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ABSTRACT

This thesis presents an empirical evaluation of the validity of the Capital
Asset Pricing Model (CAPM) in South Africa. More specifically, the behaviour
of share prices on the Johannesburg Stock Exchanée during the eight years from
1973 to 1980 1is evaluated. The study is the first direct test of the CAPM in

South Africa,.

The methodology employed 1s a cross—sectional regression technique which has
been used successfully in testing overseas security markets. An extension to

the usual methodology 1is made by comparing the results obtained using a

)
published market—-index with those obtained using an internally generated index.

The historical development and the derivation of the CAPM is discussed in the
thesis, as 1s the relationship between the CAPM and the Efficlent Markets

Hypothesis.
The results indicate a strong possibility that the CAPM is a valid model in a

South African context. Refinements to the research methodology strengthen

this conclusion.

A potential problem in the interpretation of the results of tests of this sort

i1s also discussed, as 1s a recent extension to the theory.

The overall conclusion 1is that the CAPM is a valid model, however further

research 1s required to establish this with greater certainty.

(11)
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CHAPTER 1

INTRODUCTION AND THESIS ORGANISATION

1.1 INTRODUCTION

The past 25 years have seen the origin of modern finance theory, 1its

expansion into a widely accepted branch of microeconomics and a vast

amount of empirical research testing the concepts and predictions of the

various branches of finance. The bulk of this research has taken place

on the New York Stock Exchange, while another major area of research has
'

been the London Stock Exchange. Empirical research in South Africa has

been very limited.

One of the fundamental concepts underlying finance theory 1s the
relationship between the risk of an investment, and the return that the
investment will yield. The Capital Asset Pricing Model (CAPM) is a model
developed in the 1960's by Sharpe and Lintner, and refined by various
theorists since then, which attempts to describe the relationship between
the expected return of an 1investment and the commensurate risk. In
addition, the model describes the equilibrium pricing relationship between

various risky assets.

Empirical research in the USA has shown that the model does appear to be a

valid description of the market place, notwithstanding certain anomalies

that have been reported.



1.2

In view of the key position that the CAPM has in finance theory, it is
important to ascertain empirically whether the actual market behaviour
corresponds with the predicted behaviour. No direct study of the CAPM
has been carried out in South Africa. This thesis tests the validity of
the CAPM by examining the pricing relationship between securities quoted

on the Johannesburg Stock Exchange.

The major aim of this thesis is thus to aid in the understanding of the
functioning of the Johannesburg Stock Exchange, by ascertaining whether or
not the CAPM suitably describes the pricing of risky securities on the
market. Secondary aims of the study are : to present a cohesive analysis
of the historical derivation of the CAPM; to present a review of tests of
capital market behaviour that have been carried out in South Africa,
together with a review of the major empirical tests of the CAPM that have
been conducted overseas; and finally, but by no means least important, to

stimulate further research into the South African capital market.

ORGANISAT ION OF THE THESIS

The thesis can, for descriptive purposes, be conveniently broken down into

three parts.



The first part, covering Chapters 2 to 6, presents a theoretical
background to the development of the CAPM, together with a review of
empirical work. The development of the CAPM 1s presented in a manner
which 1s not usually followed. Chapter 2 1introduces the concept of
uti1lity together with the underlying ‘'rules' of wutility theory.

Markowitz Portfolio analysis 1s presented in the same chapter. This
details the formation of an efficient portfolio. Chapter 3 presents the
actual Capital Asset Pricing Model, as developed by Sharpe (1964) and
Lintner (1965). The model 1is derived wusing Sharpe's original
derivation. The final section of Chapter 3 presents a discussion on the
general significance of the CAPM, {ts place in finance theory and the
prevailing financial !paradigm. ‘The relationship between the Efficient
Markets Hypothesis and the CAPM 1s discussed 1in Chapter 4. Chapter 5
presents a review of empirical tests that have been carried out on the
South African capital markets. Finally, Chapter 6 reviews the major
empirical tests of the CAPM that have been performed on other markets,

notably the New York Stock Exchange.

The second part of the thesis consists of the research work carried out.

The model used in the present study 1s presented in a general context in
Chapter 7, without analysing the reasons for adopting the specific
procedures. Chapters 8 through to 11 describe the actual methodology and
results. Initial research 1s described in Chapter 8, with the results
presented 1in the following chapter. Chapter 10 analyses possible

shortcomings in the initial approach, and presents a refined

methodology. The results of the second test are presented in Chapter
11. These results are compared to the initial results in this chapter
also.



The third part of the thesis is a reversion to theory. Certain
criticisms of tests of the CAPM, as raised by Roll (1977; 1978) are
presented and discussed 1in Chapter 12. Finally, the thesis concludes

with Chapter 13, wherein overall conclusions are reached, and suégestions

for further research are noted.

i ¥ BRI



CHAPTER 2

MARKOWITZ DIVERSIFICATION: THE ORIGIN OF MODERN PORTFOLIO THEORY

2.1 INTRODUCTION

In 1952, Harry Markowitz published a seminal paper dealing with the
selection criteria for combining individual securities into portfolios for
investment purposes. The fundamental 1nnovation with Markowitz's
approach was the maéhematical insights which he 1lent to what had been,
until then, a non-mathematical, fairly abstract approach to investing in

different securities.(l)

Markowitz's insights came 1in breaking down the investment decision
relating to any one stock into two components, risk and return. These
components were then expressed in mathematical terms, and certain ‘rules’

were developed which aided the placing of different shares into various

portfolios.

Before discussing the Markowitz model, and the derivative thereof, the
Sharpe-Lintner Model, it 1is considered necessary to give a brief
introduction to Utility Theory. This 1is because, at the most basic
level, the choice of securities, or, indeed any choice, can be expressed

in terms defined by this theory.



2.2

Another reason for introducing utility theory is that Markowitz's work is
in fact based to a large extent on the assumptions of utility theory.

Although there is no specific mention of the theory in his 1952 paper, he
makes direct reference to the work of von Neumann and Morgenstern (1953)
in Markowitz (1959), wherein he expands his original work to cover the

general case. This is covered in section 2.4,

Utility theory and the axioms which follow in the next section are thus

implicit in all discussions relating to the Capital Asset Pricing Model.

The aim of this chapter 1is to present the base upon which all portfolio
theory is built (i.ef the assumptions and 'rules' of utility theory), then
to lead the reader through Markowitz's derivation of the efficient
portfolio (which term will be described later in the chapter) in both a
finite and a general sense, and finally to present the complete theory by
means of which an investor can make decisions as to the optimal portfolio
of shares he desires to hold. This portfolio is of course based on his
own desires and interpretations of various factors, and this 1is where the

concepts outlined by utility theory become important.

The following section thus gives a brief overview of the theory.

UTILITY THEORY

Utility theory attempts to provide a framework for assessing choice under

conditions of uncertainty. In simple terms, it attempts to predict an



individual's choices from a simple, but hopefully accurate, representation
of his feelings. This can only be done on a simple level 1f the

individual's actions conform to a few reasonable rules of behaviour.

It has been sald that utility measures the

"Magnitude of satisfaction someone derives from something, (it)
is a subjective index of preference. If a person is faced with
a decision, the alternative with the highest utility 1is the
preferred choice”.(2)
)
The fundamental assumptions of utility theory have been discussed by
von Neumann and Morgenstern (1953), who highlight the following six key

axioms:

1. COMPLETE AND CONSISTENT PREFERENCES

Given a choice between A and B, a person can tell whether he

prefers A to B, which can be symbolically represented by:

U (aA) > U (B)



or, he can be indifferent between A and B, in which case,

U (4)

U (B)

where U (A) and U (B) are functions representing utility.

TRANSITIVE NATURE OF CHOICE

Preference over A over B and B over C implies preference of A to

C.

This can be represented as follows:
If U (A) > U(B), and U (B) > U (C),

then U (A'.) > U (C)

EQUAL UTILITY IMPLIES EQUAL DESIRABILITY

If an 1individual 1s indifferent in choosing between two items,
their utility is equal. Following on from this,
if U (A) = U (D), and U (A) > U (B),

then U (D) > U (B)

UTILITY CAN BE OBTAINED BY CHOOSING PART OF ONE CHOICE AND PART

OF ANOTHER

This axiom contends that: if U (A) > U (B), and u(B) >u ),
then, some combination of A and C posseses equal utility to B.

viz: P (A) . U(A) +P (C) . U(C) =U (B)

where P represents the proportion of the respective choices

combined.



5. ADDING IRRELEVANT OBJECTS DOES NOT CHANGE THE RANKING OF CHOICES

If U(A) > U (B), then (U (A) +U (C))> (U (B) + U (C),

where C has no impact on either A or B.

6. THE EXPECTED UTILITY MAXIM

The utility of a risky object is equal to the expected utility
of the possible outcomes. If an object has a possible
outcome, 1ts expected utility can be expressed as

E (U) = P(O) . U(O0p

™M S

i

where 0i is the 1'th outcome and P (Oi) is the

probability of Oi occurring.

The above assumptions are fundamental to all utility theory, and can be
used to generate a utility function, or in other words, a mathematical

expression detalling an individual's preferences.

Recall that in order to represent an 1individual's feelings, some simple

rules of behaviour are required. These simple rules of behaviour

discussed above, in relation to an investor, are as follows:

. greater return is preferred to lesser return
and
. lower risk 1s preferred to higher risk.



Note that at this stage risk and return have not yet been formally
defined. If the two characteristics, risk and return, referred to above
are plotted in a two-dimensional grid, it is possible to obtain various
combinations of these two characteristics which have equal utility. This

is illustrated below, in Figure 2.1.

. U3
~E TURM ‘/’
e Y2
_r‘”".—'— - R /
‘i T 8 -f.',.-’ ) u 1
| P gl ya
_4_4p;~“_‘~ ) -
-
0D
— RIZK

Figure 2.1: Utility functions plotted in Risk-Return space

The six basic axioms described earlier in this section ensure that the
lines of preferred utility (Ul, U, and Uy above) do not Iintersect,
and also lead to the conclusion that U3 has greater utility than U,
in the above diagram. This 1s because of the assumption that the

investor has a preference for greater return and dislikes greater risk.

The upward slope of the curves in Figure 2,1 1s a result of the assumption

made above that greater return is required in order to assume higher risk.

- 10 =-



Referring to Figure 2.1, and assuming that positions A to D represent
different investment opportunities for the investor, the following points

emerge.,

Clearly, B 1s preferred above all other investments, whilst D is the least
preferred investment choice. A and C on the other hand, represent a
choice of investment which the investor may have difficulty in making, as
his utility is the same for elther investment choice. Thus the utility

functions U2 etc are also known as indifference curves, or utility

isoquants. Along these curves, the 1individual is indifferent to either

1]
position: i.e. his total utility is the same at any point on the curve.

The following section will show how Markowitz Portfolio Theory is 1linked

to utility theory.

2.3 MARKOWITZ PORTFOLIO SELECT ION

2.3.1 Introduction

As mentioned at the beginning of this chapter, the key factors which
Markowitz identified 1n determining an optimal selection of
securities for inclusion 1in a portfolio were the expected return of

the portfolio, and the risk of the portfolio of securities selected.
The selection of securities in order to form some preferred portfolio

introduces choice to the investor. He has to make a cholce amongst

various alternatives. The previous section introduced the

- 11 =



fundamental axioms of utility theory. The reason for this was that
the choice involved 1in selecting a portfolio can be described in
terms of utility theory. In achieving the optimal portfolio, the
individual has to assess his own 1indifference curves and make his
choice based on this assessment. It is thus obvious that utility

theory underlies Portfolio Theory.

The melding of wutility theory with Portfolio Theory is shown 1in

section 2.4.

Markowitz's original theory will be examined in detail 1in this
"
section as this forms the basis of the entire Capital Asset Pricing

Model theory.

2.3.2 Markowitz's key assumption

The essence of Markowitz's theory 1s that the investor considers the
expected return of a portfolio as a desirable thing ( 1.e. he desires
greater return) and the variance of that return as an undesirable
thing. Markowitz called this rule the "Expected Return—-Variance of

Returns” rule, otherwise known as the E-V rule.

Markowitz proposed that

"The portfolio with maximum expected return is not necessarily
the one with minimum variance. There 1s a rate at which the
investor can gain expected return by taking on variance, or

reduce variance by giving up expected return.”(3)

- 12 -



The next subsection will trace the development of the theory, and

show how Markowitz proved the validity of such an assumption.(4)

2.3.3 Mathematical terms defined

The following elementary concepts and relationships are necessary in

order to continue the discussion:(s)
1. Mean

Let Y Dbe é random variable (e.g. the price of a security) and
let p; be the probability that the Y takes on the value y,,
P, the probability that Y = Yo and so on.

The expected value (or mean) of Y is as follows:
E= Pryp + Py + oo+ vy
2. Variance
The variance (V) of Y is as follows:
V=P (o)) by (5pmB)R e py (VB

The variance represents the average square deviation of Y from

its expected value.

The standard deviation ( o ) of Y is:

o avy?
y v

- 13 -



Combination of random variables

The weighted sum of a number of random variables 1s also
random variable. If
R=2a) R +apRy + ..+ aR,

Where Rl"'Rn are random variables,

then R 1is a random variable.

