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—Abstract—

How to successfully identify ratios that will ensure profitable share selections remains a
fundamental question in finance, as the literature has failed to promote a conclusive
methodology. This study addressed this issue by being the first to prove that the multi-
stage DEA model is a viable ratio selecting tool. The DEA model can capture the
interdimensional relationships present and uncover relationships that are unknown to
other methodologies (Cooper et al., 2007; Kumar et al., 2014). Data availability limited
the study to evaluate 27 financial ratios and variables and 25 risk-adjusted performance
ratios’ post-financial crisis explanatory abilities of 176 JSE listed companies. By
consulting only, the efficiency scores generated from multiple multi-stage DEA
regressions, and after eliminating correlation in portfolio compositions, results indicated
that the Calmar ratio should be considered by both passive and active investor. This ratio
demonstrated dominance in share selection, leading to market-outperforming portfolios
from both a 1-, 3-, and 5-years momentum investment strategy perspective, respectively.
In conjunction with the Calmar ratio, preliminary results suggested ratio compositions
that differed over time and across sectors and industries. These findings violate the
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modern portfolio theory assumption of an efficient market and accentuate the importance
of consulting time-varying market efficiency during the process of share selection, as
market-outperforming decisions are possible.

JEL Classification: G10, G11.

Keywords: DEA; financial ratios; JSE, risk-adjusted performance ratios.

1. INTRODUCTION

The pioneer work of Markowitz (1952) originally formulated the concept of portfolio
selection in a mean-variance quadratic optimisation model, which later conceptualised
into the foundation of modern portfolio theory. This mean-variance approach rest on the
construction of a frontier relative to which portfolio performance is measured (Tarnaud
etal., 2018). Parallel to this, operational and economic research also developed a frontier
methodology for measuring the performance of decision-making units (DMUs)?, by
means of a non-parametric, non-stochastic, mathematical programming framework. This
framework, also known as the Data Envelopment Analysis (DEA) model, was originally
introduced by Tarnaud et al. (2018), from a limited constant returns to scale (CRS)?
perspective. Though, it was Banker et al. (1984) who provided a solution for this
limitation by developing the variable returns to scale (VRS)® model. This model is based
on the work of Shephard (2012) allows for possibilities such as capacity limitations on
inputs.

The junction between the quadratic optimisation methodology of portfolio selection
research and the DEA methodology inherited from operational research was not
recognised until Sengupta (1989) and Murthi et al. (1997) emphasised the plausibility of
utilising this non-parametric approach as an investment management tool. Over time the
DEA model raised to the challenge by becoming a powerful measurement tool. It can
assist in portfolio selections when a performance measurement of a company (input) is
used to explain the company’s outcome or production (output) Amin et al. (2021). This
model has been credited for being able to acknowledge interdimensional relationships
(Cooper et al., 2007), and able to uncover relationships that are unknown to other
methodologies (Kumar et al., 2014). As a result, there has been an increasing array of
literature that further highlighted the prominence of the DEA’s application in finance
(see for example, Premachandra et al. (1998); Morey et al. (1999); Gregoriou et al.
(2005); Patari et al. (2010); Liu et al. (2013); Van Heerden et al. (2013); Tarnaud et al.
(2018); Amin et al. (2021).

L In the field of operational research decision-making units are the firms under evaluation. However, in
this study it will be the ratios under evaluation as summarised by Table 1.
2 See Coelli (1998) for a more detailed explanation.
3 See Coelli et al. (1998) for a more detailed explanation.
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This study extended the literature by being the first to introduce the multi-stage DEA
model as a ratio selecting tool. Due to the inability of the literature to reach a consensus
on which set of financial and/or risk-adjusted performance ratios can be considered as
being ‘all-inclusive’ and ideal for share selection, and with no methodology prescribed
by the literature to successfully identify such ratios, presented the opportunity for this
novel study. Since share selection can be considered as a multi-criteria decision-making
process (Powers et al., 2000), previous DEA model application studies that have failed
to acknowledge this ‘multi-criteria nature’ through their input-output selection process
may have reported inadequate efficiency scores®. Consequently, these scores are
dependent and limited to the input and output dimensions specified in each study (Berg
etal., 1991).

For this reason, this study was addressed solely from a fundamental analyst’s perspective
by making use of multiple multi-stage DEA regression, where each regression had only
one criterion — evaluating the explanatory ability of an individual ratio. Afterwards,
through a comparison study, this study establish which single ratio or group of ratios can
help to construct market-outperforming portfolios from a momentum investment
strategy perspective. The novelty of this study can also be highlighted by the literature,
where past DEA application studies are limited to identifying undervalued shares;
measuring share performance; assisting in portfolio selections (see for example, Abad et
al. (2004); Powers et al. (2000); Ho et al. (2010); Amin et al. (2021), respectively); or
evaluating investment fund performance and the performance of fund management
strategies (see for example, Morey et al. (1999); Gregoriou et al. (2003); Haslem et al.
(2003); Premachandra et al. (1998), respectively).

This study utilised the multi-stage DEA model’s ability to acknowledge the
interdimensional relationships between ratios (inputs) and Johannesburg Stock
Exchange (JSE) returns (outputs). From an input-orientated perspective, the multi-stage
DEA model was applied in multiple regressions to evaluate the individual ability of each
of the 27 financial ratios® and variables and 25 risk-adjusted performance ratios® under
evaluation. Each multi-stage DEA regression entailed applying only one ratio or variable
as the input variable and the share returns of the 176 JSE-listed companies under
evaluation as the output variable. This approach was duplicated for three different output
scenarios, to incorporate both an active and passive investor’s investment horizon. These
output scenarios entailed examining the ability to explain the in-sample, ex post future

4 The concept of efficiency in this study refers to the ability of ratios to explain in-sample, ex post future
realised share returns. The level of efficiency (efficiency scores) is measured on a scale of 0 to 1, where a
value of 1 indicates that the ratio has superior explanatory abilities, and a value closer to 0 indicates that
the ratio has poor explanatory abilities.

® Financial ratios are perceived to represent a firm’s financial performance characteristics, which are used
by fundamental analysts to forecast the future rate of return (Barnes, 1987; Ross et al., 2014).

® Risk-adjusted ratios were originally developed to measure portfolio performance. These ratios measure
the returns an investment will provide given the level of risk associated with it (Reilly, 2018).
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realised returns over a 1-, 3-, and 5-years investment horizon, respectively. This enabled
the evaluation of not only each ratio’s explanatory ability, but its potential to predict
future share returns.

The ratios or variables with the greatest consolidated ability to explain both 1-, 3-, and
5-years in-sample, ex post future realised share returns (or highest efficiency scores)
were identified, which were utilised to construct equally weighted equity portfolios.
Three portfolios for each ratio or variable were constructed (each portfolio was based on
one of the three different output scenarios), which consisted of 10 shares, based on the
companies who’s returns could be best explained (highest efficiency scores). The
portfolios that were derived from the best ratios or variables were then evaluated over a
1-, 3-, and 5-years momentum investment strategy, respectively, to establish which ratio
or variable had the ability to identify shares that will ultimately lead to market-
outperforming portfolios. Lastly, portfolios performance and a correlation evaluation
were consulted to assist during the elimination process, thereby eliminating poor
performing and highly correlated portfolios. This enabled the ability to identify the most
ideal ratio or ratio combinations that would be suitable for both passive and active
investors. The correlation evaluation is necessary, as ratios tend to provide overlapping
information that can lead to identical or similar portfolio compositions and rankings
(Chen et al., 1981; Eling et al., 2007; Trejo Pech et al., 2015; Van Heerden, 2015).

The selection of ratios, variables and companies under evaluation were guided by the
literature and data availability, where the latter were sourced from IRESS (2022). The
purpose and scope of this study will be limited to evaluating the multi-stage DEA
model’s ability to identify ratios that will lead to portfolio compositions with the ability
to outperform the market. This implies that attempts to improve portfolio optimisation
or portfolio allocation; identifying undervalued shares; or the testing of any type of
diversification technique fall outside the scope of this study. Additionally, the
importance of a comparison study between DEA and other methodologies is
acknowledged but suggested for future studies. This study only serves as an introductory
evaluation in the DEA’s ability to assist investor’s decision-making process. This study
also does not claim the DEA model as a stand-alone investment tool, only highlighting
its ability to discriminate between strong performing ratios and others. In conclusion,
the results from this study verified the multi-stage DEA model’s ability to identify a
combination of ratios that will enable investors to construct market-outperforming
portfolios, a feat that has been unacknowledged by academicians and practitioners until
now.

To accomplish this goal, this paper will have the following structure: Section 2 will
provide additional background on the DEA model and the motivation for the use of the
multi-stage DEA model. Section 3 provides a literature background on ratio selections.
Section 4 describes the data used, whereas Section 5 reports the findings; and finally,
Section 6 provides the recommendations and conclusions.
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2. THE MULTI-STAGE DEA MODEL

In the field of operational research Farrell (1957) originally proposed that the level of
efficiency can be measured by means of an equi-proportionate reduction in current
inputs to produce predetermined levels of outputs. This led to the development of several
approaches to efficiency and productivity analysis. Among these are the non-parametric,
non-stochastic, mathematical programming framework, called the DEA model (Charnes
etal., 1978) and the Stochastic Frontier (Aigner etal., 1977; Meeusen et al., 1977), which
are considered as the two pioneering contributions (Sharma et al., 1997).

The DEA model does not address the problem of output assessment but seeks to combine
multiple inputs and outputs in a single, non-arbitrary, non-subjective manner via the
criterion of Pareto efficiency, without requiring specification of any priori weights
(Nunamaker, 1985). It focuses on observed best-practice frontiers rather than on central
tendency properties of frontiers and requires no assumptions of a functional form
relating inputs to outputs. On the contrary, the Stochastic Frontier requires one to impose
an explicit functional form for the underlying technology and an explicit distributional
assumption for the inefficiency term (Sharma et al., 1997). This can pose a problem
when investing in emerging markets on exchanges such as the JSE, where the presence
of higher moments (deviation from a normal distribution) has been established (Bekaert
et al., 1998; Van Heerden, 2015). Furthermore, the DEA model can accommodate
multiple inputs and outputs without the need for homogeneous measurement units. It can
also adjust for exogenous variables that are beyond the control of DMUs and provides
insight into the input and output quantities that inefficient DMUs must achieve to be
deemed efficient (Charnes et al., 1978; Nunamaker, 1985). These arguments justify the
notion, that the DEA model may be considered as the more suitable model for this type
of study (see also Table 1 for more evidence).

