of the process of how the investment period was identified 

through looking at Fourier analysis and the mathematics behind the construction of 

these filters. The methodology chapter discusses how the efficient frontier will be 

constructed. Chapter 4 concludes with a comparison of means and the pivotal role the 

outcome plays in further validating Stovall’s (1995) theory of sector investing.  

1.7.4. Chapter 5 

This chapter displays the empirical results generated by the determination of phases 

and via Fourier analysis, and is followed by the construction of the efficient frontier that 

will display the most optimal portfolio allocation, based on the mean-variance 

optimisation process. The results suggest that superior performances are still possible 

when applying the theory of sector investing strategy as part of the top-down 

investment approach.    

1.7.5. Chapter 6 

This final chapter presents a summarised version of the findings and describes how 

the problem was resolved, together with concluding remarks and provides future 

research possibilities.  
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 CHAPTER 2: INVESTMENT THEORY 

2.1 Introduction 

Investors often have different objectives for investing: some invest with the intention 

of financing higher consumption, while others make longer-term investments to 

assure higher income at retirement. Identifying the optimal combination of 

undervalued securities, given the vast number of securities available, is an important 

decision (Qureshi & Hunjra, 2012:1). Furthermore, the availability of information is an 

ever-increasing aspect, which only further emphasises the dire need for making better 

calculated decisions about the potential risks involved when undervalued securities 

are assessed. The outcome of an investor’s reaction to the information is a direct 

result of the investor’s decision-making process. For instance, a portfolio is guided by 

specific set of rules outlined at the beginning of the investment process, called the 

‘investment policy statement’. The policy statements of investors consist mostly of the 

investors’ financial goals, their risk appetite, and their objectives. Thus, if an investor 

is presented with an investment opportunity that satisfies all of the requirements set 

forth in the investment policy, then the decision-making process will commence to 

evaluate the risk-return relationship (Section 2.2) of that investment.  

Every investor has a certain required rate of return that they wish to achieve on their 

investment. This, however, is not always achievable, which is where the concept of 

risk is introduced. The required rate of return is therefore used to determine whether 

the investor will be willing to make the investment, given the level of associated risk. 

The expected rate of return, therefore, is determined by identifying securities’ rates 

of return, and investors will invest in them in accordance with their adopted 

investment policies. Asset pricing models (Section 2.3), such as the Capital Asset 

Pricing Model (CAPM), enable investors to account for the risk exposures in the 

calculation of their required rates of return. Once the required rate of return is 

determined, investors can then proceed to identify potential securities that would fulfil 

these requirements. The process of identifying the potentially undervalued should be 

undertaken in a timely manner. Cycle theory suggests that certain sectors outperform 

others during a specific phase of the economic and market cycle (see Stovall, 1995; 

Bolten & Weigand, 1998; Thorp, 2003; Stangl, Jacobsen & Visaltanachoti, 2009; 

Jacobsen, 2010; Dzikevičius & Vetrov, 2012). Therefore, evaluating the results 
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obtained from these asset pricing models, together with the information gained from 

risk-adjusted performance measures (Chapter 3) and sector investing (Section 2.9), 

will assist the investor to either support or eliminate a security as a feasible investment 

opportunity.  

The use of an asset pricing model will allow an investor to identify under- or over-

valued securities, whereas the risk-adjusted performance measures, relative to each 

sector, will provide a more in-depth exploration of past security return performances 

from different risk perspectives. The number of securities to be included in a portfolio, 

however, is to be determined through the mean-variance optimisation approach. 

There is, however, still no clear consensus as to the specific or combination of risk-

adjusted performance measures that should be used to determine whether the sector 

rotation strategy is a profitable investment approach. Thus, an alternative process of 

investing and evaluation, such as a comparison of means (Easton & McColl, 1997; 

Chapter 4), used in collaboration with performance measures, can be used to test the 

validity of cycle theory. This chapter will start with the essential principals of the 

investment decision-making process, with the aim of constructing an optimal portfolio. 

2.2 Risk versus Return 

Any financial decision bears some degree of uncertainty, which can be a cause of 

liquidity risk, business risk, financial risk, currency risk, convertibility risk, ‘callability’2 

risk or even political risk (Peirson et al., 1995:134; Marx et al., 2010:5). Little attention, 

however, has been given over the years as to what the causes are of these risks and 

how they should be defined. To make an informative investment decision, investors 

should understand the different causes of risks, how they are measured, and what the 

influences of these risks would be on the expected rate of return (Peirson et al., 

1995:134). A general assumption made is that if an investor wants to earn a high 

expected rate of return, the investor must be prepared to be exposed to a great degree 

of uncertainty (or risk) (Hirschey & Nofsinger, 2010:92).  

                                                           
2 The National Association of Securities Dealers Automated Quotations (NASDAQ) defines ‘callability’ 

as security feature that enables the issuer to redeem the security before its time for maturity by call-
ing it in, or forcing the security holder to sell it back (NASDAQ, 2011).  
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Considering the various definitions of risk, different authors3 have different opinions 

about what the definition should entail. Heymans (2016:250) argues that all of the 

different definitions regarding risk share certain similarities, which can be divided into 

three main components. The first one being that there is always a point made 

regarding uncertainty; the second is the probability that an uncertain event can occur; 

and the third is that the results will always be negative (Heymans, 2016:250).  

2.2.1 Systematic and Unsystematic Risk 

Investors tend to avoid risk as far as possible, but some risks are unavoidable (Peirson 

et al., 2012:169). The price of a security is generally determined by the expected 

return, the time value of money, and the risk. When it comes to risk, however, little 

attention has been given to how it should be measured (Peirson et al., 2012:169). 

Total risk (as measured by the variance or the standard deviation) is divided into two 

components: systematic risk and unsystematic risk (Strong, 2009:168). Investors are 

exposed to both types of risk when making investment decisions (Marx et al., 

2010:36).  

Systematic risk, alternatively referred to as undiversifiable or market risk, is mainly 

caused by factors influencing the entire market (Strong, 2007:24; Marx et al., 2010:36). 

Systematic risk is calculated by making use of the standard deviation of returns, 

relative to the market portfolio (Reilly & Brown, 2012:200). The standard deviation 

tends to change when there is a change in the underlying economic forces such as 

the exchange rate, interest rate, or inflation rate, that have an influence on the entire 

market and therefore on the valuation of risky assets (Reilly & Brown, 2012:200; Marx 

et al., 2010:36). Systematic risk is measured through Beta (β), which is a measure of 

the sensitivity of a security’s returns relative to the market portfolio (Gruber, 2003:11). 

Unsystematic risk, on the other hand, is also known as unique, firm-specific or 

diversifiable risk, and can be reduced or entirely removed through diversification until 

only systematic risk remains (Hirschey & Nofsinger, 2010:132). It is therefore 

necessary to understand what the amount of return volatility is, specific to an individual 

company, to measure the unsystematic risk that a security is exposed to (Hirschey & 

Nofsinger, 2010:132).  

                                                           
3 See also Denenberg (1964), Luhmann (1996), Valsamakis et al. (2004); Rachev, Stoyanov and Fabozzi 

(2011:147) and Reilly and Brown (2012:9). 
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In part B of Figure 2.1 below, the relationship between systematic and unsystematic 

risk is displayed, and it becomes apparent that it is a crucial aspect of any investment 

to ascertain which part of the total risk can be reduced or eliminated through 

diversification until only systematic, firm specific-risk (part A of Figure 2.1) remains 

(Reilly & Brown; 2012:202; Bodie, Marcus & Kane, 2012:149). A fully diversified 

portfolio that incorporates a mean-variance optimised portfolio4 strategy is considered 

to be the most suitable method for reducing the risk, and at the same time, gaining the 

best returns. This method of investing is known as the Markowitz diversification, which 

is an analytical process that includes the combination of securities that are not 

positively correlated, thus forming efficient portfolios (Francis, 1993:599). It is 

important to remember that no amount of diversification can entirely remove all the 

risk, but it should still be done to avoid unnecessary risk being added. 

 

Figure 2.1: Systematic and unsystematic risk. 

Source: Bodie et al. (2012:149). 

A general definition of risk could therefore be presented as the probability of some 

negative event occurring, and since risk includes some form of probability, it is only 

logical that the measurement of risk would also include a probability (Heymans, 

2016:250). In other words, risk is connected to the dispersion of the distribution, which 

suggests that if the distribution is more widespread, it will suggest that there is a 

greater risk involved (Peirson et al., 1995:135). According to Rachev, Stoyanov and 

Fabozzi (2011:150), the perfect risk measure is yet to be developed, which is mainly 

because of the lack of a functional definition of risk. A risk measure, therefore, only 

                                                           
4 See Section 2.6. Markowitz Portfolio Theory 
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captures part of the characteristics of risk, suggesting that all risk measures are 

imperfect.  

The determination of risk is accomplished in two ways: through ascertaining the 

variance and the standard deviation of the estimated distribution of expected returns 

(Reilly & Brown, 2012:12). The most popular, and useful, method is measuring the 

standard deviation of returns around a mean (Bodie et al., 2012:116; Peirson et al., 

2012:170; Heymans, 2016:250). To understand how risk is calculated, an estimation 

of what the expected return will be on an investment should first be done. The 

reasoning behind this is that an investor has a required rate of return and with it comes 

risk; thus, knowing the required rate of return is essential for determining the risk. The 

expected return can be portrayed as follows (Peirson et al., 2012:170):  

𝐸(𝑅) = ∑ 𝑅𝑖𝑃𝑖

𝑛

𝑖=𝑖

 (2.1) 

where: 

𝐸(𝑅) are the expected returns; 

𝑃𝑖 are the probabilities of the returns occurring; and 

𝑅𝑖 are the historical returns. 

While (2.1) is straightforward, the risk measure used is more complex (Peirson et al., 

2012:170). If an investor could predict with perfect certainty, then the need for a 

probability distribution would not be considered, seeing that there would then be no 

deviation from expectations, implying no risk. However, as seen in (2.2), the larger the 

variance (2) for an expected rate of return, the greater the average squared distance 

will be between the values of the expected returns and its mean (Hill, Griffiths, Judge 

& Reiman, 1997:19). The variance of a distribution of returns is represented through 

the weighted average of the square of each return’s deviation from the expected return 

and by using probabilities as the weights (Alenius, 2009:2). Knowing that a trade-off 

exists between risk and return, the investor can now also quantify risk by using (2.1), 

which is known as the variance, and (2.2) which is the standard deviation. Reilly and 

Brown (2012:12) describe the variance as follows: 
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𝜎2 = ∑(𝑃𝑖)[𝑅𝑖 − 𝐸(𝑅𝑖)]2

𝑛

𝑖=1

 (2.2) 

where: 

2 is the variance; 

𝑛 is the number of possible states; 

𝑃𝑖
 is the probability;  

𝑅𝑖 is the possible returns; and 

𝐸(𝑅𝑖) represents the expected returns. 

The variance captures risk with a single number, which is the squared deviation from 

the mean (Bodie et al., 2012:116). The standard deviation is the square root of the 

variance (Rachev et al., 2011:15; Peirson et al., 2012:171). Similar to the variance, 

the standard deviation measures the distribution spread, but has the advantage of 

being in the same unit of measure as the expected rate of return (Hill et al., 1997:20). 

The standard deviation of a single security is: 

𝜎 = √∑(𝑃𝑖)[𝑅𝑖 − 𝐸(𝑅𝑖)]2

𝑛

𝑖=1

 (2.3) 

where: 

𝜎 is the standard deviation; 

𝑛 is the number of possible states; 

𝑃𝑖 is the probability;  

𝑅𝑖 is the possible returns; and 

𝐸(𝑅𝑖) represents the expected returns (Reilly & Brown, 2012:13). 

The outcome of the standard deviation will always be a positive number, and if 

coincidentally the result = 0, then the expected return would be equal to its mean with 

a probability = 1, suggesting that returns are not random (Rachev et al., 2011:151; 

Bodie et al., 2012:116).  
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The standard deviation is the most commonly used risk measure, but at times this 

measure is not the appropriate measure (Alenius, 2009:5). The issue regarding the 

overuse of this measure is that investors often assume that returns on an investment 

are normally distributed when in fact in most instances that is not the case (Peirson et 

al., 2012:171). If market returns are volatile, then neither variance nor standard 

deviation will be suitable measures, seeing that they will generate misleading results 

and flawed perceptions of what the actual risks are (Harlow, 1991:28-29; Peirson et 

al., 1995:142).5  

The standard deviation, although easy to implement, only captures part of the 

characteristics of risk and does not provide the investor with a reliable, all-inclusive 

perception of actual risk, thus leading to more ambiguous results (Harlow, 1991:39; 

Alenius, 2009:5; Rachev et al., 2011:150). This is especially true when the investor is 

confronted with non-normal distributions when both the skewness and kurtosis of the 

return distributions are taken into account (Kat, 2003:75). According to Rogers and 

Van Dyke (2006:50), the skewness describes the degree of asymmetry of a 

distribution around the mean. Negative skewness implies that the return distribution 

has a fat tail extending towards more negative values, and vice versa. Knowing this, 

a major drawback of the standard deviation is that it will penalise symmetrically of both 

the positive and negative returns (Rachev et al., 2011:159).  

Another drawback of the standard deviation is that it accepts that all investors agree 

on a similar measurement of risk for investments (Alenius, 2009:5). However, not all 

investors have similar goals when it comes to constructing a portfolio, which implies 

that investors’ risk appetites differ from one another. Some investors are risk seekers 

and want to take on considerable risk, while others are more risk averse and avoid risk 

as far as possible. The investors’ wealth and age often dictate different perceptions of 

the degree of risk in a given investment (Riddles, 2001:93). This can be seen from an 

investor’s utility function. The investor’s expected return preference is dependent on 

the investor’s attitude towards risk (Peirson et al., 2012:173).  

There are three types of investors, as seen in Figure 2.2: those who attach (1) 

increasing utility to each increment of wealth (risk seeking), (2) equal utility to each 

                                                           
5 See Chapter 3, Section 3.2 on the use of the standard deviation.  
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increment of wealth (risk neutral investors), and (3) decreasing utility to each 

increment of wealth (risk-averse investors) (Peirson et al., 1995:138).  

 

Figure 2.2: Utility-to-wealth for the various types of investors. 

Source: Peirson et al. (1995:139). 

According to Hirschey and Nofsinger (2010:109), investors will obtain either utility or 

disutility from an investment. Utility usually goes along with an increase in the expected 

rate of return, whereas disutility is caused by an increased amount of risk, causing the 

investor to suffer a mental loss – implying that investors are more risk averse. The 

main goal of an investor is to obtain investments that provide the investor with the 

maximum expected rate of return for a given level of risk (Hirschey & Nofsinger, 

2010:109).  

Various models have been developed over the past 60 years ending 2012 that assist 

the investor in observing the risk–return relationship (Bodie et al., 2012:193). In the 

following section, the Capital Asset Pricing Model (CAPM) and the Arbitrage Pricing 

Theory (APT) will be discussed.  

2.3 The Single-Factor Model: Capital Asset Pricing Model 

During the 1960s, four economists simultaneously and independently discovered the 

CAPM, describing security returns. The model was first introduced by Treynor (1962), 

Sharpe (1964), Lintner (1965) and Mossin (1966), all of whom developed the same 

model that describes security returns, mostly building on the earlier work of 
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Markowitz’s modern portfolio theory (Fama & French, 2004:26; Asteriou & Hall, 

2015:87).  

Due to its utility and simplicity in a variety of situations, the CAPM remains the most 

widely used model for empirical finance applications, such as the evaluation of 

portfolios and estimating the cost of capital for firms (Fama & French, 2004:25; 

Asteriou & Hall, 2015:87). Investors require a certain rate of return that will reward 

them for bearing a certain amount of risk. The development of the CAPM simplifies 

the process of asset pricing through calculating the amount of risk taken for a certain 

amount of return. Throughout this chapter, an explanation of the formula used in the 

model will be presented, as well as assessments both for and against the CAPM. 

The CAPM is one of a few major contributory mechanisms of academic research for 

financial managers, providing estimates for the expected returns of an investment 

(Jagannathan & Wang, 1996:4; Suh, 2009:2). To ascertain how assets are priced, the 

required model should be constructed (Sharpe, Alexander, & Bailey, 1999:195). The 

model builder should only focus on the most important elements, rather than looking 

at the full complexity of the situation (Sharpe, 1999:195). This can be achieved through 

making certain assumptions about the environment that lead to the rudimentary 

version of the CAPM (Bodie, Kane & Marcus, 2010:190). Whether the assumptions 

made are reasonable or not remains irrelevant, keeping in mind that the aim of any 

model is to assist one to better understand and predict the process being modelled 

(Sharpe et al., 1999:195).  

According to Friedman (1953:8), the “assumptions” of a theory should not be based 

on whether they are “realistic” or not but should rather on whether or not they are 

adequate approximations for the purpose they are attempting to describe. The only 

way to determine the validity of the assumptions is to check if they produce accurate 

predictions (Sharpe et al., 1999:195).  

To fully understand the CAPM, certain assumptions are made (Bodie et al., 2010:190): 

 Portfolios are evaluated based upon the expected returns and standard 

deviations of portfolios over one identical holding period (Sharpe et al., 

1999:195; Lofthouse, 2001:45). The one-period time horizon of a holding period 

can vary from one month to a year (Marx et al., 2010:38); 
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 Given a choice between two identical portfolios and keeping in mind that 

investors are risk-averse, investors will always choose to optimise the portfolio 

through reducing the risk () and increasing expected returns, i.e. investors are 

mean-variance optimisers (Sharpe et al.,1999:195; Marx et al., 2010:38). 

Investors are, therefore, Markowitz-efficient, seeing that they aim to invest in 

tangent points on the efficient frontier (Reilly & Brown, 2012:196); 

 Investors can borrow and lend unrestricted amounts at a risk-free rate (𝑅𝑓) of 

returns (Sharpe, 1999: 195; Marx et al., 2010:38). In general, it is more 

plausible to lend money at a nominal risk-free rate, given that risk-free securities 

such as T-Bills can always be bought, which is not always the same for 

borrowing at that same level (Reilly & Brown, 2012: 196);  

 All investors have homogeneous expectations (Hirschey & Nofsinger, 

2010:138). This means that all investors have analysed securities in the same 

way and have ended up with the same probability distributions for future rates 

of return (Marx et al., 2010:38; Bodie et al., 2010:190); 

 Individual assets/investments are indefinitely divisible, meaning that an investor 

can buy or sell fractional shares, if so desired (Sharpe et al., 1999: 195; Reilly 

& Brown, 2012:196). This implies that security prices cannot be affected by an 

investor’s single trades (Bodie et al., 2010:190). This assumption demonstrates 

the same characteristics as the perfect competition assumption made in micro-

economics (Bodie et al., 2010:190); 

 There is no inflation, and changes to inflation and interest rates can be 

predicted (Marx et al., 2010:38); 

 Transaction costs and taxes are irrelevant when it comes to the buying and 

selling of assets (Lofthouse, 2001:45; Marx et al., 2010:38); 

 Capital markets are in equilibrium, which means that assets are correctly priced 

in line with their risk levels (Hirschey & Nofsinger, 2010:128; Marx et al., 

2010:38; Reilly & Brown, 2012:196); and  

 Information is free and available to all investors (Sharpe et al., 1999:196). 

A discussion on the disadvantages of the CAPM is imperative and will be discussed 

later in this chapter when the CAPM is compared to an alternative model. Building on 
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the assumptions made, the CAPM suggests that, after adjusting for investment risk as 

measured by 𝛽, it will still be possible to use relevant information of a security or firm 

to develop a lucrative trading strategy (Reilly & Brown, 2012:230). To understand the 

adjustments made for investment risk, a better understanding is required of how the 

risk denominator (𝛽) is calculated. 

2.3.1 The calculation and interpretation of 𝜷

𝛽 is defined as the sensitivity or response of an asset’s return to the non-diversifiable 

market risk factor (Hirschey & Nofsinger, 2010:674). The most widely used 𝛽 is the 

market 𝛽 where the underlying factor is the market (Lofthouse, 2001:534). A greater 

𝛽 value represents a steeper slope, indicating that there is more systematic market 

risk associated with an individual security; the level of risk associated with a particular 

security is therefore measured through the 𝛽 (Gitman & Joehnk, 1996:164; Mayo, 

2006:112). The overall market value of the 𝛽 = 1, implying that any 𝛽 > 1 implies that 

the asset is more responsive to movements in the market (Gitman & Joehnk, 

1996:164). To calculate 𝛽, the CAPM should first be defined. The CAPM uses (2.4) to 

determine the expected or required rate of return (Marx et al., 2010:38): 

𝐸(𝑅𝑖) = 𝑅𝑓 +  𝛽𝑖(𝑘𝑚 − 𝑅𝑓) (2.4) 

where: 

 𝐸(𝑅𝑖) are the required or expected rates of return; 

 𝑅𝑓 is the risk-free rate of return; 

 𝛽𝑖 is the 𝛽 coefficient; 

 𝑘𝑚 is the return on the market portfolio; and 

 (𝑘𝑚 − 𝑅𝑓) represents the market risk premium that is required to persuade the 

investor to purchase risky assets. 

Most of these abovementioned variables can easily be found; the 𝛽 of a security, 

however, must be calculated and can be accomplished using (2.5) through (2.7) (Marx 

et al., 2010:38); 

𝛽 =
Systematic risk of security 𝑖

Market risk
 

(2.5) 

or 
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𝛽 =
𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑖,𝑚

𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑚
 

(2.6) 

or 

𝛽 =
𝐶𝑜𝑟𝑟𝑖,𝑚𝑖𝑖

𝑚
2  (2.7) 

Securities with high 𝛽s may suggest higher returns during upswings in the market, but 

this scenario also implies that losses will be much greater during downturns (Mayo, 

2006:112). This is where investors are distinguished, based upon their risk appetite. 

Higher 𝛽 coefficients can also be referred to as aggressive securities where there is 

an increase in the volatility (risk), implying that there is a higher expected return than 

compared with lower 𝛽 coefficients, also referred to as defensive securities (Blake, 

2000:494). Therefore, if a security has a high 𝛽 then it implies that the security contains 

a greater market risk than that of the market, although it also implies that the security 

has a higher required rate of return than that of the market, and vice versa (Blake, 

2000:494).  

In Table 2., a simple interpretation of 𝛽 is presented, which goes hand in hand with 

the SML – this is where the slope of the SML is determined through the 𝛽 (Gitman & 

Joehnk, 1996: 164) and the risk-free rate forms the y-intercept (Hirschey & Nofsinger, 

2008:130). The SML can therefore be expressed as the CAPM illustrated graphically. 

Table 2.1 further represents an interpretation of selected 𝛽s: if 𝛽 > 1, it indicates that 

the security can be easily manipulated by market changes, making it a riskier asset to 

have. The result of such a security on the SML will cause the slope to be much steeper. 

If 𝛽 < 1, then the security is not that easy to manipulate, making the security far less 

risky to have. The influence of such a 𝛽 value will cause the SML to have a much 

flatter slope. The 𝛽 represents the slope of the SML.  

The SML is discussed in the next section, together with the capital market line (CML), 

which improves on the SML through making provisions for lending and borrowing as 

a possible investment opportunity (Marx et al., 2010:39). 

Table 2.1: Interpretation of selected βs 
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Source: Gitman and Joehnk (1996:164) 

According to Reilly and Brown (2012: 217), the stability of the 𝛽 is a well-researched 

subject, with various studies concluding that 𝛽 is more stable for a portfolio of 

securities than for individual securities. Moreover, the size and period of the 

investment have a direct influence on the stability of the 𝛽. Furthermore, the 𝛽 tends 

to regress toward the mean. Specifically, high-𝛽 portfolios tended to decline over time 

toward 1, whereas low-𝛽 portfolios tended to increase over time toward 1 (Reilly & 

Brown, 2012:217). 

2.3.2 The Security Market Line  

The linear relationship between risk and return for individual securities is often referred 

to as the security market line (Figure 2.3) (Hirschey & Nofsinger, 2010:132). The SML 

represents a combination of risk and return for all risky assets in the market at a 

specific point in time (Reilly & Brown, 2012: 21). The SML, which is also used by the 

CAPM, calculates the expected rate of return by adding the nominal return on a risk-

free asset to the relative risk (𝛽), multiplied by the market risk premium (Hirschey & 

Nofsinger, 2010: 21; Lee & Su, 2014:69).  

 

Beta Comment Interpretation

2.00 The asset is twice as responsive as the market.

1.00 The asset has the same risk or response as the market.

0.50 The asset is only half as responsive as the market.

0

-0.50 The asset is only half as responsive as the market.

-1.00 The asset has the same risk or response as the market.