Expected value of a welghted sum

]
The expected value of a weighted sum of random variables is:

E (R) = a; E(Ry) + ay E(Ry) + ...+ a E(R))

Variance of a weighted sum

V (R) =

||.M:

2 n
al V(Y )y +2 3

n
EIRRIA R R F

i

where Gij = E(Ri -E(Ri))(Rj-E(Rj))

which is equivalent to the covariance between asset i and asset

3.

However, the variance of any individual variable, Ri’ is the

same as the covariance,

i.e. V(R) = 0,

- 14 -
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thus

V(R) =

The

above

II.MB
HM>3

i=1 1Ay %y

properties will all be wused in

characteristics of a portfolio.

The Portfolio defined

2.3.4
Let R1
My
Oij
'Xi
Thus from the

portfolio is:

R

where

= return on i'th security
= expected value of Ry

= covariance between Ry and Rj

analysing

= the percentage of the investor's assets, which

are allocated to the 1i'th security.

definitions 1in 2.3.3 above,

= I R X,

1) R, and thus

R are all random variables

i

3) X, » 0, for all {i.

i

- 15 -
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2.

3

The expected return (E) on the portfolio 1s:

and the variance (V) 1is:

’
.5 Efficient portfolios introduced

Assuming that the investor has fixed ideas about the values of Hy
and Oij,there are various combinations of expected return (E) and
variance (V) available, depending on the choice of portfollio as
influenced by the proportion of funds invested in various securities

(i.e. the X,'s). Figure 2.2 below shows all the assumed possible

E~V combinations.(6)

E

EXPECTED
RETURN

» YARTANCE
Figure 2.2: Possible E-V combinations

Source: Markowitz (1952: 82) (adapted)

- 16 -



It 1is obvious that, given the 1initial assumption that the investor
desires increasing return together with decreasing risk, the dark
line (A-B above) represents portfolios with minimum V for a given

level of return, and maximum return for a given V.,

Markowitz termed portfolios of this sort EFFICIENT PORTFOLIOS.

2.3.6 The three-security case

In the three-security case, Markowitz showed that the general model

]
introduced in 2.3.4 reduces to

3
E = PR (2.1)
i=1
v > 3 X
= X o (2.2)
i=1 j=1 174 13
3
with I X =1 (2.3)
i=1
and X>0 for 1 =1, 2 and 3.

From (2.3) above,

X3 =] - Xl"XZ (2.4)

which can be substituted into (2.1) and (2.2) yielding, in a general

sense,

-17 -



E=E
X;, %))

V=V (X, X,)

and: Xl > 0, X2>O, 1--)(1--)(2 »0.

The three—security case has thus been reduced to a two-dimensional

geometrical problem, the solution of which is shown in Figure 2.3.

X1

ISIMERN LINES

! {1
) TIAE TANCE TURVES A
Nirection of ,"{’ EFFICIENT PORTFOLIDE ==
increasing € a 3
ATTAINRELE ZET N

F
AR N

f’) cgb
/

£l

X

2

Figure 2.3: Solving for the efficient portfolio in the three-security
case

Source: Markowitz (1952: 85) (adapted)

- 18 -



The isomean line is defined as the set of all portfolios with a given
expected return. This 1s, in reality, a set of parallel 1lines as

shown in Figure 2.3 above.

Similarly, the 1isovariance 1line plots combinations of the two
portfolios ylelding equal variances. It can be proved that these

form a series of concentric ellipses as shown.

The point of an isomean line at which V takes on its lowest value is
the point at which the isomean line is tangential to the isovariance
ellipse. Plotf&ng the tangential points ylelds the line 'L'. This
is the so~called critical 1line which yields the set of efficient
portfolios. Note that the set of efficient portfolios 1s forced to
continue along the hypotenuse of the triangle marking the attainable

set.

Using the values of the isomean and isovariance lines in Figure 2.3,
each of which represents a given E and V value respectively, it is

possible to plot the different E and V combinations for different

combinations of Xl and X,. This is done in Figure 2.4, overleaf.

- 19 -



2.3.7

E

EXPECTED
RETURN

[w}

—  VARIANCE  \/

Figure 2.4: Efficient portfolios plotted in the risk-return

1]
‘ space: the three—security case

Note that 'a', 'b' and 'c' above represent the points 'a','b'

and 'c' on Figure 2.3.

The four—-security case

The introduction of a fourth security to the analysis does not
represent a major problem. Without going into the mechanics of the
exercise, it 1s again possible to remove one—-dimension, thus reducing

the problem to a three-dimensional solution.

The three—~dimensional solution can then be plotted as shown 1n Figure

2.5 overleaf,
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s EFFICIENT PORTFOLIOS

Figure 2.5: Solving for the efficient portfolio in the four-

security case

'

The point of maximum return is represented by 'a' on Figure 2.5,

while the point of minimum variance is shown by 'b'.
Again, 1t 1is possible to plot the different E and V values for

various combinations of securities. This 1s shown 1in Figure

2.6.(7)

e EFFICIENT
fa
RPELTED et E.V COMBINATIONS

7] ATTAINABLE
.. JE.V COMBINATIONS

— YARIANCE  \/

Figure 2.6: Efficient portfolios plotted in the risk-return space

- the four-security case

Points 'a' and 'b' represent 'a' and 'b' on Figure 2.5. The reason
for the scalloped edge of the E-V combination i1is that any two
combinations of t£e individual securities lead to a reduced variance,
as shown in Figure 2.4.
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2.3.8 Extension of the E-V plot to n—securities

The principles shown 1n the previous section can be extended to
n—-securities. In this case, the attainable area as assumed in

Figure 2.2, would reduce to that shown below (Figure 2.7).

E

EXPECTED weee  EFFICIENT
EAPELTED e E,V COMBINATIONS
RETURN
—_—— — ATTAINABLE

- {E.V COMBINATIONS

— YARIANCE  \/

Figure 2.7: Efficient portfolios plotted in the risk-return space

- n—securities

The reason for the formation of the scalloped edge is explained in

2.3.7 above.(a)

Figure 2.7 thus represents the entire set of feasible portfolios,

given the investor's knowledge of M and Oij‘

Assuming that there is some method of calculating the means of

various securities and the covariances between them, it 1is
theoretically possible to calculate the E-V space shown above. This

is discussed further in the next section.
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2.4 MARKOWITZ PORTFOLIO THEORY: A SUMMARY

As mentioned in 2.3.2, Markowitz subsequently expanded his original
article to the general case (Markowitz: 1959), and suggested a technique
(or algorithm) for finding the efficient frontier. The following is a
brief overview of the complete theory.

2.4.1 Assumptions(g)

)
- Investors ‘form probability distributions about the future

performance of securities.

- These distributions have finite means and varlances.

- The returns relative to risk decrease beyond some point.

- An individual's preferences are a function only of the expected

return and variance of a portfolio.

- For any given expected return on a portfolio, the portfolio with
the smallest variance 1s preferred above all others; and, for
any given portfolio variance, the portfolio with the maximum

expected return is preferred to all others.
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The last assumption, (the Mean-Variance rule, or M-V rule) was the
significant 1innovation that reduced the problem of portfolio

selection to a quadratic programming problem.

2.4,2 Stages in solving the problem

The three stages 1n solving the problem are:

. Measurement

. Calculation and

. Final selection.
)

Measurement

The expectations about the mean, variance and co-variance of all the

securities are formed by the investor.

Calculation

The quadratic programming problem 1s solved to yleld the set of

efficient portfolios which together lead to the efficient frontier.

Final Selection

The utility theory as explained in section 2.2 1s now introduced by

bringing in the utility function and the 1indifference curves of the

individual.
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The poiht on the efficient frontier that maximises the individual's
utility function 18 selected. This can be shown as follows, by

combining Figure 2.1 with Figure 2.7.

==men EFFICIENT
E,V COMBINATIONS

=] ATTAINABLE
.- E,V COMBINATIONS

— VRRIANE |/

Figure 2.8: Choice of efficient portfolio

Clearly, point M maximises the individual's utility. This 1is thus

the desired portfolio to hold.

2.4.3 Problems with Markowitz Theory

The two major drawbacks 1nherent in the general application of the

theory as noted in 2.4.2 above, were:

a) measurement of the varlous means, variances and covariances
and

b) the solution to the quadratic programming problem.

Both of these problems required a vast amount of computer time to

solve them, and thus the cost 1involved was too high to warrant

general acceptance and application of the theory.
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As a result of attempts to solve these problems, and also because of
the dynamic nature of the academic discussions relating to portfolio
theory in the 1950's and early 1960's, significant advancements in

the theory were made.

The most important of these was formulated by Sharpe, in 1963.

Sharpe realised that in order to compute the various covariances
between shares, as long as one assumed that individual shares were
not correlated with each other, the computations became far simpler
and much quicker. This innovation came to be known as the Diagonal

Model.

2.5 SUMMARY

This chapter has traced the development of the efficient frontier from
first principles, including utility theory because of the significance of
utility theory to any situation in which choice is involved. It has also
shown how a combination of risky securities can result in lower overall
risk. In addition, Markowitz's general solution to the problem of

portfolio selection has been presented. The Capital Asset Pricing Model

will be examined in the next chapter.
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CHAPTER 2 - FOOTNOTES

(1)

(2)
(3
(4)

(5)

(6)

(7)

(8)

(9)

Diversification amongst securities in investing had always been
advocated. The rationale behind this was however more to do with 'not
putting all one's eggs into one basket', than with a detailed, logical
approach as to how to diversify one's investments.

Refer Francis and Archer (1979) page 245.
See Markowitz (1952) page 77.

Markowitz's original article dealt with the specific case where only three
and then four assets were available for investment. The concepts and
proofs derived were subsequently shown to be true for the n'th case (see
Markowitz (1959)). -In this chapter the specific three asset and four
asset cases only will be dealt with, as the general case 1is merely an
extension of this proof. The 1intention of the chapter 1is to present
Markowitz's theory as an introduction to portfolio theory, not to analyse
his article and book in a rigorous method.

The notation and formulae used here are exactly the same as those used in
Markowitz (1952).

The axes of any E-V plot are conventionally shown as in Figure 2.2. This
is in order that the ‘independent variable is shown on the horizontal axis,
and the dependent variable on the vertical axis. Markowitz showed the

axes the other way around. This has been changed in order to maintain
uniformity throughout the thesis.

This explanation 1s somewhat different to that given by Markowitz. It
does however yield an identical result,

The formation of the scalloped edge can be easily seen as follows. All
possible assets exist within the feasible area (shaded area) in Figure
2.7. However, only some of the assets fall on the lower boundary of the
feasible area. For exactly the same reasons as outlined 1in section
2.3.7, a curve such as is shown in Figure 2.4, develops between each and
every palr of assets falling on this lower boundary. Each 'scallop' on
the scalloped edge thus represents the frontier between two securities.

Refer also to section 3.4.,2.
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CHAPTER 3

THE CAPITAL ASSET PRICING MODEL

3.1 INTRODUCTION

3.2

The previous chapter introduced the concept of an efficient portfolio
using Markowitz's original techniques. In addition, the 1insights brought

by Markowitz to the theory of finance were noted.

The development of the true Capital Asset Pricing Model (CAPM) will be
1]

examined in this chdpter, as will the assumptions underlying it. The

historical background to the CAPM development will be explored first, and

then the model itself will be derived.

THE CAPITAL ASSET PRICING MODEL: AN OVERVIEW

Before deriving the model, it is considered necessary to present a brief

overview of the CAPM,

Two benefits will be gained from this, First, a global view of the model
will be obtained, which will help 1in understanding the derivation; and,
secondly, the model will be presented in easy to understand, unambiguous

terms.
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3.3

The CAPM attempts to explain how the prices of assets will adjust in
equilibrium, and in addition it attempts to relate the risk of an asset to

its expected return,

The model predicts that:
"Prices of assets will adjust until in equilibrium the assets are all

placed on a single straight line relative to their return and risk"”.

Having made the above prediction, the model goes on to say that the return
of an asset Is a direct function of its risk. A convenient measure of

the risk 1s the so—called beta co-efficient, which 1s described as follows:

g = Cov (RI' Rp) -

2
Om

This function describes the risk of any asset in terms of the covarilance
of 1ts returns with the market, and with the risk of the market
itself.(l) In addition, an empirical estimate of the beta-coefficient
can be obtained by regressing the actual returns achieved on a share with
the actual market returns. This 'historical' beta can then be used as a

surrogate for the true ex-ante beta.(2)

DEVELOPMENT OF THE CAPM

3.3.1 Markowitz and Portfolio Theory

The work of Markowitz (1959), together with that of Tobin (1958) and
Hicks (1962) developed a normative framework within which asset

choice under conditions of risk was examined.
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The essence of Markowitz Portfolio Theory is rationality. Markowitz
assumed that investors were rational, risk averse, return—maximising
individuals. As a result of this rationality assumption inherent in
his model, he developed a theory which was normative and attempted to
maximise investor's perceived preferences and desires, assuming

rationality of action.

Markowitz's model attempted to provide a solution to the problem of
portfolio selection. This solution was based on the expected
utility of the individual, and can be closely linked to the work of

von Neumann and Morgenstern (1953).(3)

Tobin (1958) expanded Markowitz's analysis and showed that wunder
certain conditions the portfolio selection problem and the resulting
investment choice can be broken down into two distinct phases: first,
the choice of a unique combination of risky assets which is optimum,
and second, the choice of allocation of the funds to be invested

between the optimal asset combination and a single riskless asset.