From an efficient frontier perspective, the DEA identifies the inefficiency of a DMU by
comparing it to similar efficient DMUs. Implying that it benchmarks the non-best
practices with best practices to determine the extent of inefficiencies (Avkiran, 1999;
Jaforullah et al., 1999). For example, the solid line from Figure 1 that envelops all
inefficient DMUs but passes through efficient DMUs L, M, N, depicts the efficient
frontier and represents achieved efficiency. Inefficient DMU K, as part of a sample of
ten units, needs to move to K' on the frontier to be deemed efficient. In this example
DMU K would be directly compared to units M and N on the efficient frontier to
calculate its efficiency scores, where units M and N represent DMU K’s reference set or
peer group. However, according to Figure 1 DMU M would make a greater contribution
to DMU K’s efficiency score compared to DMU N, as DMU M lies closer to the
inefficient DMU K (Avkiran, 1999). With the equivalence of a maximum likelihood
estimation (Banker, 1993), the DEA model’s estimators are consistent, unbiased, and
possesses the ability to converge faster compared to other frontier methods. It also has
no assumption of any underlying model or reference technology (Grosskopf, 1996;
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Kittelsen, 1999). The popularity of the DEA model is motivated by its flexibility, its
capability to handle non-commensurate multiple inputs and outputs simultaneously
(Kirirgia et al., 2001; Nunamaker, 1985), and its ability to address both qualitative and
quantitative and data, including discretionary and non-discretionary inputs (Golany et
al., 1999).

Output y
per unit of

input z

\
\
>
w

Output x per unit of input z

Figure 1: Illustrating the Efficient Frontier through a One-Input, Two-Output DEA
Model
Source: Avkiran (1999)

However, different variations and extensions to the DEA model have been widely
published in different fields, making the choice of the ideal version a daunting task.
Despite that, the literature has yet to reach a consensus on model superiority and no
evidence has up till now been provided to support the notion to adapt a different model
to accomplish the feat as set out in this study. This study therefore adopted Coelli
(1998)’s multi-stage DEA version, as it overcomes two main shortcomings of the
commonly used two-stage linear programming (LP) process. First, the two-stage LP
process maximises the sum of slacks, where it should minimise it; and it identifies the
furthest efficient point, where it should identify the nearest point. Second, the two-stage
LP process is not invariant to the units of measurement (Coelli et al., 1998; Lovell,
1995). The multi-stage DEA model was estimated by means of the DEA Frontier
software, a DEA add-in for Microsoft® Excel developed by Zhu (2016).

3. LITERATURE BACKGROUND ON RATIO SELECTIONS

The intuitive work of Sharpe (1966), Lintner (1969), Mossin (1966) and Black (1972)
brought together the Sharpe-Lintner-Black (SLB) asset pricing model that paved the
risk-return outlook for both practitioners and academics. This model “embodies a theory
of what can be inferred about expected returns when markets are in equilibrium,
homogenous expectations prevail and when all investors pursue a mean-variance
optimizing objective” (VVan Rensburg, 2001). Fundamentally, the SLB model argues that
the market portfolio is mean-variance efficient (Markowitz, 1952), implying that: (1)
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market betas are sufficient to describe the cross-section of expected returns; and (2)
expected returns are a positive linear function of market betas (Fama et al., 1992).

However, several empirical contradictions, such as the presence of capital market
anomalies (Aradjo et al., 2018) and the inconsistency in the presence of market
anomalies (Schwert, 2002) rendered the traditional SLB model unreliable. In an attempt
to improve the SLB model’s explanatory ability past research considered incorporating
proxies that not only represented firms’ characteristics, but signified the importance of
acknowledging market anomalies. For example, Banz (1981) and Bhandari (1988)
argued that by adding a size and leverage effect proxy to the model will aid market betas
in explaining average returns. However, over time the literature provided evidence to
support the notion of considering also other ratio alternatives. For example, some studies
reported that the DuPont model, implied dividend growth rate, dividend yield (DY),
price-to-net-asset-value (NAV), pay-out, cash-flow-to-price, book-to-market, price-to-
earnings (P/E), and the retained earnings-to-market ratios, and other profitability
measures exhibited prevailing explanatory abilities see for example (Asness et al., 2000;
C Auret et al., 2011; CJ Auret et al., 2006; Balakrishnan et al., 2010; Ball et al., 2020;
Basiewicz et al., 2010; Berzkalne et al., 2014; Chan et al., 1991; Famaetal., 2017, 2018;
Hoffman, 2012; Hou et al., 2011; Johannes et al., 2014; Lakonishok et al., 1994;
Litzenberger etal., 1979; McMillan, 2019; Rensburg et al., 2003; Rosenberg et al., 2021;
Sanjoy, 1983; Soliman, 2008; Stattman, 1980; Traub, 2001; Van Rensburg, 2001;
Zaremba et al., 2017).

Even with this evidence reported above, it is argued that financial ratios tend to comprise
overlapping information, making it challenging to compile a small representative (all-
inclusive) group of ratios (Chen et al., 1981; Trejo Pech et al., 2015). Also, the presence
of time-varying efficiency, and varying efficiency levels across different indices
(Heymans et al., 2018) contributed to the understanding of why the literature has still
failed to identify an all-inclusive group of ratios and why ratios lack continuity in their
explanatory abilities over time. Additionally, financial ratios are considered to be
backwards-looking, lacking the ability to reflect future consequences of managerial
actions (Clark, 1997). This can be due to their:
(1) inability to represent the many facets of performance and to explain the reasons for
‘good’ or ‘bad’ performances (Avkiran, 1997); (2) inability to capture the interplay
amongst the multiple resources and outputs of a company (Davenport et al., 1987); (3)
reliability on internal historical data and the sensitivity to manipulation (\VVan Heerden et
al., 2013); and (4) inability to always consider the risk associated with the investment or
company (Gadoiu, 2014). To overcome these shortcomings equity analysts are advised
to consider the use of non-financial measure methodology to identify ratios, namely the
multi-stage DEA model. This is based on the evidence that non-financial measures are:
(1) considered to be a more reliable source of information on firm failure; (2) being
better predictors of long-term performance; and (3) less prone to manipulation (Ames et
al., 2012; Johnson et al., 1987; R. S. Kaplan et al., 1996; Singleton-Green, 1993).
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4. DATA

This study applied a South African approach, where companies under evaluation are
listed on the JSE. The JSE is ranked 18" in the world and is characterised by a
considerable level of volatility. However, despite the latter, the developed world
continues to diversify their portfolios by including equities from emerging marks, like
the JSE (Ocran, 2010). The attractiveness of the JSE can be justified by Table 1, which
reports a comparison descriptive study between the JSE All Share index and some of the
world’s largest stock indices from January 2010 to December 2020. Although the JSE
All Share index exhibited the 5™ largest mean, it competed well against other indices in
terms of volatility (standard deviation), where it exhibited the second lowest level. From
a risk-adjusted return perspective (mean divided by the standard deviation), the JSE All
Share index exhibited the 4™ highest level, which signifies the attractiveness of this index
and explains why it can be considered by world portfolio managers. Especially because
the JSE All Share index outperformed indices like the CBOE UK 350, NYSE
Composite, Hang Seng, and Shanghai SE Composite, respectively, which dominate in
terms of market capitalisation.

It is also interesting to note that higher moments were present in all indices, which
signify the presence of non-normal distributions, as reported by the Shapiro-Wilk,
Lilliefors, Jarque-Bera, and Kolmogorov-Smirnova normality tests, respectively. This
further justifies the notion to use the DEA instead of the Stochastic Frontier, as the latter
requires one to impose an explicit functional form for the underlying technology and an
explicit distributional assumption for the inefficiency term (Sharma et al., 1997). With
Table 1 providing provisional findings to prove the JSE’s viability as an investment
arena to be considered by world portfolio managers, it is important to assist the process
of portfolio diversification by illustrating which ratios or variables can be utilised to
identify the ideal shares to consider. This study is limited by data availability, where
only 176 listed companies could be evaluated over a time span from 2010 to 2020. The
selection of ratios, variables and listed companies were also based on data availability.
Nevertheless, the credibility of the chosen ratios and variables were still verified by the
literature, as summarised by Table 2.

Most of the companies under evaluation originated from the financial services and
mining sectors, followed by the general retailers and real estate investment trusts sectors,
respectively (see Figure 2). However, when considering the new Industry Classification
Benchmark (ICB), as reported by FTSE Russell (2021), most of the companies under
evaluation originated from the financials and industrial industries, followed by basic
materials and consumer discretionary, respectively (see Figure 3). This may be
considered as one of the shortcomings of this study, as data availability and the
composition of the JSE led to an unequal comparison of sectors and industries.
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Table 1. Descriptive Statistics on Index Returns: A Comparison Study Between the JSE and Some of The World’s Largest Stock Indices from January 2010 to December 2020

Statistic JSE All Share NASDAQ Composite NYSE composite Frankfurt DAX CBOE UK 350
Minimum -10.23% -13.15% -12.60% -13.05% -10.13%
Maximum 7.26% 8.93% 9.56% 10.41% 7.56%
Median 0.06% 0.11% 0.06% 0.08% 0.03%
Mean 0.03% 0.06% 0.02% 0.03% 0.02%
Standard deviation (For population) 1.07% 1.23% 1.13% 1.30% 0.99%
Risk-adjusted returns 2.57% 5.04% 2.20% 2.27% 2.25%
Skewness (Pearson) -0.67 -0.74 -1.03 -0.55 -0.71
Kurtosis (Pearson) 7.94 10.77 16.05 7.78 9.14
Shapiro-Wilk (Statistic) 0.94* 0.90* 0.87* 0.93* 0.92*
Lilliefors (Statistic) 0.06* 0.10* 0.11* 0.08* 0.08*
Jarque-Bera (Statistic) 7426.56* 13629.84* 30072.55* 7165.04* 9526.83*
Kolmogorov-Smirnova (Statistic)** 0.06* 0.10* 0.11* 0.08* 0.08*
Statistic Hang Seng Shanghai SE Composite Nikkei 225 CAC All Share Bombay Sensex
Minimum -6.02% -8.87% -11.15% -12.42% -14.10%
Maximum 5.52% 5.60% 7.73% 10.84% 8.59%
Median 0.06% 0.04% 0.07% 0.06% 0.06%
Mean 0.01% 0.00% 0.04% 0.02% 0.04%
Standard deviation (For population) 1.17% 1.35% 1.34% 1.21% 1.12%
Risk-adjusted returns 0.63% 0.19% 2.63% 1.57% 3.29%
Skewness (Pearson) -0.33 -0.93 -0.46 -0.39 -0.85
Kurtosis (Pearson) 2.43 6.21 5.49 10.78 15.79
Shapiro-Wilk (Statistic) 0.97* 0.91* 0.95* 0.91* 0.90*
Lilliefors (Statistic) 0.06* 0.09* 0.07* 0.09* 0.07*
Jarque-Bera (Statistic) 711.38* 4727.17* 3455.03* 13186.34* 28498.30*
Kolmogorov-Smirnova (Statistic)** 0.06* 0.09* 0.07* 0.08* 0.07*

Note 1: Daily log-returns were evaluated.