-2.00 The asset is twice as responsive as the market.

The asset moves in the same 

direction as the market.

The asset is unaffected by market movement.

The asset moves in the 

opposite direction as the 

market.
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Figure 2.3: Relationship between Risk and Return. 

Source: Reilly and Brown (2012:21). 

As seen in Figure 2.3, an investor is only willing to accept higher risk if the return rises 

equivalently (Lee & Su, 2014:69). An investor would typically select assets based upon 

the investor’s risk preference. However, when discussing the investor’s utility function, 

certain investors prefer high-risk investments due to the high rewards involved, 

whereas others aim to avoid risk as far as possible and only consider low-risk 

investments (Reilly & Brown, 2012:21). The SML is also the graphical illustration of 

the CAPM equation; therefore, if a security is assessed by means of the CAPM to 

determine whether it is under or overvalued, then it can be plotted via the SML (Figure 

2.4). 
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Figure 2.4: Estimated returns on the SML. 

Source: Marx et al. (2013:41); Reilly and Brown (2012:206). 

Two securities have been plotted in Figure 2.4. Security A, which lies on the SML, is 

an example of a security that is properly valued by the market, whereas security B is 

plotted under the SML line, implying that the security is overvalued (Marx et al., 

2010:41). The SML uses 𝛽 as a risk measure that assists investors to determine a 

security’s risk contribution to a portfolio. Considering an alternative risk measure, like 

the standard deviation, led to the development of the Capital Market Line (CML).  

2.3.3 The Capital Market Line 

The implementation of the standard deviations as opposed to the 𝛽 allows the investor 

to account for the total risk and is therefore considered to be superior to the SML when 

measuring the risk factors. The CML furthermore makes it is possible for an investor 

to lend and borrow at a risk-free rate, and then the risk and return will linearly increase 

along the original line (RFR), as seen in Figure 2.5 (Marx et al., 2010:39). It is worth 

noting that both the SML and CML display the reward for being patient and for the risk-

taking parts of expected returns, with the only notable difference being that the SML 

deals with individual securities, whereas the CML deals with portfolios (Hirschey & 

Nofsinger, 2010:21).  
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Figure 2.5: The CML assuming lending or borrowing at the risk-free rate. 

Source: Reilly and Brown (2012:200); Marx et al. (2013:40). 

The CML, therefore, consists of various portfolios, with each portfolio consisting of 

various securities. This implies that investors should familiarise themselves with the 

premises of systematic risk, seeing that systematic market risk factor for which 

investors are only rewarded for bearing market risk, and seeing that no reward can be 

gained from bearing a risk that could be diversified away (Gruber, 2003:12; Strong, 

2009:168; Hirschey & Nofsinger, 2010:132).  

Many investors view broad economic factors as a form of risk (Lofthouse, 2001:64). 

The single-factor CAPM, however, only incorporates market risk (𝛽) which is derived 

from the market proxy being used (Roll & Ross, 1980:1073; White & Fan 2006:196; 

Hirschey & Nofsinger, 2008:140–141). As a result, other potential significant risk 

factors which may influence expected returns are not included. These risk factors are 

therefore factors which influence price formation and expected return. According to 

Van Rensburg and Robertson (2003:7), when investors pursue a mean-variance 

optimising objective, homogenous expectations will prevail. Various inconsistencies 

arise in the attempt to empirically verify the predictions of the CAPM. According to 

Fama and French (1993:5), the most notable inconsistencies include variables such 

as size, book-to-market ratios, market capitalisation, and price-to-earnings ratios. 

These shortcomings require a multi-factor model approach which will be able to 

include all relevant risk factors and address the consequent single-factor shortcomings 

of the CAPM (Blake, 2000:501). An approach was presented by Roll and Ross 
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(1980:1073), who developed the Arbitrage Pricing Theory (APT). This model can 

reflect multiple aspects of risk, and which is considered to be superior to the traditional 

single-risk factor CAPM.  

2.4 The Multi-Factor model: Arbitrage Pricing Theory 

Although the CAPM is a suitable method by which securities are priced, it is still lacking 

in certain aspects on the pathway to making it a perfect asset pricing model, thus 

prompting financial economists to seek other models such as the APT (Strong, 

2009:359; Reilly & Brown, 2012:249; Van Wyk et al., 2012:240).  

Arbitrage is defined as the simultaneous buying and selling of the same security, with 

the main difference being that the transaction occurs at different prices with the aim of 

benefiting from mispricing (Hirschey & Nofsinger, 2010:141). The APT and the CAPM 

are, in many ways, the same seeing that they are both an equilibrium model of asset 

pricing in that they both aim to describe investor behaviour that ultimately influences 

how asset prices are set (Sharpe, 1999:249; Lofthouse, 2001:64). Both APT and 

CAPM explain the risk–return relationship, with the notable difference being that the 

CAPM suggests that the expected return of a security is correlated to its covariance 

with the market portfolio (represented through the 𝛽) as the single systematic risk 

factor (Van Wyk et al., 2012:240). The APT, on the other hand, uses various forms of 

weighted average risks (market, interest rate, management, and default) that are 

considered relevant in valuing a particular security (Francis, 1993:365; Reilly & Brown, 

2012:249). Another argument made by Lofthouse (2001:64) is that security returns are 

dependent on the expected and unexpected changes in the economy. Anticipated 

changes are integrated with asset prices by which the CAPM views the risk vis-à-vis 

to the asset’s sensitivity to market returns, whereas the APT views risk vis-à-vis the 

sensitivity of unexpected changes in major factors (Lofthouse, 2001:64). 

The APT is simpler and more realistic than the CAPM is in that it makes fewer 

assumptions than the CAPM does regarding investor preferences (Francis, 1993:365; 

Sharpe, 1999). The APT also does not require the designation of the market portfolio; 

instead, the APT suggests that multiple risk factors and expected returns are related 

in a linear fashion (Reilly & Brown, 2012:249). The APT makes three assumptions:  

 Capital markets are always perfectly competitive; (Reilly & Brown, 2012:230)  
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 The sole underlying assumption is that more wealth is always preferred to less 

wealth with certainty; (Sharpe, 1999:249; Hirschey & Nofsinger, 2010:142) 

 The stochastic process generating asset returns can be represented as a linear 

function of a set of 𝑘 risk factors (or indices), from which all of the unsystematic 

risk is diversified away (Marx et al., 2013:41). 

There are, however, certain assumptions used in the construction of the CAPM that 

were not used in the development of the APT, such as (Reilly & Brown, 2012:230):  

 Quadratic utility functions are controlled by the investors;  

 Security returns are normally distributed; and  

 A market portfolio that is mean-variance efficient and also contains all risky 

assets. 

The main reason for the development of the APT is to bridge the gap between risk and 

return through the inclusion of macroeconomic variables (Reilly & Brown, 2012:249). 

The APT makes considerably fewer assumptions relative to the CAPM, thus making it 

the less restrictive and more attractive model (Altay, 2003:1). The problem with APT, 

however, is that common risk factors are still being identified, making the 

implementation into practice a difficult task to accomplish, although this does not mean 

that the model should be entirely disregarded (Strong, 2007:397; Reilly & Brown, 

2012:249).  

A model that presents the investor with a simpler method of explaining differential 

security prices as to what the CAPM does should be considered as the more superior 

model (Reilly & Brown 2012:230). Although APT will not be used in this study, it is still 

necessary to mention it, seeing that it might someday replace the CAPM; accordingly, 

serious investors should therefore still know what the basics of the APT are (Strong, 

2007:397).  

2.4.1 Comparing the APT model with the CAPM 

To compare the CAPM with the APT, the disadvantages of both models should be 

compared with one another, followed by a summarised comparison of the two models.  

The disadvantages of the CAPM are: 
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 Firstly, the assumptions made are, to some extent, considered to be 

“unrealistic” and ignore many of the real-world complexities (Lofthouse, 

2001:45; Bodie et al., 2010:190). For instance, taxes and transaction costs exist 

in practice, but are ignored, based upon the assumptions, which only further 

supports the claim of the impracticality of the model (Hirschey & Nofsinger, 

2010:128). 

 Secondly, the CAPM comprises the portfolio 𝛽 coefficients that are more stable 

than those of single securities are (Reilly & Brown, 2012:230). Furthermore, 

individual security returns with high 𝛽 values will tend to be overestimated, while 

the return of securities with low 𝛽 values will tend to be underestimated 

(Groenewold & Fraser, 1997:1367). 

 Lastly, the CAPM considers that the risk premium depends solely on the 

systematic factor (Fama & French, 2004:32; Paavola, 2006:15). 

The CAPM makes a considerable number of assumptions, whereas the APT makes 

much fewer assumptions. The APT, like the CAPM, also lacks empirical evidence to 

support the model’s overall implementation viability. 

The disadvantages of the APT are: 

 Firstly, the APT has some difficulties in the ability to identify influential factors 

(Paavola, 2006:17); 

 Secondly, the APT does not provide information regarding prices (Gilles & 

Leroy, 1991:229); 

 Thirdly, the number of significant factors tends to increase as the number of 

securities that have to be factor analysed increases (Dhrymes, Friend & 

Gultekin,1984:323); 

 Lastly, the APT assumes that asset returns are linearly correlated to a set of 

unspecified factors, and that no opportunities exist for arbitrage (Paavola, 

2006:17). 

Comparing the two different models with one another shows that the APT model 

addresses some of the shortcomings of the CAPM, as shown in Table 2.2.  
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Table 2.2: A comparison of CAPM and APT 

CAPM APT 

Assumes that unique risk will be diversified 
away in a large portfolio.  

Assumes that unique risk is diversified away 
in a large portfolio. 

𝛽 is considered the only factor that 
influences an asset’s returns. 

Various factors are considered that may 
influence an asset’s returns. 

Source: Marx et al. (2010:42). 

Apart from the comparison in Table 2.2, various studies have shown results that the 

APT model explains security returns better than the CAPM does (Berry, Burmeister & 

McElroy, 1988:29; Josev, Brooks & Faff, 2001:158, 161). The APT model addresses 

some of the shortcomings of the CAPM. Even so, alternative models have been 

developed to explain the behaviour of asset price behaviour better than the CAPM and 

APT do. One of these alternative models is the International Capital Asset Pricing 

Model (ICAPM). The ICAPM was developed by Solnik (1996:451–454) to address the 

shortcomings of the CAPM, specifically with regard to the problem of exchange-rate 

risk in foreign investments when purchasing power parity does not hold continuously 

(Wu, 2008:175).  

However, the CAPM provides the investor with insight into the risk–return relationship 

which enables the investors to construct an optimal portfolio based upon their risk 

appetite. Therefore, the CAPM can be used as a means towards understanding and 

predicting real-world securities, regardless of all its shortcomings (Hirschey & 

Nofsinger, 2010:126). The general concept of risk involved with each security that can 

be valued by the CAPM will be explained to find various ways in which risk can be 

reduced or eliminated in order to maximise returns.  

2.5 Modern Portfolio Theory 

Markowitz (1952) developed a concept called ‘portfolio theory’, which is regarded to 

be a normative investment approach under uncertainty (Peirson et al., 1995:143). An 

investment portfolio is regarded as being a collection of various securities that, when 

put together, provides the investor with a risk and expected return trade-off (Hirschey 

& Nofsinger, 2010:109). Markowitz (1952) argues that volatilities in individual 

securities are not the main concern for investors; what is of consequence, however, is 

how the volatility characteristics and expected return of the individual security 
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influences the overall integrity of the portfolio regarding volatility and expected return 

(Hirschey & Nofsinger, 2010:109). Portfolio theory is a simple concept to understand, 

in which security choices are made based upon their risks and expected returns 

(Hirschey & Nofsinger, 2010:109). According to Bodie et al. (2012:115), the expected 

return is the anticipated profit over the relevant holding period, whereas the risk is 

represented through some degree of uncertainty regarding the future holding-period 

returns (usually measured through the standard deviation).  

The investment alternatives are represented by the probability distribution of the 

security returns over some future holding-period. The main assumption of portfolio 

theory is to identify investments that will provide the investor with maximum benefits, 

meaning that investors search for the highest expected rate of return for the lowest 

amount of risk possible (Hirschey & Nofsinger, 2010:109). Another assumption made 

is that returns are normally distributed, which implies that the use of the standard 

deviation and expected returns to describe the return distribution is sufficient (Peirson 

et al., 1995:143). This assumption is usually a general one made by investors, and if 

returns are in fact not normally distributed, then other parameters might exist.  

2.6 The Markowitz Efficient Portfolio 

The mean-variance portfolio selection model developed by Harry Markowitz is often 

regarded as the foundation for modern portfolio theory (Cesarone, Scozzari & 

Tardella, 2011:2). The Markowitz efficient portfolio is defined as any security, or 

combination of securities, that has the minimum risk as its level of expected return in 

its risk class or, conversely, the maximum expected rate of return for a given level of 

risk (Francis, 1993:595; Hirschey & Nofsinger, 2010:114). A collection of various 

efficient portfolios ultimately results in an efficient frontier (see Figure 2.6). Although it 

might be possible to combine investments that are close to, or are perfectly negative 

correlated, which is consistent with the real world, this is not depicted in Figure 2.6 

(Marx, Mpofu, de Beer, Mynhardt & Nortjé, 2013:36). 

If returns on securities moved in unison, i.e. with a high correlation coefficient, then 

diversification would not eliminate risk (Markowitz, 1959:5). In order to be classified as 

a Markowitz efficient portfolio, then the securities included should be negatively 

correlated. This begs the question: how many securities are required in a portfolio for 

it to be regarded as diversified? Statman (1987:353) argues that an increase in the 
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number of different securities would result in an overall reduction of portfolio risk. 

Several studies, such as those of Evans and Archer (1968:749), Statman (1987:354), 

Campbell, Lettau, Malkiel and Xu (2001:1), Egozcue, García, Wong, and Zitikis 

(2011:10), suggest that different amounts of securities would eliminate risk to certain 

extents. An increase in diversified securities would still result in a decrease in risk, but 

at a diminishing rate, resulting in a large portfolio consisting of too many securities that 

are difficult to manage, which is undesirable. Evans and Archer (1968:749) suggested 

that an optimal portfolio should comprise no more than 15 securities, and no less than 

10. More than 15 securities would result in the risk reduction factor decreasing rapidly, 

and the maximum economic benefits of diversification would already have had 

reached its pinnacle point. Investors should therefore not be over-enthusiastic in 

spreading assets over too many kinds of assets (Francis, 1986:749). Statman 

(1987:354), on the other hand, thinks that diversification should be increased up to the 

point where marginal costs exceed marginal benefits.  

Contradictory to Evans and Archer (1968:749), Statman (1987:362) found that a well-

diversified portfolio should include at least 30 securities for a borrowing investor, and 

40 securities for a lending investor. Campbell et al. (2001:1) believe that the reason 

for the substantial increase in the amount of securities required to achieve the same 

amount of diversification is not because the general market has become more volatile, 

but rather because uncertainty among individual securities has been increasing in 

recent years.  

A completely diversified portfolio can be plotted on the efficient frontier, and depending 

on what an investor’s risk appetite is, will determine which portfolio is the most efficient 

for each specific investor. The efficient frontier is therefore presented as a curve, and 

not a straight line, and the line of which will rarely touch the expected return axis (y-

axis) (Marx et al., 2013:36; Francis, 1993:608). Investors will typically not choose a 

portfolio below the frontier line, seeing that they are not efficient investments and will 

not offer as much of a return for the given risk than those lying on the frontier would. 

From this frontier, an optimal portfolio can be identified that will provide the investor 

with a collection of securities with the highest level of expected utility (Hirschey & 

Nofsinger, 2010:114).  
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Figure 2.6: The efficient frontier. 

Source: Bodie et al. (2010:162); Francis (1993:608). 

The purpose of the efficient frontier is to present the investor with various options of 

diversified portfolios that have eliminated firm-specific risk and minimised chance 

fluctuations (Hirschey & Nofsinger, 2010:115). In Figure 2.6, the Markowitz efficient 

frontier is illustrated, where the letters “A”, “B” and “C” represent different portfolios 

that lie on the frontier, which are often referred to as the efficient set of portfolios 

(Francis, 1993:595). Dependant on the investors’ risk tolerance, either A, B or C will 

be chosen.  

For example, a risk-adverse investor in the late stage of his or her life cycle will choose 

to be more protective of his or her investment and will most likely choose portfolio A 

(Francis, 1993:609). In portfolio A, the probability distribution is higher, indicating that 

the expected return is more likely to be achieved, given each level of risk (Francis, 

1993: 609).  

In Figure 2.7, the probability distributions of portfolios A, B and C are displayed, with 

portfolio A representing the highest probability of achieving the low expected returns, 

and portfolio C the lowest probability for the highest expected return.  
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Figure 2.7: The probability distribution of three efficient portfolios. 

Source: Francis (1993:608). 

Even though Markowitz presented an investor with a mechanism for selecting an 

optimal, fully diversified portfolio, there are still certain drawbacks to this theory that 

should be kept in mind. The model, for instance, does not stipulate how a portfolio 

should be positioned for the future. The entire covariance model is based on historical 

date, the means, standard deviations and correlations (Strong, 2009:163). According 

to Marling and Emanuelsson (2012:6), the variance of a single portfolio does not 

represent a complete measure of the risk undertaken by the investor. 

If the standard deviation (), which represents the riskiness of a single security or 

portfolio, is high (Figure 2.7: Portfolio C), then the distribution of the expected rate of 

return will be much wider. According to Marx et al. (2010:9-10), a wider distribution 

indicates a decrease in the probability of an outcome, and thus an increase in the 

uncertainty of an investment’s rate of return. Another issue regarding the Markowitz 

model is that it is sensitive to extreme values (Strong, 2009:163). A Markowitz model 

will typically include securities that have negative correlations to assure a portfolio is 

diversified, which can be seen in (2.9): 
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𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛(r) =
Covariance(𝐴,𝐵)

𝐴 ⋅ 𝐵
 (2.9) 

where: 

 𝜎𝐴 represents the standard deviation of asset A; and 

 𝜎𝐵 represents the standard deviation of asset B. 

Covariance is calculated using (2.9): 

𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒(𝐴,𝐵) =  ∑ probability × (returnA − 𝑘𝐴) × (returnB − 𝑘𝐵) (2.10) 

where: 

 𝑟𝑒𝑡𝑢𝑟𝑛𝐴 represents the real return of asset 𝐴; 

 𝑘𝐴 represents the expected return of asset 𝐴; 

 𝑟𝑒𝑡𝑢𝑟𝑛𝐵 represents the real return of asset 𝐵; and 

 𝑘𝐵 represents the expected return of asset 𝐵. 

Due to the impracticality of implementing the Markowitz portfolio theory model, it was 

mainly used for academic purposes, until the single index model was introduced (van 

Wyk, Botha & Goodspeed, 2012:237).  

According to Reilly and Brown (2012:513-514), an active fundamental investor can 

choose from three main generic themes. The first theme is to look for individual issues 

and, in the process, identify securities that are undervalued. Second, investors aim to 

time the equity market through reallocating funds, both in and out of bonds, T-bills and 

securities. The moves of these funds are mostly reliant on what the risk premiums are 

and what can be derived from market forecasts. The third theme, implemented in this 

study, is the reallocation of funds among different industries and equity sectors, based 

upon the different phases of the business cycle, and the shift of these funds is usually 

preliminary to the rest of the market.  

Notwithstanding the success of such an approach, an active management strategy is 

still reliant on what the transaction costs are and whether benchmarks can still be 

made. The goal of the active investor should therefore be to outperform a passively 

managed portfolio benchmark, including by accounting for transaction costs to keep 

up with the pace of a passive benchmark, on a risk-adjusted basis. Another challenge 

regarding this strategy is encountered if too much capital is invested in a specific 
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sector, in anticipation of the increase of future security prices. This could violate the 

risk benchmark set forth by the policy statement and that of a passive benchmark. This 

implies that for the risk taken, the investor should be rewarded far more than what 

would be expected from the passively managed portfolio.  

2.7 Business cycle 

Thorpe (2003:8) argued that no economy can grow forever, and that eventually 

economic growth will start diminishing, followed by slowdown and even contraction. 

According to Dzikevičius and Vetrov (2012:37), business cycles are the results of 

cyclical changes in different macroeconomic forces in the aggregate economy. These 

macroeconomic forces are also directly accountable for the changes in the 

fundamentals that influence the asset’s prices (Dzikevičius & Vetrov, 2012:37). This in 

turn prompts investors to constantly reallocate their portfolio securities, based upon 

their risk profiles. The effect is that investors are obliged to trade, which causes 

security market prices and indices to fluctuate (Switzer & Picard, 2015:2).  

Possibly the best way to convey the contents of the business cycle is with the formal 

definition provided by the National Bureau of Economic Research, originally developed 

by Mitchell (1927) and modified by Burns and Mitchell 1946), which states that 

business cycles are the results of economic activity fluctuations of the overall economy 

(Burns & Mitchell, 1947:3). A full cycle consists of an expansion, contraction, recession 

and recovery phases, with each phase merging into one another (Hall, Feldstein, 

Frankel, Gordon, Mankiw & Zarnowitz, 2003:1). The sequence of change is recurrent 

and not periodic, which means that the cycle occurs frequently and with repetition, as 

opposed to periodic, which is more relative to a period. Similar to the United States, 

South African business cycles can also last from one year to even 12 years (Burns & 

Mitchell, 1946:3; SARB, 2010).  

Apart from the length of the cycle, there are various methods by which a phase can 

be determined, including when the next phase will arise. A recession carries no formal 

definition for determining whether a country is indeed suffering from a recession. 

Nevertheless, most economists and analysts consider two consecutive quarters of 

negative growth in a country’s real GDP as a general ‘rule of thumb’ for identifying a 

recession (Claessens & Ayhan Kose, 2009). However, the specific focus on GDP 
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alone is considered to be quite biased and should rather be used as part of various 

other factors to better determine economic activity. 

According to the National Bureau of Economic Research (NBER), a recession should 

not be defined as a decline in real GDP for two consecutive quarters, but rather as a 

substantial decline in the overall economy and economic activities (NBER, 2012). The 

substantial decline referred to by the NBER generally lasts for more than a few months 

and can be derived from the real GDP, wholesale-retail sales, employment, real 

income and industrial production. Even though an economy can indicate signs of 

weakening in the months prior to when a recession begins, the process of determining 

whether a country is, in fact, in a recession takes time. During the start of the recession 

phase, unemployment is usually very low and vice versa at the start of the expansion 

phase, which is often contradictory considering that recessions generally represent 

higher than usual unemployment (Jacobsen, 2010:3). A depression depends on the 

severity and duration of the recession (Thorpe, 2003:8). Like a recession, there is no 

formal definition for a depression; however, most analysts consider a depression to be 

a recession where a decline in GDP exceeds 10%, or where a recession lasts more 

than two years (Claessens & Ayhan Kose, 2009; NBER, 2012). 

When approaching the end of a trough (Figure 2.8, stage 1), as the outlook of the 

economy becomes more optimistic, cyclical industries are then expected to outperform 

other industries due to excess liquidity available, which is mainly because of a loose 

monetary policy (Thorpe, 2003:10; Marx et al., 2010:90-91; Jacobsen, 2010:7-8). 

Cyclical industries are producers of durable goods, which means that cyclical 

companies are quite sensitive to macroeconomic conditions, implying that the 

production of cyclical goods can be deferred during a recession to a later stage 

(particularly coming out of a recession) of the cycle (Marx et al., 2010:90). Lower 

interest rates can encourage investors to transfer wealth from low-yielding bonds into 

securities, which drives security prices upward. All of these abovementioned factors 

cause security prices to increase relatively quickly during the first stage, despite the 

fact the economy is only starting to show signs of improvement (Bolten & Weigand 

1998:78).  
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Figure 2.8: Economic factors and the security market cycle. 

Source: Bolten and Weigand (1998:78-79); Jacobsen (2010:3). 

Producers of capital goods, on the other hand, performs better later in the economic 

cycle. During the second stage, the demand for capital increases, which leads to a 

gradual increase in interest rates as inflation comes under pressure. The expectation 

of prosperous future earnings is driven by the strengthening of the economy. The 

negative impact of an increase in interest rates during this stage is dominated by the 

positive impact of higher earnings expectations. All of these factors cause security 

prices to rise to unprecedented levels, though not as fast as in in the first stage. Post-

recession, capital goods companies often experience a slack in demand, implying that 

the purchasing and expansion of these companies is slow going.  

As the cycle progresses into the expansion phase, demand for consumer goods from 

producers will also increase (Thorpe, 2003:11). This is usually a characteristic of the 

third stage. During this stage, interest rates are accelerating as a result of the 

increased demand for capital that outweighs the supply of loanable funds. 