The dichotomy of choice mentioned above was examined by Hicks (1962),

who focused on the conditions under which the choice occurs.

All three of these works used the mean-variance approach suggested by
Markowitz (1952). They did not however, extend their analysis
beyond the individual to the general case in which there are numerous

individuals operating in a market, each attempting to obtain the

optimal combination of assets for himself.
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Sharpe (1963) changed the whole tone of portfolio theory by
introducing a positive model. This model was based on certain
assumptions which, when built up, became a predictive model which

could be used in an attempt to explain reality and actual events.

It is important to note that the concept of rationality was not
discarded by Sharpe, as he still bases his model on the Portfolio

Theory assumptions (amongst others),

The equilibrium position of a capital market was thus examined first

by Sharpe. This 1s described in the next sub-section.

3.3.2 Sharpe's Diagonal Model

Sharpe (1963) 1in his paper "A simplified model for Portfolio
Analysis”, developed a relatively quick method whereby the optimal
portfolio for an individual could be obtained. He called this the
"Diagonal Model", due to the fact that the variance-covariances
matrix between securities used In the analysis 1s diagonal as all
values in the matrix are zero except on the top left to bottom right
diagonal. The crux of this work was his assumption suggested,

albeit indirectly, by Markowitz,(4) that:
".....the returns of various securities are related only through

common relationships with some basic underlying factor.”

( Sharpe (1963) Section IV).
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' The factor suggested by Sharpe was an index of overall performance of
the market. By regressing the actual returns of an 1individual
security against the actual returns of the market in the same °

time-period, a characteristic 1line for the security would be

obtained. This characteristic line could then be used to generate

(5)

the inputs for the portfolio selection procedure.

The formula for the characteristic line of a security is thus of the

form:(6)
R, =
jt ayt by Ry £E 5 (3.1)
1]
where Rjt = return on share j in time t
RIt = return on some market index (I) in time t
ejt = randomerror term of the regression analysis.

The graphical representation of the market model is as shown below:

i =

AR

Figure 3.1: The market model
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where : b, = A R

slope of the line, sometimes known as beta

the regression intercept.

Y]
[]

In the market model, the variance in Rj is caused by two factors:

Var (RJ.)=Var (a + by Rp+ g)
)

= Z Var (bjRI) + Var (gq) (3.2)
OR: Total risk = systematic risk + unsystematic risk.

The scatter of the Rj observations around their mean is the

evidence of the total risk of the asset, Part of this

R3
scattering 1s however due to an underlying relationship with the
return on the market index, as shown by the slope of the regression
line. In other words, much of the variability of the returns in
Rj is attributable to the change in RI' This portion of risk

attributable to a common cause 1s called 'systematic risk' by Sharpe

(1964), and 'undiversifiable risk' by Treynor (1965).

The systematic or undiversifiable risk is the minimum level of risk
that can be achlieved by means of diversifying across a large group of

assets.,
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The unsystematic component of total risk, the var (gi) in equation
(3.2) above, has been called 'unsystematic risk' by Sharpe (1964),
'residual variance' by Lintner (1965) and 'diversifiable risk' by

Treynor (1965).

A Markowitz efficient investor would succeed in diversifying away the
unsystematic component of total risk, by investing In an efficient

portfolio. However, the systematic portion would remain.

Sharpe's Diagonal Model did not lead directly to the CAPM, however,
2

it did generaté some further questions, and 1t certainly was an

important step towards the formulation of the model.

3.3.3 The Formalisation of the CAPM

In 1964 Sharpe published his first paper on capital asset pricing.

The two questions for which he attempted to find answers were:

1) What is the appropriate measure of the risk of a capital

asset?
and
2) What is the equilibrium relationship between the asset's

risk and its one-period expected return?
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Lintner (1965), in "Security Prices, Risk and Maximal Gains from
Diversification”, attempted to answer the same questions, although in
a more general sense. He derived a measure of the risk of an
individual security within a portfolio of assets which appeared to
contradict Sharpe's results. Lintner contended that his results
were different and more general than Sharpe's. Sharpe, in reply to
Lintner, agreed that their results were conflicting and - that

Lintner's paper superseded his own.(7)

Fama (1968), resolved the apparent conflict between the two models by

pointing out certain inconsistencies in the specification of Sharpe's

, .
market model. ~° Neither Sharpe nor Lintner had highlighted these
inconsistencies, hence the conflict. Fama then showed that both
Sharpe and Lintner were addressing the same issues. It 1s perhaps

for this reason that the CAPM is usually jointly attributed to Sharpe
and Lintner, as shown in its title: The Sharpe~Lintner Capital Asset

Pricing Model.

3.4 DERIVATION OF THE SHARPE-LINTNER CAPM

3.4.1

Introduction

The derivation of the Sharpe-Lintner CAPM can be broken down into

three phases. These are:

1) the selection of an optimal investment policy for an individual,
2) the attaining of portfolio equilibrium in the capital market, and

3) the equilibrium pricing of individual securities in the market.

- 35 -



These phases are examined in 3.4.3 et seq.

As mentioned in 3.3.3 above, the two contradictory approaches of
Sharpe and Lintner were reconciled by Fama. In this work it is not
considered necessary to detail the differences between Sharpe and
Lintner. Instead, the derivation used will be as proposed by Fama,

wherein the two were reconciled.

However, before deriving the CAPM, it is necessary to examine the

underlying assumptions.

]
.

3.4.2 Assumptions underlying the CAPM

As capital market theory 1s based on portfolio analysis, the
assumptions of portfolio theory are also assumptions for capital
market theory. There are however, additional assumptions underlying
the CAPM. Both the 1initial and the additional assumptions are

detailed below.

Assumptions of Portfolio Analysis:

- the rate of return of an investment is seen by investors as

conforming to some probability distribution.

- investor’'s estimates of risk are proportional to the variability

of return they visualise.
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- investors base their decisions on only'two factors: the expected
return of a security, and its variance (or, alternatively, its
standard deviation). Higher return and lower risk 1s the
preferred outcome, In short, investors are rational, expected
utility maximisers.

- no 1ndividual can affect the market price by buying or selling

securities.

The above assumptions, if conformed to by an investor, will mean that
the investor will prefer Markowitz efficlent portfolios over other

port folios.

In addition to these assumptions, the following assumptions are

necessary in order to derive the CAPM:

- money may be borrowed or lent at a risk-free rate of interest

- all investors have homogeneous expectations

- all investors have the same one-period investment horizon

- all investments are infinitely divisible

- there are no taxes and no transaction costs for buying and
selling securities

- inflation is fully reflected in the level of interest rates

- all available information is freely available to everyone.

The above assumptions can be summarised into four main ones:
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1. Investors are Markowitz-efficient diversifiers

2, Securities markets are perfect
3. Investors all share homogeneous expectations

4, Unlimited lending and borrowing exists.

If all the above conditions are present, capital market theory can be

developed. The assumptions appear onerous, however it is possible

to relax some of them.

3.4.3 Individual's Optimal Investment Policy

This 1s the first phase of the derivation of the CAPM.

Recall from Chapter 2, section 2.4.,2 that the optimal portfolio
choice will depend on the 1individual's wutility function. For

convenlence sake, this figure (Figure 2.8) 1is reproduced below:

E

o EFFICIENT
E.V COMBINATIONS

7] ATTAINBLE
~-]E,V COMBINATIONS

.....

—>  VYRINE \/

Figure 3.2: Optimal efficient portfolio cholce
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M represents the optimal portfolio for the individual having

increasing utility functions Ul’ U2 and U3.

Now assume the existence of a riskless asset P, the variance (and
hence standard deviation) of this asset is zero, and its mean (Mp)
1s equal to the pure rate of Iinterest. If an 1nvestor were to
place a of his investment in P (i.e. lend to the riskless asset) and
the remalnder in some asset or portfolio of assets A, his expected

rate of return (E(R)) would be:

E(R) ‘= OE (Rp) + (1 -a) E (RA)
(a0 +(1 - «) o +2 ) )°
and O = a o+ - a) o + Z2r .Q. -a)Jo_ o
R Rp RA pA Rp RA
where rpA = correlation coefficient between P and A
but ORP = 0,
thus UR =(1 - a) O rA

which implies that all combinations of risky assets with a riskless
asset must have values of E(R) and Og which lie along a straight
line between P and the two components' {(expected return and risk)

positions when plotted in the risk-return space.

Thus varlous possibillities of lending are possible, as shown in

Figure 3.3 overleaf,
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weme  EFFICIENT
E.V COMBINATIONS

—3 ATTRINABLE
1€,V COMBINATIONS

Figure 3.3: Efficient portfolio with lending introduced

Source: Sharpe (1964: 432) (adapted)

It is immediately obvious that, of the three possibilities shown in
Figure 3.3 above, the preferred one for the investor will be the line
PM. By 1investing a certain amount of his funds in the riskless
asset (P), and the remainder in the optimal Portfolio (M), he can
position himself along the line PM, in terms of his expected returns
and the commensurate risk involved. For a given level of risk, the

investor has achieved a higher return than he would have achieved had
he not invested some of his capital in P. This is shown by the line

PDZ in Figure 3.3.

The above case has dealt only with the situation where lending 1is
allowed. If borrowing 1s now introduced into the model (at the

same rate as the lending) again one investment plan dominates the



others. The investments again lie along the line PM. However, it
is now possible to 'gear oneself up' and achieve a higher return than

was possible before (as shown by the line LZ in Figure 3.3).

At this stage of the analysis the existence of borrowing and lending,
together with the effect of the introduction of the riskless asset,
has been 1introduced. The results have shown that, from an
individual's point of view, given the assumptions noted in 3.4.2, it
is desirable to place oneself somewhere along the line PML as shown
in Figure 3.2. The next stage of the theory requires an
investigation of the conditions wunder which equilibrium 1in the

}
capital market will arise.

3.4.4 Equilibrium in the Capital Market

As discussed in 3.3.3 above, by introducing a riskless asset into the
model, a straight line emanating from the point of expected return of
the riskless asset and tangential to the optimal portfolio frontier

results,

As a result of the fact that the line PM in Figure 3.2 is the optimal
investment choice, all investors will desire to hold some portion of
portfolio M. By definition, equilibrium in a market suggests that
there 18 no excess demand in the market, That 1s, all securities in
the market must belong to some owner, Since all 1investors
unanimously desire to hold M, in equilibrium M must be a huge
portfolio containing all marketable assets 1in proportion to their

value in relation to the total market value,
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Again, 1in equilibrium, P must be the rate of interest that equates

the demand for loans to the supply of money.

Point M on PML 1is called the Market Portfolio, whereas PML 1is
commonly termed the Capital Market Line, or CML. In equilibrium,
investors hold a proportion of their funds in M, and can adjust their
return 1n relation to the risk they are prepared to bear, by

borrowing or lending at the rate of interest P.

3.4.5 Equilibrium Pricing of Individual Securities

The second stage of Sharpe's derivation will now be examined.

The equilibrium situation as discussed above involves only efficient
portfolios. The next stage 1in the analysis 1Is to determine the

behaviour of individual security prices in an equilibrium situation.

EXPECTED —

RETURN / —  erFcEn
— E,V COMBINATIONS

ATTAINABLE
E.V COMBINATIONS

— RISK

Figure 3.4 Equilibrium in the capital market
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Figure 3.4 above refers to the equilibrium situation. Let 1 be any
individual security. This security will lie within the shaded area of

possible 1investments. It will not 1lie on the efficient frontier, as
diversification will not have reduced the total risk of the asset to the

systematic portion only.

Let ¢ be the proportion of funds invested in 1. In any portfolio
consisting only of 1 and M, the market portfolio, the optimal portfolio
will move along the curve iMi' as a varies. Let (1 -&) be the weight of

M in the hypothetical portfolio.

In equilibrium, the %rice of any security such as i1 must adjust so that
excess demand for 1t 1s zero. Note further that curve IM must be
tangential to the CML in order to reflect the equality of the rate of
exchange available in the market with the investor's marginal rate of
transformation of risk for return, If the curve intersected the CML at
any point other than at tangency, this would imply that some combination
of assets and liabilities was more efficient than the CML, which 1is
impossible, since the CML represents the efficient boundary of feasible

security combinations.

Sharpe's 1insight came at this point, as he noted that the equilibrium
conditions at tangency 1imply the appropriate risk measure for the
individual security, and, they 1imply the equilibrium relationship between

the risk and the expected return of the asset.

- 43 -



Returning to the portfolio mentioned above, the return on it will be:(8)

Ry = aRj + (1= &) Ry (3.3)

Now, assume there 18 an investor 1investing along the CML in both the
riskless asset, P, and the market portfolio M. Let the proportion

invested in P bea and in M be 1 -~ ; then,

In equilibrium, the curve iMi' is tangential to the CML. At this point

6 ¢ (Ry) = 860G (RX) (3.5)

(9
This is where Sharpe's insight becomes critical. Using the chain rule to

derive expressions for (3.5) above, and evaluating these when a= 0,

equation (3.5) becomes:

2
W - R = o (R .69

E (Ri- E(RM)) o (RM) E(RM) - Ry

cov (Ri;R

Solving (3.6) for E (Ri) yields:

E(Ry) = BRp+  (E(Ry- Rp).cov (Ry;Ry) (3.7)

2
U(RM)
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Equation (3.7) thus implies that the expected return on the i'th security
equals the riskless rate of return plus the product of the slope

coefficient,

E (Rm) - Rp
2
g R , multiplied by the covariance of the
returns for security i with the market. Put in simpler terms, expected

return on the 1'th security is a linear function of its systematic risk as

measured by COV (i,M). This relationship is shown in Figure 3.5 below.
E(R i)
SML

EXPECTED
RETURN

——+ pux cw (R ;R )
Figure 3.5: The security market line J .