Note 2: For the Nikkei 225 index data were only available from September 2010.

Note 3: Risk-adjusted returns were estimated by dividing the mean with the standard deviation.

* Signifies a p-value of 0.00, implying that Ho is rejected for a normal distribution.
** The Lilliefors significance correction was applied.

Source: Data sourced from Infront (2022) and estimations done with XLSTAT (2014) software.
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Table 2 Ratios and Variables Under Evaluation

FINANCIAL RATIOS

RISK-ADJUSTED PERFORMANCE RATIOS

Ratio Source Ratio Source
Assets / Capital Employed (Ifeacho et al., 2014) Burke (Burke, 1994)
Cash Flow / Total Debt (Jooste, 2007) Calmar (Young, 1991)

Current Ratio

(Uluyol et al., 2013)

CVaR-Sharpe®

(Esfahanipour et al., 2011)

Debt / Assets (Detthamrong et al., 2017) Israelson’s Modified Sharpe (Israelsen, 2005)
Debt / Equity (Dita et al., 2014) Kappa 3 (P. D. Kaplan et al., 2004)
Directors Remuneration Profit Before Tax (DRPBT) (Kirsten et al., 2018) Martin (Martin et al., 1992)
Dividend Yield (DY) (Lewellen, 2004) MVaR-Sharpe* (Gregoriou et al., 2003)
Earnings / Share (Chang et al., 2008) Omega (Keating et al., 2002)
Earnings / Share Price (Oztiirk et al., 2018) Omega-Sharpe (Bacon, 2008)
Earnings Yield (EY) (Tudor, 2010) Pain (Associates, 2006)

Inflation-adjusted Profit / Share Price

Inflation-adjusted Return on Assets (ROA)

Inflation-adjusted Return on Average Equity (ROAE)

Inflation-adjusted Return on Average Total Assets (ROATA)

Inflation-adjusted Return on Equity (ROE)

(Anandarajan et al., 2006; Bublitz et
al., 1985; Kirkulak et al., 2009;
Salaudeen, 2016)

Pezier's Adjusted Sharpe

(Pézier et al., 2006)

Serial correlation (SC)-adjusted Sharpe

(Lo, 2002)

Scaled Sharpe (S*)

Scaled Sharpe (S**)

Scaled Treynor (T*)

(Gatfaoui, 2008)

Price / Book Value (Kheradyar et al., 2011) Scaled Treynor (T**)
Price / Cash-flow (Cakici et al., 2017) Sortino (F. A. Sortino et al., 1991)
Price / Earnings (P/E) (Weigand et al., 2007) Sterling (Bacon, 2008; Kolbadi et al.,

2011)

Price/ EBIT™

Price / EBITDA™

(Bouwens et al., 2019; Nissim, 2019)

Sterling-Calmar

(Bacon, 2008)

Jensen's Alpha

(Jensen, 1968)

Price / NAV

(Liow et al., 2018)

Traditional Sharpe

(Sharpe, 1966)

Quick Ratio

(Khaldun et al., 2014)

Traditional Treynor

(Treynor, 1965)

Return On Assets (ROA)

(Dadrasmoghadam et al., 2015)

Upside Potential

(F. Sortino et al., 1999)

Return On Capital Employed (ROCE)

(Jermsittiparsert et al., 2019)

VaR-Sharpe®

(Dowd, 1999, 2000)

Return On Equity (ROE)

(Petcharabul et al., 2014)

FINANCIAL VARIABLES (trading statistics)

Variable

Source

Market Capitalisation

(Sanjoy, 1983)

Trading Volume

(Naik et al., 2018)

Note: Refer to van Heerden (2020) for more detail on the risk-adjusted performance ratios.
** EBIT denotes earnings before interest and taxes and EBITDA denotes earnings before interest, taxes, depreciation, and amortisation.
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# VaR denotes value-at-risk, where CVaR denotes the conditional VaR and MVaR denotes the modified VaR.

Source: Compiled by Author
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Figure 2: Sector Distribution of the 176 Selected Companies Under Evaluation

Source: Compiled by Author
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The yearly financial ratio estimates and monthly share price data were sourced from
IRESS (2022). The share price data were converted to returns, using natural logs and
utilised to estimate the risk-adjusted performance ratios. Moreover, the effects of
transaction costs and taxes were ignored. The selection of risk-adjusted performance
ratios was based on the study of van Heerden (2020) and estimated with Microsoft®
Excel. The JSE All Share index (J203) was used as the market proxy, whereas the 3-
month negotiable certificate of deposit (NCD) rate was used as the risk-free rate proxy
(Van Heerden, 2016). Monthly data for the market proxy and risk-free rate proxy were
sourced from IRESS (2022) and Bank) (2022), respectively.

Technology Telecommunications
7% 3%

Basic Materials
16%
Consumer
Discretionary

14%

Real Estate
2%

Industrials
22%

Consumer Staples
7%

Health Care
3%
Energy
1%

Financials
25%

Figure 3: Industry Distribution of the 176 Selected Companies under Evaluation

Note: Composition based on the new Industry Classification Benchmark (ICB), as
provided by FTSE Russell (2021).

Source: Compiled by Author

Due to the inability of the DEA model to accommodate non-positive observations, the
scale of every series was adjusted accordingly. This will have no effect on the ratio
comparison study, as the multi-stage DEA model will be executed for each ratio
individually. Furthermore, the input-orientated approach was adopted, which according
to operational research, characterises the production technology of the organisation for
producing a given output mix with the minimum inputs (Coelli, 1998). Implying that the
ratio or variable with the lowest estimates will be considered as the best in explaining
share returns. Consequently, the inverse of some ratios and variables were used as inputs
to ensure the accurate interpretation of the efficiency scores, where the latter will range
between 0 and 1 (1 implies an 100% efficiency or ability to explain the 1-,
3-, and 5-years in-sample, ex post future realised share returns, respectively).
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5. RESULTS

Table 3 reports the overall ability (average efficiency) of each ratio and variable to
explain 1-,

3-, and 5-years in-sample, ex post future realised share returns, respectively. At first
glance the efficiency scores provide an explanation to why the literature has proven so
many ratios and variables as viable predictors of future share returns. Table 3 reports
that the majority of the ratios and variables under consideration has a reasonable ability
to explain 1-,
3-, and 5-years in-sample, ex post future realised share returns, respectively. The
inconsistency in the efficiency of some ratios between the three output scenarios (1-, 3-
, and 5-years investment horizon), as reported by Table 3 and the inconsistency of the
ratios’ ability to explain returns from different sectors (see Table 5) may however
provide additional evidence for the presence of time-varying market efficiency in the
South African market (Heymans et al., 2018).

Nevertheless, from Table 3 it is evident that 30 ratios exhibited a consolidated overall
efficiency of 95% and higher across all three output scenarios, which will receive the
focus for the remainder of this study (see Table 4). The motivation for considering a
consolidated perspective is to establish the ideal set of ratios that can be utilised by both
passive and active investor. Initially, an early indication signified the importance of
eliminating the T* or T** ratio, as these ratios realised a 100% correlation in portfolio
composition. Therefore, the T* ratio was considered for further investigation, implying
that only the top 29 ratios will be considered for the remainder of this study.
Furthermore, it is interesting to note that the earnings per share, price-to-cash-flow,
inflation-adjusted profit-to-share price, market capitalisation (market cap), and trading
volume performed the worst across all three output scenarios, exhibiting an overall
average efficiency of less than 1%. Consequently, these poor performing ratios will be
eliminated and will not be considered for the remainder of this study.

To provide additional insight into each of the 29 selected ratios’ explanatory ability, the
top three sectors whose returns could be best explained by these ratios are reported by
Table 5. It is evident that the bank sector’s 1- and 3-years ahead returns could be
explained by 10 different ratios at a significant high efficiency level. These results also
accentuate the results found by (Heymans et al., 2018). Furthermore, the non-life
insurance sector’s 1-, 3-, and 5-years ahead returns could be explained at a significant
level by 21, 22 and 27 of the 29 selected ratios, respectively. Also, the 1-, and 5-years
ahead returns of the food and drug retailers’ sector could be explained at significant level
by 11 and 6 of the 29 selected ratios, respectively. It is also worth noting that the
technology hardware and equipment sector’s 1-, 3-, and 5-years ahead share returns
could be explained at a significant level by 10 and 11 of the 29 selected ratios,
respectively.
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Explaining 1-year ahead share returns

Explaining 3-years ahead share returns

Explaining 5-years ahead share returns

Overall average

Overall average

Overall average

Overall average

Ratios and variables

Overall average

Jensen's Alpha 99.98% Jensen's Alpha 99.98% S* 99.98%
Kappa 3 99.97% T* 99.98% Jensen's Alpha 99.98%

Burke 99.97% T** 99.98% T 99.98%
Israelson's Modified Sharpe 99.97% Kappa 3 99.97% T** 99.98%
Martin 99.97% Burke 99.97% Kappa 3 99.97%
Traditional Sharpe 99.97% Israelson's Modified Sharpe 99.97% Burke 99.97%
Pain 99.96% Martin 99.97% Martin 99.97%