Furthermore, a country’s Central Bank will most likely tighten its monetary policy as 

concerns about inflationary pressures become worse, which in turn puts further 
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upward pressure on interest rates. At this point, the security price returns will begin to 

slow down due to diminishing marginal productivity, and therefore cause the GDP of 

a country to decrease (Thorpe, 2003). The increase in security prices will reach its 

peak before the economy has reached its peak, implying that security prices can be 

used as a leading indicator to predict economic down turns (The concept of lagging 

and possible leading indicators, will be explained later).  

The slowing down of a country’s GDP growth rate will not cause interest rates to 

decrease instantaneously, and interest rates will rather continue to increase. The 

reasons for the increase arise from inflationary pressures, the increased costs of 

financing unforeseen inventory accumulations, and delays in payments of accounts 

receivable. The resulting effect of these factors will prompt investors to reallocate 

wealth from securities to bonds (Bolten & Weigand, 1998:78).  

During the fourth stage, economic growth expectations will continue to deteriorate 

which will have a negative impact on future earnings prospects. Interest rate will start 

to decline due to the decrease in the demand for credit. In addition, security prices will 

continue to decrease up to a point where interest rates have fallen significantly. 

However, the decreasing interest rate and improvement in earnings expectations will 

cause security prices to once again rebound to more favourable levels (Bolten & 

Weigand, 1998:79).  

Contradictory to cyclical, defensive industries, that are not as sensitive to changes in 

the business cycle often outperform other industries during a recession because they 

are not as affected by overall market conditions, as cyclical industries are (Marx et al., 

2010:90-91).  

Of course, there are other industries, such as utilities, that perform well, regardless of 

the phase the business cycle is in. The utility industries are substantial borrowers of 

money, and benefit from a recession because they can borrow at a lower than usual 

interest rate. When the economy is in an expansion phase, utilities will benefit from 

the increase in demand for energy and services (Thorpe, 2003:11).  

The points mentioned above indicate that it is important to understand that security 

prices lead the economy (Reilly & Brown, 2012:350; Dzikevičius & Vetrov, 2012:37). 

Furthermore, because security markets are forward looking, and the average market 

prices are reflected in these economic fundamentals, then what is evident is that 
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market cycles lead the business cycle (Bolten & Weigand, 1998:77). The reason for 

this is that economic fundamentals, such as corporate profits, interest rates and 

dividends, are reflected in security prices (Jacobsen, 2010:3). This can be depicted as 

shown in Figure 2.9, where the business cycle and market cycle are portrayed. In 

Figure 2.9, the vertical axis of the market cycle can be represented as the price of a 

market index, and for the business cycle, the vertical axis can be represented as 

economic activity (Jacobsen, 2010:3).  

 

 

Figure 2.9: The security market cycle and business cycle. 

Source: Bolten and Weigand (1998:78-79); Jacobsen (2010:3). 

Another possible reason why security prices lead the economy is that security markets 

respond differently to the various leading indicators (Jones, 2009:345; Reilly & Brown, 

2012:350). If both the economy and security prices are cyclical, then it follows that the 

business cycle can be forecasted, to some extent (Marx et al., 2010:92; Bodie et al., 

2012:384). However, to assure profits and avoid losses through predicting the 

business cycle, turning points should be successfully identified before they occur. The 

investor should therefore be attentive as to when it is time to change securities, given 

the outlook of the economy (Marx et al., 2010:91).  

2.8 Economic Indicators 

The Conference Board has developed a few cyclical indicators that assist the investor 

to better predict, measure and interpret the short-term fluctuations in economic activity 

or to determine the position of the business cycle (Jones, 2009:345; Bodie et al., 

2012:384;). The composition of these indicators can be seen in Table 2.3, where the 

leading indicators are part of the economic series that will rise or fall before the 

aggregate economy (Jones, 2009:345). The coincident and lagging indicators, on the 
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other hand, move together or somewhat after the broad economy (Hirschey & 

Nofsinger, 2010:262).  

Table 2.3: Indices of economic indicators 

Leading indicators 

Average weekly hours of production, manufacturing  

Average weekly initial claims for unemployment insurance 

Manufactures’ new orders, consumer goods and materials  

Fraction of companies reporting slower deliveries  

Manufacturers’ new orders, nondefense capital goods 

Change in sensitive materials prices  

Share prices, 500 ordinary shares 

Money supply (M2) 

Interest rate spread, 10-year Treasury bonds less federal funds 

Index of consumer expectations 

Coincident indicators 

Employees on non-agricultural payrolls  

Personal income less transfer payments 

Industrial production  

Manufacturing and trade sales 

Lagging indicators 

Average duration of unemployment 

Inventories to sales ratio, manufacturing and trade 

Change in index of labour cost per unit of out-put 

Average prime rate  

Commercial and industrial loans  

Consumer instalment credit outstanding to personal income ratio 

Change in consumer price index to services 

Source: The Conference Board (2016:3); Bodie et al. (2012:384); Hertzberg and Beckman (1989:97). 

These different composite index indicators can, therefore, be seen as a summarised 

representation of the statistics for an economy, used to reduce the volatility present in 

individual series (Hirschey & Nofsinger, 2010:264). Keeping in mind that securities 

generally move in advance of the economy, it should be unsurprising that different 

sectors perform better than others in a given the phase of the business cycle (Thorpe, 

2003:8). The investment method employed to benefit from investing in particular 
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securities during certain phases of the business cycle is known as sector rotation 

(Thorpe, 2003:8).  

2.9 Sector rotation 

Sector rotation is a form of investing style whereby securities can be transferred from 

one industry/sector to another as the business cycle progresses (Nyamache, 

Nyambura & Mishra, 2013:117). Sectors of the economy and security market behave 

very differently from one another, which means that the security prices and industries 

covered by these securities will also react somewhat similarly to one another (Sipro, 

1981:2). The purpose of sector rotation is to allow investors to position their portfolios 

in such a manner that will allow them to take advantage of the market’s next move. 

The choice of a sector rotation strategy is often considered as a high-risk strategy 

because, for the investor to be profitable, he or she has to correctly time the market, 

which is an exceptionally difficult task to do consistently (Reilly & Brown, 2012:514). 

The timing of the cycle, therefore, refers to an investor’s ability to recognise when it is 

time to switch out from specific securities into other securities. In other words, the 

investor’s aim is to buy low and sell high (Francis, 1993:433; Marx et al., 2010:91). 

This should provide the investor with the opportunity of earning excess returns. The 

way excess returns are measured is generally achieved through comparing returns 

relative to those of a buy-and-hold strategy with similar risks as opposed to those in 

the timing strategy (Marx et al., 2010:92). The sectors that are believed to earn excess 

returns during certain phases are described in Table 2.4.  
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Table 2.4: The economic cycle and relative stock performance groups 

Stage of 
Economic 

Cycle 
Characteristics 

Sectors that perform well 
in this stage 

Examples 

Expansion:  
Early Bull 
phase 

Inflation is low but 
increasing. 
Interest rates are 
low but 
increasing. 
High unused 
capacity. 
Inventory is low. 
 

Cyclicals 
Consumer cyclicals: 
Manufacturers of consumer 
products that react to the 
changes in disposable 
income. 
Consumer credit: 
Companies that are tied to 
the housing industry. 
Energy: Companies that 
produce energy-related 
products. 

 
Auto manufacturers, 
retailers, advertising, 
apparel. 
 
Savings and loans, 
regional banks 
coal, oil. 

Expansion: 
Middle Bull 
phase 

Moderate inflation 
Moderate interest 
rates 
Moderate unused 
capacity  
Moderate 
inventory 

Basic materials: 
Businesses manufacturing 
materials (not machinery) to 
produce finished goods. 
Technology: Businesses 
manufacturing high-tech 
products for consumers and 
businesses. 

Chemicals, metals, 
plastics, paper, wood. 
 
 
Semiconductors, 
computer hardware, 
software and services, 
communication 
equipment. 

Expansion:  
Late Bull 
phase 

High inflation 
High interest 
rates 
Low unused 
capacity 
High inventory 

Capital goods: Businesses 
manufacturing machinery 
used to produce finished 
goods. 
Financials: Companies tied 
to loans that are in demand 
due to economic expansion. 
Transportation: 
Businesses that transport 
passengers and goods. 

Equipment and 
machinery 
manufacturers  
 
 
Corporate and 
institutional bankers. 
 
Airlines, trucking, 
railroads. 

Recession 

Decreasing 
inflation 
Decreasing 
interest rates 
Increasing 
unused capacity 
Decreasing 
inventory  

Defensive  
Consumer staples: 
Manufactures of basic 
consumer products that are 
purchased at largely the 
same level through all 
economic cycles. 
Utilities: Regulated 
companies providing 
products and services such 
as electricity. 

 
Food, drugs, 
cosmetics, tobacco, 
liquor. 
 
 
Electricity, gas, water. 

Independent 
of economic 
cycles 

Varied economic 
circumstances  

Growth 
Industries and 
businesses in the early 
stage of a life cycle: 
Expanding quickly and not 
subject to economic cycles. 

 
Biotechnology 
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Source: Thorpe (2003:10). 

Table 2.4 provides a summarised explanation of the securities and the sectors that 

are believed to perform well, given the economic stages, as well as a description of 

the economy in each stage. Table 2.4 is divided into three major industry groups 

known as the (1) cyclical industry, (2) defensive industry, and the (3) growth industry. 

The performance of the cyclical industry is dependent on the wealth of the economy 

(Thorpe, 2003:11). Cyclical industries tend to perform better during expansion phases, 

whereas defensive industries6 have the tendency to perform better during recessions. 

Growth industries, on the other hand, are moderately independent of the performance 

of the economy and are often in a stage of rapid growth (Thorpe, 2003:11). 

Nevertheless, Table 2.4 only presents a general characterisation of a business cycle. 

The strategy that an investor implements to benefit from different phases of the 

business cycle is called sector rotation. Sector rotation is the reallocation of assets 

from one sector into one or more sectors and is built upon the premise that the 

economic cycles display characteristics that influence sectors or industries in a 

different way during the stages of expansion and contraction.  

The main idea of shifting between sectors is that the investor will ultimately be able to 

benefit from how the different sectors (or industries) respond to the business cycle 

(Thorpe, 2003:11). Even though securities, overall, move in advance of the economy, 

specific sectors have different relative performances during the economic cycle (Reilly 

& Brown, 2012:350; Dzikevičius & Vetrov, 2012:37). Depending on business activities 

of a given sector or industry, there is usually a certain phase of the business cycle that 

is more favourable to those activities, as opposed to other phases (Table 2.4). In 

addition, the interest in sector rotation and industry allocation is increasing, with 

numerous studies being conducted on the returns of sector rotation and other time 

variation in the sector (Stangl et al., 2009:8). Additionally, Eleswarapu and Tiwari 

(1996) and Hong, Torous and Valkanov (2007) found that sectors, such as metals, 

petroleum and service sectors, that exhibit strong economic links tend to lead the 

general market by as much as two months.  

O’Neal (2000) argues that the momentum of a sector can serve as an indication of 

future sector performance. Menzly and Ozbas (2004) indicated how a sector’s 

                                                           
6 Not to be confused with the defence industry. 
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performance determines its position in the production and consumption supply chain. 

Avramov and Wermers (2006) found that a link exists between the allocation of a 

mutual fund’s performance within a specific industry and business cycle proxies. Hou 

(2007) argues that there is a significant lead or lag relation with how the different 

sectors react to the arrival of new economic information. For instance, consumer 

goods industries do not react as quickly as basic material or commodity industries do 

to the arrival of new economic news (Stangl et al., 2009:8). Another way in which 

sector rotation might outperform the market is via monetary conditions (Conover, 

Jensen, Johnson & Mercer, 2008). Jacobsen and Visaltanachoti (2009), found that 

sector market timing, based on summer and winter patterns in US sectors, 

outperforms a buy and hold portfolio.  

Hong et al. (2007) found that 14 out of 34 US industries can predict the market, and 

thus disproved the efficient market hypothesis (EMH). Hong et al. (2007:369) stated 

that “the returns of industry portfolios that are informative about macroeconomic 

fundamentals will lead the aggregate market”. Tse (2015:195), however, re-examined 

Hong et al. (2007) through extending the period of examination from 1946-2002 to 

2013 and extended the data to cover 48 industries. Tse (2015:195) found that, 

depending on the model specifications and the significance level (5% or 10%), only 

one to seven industries portrayed significant predictive ability for the security market, 

thus proving that his results are consistent with those provided by the EMH. 

Table 2.5 displays the various stages of the business cycle, where the conventional 

wisdom suggests the sectors that perform best (Stovall, 1995; Stangl et al., 2009:11). 

This study will follow the classification and popular guide to sector investing devised 

by Stovall (1995). 
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Table 2.5: List of expected best performing industries across business cycle 
stages 

 

Source: Stovall (1995). 

As seen in Table 2.5, Stovall (1995) splits the economy into 10 sectors, as well as 

assigning the most optimal performance of these sectors to 1 of 5 different stages in 

the business cycle. For instance, the guide suggests that the Consumer Cyclical and 

Financial sectors will provide the investor with the best late recession performance, 

while the technology and transportation sectors, on the other hand, have the best 

performance in the early expansion stage (Morgan Stanley, 2014). The 

outperformance of sectors continues to shift through the different sectors across the 

remaining business cycle stages.  

However, Stangl et al. (2009:1) argue that a sector rotation strategy has, at best, 

generated a 2.3% annual outperformance of the market (excluding any transaction 

costs). Furthermore, Morgan Stanley (2014:2) found that, in 2012, the financials and 

consumer cyclical sectors outperformed growth sectors, such as information 

technology and industrial securities, which suffered the most losses during the faltering 

recovery. It is worth mentioning that sectors can shift rapidly, and that market 

securities can overturn even the most sophisticated investing strategy. Brocato and 

Steed (1998:129) found that cyclical reallocation seems to be more important in 

maintaining Markowitz efficiency during recessions than in periods of expansions. 

Expansion reallocation produced a 3.5% risk adjusted increase in portfolio returns 

(relative to a buy-and-hold position), and a 79.1% increase during recessions (Brocato 

Early Expansion - Stage 1 Middle Expansion - Stage 2 Late Expansion - Stage 3 Early Recession - Stage 4 Late Recession - Stage 5

Technology: Basic Materials: Agriculture: Gas & Electrical Utilities: Consumer Cyclical:

Computer Software Precious Metals Beer & Liquor Telecom Apparel

Measuring & Control Equip. Chemicals Candy & Soda Automobiles & Trucks

Computers Steel Works Etc. Food Products Business Supplies

Electronic Equipment Non-Metallic & Metal Mining Healthcare Construction

Medical Equipment Construction Materials

Transportation: Capital Goods: Pharmaceutical Products Consumer Goods

General Transportation Fabricated Products Tobacco Products Entertainment

Shipping Containers Defence Printing & Publishing

Machinery Energy: Recreation

Ships & Railroad Equip. Coal Restaurants, Hotels, Motels

Aircraft Petroleum & Natural Gas Retail

Electrical Equipment Rubber & Plastic Products

Textiles

Services: Wholesale

Business Services

Personal Services Financial:

Banking

Insurance

Real Estate

Trading

Period of Expansion Period of Recession 
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& Steed, 1998:129). Allocations of portfolios need not be done only on a standard, 

risk-adjusted basis, seeing that there are numerous other performance measures that 

can be used to construct an optimal portfolio. Some measures might even prove to be 

more useful in addressing the shortcomings of the standard risk-adjusted performance 

measures, such as a Sharpe ratio.  

2.10 Conclusion  

The purpose of Chapter 2 was, firstly, to explain an investor’s decision-making 

process, and secondly, to explain the actual process that enables the investor to find 

the most optimal risk-adjusted investment available. The process being referred to is 

the top-down investment approach, where the investor evaluates countries on a global 

scale that will provide the investor with the necessary risk exposure. This is then 

followed by a sector analysis, and then lastly, a company-specific analysis. The 

fundamental analysis includes the identification of sectors that generate the most risk-

adjusted returns and, at times, even rotate from one sector to another. Sector rotation 

is a form of investing style whereby securities can be transferred from one 

industry/sector to another as the business cycle progresses. The purpose of sector 

rotation is to enable investors to position their portfolios in such a manner that will 

allow them to take advantage of the market’s next move.  

Once the investor has determined which sector to invest in, he or she will have to 

identify specific securities that will offer the most risk-adjusted returns. The portfolio 

should be constructed in such a manner that the investor is diversified between 

companies within the sector, but not so diversified as to introduce a sector index. To 

determine the correct amount and weight assigned to each security, the investor can 

implement a mean-variance optimisation strategy (e.g. Max Sharpe). The problem, 

however, with this specific risk-adjusted performance measure is that it can sometimes 

be biased when security returns are not normally distributed. Nonetheless, there are 

various other performance measures that address the shortcomings of the Sharpe 

ratio, and these will be explained in Chapter 3.  
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 CHAPTER 3: PERFORMANCE MEASURES 

3.1 Introduction 

The consistent increase in the number of professionally managed funds in financial 

markets has led to a desire among investors to accurately determine a portfolio’s 

performance, seeing that portfolio returns alone are not enough (Le Sourd, 2007:5). 

In Chapter 2, it was established that the risk–return relationship characteristics 

determine how to construct a portfolio consisting of different assets (Markowitz, 1952; 

Amenc & Le Sourd, 2003:108; Caporin, Jannin, Lisi & Maillet, 2014:917). Modern 

portfolio theory suggests that these characteristics are measured by the mean-

variance model. From the mean-variance model, Roy (1952) found certain drawbacks 

through considering what the implications of reducing the upper bound of the chance 

of losses would be if the information available was restricted to the first- or second-

order moments. This assumes that investors are not as concerned as to how security 

prices deviate from a profitable mean but are rather set on avoiding the probability of 

incurring future losses (Roy, 1952:431). Markowitz (1959) responded to this by 

developing a semi-variance measure that accounts for the downside risk and was to 

be included in future portfolio selections. This inspired authors such as Bawa (1975) 

and Fishburn (1977) in the development of the Lower Partial Moments (LPM) 

approach that will consider different nth moments of downside. The idea of this 

development was to accommodate every investor regarding their different risk 

preferences. 

Nevertheless, various investors assume that, for the purposes of portfolio analysis, the 

variance still to be a suitable measure of risk via the standard deviation representing 

the total risk in the application of the Sharpe ratio (Sharpe, 1966). The standard 

deviation, as explained in Chapter 2, has several drawbacks that influence the overall 

reliability of the Sharpe ratio (Harlow, 1991). The most serious drawback, however, is 

that the standard deviation uses a mean-return as a numerator, which means that it 

ignores higher moments (skewness and kurtosis) and in so doing, does not capture 

an accurate representation of actual risk (Harlow, 1991; Hentati, Kaffel & Prigent, 

2010:1; Caporin et al., 2014:919). This claim is supported by Brooks and Kat (2002) 

and De Wet, Krige and Smit (2008:71), who have added in both their studies that 

traditional performance measures, like the Sharpe and Treynor ratios, tend to over- or 
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under-estimate the real inherent risk. Brooks and Kat (2002) and De Wet, Krige and 

Smit (2008:71) furthermore argues that there is no clear distinction drawn between 

upside or downside risk, especially when normality among return distributions is 

considered. This is especially challenging for investments in emerging markets, such 

as South Africa, where the occurrence of higher moments are more frequent those in 

developed markets (Bekaert et al., 1998). This implies that traditional performance 

measures that use the mean-variance as a risk denominator will find it challenging to 

rank volatile returns, seeing that downside risk will not be accounted for (Lo, 2002; 

Lamm, 2003).  

Lamm (2003) further argues that the probability of downside risk can be prevented, 

which traditional performance measures fail to account for. Typically, these measures 

should be able to cater for the shortcomings of the risk denominators of traditional 

measures, especially when it comes to higher moments. Given that this is still a 

dynamic field of research, with different measures constantly being developed, studies 

such as those by Aftalion and Poncet (2003), Le Sourd (2007), Bacon (2008) and 

Cogneau and Hübner (2009a, b) attempt to present the most complete sample of the 

most relevant performance measures available. All of these studies, however, agree 

that certain redundancies exist among all performance measures, and conclude that 

there is not a single procedure for risk-adjusted portfolio returns that is universally 

accepted (Reilly & Brown, 2012:933). This implies that no single measure should be 

used in isolation, but rather that each should rather be used in a group to complement 

one another.  

A discussion follows on the classic risk-adjusted measures, which were developed on 

the basis of portfolio theory and the CAPM, including measures such as the Treynor 

ratio (Treynor, 1965), Sharpe ratio (Sharpe, 1966), Jensen's 𝛼 (Jensen, 1968), the 

Information ratio (Sharpe, 1994) and the M2 measure (Modigliani & Modigliani, 1997). 

Thereafter, a discussion is set out on the different variations of the Sharpe ratio, a few 

of which utilise the Value at Risk (VaR) as risk denominators.  

Among these variations are measures such as excess return on VaR (Dowd, 2000), 

adjusted Sharpe ratio (Lo, 2002), Modified Sharpe ratio (Gregoriou & Gueyie, 2003), 

and conditional Sharpe ratio (Agarwal & Naik, 2004). To address the two main 

shortcomings (negative returns and higher moments) of the traditional Sharpe ratio, 

Israelsen (2005) developed another modified Sharpe ratio. To account for skewness 
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and kurtosis, Pezier and White (2006) proposed another adjusted Sharpe measure 

that penalises excess kurtosis and negative skewness. However, Gatfaoui (2012) 

suggested an alternative solution to account for both skewness and kurtosis through 

scaling the traditional Sharpe ratio.  

Next are the drawdown-based measures, which measure the excess return of an asset 

over its drawdown as a risk measure (Esfahanipour & Mousavi, 2011:8440). Among 

the risk-adjusted drawdown-based measures are the Calmar ratio (Young, 1991), 

Burke ratio (Burke, 1994), Sterling ratio (Kestner, 1996), Martin ratio (Martin & 

McCann, 1998) and the Pain ratio (Zephyr Associates, 2006). Within these measures, 

Bacon (2008) suggested that certain measures be fused together to serve as 

additional variations of the original Sharpe ratio, referring of course to the studies of 

Young (1991) and Kestner (1996), called the Sterling-Calmar ratio. Additionally, there 

are measures based on Lower Partial Moments (LPM), such as the Sortino ratio 

(Sortino & Van der Meer, 1991), Upside potential ratio (Sortino, Van der Meer & 

Plantinga, 1999), Omega ratio (Shadwick & Keating 2002a) and Kappa 3 (Kaplan & 

Knowles, 2004).  

These LPM-based measures are generally called kappa measures, from which the 𝑛th 

order of the kappa measures is used to calculate the excess returns via the difference 

between the asset’s actual return and the minimum acceptable return (MAR), and then 

risk is calculated as the 𝑛th LPM (Esfahanipour & Mousavi, 2011:8440). Another 

improved variation of the Omega ratio was introduced by Kazemi, Schneeweis and 

Gupta (2004), building on the works of Sharpe (1966) and Shadwick and Keating 

(2002a), called Omega-Sharpe ratio. To achieve the goals of this study, this chapter 

commences by discussing the performance measures mentioned above.  

3.2 The Treynor ratio 

The Treynor ratio, formulated by Treynor (1965), also referred to as the ‘reward-to-

volatility ratio’, is an innovative concept for measuring portfolio performance (Caporin 

et al., 2014:921). The Treynor ratio measures the relationship between the systematic 

risk of a portfolio and its returns, above the risk-free rate (Le Sourd, 2007:13; Steinki 

& Mohammad, 2015:12), which can be depicted directly from the CAPM. Treynor 

(1965) found that risk is classified into two components, systematic risk and 

unsystematic risk. 
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To isolate the systematic risk, Treynor developed the characteristic line which is simply 

a graphical representation of the relationship between the rates of return for a portfolio 

and an appropriate market portfolio, over time. The incline of the characteristic line is 

measured by 𝛽, which is the relative volatility of the portfolio returns compared with 

the returns for the aggregate market. If the incline of the characteristic line is high, then 

it will imply that, that portfolio is more sensitive to market returns and is also exposed 

to greater market risk. A deviation from this line would imply that the portfolio has 

achieved superior returns, relative to the aggregate market returns. Deviations from 

the line are mostly due to various returns of individual securities in the portfolio, being 

differences that would be eliminated in a fully diversified portfolio (Dzikevičius, 

2005:80). The Treynor ratio is defined as: 

𝑇𝑟𝑒𝑦𝑛𝑜𝑟 𝑟𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑓

𝛽(𝑅𝑝, 𝑅𝐵)
 (3.1) 

where 

𝑅𝑝:  expected rate of return of the portfolio; 

𝑅𝑓:  risk-free rate of return of the asset; and 

𝛽(𝑅𝑝, 𝑅𝐵): 𝛽 of 𝑅𝑝 portfolio return, relative to benchmark return 𝑅𝐵  

(Marx et al., 2010:284; Steinki & Mohammad, 2015:12).  