The line described in this manner 1s the CAPM, or as it is sometimes

known, the Security Market Line (SML).

Equation (3.7) above is thus the answer to the second question posed
in 3.3.3. The equilibrium relationship between an asset's risk and

its expected return is linear, with the y-intercept equal to the risk

free rate of 1interest. Equation (3.7) can easily be rearranged to

yield the risk-premium, thus answering the first question:
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E(Ry)-Rp = E(Ry ~ Rp) . cov(Ry;R)) (3.8)

o2
Rm

The risk-premium (i.e. the amount of extra return obtained for
incurring additional risk) is a function of the return of the market
as a whole, the risk of the market as a whole, the risk-free rate of
interest, and, finally, the covariance between the return of the

asset 1 and the market return.

3.4.6 The CAPM expressed in terms of the Market Model

It is obvious that the line in Figure 3.5 1is very similar to that

produced by the ﬁarket model, as shown in Figure 3.1.

Consider again the portfolio of asset 1 and the market portfolio, M,

discussed 1in 3.4.5. The standard deviation of this portfolio 1is
given by:
2 2 2 :
2
fo] = + (1 -a) o + 2}“. 0(1 - CX).O' Kej
Y (a %ri ( ) Rm im Ri Rm
3o} 2
- Y = - -
at o 0 l/OY (o Rm rimO[dORm)
ba
but Oy = Cp  at & =0, thus
6 OY
© 7 "Ra” Tin Omt (3.9)
ba
The expected return on the combination will be:

E (Ry)= « (Egy) + (1 -a) E(R)) (3.10)
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Thus at all values of « ,

6 E
Y = (E (Ry) - E (R))
oa
and, at Qa =0
6o = -
y oM ™ "im Ry (3.11)
Sk, E (Ry) - E (R))

’
Now, let the equation of the capital market line be of the form:

Opy= f (ER - P). 1Line iMi' is tangential to this 1line when a
equals 0 and, as the plot of E(Ri) and ORi'

lies on the line, equation (3.11) can be restated as follows:

o

oM = Tim ORi = RM (3.12)
E (Ry) - E (R;) E (Ry) - P

The slope of a regression line is however:

b, = cov (Ry; Ry)
1 3
Om
and, as cov (Ri; RM) = "im 01 On
2
om
. = r g
so b] im i (3.13)
m
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Now: multiplying equation (3.12) by Opm» yields

o 2
Rm = "im 94 Iy = O em
E(R) -E (Ry) E(R;) - P

2

fm i Oy Op (B (R = B) =0n (E(Ry) - E(R;))

2
E(R) ©

- E (R 2 L pPr, o
Rm m)r 0icm—PoRm P. im :to

thUS,

(P-E®R)) " ryp 010p= (- E (RY) = E (R))) ofn

+ (E(R )+ P)o>

thus "im 91 On = -E (R;) +P

2
 m P-E (R)
thus = E (Ry) + P = (P -E (Ry))) ry; o9y
Om
thus  E (R;) =P - b, (P-E (R)))
or: E (Rj) =P+ b, (E(R) - P) (3.14)

Thus, the expected return on the 1i'th security 1s equal to the
riskless rate of return (P) plus the product of b; and the risk
premium on the fnarket portfolio. Equation (3,14) is thus the CAPM,
or SML, expressed 1n terms of the slope-coefficient of the market

model, otherwise known as beta. This can be represented as follows:
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E(R i)

Figure 3.6: Security market line expressed in terms of beta

1]
Comparing equation (3.14) with (3.7), it is immediately obvious that

2
the two are identical, as, by removing the ORm term from inside

the bracket in (3.7) immediately yields a term identical to that in

(3.14). Figure 3.6 18 thus 1dentical to (3.7) except for the

horizontal scale, which differs by a factor of 1/,52 | (10)
m
3.4.7 Significance of the CAPM expressed in terms of the Market Model

The importance of expressing the CAPM in terms of the market model is
that the CAPM 1is essentially an ex—ante model, as it deals with

expectations about securities, and their related risks and returns.

The market model is however, an ex-post plotting of the actual
returns on securities and markets, which can be used in an ex—ante,
or predictive, sense to formulate expectations for use in evaluating

the relationships between shares, as predicted by the CAPM.
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3.5 BLACK'S ZERO-BETA PORTFOLIO

One of the assumptions underlying the CAPM (see section 3.4.2) was that
unrestricted lending and borrowing at a risk—-free rate of interest was
" possible. Black (1972) examined the nature of the CAPM 1f this
assumption was removed i.e. there is no risk—-free asset which has constant

returns.

Black showed that portfolios exist which are uncorrelated with the true
market portfolio. What this implies is that their returns have zero
covariance with the market portfolio, and they have the same systematic

1)
risk. In other words, their beta is zero.

Although many such portfolios may exist, only one of them lies on the
efficient frontier of the investment opportunity set. This 1s the

minimum zero—beta portfolio, and it is unique.

Black then showed that by combining an 1investment 1in the zero-beta
portfolio with an investment in the efficient portfolio (as explained in

section 3.4.3) ylelds a Capital Market Line (CML), the equation of which

is:

E (Rp) = E (R,) +(E (R)) - E (R))) Up (3.15)

m
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where E (Rp) expected return on the portfolio

W

E (Rz) expected return on the zero—beta portfolio

E (R)

9p = gtandard deviation of the portfolio

Om = standard deviation of the market portfolio.

expected return on the market portfolio

From equation (3.15) it can be shown that the expected rate of return on
any risky asset, whether or not it lies on the efficient frontier, must be
a linear combination of the rate of return on the zero—-beta portfolio and

the market portfolio.(ll)

2
The required rate of return on any risky asset i1 is thus

E (Ry) = (1 -By) E(R)) +B, E (R))

where B, = cov (Ry 5 R

i m

2
Om

which can be rearranged as follows:

E (R;) = E (R ,) +B, (E(Ry- E(R,)) (3.16)

It is patently obvious that equation (3.16) is exactly equal to the CAPM
formula shown by equation. (3.14). Black thus showed that the CAPM does
not require the existence of a riskless asset. Beta 1is still the
appropriate measure for the risk of an asset and the linearity of the

model 18 still present.
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3.6 GENERAL SIGNIFICANCE OF THE CAPM

3.6.1 Introduction

The CAPM as presented in this chapter appears to be a restrictive and
narrow theory related only to the pricing of securities on a stock

exchange. This 1s however not the case, as this section will show.

The CAPM 1s in fact one of the fundamental 'keystones' of modern
finance, and as such plays a vital role in the overall financial
paradigm. Thié section will examine the CAPM's position 1in the
general finance theory, and will also present a brief philosophical
discussion on the role of finance theory, and the possible direction

in which the theory will develop..

3.6.2 The place of the CAPM in Finance Theory

Modern Finance Theory 1s a specialised branch of applied
microeconomics. The development of the theory can be traced back to
1958, when Markowitz was developing his theory on portfolio
selection, as discussed in Chapter 2. At the same time Modigliani
and Miller were formulating a theory on the capital of a firm, and

the valuation of different firms.

Copeland and Weston (1983) have 1identified the following six key

facets of finance theory. Each facet is, from a theoretical point

of view, internally consistent.
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The facets are:

. utility theory

. state~preference theory

. mean—variance theory and the CAPM
. arbitrage pricing theory

. option pricing theory, and

. the Modigliani-Miller theorems.

The common thread running throughout these areas of finance is the
attempt to determine how scarce resources are allocated by a price

)
system based on the valuation of risky assets.

Utility theory has been discussed as the introduction to Markowitz's
work, 1in Chapter 2. It focuses on the basis of rational decision
making where risky alternatives exist. State-preference theory,
CAPM theory, the arbitrage pricing theory and option theory all home
in on the specific objects which are being chosen. The theory of
choice combined with the object of choice lead to a determination of
how risky alternatives will be valued (or priced) in an equilibrium
situation. The pricing of assets 1in turn provides a signalling
effect to the economy, aiding in the allocation of the resources.

The final facet of utility theory, the Miller-Modigliani theorems,
provides answers to the implications to the firm of the way in which
it structures its capital, and to its dividend policy. The theorems
attempt to determine whether the method of financing affects the

value of the firm.
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3.6.3

The above brief outline has given a broad overview of finance
theory. The theory 1is positive, in that it makes hypotheses and
then builts on them to yield predictions which are, 1f the theory is
correct, accurate and meaningful predictions of the empirical
situation, This explains the importance of empirical tests such as
the one carried out in this study. They attempt to see whether the
predictions are reflected empirically, and thus whether the theories

are correct.

The preceding discussions have highlighted the major aspects of
1]

modern finance theory. The six facets of the theory are however not

mutually exclusive, as explained below.

It has already been shown (in Chapter 2) that the 1link between
utility theory and Markowitz Portfolio Theory 1s very close.

Similarly, Chapter 3 explained the 1link between mean-variance
portfolio theory (Markowitz Theory) and the CAPM. Thus 1t can be
seen that the CAPM 1is in fact interlinked with all other aspects of

finance. The next section will show how the CAPM inter-relates with

the financing decision, the sixth key facet of portfolio theory.

The CAPM in a broader context

The previous section presented a broad overview of the central

components of modern finance theory. The CAPM, although a separate
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component, was shown to be closely 1linked to other areas of
finance. Notwithstanding this linkage, the CAPM still appears to be
a distinct and specialised component of the overall theory. This

section will show that this is not the case.

Recall from 3.6.2 above that the final area of modern portfolio
theory identified concerns the optimal capital structure of firms,
and the valuation of firms. Arguably, the single most important
concept to do with this facet of finance is the concept of the cost
of capital. The cost of capital can be defined as the minimum
risk~adjusted rate of return which a project must earn in order to be

]
acceptable to shareholders of a company.

It can be shown that the firm's mix of debt and equity financing do
not affect the cost of capital. In addition, 1t is possible to
calculate the cost of capital 1in the situation where risk is
‘involved. This is not shown here as it is not considered crucial to

the discussion that follows.

The derivation of the cost of capital under conditions of risk 1s the
other important area in finance where the CAPM is extensively used.

The CAPM provides an excellent theory for the pricing of risk. This
can easily be combined with the cost of capital definition of the
Modigliani-Miller model, to achieve a unified approach to the cost of

capital.
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The implication of the above discussion is that a weighted average
cost of capital for the firm can be derived which can then be used in
evaluating investment decisions, the risk of which 1s different to
the risk of the firm as a whole. The CAPM is used to evaluate the
required rate of return for the project. If the actual rate of
return 1s higher than the CAPM predicted rate of return, the project
should be accepted. Following on from this, the CAPM can be used to

calculate the new welghted average cost of capital of the firm.

The CAPM can thus be seen to be a critical part of the evaluation
process Wwhich every financial manager should follow 1in evaluating
investment deciéions. Far from being a theoretical model which can
be used only for evaluating the equilibrium pricing of risky assets,

it is part of the on-going business activities of any firm.

3.6.4 An alternative perspective of Modern Finance Theory

The preceding sections have presented a brief overview of modern
finance theory, and have also shown specifically where the CAPM fits

into this financial framework.

The finance theory has been described by Findlay and Williams (1985)
as neoclassical in that it 1s built upon certain assumptions which
are an integral part of neoclassical economic theory in general.

These assumptions are:

-56-



. the methods and procedures used by natural scientists can be
easlly used by social scientists (e.g. mathematical procedures,
statistically valid conclusions etc.)

. all future events can be expressed in terms of probability
density functions

. the past 1s an adequate guide to the future

. simple arbitrage mechanisms can be relied on to provide

continuity within and between markets.

Findlay and Williams argue that these assumptions are unnecessarily
restrictive 1in 3the development of the theory, and that this has
resulted in an intellectual stalemate, in which the various 'camps'
of thought are unable to reject their point of view, but the same is
true for the other point of view. In addition, they say that these

assumptions are contradicted by observation.

The solution to this deadlock, they suggest, 1s an analysis of
financial theory from a post—-Keynesian point of view. This school

of thought 1is based on a view of the world as being constantly

changing and unpredictable through time.

The real world in which decisions are taken and economic consequences
result has been described by Findlay and Williams as a world of

failed expectations, 1in which the key problem is not risk, but

fundamental uncertainty. They argue that the process of computing
means and varlances for distributions 1s a fruitless exercise, as the

actual outcome may never even approximate the expected outcome.
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The alternative model suggested by the post-Keynesian school 1is a
normative one which is based on fact. The assumptions and actions
of observers are assumed to be based on actual observations (e.g.
individuals lie and engage in self-delusion; gsoclety cannot adjust
quickly to new prices). No complete alternative theory 1s presented

in the paper.