Pezier's Adjusted Sharpe 99.95% Traditional Sharpe 99.97% Israelson’'s Modified Sharpe 99.97%
Sterling 99.93% Pain 99.96% Traditional Sharpe 99.97%
Sterling-Calmar 99.93% Pezier's Adjusted Sharpe 99.95% Pain 99.96%

S* 99.93% Sterling 99.93% Calmar 99.96%

Calmar 99.91% Sterling-Calmar 99.93% Pezier's Adjusted Sharpe 99.95%

T 99.85% S* 99.93% Sterling 99.94%

T** 99.85% Calmar 99.91% Sterling-Calmar 99.94%
VaR-Sharpe 99.79% VaR-Sharpe 99.78% VaR-Sharpe 99.79%
SC-adjusted Sharpe 99.76% SC-adjusted Sharpe 99.76% SC-adjusted Sharpe 99.77%
Omega 99.57% DY 99.67% Upside Potential 99.75%
Omega-Sharpe 99.56% Omega 99.57% DY 99.67%
ROA 99.53% Omega-Sharpe 99.56% Omega 99.58%

Price / Book Value 99.45% ROA 99.54% Omega-Sharpe 99.56%
Debt / Assets 99.35% Assets / Capital Employed 99.48% ROA 99.54%
Debt / Equity 99.33% Price / Book Value 99.48% Assets / Capital Employed 99.51%
CVaR-Sharpe 99.24% Debt / Assets 99.35% Price / Book Value 99.48%
Assets / Capital Employed 99.13% Debt / Equity 99.33% Inflation-adjusted ROAE 99.40%
Current 98.91% CVaR-Sharpe 99.24% Debt / Assets 99.34%

Quick 08.91% Current 98.91% Debt / Equity 99.33%

ROCE 98.31% Quick 98.91% CVaR-Sharpe 99.24%
Inflation-adjusted ROATA 98.13% Inflation-adjusted ROAE 98.83% Inflation-adjusted ROA 98.97%
DY 98.03% ROCE 98.31% Current 98.91%

Upside Potential 95.75% Inflation-adjusted ROATA 98.14% Quick 98.91%

Note: Complete Results are Available on Request

Source: Compiled by Author
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Table 3. The Overall Average Efficiency Scores of All Ratios and Variables under Consideration (Continues)

Explaining 1-year ahead returns

Explaining 3-years ahead returns

Explaining 5-years ahead returns

Ratios and variables

Overall efficiency average

Ratios and variables

Overall efficiency average

Ratios and variables

Overall efficiency average

DRPBT 94.95% Upside Potential 95.75% ROCE 98.32%
Price / NAV 94.57% Price / NAV 95.16% Inflation-adjusted ROATA 98.14%
ROE 94.48% DRPBT 94.95% S** 97.38%
Earnings Yield 94.23% ROE 94.48% Price / NAV 96.84%
P/E 92.22% Earnings Yield 94.24% DRPBT 96.08%
Price / EBITDA 89.63% P/E 92.22% Sortino 95.61%
Inflation-adjusted ROE 89.32% Price / EBIT 89.67% ROE 94.49%
Cash Flow / Total Debt 87.29% Price / EBITDA 89.62% Earnings Yield 94.24%
Inflation-adjusted ROA 85.63% Inflation-adjusted ROE 89.32% P/E 92.21%
Traditional Treynor 84.94% Cash Flow / Total Debt 87.29% Price / EBIT 89.69%
S** 84.63% Inflation-adjusted ROA 85.64% Price / EBITDA 89.64%
MVaR-Sharpe 83.24% Traditional Treynor 84.94% Inflation-adjusted ROE 89.32%
Price / EBIT 80.20% S** 84.64% Cash Flow / Total Debt 87.29%
Inflation-adjusted ROAE 79.70% MVaR-Sharpe 83.23% Traditional Treynor 84.94%
Sortino 69.68% Earnings / Share Price 76.99% MVaR-Sharpe 83.23%
Earnings / Share Price 60.08% Earnings / Share 49.61% Earnings / Share Price 76.96%
Earnings / Share 49.60% Price / Cash-flow 47.20% Earnings / Share 49.69%
Price / Cash-flow 47.19% Inflation-adjusted Profit / Share 42.66% Price / Cash-flow 47.22%
Price
Inflation-adjusted Profit / Share 36.62% Market Cap 0.07% Inflation-adjusted Profit / Share 42.69%
Price Price
Market Cap 0.06% Sortino 0.07% Market Cap 0.10%
Trading Volume 0.00% Trading Volume 0.00% Trading Volume 0.00%

Note: Complete Results are Available on Request

Source: Compiled by Author
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From the ICB’s perspective this implies that the financial industry could be explained
by the majority of the 29 selected ratios over all three output scenarios (1-, 3-, and 5-
years investment horizon), followed by the telecommunication and health care sector,
respectively. Nevertheless, in order to establish which ratio or set of ratios can be
considered as ‘all-inclusive’ and ideal for share selection, each portfolio that was derived
from the 29 selected ratios were examined based on its: (1) ability to outperform the
market if used in 1-, 3-, and 5-years momentum investment strategies, respectively; (2)
portfolios’ average risk-adjusted returns derived from the three different momentum
investment strategies; and (3) the level of correlation between the top 10 shares that were
selected for each portfolio, as derived from the 29 selected ratios, respectively.

Table 6 reports that the portfolio derived from the Calmar ratio exhibited a significant
higher level of outperformance (relative to the market proxy) from a 3-year momentum
investment strategy perspective, compared to the other 28 competing ratios. Implying
that the remainder of the selected ratios will be ignored from a 3-year momentum
investment strategy perspective (see also Table Al to A3 in the Appendix for more
detailed results). This can be justified by the 33% difference in the level of
outperformance between the top two performing ratios (the Calmar ratio and Jensen’s
Alpha, respectively). However, Table 6 also reports performance clusters that were
observed, where similar high outperformance levels were exhibited by the top nine and
13 ratios from a 1- and 5-years momentum investment strategy perspective, respectively.
Implying that further investigation will be required to establish ratio dominance.

On the upside, the results reported by Table 6 enabled an additional preliminary
elimination of poor performing ratios. The worse performing ratios exhibited
underperformance clusters, implying that ratios exhibiting underperformance levels
(relative to the market proxy) higher than 50% from a 1- and 5-years momentum
investment strategy perspective, respectively were eliminated and will not be considered
for further evaluation. This also further emphasised the notion to consider only the
Calmar ratio from a 3-years momentum investment strategy perspective, as all the other
competing ratios as reported by Table 6 also exhibited underperformance levels higher
than 50%.

To further the process of ratio elimination, the average risk-adjusted returns of the
different portfolios, derived from the ratios still under consideration, were compared (see
Table 7). Based on the average risk-adjusted returns of the portfolios that were utilised
in the 1-, and 5-years momentum investment strategies, it is evident that the Calmar ratio
produced much more profitable portfolios compared to the other competing ratios. From
a 1-year momentum investment strategy perspective, the Pain, Sterling and Sterling-
Calmar ratios produced the closest performing portfolios to the Calmar ratio, whereas
Kappa 3 and the Martin ratios were the closest performing ratios from a 5-years
momentum investment strategy perspective.
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Table 4. Selected Ratios with the Highest Efficiency Scores

Financial ratios

Risk-adjusted performance ratios

Assets / Capital Employed Inflation-adjusted ROATA Burke Martin SC-adjusted Sharpe Sterling-Calmar
Current Price / Book Value CVaR-Sharpe Omega S* Jensen's Alpha
Debt / Assets Quick VaR-Sharpe Omega-Sharpe T* Traditional Sharpe
Debt / Equity ROA Israelson’s Modified Sharpe Pain T** Upside Potential
DY ROCE Kappa 3 Pezier's Adjusted Sharpe Sterling Calmar
Source: Compiled by Author
Table 5. The Three Sector Best Explained by Each Ratio: Per Momentum Investment Strategy
Over different investment Assets / Capital Employed Current Debt / Assets Debt / Equity DY
horizons
Explaining 1-year ahead share Health Care Equipment and Services Non-life Insurance Non-life Insurance Industrial Engineering Non-life Insurance
returns Food Producers Equity Investment Mining Construction and Materials Fixed Line
Instruments Telecommunications
Non-life Insurance Mining Support Services Support Services Real Estate Investment Trusts

Explaining 3-years ahead share
returns

Health Care Equipment and Services

Non-life Insurance

Non-life Insurance

Industrial Engineering

Fixed Line
Telecommunications

Food Producers

Mining

Mining

Construction and Materials

Non-life Insurance

Non-life Insurance

Media

Media

Support Services

Investment Services

Explaining 5-years ahead share

Health Care Equipment and Services

Non-life Insurance

Non-life Insurance

Industrial Engineering

Fixed Line

returns Telecommunications
Food Producers Mining Mining Non-life Insurance Non-life Insurance
Non-life Insurance Media Media Construction and Materials Industrial Engineering
Over different investment Inflation-adjusted ROATA Price / Book Value Quick ROA ROCE
horizons
Explaining 1-year ahead share Non-life Insurance General Industrials Non-life Insurance Travel and Leisure Non-life Insurance
returns Travel and Leisure Construction and Materials Mining Industrial Metals and Mining Food and Drug Retailers
Industrial Metals and Mining General Retailers Equity Investment Automobiles and Parts Industrial Transportation
Instruments
Explaining 3-years ahead share Non-life Insurance General Industrials Non-life Insurance Travel and Leisure Non-life Insurance
returns Travel and Leisure Construction and Materials Mining Industrial Metals and Mining Industrial Transportation
Industrial Metals and Mining Non-life Insurance Media Automobiles and Parts Food and Drug Retailers
Explaining 5-years ahead share Non-life Insurance General Industrials Non-life Insurance Travel and Leisure Non-life Insurance
returns Travel and Leisure Non-life Insurance Mining Industrial Metals and Mining Industrial Transportation
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Telecommunications

Industrial Metals and Mining Construction and Materials Media Automobiles and Parts Food and Drug Retailers
Over different investment Burke CVaR-Sharpe VaR-Sharpe Israelson’s Modified Kappa 3
horizons Sharpe
Explaining 1-year ahead share | Technology Hardware and Equipment Non-life Insurance Travel and Leisure Technology Hardware and Technology Hardware and
returns Equipment Equipment
Banks Industrial Transportation Non-life Insurance Fixed Line Non-life Insurance
Telecommunications
Food and Drug Retailers Automobiles and Parts Media Automobiles and Parts Banks
Explaining 3-years ahead share Banks Non-life Insurance Non-life Insurance Technology Hardware and Technology Hardware and
returns Equipment Equipment
Technology Hardware and Equipment | Industrial Transportation Travel and Leisure Fixed Line Banks