The interpretation of the ratio is straightforward: the higher the Treynor value, the more 

desirable the portfolio will be on a relative risk-adjusted basis. According to Le Sourd 

(2007:13), the calculation of this indicator would require a reference index to be 

chosen to determine the portfolios’ 𝛽. That choice influences outcomes significantly, 

which is a fact that has received many criticisms (see Roll, 1977). 

This composite measure7 is particularly beneficial for evaluating the performance of 

portfolio that is well diversified; in other words, systematic risk (non-diversifiable risk) 

is the only risk that is accounted for, and what makes the Treynor ratio unique is that 

it makes a clear distinction between systematic and unsystematic risks. Another 

advantage of the ratio is that it uses 𝛽 as a measure of risk, which is more stable than 

is the standard deviation used. However, the ratio is subject to change, as the 

                                                           
7 A composite measure is an investment performance statistic that considers both the return and risk associated 

with a portfolio (Reilly & Brown, 2012:1042). 
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underlying co-variances and the portfolio 𝛽 change over time. The 𝑅2 of the portfolio 

𝛽 is one method that can be implemented to determine the degree of correlation 

between the portfolio and the market indices (Steinki & Mohammad, 2015:12). 

Furthermore, the Treynor ratio can also be used as a performance-measuring tool to 

evaluate a portfolio’s performance, relevant to the degree of market risk undertaken 

by the portfolio manager.  

The Treynor ratio also incorporates a few weaknesses that limit its capabilities for 

being used as a performance measure, such as the ranking of portfolios where 

portfolios are not fully diversified. The denominator, 𝛽, measures the systematic risk 

of the portfolio and not the unsystematic risk, seeing that it implicitly assumes that the 

portfolio is completely diversified, thus not accounting for the actual risk exposure of 

the portfolio (Dzikevičius, 2005:80; Reilly & Brown, 2012:937). In addition, the ratio is 

subject to general weaknesses of the CAPM, which states that the market risk 

premium (measured by 𝛽) and the risk-free rate are the two main factors that the 

expected rate of return of an asset depends on (Steinki & Mohammad, 2015:12). 

Lastly, the usefulness of the Treynor ratio as a performance measure is limited by the 

model’s mean-variance assumption of normality among security returns, implying that 

the Treynor ratio is not a suitable measure to use when security returns exhibit a 

Gaussian distribution. The Treynor ratio remains the first measure to combine the risk 

of an aggregate market and the returns of a portfolio. Nevertheless, the assumption 

which Treynor makes that a portfolio is fully diversified is somewhat more abstract 

than real (Dzikevičius, 2005:80). To account for the total risk of a portfolio, Sharpe 

introduced his measure the following year.  

3.3 The Sharpe ratio 

The Sharpe ratio (Sharpe, 1966), formally known as the ‘reward-to-variability ratio’, is 

an extension on the earlier works of Treynor (1965) designed to measure the 

performance of mutual funds (Shahid, 2007:29). The Sharpe ratio is the most popular 

risk-adjusted performance measure used to evaluate the relationship between the 

mean excess expected return (risk premium), relative to the standard deviation of the 

returns generated from the portfolio (Sharpe, 1966; Lo, 2002:36; Eling, 2008:54; 

Schuhmacher & Eling, 2011:2311).  
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This relationship of risk premium and the total risk of a portfolio can be drawn from the 

Capital Market Line (CML), and not the CAPM. Furthermore, it also does not refer to 

a market index, rendering irrelevant Roll’s (1977) criticism regarding the market 

portfolio not being observable, (Le Sourd, 2007:13). The Sharpe ratio, furthermore, 

evaluates the returns earned by the portfolio manager in excess of the risk-free rate 

per unit of risk of portfolio total risk (Shahid, 2007:30 and Caporin et al., 2014:920).  

 

𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑓

𝜎(𝑅𝑝)
 (3.2) 

where 

𝑅𝑝:  expected rate of return of the portfolio; 

𝑅𝑓:  risk-free rate of return of the asset; and 

𝜎(𝑅𝑝):  volatility i.e. the standard deviation of portfolio returns. 

The popularity of the Sharpe ratio arises primarily because of the simplicity and 

straightforwardness of the measure in calculating a portfolio’s aggregate performance 

and also because of the extensive literature support it has received regarding the 

ratio’s properties (Lo, 2002; Goetzmann, Ingersoll, Spiegel & Welch, 2007:1504; 

Schuster & Auer, 2012; Auer & Schuhmacher, 2013). The Sharpe ratio makes use of 

the standard deviation as a risk measure, and not the variance as the Treynor ratio 

(1965) does, thus enabling the ratio to account for the total risk (systematic and 

unsystematic). This measure is particularly advantageous if portfolio returns are not 

completely diversified, implying that the portfolio is still exposed to unsystematic risk 

to some extent. The Sharpe ratio is also a convenient measure to use when ranking 

portfolios with different trading strategies and underlying characteristics (Ackermann, 

McEnally & Ravenscraft, 1999; Liang, 1999; Schneeweis, Kazemi & Martin, 2002).  

The Sharpe ratio, however, does have certain limitations that cripple it in accurately 

determining the total risk of the portfolio (Eling & Schuhmacher, 2007). If the Sharpe 

ratio is to be derived within a Markowitz framework, then it will have the same 

downsides of the mean-variance model, where the representative investor is 

characterised by a quadratic utility function and/or the portfolio returns are assumed 

to be normally distributed (Caporin et al., 2014:920). However, financial returns are, 
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more often than not, non-normal distributed, and through assuming normality, the total 

portfolio risk is underestimated (Amin & Kat, 2003), rendering the Sharpe ratio an 

inadequate measure to evaluate and/or rank funds (Brooks & Kat, 2002). 

The Sharpe ratio also fails to account for correlation among individual security returns 

from the mean portfolio returns, which can also lead to ambiguous performance 

rankings (Sharpe, 1994). The Sharpe ratio penalises positive and negative 

deviations/volatility equally, and it has been shown that this quantity can be exposed 

to manipulations (Goetzmann et al., 2007:1505; Steinki & Mohammad, 2015:6), even 

though positive deviations do no resemble classic investment risks (Sortino & Van der 

Meer, 1991). 

Another problem of using volatility as a risk measure arises when portfolio returns that 

comprise illiquid securities returns are smoother than those of true economic returns, 

causing an increase in the Sharpe ratio, which is counter-intuitive to what the Sharpe 

measure represents (Getmansky, Lo & Makarov, 2004:529). Furthermore, the Sharpe 

ratio assumes a constant risk-free rate, which is identical for lending and borrowing, 

but it does not reflect all the categories of investors’ complete attitudes towards risk 

(Caporin et al., 2014:920). The validity of the Sharpe ratio, furthermore, is dependent 

on the accuracy and stability of the first and second order moments (Homm & 

Pigorsch, 2012: 2277).  

Amenc, Martellini and Sfeir (2004:2) argue that the Sharpe ratio also fails to take any 

benchmark of a fund into account for estimating the excess returns, making it 

particularly difficult to evaluate some portfolios (Van Heerden, 2015:11). This is 

especially true when fund excess returns are negative, thus causing the Sharpe ratio 

to display spurious rankings (Israelsen 2005; Steinki & Mohammad, 2015:6). The 

standard deviation is the main reason for the ratio’s inadequacy because the standard 

deviation displays biased estimation if confronted with non-normal distributions that 

display skewness and kurtosis (Eling & Schuhmacher, 2007; Steinki & Mohammad, 

2015:6), which can lead to a misperception of actual risk (Lhabitant, 2004). 

3.4 VaR-Sharpe ratio 

In attempt to address some of the issues, Dowd (1999; 2000) introduced the Reward-

to-Value-at-Risk ratio, which substitutes the standard deviation with the Value-at-Risk 

(VaR) (3). The inclusion of the VaR instead of the standard deviation allows the 
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investor to gauge the performance of a managed portfolio, thus enabling the Sharpe 

ratio to restrict the biasness that exists within the investment decision-making process 

(Caporin et al., 2014:922). In other words, VaR simply enables the investor to 

determine the amount by which a portfolio’s worth can decline, with a given probability 

in a certain time period (Simons, 1998:37). 

𝑉𝑎𝑅 − 𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑓

𝑉𝑎𝑅
 (3.3) 

where 

𝑅𝑝:  expected rate of return of the portfolio; 

𝑅𝑓:  risk-free rate of return of the asset; and 

𝑉𝑎𝑅 represents 𝑅𝑝 + 𝑧𝑐 × 𝜎, with 𝑧𝑐 the probability value (1 − 𝛼) i.e. – 2.326, for a 99% 

confidence interval and  the annualised volatility i.e. the standard deviation of 

portfolio returns.  

Dowd (1999; 2000) suggested a possible solution to overcome the correlation problem 

with the standard application of the Sharpe ratio. He argued that the inclusion of an 

additional asset within the existing portfolio can be evaluated through calculating the 

Sharpe ratio of both current and new portfolios (𝑆𝑅𝑜𝑙𝑑 and 𝑆𝑅𝑛𝑒𝑤 respectively), with 

the only exception being that the new portfolio will include the additional asset. Thus, 

if the correlation is accounted for in both the old and new Sharpe measures, the only 

remaining deciding factor between the two portfolios is whether the additional asset 

has raised the existing Sharpe ratio. Hence, the asset should only be included if it 

proves to be contributing to the overall Sharpe ratio (𝑆𝑅𝑜𝑙𝑑 ≤ 𝑆𝑅𝑛𝑒𝑤) (Dowd, 1999:61; 

Dowd, 2000:213). 

The VaR-approach, however, still has one major defect, which is that it is based on 

the mean-variance framework, which means it assumes normality, and thus does not 

account for the presence of higher moments, especially in the “tails” of the distribution 

(Committee on the Global Financial System, 1999:41). Another disadvantage of the 

VaR is that, theoretically, it does not fulfil the four coherence properties (invariance, 

monotonicity, positive homogeneity and sub-additivity) that a ‘good’ risk measure is 

comprised of, especially that of the sub-additivity principle (Caporin et al., 2014:923). 
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3.5 Conditional Sharpe ratio 

Artzner, Delbaen, Eber and Heath (1997; 1999), on the other hand, proposed that if 

an expected shortfall or expected tail loss is incorporated within the Sharpe ratio, then 

the Sharpe ratio will be able account for losses exceeding the VaR-level (Biglova, 

Ortobelli, Rachev & Stoyanov, 2004:105; Sarykalin, Serraino & Uryasev, 2008:271). 

This is done through substituting the standard deviation with the conditional 

expectation of loss (CVaR), which is the expected shortfall: 

𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑆ℎ𝑎𝑟𝑝𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑓

𝐶𝑉𝑎𝑅1−∝
 (3.4) 

where 

𝑅𝑝:  expected rate of return of the portfolio; 

𝑅𝑓:  risk-free rate of return of the asset; and 

𝐶𝑉𝑎𝑅1−∝
: conditional VaR over a certain time horizon where 100(1 − 𝛼)% 

represents the confidence interval.  

3.6 Modified Sharpe ratio 

Although the 𝐶𝑉𝑎𝑅 provides investors with the opportunity of improving their portfolio 

decisions, it still has certain drawbacks that reduce its significance, such as its 

dependency on sample size. Furthermore, when compared to the 𝑉𝑎𝑅, the 𝐶𝑉𝑎𝑅 

estimates are, statistically speaking, less stable, which can cause 𝑉𝑎𝑅 out-of-sample 

performances to be superior to those of 𝐶𝑉𝑎𝑅. This is especially true if tails are not 

correctly modelled (Yamai & Yoshiba, 2002:217; Sarykalin et al., 2008:271).  

These drawbacks have led to the development of an alternative risk denominator that 

accounts for higher moments (skewness and kurtosis) (Eling & Schuhmacher, 

2007:2636). Therefore, an estimator for 𝑉𝑎𝑅 that is based on the Cornish-Fisher 

expansion and the first four moments of the return distribution, known as the Modified 

𝑉𝑎𝑅 could then be employed in the Sharpe ratio as follows (Eling, 2008:56; Ardia & 

Boudt, 2015:98): 

𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑆ℎ𝑎𝑟𝑝𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑓

𝑀𝑉𝑎𝑅
 (3.5) 
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where  

𝑅𝑝:  expected rate of return of the portfolio; 

𝑅𝑓:  risk-free rate of return of the asset; and 

𝑀𝑉𝑎𝑅 = 𝑟𝑝 + 𝜎2 [𝑧𝑐 +
𝑆(𝑧𝑐

2 − 1)

6
+

𝐸𝑖(𝑧𝑐
3 − 3𝑧𝑐)

24
−

𝑆2(2𝑧𝑐
3 − 5𝑧𝑐)

36
] 

where 𝑧𝑐 is the probability value (1 − 𝛼), 1.96 for a 95% confidence interval and 𝜎2 is 

the annualised variance of returns, 𝑆 is the skewness, and 𝐸𝑖 is the excess kurtosis 

(see Favre & Galeano, 2002). 

The modified Sharpe is generally used to evaluate the risk-adjusted performance of 

an investment whose returns are not normally distributed. The modified Sharpe was 

introduced by Favre and Galeano (2002) and Gregoriou and Gueyie (2003) and is 

often defined as the ratio between its average excess return and the 𝑀𝑉𝑎𝑅 of the fund 

(Eling & Schuhmacher, 2007:2636; Ardia & Boudt, 2015:98).  

3.7 Serial correlated adjusted Sharpe ratio 

Another method to account for correlation, apart from employing the 𝑉𝑎𝑅-based risk 

denominator, is seen in the study of Lo (2002). According to Lo (2002:36), the accurate 

measuring of the Sharpe ratio is a major concern and can be addressed through 

deriving explicit expressions for the statistical distribution of the Sharpe measure 

through implementing the standard asymptotic theory. In his study, Lo (2002:40) 

revealed that the Sharpe ratio cannot be annualised by simply multiplying by √12, 

except under exceptional circumstances. The solution Lo (2002:40) suggested to 

overcome the problem of autocorrelation is shown in (3.6).  

𝜂(𝑞)SR =
𝑞

√𝑞 + 2 ∑ (𝑞 − 𝑘)𝜌𝑘
𝑞−1
𝑘=1

 (3.6) 

where  

𝑆𝑅:  Sharpe ratio as estimated in (3.19); 

𝑞:  period; and 

𝜌𝑘:  kth autocorrelation for returns.  
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Furthermore, Lo (2002:36) found that the annual Sharpe ratio for hedge funds can be 

exaggerated by as much as 65% due to the presence of serial correlation in monthly 

returns. He also stated that if investors adjust for serial correlation, the rankings among 

hedge funds would also change significantly, thus emphasising the need to adjust for 

serial correlation (Lo, 2002:36). Harding (2002), however, suggests an alternative 

solution to the limitations presented by non-normal returns. He argues that the problem 

with the traditional Sharpe ratio lies with the risk denominator, i.e. the standard 

deviation. The reliability of the standard deviation is founded on the its ability to be 

generated from a process that is both parametric as well as stationary at all the return 

time series (Harding, 2002:1). The work of Harding (2002) builds on the earlier works 

of Sortino and Van der Meer (1991), where the Lower Partial Moments (LPM) of the 

second order are employed as an alternative risk denominator.  

3.8 Sortino ratio  

The Sortino ratio was developed by Sortino and Van der Meer (1991) to improve on 

the current risk-adjusted performance measures available (Steinki & Mohammad, 

2015:9). The Sortino ratio is different from the other risk-adjusted performance 

measures in the sense that it makes a clear distinction between large positive and 

negative performance deviations. Thus, positive returns are penalised in the same 

manner as negative returns are, seeing that most investors do not define risk as failing 

to earn the mean return (Steinki & Mohammad, 2015:9). Sortino and Van der Meer 

(1991) recognised the Sharpe ratio’s shortcomings, which led to the development of 

the risk-adjusted performance measure – the Sortino ratio. 

Although the Sortino ratio is based on the Sharpe ratio, the method by which Sortino 

and Van der Meer (1991) choose to measure an investment’s risk-adjusted returns is 

considerably different. The Sharpe ratio, for instance, uses the standard deviation (the 

square root of the variance) as the risk denominator, which is considered a ‘non-

directionally biased measurement of volatility’, which implies that both upside and 

downside volatility are penalised equally (Harding, 2002:2; De Wet et al., 2008:70-71; 

Pekár, Čičková & Brezina, 2015:422-423). 

Another area in which the Sharpe and Sortino measures are different from one another 

is where the risk-free rate is substituted with the minimum acceptable return (MAR), 

which is simply the minimum rate of return that the investor is willing to accept. The 
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standard deviation of the overall returns is therefore also replaced with the standard 

deviation of returns below the MAR. Sortino and Van der Meer (1991:29) realised that 

investors where only concerned with the downside risk, rather than upside risk, and 

therefore utilised a semi-standard deviation, which measures the inconsistency of 

underperformance below the MAR. The upside risk is presented as a zero in the 

calculation of the downside risk or semi-variance deviation. The Sortino measure in 

(3.7) is adapted from Eling and Schuhmacher (2007:2635): 

𝑆𝑜𝑟𝑡𝑖𝑛𝑜 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑖

𝑑 − 𝑟𝑓

√𝐿𝑃𝑀𝑛(𝜏)𝑛
 (3.7) 

where 

𝑟𝑓:   risk-free rate; and 

𝐿𝑃𝑀: Lower Partial Moment, which measures risk by negative deviations of 

the returns generated compared with a MAR 𝜏 and is given by: 

𝐿𝑃𝑀𝑛𝑖(𝜏) =
1

𝑇
∑ max [𝜏 − 𝑟𝑖𝑡, 0]𝑛

𝑇

𝑡=1
 (3.8) 

The reason why the Sortino measure can capture downside risk is because it uses the 

LPM of the second order to capture the semi-variance of returns. The extent to which 

the deviation from the MAR is weighted depends on the choice of order 𝑛. An LPM of 

order 0, for instance, can be interpreted as shortfall probability, whereas an LPM of 

order 1 can be interpreted as an expected shortfall. Kaplan and Knowles (2004:42), 

however, further built on the application of LPM as a risk denominator, where the semi-

variance of was improved by authentication of third order LPMs, leading to the 

development of the Kappa 3 ratio, which will be explained later.  

Furthermore, because the LPM only considers negative deviations from an MAR 

(either zero, a risk-free rate, or average return), it is considered to be a superior 

measure, as compared with the Sharpe measure that uses the standard deviation as 

a risk-denominator, which penalises both positive and negative deviations of expected 

return (Sortino & Van der Meer, 1991:28; Eling & Schuhmacher, 2007:2635; Pekár et 

al., 2015:423). For this reason, the Sortino ratio will also be a more applicable measure 

to use when distributions are negatively skewed (Steinki & Mohammad, 2015:9).  
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The Sortino measure also exhibits a few drawbacks that may influence the overall 

reliability of the measure. The first drawback of the measure is that only the downside 

risk below the benchmark is accounted for. The upside risk is ignored, which means 

that the ratio is not a complete representation of the overall volatility present (Steinki 

& Mohammad, 2015:9). Second, although the Sortino measure will be the more 

appropriate measure to use when confronted with non-normality, higher moments 

(skewness and kurtosis) still need to be considered to account for the variances’ failure 

to measure risk accurately and to adjust for non-normality. Thirdly, Lo (2002:36) found 

that the Sharpe ratio displayed misleading results among funds with known 

asymmetric return distributions, such as hedge funds, as a result of the serial 

correlation in monthly returns. This in turn implies that the Sortino ratio can also 

present ambiguous results when it is applied to similar funds. Fourthly, it is considered 

that the calculation of downside deviation is somewhat complicated and that the 

different approaches in the calculation thereof can significantly influence the ratio’s 

output. For instance, most investors only use the historical returns that fall below the 

MAR, which means that downside risk is underestimated considerably (Sortino & 

Forsey, 1996).  

The study of Kaplan and Knowles (2004) further builds on the application of the LPM 

as a risk denominator and improved the validity of semi-variance through 

implementing LPMs of the third order, thus leading to the development of the Kappa 

3 ratio. 

3.9 Kappa 3 ratio 

𝐾𝑎𝑝𝑝𝑎 3 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

√𝐿𝑃𝑀3(𝜏)3
 (3.9) 

where  

𝑟𝑝:  annualised return of the security; 

𝑟𝑓:  annualised risk-free rate; and 

√𝐿𝑃𝑀3(𝜏)3 : lower partial moment of the nth order, i.e. the risk denominator, as 

explained in (3.15). 
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The risk denominator of the Sharpe ratio is therefore substituted for the downside 

deviation of the nth order, √𝐿𝑃𝑀𝑛(𝜏)𝑛
, keeping in mind that the main objective should 

be to assign a greater weight to losses, rather than to gains (see Kahneman & Tversky, 

1979; Gul, 1991). In contrast, Young (1991) claims that an ‘LPM risk denominator’ 

might not be as insightful as the maximum drawdown (MD), which is the maximum 

loss of capital over a certain period (see Lhabitant, 2004), which led to the introduction 

of the Calmar ratio. 

3.10 Calmar ratio 

The maximum drawdown/loss that an investor can experience occurs when a security 

is bought at the highest point and sold on a lowest point over a certain period (Van 

Heerden et al., 2014:173). The Calmar ratio can be calculated through taking the 

average excess return and dividing it by the maximum drawdown, which is written as 

follows: 

𝐶𝑎𝑙𝑚𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

𝑀𝐷
 (3.10) 

where 

𝑟𝑝:  annualised return of the security; 

𝑟𝑓:  annualised risk-free rate; and 

𝑀𝐷 is the maximum drawdown, and is calculated as follows: 

𝑀𝐷
𝑚𝑎𝑥

𝑢 ∈ [0, 𝑡][𝐻(𝑢) − 𝐿(𝑢)] (3.11) 

where 

𝑡:  number of return observations; 

𝐻(𝑢):  return value at the highest point over the interval of size 𝑡; and  

𝐿(𝑢):  return value at the lowest point over the interval of size 𝑡. 

There are a few advantages coupled with this measure, but the most formidable are 

that (3.10) the Calmar ratio, unlike the Sharpe or Sortino ratios, is not dependent on 

volatility to measure risk and is therefore not as sensitive to deviations in the short run. 

Furthermore, (3.10) the Calmar ratio is calculated on a monthly basis, which means 
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that the ratio changes gradually and helps to smooth out the outliers of the 

performance more meaningfully than the Sharpe ratio does (Steinki & Mohammad, 

2015:2). 

Equally so, the drawbacks of the Calmar ratio are directly linked to the advantages. 

The first noteworthy drawback is that volatility is ignored by the maximum drawdown 

as a risk component, which means that the Calmar ratio only measures risk from a 

drawdown perspective. The foremost drawback of the Calmar ratio is that it defines 

risk from only one single event (hence the term ‘maximum drawdown’), thus 

influencing the overall reliability of the measure.  

3.11 Burke, Sterling, Martin and Pain ratios 

Despite the drawbacks of the Calmar ratio, other studies have been inspired to 

develop different variations of it. The most noteworthy drawdown-down based 

performance measures (see Schumacher & Eling, 2011:2312) are the Burke ratio 

(Burke, 1994), the Sterling ratio (Kestner, 1996) which was later adjusted to the 

Sharpe ratio framework (Bacon, 2008), the Martin ratio (Martin & McCann, 1998), and 

lastly the Pain ratio (Zephyr Associates, 2006). These measures are written as follows: 

𝐵𝑢𝑟𝑘𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

√∑ 𝐷𝑗
2𝑗=𝑑

𝑗=1

 (3.12) 

𝑆𝑡𝑒𝑟𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

|∑
𝐷𝑗

𝑑
𝑗=𝑑
𝑗=1 |

 (3.13) 

𝑀𝑎𝑟𝑡𝑖𝑛 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

√∑
𝐷𝑖

2

𝑛
𝑖=𝑚
𝑖=1

 
(3.14) 

𝑃𝑎𝑖𝑛 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

∑
𝐷𝑖

𝑛
𝑖=𝑚
𝑖=1

 (3.15) 

where 
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𝑟𝑝:  annualised return of the security; 

𝑟𝑓:  annualised risk-free rate; and 

𝐷𝑗 and 𝐷𝑖: drawdown since the previous peak in period 𝑗 and 𝑖 respectively; 

The denominators 𝑑, 𝑚 represent the fixed number of observations, either as preferred 

by the investor or as the actual number of drawdowns; and 

𝑛:  number of drawdowns. 