The foregoing discussion has been presented in order to give some
insight into the 'state of the art' thinking on finance. The
analysis presented is radical in its abstraction from the groundwork
laid by Markowitz, Tobin, Modigliani and others, however it does give
some 1nd1cation!of the evolutionary route along which the theory of

finance may develop.

In view of the fact that no formal alternative theory 1s defined, it
is difficult to counter the views expressed by Findlay and
Williams. Their views are however certainly not mainstream finance
thought. In the opinion of this researcher the positive theory of
finance appears to offer a greater reliability for prediction than a
normative theory. The future is uncertain, it 1s granted, however,
this is one of the aspects implied in the notion of risk. Positive
models attempt to reduce the uncertainty about the future, and this

is where their strength lies.
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In addition, the past may be the best indicator of the future.

Certainly it 1s one of the few indicators that exists, and thus it is
considered worthwhile to build models incorporating past knowledge.

The final rejoinder to Findlay and Willaims {is that the positive
models of finance are not static. As empirical evidence has
highlighted weaknesses in current models, so new models have been
developed. The arbitrage pricing theory (see Chapter 13) 1is an
excellent example of this. It was developed to explain anomalies in

the CAPM.

In short, 1in this researcher's opinion, the positive neoclassical
}
paradigm offers ‘'a more beneficial theory than the post-Keynesian

paradigm suggested by Findlay and Williams.

3.6.5 Conclusion

This subsection has shown an overview of finance theory, and where
the CAPM fits into the framework. The importance of the CAPM to
financial managers has also been shown, as has the link between the
CAPM and the financing decision. Finally, an alternative paradigm
for finance theory has been examined, and refuted. The aim of all
the above discussion has been to place the CAPM in 1its correct

context in finance theory.
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3.7 SUMMARY

This chapter has traced the development of the CAPM from the holding of an
efficient portfolio, through to establishing the theoretical relationship

between securities when their prices are in equilibrium. In addition, it
has been shown that the existence of a riskless asset 1s not a necessity

for the derivation of the model. The general significance of the CAPM,
and its place 1in modern finance theory have also been presented. The

next chapter highlights the link between the Efficient Markets Hypothesis

and the CAPM,
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CHAPTER 3 - FOOTNOTES

(1)
(2)
(3)

(4)
(5)

(6)
(7)
(8)

(9

(10)

(11)

The market model i1s described in section 3.3.1 below.
The ex—ante/ex-post distinction i1s described in section 3.4.7.

Refer section 2.2 for a review of the basic axioms of utility theory,
as described by von Neumann and Morgenstern (1953).

See Markowitz (1959): pages 97-102, especially the footnotes.

Treynor (1965) was also working on a similar model at this time.
However, as Sharpe notes in footnote 7 of his 1964 paper, Treynor's
work was at that time still unpublished. Treynor's first published
work in this area was Treynor (1965).

The equation is given here as it will be referred to later.
See Sharpe (1966).

This follows directly from the mathematical formulae defined in section
2.3.3. '

Or, in other words, the partial derivative of (Ry) with respect to
E(Ry) 1is equal to the partial derivative of (Rx) with respect to

E(Rp).
Recall from equation (3.13) that b, = r, o,
i im i

9 m

The proof of this 1s identical to that in section 3.4.5, using the CML
as shown in equation (3.15).
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CHAPTER 4

THE RELATIONSHIP BETWEEN THE EFFICIENT MARKETS HYPOTHESIS AND THE

CAPITAL ASSET PRICING MODEL

4.1 INTRODUCTION

In the previous chapter the derivation of the CAPM was discussed. In
addition, the assumptions on which the model is based were examined.

This chapter will explain, 1in an anecdotal rather than a mathematical
manner, the Efficieng Markets Hypothesis (EMH). The relationship between
the EMH and the CAPM will also be investigated. The development of the

EMH will not be discussed in detail.(l)

THE EMH

4,2,1 Background

The development of the EMH was as a result of empirical tests carried
out on the price movements of securities quoted on major stock
exchanges, in particular the New York Stock Exchange (NYSE). The
theory was developed 1in order to explain the results of these
empirical tests, the majority of which were carried out in the 1950's

and 1960's.

- 62 -



The tests mentioned above were actually tests of the Random Walk
Model, 1in which it is assumed that successive one-period price
changes are independent, and that these price changes have identical

distributions. (2)

The Random Walk Model is in fact a sub-set of the broader 'fair-game
model', otherwise known as the 'Expected Return' model, which has as
1ts gole primary assumption the idea that conditions of market
equilibrium, and hence the prices of securities, can somehow be
stated in terms of expected returns,

As Fama has said:

"In general terms,....such theories would posit that conditional
on some relevant information set, the equilibrium expected
return on a security is a function of its "risk”. And different

theories would differ primarily in how "risk”™ 1s defined.”

Fama (1970: 384).

The major 1mplication of this assumption that market equilibrium
conditions can be stated in terms of expected returns based on some
underlying information set which affects the securities' assessed
risk, 1s that the expected profits of an 1nvestor in excess of the
equilibrium expected (and predicted) profits, are zero. This 1s the

so—called '"fair-game' mentioned above.
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4,2.2 The Hypothesis

The EMH, in simple terms, proposes that:

A market 1s efficient 1f prices always 'fully reflect' the

available information.

The above definition was put forward by Fama (1970), and is the
accepted form o% the EMH. The definition 1s so general that no
empirical tests can be carried out on it to determine whether the
statement 1s valid or not. The definition can also become circular
if information 1s defined as being that which 1s reflected 1in
prices. If this were the case, all markets would be efficient.

Beaver (1980), has suggested that Fama used the definition in order
to give an intuitive description of the concept, and that he never

intended it to become a rigorous definition.

4,3 FORMS OF THE EMH

In order to carry out empirical studles on the validity of the EMH, the
information set which 1s considered to be fully impounded into share
prices has been split into three subsets. Each subset is considered to

encompass a greater proportion of the complete information set available

to investors.
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The three forms of the model, which were initially described by
Roberts (1959) and have subsequently been refined to their present format,

are:

1. Weak Form: The only information reflected in current prices

is the past price history.

2, Semi~Strong Form: In addition to the historical prices reflected
in prices in the weak form, other publicly available
information 1s fully assimilated into, and reflected

in, current share prices.

3. Strong Form: Information known only to certain groups (commonly
termed 'insider information') is also reflected in
the share price. The information set impounded in share

prices 1s thus considered to be all information.

The relationship between the various forms of the EMH and the information

set underlying each form, is shown in Figure 4.1 below.,

ALTILILTTATIEALAH AT I TALLLATAL A TAALALALALATALATAL AR AT AL AR ALAL AL TR A AL AR A

ALALALALALLRALLANAALLRLL LA ALLLARBLLAALALALLLALAR AL RAN GG
ATLALEVALAR LA WAV, STRONG FORH ATHLALTLTLA LR L SR UAR AL AV VA AR A
ATILLLALIR SRR LGNS \\\\\\\\\\\t\\t\:\\\\\\\\\\\\\

ATLALTHLATTASLALALAALLALALATIA LA AALAAHA LA AL AL AL AL LARABRA ARG Y
BT IEATIRAI IR AR IR AL AT LATATARALAL TR AR AR A SR AR BVARA R AV ALY

Figure 4.1: Forms of the EMH
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4,4 EMPIRICAL EVIDENCE ON THE VALIDITY OF THE EMH

The trichotamization of the EMH allows empirical tests and analyses to be
carried out on the hypothesis. Fama (1970) and Gonedes and Dopuch (1974),
inter alia, present literature reviews of empirical studies relating to
the EMH. It 1s beyond the scope of this study to repeat these reviews

here. (3) Instead, the general results will be stated.

4.4.1 Weak Form tests

Empirical studies of the weak forms of the EMH are the most
voluminous of any of the three categories. This 1s to be expected
as 1t 1s easiest to test an information set consisting only of past

prices.

The evidence is strongly in support of the EMH contention that share

prices fully reflect historical share prices.

4.4.2 Semi-Strong Form tests

The empirical studies of the semi-strong form of market efficiency

have in the main been tests which examine the relationship between
accounting information and share prices, or that examine the impact

of share issues or share split announcements on share prices.

Again, the evidence that is available points towards the existence of

the semi-strong form of the EMH.
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4,4.,3 Strong Form tests

Testing the strong form of the EMH presents difficulties, as the
existence of insider dealing is difficult to assess, as is the result
of this dealing on share prices. The empirical work in testing the
strong form EMH has thus concentrated on highlighting deviations from
strong form efficiency. Two such deviations, both anecdotal rather
than empirical, are noted by Fama (1970)(page 415), however he does

not appear to regard these as being of particular importance.
1] B
A conclusion on' the existence of strong—-form market efficiency is

thus less clear than the conclusions that can be drawn regarding the

other forms of the hypothesis.

4.4.4 Conclusion on empirical validity of the EMH

The EMH would certainly appear to hold true for both the weak form
and the semi-strong form. The evidence in favour of the strong form "
EMH existing 1s sparse, primarily due to the difficulty in testing

the theory.

4,5 THE EMH AND THE CAPM

The fact that the EMH and the CAPM both deal with share prices in a market
context suggests that there must be some link between the two models.

This section will examine that relationship.
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The CAPM, based as it 1is on expected return and risk, 1is a recommended
strategy for investors. It recommends that all investors should hold a

certain proportion of the market portfolio, combined with an appropriate

R JUR EE—

- positive or negative holding of a risk-free asset. The CAPM thus takes

the individual risk and return of a security as given, and concentrates on
the optimal risk-return profile of an 1investor's "portfolio. An
investment strategy based on this type of analysis presumes that a fair
return 1is expected to be earned, commensurate with the degree of risk

exposure which the investor adopts.

]
Fama (1970) has shown that if the following conditions are operating in

the market, market efficiency (in the semi-strong form at least) will be

present.
~ Transactions costs, 1f they exist, are taken into account in
price determination by the market. This would probably only be
the case if transaction costs were reasonable.
~ A sufficient number of 1investors, not necessarily all of them,
have access to available information.
~ Some disagreement amongst 1investors about the implications of

given information may occur. If this does happen, no investor
will consistently be able to make a better evaluation of the

available information than the aggregate evaluation as reflected

in the share prices.
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The assumptions underlying the CAPM, as noted in 3.4.2, were those
which related to portfolio analysis per se, and those which were

introduced in order to develop the capital market theory.

The additional capital market theory assumptions are those which are

of importance here.

Recall from 3.4.2 that, inter alia, the following assumptions were

made:
'l
~ there are no transactions costs for buying and selling securities
- all avallable information is freely available to everyone
- all investors have homogeneous expectations and have the same

one-period investment horizon.

Comparing these assumptions with the conditions necessary for semi-strong
form market efficiency, it will readily be seen that the efficlent market
conditions are merely relaxations of the strict capital market
assumptions, which were described in 3.4.2 as being properties of the

overall assumption that capital markets are perfect,

The 1mplication of the preceding discussion 1s that the Capital Asset

Pricing Model actually assumes efficiency of the market, and then, having

made this assumption, predicts the equilibrium pricing of assets within

the perfect market.
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4.6

Roll (1977) has suggested that this actually precludes any meaningful test
of the CAPM being carried out, as an empirical study in fact tests a joint
hypothesis: the efficiency of the market and the CAPM predicted
relationship between the risk of any asset and 1its return. This

criticism is examined in detaill in Chapter 12.

Two terms which are often used are market efficiency and portfolio
efficiency. The first deals with the EMH as it has been presented in
this chapter, and 1s thus concerned with the degree of information
assimilated into share prices, and the speed with which that information
has been assimilated{ Portfolio efficiency, although sounding similar,
should not be confused with the above. Portfolio efficiency 1is used to
describe the efficient portfolio, for which no higher returns can be
earned for the chosen level of risk, whilst for a given return, no less
risk need be incurred. The two terms are clearly not interchangeable,

however there are elements of common ground underlying them.

The EMH can thus be considered to be a relaxation of the perfect capital
market assumptions. Perfect market conditions would certalnly be

sufficient for the EMH to hold, but would also not be necessary conditions.

CONCLUSION

This chapter has highlighted the relationship between the Efficlent

Markets Hypothesis, and the Capital Asset Pricing Model.
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The relationship between the CAPM and the EMH 1s that the EMH is implied
by some of the assumptions which lead to the CAPM. The reverse 1is
however not necessarily true, Conditions in which the EMH existed would
not necessarily imply the existence and validity of the CAPM, however it

may hold.

However, because of the empirically tested and proved existence of the
seml-strong form EMH on some capital markets, even 1f it has not been

proved to exist on all markets, there is a chance that the CAPM also
exists 1In reality. It is for this reason that empirical tests of the

]
CAPM have been carried out. These will be reviewed in Chapter 6.