Life Insurance

Automobiles and Parts

Pharmaceuticals and
Biotechnology

Automobiles and Parts

Non-life Insurance

Explaining 5-years ahead share
returns

Technology Hardware and Equipment

Non-life Insurance

Travel and Leisure

Fixed Line
Telecommunications

Non-life Insurance

Health Care Equipment and Services

Industrial Transportation

Non-life Insurance

Technology Hardware and
Equipment

Technology Hardware and
Equipment

Life Insurance

Automobiles and Parts

Forestry and Paper

Non-life Insurance

Fixed Line
Telecommunications

Source: Compiled by Author

Table 5. The Three Sector Best Explained by Each Ratio: Per Momentum Investment Strategy (Continues)

Telecommunications

Over different investment Martin Omega Omega-Sharpe Pain Pezier's Adjusted Sharpe
horizons
Explaining 1-year ahead share | Technology Hardware and Non-life Insurance Non-life Insurance Non-life Insurance Technology Hardware and
returns Equipment Equipment
Banks Food and Drug Retailers Fixed Line Technology Hardware and Non-life Insurance
Telecommunications Equipment
Food and Drug Retailers Life Insurance Food and Drug Retailers Banks Banks
Explaining 3-years ahead share | Technology Hardware and Non-life Insurance Non-life Insurance Non-life Insurance Technology Hardware and
returns Equipment Equipment
Banks Food and Drug Retailers Fixed Line Banks Banks

Life Insurance

Life Insurance

Food and Drug Retailers

Technology Hardware and
Equipment

Non-life Insurance
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Explaining 5-years ahead share
returns

Technology Hardware and
Equipment

Non-life Insurance

Non-life Insurance

Non-life Insurance

Technology Hardware and
Equipment

Health Care Equipment

Life Insurance

Fixed Line

Technology Hardware and

Non-life Insurance

and Services Telecommunications Equipment
Banks Technology Hardware and Life Insurance Health Care Equipment and Fixed Line
Equipment Services Telecommunications
Over different investment SC-adjusted Sharpe S* T T** Sterling
horizons
Explaining 1-year ahead share Fixed Line Non-life Insurance Non-life Insurance Non-life Insurance Technology Hardware and
returns Telecommunications Equipment
Tobacco Media Life Insurance Life Insurance Banks
Non-life Insurance Tobacco Food and Drug Retailers Food and Drug Retailers Food and Drug Retailers
Explaining 3-years ahead share Fixed Line Non-life Insurance Non-life Insurance Non-life Insurance Banks

returns

Telecommunications

Non-life Insurance

Food Producers

Food and Drug Retailers

Food and Drug Retailers

Food and Drug Retailers

Technology Hardware and

Leisure Goods

Construction and Materials

Construction and Materials

Technology Hardware and

Equipment Equipment
Explaining 5-years ahead share Fixed Line Non-life Insurance Non-life Insurance Non-life Insurance Health Care Equipment and
returns Telecommunications Services
Non-life Insurance Leisure Goods Construction and Materials Construction and Materials Technology Hardware and
Equipment

Technology Hardware and
Equipment

Investment Services

Investment Services

Investment Services

Non-life Insurance

Over different investment Sterling-Calmar Jensen's Alpha Traditional Sharpe Upside Potential Calmar
horizons
Explaining 1-year ahead share | Technology Hardware and Non-life Insurance Technology Hardware and Non-life Insurance Non-life Insurance
returns Equipment Equipment
Banks Banks Food and Drug Retailers Food and Drug Retailers Technology Hardware and
Equipment
Food and Drug Retailers Automobiles and Parts Banks Banks Tobacco
Explaining 3-years ahead share Banks Non-life Insurance Technology Hardware and Non-life Insurance Non-life Insurance
returns Equipment
Food and Drug Retailers Banks Life Insurance Food and Drug Retailers Food and Drug Retailers
Technology Hardware and Automobiles and Parts Banks Banks Tobacco

Equipment
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returns

Explaining 5-years ahead share

Health Care Equipment
and Services

Non-life Insurance

Technology Hardware and
Equipment

Non-life Insurance

Real Estate Investment and
Services

Technology Hardware and
Equipment

Oil and Gas Producers

Non-life Insurance

Life Insurance

Tobacco

Non-life Insurance

Automobiles and Parts

Tobacco

Banks

Non-life Insurance

Source: Compiled by Author

Table 6. The Level of Out- and Underperformance of Each Portfolio Derived from the Ratios Relative to the Market

1-year momentum investment strategy

3-years momentum investment strategy

5-years momentum investment strategy

Portfolios based on Outperform Underperform Portfolios based on Outperform Underperform Portfolios based on Outperform Underperform
these ratios these ratios these ratios
Jensen's Alpha 64% 36% Calmar 89% 11% Calmar 86% 14%
Israelson's Modified 64% 36% Jensen's Alpha 56% 44% Jensen's Alpha 71% 29%
Sharpe
Pain 64% 36% Kappa 3 56% 44% Kappa 3 71% 29%
Sterling 64% 36% Burke 56% 44% Burke 71% 29%
Sterling-Calmar 64% 36% Israelson’s Modified 56% 44% Martin 71% 29%
Sharpe
Calmar 64% 36% Martin 56% 44% Traditional Sharpe 71% 29%
Omega 64% 36% Traditional Sharpe 56% 44% Pezier's Adjusted 71% 29%
Sharpe
Omega-Sharpe 64% 36% Pain 56% 44% Sterling 71% 29%
Price / Book Value 64% 36% Pezier's Adjusted 56% 44% Sterling-Calmar 71% 29%
Sharpe
Kappa 3 55% 45% Sterling 56% 44% Omega 71% 29%
Burke 55% 45% Sterling-Calmar 56% 44% Omega-Sharpe 71% 29%
Martin 55% 45% CVaR-Sharpe 56% 44% Upside Potential 71% 29%
Traditional Sharpe 55% 45% SC-adjusted Sharpe 56% 44% Price / Book Value 71% 29%
Pezier's Adjusted 55% 45% Omega 56% 44% Israelson’s Modified 57% 43%
Sharpe Sharpe
CVaR-Sharpe 55% 45% Omega-Sharpe 56% 44% Pain 57% 43%
SC-adjusted Sharpe 55% 45% Upside Potential 56% 44% CVaR-Sharpe 57% 43%
Upside Potential 55% 45% Price / Book Value 56% 44% SC-adjusted Sharpe 57% 43%
ROCE 45% 55% VaR-Sharpe 56% 44% VaR-Sharpe 43% 57%
S* 36% 64% ROA 44% 56% Inflation-adjusted 29% 71%
ROATA
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ROA 36% 64% T 33% 67% T 14% 86%
Debt / Assets 36% 64% Inflation-adjusted 33% 67% ROA 14% 86%
ROATA
Inflation-adjusted 36% 64% ROCE 22% 78% ROCE 14% 86%
ROATA
T 27% 73% Assets / Capital 11% 89% S* 0% 100%
Employed
Assets / Capital 27% 73% Debt / Assets 11% 89% Assets / Capital 0% 100%
Employed Employed
Debt / Equity 27% 73% Debt / Equity 11% 89% Debt / Assets 0% 100%
DY 27% 73% Current 11% 89% Debt / Equity 0% 100%
VaR-Sharpe 27% 73% S* 0% 100% Current 0% 100%
Current 9% 91% Quick 0% 100% Quick 0% 100%
Quick 9% 91% DY 0% 100% DY 0% 100%

Note 1: The bold line and italic formatting represent the underperformance clusters of worse performing ratios that were preliminary eliminated.
Note 2: More detailed results are available in Table Al to A3 in the Appendix.
Source: Compiled by Author
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However, based on the literature ratios may exhibit overlapping information, implying
that ratio rankings may suggest portfolio compositions with high correlation (Eling et
al., 2007). To overcome this obstacle Table 8 and 9 report the correlation matrices of the
portfolios that were derived from the top performing ratios, from a 1-, and 5-years
momentum investment strategy perspective, respectively [Remember that the Calmar
ratio exhibited significant dominance from a 3-year momentum investment strategy
perspective (see Table 6), thus no further investigation will be required for the 3-year
momentum investment strategy perspective].

Table 7. Average Risk-Adjusted Returns of Portfolios Derived from the Top
Performing Ratios

1-year momentum investment strategy | 5-years momentum investment strategy

Calmar 12.50% Calmar 11.72%

Pain 10.61% Kappa 3 9.59%

Sterling 10.27% Martin 9.28%

Sterling-Calmar 10.27% Upside Potential 8.93%

Israelson’s Modified 9.96% Jensen's Alpha 8.76%
Sharpe

Jensen's Alpha 7.18% Burke 8.48%

Omega-Sharpe 6.83% Sterling 8.45%

Omega 6.83% Sterling-Calmar 8.45%

Price / Book Value 4.24% Pezier's Adjusted Sharpe 8.41%

Traditional Sharpe 7.85%

Omega 7.53%

Omega-Sharpe 7.53%

Price / Book Value 5.39%

Note 1: Risk-adjusted returns were calculated by dividing the average returns with the
standard  deviation.

Note 2: Remember that each portfolio was evaluated over several years, explaining the
use of risk-adjusted return averages.

Source: Compiled by Author

From the results reported by Table 8 there is a 100% correlation between the portfolios
derived from the Omega-Sharpe and the Omega ratio, and between the Sterling and
Sterling-Calmar ratios, respectively. Nevertheless, based on the results from Table 7 and
8 if would be advisable to consider only the Calmar ratio, or the Calmar with the price-
to-book ratios, or a combination of the Pain and Omega ratios as an alternative to the
Calmar ratio. In either case, these ratios have produced portfolios with a greater ability
to outperform the market compared to other competing ratios from a 1-year momentum
investment strategy perspective. Also, these portfolios exhibited some of the highest
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average portfolio risk-adjusted returns and the lowest portfolio correlation, where the
latter implies greater portfolio diversification.