The concept of incorporating the duration of drawdowns was originally introduced by 

Martin in 1987 who developed the Ulcer Performance Index (Bacon, 2008:10-11). The 

Ulcer Index (see 3.16) is sensitive to the frequency of time period and therefore 

penalises managers that take too much time to recovery to previous highs, considering 

both duration and depth of drawdowns (Bacon, 2008:11). Removing the square root 

from the Ulcer Index will result in a discrete form of the Zephyr Pain Index as 

introduced by Becker in 2006.  

 

𝑈𝑙𝑐𝑒𝑟 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑖𝑛𝑑𝑒𝑥 = √∑
𝐷𝑖

2

𝑛

𝑖=𝑚

𝑖=1

 (3.16) 

𝑃𝑎𝑖𝑛 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑖𝑛𝑑𝑒𝑥 = ∑
|𝐷𝑖|

𝑛

𝑖=𝑚

𝑖=1

 (3.17) 

where 

𝐷𝑖:  drawdown since the previous peak period in 𝑖. 

The net effect of the sensitivity to the frequency of the time period is in turn passed on 

to the Martin and Pain ratios, which will then also have the ability to penalise managers 

that take time to recover to previous highs. Nevertheless, incorporating the depth and 

duration of drawdowns from the Ulcer Index in the Martin ratio and the Pain Index in 

the Pain ratio as numerators in the performance measurement process will provide 

these ratios with a distinctive perception of risk that tends to be overlooked by other 

risk-adjusted performance measures (Bacon, 2008:12). Equally important, the Burke 
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ratio is calculated through dividing the average excess return by the square root of the 

sum of squares of the 𝑛 most significant drawdowns (Schumacher & Eling, 

2011:2312). The purpose of the Burke ratio is therefore to penalise the most notable 

drawdowns, as opposed to the more trivial ones (Bacon, 2008:12). 

Another variation of the Calmar ratio is the Sterling ratio, modified from the earlier 

original Sterling ratio (see Kestner, 1996). The original Sterling ratio (see 3.18), 

proposed that the denominator should be calculated by the average of the largest 

drawdown, plus an additional 10%. The purpose of the additional 10% is 

compensation for arbitrary, seeing as the average largest drawdown will most certainly 

be smaller than the maximum drawdown, thus not serving a useful purpose (Bacon, 

2008:11).  

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑡𝑒𝑟𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝

�̅�𝐿𝐷 + 10%
 (3.18) 

where 

𝑟𝑝:  annualised return of the security; and 

�̅�𝐿𝐷
:  average largest drawdown. 

Bacon (2008:11), however, suggested that the additional 10% be excluded from the 

ratio and that the original Sterling ratio should also be converted into a Sharpe ratio 

form (see 3.19). Replacing the risk denominator with a fixed term 𝑑 allows the 

performance measure to be more restrictive. Bacon (2008) also suggested another 

variation of the Sterling ratio that incorporates the earlier studies of Young (1991) and 

Kestner (1996), called the Sterling-Calmar ratio (3.19). The Sterling-Calmar ratio 

implements the average annual maximum drawdown in the denominator over a fixed 

period. 

𝑆𝑡𝑒𝑟𝑙𝑖𝑛𝑔 − 𝐶𝑎𝑙𝑚𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

�̅�𝑀𝐴𝑋

 (3.19) 

where 

𝑟𝑝:  annualised return of the security; 

𝑟𝑓:  annualised risk-free rate; and 

�̅�𝑀𝐴𝑋
:  average annual maximum drawdown. 
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Moreover, Bacon (2008:7) adapted another ratio to the Sharpe ratio framework that 

incorporates a semi-variance methodology, called the Omega-Sharpe ratio (3.20). 

3.12 Omega-Sharpe & Omega ratio 

The Omega-Sharpe ratio is a compilation of the works of Sharpe (1966) and Keating 

and Shadwick (2002a, b). The combination of these two measures can be seen in the 

application of the downside potential as a risk denominator, as opposed to the normal 

standard deviation applied in the Sharpe ratio. The risk denominator can therefore be 

seen as the sum of the returns below the required rate of return. 

𝑂𝑚𝑒𝑔𝑎 − 𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑝 − 𝑟𝑓

Downside Potential
 (3.20) 

where 

𝑟𝑝:  annualised return of the security; 

𝑟𝑓:  annualised risk-free rate; and 

𝑑𝑜𝑤𝑛𝑠𝑖𝑑𝑒 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =
1

𝑛
× ∑ max (𝑟𝑇

𝑖=𝑛

𝑖=1
− 𝑟𝑝, 0) 

where 𝑟𝑇 is the minimum target, i.e. the required rate of return.  

Kazemi et al. (2003) define (Omega-1) as the Sharpe-Omega ratio, and will for this 

reason also display identical performance rankings as the Omega ratio (𝛺) (Bacon, 

2008:7), and can be written as follows: 

𝑂𝑚𝑒𝑔𝑎 𝑟𝑎𝑡𝑖𝑜 =
Upside Potential

Downside Potential
 (3.21) 

 

where  

𝑈𝑝𝑠𝑖𝑑𝑒 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =
1

𝑛
× ∑ max (𝑟𝑝

𝑖=𝑛
𝑖=1 − 𝑟𝑇 , 0); 

𝐷𝑜𝑤𝑛𝑠𝑖𝑑𝑒 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =
1

𝑛
× ∑ max (𝑟𝑇

𝑖=𝑛
𝑖=1 − 𝑝, 0); 

𝑟𝑇:  minimum target i.e. the required rate of return; and 

𝑝:  annualised return of the security. 
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In the development of the Omega ratio, Keating and Shadwick (2002a) observed that 

the assumption that the two first moments, mean and variance, will fully describe a 

distribution of returns causes inaccuracies in performance measurement. Shadwick 

and Keating (2002b) argue that the Omega was developed to overcome the 

inadequacies of traditional performance measures. For instance, the Omega ratio is 

not reliant on return distributions to be normally distributed and can therefore account 

for higher moments, thus eliminating the probability of spurious rankings among funds 

(Keating & Shadwick, 2002a:4; Le Sourd, 2007:33). Additionally, when returns are 

normally distributed, then the Omega will provide additional information because it 

takes the investor’s specific preference towards MAR into account (Steinki & 

Mohammad, 2015:5).  

The Omega ratio is, in its purest form, a ratio of total probability weighted gains and 

losses for a specified return threshold (Frey 2009:5). The threshold level is defined as 

the minimum acceptable return (MAR) for an investor (Steinki & Mohammad, 2015:5). 

Utilising the MAR in the Omega is achieved by capturing both Lower Partial Moments 

and Higher Partial Moments and taking the positive deviations of expected returns 

above an MAR into consideration (Van Heerden et al., 2014:172).  

3.13 Upside potential ratio 

The Upside potential ratio was developed by Sortino et al. (1999) to display the 

probability-weighted average of returns above the reference rate (Le Sourd, 2007:32). 

This ratio adjusts the Sortino ratio by utilising the higher partial moment of the first 

order as an alternative for the mean excess return. This ensures that only positive 

returns are considered to quantify reward (Auer, 2015:144), and is written as follows: 

𝑈𝑝𝑠𝑖𝑑𝑒 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =
√∑ 𝜄− 1

𝑇
(𝑅𝑡 − 𝑀𝐴𝑅)2𝑇

𝑡=1

√∑ 𝜄− 1
𝑇

(𝑅𝑡 − 𝑀𝐴𝑅)2𝑇
𝑡=1

 

(3.22) 

where: 𝑇 is the number of periods in the sample; 

𝑅𝑇:  return of an investment in period 𝑡; 

𝜄+ = 1 if 𝑅𝑡 > 𝑀𝐴𝑅 and 𝜄+ = 0 if 𝑅𝑡 ≤ 𝑀𝐴𝑅; and 
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𝜄− = 1 if 𝑅𝑡 ≤ 𝑀𝐴𝑅 and 𝜄− = 0 if 𝑅𝑡 > 𝑀𝐴𝑅. 

The numerator of the upside potential ratio is the expected return above the MAR and 

can be thought of as the potential for success. The denominator is downside risk, as 

calculated in Sortino and Van der Meer (1991), and can be thought of as the risk of 

failure. The main advantage of the Upside potential ratio, compared with the Sortino 

ratio, is the consistency in the use of the reference rate for evaluating both profits and 

losses (Le Sourd, 2007:32)  

3.14 Information ratio 

The Information ratio (originally termed the ‘appraisal ratio’) was introduced by Treynor 

and Black (1973). This ratio exemplifies the same characteristics as the Sharpe ratio, 

with the exception being as to how they define ‘excess return’. Furthermore, the 

information ratio is applied by investors to set portfolio constraints for the managers, 

such as the tracking of risk limits or attaining a minimum information ratio (Kidd, 

2011:2). As mentioned above, the Sharpe ratio defines excess return as any return 

beyond the risk-free rate, whereas the Information ratio regards excess returns as any 

returns in excess of the relevant benchmark index (Israelsen, 2005:423; Kidd, 2011:2; 

Steinki & Mohammad, 2015:6). The risk-free asset is therefore substituted with the 

benchmark index. The Information ratio’s risk denominator is often referred to as the 

‘tracking error’, which can be described as the residual return divided by residual risk. 

In other words, it is the tracking error that is represented through the standard deviation 

of the difference in return between the asset and the benchmark index (Le Sourd, 

2007:20-21; Simpson, 2015:54), and is demonstrated as follows: 

𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑏

𝜎(𝑅𝑝−𝑅𝑏)
 (3.23) 

where 

𝑅𝑝 − 𝑅𝑏: excess return where 𝑅𝑝 represents the assets return and 𝑅𝑏 

represents the benchmark return; and 

𝜎𝐸𝑅
    is the standard deviation of excess returns, i.e. tracking error.  

The Information ratio further allows investors to see whether the amount of active risk 

taken, in excess of the benchmark index, is being sufficiently rewarded (Simpson, 
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2015:54). In contrast, the Information ratio does not take the systematic (un-

diversifiable) risk into account, indicating that this ratio is inadequate for comparing the 

performance of well diversified portfolios with those that that not so well diversified (Le 

Sourd, 2007:21). This is supported by Modigliani and Modigliani (1997), who further 

argue that risk-adjusted performance measures neither say anything with regard to 

performance nor provide any guidance as to how portfolios should be constructed and 

are therefore considered to be inadequate for investors (Muralidhar, 2001:2). For 

investors to objectively compare portfolios on a risk-adjusted basis with one another, 

Modigliani and Modigliani (1997) argue that it is imperative for the levels of risk for 

both the portfolio and its benchmark to be equal, thus leading to the development of 

the M2 measure. 

3.15 The M2 measure: Modigliani and Modigliani 

Modigliani and Modigliani (1997) studied the impacts of leverage strategies on the 

performance of a portfolio, which led to the development of a modified ‘ESDAR’ 

(excess standard deviation adjusted return) measure, proposed by Statman (1987) 

and called the M2 (Caporin et al., 2014:929). According to Modigliani and Modigliani 

(1997), a portfolio can be either leveraged or deleveraged using the risk-free rate, 

which can be defined as follows: 

𝑀2 = 𝛾𝑝 × (𝑟𝑝 − 𝑟𝑓) + 𝑟𝑓 (3.24) 

where 

𝛾𝑝:  leverage factor which can be defined as 𝛾𝑝 =
𝜎𝑚

𝜎𝑝
; 

𝜎𝑚:  annualised standard deviation of the market returns; 

𝜎𝑝:  annualised standard deviation of the asset; 

𝑟𝑝:  annualised return of the asset; and 

𝑟𝑓:  risk-free rate. 

The purpose of the M2 measure is to evaluate the expected return of a portfolio that 

comprises both risky and risk-free assets per unit of total market risk. Thus, this 

measure will allow investors to accurately determine whether the extra total risk with 
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respect to the market portfolio risk was rationally compensated (Caporin et al., 

2014:930). 

The M2 measure can be expressed as the Sharpe ratio times the standard deviation 

of the benchmark index and will therefore lead to similar rankings of portfolios. The M2 

measure is, therefore, for this reason also subjected to the same limitations as the 

Sharpe ratio is (Le Sourd, 2007:21). Nevertheless, the M2 measure evaluates the 

annualised risk-adjusted performance (RAP) of a portfolio in terms of percentage 

points. Furthermore, it is for this reason that the interpretation of the M2 measure is 

easier to understand than the Sharpe ratio is (Simons, 1998:39). The M2 measure is 

just part of the many variations there are of the Sharpe ratio. Another study that 

addresses the main shortfalls of the Sharpe ratio (negative returns and Gaussian 

distribution) is that of Israelsen (2005). In his study, Israelsen (2005:423) suggests 

that by adding an exponent to the standard deviation, in other words, only modifying 

the risk denominator, the outcome (ranking of funds) of the Sharpe ratio and 

Information ratio will be significantly improved, especially when excess returns are 

negative. 

3.16 Israelsen’s modified Sharpe ratio 

Israelsen (2005:425) introduced a modified version of traditional Sharpe ratio that 

addressed the anomaly of spurious rankings, which can be seen in (3.25): 

Israelsen's Modified Sharpe ratio =
(𝑟𝑝 − 𝑟𝑓)

𝜎𝑝 (
𝑟𝑝 − 𝑟𝑓

𝑎𝑏𝑠(𝑟𝑝 − 𝑟𝑓)
)

 
(3.25) 

where 

𝑟𝑝 − 𝑟𝑓: excess returns of the portfolio;  

𝑟𝑝:  annualised return of the asset; 

𝑟𝑓:  risk-free rate;  

𝜎𝑝:  annualised standard deviation of the asset; and 

𝑎𝑏𝑠(𝑟𝑝 − 𝑟𝑓): absolute value of the excess returns. 
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3.17 Pezier and White's adjusted Sharpe ratio 

The studies of Pezier and White (2006) and Gatfaoui (2012) proposed other 

approaches that address the shortcoming of higher moments. Pezier and White 

(2006:15) proposed that a penalty factor for negative skewness and excess kurtosis 

be incorporated within the Sharpe ratio, which can be written as follows: 

Pezier & White’s adjusted Sharpe ratio = 𝑆𝑅 × [1 + (
𝜇

6
) × 𝑆𝑅 − (

𝜑−3

24
) × 𝑆𝑅2] (3.26) 

where:  

𝑆𝑅:  Sharpe ratio; 

𝜇:  skewness of the return distribution; and 

𝜑:  kurtosis return distribution. 

Pezier and White’s adjusted Sharpe ratio preserves the standard Sharpe ratio for zero 

skewness, and depending on the sign and value of skewness, the adjusted Sharpe 

ratio will either increase when skewness is positive or decrease when skewness is 

negative, but still increase in absolute terms (Mistry & Shah 2006:11).  

3.18 Scaled Sharpe ratio 

Gatfaoui (2012:13), on the other hand, suggested an alternative method by which the 

Sharpe ratio could be adjusted (scaled) to reduce the ratio’s sensitivity towards the 

effects of skewness and kurtosis, which is presented as follows:  

𝑆𝑐𝑎𝑙𝑒𝑑 𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 1 (S*) = 𝑤− ×
𝑒𝑟−

𝜎𝑠−

+ 𝑤+ ×
𝑒𝑟+

𝜎𝑠+

 (3.27) 

𝑆𝑐𝑎𝑙𝑒𝑑 𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 2 (S**) = 𝑤− ×
𝑅𝑠 − 𝑅𝑓

𝜎𝑠−

+ 𝑤+ ×
𝑅𝑠 − 𝑅𝑓

𝜎𝑠+

 (3.28) 

where: 

𝑤−
=

𝑛−

𝑛
 ; 

𝑤+
=

𝑛+

𝑛
; 

𝑛+ and 𝑛−: the number of observations above and below the security’s mean 

returns; 
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𝑛:  total number of observations included;  

𝑒𝑟+ and 𝑒𝑟−: positive and negative excess returns, respectively; 

𝑅𝑠
: annualised security returns with 𝑅𝑆+ and 𝑅𝑆− are the right- and left-

skewed returns, respectively;  

𝑅𝑓:  annualised risk-free rate; and  

𝜎𝑠
: annualised standard deviation of the security returns with; 

𝜎𝑆+ and 𝜎𝑆−: upside and downside deviations respectively. 

(3.27) is identical to (3.28), apart from the fact that the deviations of returns from 

historical means are now accounted for. In (3.2), the original Sharpe ratio is 

incorporated when portfolio returns are normally distributed (Gatfaoui, 2012:13). 

Although the scaled Sharpe ratios might be adjusted for higher moments, there have 

still been reported instances of structural breaks occurring within higher moments, 

which can often be misinterpreted as a deviation from normality (Reschenhofer, 2004; 

Van Heerden, 2015:11). Nevertheless, several studies8 have suggested various 

methods to identify structural breaks, although none have proposed a clear indication 

as to the way structural breaks are to be eliminated. Thus, structural breaks within 

higher moments are not to be accounted for in this paper.  

3.19 Jensen’s 𝜶 

Jensen (1968) introduced a performance measure to evaluate the forecasting abilities 

of mutual fund managers, called Jensen’s 𝛼 (Jensen, 1968:389; Dzikevičius, 2005:81). 

Jensen’s 𝛼 is based on the CAPM, where the expected returns of an assets or portfolio 

of assets are calculated as follows: 

𝑅𝑒𝑞𝑢𝑟𝑒𝑑 𝑟𝑒𝑡𝑢𝑟𝑛 = 𝑟𝑓 + 𝛽𝑝(𝑟𝑚 − 𝑟𝑓) (3.29) 

where 

𝑟𝑓:  risk-free rate of return 

𝛽𝑃:  systematic risk of the portfolio; and 

𝑟𝑚:  market return (Marx et al., 2010;285). 

                                                           
8 See for example, Chu, Stinchcombe & White (1996); Sowell (1996). 
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Jensen’s Measure indicates the excess returns of a portfolio, relative to the risk-free 

rate, as explained by the market model, or (Le Sourd, 2007:15): 

Jensen's 𝛼 = 𝑟𝑝 − [𝑟𝑓 + 𝛽𝑝(𝑟𝑚 − 𝑟𝑓)] (3.30) 

where 

𝑟𝑝:  actual historical return of portfolio (Marx et al., 2010:285). 

The purpose of Jensen’s 𝛼 is to evaluate whether the manager’s selection of securities 

in a portfolio has contributed to the overall profitability of the portfolio (Caporin et al., 

2014:925). If a portfolio is performing according to its CAPM expectations, then it 

should have an 𝛼 = 0. Any value > 0 represents superior performance of a manager’s 

stock picking ability, whereas any value < 0 represents inferior performance (Marx et 

al., 2010:285). Furthermore, Jensen's 𝛼 is distinguished from the Sharpe and Treynor 

ratios by installing a benchmark. Jensen furthermore only considers the systematic 

risk of a portfolio. Jensen’s 𝛼 also does not allow portfolios to be compared that do not 

display similar levels of risk and that the value denoted by the 𝛼 is proportional to the 

level of risk taken (Le Sourd, 2007:15). Portfolios that do display different levels of risk 

can be compared through employing the Black-Treynor ratio (Treynor & Black, 1973): 

𝐵𝑙𝑎𝑐𝑘 − 𝑇𝑟𝑒𝑦𝑛𝑜𝑟 𝑟𝑎𝑡𝑖𝑜 =
𝛼𝑝

𝛽𝑝
 (3.31) 

Jensen's 𝛼 may be used to rank and compare portfolios of similar levels of risk (Le 

Sourd, 2007:15). Notwithstanding the wide use of Jensen’s 𝛼 for evaluating a 

manager’s stock picking ability, certain criticisms have been made against the 

measure. The main criticism of Jensen’s 𝛼 is the same that applies to Treynor, which 

is related to the choice of market proxy (Le Sourd, 2007:15), where a misspecification 

can considerably alter the rankings of mutual funds (see Roll, 1977; Caporin et al., 

2014:925).  

Managers who practise a market riming strategy can modify their exposure to the 

systematic risk, based upon anticipated movements in the market. In this case, the 

Jensen’s 𝛼 that is based on a single risk factor model can counter-intuitively display 

negative results that do not necessarily reflect the actual performance of the portfolio 

manager (Treynor & Mazuy, 1966; Le Sourd, 2007:15; Caporin et al., 2014:925).  
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3.20 Conclusion 

In this chapter, a discussion was presented on the different performance measures 

that have been developed on the basis of portfolio theory and the CAPM. Each 

measure presents its own distinguishable factors that exemplify the reason for its 

inclusion within this chapter. It is important to note, however, that there is not one 

universally acceptable performance measure, and that no measure should be used in 

isolation, but should rather be used as part of a group to complement one another. 

The Treynor ratio is the first known performance measure that presented the investor 

with an alternative assessment of risk, relative to return.  

Later on, the Sharpe ratio was developed and addressed the risk denominator 

(variance) flaw of the Treynor ratio by recommending that the variance be square root, 

thus changing the risk measure to the standard deviation. This meant that the risk that 

is presented will include the total risk of the portfolio, and not only the systematic risk 

as assumed by Treynor ratio. The Sharpe ratio, however, was also crippled by a few 

shortcomings, such as its inability to account for higher moments. Other variations of 

the Sharpe measure soon followed, such as the adjusted Sharpe ratio (Lo, 2002), the 

modified Shape ratio (Gregoriou & Gueyie, 2003), the conditional Sharpe ratio 

(Agarwal & Naik, 2004), Israelsen’s modified Sharpe ratio (2005), Pezier and White’s 

adjusted Sharpe measure (2006) and Gatfaoui’s adjusted (scaled) Sharpe ratio 

(2012). Other measures discussed include those of a drawdown nature, such as the 

Calmar ratio (Young, 1991), the Burke ratio (Burke, 1994), the Sterling ratio (Kestner, 

1996), the Martin ratio (Martin & McCann, 1998) and the Pain ratio (Zephyr Associates, 

2006). From these measures, a combination of those of Young (1991) and Kestner 

(1996) was developed by Bacon (2008), called the Sterling-Calmar ratio. In addition 

to the drawdown-based measures are those based on lower partial moments, such as 

the Sortino ratio (Sortino & Van der Meer, 1991), the Upside potential ratio (Sortino, 

Van der Meer & Plantinga, 1999), the Omega ratio (Shadwick & Keating, 2002) and 

the Kappa 3 (Kaplan & Knowles, 2004). Based on the various performance measures 

available to select from, it would be pointless to interpret the results of all the measures 

as they an overall view could present a distorted view of actual portfolio performance. 

Therefore, only the Treynor, Sharpe, Jensen’s Alpha, Omega, and Information ratios 

will be applied in this study.   
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 CHAPTER 4: DATA AND METHODOLOGY 

 

4.1 Introduction 

Chapter 4 sets out a descriptive methodology for conducting the tests relevant to this 

study. The outcomes of the tests are used to affirm or refute sector investment theory. 

The aim of this chapter is to describe the data sources employed and the nature of the 

data used, followed by the relevant mathematical development of Fourier series theory 

(for robust detection and isolation of cycle frequencies and relevant turning points), 

and Markowitz’s mean-variance portfolio optimisation (for assembling portfolios with 

optimal efficiency for each of the given phases). The chapter concludes with a 

description of the statistical approach used for the comparison of means. Empirical 

results are then reported in Chapter 5.  

4.2 Data – economic activity  

Like Thomson and van Vuuren (2016), this study uses GDP as a proxy of economic 

activity to identify potential cycles. Although the GDP is by no means a flawless 

measure of the business cycle (Boehm & Summers, 1999; Ivković, 2016), it provides 

a reasonable measure of the economic activity and business cycle, over a specific 

timespan. A series of turning points are required to be defined to separate the phases 

of the business cycle, a method which is widely used and follows Burns and Mitchell 

(1946). 

The GDP data used are the seasonally adjusted, nominal GDP in South African rand, 

measured quarterly from 01 December 1996 to 19 January 2017. To determine the 

South African market cycle, the All Share Index (ALSI) monthly data were employed 

for the same period as mentioned above. The data for the business cycle and market 

cycle series were obtained from the South African Reserve Bank (SARB) and INET 

Bureau of Financial Analysis (BFA) (previously McGregor BFA) databases, 

respectively. INET BFA is used by many researchers (Mitchell & Kodongo, 2016; 

Vermeulen, 2016; Kwenda, 2017) and is considered to be one of the most reliable 

sources of financial data feeds, financial analysis tools, and financial statistics. Using 

Fourier transformation analysis, Botha (2008) and Thomson and van Vuuren (2016) 
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concluded that the duration of the South African business cycle is 7.1 years. Since the 

data span 20 years, about three business cycles are included. 