Before reviewing tests of the CAPM however, it 1s considered necessary to
examine the evidence in South Africa relating to market efficiency. The
reasoning for this 1s as follows. Market efficiency has been shown to be
a relaxation of the strict Capital Market Theory assumptions under which
the CAPM 1is expected to operate. Thus, 1f the EMH, at least 1n the
semi-strong form, is not present in South Africa, it is very unlikely that
the CAPM will prove to be a valid model. If the SA evidence shows the
efficlency of the market to be of an acceptable level, then a test of the

actual CAPM in South Africa will be a valuable and meaningful exercise.
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CHAPTER 4 - FOOTNOTES

(1)

(2)

(3)

See Fama (1970) for an excellent mathematical review of the EMH and its
evolution, together with a literature review,

Fama has pointed out that this terminology 1s rather loose. In his
words

"prices will only follow a random walk 1if price changes are
independent, identically distributed; and even then we should say
'random walk with drift' since expected price changes can be
non-zero. If one-period returns are independent, 1dentically
distributed, prices will not follow a random walk since the

distribution of price changes will depend on the price level.”
Fama (1970: 386).

The major reason for not repeating the voluminous evidence of tests on
the EMH carried out overseas 1s that the results, although indicative of
what may happen on the South African market, are not directly
transferable. Tests of the JSE have to be carried out to ascertain
whether the market is efficient.
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CHAPTER 5

TESTING THE CAPITAL MARKETS: SOUTH AFRICAN EVIDENCE

5.1 INTRODUCTION

The previous chapter presented the EMH in its various forms, and gave a
brief summary of the results of the evidence relating to the existence of
the varilous forms of the EMH, as found on the NYSE. These results are
however not transferable to the South African market. They may be
indicative of the situation which would prevail were the market to be
efficient, however, they do not give any evidence towards the actual

efficiency of the Johannesburg Stock Exchange (JSE).

Roll (1977) has polnted out that a test of the CAPM 1s in fact a test of
the joint hypothe;is of the efficiency of the market portfolio and a test
of the CAPM itself. It was shown 1n the previous chapter that portfolio
efficiency 1s not necessarily the same as market efficiency, nevertheless,
the two are interrelated, and thus a review of the evidence relating to
tests of both market efficiency and portfolio efficlency 1in a South

African context is considered important,
The literature review which follows 1s thus a complete review of the tests

on market efficiency and portfolio efficiency that have been performed in

South Africa.
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5.2 TESTS OF THE EMH

5.2.1 Introduction(l)

5.2.2

The split of the EMH into weakvform, semi-strong form and strong form
tests provides a meaningful umbrella under which the evidence can be

presented.

Weak Form tests

As the weak form EMH 1is concerned only with past share prices, the
1]

majority of tests take the form of tests on the Random Walk Model.

If the model holds, it is usually held as being sufficient for weak

form efficiency to be present.

Such tests have taken the form of serial correlation tests and runs
tests, both of which test the proposition that a lack of correlation
between successive share prices 1s a sufficient condition for the

acceptance of weak form efficiency.

The first test of any form on the JSE was that carried out by
Affleck—-Graves (1974).(2) This was a non—-parametric
Wald-Wolfowitz test in which the null hypothesis that returns were
random was rejected for a number of the shares. Nevertheless, the
overall conclusion was that weak form efficiency was an accurate
description of the market. In addition to this test, a runs test

was performed, the conclusion reached here (at a 95% confidence
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level), was in agreement with the serial correlation test, namely

that weak-form efficiency of the market appeared to be in existence.

The same data was used in the first published test in South Africa.

Affleck-Graves and Money (1975), performed a serial correlation test
on the returns of 50 shares quoted on the JSE. Ten lag categories
were used to analyse weekly data. Thirty three of the five hundred
correlation coefficlents generated in the sample were found to be
greater than two standard deviations from zero. Of these, 42% were
in the first and second weeks of lagging. Their conclusion was thus
that no auto-coérelation existed for periods greater than two weeks,
and that for 80% of the market theilr results were consistent with

weak form efficiency.

They also suggested that the slight dependence from one week to the
next would be useless to an 1nvestor trying to earn an abnormal
return by analysing price histories. This second test, being of a
parametric nature, did however assume that the distribution of the
returns was normal, with a finite variance. The advantage of the
Wald-Wolfowitz test mentioned earlier was that 1t was a
non-parametric test and thus made no inferences about the underlying

population characteristics,
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Hadassin (1976), carried out both runs tests and serial correlations
tests for 30 shares on very short lag periods of one day and four
days. His results for the runs tests were that non—-independence of
prices appeared to exist for 24 of the shares on a one day interval,
and for 12 on a four day interval. This thus 1indicated
non—acceptance of weak form EMH behaviour. However, in carrying out
gserial correlation tests, no significant evidence disputing random

behaviour could be found.

Gilbertson and Roux (1977) also found evidence of non-random
behaviour using runs tests., However, using serial correlation tests
no such evidencé could be found. In addition to the runs tests and
serial correlation tests noted, Gllbertson and Roux analysed the
distribution pattern of the share returns, and found evidence of a
strongly peaked, long-tailed (i.e. leptokurtic) distribution. This
is thus not consistent with the (usually presumed) normal

distribution. Similar results were reported by Ozen (1977).

Other tests of the distributions, notably those by Schlosberg (1976)
and Strebel (1977), have also shown evidence of a leptokurtic
distribution of the returns. Knight (1983) has however advised
caution 1Iin drawing general inferences from these studles,

notwithstanding their internal validity.
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Strebel (1978) has argued that linear regression tests using an
ordinary least squares (OLS) technique would be worthless due to the
leptokurtic distribution noted. The rejoinder to this warning is
that the OLS technique does give the best linear unbiased estimate of
the risk-return relationship, and that the evidence seems to disprove
the existence of autocorrelation, even taking Hadassin's and

Gilbertson and Roux's tests into account.

Even without analysing any potential problems 1in the methodologies
used by Hadassin and Gilbertson and Roux, it is considered that the
evidence in favour of the existence of a weak—form efficlent market
is sufficient té draw a general conclusion that the JSE conforms to
this condition. This conclusion 1s reached based mainly on the
excellent studies performed by Affleck-Graves (1974) and

Affleck-Graves and Money (1975).

This conclusion 1is given marginally greater support by the final
phase of the Gilbertson and Roux (1976) study, which analysed the
effect of applying four different 'trading rules' on the market.

Weak form efficiency would imply the futility of such an exercise,

Their findings were that a trading rule did not consistently
outperform a buy-and-hold strategy. This method of testing for
market efficiency has been the subject of intense debate 1in the
literature, the general consensus now being that the application of a
trading rule test does not necessarily prove efficiency, it is merely
consistent with the concept of efficiency. In South Africa, the

results are not inconsistent with efficiency.
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The general conclusion 1is that the JSE conforms to weak-form
efficiency conditions, however, further work could, and possibly

should, be carried out.

5.2.3 Semi-Strong form tests

The evidence of semi-strong form efficiency, in which all available
information 1s expected to be reflected in the share price, 1is very

scarce.

Knight (1983), carried out a number of tests designed to examine the
speed of adjustment of the market to new information. (%) He
investigated thé market reaction to annual earnings releases using
the Ball and Brown (1968) API approach, whereby an abnormal
performance index (API) 1s constructed for the aggregate of all the
announcements. This method aggregates results across periods and
abstracts from the market factors at the time of the announcement.

In addition to this, Knight used the absolute residual approach (ARA)
used by Beaver (1968). The advantage of the ARA approach is that 1t

makes no assumptions as to the expected investor reaction to earnings

announcements, and 1s thus not dependent on a maintained hypothesis.

The results of both these studies were mutually supportive in their
findings. These were that the market reacted to both 'good' news
(1.e. positive wunexpected earnings) and 'bad' news (negative
unexpected earnings), however, the magnitude of the reaction was
twice as great for the positive forecast errors as it was for the
negative ones. The ARA approach indicated significant information

content in the following three announcements by companies. First,
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the preliminary report, second, the interim report, and third, and

least important, the annual report.

Further analysis on the half-yearly results indicated a certain
inefficient (i.e. non-Iinstantaneous) reaction of shares to this

information.

The second major item which Knight studied was:  the information
content of dividends. He attempted to determine whether the
simultaneous announcement of dividends confounded the results
mentioned above, The conclusion was that dividends appeared to have
little informational value, and thus would not have confounded the

»
previous results.

The final test which Knight carried out was a replication of that
performed by Sunder (1973) on the market reaction to a change to
LIFO. This result used a variant of the API approach, termed
Cumulative Abnormal Residual (CAR) analysis. The results here were
that the announcement did have informational content, however the
adjustment period was slow and thus the JSE appears inefficient,

Some evidence of a 'learning phenomenon' was reported, as the
negative reaction appeared to be lesser in more recent changes to

LIFO, and the speed of adjustment appeared to be shorter.

Knight's general conclusion, which was conditional on the validity of
the market model; the research designs; and the earnings and
dividends models employed, was that the market appeared to be

inefficient to a certain extent, and that the characteristics of the

JSE were not the same as those shown to exist on the NYSE.
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The above findings are consistent with a very tentative and
exploratory study performed by this researcher (Stewart (1982) using
Sunder's techniques) on the effects of the introduction of deferred
taxation on share prices. The sample used in this study was very
small (26 companies) and interpretation of the results was hampered
by the fact that the unexpected negative reaction noted could have
been due to an inefficiency in the market, or to information content
in the announcement. However, the slow reaction of shares to this

announcement appeared to disclose an inefficient market.

The overall conclusion on semi-strong form efficiency is thus that
]
the market appears to be inefficient, however, much research needs to

be carried out before this can be stated with any degree of finality.

5.2.4 Strong Form tests

The over-riding problem with tests of strong form market efficiency
is that the tester 1s attempting to find out whether 1nsider
information 1s assimilated 1into the share price. This obviously
poses design problems, as Insider information 1is often difficult to
ascertain, let alone test. The solution to this has been to
approach the problem from a 'side-ways' perspective, and then test
the condition 1indirectly. For example, 1f the researcher posits
that mutual fund managers will have access to insider information, he
would then test to ascertaln whether mutual funds generally

outperformed the market.
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Certain problems do arise with this approach, the major one being the
validity of the premise that mutual fund managers have access to
ingider information. If this i1s incorrect, abnormal performance may
negate semi-strong form efficiency, as abnormal performance is being
achieved based on publicly available information. Alternatively, 1f
no abnormal performance 1s noted and the premise that the managers
have access to insider information 1is incorrect, this may only imply .

semi-strong form efficiency.

Notwithstanding the above interpretational problems of tests of this
type, tentative conclusions have been drawn regarding studies carried
out in the USA.(S) In South Africa, two studies, namely du Plessis

(1974) and Gilbertson and Roux (1976) have tested strong form
efficiency in this manner. Methodological problems regarding these
works have been highlighted by other authors, and in view of these,
only tentative conclusions vis-a-vis efficiency have been drawn.

These have not indicated strong form efficiency on the JSE.

5.2.5 Conclusion on Market Efficiency on the JSE

The evidence for market efficiency on the JSE is, when compared to
that avallable on the NYSE, very sparse indeed. The only conclusion
that can be stated with any degree of assurance 1s that weak-form
efficlency appears to be 1n existence. The evidence, sparse as it
18, on semi-strong form efficiency and strong-form efficiency, points
towards the lack of these efficiency conditions prevailing.

However, in view of the fact that testing the CAPM is in fact a test
of market efficiency as well (see Roll (1977)), the present study is

considered worthwhile.
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5.3 TESTS OF PORTFOLIO EFFICIENCY

Affleck-Graves and Money (1976) compared the Markowitz (1959) portfolio
selection procedure with that proposed by Sharpe (1963), known as his
Diagonal Model. The data on which they carried out their tests was the
prices of 175 shares quoted on the JSE for the period 1962 to 1973. The
overall conclusion of the study was that the Markowitz procedure produced
results which were far superior to the one-index model suggested by
Sharpe. The authors did note that if a large amount of money was to be
invested, thus forcing a low ceiling on the total amount to be invested to

]
be 1n any one security, the index model performed accurately.

Carter (1983), found that the market portfolio was consistently
inefficient ex—post, He concluded that this was not surprising, as this
had already been pointed out by Sharpe (1970). Carter, on page 2.7

quotes Sharpe as follows:

"The values of capital market theory are ex ante (before-the-fact)
estimates. Observed values are ex post (after—-the—fact) results.

The portfolios that do, in fact, turn out to be efficient will lie
along some line, but not necessarily the ex ante capital market
line. In fact, the market portfolio invariably proves to be

inefficient ex post.”

The above studies have both concentrated on the efficiency of
portfolios. Mention was made in Chapter 4 of the point that Roll made,
that tests of the CAPM are invariably tests of the efficiency of the

market portfolio also, and for this reason the above studies were reviewed.
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5.4

The present study is thus considered to be the first of its kind in South
Africa, in that it purports to test the CAPM, and (according to Roll)
market efficiency at the same time, The importance of the CAPM to
finance in general has already been noted in section 3.6, thus it is vital
to determine whether or not the model 1s valid in the South African

securities market.

CONCLUSION

This chapter has examined the evidence for market efficiency in South
Africa. Numerous works have been reviewed. An overall conclusion can
only be drawn to tﬂe extent that weak form efficiency appears to be
present. Other, stronger forms of efficiency appear unlikely to exist,
however further research 18 needed. The following chapter details the

results of the major tests of the CAPM that have been published to date.

With regard to portfolio efficiency, very little work has been carried out
in South Africa. The importance of the present study lies in its test of

the CAPM and portfolio efficiency.
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CHAPTER 5 - FOOTNOTES

(D

(2)

(3)

(4)

(5

Knight (1983) has provided an excellent review of the South African
evidence for the existence of the EMH. This section borrows heavily
from this review. It has, of course, been brought up to date.