Additionally, from a 5-years momentum investment strategy perspective only the
Calmar ratio can be considered. Alternatively, Table 9 reports low correlation between
the portfolios derived from the Calmar and Upside Potential ratio, which may be
considered as an alternative to boost portfolio performance and portfolio diversification.
Lastly, Table 7 and 9 also report an alternative selection of the Kappa 3 and Upside
Potential ratio, where their portfolios also produced low correlation and relatively high
risk-adjusted returns from a 5-years momentum investment strategy perspective.
Overall, besides for these alternatives, the results emphasised the Calmar ratio as the
most ideal ratio to explain 1-, 3-, and 5-years ahead share returns. This ratio also
exhibited the ability to produce portfolio selections that realised the highest risk-adjusted
returns and greatest ability to outperform the market from all momentum investment
strategy perspectives under evaluation.

6. CONCLUSION AND RECOMMENDATIONS

With the literature providing no guidance in terms of the methodology to adapt to
identify the most ideal set of ratios for future share selections, provided the motivation
for this endeavour. This study was the first to prove that the multi-stage DEA model can
be considered as a successful ratio selecting tool, as it can acknowledge interdimensional
relationships between ratios and share returns and uncover relationships that are
unknown to other methodologies. By utilising the efficiency scores generated by the
DEA model, permitted a ratio elimination process, through which 29 ratios were
identified that exhibited the highest consolidation ability to explain both 1-, 3-, and 5-
years in-sample, ex post future realised share returns. To identify the superior ratio, the
equally weighted portfolios derived from each of the 29 selected ratios were evaluated
according to their: (1) ability to outperform the market from a momentum investment
strategy perspective; (2) to generate the highest risk-adjusted returns; and (3) exhibited
the lowest portfolio composition correlation compared to portfolios derived from other
competing ratios. The results emphasised the dominance of the Calmar ratio to explain
both 1-, 3-, and 5 years in-sample, ex post future realised share returns. The Calmar ratio
exhibited the ability to produce portfolio selections that realised the highest average risk-
adjusted returns and greatest ability to outperform the market from all three momentum
investment strategy perspectives under evaluation. However, alternative ratio
combinations were also identified from a 1-year momentum investment strategy
perspective, which included the Calmar with the price-to-book ratios, or a combination
of the Pain and Omega ratios. Moreover, from 5-year momentum investment strategy
perspective alternatives ratio combinations besides the Calmar ratio included the Kappa
3 and Upside Potential ratio.

190



INTERNATIONAL JOURNAL OF ECONOMICS AND FINANCE STUDIES

Vol: 14 No: 02 Year: 2022 ISSN: 1309-8055 (Online) (pp. 686-730) Doi: 10.34109/ijefs. 20220059

Table 8. Correlation Between Portfolios Derived from Each of The Top Performing Ratios: For A 1-Year Momentum Investment Strategy

Israelson’s Modified Sharpe Omega | Omega-Sharpe Pain Sterling Sterling-Calmar | Jensen's Alpha Calmar
Price / Book Value 0% 10% 10% 10% 0% 0% 20% 10%
Israelson’s Modified Sharpe 70% 70% 40% 70% 70% 20% 50%
Omega 100% 30% 50% 50% 30% 40%
Omega-Sharpe 30% 50% 50% 30% 40%
Pain 60% 60% 30% 40%
Sterling 100% 20% 50%
Sterling-Calmar 20% 50%
Jensen's Alpha 40%
Source: Compiled by Author
Table 9. Correlation Between Portfolios Derived from Each of The Top Performing Ratios: For A 5-Years Momentum Investment Strategy
Burke | Kappa 3 | Martin | Omega | Omega-Sharpe | Pezier's Adjusted | Sterling | Sterling- Jensen’s Traditional Upside Calmar
Sharpe Calmar Alpha Sharpe Potential
Price / Book Value 10% 30% 10% 10% 10% 20% 10% 10% 30% 10% 10% 20%
Burke 60% 70% 40% 40% 70% 90% 90% 40% 90% 10% 60%
Kappa 3 50% 50% 50% 80% 60% 60% 60% 70% 10% 60%
Martin 30% 40% 50% 80% 80% 40% 60% 10% 50%
Omega 90% 50% 40% 40% 30% 40% 30% 40%
Omega-Sharpe 50% 50% 50% 30% 40% 30% 40%
Pezier's Adjusted Sharpe 70% 70% 50% 80% 10% 70%
Sterling 100% 40% 80% 10% 50%
Sterling-Calmar 40% 80% 10% 50%
Jensen’s Alpha 40% 30% 40%
Traditional Sharpe 0% 70%
Upside Potential 10%

Source: Compiled by Author

191




INTERNATIONAL JOURNAL OF ECONOMICS AND FINANCE STUDIES
Vol: 14 No: 02 Year: 2022 1SSN: 1309-8055 (Online) (pp. 686-730) Doi: 10.34109/ijefs. 20220059

To conclude, the implication of these results emphasises that the multi-stage DEA model
can be considered as a viable tool to identify the ideal ratio for future share selections
that will lead to market-outperforming portfolios. The simplicity of the DEA model
makes it attractive for academicians and practitioners to apply to any market type or data
set. Also, the evidence substantiates the argument that it is possible for both active and
passive investors to utilise the same ratio or set of ratios to obtain profitable portfolios.
However, preliminary results verified the notion that different ratio compositions in
conjunction with the Calmar ratio must be used for different sectors and industries. This
inconsistency in outperforming ratio compositions per sector/industry verifies the notion
that the South African market is time-varying efficient and that the level of efficiency
also varies across different sectors and industries (Heymans et al., 2018). The
implication is that these findings violate the modern portfolio theory assumption of an
efficient market, implying that market-outperforming decisions are possible. This
emphasises the importance of consulting the level of market efficiency as an asset
selection tool and a method to improve portfolio performance and diversification. It is
suggested that future studies should further verify and investigate the extent of this
notion.

Additionally, for future studies, it will be interesting to establish if the same array of 29
ratios will be dominate in crisis events and how the composition of top performing ratios
will change from a pre- to a post-financial crisis period. The inability to completely
explain share returns of industries or sectors and the inconsistency in the ability to
explain share returns may also suggest the presence of time-varying market efficiency.
Future studies can establish if ratios’ explanatory ability will move in conjunction with
time-varying market efficiency. Also, ratio selection may be dependable on asset
characteristics, a theory worth investigating.
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Table Al. The Risk-Adjusted Returns of Each Portfolio Derived from Each Ratio Relative to The Market Proxy: For 1-Year Momentum Strategy