4.3 Data – equity prices  

Securities data were obtained from INET BFA (daily data from 01 December 1996 to 

19 January 2017). Securities were downloaded for top 100 Johannesburg Securities 

Exchange (JSE) listed companies, based on their market capitalisation as obtained 

from Sharenet on 19 January 2017. For the specific industry of company data 

acquired, INET BFA classifies all companies in accordance with their respective sector 

industries, and accordingly these data were characterised as such in this study. The 

industries/sectors listed on INET BFA were: 

 

 Basic materials 

 Consumer Goods 

 Consumer Services 

 Financials 

 Health Care 

 Industrials 

 Technology; and 

 Telecommunication. 

The first research objective of this study is to apply Fourier analysis to the data to 

determine the underlying frequency of the market or business cycles, and then 

ascertain the exact turning points of these cycles. Identifying these turning points will 

later assist in the clarification of how long each investment period should last. The 

second research objective is to assemble an investment portfolio that consists of the 

securities of a specific sector and which is predicted to theoretically outperform others 

during a specific phase, i.e. cycle theory. The specific sectors in which to invest – and 

when – are specified by Stovall (1995) and illustrated in Figure 4.1. The components 

of cycle theory, as shown in Figure 4.1, indicate a combination of both economic and 

market cycles in which the market cycle leads the economic cycle. 
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Figure 4.1: Business cycle and market cycle. 

Source: Stovall (1995). 

Subsequent to the application of cycle theory and the selection of securities, 

Markowitz’s (1952) portfolio theory is employed to determine the optimal portfolio (with 

respective weights in relevant securities) by isolating the maximum Sharpe ratio 

position in return/risk space. The process may be summarised by a flowchart of the 

empirical analysis process, as shown in Figure 4.2.  

First, the raw GDP and ALSI data are collected and then used as input in the Fourier 

calculator to determine whether cycles are present and, if so, to isolate the dominant 

cycle. Having obtained the frequency of the most influential cycle, the next step is to 

identify turning points and thus the dates pertaining to the phases of the various market 

sectors. This information is then used in Stovall’s (1995) cycle theory analysis to select 

specific securities in specific phases. These securities are then used to construct a 

Markowitz mean-variance efficient frontier and from there, an optimal portfolio (optimal 

in the maximum risk-adjusted return sense) for each of the given phases. The results 

are then compared with one another to validate whether the specific sectors (as 

proposed by Stovall (1995)) did indeed perform better than the overall market (ALSI) 
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did. The risk/return results are then used to do a comparison of means to establish 

statistically robust differences and thus further affirm or refute sector investment 

theory. 

 

 

Figure 4.2: Empirical analysis flowchart. 

Source: Author’s calculations. 
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4.4 Methodology – Fourier analysis 

The central idea of spectral analysis is to re-express the original time-series 𝑥(𝑡) as a 

new sequence 𝑋(𝑓), which evaluates the significance of each frequency component, 

𝑓, in the dynamics of the original series (Masset, 2008). This is achieved using the 

discrete version of the Fourier transform, which decomposes a periodic signal into its 

constituent frequencies which may be reconstituted into time space (as opposed to 

frequency space). Time series data that include periodic components can be written 

as a sum of simple waves (that is, oscillations of a single frequency) represented by 

sine and cosine functions (Churchill & Brown, 1993). A Fourier series is an expansion 

of a periodic function in terms of an infinite sum of sines and cosines that is achieved 

by making use of the orthogonality relationships of the sine and cosine functions 

(Askey & Haimo, 1996). The generalised Fourier series, obtained using the functions 

𝑓1(𝑥) = cos 𝑥 and 𝑓2(𝑥) = sin 𝑥 (which form a complete orthogonal system over[−𝜋, 𝜋]) 

gives the Fourier series of a function 𝑓(𝑥): 

𝑓(𝑥) = 𝑎02
1 +  ∑ 𝑎𝑛

∞

𝑛=1
cos(𝑛𝑥) + ∑ 𝑏𝑛

∞

𝑛=1
sin(𝑛𝑥) (4.1) 

where 

𝑎0 =
1

𝜋
∫ 𝑓(𝑥)𝑑𝑥

𝜋

−𝜋

 

𝑎0 =
1

𝜋
∫ 𝑓(𝑥) cos(𝑛𝑥) 𝑑𝑥

𝜋

−𝜋

 

𝑏0 =
1

𝜋
∫ 𝑓(𝑥) sin(𝑛𝑥) 𝑑𝑥

𝜋

−𝜋

 

For a function 𝑓(𝑥) periodic on an interval [0,2𝐿] instead of [−𝜋, 𝜋] a simple change of 

variables may be used to transform the interval of integration from [−𝜋, 𝜋] to [0,2𝐿] by 

allowing  

𝑥 =
𝜋𝑥′

𝐿
 

Solving for 𝑥′ and substituting into (4.1) gives (Krantz, 1999): 
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𝑓(𝑥) = 𝑎02
1 +  ∑ 𝑎𝑛

∞

𝑛=1
cos (

𝜋𝑥′

𝐿
) + ∑ 𝑏𝑛

∞

𝑛=1
sin (

𝜋𝑥′

𝐿
) (4.2) 

where 

𝑎0 =
1

𝐿
∫ 𝑓(𝑥′)𝑑𝑥

2𝐿

0

 

𝑎0 =
1

𝐿
∫ 𝑓(𝑥′) cos (

𝜋𝑥′

𝐿
) 𝑑𝑥

2𝐿

0

 

𝑏0 =
1

𝐿
∫ 𝑓(𝑥′) sin (

𝜋𝑥′

𝐿
) 𝑑𝑥

2𝐿

0

 

A periodogram which plots those frequency components with the greatest intensity or 

amplitude against the period shows which components bear significant meaning and 

which components are random ‘noise’. In cyclical data, it is often found that only a few 

frequencies model the behaviour of the original series relatively accurately. The low 

amplitude, noise frequencies may be discarded and a new, ‘cleaner’ time series – free 

of noise and comprising only time-series signals characterised by the dominant 

frequencies – may thus be constructed, as shown in Figure 4.3. 

 

Figure 4.3: Sampled data (Signal and noise). 

Source: Thibos (2014). 

Note: Original noisy signal (blue line) and noiseless signal (i.e. signal with high-frequency noise filtered 
out using the Fourier transform – note this signal comprises several frequencies). For the data used in 
this analysis, only one principal cycle was identified and isolated.  
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4.5 Methodology – Efficient Frontier 

The efficient frontier of a set of securities may be generated using Markowitz’s (1952) 

portfolio theory and linear algebra. The generation of this frontier assumes that weights 

in the constituent assets are unconstrained, i.e. weights may be positive and negative 

(short sales). To establish the mathematical approach, some definitions are required. 

These are recreated below, in line with the notation developed by Roll (1977) and 

continued by Jorion (2003):  

𝑞:  vector of benchmark weights for a sample of 𝑁 assets 

𝐸:  vector of expected returns, and 

𝑉:  covariance matrix of asset returns. 

𝐺:  target return at a specific level of risk. 

Expected returns and variances are expressed in matrix notation as: 

𝜇𝐵
= 𝑞′𝐸: expected benchmark return 

𝜎𝐵
2 = 𝑞′𝑉𝑞: variance of benchmark return 

Using Merton’s (1972) terminology, the following parameters are also defined: 

𝑎 = 𝐸′𝑉−1𝐸 

𝑏 = 𝐸′𝑉−11 

𝑐 = 1′𝑉−11 

𝑑 = 𝑎 −
𝑏2

𝑐
 

The efficient frontier in return/risk space is generated by minimising 𝑞𝑃
′ 𝑉𝑞𝑃 subject to:  

𝑞𝑃
′ 1 = 1 

𝑞𝑃
′ 𝐸 = 𝐺 

where 𝐺 is the target return.  

The vector of portfolio weights is determined using 
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𝑞′ = (
𝑎 − 𝑏𝐺

𝑑
) 𝑞𝑀𝑉 + (

𝑏𝐺 −
𝑏2

𝑐
𝑑

) 𝑞𝑇𝐺 (4.3) 

where 𝑞𝑀𝑉 is the vector of asset weights for the minimum variance portfolio given by 

𝑞𝑀𝑉 = 𝑉−1 1

𝑐
 and 𝑞𝑇𝐺 is the vector of asset weights for the tangent (optimal) portfolio 

given by 𝑞𝑇𝐺 = 𝑉−1 𝐸

𝑏
.  

An example of such an efficient frontier is shown in Figure 4.4. 

 

Figure 4.4: Efficient frontier. 

Source: Markowitz (1952). 

Notes: Efficient frontier with capital market line (CML) to tangent portfolio (maximum Sharpe ratio point 
in return/risk space). 

After applying the results of Fourier analysis to establish the frequency (and thus 

turning points) of the underlying cycles and mean variance optimisation to establish 

the optimal portfolio (defined as the maximum Sharpe ratio portfolio), a comparison of 

two means was done to establish whether or not the mean return of a sector in one 

phase was truly greater (as predicted by market cycle theory) than the mean return of 
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other sectors in that phase of the cycle. This analysis requires statistical inference as 

the samples are necessarily small (using monthly data spanning 20 years only).  

As with the mathematics involved in the statistical inference used for one population 

parameter, confidence intervals and significance tests are useful statistical tools for 

ascertaining the difference between two population parameters.  

4.6 Methodology – Comparison of means 

Easton and McColl (1997) state that “a confidence interval for the difference between 

two means specifies a range of values within which the difference between the means 

of the two populations may lie.” The confidence interval for the difference between two 

means is comprised of all the values for 𝜇1 − 𝜇2 (the difference between the two 

population means) which would not be rejected in the two-sided hypothesis test of: 

𝐻0: 𝜇1 ≥ 𝜇2 versus 𝐻𝛼: 𝜇1 < 𝜇2, i.e. 𝐻0: 𝜇1 − 𝜇2 ≥ 0 versus 𝐻𝛼: 𝜇1 − 𝜇2 < 0. 

If the confidence interval includes 0, there is no significant difference between the 

means of the two populations, at a given level of confidence (for these purposes, 95%). 

In this study, the test of significance for two unknown means and sample standard 

deviations are applicable. Given samples from two normal samples of size 𝑛1 and 𝑛2, 

with unknown means, 𝜇1 and 𝜇2 and known sample standard deviations, 𝜎1 and 𝜎2. 

The test statistic for comparing two means is known as the ‘two-sample z statistic’ 

(Easton & McColl,1997): 

𝑧 =
𝜇1 − 𝜇2

√
𝜎1

2

𝑛1
+

𝜎2
2

𝑛2

 
(4.4) 

which has the standard normal distribution 𝑁(0,1). 

The null hypothesis asserts that 𝜇1 ≥ 𝜇2, and the alternative hypothesis that 𝜇1 < 𝜇2.  

4.7 Conclusion  

This chapter has provided an overview of the locations of the sources for the different 

types of data. An explanation of the Fourier analysis approach followed, after which 
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the mathematical operations governing the mean-variance optimisation in the efficient 

frontier methodology were outlined. The chapter concluded with an explanation of the 

comparison of two means, as to how close they are statistically, and how each of these 

different results are applied to this study. The performances of the different portfolios 

were evaluated via different performance measures (as discussed in Chapter 3) as 

well as the specific ratios to be applied. Chapter 5 presents and discusses the results 

obtained from the calculations specified in this chapter.   
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 CHAPTER 5: EMPIRICAL STUDY 

5.1. Introduction 

The previous chapter explored and discussed the data used for this study and 

presented the principal methodologies involved. This chapter explores the empirical 

study undertaken.  

Investors can employ various investment strategies to assist them in outperforming 

the market (Chevallier & Müller, 1994; Grinblatt, Titman & Wermers, 1995; Liang, 

1999; and Li, Yao & Li, 2010). Sector investing is based on the concept that different 

sectors of equity markets perform differently during the various phases that an 

economy passes through (Mariappan & Rani, 2015). Stovall (1995) specified the 

relevant sector types (see Figure 5.7). The concept of sector investing is not only 

supported by Stovall (1995) but also by various other researchers (Stangl et al., 2009; 

Lester & Corubolo, 2015; Mariappan & Rani, 2015). Sector investing is, therefore, an 

investment strategy that is widely accepted and applied. This study evaluates whether 

the suggested sectors proposed by Stovall (1995) are applicable to the South African 

market. The question, therefore, is not whether sector rotation is a superior investment 

strategy, but rather to determine which of the sectors proposed by Stovall (1995) are 

still the most optimal investment sectors when applied to South African markets and 

are still profitable when compared with market benchmarks. 

The detection and isolation of cycle frequencies (and the dominant frequency) and 

relevant turning points requires the use of Fourier decomposition of the relevant time 

series. Thereafter, Markowitz’s mean-variance portfolio optimisation is applied to 

identify portfolios which exhibit optimal efficiency for each of the given phases. A 

statistical approach is then used for the comparison of means.  

Aside from the aforementioned approaches, performance measures were also applied 

to evaluate portfolio performances (Le Sourd, 2007:5) over the selected phases. 

Several performance measures were discussed in Chapter 3. Only the Sharpe, 

Treynor, Jensen’s Alpha, Omega and Information measures were applied to the 

various portfolios. Quantitative research follows to explain the investment risk and 

returns obtained. The concluding remarks and recommendations are presented and 

discussed in Chapter 6.  
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5.2. Study process explained 

Figure 5.1 provides a summary of the process followed throughout the empirical 

analysis, from data gathering to the analysis of results. Figure 5.1 should be regarded 

as a flowchart example to guide the various component thought processes of the 

study.  

The empirical analysis process starts with the collection of the raw GDP and ALSI data 

that are used as input in the Fourier calculator to determine whether cycles are present 

and, if so, to isolate the dominant cycle (see Figures 5.2 & 5.3). After obtaining the 

frequency of the most influential cycle (see Figures 5.4 & 5.5), the next step is to 

identify turning points and the dates pertaining to the phases of the various market 

sectors (Figure 5.6). This information is then applied to Stovall’s (1995) cycle theory 

analysis to select specific securities in specific phases (Figure 5.7). These securities 

are then used to construct a Markowitz mean-variance efficient frontier and from there, 

an optimal portfolio (optimal in the maximum risk-adjusted return sense) for each of 

the given phases (see Figures 5.8 & 5.9).  

The results are then compared with one another to validate whether the specific 

sectors (as proposed by Stovall, 1995) did indeed perform better than the overall 

market (ALSI) did – see Tables 5.2 and 5.3. The risk/return results are then used to 

perform a comparison of means to establish statistically robust differences, and thus 

further affirm or refute sector investment theory (see Table 5.4). The process 

concludes with a comparison of various performance measures to determine whether 

the specific portfolios and securities selected did indeed perform better than the 

market benchmark did (see Table 5.5). 
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Figure 5.1: Empirical analysis flowchart. 

Source: Author. 

5.3. Results 

5.3.1. Cycle Frequency Identification  

The discrete Fourier transform assumes that the input signal data (in this case, the 

nominal GDP and ALSI data) are statistically stationary, i.e. they have a constant 

mean through time. If the data were taken as is (due to the convex growth curve), 
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considerably more weight would be given to fluctuations that more recent, as the scale 

has increased substantially in later years (2000s onwards), relative to initial years (pre-

2000s). This would not represent an accurate description of the time series, and 

Fourier analysis would not identify cycles accurately.  

To establish whether data were non-stationary, the Augmented Dickey-Fuller test was 

employed. Thomson and van Vuuren (2016:182) applied the ADF test to the nominal 

GDP data for a similar period as that of this study and concluded that data were non-

stationary and would need to be ‘stationarised’. If the same result applies to the ALSI 

data, the data need to be stationarised. This was accomplished by calculating the 

natural logarithm difference from month to month in order to produce the percentage 

returns series, and this is shown in Figures 5.2 and 5.3. These returns do not scale 

with time and have a non-trending mean, indicating that these are suitable for use in 

the Fourier analysis framework.  

In Figures 5.2 and 5.3, two curves are displayed, with the first representing a collection 

of the raw GDP and ALSI data that are used as input in the Fourier calculator to 

determine whether cycles are present and, if so, to isolate the dominant cycle which 

is displayed by the second curve – the reconstructed data curve.  

 

 

Figure 5.2: De-trended GDP returns using first differences. 

Source: Author’s calculations . 

 

 



 

86 
 

 

Figure 5.3: De-trended ALSI returns using first differences. 

Source: Author’s calculations. 

5.3.2. Fourier analysis 

Using the discrete version of the Fourier transform, the time-series of GDP returns 

was transformed from a time-domain representation into a frequency-domain 

representation. The time series is decomposed into a series of sine and cosine waves 

occurring at different frequencies with different intensities,9 which after summation are 

able to duplicate the behaviour of the original signal. The power or amplitude of each 

frequency component (which explains the importance of the frequency which 

constitutes the original signal) is plotted against its period in Figures 5.4 and 5.5. The 

frequency is defined as 
1

𝑐𝑦𝑐𝑙𝑒 (𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠)
. 

 

 

  

                                                           
9 Intensity, power and amplitude are used inter-changeably. 
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Figure 5.4: Periodogram of transformed monthly GDP return data 

Source: Author’s calculations 

 

Figure 5.5: Periodogram of transformed quarterly ALSI return data. 

Source: Author’s calculations. 

It is noted that two dominant frequencies are evident: these are at frequencies of 

0.0117 cycles/month (85.3 months for a full cycle or one full cycle every 7.1 years), 

0.0352 cycles/quarter (28.4 quarters for a full cycle or one full cycle  

every 7.1 years).10 These results are supported by the findings in Botha (2008) and 

Thomson and van Vuuren (2016:185). Botha (2008), who employed South African 

GDP data and used a smooth transition autoregressive technique, found evidence of 

a 7.0-year cycle. Similarly, the results reported by Thomson and van Vuuren 

(2016:185) further verifies the result obtained in this study – that the dominant cycle 

                                                           
10 Note that Figure 5.4 is the frequency period in months, while Figure 5.5 reports quarterly frequency periods. 
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present in South African GDP data and ALSI data using the Fourier transform is 7.1 

years. 

After applying Fourier analysis to the GDP and ALSI (market data) to identify the full 

cycles, the original signal was removed, leaving only the cycles. These cycles were 

then superimposed – as seen in Figure 5.6 – to identify turning point dates. The 

specific turning point dates were then applied to the Stovall (1995) cycle theory to 

determine whether cycle theory does indeed present investors with superior returns. 

Investing in a specific sector for a given period is the next hurdle. The reason for this 

is that investors’ stock picking abilities are different from one another, and because 

there are numerous securities to pick from in a sector, the possibility exists that other 

stock choices from the same sector could well perform better than the one selected 

will. Additionally, sectors can shift rapidly, and market securities can overturn even the 

most sophisticated investing strategy. 

Nevertheless, securities were selected based on their market capitalisation as 

provided by Sharenet (2017). The higher the market cap, the more likely a specific 

security is to be included in the portfolio. The next step is to determine the weights of 

the securities identified to determine the optimal portfolio. This was accomplished by 

applying Markowitz’s (1952) efficient frontier to each of the sectors for all of the 

different phases as identified by the Fourier analysis. The maximum Sharpe portfolio 

(i.e. the optimal portfolio) was then compared across sectors with one another to 

determine which sector produced the most returns during a specific phase – as seen 

in Figure 5.6.   
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Figure 5.6: Business cycle and Market Cycle-Superimposed – identification of turning point dates. 

Source: Author’s calculations. 
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5.3.3. Cycle Theory  

It is critically important to identify relevant turning points. The theoretical representation 

of the business and market using the Stovall approach (1995) does not outline when 

a specific phase commences or when it concludes. The only thing observed is that 

there are six distinct and equal phases (Figure 5.7). Appling Fourier analysis to both 

the business cycle and market cycle, this study found that cycles lasted for 7.1 years. 

Thus, if equally divided among phases, a single phase will last for 433 trading days. 

The start of the first cycle (see Figure 5.6) is 01-Dec-96, when the first phase (Early 

Bull) starts, and the conclusion is on 05-Feb-98. The following phase (Middle Bull) 

commences on 06-Feb-98 and concludes on 14-Apr-99. Each of these phases has 

433 trading days between them and continues the same process until the next phase 

is determined.  

 

 

Figure 5.7: Business and Market Cycles. 

Source: Stovall (1995). 
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Once the specific sectors, securities and periods are defined, the next step will be to 

invest in securities. This will be done using the efficient frontier to determine the 

optimal weights in each security in which to invest, i.e. allocating the optimal portfolio.  

5.3.4. Efficient Frontier 

According to Markowitz (1952), the optimal portfolio is identified by the point where the 

efficient frontier and the CML intersect – as seen in Figure 5.8. 

 

 

Figure 5.8: Hypothetical stylised example of the efficient frontier. 

Source: Markowitz (1952) and author’s calculations. 

Figure 5.9 is an example of the financial sector during the early bull phase for the 

second cycle (09-Jan-04 to 16-Mar-05). During this phase, an investment is 

comprised of 10 different securities. The securities selected based on their market cap 

included: Barclays Africa Group Ltd (BGA); Capitec Bank Holdings Ltd (CPI); 

Discovery Ltd (DSY); Firstrand Ltd (FSR); Growthpoint Properties Ltd (GRT); Nedbank 

Group Ltd (NED); Old Mutual Plc (OML); Rand Merchant Investment Holdings Ltd 

(RMH); Sanlam Ltd (SLM) and Standard Bank Group Ltd (SBK). As seen in Figure 

5.9, there are two efficient frontiers; the first constrained frontier does not allow for 
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short sales, whereas the second unconstrained frontier does allow for short sales. The 

unconstrained frontier was only included for graphical purposes.  

 

 

Figure 5.9: Efficient frontier – Financials Early Bull 2 (09-Jan-04 to 16-Mar-05). 

Source: Author's calculations. 

The optimal constrained portfolio is ascertained where the maximum Sharpe point is 

on the efficient frontier, with returns at 78.2% and risk at 13.7%. The weights of the 

different securities were as set out in Table 5.1.  

Table 5.1: Financial sector security weights 

BGA CPI DSY FSR GRT NED OML RMH SLM SBK 

14.4% 15.2% 13.7% 6.0% 28.9% 4.5% 12.5% 0.0% 4.9% 0.0% 

This same strategy was applied through all of the different phases and different 

sectors.  

When comparing the results obtained with those that the theory suggests, a certain 

amount of correlation is noted (Table 5.2). When considering the first early bull 



 

93 
 

phase (01-Dec-96 to 05-Feb-98), it is remembered that Stovall (1995) argued that the 

financial and transportation sectors are believed to outperform other sectors for a 

specific phase. The results obtained through the entire process, as explained above, 

displayed the most promising returns in, firstly, the technology sector, followed by the 

consumer services sector, and then in the financial sector. During the second early 

bull phase (09-Jan-04 to 16-Mar-05), the financial sector outperformed all other 

sectors. In the third early bull phase (17-Feb-11 to 23-Apr-12), the 

telecommunications, basic materials, and consumer services outperformed the 

financial sector. 

Table 5.2: Top 2 performing industries compared with theory 

 

Source: Stovall (1995) and author’s calculations. 

After the start of the first cycle (01-Dec-96 to 08-Jan-2004), the telecommunication 

and health care sectors experienced a significant increase in market participation. 

During the first bull phase, MTN Group Ltd was the only listed telecommunications 

company. Telkom SA Ltd only started to list during the middle of the first late bear 

phase. Similarly, the health care sector at the start of the first cycle (01-Dec-96 to 08-

Jan-2004) comprised only Aspen Pharmacare Holdings Ltd and Netcare Ltd. 