This test was part of an unpublished M.Sc. thesis. Although it 1is
possible that other unpublished works had already been carried out at
other South African (or overseas) universities, these have not come to
the knowledge of this researcher. In view of this, it 1s considered
correct to regard this test as the first in South Africa.

This 1implies correlation between successive prices of thinly-traded
shares. Refer Chapter 8, section 8.8 as to how the intervalling effect

was overcome in this study.

The interested reader 1s referred to part 2 of Knight (1983) for the
full study.

Knight (1983: 48) refers to Jensen (1969) and Friend, Blume and Crockett
(1970) in this regard.
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CHAPTER 6

EMPIRICAL TESTS OF THE CAPM

6.1 INTRODUCTION

The CAPM, as derived in Chapter 3, presents a model for market equilibrium
in which there is a linear relationship between the return on an asset in
excess of the risk-free rate of return and the excess return on the market
portfolio. This model 1s of an ex—ante nature which, for the following

]
reasons, is impossible’ to test directly:(l)

- investor's expectations often differ from the ex-post results, thus
empirical data cannot give an entirely satisfactory test. In
addition, investor's expectations cannot be tested directly.

- the theory 1is probably oversimplified due to the strict assumptions
underlying it.

- not all parts of the model may be supported empirically. For
example, the capital market 1line (CML) may be achieved equally
through naive diversification as through Markowitz diversification.
If this were the case, then the CML would be derived, however the SML

would not be derived and would not be supported by it.
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6.2

- the risk-measure commonly used, viz, the wvariability of the
return-measures, is only a surrogate for the actual risk, and may not
be the best measure there is.

- there 18 a downwards bias 1in the regression coefficient and
correlation coefficients found by the usual vast squares technique,
owing to errors that enter into both the expected-return estimates
and the expected risk estimates.

- the true market portfolio (i.e. that portfolio consisting of all
assets In the capital market) has never been precisely defined. The
market index 1s merely used as a surrogate for the market portfolio.

In spite of the above problems inherent in testing the CAPM theory,

significant tests of the model have been carried out. These will be
reviewed 1in this chapter. However, before reviewing these, it is
necessary to re—examine the CAPM in terms of 1its testability. This 1s

because of the fact that it 1s primarily an ex—-ante, or expectations,

model.

THE EX-POST FORM OF THE CAPM

In order to move from the ex—ante CAPM to an empirically testable ex-post
form, it 1s necessary to assume fair-game properties(z) for the assets
within the CAPM framework. In addition, 1t 18 necessary to assume

bivariate normality of the underlying security returns, so that the
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beta—coefficient in the CAPM 1s the same as the beta-coefficient 1in the

fair-game. This is explained below.

The fair game assumed above, in which the expected rate of return on an
asset is, on average, equal to the realised rate of return, can be written

as follows:

Ryt = E (Ryp) +Bj(Rye = E(Rpe) + €4 (6.1)

where E ( Rmt - F (Rmt)) =0

ejt = 3 random term.

E (ejt) ‘=0 .

wv(gﬁ} %t—E(&M)=O
jei €3,e-1) = 0
jt - cov (Ryes Rye)

var (Rmt)

cov ( €

B

Equation (6.1) can be seen to be a fair game because if the expectation of
both sides of the equation 1s evaluated, the average realised return is

equal to the expected return.

Recall from Chapter 3, equation (3.11), that
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P+ bj (E(R,) =~ P)) (6.2)

where E(Rj) = expected return on asset j in time t = E (Rjt)

P = riskless rate of return

b = risk coefficient = Bj

E(Rm) expected rate of return on the market in time t = E(Rmt)

Equation (6.2) can also be rewritten as:

E (Ryp) = P+ By(E(R,,) - P) (6.3)

]
Now substituting the RHS of (6.3) into (6.1) yields:

Rjt =P +Bj (E(R,,) - P) + Bj(Rmt - E(Rp L)) ey

= p +Bj (Rmt - P) +ejt (6.4)

and, subtracting P from both sides,

Rjt - P = Bj(Rmt - P) + € 5¢ (6.5)

which is the ex-post form of the CAPM, Equation (6.5) is an ex—post form
because it 1is expressed in terms of ex-post observations of data, instead
of ex-ante expectations. This can readily be seen by noting that there

is no expectations term on either side of equation (6.5).

The derivation of an ex—post form of the CAPM is important, as it means
that tests on the validity of the predictions of the CAPM can be carried
out. The major tests of the CAPM that have been performed are reviewed

below.



6.3 LITERATURE REVIEW

6.3.1

Introduction

The previous chapter presented a major literature review of the tests
on market efficiency and other aspects of capital market theory that
have been carried out in South Africa. In view of the extremely
large number of articles that have been published and which have
contributed to the evidence on the validity of the CAPM on the NYSE
and other major markets, and because of the breadth of their scope,
the literature review which is presented below is very restrictive.
)

It was considered far more beneficial to present the major, most
significant articles which have been published, which relate closely
to the 'pure' CAPM, than to detail the vast spread of published
material. This enables the dévelopment of empirical research into
the CAPM to be traced in a broad, easy to follow manner that
highlights the major development in research methodology, together

with the findings.
With the above in mind, the brief review 1s presented below, its

objective being to present the major tests on CAPM validity that have

been carried out in various countries,
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6.3.2 Initial studies

Lintner (1965) was probably the first person to carry out any
empirical tests on the CAPM. This 1is hardly surprising as he was,
together with Sharpe, responsible for much of the development of the
model. It is perhaps only in retrospect that Lintner's work can be

seen to be a test of the CAPM, nevertheless, it is the first.

Lintner regressed the annual rates of return of 301 securities over
the period 1954 - 1963 against the market return 1in the same
period. Using this time-series regression technique he estimated
the systematic ’risk (that 1is, the beta-coefficient) and then
regressed the mean rate of return on both the systematic risk and on
the estimate of the residual variance. 3) Lintner found that the
returns on hils sample of stocks were positively and significantly

related to their variance.

Lintner's results are contrary to the predictions of the CAPM, which
posits that the beta-coefficient 1s the only significant risk
measure. The beta coefficient 1s presumed to show the systematic
portion of the total risk of a security, which cannot be
diversified. The variance on the other hand represents total risk,

a portion of which can be removed through diversification.
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A study that was very similar 1in design to Lintner's, as described
above, was carried out by Douglas (1969), on the NYSE, He used
annual and quarterly share price data, and regressed the returns from
a large cross—sectional sample of shares against both their own
variance, and their own beta estimates. Douglas' results showed
that the return on a security 1is positively and statistically
significantly related to 1its own variance, but not to its
beta~coefficient. Thus 1increased returns are being earned for
bearing unsystematic risk. This would appear to be a violation of
thg model, as 1t predicts that variance should have no impact on a

security's return, once its beta value has been taken into account.

}

.

Both Douglas' and Lintner's works were thus contradictory to the
predictions of the CAPM. For this reason their methodology was
re—examined by Miller and Scholes (1972), who found that the
mis-specification of the model could have been due to skewness in the
distribution of returns, together with random error measurements in
the beta calculations. These two factors were shown to be capable
of producing Douglas' and Lintner's results, Miller and Scholes

concluded that the CAPM appears to be a valid model.

One of the major problems with the methodology employed by Lintner
and by Douglas was the fact that they did not attempt to abstract
from the correlation amongst residual errors in various stocks.

This factor has been discovered by King (1966).
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6.3.3

Friend and Blume (1970), 1in their article "Measurement of Portfolio

Performance Under Uncertainty”, attempted to analyse

"the extent to which the risk-adjusted rates of return

successfully abstract from risk”.

Friend and Blume (1970 :561)

Their results were somewhat surprising, as they found that the
risk-coefficient they used appeared to be biased downwards. Friend
and Blume's methodology was as follows. They derived performance
and risk measureé for two hundred random portfolios. Friend and
Blume then regressed the three different performance measures they
had highlighted with each of the two measures of portfolio risk
identified. Their results were that risk—-adjusted performance 1is
dependent on risk. This relationship 1is 1inverse and highly
significant. Friend and Blume concluded that the reason for their
results was probably due to the restrictive assumption of an
unrestricted risk—-free rate of return and of borrowing. Thelir
conclusion was that it was more desirable to use the two—stage
parameters, risk and rate of Treturn, to measure portfolio

performance, than to use the risk coefficient alone.

The first proper test of the CAPM

Probably the first major test of the CAPM was carried out by Black,
Jensen and Scholes (1972), hereafter referred to as BJS. BJS

estimated the share market line (SML) by first estimating the
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beta-coefficients and average rates of return for each stock in their
sample, using time-series regression. They termed these the first-

pass regressions. BJS were reluctant to estimate the SML merely by
regressing the sampled stocks' average return onto its beta, as King
(1966) had shown that the residual errors from the market model are
correlated amongst many stocks. This non—-independence between
stocks could introduce bilas and inefficiencies that would confound

the second-pass regressions (see below).

In order to reduce the risk of measurement errors in their work, BJS
formed ten portfolios of stocks based on each individual stock's risk
ranking. In ofher to eliminate selection bias, the stocks were
grouped by their rankings based on betas calculated over a previous 5
year period. BJS then used the mechanism to measure each of the
portfolio's retufns in the sixth year against the betas generated in

the preceding five years.

The so-called 'second-pass' regressions were now carried out. A
cross—sectional estimate of the SML was obtained by regressing the
portfolio return in the sixth year against the risk-coefficient of

the particular portfolio, as generated in the previous regressioh.

BJS found that, particularly in the long term, the CAPM appeared to
be a valid model, as the SML derived by their 'second-pass'
regressions was an upwards-sloping line. This was thus the first

evidence that the CAPM might apply in the real world.
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6.3.4 More sophisticated tests emerge

In 1973, in an article entitled "A new look at the Capital Asset
Pricing Model”, Blume and Friend (1973) re-examined their findings
noted above (Friend and Blume:1970). Their extended tests confirmed
the findings by BJS that the relationship between risk and return for
New York Stock Exchange assets 1s linear. Again, however, Blume and
Friend did find abberations in their results. Their interpretation
of these abberations was that the market for stocks is partially
segmented from that for bonds and other assets.
)

In the same year, Blume and Husig (1973), again wusing a
cross-sectional regression technique, showed that the CAPM did
hold. Their findings were also interesting however, 1in that they
suggested that for equivalent risks, the returns of stocks on the
American Stock Exchange could be different to those on the NYSE, at
the same point in time. They did not attempt to explain the

economic rationale behind this observation.

The abovementioned studies were all, in their own way, valid tests of
aspects of the CAPM, if not tests of the whole model. The
methodology certainly improved with the passage of time, however, no
researcher had yet come up with a methodology which tested all the

assumptions of the CAPM.
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Fama and MacBeth (1973), presented a technique which satisfied the
above shortcomings, 1in that it examined each aspect of the CAPM

individually.

Fama and MacBeth (1973), studied the relationship between average
return and risk for NYSE common stocks, and they examined the
coefficients and residuals of the cross—-sectional regression
techniques they used. In view of the fact that the methodology they
used 1is, to date, tﬁe best approach to an empirical evaluation of the
CAPM, and thus it is the one used in this study, a detailed analysis
of their methodoiogy will not be presented in this chapter, but will
be presented in Chapter 7. Briefly, what they did was to expand on
the cross—sectional technique used by BJS, 1ncorporating into {1t
various other factors which tested the underlying assumptions of the

CAPM, This was therefore the first thorough test of the CAPM,
The results of the Fama and MacBeth study were that

"We cannot reject the hypothesis of these models (of market
equilibrium) that the pricing of common stocks reflects the
attempts of risk-averse investors to hold portfolios that are
"efficient” 1in terms of expected value and dispersion of
return. Moreover, the observed "fair-game™ properties of the
coefficients and residuals of the risk-return regressions are
consistent with an "efficient capital market" - that 1is, a
market where prices of securities fully reflect available
information".

Fama and MacBeth (1973: 607)
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As the research into the CAPM intensified, so the breadth of the
empirical work expanded. For examplé, Basu (1977), examined the
relationship between the performance of common stocks and their
price-earnings ratios. Basu's findings appeared to reject the EMH
with regard to the speed of assimilation of new information into the
market. Basu postulated that the CAPM 1s probably based on an
untrue assumption (viz. perfect markets) and may thus not be valid
itself. Basu's findings seemed to indicate that the price-earnings
ratios of firms possessed an 1information content that was not
agsimilated into the share price.

6.3.5 Mis-gspecification of the CAPM

The study by Fama and MacBeth (1973) did find that the intercept term
of the cross—sectional regression equation was not equal to zero, and
that low-beta securities earn more than the CAPM would predict, while
for high-beta securities the opposite 18 often the case. Further
research In the late 1970's and early 1980's highlighted this, and,

other possible mis—-specifications of the model.(4)

Litzenberger and Ramaswamy (1979), studying the relationship between

personal taxes and dividends on capital asset prices, found
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...a strong positive relationship between before tax expected
returns and dividend ylelds of common stocks...Evidence 1is also
presented for a clientele effect: that is, that shareholders in
higher tax brackets choose stocks with low ylelds, and vice

"”
versa.