1-year momentum strategy 2010 2011 2012 2013 2014
Portfolio Market Portfolio Market Portfolio Market Portfolio Market Portfolio Market
9.91% 1.26% 27.44% 12.06% 8.78%
Relative to market? Relative to market Relative to market? Relative to market? Relative to market?
Jensen's Alpha 15.18% Outperform 9.04% Outperform 14.64% Underperform 22.45% Outperform 25.92% Outperform
Kappa 3 47.03% Outperform 18.54% Outperform 35.96% Outperform 32.19% Outperform 25.44% Outperform
Burke 33.45% Outperform 8.96% Outperform 37.30% Outperform 26.90% Outperform 25.65% Outperform
Israelson’s Modified Sharpe | 29.53% Outperform 11.44% Outperform 35.94% Outperform 27.42% Outperform 22.47% Outperform
Martin 45.28% Outperform 18.00% Outperform 42.04% Outperform 21.99% Outperform 27.96% Outperform
Traditional Sharpe 38.35% Outperform 9.72% Outperform 38.13% Outperform 20.87% Outperform 23.13% Outperform
Pain 42.09% Outperform 17.97% Outperform 60.27% Outperform 14.78% Outperform 21.27% Outperform
Pezier's Adjusted Sharpe 35.27% Outperform 9.79% Outperform 30.54% Outperform 26.61% Outperform 30.58% Outperform
Sterling 28.60% Outperform 9.58% Outperform 31.35% Outperform 21.39% Outperform 27.43% Outperform
Sterling-Calmar 28.60% Qutperform 9.58% Qutperform 31.35% Outperform 21.39% Outperform 27.43% Outperform
S* 0.74% Underperform 19.82% Outperform -2.09% Underperform -5.77% Underperform 1.11% Underperform
Calmar 29.46% Outperform 17.95% Outperform 43.34% Outperform 24.59% Outperform 17.65% Outperform
T 8.15% Underperform -1.39% Underperform 50.27% Outperform 16.00% Outperform 6.51% Underperform
CVaR-Sharpe 15.16% Outperform 15.69% Outperform 31.66% Outperform 22.36% Outperform 18.30% Outperform
SC-adjusted Sharpe 23.21% Outperform 12.64% Outperform 42.29% Outperform 34.86% Outperform 20.15% Outperform
Omega 18.44% Outperform 3.90% Outperform 29.08% Outperform 21.92% Outperform 38.04% Outperform
Omega-Sharpe 18.44% Outperform 3.90% Outperform 29.08% Outperform 21.92% Outperform 38.04% Outperform
Upside Potential 3.62% Underperform 7.40% Outperform 24.17% Underperform 63.48% Outperform 23.21% Outperform
ROA 28.52% Qutperform 15.64% Outperform 40.21% Outperform 6.44% Underperform 5.14% Underperform
Price / Book Value 11.44% Outperform 15.27% Outperform 7.73% Underperform 15.65% Outperform 17.99% Outperform
Assets / Capital Employed | 10.08% Outperform 3.01% Outperform 17.63% Underperform 5.17% Underperform 6.24% Underperform
Debt / Assets 4.00% Underperform 9.67% Outperform 9.64% Underperform 0.94% Underperform -3.71% Underperform
Debt / Equity 4.99% Underperform 1.56% Outperform 17.84% Underperform 19.98% Outperform -5.61% Underperform
Current -1.80% Underperform -8.91% Underperform -11.98% Underperform 6.38% Underperform 14.95% Outperform
Quick -4.98% Underperform -10.88% Underperform -14.25% Underperform 7.86% Underperform 14.19% Outperform
ROCE 28.56% Outperform 1.94% Outperform 9.59% Underperform -9.24% Underperform 15.59% Outperform
Inflation-adjusted ROATA | 23.32% Outperform 14.49% Outperform 40.99% Outperform 8.66% Underperform 1.78% Underperform
DY 3.04% Underperform 14.67% Outperform -4.84% Underperform -0.17% Underperform 3.75% Underperform
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VaR-Sharpe | 853% | Underperform | 14.42% | Outperform | 22.20% | Underperform | 11.71% | Underperform | 24.86% |  Outperform
Note: The risk-adjusted returns were estimated by dividing average returns with the standard deviation.
Source: Compiled by Author
Table Al. The Risk-Adjusted Returns of Each Portfolio Derived from Each Ratio Relative to the Market Proxy: For 1-Year Momentum Strategy (Continues)
1-year momentum 2015 2016 2017 2018 2019 2020
strategy Portfolio Market Portfolio Market Portfolio Market Portfolio Market Portfolio Market Portfolio Market
1.19% 0.41% 13.38% -11.40% 7.34% 1.62%
Relative to Relative to Relative to Relative to Relative to Relative to
market? market? market? market? market? market?
Jensen’s Alpha 6.94% Outperform 1.77% Outperform 4.48% | Underperform | -8.72% Outperform -3.86% | Underperform | -8.86% | Underperform
Kappa 3 -0.11% | Underperform | 6.13% Outperform 0.86% | Underperform | -18.13% | Underperform | -10.73% | Underperform | -5.28% | Underperform
Burke -3.77% | Underperform | 6.58% Outperform 7.98% | Underperform | -12.20% | Underperform | -5.49% | Underperform | -4.07% | Underperform
Israelson's Modified -3.84% | Underperform | 5.53% Outperform 3.10% | Underperform | -10.20% | Outperform -9.74% | Underperform | -2.05% | Underperform
Sharpe
Martin -0.68% | Underperform | 2.09% Outperform 7.16% | Underperform | -17.59% | Underperform | -6.07% | Underperform | -5.76% | Underperform
Traditional Sharpe -3.45% | Underperform | 2.70% Outperform | 11.40% | Underperform | -12.58% | Underperform | -2.01% | Underperform | -11.43% | Underperform
Pain 3.64% Outperform 2.56% Outperform -6.76% | Underperform | -14.61% | Underperform | -10.79% | Underperform | -13.71% | Underperform
Pezier's Adjusted -3.13% | Underperform | 2.55% Outperform 7.40% | Underperform | -11.55% | Underperform | -4.86% | Underperform | -3.97% | Underperform
Sharpe
Sterling -0.65% | Underperform | 4.64% Outperform 9.84% | Underperform | -10.81% | Outperform -4.91% | Underperform | -3.49% | Underperform
Sterling-Calmar -0.65% | Underperform | 4.64% Outperform 9.84% | Underperform | -10.81% | Outperform -4.91% | Underperform | -3.49% | Underperform
S* 3.42% Outperform 0.65% Outperform | -15.64% | Underperform | -4.77% Outperform | -14.80% | Underperform | -2.96% | Underperform
Calmar 11.80% | Outperform -0.79% | Underperform | 14.59% | Outperform | -17.86% | Underperform | 3.20% | Underperform | -6.44% | Underperform
T -6.15% | Underperform | -3.80% | Underperform | -0.33% | Underperform | -11.13% | Outperform -5.27% | Underperform | -16.54% | Underperform
CVaR-Sharpe 9.78% Outperform -7.23% | Underperform | 9.59% | Underperform | -17.78% | Underperform | -6.76% | Underperform | -6.77% | Underperform
SC-adjusted Sharpe -0.71% | Underperform | 11.28% | Outperform -3.79% | Underperform | -20.26% | Underperform | -9.18% | Underperform | -5.44% | Underperform
Omega 4.25% Outperform 7.58% Outperform -8.30% | Underperform | -18.33% | Underperform | -15.36% | Underperform | -6.11% | Underperform
Omega-Sharpe 4.25% Outperform 7.58% Outperform -8.30% | Underperform | -18.33% | Underperform | -15.36% | Underperform | -6.11% | Underperform
Upside Potential 10.28% | Outperform | -11.55% | Underperform | 15.93% | Outperform -3.24% Outperform -4.30% | Underperform | -9.84% | Underperform
ROA -10.31% | Underperform | 9.26% Outperform 2.02% | Underperform | -12.67% | Underperform | -7.32% | Underperform | -2.34% | Underperform
Price / Book Value 10.00% | Outperform 1.77% Outperform 1.81% | Underperform | -9.19% Outperform | -24.20% | Underperform | -1.61% | Underperform
Assets / Capital -3.90% | Underperform | 1.84% Outperform 10.18% | Underperform | -11.69% | Underperform | -11.85% | Underperform | -3.13% | Underperform
Employed
Debt / Assets 1.49% Outperform 24.39% | Outperform -7.88% | Underperform | -8.49% Outperform -4.40% | Underperform | 1.42% | Underperform
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Debt / Equity -18.25% | Underperform | 8.18% Outperform | -16.71% | Underperform | -28.80% | Underperform | -22.14% | Underperform | -16.37% | Underperform
Current -3.22% | Underperform | -5.46% | Underperform | -20.54% | Underperform | -14.69% | Underperform | -1.34% | Underperform | -6.85% | Underperform
Quick -6.66% | Underperform | -3.11% | Underperform | -24.83% | Underperform | -14.61% | Underperform | 2.00% | Underperform | -5.24% | Underperform
ROCE 4.59% Outperform 0.45% Outperform 8.40% | Underperform | -12.56% | Underperform | -12.78% | Underperform | -3.38% | Underperform
Inflation-adjusted -8.08% | Underperform | 7.74% Outperform 0.92% | Underperform | -16.71% | Underperform | -5.48% | Underperform | -5.59% | Underperform
ROATA
DY -14.04% | Underperform | 2.66% Outperform | -11.71% | Underperform | -0.56% Outperform -5.07% | Underperform | -7.84% | Underperform
VVaR-Sharpe 7.35% Outperform -1.51% | Underperform | -1.72% | Underperform | -12.08% | Underperform | -12.65% | Underperform | -9.17% | Underperform
Note: The risk-adjusted returns were estimated by dividing average returns with the standard deviation.
Source: Compiled by Author
Table A2: The Risk-Adjusted Returns of Each Portfolio Derived from Each Ratio Relative to The Market Proxy: For 3-Years Momentum Strategy
3-years momentum strategy 2012 2013 2014 2015
Portfolio Market Portfolio Market Portfolio Market Portfolio Market
9,67% 10,52% 13,89% 6,89%
Relative to market? Relative to market? Relative to market? Relative to market?
Jensen’s Alpha 12,78% Outperform 14,89% Outperform 20,30% Outperform 17,94% Outperform
Kappa 3 28,73% Outperform 25,09% Outperform 29,01% Outperform 15,58% Outperform
Burke 22,82% Outperform 21,44% Outperform 26,77% Outperform 12,09% Outperform
Israelson’s Modified Sharpe 21,64% Outperform 21,98% Outperform 27,00% Outperform 10,76% Outperform
Martin 29,31% Outperform 23,18% Outperform 27,75% Outperform 13,74% Outperform
Traditional Sharpe 25,05% Outperform 20,75% Outperform 24,91% Outperform 10,83% Outperform
Pain 30,08% Outperform 21,71% Outperform 23,21% Outperform 12,79% Outperform
Pezier's Adjusted Sharpe 22,10% Outperform 20,51% Outperform 27,51% Outperform 13,21% Outperform
Sterling 20,34% Outperform 18,53% Outperform 24,67% Outperform 12,80% Outperform
Sterling-Calmar 20,34% Outperform 18,53% Outperform 24,67% Outperform 12,80% Outperform
S* 4,93% Underperform 3,62% Underperform -1,48% Underperform 0,28% Underperform
Calmar 28,05% Outperform 26,52% Outperform 26,54% Outperform 17,09% Outperform
T* 11,36% Outperform 15,26% Outperform 16,90% Outperform 3,41% Underperform
CVaR-Sharpe 19,31% Outperform 22,40% Outperform 23,52% Outperform 15,44% Outperform
SC-adjusted Sharpe 20,94% Outperform 25,85% Outperform 29,13% Outperform 11,76% Outperform
Omega 15,34% Outperform 16,26% Outperform 28,71% Outperform 16,90% Outperform
Omega-Sharpe 15,34% Outperform 16,26% Outperform 28,71% Outperform 16,90% Outperform
Upside Potential 10,35% Outperform 22,40% Outperform 29,94% Outperform 21,50% Outperform
ROA 25,62% Outperform 17,78% Outperform 14,38% Outperform -0,96% Underperform