Therefore, the limited amount of securities available to invest in during these phases, 

and in these specific sectors, influenced the return data significantly, as diversification 

was limited. A summary of the optimal portfolio returns (max Sharpe points) is 

displayed in Table 5.3.11 

                                                           
11 The complete results are available in Table A137-A145 in the Appendix. 

First Cycle Second Cycle Third Cycle

Early Bull 
Financials

Transportation

Technology

Consumer Services

Financials

Consumer Services

Telecommunication

Basic Materials

Middle Bull
Technology

Capital Goods

Health Care

Telecommunication

Technology

Consumer Goods

Health Care

Technology

Late Bull

Basic Industry

Energy

Precious Metals

Telecommunication

Basic Materials

Basic Materials

Telecommunication

Telecommunication

Technology

Early Bear
Consumer Non-Cyclicals

Health Care

Health Care

Consumer Goods

Health Care

Consumer Services

Telecommunication

Basic Materials

Middle Bear Utilities
Basic Materials

Health Care

Financials

Consumer Services

Telecommunication

Health Care

Late Bear

Financials

Consumer Cyclicals 

(durable & non)

Telecommunication

Consumer Services

Technology

Financials

Phase Theory
Actual
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Table 5.3: Optimal portfolio returns for different sectors and phases 

 

 

m  m 

01-Dec-96 - 05-Feb-98 Early Bull 1 -2.5% 36.0% 22.4% 17.2%

06-Feb-98 - 14-Apr-99 Middle Bull 2 41.8% 21.7% 2.5% 19.5%

15-Apr-99 - 19-Jun-00 Late Bull 3 56.6% 26.2% 55.1% 19.9%

20-Jun-00 - 26-Aug-01 Early Bear 4 50.6% 13.0% 69.7% 14.2%

27-Aug-01 - 01-Nov-02 Middle Bear 5 79.5% 15.3% 37.3% 16.2%

02-Nov-02 - 08-Jan-04 Late Bear 6 2.8% 16.1% 28.9% 11.3%

09-Jan-04 - 16-Mar-05 Early Bull 7 25.8% 14.8% 36.2% 12.2%

17-Mar-05 - 22-May-06 Middle Bull 8 57.6% 21.8% 67.8% 15.6%

23-May-06 - 29-Jul-07 Late Bull 9 123.1% 26.1% 40.8% 15.2%

30-Jul-07 - 03-Oct-08 Early Bear 10 -2.9% 29.9% 3.0% 11.6%

04-Oct-08 - 10-Dec-09 Middle Bear 11 54.2% 42.3% 32.3% 15.1%

11-Dec-09 - 16-Feb-11 Late Bear 12 33.7% 18.0% 29.7% 10.7%

17-Feb-11 - 23-Apr-12 Early Bull 13 -1.2% 19.8% 29.2% 11.2%

24-Apr-12 - 30-Jun-13 Middle Bull 14 36.6% 18.4% 38.6% 11.8%

01-Jul-13 - 05-Sep-14 Late Bull 15 49.0% 17.0% 43.0% 11.1%

06-Sep-14 - 12-Nov-15 Early Bear 16 44.2% 22.3% 32.0% 12.4%

13-Nov-15 - 18-Jan-17 Middle Bear 17 18.3% 22.6% 1.7% 12.4%

Dates Phase
Basic Materials Consumer Goods

m  m 

01-Dec-96 - 05-Feb-98 Early Bull 1 86.1% 20.6% 72.2% 22.3%

06-Feb-98 - 14-Apr-99 Middle Bull 2 12.9% 20.9% -2.3% 35.9%

15-Apr-99 - 19-Jun-00 Late Bull 3 51.8% 16.7% 14.3% 24.2%

20-Jun-00 - 26-Aug-01 Early Bear 4 16.8% 18.3% 23.0% 13.7%

27-Aug-01 - 01-Nov-02 Middle Bear 5 18.9% 17.1% 8.0% 15.0%

02-Nov-02 - 08-Jan-04 Late Bear 6 81.3% 15.6% 49.1% 16.9%

09-Jan-04 - 16-Mar-05 Early Bull 7 68.2% 14.2% 78.2% 13.7%

17-Mar-05 - 22-May-06 Middle Bull 8 53.9% 17.7% 64.0% 20.4%

23-May-06 - 29-Jul-07 Late Bull 9 40.4% 20.8% 31.4% 18.6%

30-Jul-07 - 03-Oct-08 Early Bear 10 5.8% 22.3% -11.4% 25.6%

04-Oct-08 - 10-Dec-09 Middle Bear 11 71.9% 30.8% 83.5% 26.4%

11-Dec-09 - 16-Feb-11 Late Bear 12 50.3% 17.2% 56.7% 13.6%

17-Feb-11 - 23-Apr-12 Early Bull 13 34.3% 15.4% 28.4% 13.8%

24-Apr-12 - 30-Jun-13 Middle Bull 14 9.9% 14.1% 32.3% 14.9%

01-Jul-13 - 05-Sep-14 Late Bull 15 39.5% 16.9% 24.4% 14.1%

06-Sep-14 - 12-Nov-15 Early Bear 16 38.5% 21.3% 36.2% 17.2%

13-Nov-15 - 18-Jan-17 Middle Bear 17 14.1% 22.8% 3.7% 23.9%

Dates Phase
Consumer Services Financials
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Source: Author’s calculations. 

As mentioned, the return data for the health sector during the first middle bull phase 

(06-Feb98 to 14-Apr-99) might seem irregular when comparing them to other return 

data. This was because the available listed health care companies during the first 

m  m 

01-Dec-96 - 05-Feb-98 Early Bull 1 -67.1% 120.2% 66.7% 19.7%

06-Feb-98 - 14-Apr-99 Middle Bull 2 1742.1% 206.1% 1.4% 25.2%

15-Apr-99 - 19-Jun-00 Late Bull 3 -23.5% 43.2% 1.7% 19.6%

20-Jun-00 - 26-Aug-01 Early Bear 4 124.2% 41.3% 47.7% 16.2%

27-Aug-01 - 01-Nov-02 Middle Bear 5 69.1% 71.2% 9.9% 11.9%

02-Nov-02 - 08-Jan-04 Late Bear 6 61.0% 19.9% 58.6% 13.1%

09-Jan-04 - 16-Mar-05 Early Bull 7 67.6% 28.4% 67.0% 15.1%

17-Mar-05 - 22-May-06 Middle Bull 8 63.6% 20.6% 65.4% 17.6%

23-May-06 - 29-Jul-07 Late Bull 9 26.6% 30.4% 64.6% 16.4%

30-Jul-07 - 03-Oct-08 Early Bear 10 18.7% 38.1% -1.1% 22.1%

04-Oct-08 - 10-Dec-09 Middle Bear 11 52.9% 32.3% 13.5% 23.5%

11-Dec-09 - 16-Feb-11 Late Bear 12 12.3% 16.9% 24.7% 14.0%

17-Feb-11 - 23-Apr-12 Early Bull 13 67.4% 16.1% 32.8% 14.1%

24-Apr-12 - 30-Jun-13 Middle Bull 14 55.3% 17.7% 33.9% 13.3%

01-Jul-13 - 05-Sep-14 Late Bull 15 35.7% 18.4% 27.4% 13.0%

06-Sep-14 - 12-Nov-15 Early Bear 16 13.7% 21.0% 6.5% 14.6%

13-Nov-15 - 18-Jan-17 Middle Bear 17 31.3% 23.7% 7.7% 17.3%

Dates Phase
Health Care Industrials

m  m 

01-Dec-96 - 05-Feb-98 Early Bull 1 125.3% 33.4% 61.8% 43.1%

06-Feb-98 - 14-Apr-99 Middle Bull 2 21.7% 34.2% 36.9% 64.2%

15-Apr-99 - 19-Jun-00 Late Bull 3 -18.5% 41.0% 193.3% 67.4%

20-Jun-00 - 26-Aug-01 Early Bear 4 0.8% 18.1% -53.7% 48.3%

27-Aug-01 - 01-Nov-02 Middle Bear 5 23.1% 14.9% -20.4% 45.0%

02-Nov-02 - 08-Jan-04 Late Bear 6 52.4% 20.2% 182.0% 22.4%

09-Jan-04 - 16-Mar-05 Early Bull 7 66.8% 18.3% 49.1% 23.8%

17-Mar-05 - 22-May-06 Middle Bull 8 118.9% 16.1% 24.2% 41.3%

23-May-06 - 29-Jul-07 Late Bull 9 58.2% 15.8% 70.2% 38.2%

30-Jul-07 - 03-Oct-08 Early Bear 10 -11.8% 21.8% -9.0% 26.6%

04-Oct-08 - 10-Dec-09 Middle Bear 11 4.1% 22.1% -8.9% 33.7%

11-Dec-09 - 16-Feb-11 Late Bear 12 78.3% 16.6% 37.2% 22.9%

17-Feb-11 - 23-Apr-12 Early Bull 13 78.6% 15.7% 38.1% 20.4%

24-Apr-12 - 30-Jun-13 Middle Bull 14 42.3% 12.6% 24.0% 18.2%

01-Jul-13 - 05-Sep-14 Late Bull 15 56.2% 15.8% 158.9% 22.1%

06-Sep-14 - 12-Nov-15 Early Bear 16 2.0% 14.7% 53.8% 22.0%

13-Nov-15 - 18-Jan-17 Middle Bear 17 2.8% 16.1% 54.2% 22.2%

Dates Phase
Technology Telecommunication
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middle bull phase were only two in number, namely: Aspen Pharmacare Holding Ltd 

(APN) and Netcare Ltd (NTC). During this period, APN share prices traded at R32.00 

per share on 09-Feb-98 and concluded with a share value of R775.00 per share on 

14-Apr-99 (see Figure 5.10). Furthermore, the risk/return performance is plotted in 

Figure 5.11, with and without the first middle bull phase, as seen in Figure 5.11 and 

Figure 5.12, which further exemplifies the result of extreme growth in one specific 

security. 

In addition to validating cycle theory, a further comparison of means between sectors 

was calculated (Table 5.4). 

 

Figure 5.10: Daily share price – APN Ltd. 

Source: Author’s calculation. 
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Figure 5.11: Health care risk/ return performance – Including Middle Bull 1. 

Source: Author’s calculations. 

 

 

Figure 5.12: Health care risk/ return performance – Excluding Middle Bull 1. 

Source: Author’s calculations. 
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Table 5.4: Comparing means using t-test 

 

 

 

Source: Author’s calculations. 

The comparison of means tests the significance of two unknown means and sample 

standard deviations. If H1 is true and 𝜇1 <  𝜇2, this implies that cycle theory is wrong. 

Although some of the probabilities that H1 is true are more than the 40%, all of them 

are less than 50%, which suggests that the H1 hypothesis can be rejected, and that 

we are more confident than unsure that cycle theory is true.  

The results obtained above align with Stovall (1995). For instance, Stovall (1995) 

suggested that the financial sector will perform better in the early bull phase (the 

greyed-out cells for each phase represent the relevant sector used to compare with 

the others). In Table 5.4, the probability that basic materials performed better than 

financials did during this phase was calculated at 2.3%. The same conclusions can be 

reached for the remaining sectors: the probability of each performing better than 

Basic Materials Financials Consumer Goods Consumer Services

t - statistic 2.87 1.87 -0.15

Prob that H1 is true 2.3% 6.7% 44.4%

t - statistic 0.78 1.10 0.92 1.49

Prob that H1 is true 24.1% 16.7% 20.6% 10.6%

t - statistic 7.55 4.50 5.10

Prob that H1 is true 0.1% 0.5% 0.3%

t - statistic 0.98 1.81 0.72 1.86

Prob that H1 is true 19.2% 7.2% 25.5% 6.9%

t - statistic -1.35 -0.64 -0.55 -0.84

Prob that H1 is true 12.4% 27.9% 30.6% 22.5%

t - statistic 0.70 -4.35 -2.28

Prob that H1 is true 26.2% 0.6% 4.2%
Late Bear

Early Bull

Middle Bull

Late Bull

Early Bear

Middle Bear

Industrials Health Care Technology Telecommunications

t - statistic 0.21 0.78 -1.29 0.58

Prob that H1 is true 42.1% 24.0% 13.4% 29.7%

t - statistic 1.03 -1.00 1.66

Prob that H1 is true 18.1% 18.8% 8.6%

t - statistic 2.38 3.32 1.72 -1.74

Prob that H1 is true 3.8% 1.5% 8.0% 7.8%

t - statistic 1.66 3.71 1.61

Prob that H1 is true 8.6% 1.0% 9.1%

t - statistic -0.08 -1.52 -0.06

Prob that H1 is true 47.0% 10.1% 47.6%

t - statistic -0.71 -0.30 -2.67 -1.11

Prob that H1 is true 25.8% 39.1% 2.8% 16.5%
Late Bear

Early Bull

Middle Bull

Late Bull

Early Bear

Middle Bear

H0 m1 ≥m2

H1 m1<m2
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financials during that specific phase was at the highest 44.4% (Consumer Services). 

In other words, the chances of other sectors outperforming financials in the early bull 

phase were all below 50%. This is true for all the stock sectors identified by Stovall 

(1995) to excel in their relevant market phases, as seen in Figure 5.13. These results 

affirm the conclusions reached by Stovall (1995). 

 

Figure 5.13: Probability of sectors outperforming, according to Stovall (1995) 
theory. 

5.3.5. Performance measures 

The descriptive statistics for each performance measure, relative to each index and 

its time period, were provided in the Appendix (Tables A35-A49). It is true that the 

analysis assumes Gaussian distributions, but this is standard practice (Auer and 

Schuhmacher, 2013) and advised for the proper comparison of results obtained from 

these metrics. These performance measures are also “ex-post” measurements, 

implying by definition that any future investment movements cannot be predicted. 

Securities were selected based on their market cap, the higher the market cap, the 

more likely a specific security would be included in the portfolio. In hindsight, this form 

of security selection would probably not be used, as there might be other securities 

which may perform better. The Sharpe, Treynor, Jensen’s Alpha Information, and 

Omega ratios were used to determine the overall performance of these portfolios (see 

Table 5.5). Table 5.5 shows the performance – in terms of rankings – of the different 

sectors relative to what theory (Stovall, 1995) suggests. In the second cycle middle 

bull phase all the aforementioned performance measures were applied to the sectors 
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and were ranked based upon their results. Those results were then added for each of 

the performance measures to obtain an overall ranking of the sectors. The sectors 

listed in the table (3rd to 5th columns) are those which performed best in the associated 

market phase (1st column) while the 2nd column indicates the sector predicted by 

theory to perform the best in that phase. 

Table 5.5: Overall performance of ratios relative to theory.  

 

Source: Author’s calculations. 

Each measure has drawbacks: there is no single, universally accepted procedure for 

risk adjusting portfolio returns. Instead, there are several techniques that are 

commonly employed in practice (Reilly & Brown, 2012:933). Although some 

redundancy exists among these measures, each provides a unique perspective, so 

the use of only one ratio in isolation should not be considered, but rather a combination 

of ratios that work together in a complete set should be utilised.  

5.3.6. Interpretations 

Before interpreting the various performance measures, it is important to take into 

consideration the meaning of a negative Sharpe value. The various Sharpe ratios 

obtained vary from the highest of 4.02 (Health Care-Middle bull phase 06-Feb-98 to 

14-Apr-99) to the lowest -1.28 (Telecommunication-Early bear phase 20-Jun-00 to 26-

Aug-01).12 The largest Sharpe ratio is the one which has the largest excess return per 

                                                           
12 Note: The complete results are available in Table A137-A145 in the appendix.  

First Cycle Second Cycle Third Cycle

Early Bull 
Financials

Transportation

Technology

Telecommunication

Financials

Technology

Health Care

Technology

Middle Bull
Technology

Capital Goods

Health Care

Technology

Technology

Health Care

Technology

Health Care

Late Bull

Basic Industry

Energy

Precious Metals

Telecommunication

Basic Materials

Technology

Basic Materials

Telecommunication

Technology

Early Bear
Consumer Non-Cyclicals

Health Care

Health Care

Consumer Goods

Telecommunication

Consumer Services

Telecommunication

Consumer Services

Middle Bear Utilities
Basic Materials

Technology

Health Care

Consumer Services

Basic Materials

Telecommunication

Late Bear

Financials
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(durable & non)

Telecommunication
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Technology
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Phase Theory
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unit of risk. Although this may still apply for positive excess returns, it is not true for 

negative returns (McLeod & van Vuuren, 2004:19).  

McLeod and van Vuuren (2004:19) showed that a superior portfolio selection is 

achievable by maximising the Sharpe ratio, and that this method of investing is still 

effective for all excess return values. The maximum Sharpe ratio portfolio has the 

highest probability of outperforming the risk-free rate, but not necessarily the portfolio 

with the highest excess return per unit of risk. Portfolio performance based on the 

Sharpe ratio should, in theory, also be supported by the findings of Stovall (1995). 

Portfolio performances can be compared with those that the theory suggests, and in 

doing so, this should verify whether the portfolio strategy in terms of security selection 

was superior, as well as proof of whether Stovall’s (1995) concept is still superior.  

The performance of ratios relative to theory coincided very well with what theory sug-

gests (Table 5.6). Differences could be attributed to the fact that each performance 

measure uses different risk denominators and some sector components definitions 

vary (so a technology stock may be included in a telecommunications index in South 

Africa, for example, but not in the USA). However, the sectors as suggested by Stovall 

(1995) did still outperform the market benchmark (ALSI). Furthermore, the purpose of 

various performance measures is to determine whether the security selection was su-

perior to that of the market benchmark. 

Table 5.6. Consolidated ranking of all phases relative to theory. 

 

Source: Author’s calculations. 
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5.4. Summary 

The objective of this chapter was to evaluate whether sector investing in South Africa 

was still a profitable practice, or superior to that of the market benchmark (ALSI). 

Specific sectors and turning points were obtained by employing Fourier analysis to 

South African GDP and JSE All share data. The data were processed through Fourier 

analysis to determine the frequency of cycles, as well as the length of a cycle, thereby 

identifying the turning points. The length of the cycles was utilised to identify the 

various phases to be used (e.g. early bull to middle bull etc.) to determine which sector 

to invest in, according to cycle theory.  

Securities in the various sectors were identified, based on their market capitalisation, 

and were used to construct portfolios to obtain optimal portfolio weights. The results 

obtained suggested that cycle theory is still a profitable practice and is often superior 

to the market benchmark. In addition, a comparison of means was employed to further 

determine the validity of specific sectors as suggested by cycle theory, and it was 

proved that we can reject the H1 hypothesis, and that cycle theory is true.  

Subsequently, it was ascertained that the specific process of selecting securities 

based on their market cap is not necessarily considered as a superior security 

selection process. Thus, different performance measures (Sharpe, Treynor, Jensen’s 

Alpha, Omega and Information ratios) were selected, based upon their own distinct 

merits as performance measures. It was concluded that the potential exists for certain 

securities to be included, as well as excluded, to improve the overall performance of 

the portfolios. The performance measures further verified that the best performing 

portfolios where in fact those portfolios that were believed to be superior, based on 

cycle theory.  
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 CHAPTER 6: SUMMARY AND CONCLUSIONS 

6.1 Summary and conclusions 

Investors often have different objectives for investing: some invest with the intention 

of financing greater consumption, while others select longer-term investments to 

ensure a larger income at retirement. In either case, investors desire investment 

strategies/processes that generate optimal risk-adjusted performance (be this the best 

return, the lowest risk, or combinations thereof). These might include top-down 

investment approaches, in which the investor evaluates countries on a global scale to 

identify investments that will provide the investor with the relevant risk exposure. This 

is followed by a sector analysis (commodities, retail, financials, etc.), and lastly, 

company-specific analysis. This fundamental analysis includes the identification of 

sectors that generate the greatest risk-adjusted returns, and at times even rotate from 

one sector to another. Sector rotation is a form of investing style whereby securities 

are transferred from one industry/sector to another as the business cycle progresses. 

Different sectors are favoured at different times of the business cycle. The purpose of 

sector rotation is to enable investors to align their portfolios such that they can take 

advantage of the market’s next move. An investment strategy, such as sector investing 

as proposed by Stovall (1995), has proved valuable in guiding investors to identify 

potential securities to include in their portfolios.  

Once the investor has determined the sector in which to invest, specific securities must 

be identified that will offer the best risk-adjusted returns. The portfolio should be 

constructed in such a manner that the investor is diversified between companies within 

the sector, but not so diversified as to generate a sector index. To determine the 

correct weighting assigned to each security, investors can use any optimisation 

strategy, e.g. a mean-variance optimisation strategy in which the maximum Sharpe 

ratio (risk-adjusted return) is chosen. 

The first research objective of this study, therefore, was to apply Fourier analysis to 

both the market index and GDP data to determine the underlying frequency of the 

market or business cycles. Once the principal frequencies have been isolated, turning 

points of these cycles can be identified: this provides enormous clarity regarding useful 

metrics, such as the duration of the investment period, as well as the top and the 

bottom of the market. The second research objective was to assemble an investment 
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portfolio that comprises specific sector securities which have been classified using 

cycle theory as being superior (i.e. they outperform others during specific phases).  

Subsequent to the application of cycle theory and the selection of securities, 

Markowitz’s portfolio theory was employed to determine the optimal weights in these 

securities. The combination of these securities results in an optimal portfolio, i.e. one 

that generates the maximum Sharpe ratio. Using historical data, the performance of 

each portfolio was simulated, and the results were compared to ascertain whether the 

specific sectors (as proposed by Stovall (1995)) did indeed perform better than the 

overall market (ALSI) did. The mean performances were compared to establish 

statistically robust differences, and thus further affirm or refute sector investment 

theory. Lastly, the performances of the different portfolios were evaluated via different 

performances measures (Chapter 3), as well as the specific ratios to be applied.  

The results obtained throughout the study suggest that cycle theory remains a 

profitable practice and is often superior to the market benchmark. Additionally, the 

comparison of means was used to validate the claim that specific sectors (as 

suggested by cycle theory) perform better than others do at different phases of the 

business cycle. It was shown that the alternate hypothesis is not accepted, thus 

reinforcing the claims of cycle theory.  

The various performance measures (Sharpe, Treynor, Jensen’s Alpha, Omega and 

Information ratios) applied led to the conclusion that the potential exists for portfolio 

selection (i.e. including certain securities and excluding others to improve overall 

portfolio performance). These performance measures further verified the point that the 

optimal portfolios were those selected as being ‘superior’, based on cycle theory.  

Further research could attempt to validate the results of the current study and thereby 

further contribute to the consensus regarding Stovall’s (1995) cycle theory. Specific 

market indices (rather than an overall market index) could be used to compare 

performances, which could lead to different results. An alternative security selection 

strategy could also be followed to further identify potential undervalued securities, 

instead of the current security selection based on market capitalisation strategy, such 

as a bottom-up analysis. The average price according to the earnings model and the 

average price according to the dividend model could also be applied to validate 

whether securities selected are indeed trading at a discount. Various financial ratios 
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could also be used to ascertain the overall status of the company/security, such as 

return on equity (ROE), price-earnings ratio (P/E), dividend yield percentage (DY%), 

pay-out ratio, and the financial leverage ratio.  