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Price / Book Value 10,98% Outperform 12,31% Outperform 12,92% Underperform 13,60% Outperform
Assets / Capital Employed 10,46% Outperform 8,92% Underperform 9,68% Underperform 2,05% Underperform
Debt / Assets 7,84% Underperform 6,79% Underperform 2,43% Underperform -0,42% Underperform
Debt / Equity 8,20% Underperform 13,16% Outperform 10,56% Underperform -1,19% Underperform
Current -6,96% Underperform -3,66% Underperform 5,87% Underperform 6,53% Underperform
Quick -9,59% Underperform -3,80% Underperform 5,50% Underperform 5,39% Underperform
ROCE 12,66% Outperform 1,61% Underperform 4,33% Underperform 2,51% Underperform
Inflation-adjusted ROATA 23,38% Outperform 18,69% Outperform 14,27% Outperform -0,25% Underperform
DY 3,29% Underperform 2,44% Underperform 0,13% Underperform -3,23% Underperform
VaR-Sharpe 14,37% Outperform 15,52% Outperform 18,28% Outperform 12,96% Outperform
Note: The risk-adjusted returns were estimated by dividing average returns with the standard deviation.
Source: Compiled by Author
Table A2. The Risk-Adjusted Returns of Each Portfolio Derived from Each Ratio Relative to the Market Proxy: For 3-Years Momentum Strategy (Continues)
3-years momentum strategy 2016 2017 2018 2019 2020
Portfolio Market Portfolio Market Portfolio Market Portfolio Market Portfolio Market
3.34% 4.81% 0.98% 3.23% 0.23%
Relative to Relative to Relative to Relative to Relative to
market? market? market? market? market?
Jensen's Alpha 12.52% Outperform 4.27% Underperform -0.41% Underperform -2.12% Underperform -6.71% Underperform
Kappa 3 9.42% Outperform 2.66% Underperform -2.36% Underperform -9.58% Underperform -7.64% Underperform
Burke 7.81% Outperform 2.32% Underperform 0.15% Underperform -4.49% Underperform -5.43% Underperform
Israelson’s Modified Sharpe 5.71% Outperform 1.52% Underperform 0.19% Underperform -6.50% Underperform -4.56% Underperform
Martin 8.34% Outperform 2.34% Underperform -2.18% Underperform -5.26% Underperform -7.20% Underperform
Traditional Sharpe 6.15% Outperform 2.24% Underperform -0.10% Underperform -1.89% Underperform -7.95% Underperform
Pain 8.88% Outperform 0.28% Underperform -5.50% Underperform -10.17% Underperform -12.01% Underperform
Pezier's Adjusted Sharpe 7.40% Outperform 1.14% Underperform -0.94% Underperform -3.96% Underperform -4.96% Underperform
Sterling 8.76% Outperform 3.34% Underperform -0.17% Underperform -3.78% Underperform -4.91% Underperform
Sterling-Calmar 8.76% Outperform 3.34% Underperform -0.17% Underperform -3.78% Underperform -4.91% Underperform
S* 1.67% Underperform -3.51% Underperform -6.21% Underperform -10.68% Underperform -5.48% Underperform
Calmar 8.53% Outperform 9.07% Outperform 2.28% Outperform 3.23% Outperform -5.44% Underperform
T* -1.62% Underperform -3.73% Underperform -5.12% Underperform -5.43% Underperform -10.51% | Underperform
CVaR-Sharpe 6.05% Outperform 4.07% Underperform -5.56% Underperform -5.50% Underperform -1.74% Underperform
SC-adjusted Sharpe 7.87% Outperform 2.67% Underperform -2.20% Underperform -10.02% Underperform -7.28% Underperform
Omega 12.72% Outperform 1.68% Underperform -6.55% Underperform -13.41% Underperform -8.99% Underperform
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Omega-Sharpe 12.72% Outperform 1.68% Underperform -6.55% Underperform -13.41% Underperform -8.99% Underperform
Upside Potential 5.63% Outperform 3.99% Underperform -1.18% Underperform 0.59% Underperform -6.34% Underperform
ROA 1.76% Underperform 1.30% Underperform 2.32% Outperform -4.88% Underperform -4.17% Underperform
Price / Book Value 9.62% Outperform 5.22% Outperform -3.21% Underperform -11.35% Underperform -8.71% Underperform
Assets / Capital Employed 1.19% Underperform 0.66% Underperform -2.94% Underperform -7.92% Underperform -6.79% Underperform
Debt / Assets 3.78% Outperform 3.22% Underperform -1.05% Underperform -6.55% Underperform -3.19% Underperform
Debt / Equity -4.69% Underperform -9.44% Underperform -12.77% Underperform -21.12% Underperform -21.25% | Underperform
Current 3.73% Outperform -8.01% Underperform -12.59% Underperform -71.44% Underperform -5.64% Underperform
Quick 2.92% Underperform -9.30% Underperform -12.61% Underperform -6.43% Underperform -3.83% Underperform
ROCE 4.48% Outperform 4.13% Underperform 0.31% Underperform -5.05% Underperform -6.00% Underperform
Inflation-adjusted ROATA 1.55% Underperform 1.36% Underperform 0.60% Underperform -5.15% Underperform -5.78% Underperform
DY -2.01% Underperform -6.96% Underperform -2.70% Underperform -5.72% Underperform -5.17% Underperform
VVaR-Sharpe 7.64% Outperform 1.39% Underperform -4.90% Underperform -8.98% Underperform -8.72% Underperform
Note: The risk-adjusted returns were estimated by dividing average returns with the standard deviation.
Source: Compiled by Author
Table A3. The Risk-Adjusted Returns of Each Portfolio Derived from Each Ratio Relative to the Market Proxy: For 5-Years Momentum Strategy
5-years momentum 2014 2015 2016 2017 2018
strategy Portfolio Market Portfolio Market Portfolio Market Portfolio Market Portfolio Market
9.97% 7.87% 7.95% 6.96% 2.47%
Relative to Relative to Relative to Relative to Relative to
market? market? market? market? market?
Jensen's Alpha 16.95% Outperform 15.44% Outperform 14.42% Outperform 11.76% Outperform 6.49% Outperform
Kappa 3 28.22% Outperform 18.21% Outperform 14.93% Outperform 10.89% Outperform 3.45% Outperform
Burke 23.82% Outperform 13.38% Outperform 12.66% Outperform 10.13% Outperform 3.92% Outperform
Israelson's Modified 22.58% Outperform 13.26% Outperform 11.17% Outperform 8.03% Outperform 2.47% Underperform
Sharpe
Martin 27.33% Outperform 17.21% Outperform 13.44% Outperform 9.95% Outperform 3.79% Outperform
Traditional Sharpe 23.64% Outperform 13.23% Outperform 11.41% Outperform 8.95% Outperform 3.40% Qutperform
Pain 24.36% Outperform 17.09% Outperform 13.43% Outperform 7.04% Outperform 2.01% Underperform
Pezier's Adjusted Sharpe 24.40% Outperform 13.93% Outperform 11.91% Outperform 9.73% Outperform 3.92% Outperform
Sterling 21.73% Outperform 13.76% Outperform 12.35% Outperform 10.29% Outperform 4.59% Outperform
Sterling-Calmar 21.73% Outperform 13.76% Outperform 12.35% Outperform 10.29% Outperform 4.59% Outperform
S* 2.39% Underperform 2.89% Underperform | -0.16% Underperform -2.50% Underperform -2.62% Underperform
Calmar 25.05% Outperform 20.75% Outperform 15.58% Outperform 11.78% Outperform 5.52% Outperform
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T* 11.03% Outperform 6.66% Underperform 5.53% Underperform 1.27% Underperform -3.12% Underperform
CVaR-Sharpe 19.14% Outperform 18.32% Outperform 12.89% Outperform 9.12% Outperform 1.51% Underperform
SC-adjusted Sharpe 22.84% Outperform 14.18% Outperform 13.82% Outperform 9.27% Outperform 1.58% Underperform
Omega 19.61% Outperform 15.66% Outperform 16.86% Outperform 10.48% Outperform 2.95% Outperform
Omega-Sharpe 19.61% Outperform 15.66% Outperform 16.86% Outperform 10.48% Outperform 2.95% Outperform
Upside Potential 16.27% Outperform 18.78% Outperform 13.90% Outperform 12.09% Outperform 5.31% Qutperform
ROA 17.26% Outperform 7.79% Underperform 6.76% Underperform 2.47% Underperform 0.08% Underperform
Price / Book Value 12.97% Outperform 12.61% Outperform 10.05% Outperform 9.27% Outperform 3.31% Outperform
Assets / Capital Employed 8.51% Underperform 5.29% Underperform 4.96% Underperform 2.67% Underperform -1.39% Underperform
Debt / Assets 4.06% Underperform 3.54% Underperform 4.50% Underperform 1.18% Underperform -1.04% Underperform
Debt / Equity 7.78% Underperform 2.92% Underperform 4.13% Underperform -4.46% Underperform -11.97% Underperform
Current 2.72% Underperform 2.17% Underperform 2.11% Underperform 1.02% Underperform -2.00% Underperform
Quick 1.86% Underperform 0.99% Underperform 1.57% Underperform 0.48% Underperform -2.79% Underperform
ROCE 8.58% Underperform 3.86% Underperform 3.37% Underperform 3.09% Underperform 3.01% Outperform
Inflation-adjusted ROATA | 16.03% Outperform 8.92% Outperform 7.31% Underperform 2.30% Underperform -0.81% Underperform
DY 2.86% Underperform -0.92% | Underperform | -2.19% Underperform -3.35% Underperform -3.37% Underperform
VaR-Sharpe 15.12% Outperform 14.81% Outperform 10.88% Outperform 6.64% Underperform 1.87% Underperform
Note: The risk-adjusted returns were estimated by dividing average returns with the standard deviation.
Source: Compiled by Author
Table A3. The Risk-Adjusted Returns of Each Portfolio Derived from Each Ratio Relative to The Market Proxy: For 5-Years Momentum Strategy (Continues)
5-years momentum strategy 2019 2020
Portfolio Market Portfolio Market
2.28% 1.98%
Relative to market? Relative to market?
Jensen's Alpha -0.41% Underperform -3.31% Underperform
Kappa 3 -4.04% Underperform -4.49% Underperform
Burke -2.17% Underperform -2.37% Underperform
Israelson's Modified Sharpe -3.06% Underperform -2.21% Underperform
Martin -2.85% Underperform -3.93% Underperform
Traditional Sharpe -1.29% Underperform -4.36% Underperform
Pain -5.15% Underperform -8.62% Underperform
Pezier's Adjusted Sharpe -2.41% Underperform -2.60% Underperform
Sterling -1.43% Underperform -2.13% Underperform
Sterling-Calmar -1.43% Underperform -2.13% Underperform
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S* -5.72% Underperform -5.83% Underperform

Calmar 3.86% Outperform -0.48% Underperform

T* -5.28% Underperform -8.04% Underperform
CVaR-Sharpe -2.56% Underperform -5.38% Underperform
SC-adjusted Sharpe -3.58% Underperform -4.20% Underperform
Omega -6.22% Underperform -6.65% Underperform
Omega-Sharpe -6.22% Underperform -6.65% Underperform
Upside Potential 0.70% Underperform -4.57% Underperform
ROA -2.07% Underperform -0.97% Underperform

Price / Book Value -4.56% Underperform -5.89% Underperform
Assets / Capital Employed -5.46% Underperform -4.32% Underperform
Debt / Assets -1.35% Underperform -1.08% Underperform

Debt / Equity -14.93% Underperform -15.13% Underperform
Current -6.26% Underperform -6.63% Underperform

Quick -5.92% Underperform -5.25% Underperform

ROCE -1.51% Underperform -3.07% Underperform
Inflation-adjusted ROATA -2.43% Underperform -2.76% Underperform
DY -5.48% Underperform -4.57% Underperform
VaR-Sharpe -4.19% Underperform -6.61% Underperform

Note: The risk-adjusted returns were estimated by dividing average returns with the standard deviation.

Source: Compiled by Author
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