Market timing strategy – in the form of technical analysis – could also be applied to 

further improve the overall performance of securities included in the portfolio. The best 

policy, however, would be to make minor portfolio shifts in anticipation of longer-term 

market and economic trends. 
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A1: Basic Materials Efficient Frontier Early Bull 1 
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A3: Basic Materials Efficient Frontier Late Bull 1 

 

A4: Basic Materials Efficient Frontier Early Bear 1 
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A5: Basic Materials Efficient Frontier Middle Bear 1 

 

A6: Basic Materials Efficient Frontier Late Bear 1 
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A7: Basic Materials Efficient Frontier Early Bull 2 

 

A8: Basic Materials Efficient Frontier Middle Bull 2 
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A9: Basic Materials Efficient Frontier Late Bull 2 

 

A10: Basic Materials Efficient Frontier Early Bear 2 
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A11: Basic Materials Efficient Frontier Middle Bear 2 

 

A12: Basic Materials Efficient Frontier Late Bear 2 
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A13: Basic Materials Efficient Frontier Early Bull 3 

 

A14: Basic Materials Efficient Frontier Middle Bull 3 
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A15: Basic Materials Efficient Frontier Late Bull 3 

 

A16: Basic Materials Efficient Frontier Early Bear 3 
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A17: Basic Materials Efficient Frontier Middle Bear 3 

 

A18: Consumer Goods Efficient Frontier Early Bull 1 
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A19: Consumer Goods Efficient Frontier Middle Bull 1 

 

A20: Consumer Goods Efficient Frontier Late Bull 1 
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A21: Consumer Goods Efficient Frontier Early Bear 1 

 

A22: Consumer Goods Efficient Frontier Middle Bear 1 
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A23: Consumer Goods Efficient Frontier Late Bear 1 

 

A24: Consumer Goods Efficient Frontier Early Bull 2 
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A25: Consumer Goods Efficient Frontier Middle Bull 2 

 

A26: Consumer Goods Efficient Frontier Late Bull 2 
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A27: Consumer Goods Efficient Frontier Early Bear 2 

 

A28: Consumer Goods Efficient Frontier Middle Bear 2 
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A29: Consumer Goods Efficient Frontier Late Bear 2 

 

A30: Consumer Goods Efficient Frontier Early Bull 3 
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A31: Consumer Goods Efficient Frontier Middle Bull 3 

 

A32: Consumer Goods Efficient Frontier Late Bull 3 
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A33: Consumer Goods Efficient Frontier Early Bear 3 

 

A34: Consumer Goods Efficient Frontier Middle Bear 3 
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A35: Consumer Services Efficient Frontier Early Bull 1 

 

A36: Consumer Services Efficient Frontier Middle Bull 1 
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A37: Consumer Services Efficient Frontier Late Bull 1 

 

A38: Consumer Services Efficient Frontier Early Bear 1 
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A39: Consumer Services Efficient Frontier Middle Bear 1 

 

A40: Consumer Services Efficient Frontier Late Bear 1 
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A41: Consumer Services Efficient Frontier Early Bull 2 

 

A42: Consumer Services Efficient Frontier Middle Bull 2 
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A43: Consumer Services Efficient Frontier Late Bull 2 

 

A44: Consumer Services Efficient Frontier Early Bear 2 
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A45: Consumer Services Efficient Frontier Middle Bear 2 

 

A46: Consumer Services Efficient Frontier Late Bear 2 
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A47: Consumer Services Efficient Frontier Early Bull 3 

 

A48: Consumer Services Efficient Frontier Middle Bull 3 
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A49: Consumer Services Efficient Frontier Late Bull 3 

 

A50: Consumer Services Efficient Frontier Early Bear 3 
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A51: Consumer Services Efficient Frontier Middle Bear 3 

 

A52: Financials Efficient Frontier Early Bull 1 

 

 



 

144 
 

A53: Financials Efficient Frontier Middle Bull 1 

 

A54: Financials Efficient Frontier Late Bull 1 
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A55: Financials Efficient Frontier Early Bear 1 

 

A56: Financials Efficient Frontier Middle Bear 1 
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A57: Financials Efficient Frontier Late Bear 1 

 

A58: Financials Efficient Frontier Early Bull 2 
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A59: Financials Efficient Frontier Middle Bull 2 

 

A60: Financials Efficient Frontier Late Bull 2 
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A61: Financials Efficient Frontier Early Bear 2 

 

A62: Financials Efficient Frontier Middle Bear 2 
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A63: Financials Efficient Frontier Late Bear 2 

 

A64: Financials Efficient Frontier Early Bull 3 
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A65: Financials Efficient Frontier Middle Bull 3 

 

A66: Financials Efficient Frontier Late Bull 3 
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A67: Financials Efficient Frontier Early Bear 3 

 

A68: Financials Efficient Frontier Middle Bear 3 
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A69: Health Care Efficient Frontier Early Bull 1 
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A72: Health Care Efficient Frontier Early Bear 1 
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A74: Health Care Efficient Frontier Late Bear 1 
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A76: Health Care Efficient Frontier Middle Bull 2 
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A77: Health Care Efficient Frontier Late Bull 2 

 

A78: Health Care Efficient Frontier Early Bear 2 
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A79: Health Care Efficient Frontier Middle Bear 2 
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A81: Health Care Efficient Frontier Early Bull 3 

 

A82: Health Care Efficient Frontier Middle Bull 3 
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A93: Industrials Efficient Frontier Middle Bull 2 

 

A94: Industrials Efficient Frontier Late Bull 2 
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A95: Industrials Efficient Frontier Early Bear 2 

 

A96: Industrials Efficient Frontier Middle Bear 2 
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A97: Industrials Efficient Frontier Late Bear 2 

 

A98: Industrials Efficient Frontier Early Bull 3 
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A99: Industrials Efficient Frontier Middle Bull 3 

 

A100: Industrials Efficient Frontier Late Bull 3 
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A101: Industrials Efficient Frontier Early Bear 3 

 

A102: Industrials Efficient Frontier Middle Bear 3 
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A103: Technology Efficient Frontier Early Bull 1 

 

A104: Technology Efficient Frontier Middle Bull 1 
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A105: Technology Efficient Frontier Late Bull 1 

 

A106: Technology Efficient Frontier Early Bear 1 
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A107: Technology Efficient Frontier Middle Bear 1 

 

A108: Technology Efficient Frontier Late Bear 1 
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A109: Technology Efficient Frontier Early Bull 2 

 

A110: Technology Efficient Frontier Middle Bull 2 
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A111: Technology Efficient Frontier Late Bull 2 

 

A112: Technology Efficient Frontier Early Bear 2 
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A113: Technology Efficient Frontier Middle Bear 2 

 

A114: Technology Efficient Frontier Late Bear 2 
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A115: Technology Efficient Frontier Early Bull 3 

 

A116: Technology Efficient Frontier Middle Bull 3 
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A117: Technology Efficient Frontier Late Bull 3 

 

A118: Technology Efficient Frontier Early Bear 3 
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A119: Technology Efficient Frontier Middle Bear 3 

 

A120: Telecommunication Efficient Frontier Early Bull 1 

 

A121: Telecommunication Efficient Frontier Middle Bull 1 

 

 

 

 

MTN GROUP LTD 

(MTN)

R 61.8%

 43.1%

MTN GROUP LTD 

(MTN)

R 36.9%

 64.2%
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A122: Telecommunication Efficient Frontier Late Bull 1 

 

A123: Telecommunication Efficient Frontier Early Bear 1 

 

A124: Telecommunication Efficient Frontier Middle Bear 1 

 

A125: Telecommunication Efficient Frontier Late Bear 1 

 

 

 

 

 

 

MTN GROUP LTD 

(MTN)

R 193.3%

 67.4%

MTN GROUP LTD 

(MTN)

R -53.7%

 48.3%

MTN GROUP LTD 

(MTN)

R -20.4%

 45.0%

Return Risk

182.0% 22.4%

Optimal risky portfolio

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

R 115.5% 194.7%

 32.0% 25.9%

12 0.0214

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

optimal Weights 16.0% 84.0%
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A126: Telecommunication Efficient Frontier Early Bull 2 

 

 

A127: Telecommunication Efficient Frontier Middle Bull 2 

 

 

 

 

 

 

 

 

 

Return Risk

49.1% 23.8%

Optimal risky portfolio

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

R 46.5% 50.5%

 33.9% 30.8%

12 0.0488

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

optimal Weights 34.5% 65.5%

Return Risk

24.2% 41.3%

Optimal risky portfolio

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

R 22.5% 12.6%

 35.2% 28.3%

12 0.0488

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

optimal Weights 117.1% -17.1%
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A128: Telecommunication Efficient Frontier Late Bull 2 

 

 

A129: Telecommunication Efficient Frontier Early Bear 2 

 

 

 

Return Risk

70.2% 38.2%

Optimal risky portfolio

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

R 64.0% 23.9%

 33.1% 27.6%

12 0.0397

MTN GROUP LTD 

(MTN)

TELKOM SA SOC 

LTD (TKG)

optimal Weights 115.3% -15.3%
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A130: Telecommunication Efficient Frontier Middle Bear 2 

 

A131: Telecommunication Efficient Frontier Late Bear 2 
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A132: Telecommunication Efficient Frontier Early Bull 3 

 

A133: Telecommunication Efficient Frontier Middle Bull 3 
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A134: Telecommunication Efficient Frontier Late Bull 3 

 

A135: Telecommunication Efficient Frontier Early Bear 3 
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A136: Telecommunication Efficient Frontier Middle Bear 3 

 

A137: ALSI Performance Measures 

 

 

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 -0.48 -0.10 0.00 0.00 0.0000

06-Feb-98 - 14-Apr-99 Middle Bull 2 -0.13 -0.03 0.00 0.00 0.0000

15-Apr-99 - 19-Jun-00 Late Bull 3 0.39 0.08 0.00 0.00 0.0000

20-Jun-00 - 26-Aug-01 Early Bear 4 0.34 0.06 0.00 0.00 0.0000

27-Aug-01 - 01-Nov-02 Middle Bear 5 -0.09 -0.02 0.00 0.00 0.0000

02-Nov-02 - 08-Jan-04 Late Bear 6 0.03 0.00 0.00 0.00 0.0000

09-Jan-04 - 16-Mar-05 Early Bull 7 1.13 0.15 0.00 0.00 0.0000

17-Mar-05 - 22-May-06 Middle Bull 8 1.72 0.29 0.00 0.00 0.0000

23-May-06 - 29-Jul-07 Late Bull 9 1.11 0.22 0.00 0.00 0.0000

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.94 -0.25 0.00 0.00 0.0000

04-Oct-08 - 10-Dec-09 Middle Bear 11 0.47 0.15 0.00 0.00 0.0000

11-Dec-09 - 16-Feb-11 Late Bear 12 0.58 0.10 0.00 0.00 0.0000

17-Feb-11 - 23-Apr-12 Early Bull 13 -0.31 -0.05 0.00 0.00 0.0000

24-Apr-12 - 30-Jun-13 Middle Bull 14 0.37 0.05 0.00 0.00 0.0000

01-Jul-13 - 05-Sep-14 Late Bull 15 1.44 0.17 0.00 0.00 0.0000

06-Sep-14 - 12-Nov-15 Early Bear 16 -0.43 -0.07 0.00 0.00 0.0000

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.30 -0.05 0.00 0.00 0.0000

Dates Phase
ALSI



 

185 
 

A138: Basic Materials Performance Measures 

 

A139: Consumer Goods Performance Measures 

 

 

 

 

 

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 -0.92 -0.64 -0.25 -0.67 0.0058

06-Feb-98 - 14-Apr-99 Middle Bull 2 0.25 0.50 0.18 0.31 0.0116

15-Apr-99 - 19-Jun-00 Late Bull 3 0.51 0.49 0.18 0.36 0.0073

20-Jun-00 - 26-Aug-01 Early Bear 4 0.91 0.73 0.24 0.76 0.0009

27-Aug-01 - 01-Nov-02 Middle Bear 5 0.96 1.75 0.39 0.90 0.0028

02-Nov-02 - 08-Jan-04 Late Bear 6 -0.28 0.54 -0.11 -0.34 0.0009

09-Jan-04 - 16-Mar-05 Early Bull 7 0.11 2.78 -0.13 -0.47 0.0010

17-Mar-05 - 22-May-06 Middle Bull 8 0.98 0.24 0.04 0.22 0.0009

23-May-06 - 29-Jul-07 Late Bull 9 0.84 1.20 0.07 0.22 0.0014

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.61 -0.35 -0.04 -0.06 0.0012

04-Oct-08 - 10-Dec-09 Middle Bear 11 0.37 0.22 0.03 0.14 0.0133

11-Dec-09 - 16-Feb-11 Late Bear 12 0.57 0.13 0.06 0.36 0.0000

17-Feb-11 - 23-Apr-12 Early Bull 13 -0.56 -0.18 -0.10 -0.51 0.0000

24-Apr-12 - 30-Jun-13 Middle Bull 14 -0.50 -0.18 -0.25 -0.73 0.0003

01-Jul-13 - 05-Sep-14 Late Bull 15 0.56 0.13 -0.07 -0.04 0.0006

06-Sep-14 - 12-Nov-15 Early Bear 16 -0.75 -0.48 -0.31 -0.67 0.0023

13-Nov-15 - 18-Jan-17 Middle Bear 17 1.01 0.38 0.71 1.25 0.0090

Dates Phase
Basic Materials

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 -0.24 -0.22 -0.12 -0.01 0.0289

06-Feb-98 - 14-Apr-99 Middle Bull 2 -0.36 -0.98 -0.12 -0.26 0.0137

15-Apr-99 - 19-Jun-00 Late Bull 3 0.24 0.16 -0.03 0.07 0.0056

20-Jun-00 - 26-Aug-01 Early Bear 4 0.81 8.89 0.26 0.54 0.0042

27-Aug-01 - 01-Nov-02 Middle Bear 5 0.26 0.71 0.08 0.25 0.0022

02-Nov-02 - 08-Jan-04 Late Bear 6 0.27 -0.27 0.10 0.22 0.0020

09-Jan-04 - 16-Mar-05 Early Bull 7 0.43 0.90 0.07 -0.08 0.0005

17-Mar-05 - 22-May-06 Middle Bull 8 1.20 1.29 0.22 0.14 0.0012

23-May-06 - 29-Jul-07 Late Bull 9 0.46 0.68 0.02 -0.42 0.0015

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.63 -0.92 -0.14 0.08 0.0014

04-Oct-08 - 10-Dec-09 Middle Bear 11 0.30 0.39 0.06 -0.12 0.0015

11-Dec-09 - 16-Feb-11 Late Bear 12 0.58 0.52 0.09 0.22 0.0011

17-Feb-11 - 23-Apr-12 Early Bull 13 0.39 0.05 0.11 0.67 0.0032

24-Apr-12 - 30-Jun-13 Middle Bull 14 0.55 0.78 0.11 0.35 0.0001

01-Jul-13 - 05-Sep-14 Late Bull 15 0.61 0.73 0.06 -0.18 0.0002

06-Sep-14 - 12-Nov-15 Early Bear 16 0.33 -0.24 0.10 0.67 0.0003

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.30 -0.25 -0.06 -0.12 0.0007

Dates Phase
Consumer Goods
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A140: Consumer Services Performance Measures 

 

A141: Financials Performance Measures 

 

 

 

 

 

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 0.50 -0.86 0.21 0.76 0.0074

06-Feb-98 - 14-Apr-99 Middle Bull 2 -0.04 0.12 0.08 0.00 0.0222

15-Apr-99 - 19-Jun-00 Late Bull 3 0.19 1.97 -0.03 -0.05 0.0054

20-Jun-00 - 26-Aug-01 Early Bear 4 -0.21 0.08 -0.14 -0.37 0.0021

27-Aug-01 - 01-Nov-02 Middle Bear 5 -0.08 0.13 -0.03 -0.02 0.0020

02-Nov-02 - 08-Jan-04 Late Bear 6 1.70 4.03 0.49 1.59 0.0012

09-Jan-04 - 16-Mar-05 Early Bull 7 1.46 2.18 0.34 0.82 0.0001

17-Mar-05 - 22-May-06 Middle Bull 8 1.07 0.46 0.11 -0.02 0.0001

23-May-06 - 29-Jul-07 Late Bull 9 0.72 0.34 0.07 -0.01 0.0001

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.42 -0.32 -0.02 0.28 0.0007

04-Oct-08 - 10-Dec-09 Middle Bear 11 0.87 0.64 0.24 0.45 0.0007

11-Dec-09 - 16-Feb-11 Late Bear 12 1.27 0.45 0.24 0.95 0.0001

17-Feb-11 - 23-Apr-12 Early Bull 13 0.89 0.28 0.25 1.34 0.0000

24-Apr-12 - 30-Jun-13 Middle Bull 14 0.15 0.02 0.01 -0.01 0.0000

01-Jul-13 - 05-Sep-14 Late Bull 15 0.22 0.07 -0.08 -0.48 0.0001

06-Sep-14 - 12-Nov-15 Early Bear 16 0.39 0.14 0.18 0.73 0.0002

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.12 -0.04 0.00 0.03 0.0005

Consumer Services
Dates Phase

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 1.34 0.17 0.55 2.09 0.0018

06-Feb-98 - 14-Apr-99 Middle Bull 2 -0.51 -0.44 -0.25 -0.52 0.0113

15-Apr-99 - 19-Jun-00 Late Bull 3 -0.09 -0.18 -0.11 -0.29 0.0029

20-Jun-00 - 26-Aug-01 Early Bear 4 0.26 0.06 0.04 0.07 0.0003

27-Aug-01 - 01-Nov-02 Middle Bear 5 -0.51 -0.07 -0.19 -0.47 0.0008

02-Nov-02 - 08-Jan-04 Late Bear 6 0.47 -1.42 0.18 0.41 0.0018

09-Jan-04 - 16-Mar-05 Early Bull 7 1.68 3.37 0.35 1.05 0.0003

17-Mar-05 - 22-May-06 Middle Bull 8 0.77 0.39 -0.01 -0.34 0.0002

23-May-06 - 29-Jul-07 Late Bull 9 0.43 0.20 -0.05 -0.41 0.0003

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.73 -0.44 -0.11 -0.10 0.0018

04-Oct-08 - 10-Dec-09 Middle Bear 11 0.56 0.71 0.11 0.13 0.0016

11-Dec-09 - 16-Feb-11 Late Bear 12 0.63 0.32 0.05 0.09 0.0000

17-Feb-11 - 23-Apr-12 Early Bull 13 0.38 0.12 0.11 0.73 0.0002

24-Apr-12 - 30-Jun-13 Middle Bull 14 0.42 0.06 0.05 0.30 0.0000

01-Jul-13 - 05-Sep-14 Late Bull 15 0.72 0.15 0.00 -0.01 0.0000

06-Sep-14 - 12-Nov-15 Early Bear 16 0.19 0.11 0.14 0.53 0.0000

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.05 -0.01 0.05 0.11 0.0007

Dates Phase
Financials
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A142: Health Care Performance Measures 

 

A143: Industrials Performance Measures 

 

 

 

 

 

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 -0.28 -0.72 -0.22 -0.13 0.0347

06-Feb-98 - 14-Apr-99 Middle Bull 2 4.02 18.31 7.03 4.03 0.1218

15-Apr-99 - 19-Jun-00 Late Bull 3 -0.52 -0.47 -0.36 -0.67 0.0150

20-Jun-00 - 26-Aug-01 Early Bear 4 1.49 1.93 0.54 1.28 0.0016

27-Aug-01 - 01-Nov-02 Middle Bear 5 0.44 0.42 0.14 0.47 0.0000

02-Nov-02 - 08-Jan-04 Late Bear 6 1.76 3.01 0.49 1.55 0.0011

09-Jan-04 - 16-Mar-05 Early Bull 7 0.89 1.01 0.19 0.27 0.0001

17-Mar-05 - 22-May-06 Middle Bull 8 1.93 0.88 0.37 0.98 0.0004

23-May-06 - 29-Jul-07 Late Bull 9 -0.09 -0.10 -0.36 -0.68 0.0423

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.39 -0.71 -0.09 0.15 0.0116

04-Oct-08 - 10-Dec-09 Middle Bear 11 0.84 3.76 0.24 0.48 0.0180

11-Dec-09 - 16-Feb-11 Late Bear 12 0.11 -0.01 -0.05 -0.27 0.0052

17-Feb-11 - 23-Apr-12 Early Bull 13 1.06 0.74 0.28 1.23 0.0038

24-Apr-12 - 30-Jun-13 Middle Bull 14 1.13 0.44 0.28 1.06 0.0003

01-Jul-13 - 05-Sep-14 Late Bull 15 0.31 -0.09 -0.01 -0.32 0.0001

06-Sep-14 - 12-Nov-15 Early Bear 16 -0.21 -0.02 -0.02 0.02 0.0003

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.10 0.21 0.02 0.03 0.0009

Dates Phase
Health Care

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 0.69 0.30 0.31 1.07 0.0051

06-Feb-98 - 14-Apr-99 Middle Bull 2 -0.32 -0.38 -0.16 -0.27 0.0175

15-Apr-99 - 19-Jun-00 Late Bull 3 -0.34 -0.33 -0.23 -0.53 0.0143

20-Jun-00 - 26-Aug-01 Early Bear 4 0.39 0.43 0.03 0.20 0.0224

27-Aug-01 - 01-Nov-02 Middle Bear 5 -0.25 5.63 -0.11 -0.17 0.0159

02-Nov-02 - 08-Jan-04 Late Bear 6 0.71 1.09 0.10 0.57 0.0242

09-Jan-04 - 16-Mar-05 Early Bull 7 1.23 1.88 0.41 0.62 0.0062

17-Mar-05 - 22-May-06 Middle Bull 8 1.02 0.59 0.12 -0.07 0.0002

23-May-06 - 29-Jul-07 Late Bull 9 0.75 0.60 0.10 -0.12 0.0004

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.84 -0.98 -0.22 -0.22 0.0027

04-Oct-08 - 10-Dec-09 Middle Bear 11 -0.23 -0.44 -0.27 -0.56 0.0065

11-Dec-09 - 16-Feb-11 Late Bear 12 0.15 -0.61 -0.02 -0.18 0.0006

17-Feb-11 - 23-Apr-12 Early Bull 13 0.36 -0.73 0.14 0.61 0.0014

24-Apr-12 - 30-Jun-13 Middle Bull 14 0.25 -0.31 0.01 0.10 0.0003

01-Jul-13 - 05-Sep-14 Late Bull 15 0.31 0.23 -0.03 -0.40 0.0005

06-Sep-14 - 12-Nov-15 Early Bear 16 -0.64 -0.57 -0.21 -0.40 0.0012

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.13 0.27 -0.03 -0.02 0.0043

Dates Phase
Industrials
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A144: Technology Performance Measures 

 

A145: Telecommunication Performance Measures 

 

 

 

 

 

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 1.46 0.88 0.73 1.84 0.0111

06-Feb-98 - 14-Apr-99 Middle Bull 2 0.64 7.51 0.45 0.73 0.0158

15-Apr-99 - 19-Jun-00 Late Bull 3 -0.95 -1.60 -0.67 -0.82 0.0389

20-Jun-00 - 26-Aug-01 Early Bear 4 -0.35 0.31 -0.37 -0.21 0.0791

27-Aug-01 - 01-Nov-02 Middle Bear 5 0.64 -1.21 0.48 0.76 0.0450

02-Nov-02 - 08-Jan-04 Late Bear 6 0.60 1.17 0.35 0.72 0.1054

09-Jan-04 - 16-Mar-05 Early Bull 7 0.80 3.10 0.34 0.95 0.0228

17-Mar-05 - 22-May-06 Middle Bull 8 1.97 0.70 0.60 2.13 0.0158

23-May-06 - 29-Jul-07 Late Bull 9 1.06 -11.65 0.60 1.23 0.0234

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.85 -1.46 -0.30 -0.60 0.0130

04-Oct-08 - 10-Dec-09 Middle Bear 11 -0.19 0.81 -0.19 -0.06 0.0258

11-Dec-09 - 16-Feb-11 Late Bear 12 1.03 -0.07 0.28 1.18 0.0113

17-Feb-11 - 23-Apr-12 Early Bull 13 0.92 1.14 0.19 1.06 0.0052

24-Apr-12 - 30-Jun-13 Middle Bull 14 0.48 31.82 0.14 0.75 0.0063

01-Jul-13 - 05-Sep-14 Late Bull 15 0.57 0.22 0.06 0.77 0.0092

06-Sep-14 - 12-Nov-15 Early Bear 16 -0.32 -0.74 -0.20 -0.09 0.0091

13-Nov-15 - 18-Jan-17 Middle Bear 17 -0.06 -1.82 0.05 0.09 0.0104

Dates Phase
Technology

Sharpe Treynor Jensen Information Omega

01-Dec-96 - 05-Feb-98 Early Bull 1 1.25 0.56 0.64 1.64 0.0047

06-Feb-98 - 14-Apr-99 Middle Bull 2 0.45 0.34 0.32 0.53 0.0122

15-Apr-99 - 19-Jun-00 Late Bull 3 2.75 1.07 1.72 2.97 0.0169

20-Jun-00 - 26-Aug-01 Early Bear 4 -1.28 -0.36 -0.72 -1.67 0.0003

27-Aug-01 - 01-Nov-02 Middle Bear 5 -0.63 -0.44 -0.27 -0.61 0.0010

02-Nov-02 - 08-Jan-04 Late Bear 6 3.36 2.39 1.07 3.29 0.0016

09-Jan-04 - 16-Mar-05 Early Bull 7 1.26 0.49 0.27 0.83 0.0000

17-Mar-05 - 22-May-06 Middle Bull 8 0.29 0.11 -0.14 -0.68 0.0006

23-May-06 - 29-Jul-07 Late Bull 9 1.13 0.39 0.18 0.55 0.0000

30-Jul-07 - 03-Oct-08 Early Bear 10 -0.31 -0.41 0.00 0.25 0.0052

04-Oct-08 - 10-Dec-09 Middle Bear 11 -0.48 -1.35 -0.49 -0.73 0.0221

11-Dec-09 - 16-Feb-11 Late Bear 12 0.32 -0.56 0.14 0.00 0.0074

17-Feb-11 - 23-Apr-12 Early Bull 13 -0.13 -0.14 -0.04 0.15 0.0106

24-Apr-12 - 30-Jun-13 Middle Bull 14 -0.14 0.09 -0.10 -0.33 0.0043

01-Jul-13 - 05-Sep-14 Late Bull 15 1.89 1.07 0.53 1.37 0.0130

06-Sep-14 - 12-Nov-15 Early Bear 16 0.64 1.32 0.36 0.77 0.0014

13-Nov-15 - 18-Jan-17 Middle Bear 17 0.49 1.18 0.19 0.62 0.0010

Dates Phase
Telecommunication
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A146: Mean-variance optimised- Basic Materials  

 

A147: Mean-variance optimised- Financials 
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A148: Mean-variance optimised- Consumer Goods 

 

A149: Mean-variance optimised- Consumer Services 
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A150: Mean-variance optimised- Industrials 

 

A151: Mean-variance optimised- Health Care 
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A152: Mean-variance optimised- Health Care (Excl. Mid Bull 1) 

 

 

A153: Mean-variance optimised- Technology 

 

 

 

 

 

 

 



 

193 
 

A154: Mean-variance optimised- Telecommunication 
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