Litzenberger and Ramaswamy (1979:190)

The literature in the late 1970's and the 1980's is filled with tests
which are concerned mainly with testing applications of the CAPM to
other areas of finance. Nevertheless, there have been some direct
tests of the CAP&. Banz (1981), tested the empirical relationship
between the return and the total market value of NYSE stocks.

Again, a cross—sectional regression technique was adopted. His
findings 1indicate a definite mis—specification in the CAPM on the
NYSE over a forty-year period from 1936-1977, The small NYSE firms,
have, on average, had significantly larger risk-adjusted returns than
larger NYSE firms have had in this period. Thus the size of the
firm would appear to be a factor in determining its overall return.

This size—effect is generally known as 'the small-firm effect'.

Reinganum (1981b), returning to the area examined by Litzenberger and
Ramagwamy (1979) examined the CAPM in terms of both earnings ylelds
and market values, The initial results showed that depending on
both the size of the firm and on the earnings yield, an abnormal

return could be achieved. However, further examination showed that
when the firm-size effect was controlled, leaving only the earnings

yield, the abnormal returns disappeared.
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The converse was not the case, thus Reinganum concluded that a
mis-specification of the CAPM existed, which appeared to be due to

the small-firm effect.

Since 1981, empirical studies have tended to concentrate on factors
such as the small-firm effect.(s) It i1s however, beyond the scope

of this review to analyse these findings.

Roll (1977; 1978) has suggested that it is impossible to test the
CAPM directly without testing the efficiency of the market at the
same time. His work, together with the mis-specifications of the
CAPM noted by m;ny researchers, has prompted the formulation of

Arbitrage Pricing Theory (APT), a testable alternative to the CAPM.

APT is briefly mentioned in Chapter 13.

6.3.6 Evidence on other markets

The studies above all concentrated on either or both of the NYSE or
the American Stock Exchange. Although not nearly as voluminous,
research has been carried out on some of the other markets.

Hawawini, Michel and Viallet (1983), credit Modigliani, Pogue and
Solnik (1972) with the first, limited, test on the Belgian Stock
Exchange. Guy (1977) has researched the German equities market,
whereas the Israeli market has been examined by Levy (1980). All of
the above studies used the BJS (1972) methodology, which has since

been superseded by the Fama and MacBeth (1973) techniques.
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Firth (1977) has studied the'relationship between risk and return on

the UK unit trusts market.

Hawawini, Michel and Viallet (1983) tested the CAPM in relation to
French Common stocks, using the Fama and MacBeth methodology. They
did however incorporate some more variables into the cross—sectional
regression technique in order to test extensions to the CAPM theory
which had been published since the Fama and MacBeth study. These
were Black's Zero;beta model, and Levy's Generalised CAPM, These
extensions have been included in the current study, as outlined in

Chapter 7.

The general consensus of the above studies was that, with some slight
anomalies, there appeared to be a positive 1linear relationship

between the risk and the expected return of different types of stocks.

To the knowledge of this researcher, no comparable study has been

carried out on the JSE,

6.4 SUMMARY OF MAJOR FINDINGS

The overall conclusion that can be drawn from the brief literature review

in section 6.3 1s that:

a linear relationship exists between the expected return and the risk

of different securities. In the long—-term, the return on the market

portfolio appears to be greater than the risk-free rate of interest
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. low beta securities appear to earn more than the CAPM predicted
earnings, while high beta securities appear to earn less

. the dominant risk-measure is beta

. ofher factors explain a portion of returns not ‘'captured' by the
beta-coefficient. Examples of these factors are the earnings-yield

and the size of the firm.

Thus, generally, the purely theoretical form of the CAPM does not agree

well with reality, although the CAPM appears to possess some validity.
]
Roll (1977;1978), has ‘criticised tests on the CAPM on the grounds that

they do not actually test what they purport to be testing. His critique

will not be examined here, as it 18 examined fully in Chapter 12.
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CHAPTER 6 — FOOTNOTES

(1)

(2)

(3)

(4)

(5)

This sub-section draws heavily on the reasons hampering direct testing
of the CAPM put forward by Francis and Archer (1979).

Refer to Chaper 4, section 4.2.1 for a brief description of a
'fair-game'.,

Residual variance was the term used by Lintner (1965) to describe what
is now commonly known as the unsystematic risk.

Roll (1977) published a critique on the testaBility of the CAPM, This
is mentioned at the end of the current chapter and reviewed in detail in
Chapter 12,

See for example: Roll (1981)
Reinganum (1982)
Basu (1983)
Fowler and Rorke (1983)
Keim (1983)
Reinganum (1983)
Schultz (1983)
and Barry and Brown (1984) amongst others.
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7.1

7.2

CHAPTER 7

THE RESEARCH MODEL

INTRODUCT ION

The previous chapter presented an overview of the major empirical work

that has been carried out in testing the CAPM.

This chapter presents, in a general sense, the model used in this study.
Testable hypotheses which will be empirically evaluated in Chapter 9, are

]
also developed. ’

SOURCE OF THE MODEL

Mention was made in section 6.3.3 of the major contribution to testing the
CAPM that was made by Fama and MacBeth (1973), hereafter referred to as
FM, and the subsequent testing of the CAPM on French common stocks using

FM's technique as carried out by Hawawini, Michel and Viallet (1983) - HMV.

This study uses the techniques presented by FM, as extended and modified

by HMV.

It is worth mentioning at the outset of the study that the FM approach is
designed to 1investigate the relationship between future returns and
estimates of risk based on current information. The test is thus not a
contemporaneous association test(l), but a test 1involving 1lagged

relationships.
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The decision to use the FM and HMV technique instead of other techniques
which have been developed (for example: Miller and Scholes (1972) or
.Black, Jenson and Scholes (1972)), was based on an evaluation of the
various methodologies employed. The FM/HMV technique as presented below
represents the best method yet developed as a direct test of the CAPM, as

explained in Chapter 6, section 6.3.4.

It 1s acknowledged that Roll's criticism (see Chapter 12) has some
)

validity, however in view of the extent of tests carried out on the NYSE,

and the absence of such tests on the JSE, the tests do have validity in a

South African context.

7.3 THEORETICAL BACKGROUND

Recall from 3.4.5 that there exists, in equilibrium, a linear relationship
between the expected return of any asset and the risk of that asset. The
risk 1s measured by the ratio of the covariance between that asset's
returns and those of the market portfolio to the variance of the market
portfolio's returns. In this linear relationship the constant term 1is
the return of the risk free asset RF and the slope 18 the expected

return on the market portfolio in excess of the risk free rate.
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This can be written as follows:

E(Rj)= Ry +(E (Ry)- Rp ) 9 M (7.1)
2

M

where E (Rj) expected return on asset j

Rp = expected risk free rate

E (Ry) = expected return on the market
g = covariance between returns of asset j
jM
and the market
2
Oy = variance of the market portfolio returns

~ = a random variable.

o.
M
The ratio -—fL* is often referred to as the systematic risk of asset j,
g
M
or its beta coefficient, This is, as mentioned earlier, the innovation

of the CAPM, in that risk 1s expressed in terms of the covariance of an
asset's returns with those of the market rather than by measuring the

total variability of these returns.

The effect of equation (7.1) 1is that 1t splits the return on any asset

into two components: the return of an asset that 1is riskless 1in relation
to the market (Rp) and a risk premium, that 1s BJ times the difference

between E(RM) and Rp .
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In order to develop testable hypotheses regarding equation (7.1), it is
necessary to review the underlying assumptions of the CAPM, These were

discussed fully in 3.4.2 thus they are only briefly mentioned here.

Assumptions underlying the CAPM

1. Capital markets are perfect: investors are price—takers (i.e. they
cannot set the price themselves), and
there are neither transaction costs nor
information costs. In addition,

assets are infinitely divisible.

2, Distributions of the one~period percentage returns of all assets and

portfolios are assumed normally distributed, or to conform to some

other two-parameter symmetric-stable distribution class.

3. Investors are assumed to be risk averse and to behave as 1if their

choice amongst portfolios is based on maximum expected utility.

Equation (7.1) is in a sense a 'snap-shot' view of an investor's beliefs,
as it reveals nothing about the behaviour of returns through time. This
behaviour is implied by the assumptions of the two parameter model that
the capital market 1is perfect with regard to the cost of transactions.

In order to test the CAPM 1t 1s necessary to choose a model that gives

period-by-period returns which enables the researcher to test the

implications(z) of the one-period expectations model.
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Such a stochastic(3) generalisation of (7.1) was suggested by FM(4) as
follows:

E _ ~ ~ ~ 2 o~ ~

e = Yoc’“chBj+Y2tBJ”3cSJ+”Jt (7.2)

where subscript t refers to time period t and §:1 are stochastic

coefficlents varying from period to period.

HMV extended the suggested process noted in (7.2) above by introducing two
more variables into the equation. These were introduced as a result of
articles published by’Black (1972) and Levy (1978) respectively. Black's
article showed that if the risk free asset specified in (7.1) does not
exlist then it can be replaced by an asset known as a zero-beta asset, 1i.e.
one whose returns are uncorrelated with the market portfolio's returns.
Levy's contribution to the literature was an examination of the extreme
diversification assumption. He assumed that any investor holds only a
few securities, Iinstead of investing in each and every security, If this
is the case, Levy shows that the dominant measure of risk is no-longer

the systematic risk, but the variance, which is the total risk.

By
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If these factors are added into the stochastic process suggested by FM and

shown by equation (7.2) the process becomes:

Ryt = Yor +V1eB 3+ Yo gyt T3¢ 85 +Y 40 4

Vs Syt e (7.3)
where: Bj = gystematic risk
Sj = unsystematic risk
2
Gj = total risk
Sj = relative-skewness of the return-distribution
where all of the above relate to asset j.
]
and Yi = stochastic variables i=20...5.

This equation will be referred to later, in section 7.5.

7.4 IMPLICATIONS OF THE STOCHASTIC PROCESS AND THE EXPECTATIONS MODEL

The expectations model specified 1in (7.1) has certain testable

implications. These are as follows:(S)

1. The relationship between the expected return on a security and its
risk in any efficient portfolio is linear. This can be rephrased by
saying that the relationship between an asset's expected return and
its systematic risk 1s linear. This 1s exactly what equation (7.1)

posits.
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2.

B J 1s a complete measure of the risk of security j within an
efficient portfolio, as no other measure of risk appears in equation

(7.1). In other words,

"investors are compensated only for the systematic portion of
the risk of an asset since the unsystematic portion can be

costlessly diversified away."(é)

Higher risk should be associated with higher return in a market of
risk-averse 1nvestors. This means that in the expected return -

systematic risk rélationship posited by (7.1), the slope 1s positive.

Investors 1in the market invest and make decisions based on the
assumption that the distribution of asset returns 1s symmetrical.
This implication 1is a direct result of the second assumption

underlying the CAPM, as mentioned in 7.3 above.

Unrestricted riskless lending and borrowing exists at a unique risk

free rate. This 1s a specific characteristic of the Sharpe—-Lintner

version of the CAPM.(7)

If investors are not extreme diversifiers, but rather invest only in
small portfolios containing a few securities, then total-risk 1s a
better measure of their risk-exposure than the beta. This was

Levy's geﬁeralised CAPM, referred to in 7.3 above.
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7.5 TESTING THE STOCHASTIC MODEL FOR RETURNS

Testing the two parameter model presents a problem, which 1is unavoidable,
of 'errors-in—-the-variables' existing.(a) This 1is because the
expected return - risk equation (7.1l) 1s expressed in terms of the true
(1nvestors') values of the Bj characteristic, whereas any empirical test
can only be carried out using the estimates ( é j). The problem
centres on the fact that 1f a proxy explanatory variable 1is used in a
least~squares regression, the computed coefficlents do not have the same
properties as 1if the true explanatory variable were used. It follows
that, to the extent that the estimates differ from the true values of the
explanatory variablesf errors 1in interpretation of results may occur,

This is however not considered to limit the validity of the tests, as the

problem is avoided, or at least minimised, by the technique noted below.

Blume (1970) has shown that the B 's of portfolios are far more precise

estimates of true Bj than the B's for individual shares. (Note that a

r N

denotes an estimated variable). This 1s the solution to the

'errors-in-the-variables' problem noted above. The statistical sampling

-

variance of Bj as an estimate of B j is

2 - 2 A

0(81)’ 0(8:132
; (Rj - Rj) .
t=1

. A
The value of o (B j) can be reduced either by making the denominator
large, by estimating B j over a long time-period, or by reducing the

numerator. The first solution depends too heavily on the assumption
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that Bj is stationary over time, thus the second solution is favoured.

The 02 (5 j) of portfolios are significantly 1less than those for
individual securities, due to the fact that the value of oz(Ej) for a
portfolio 1s merely the sum of the values relating to the underlying
securities. These securities will not be perfectly correlated, thps by
forming portfolios some diversification 1is 1introduced, which 1lowers
the Uz(gj) term. It {is thus preferable to use portfolio returns.

This limits the bias and inconsistency caused by the

'errors-in—-the-variables' problem.

In order to limit the loss of information in the risk-return tests caused
by using portfolios fnstead of 1individual securities a larger range of
values of portfolios é p's is obtained by ranking the é y of the
individual securities and then forming the portfolio based on these
rankings. The loss of information referred to above 18 caused by the
fact that a random allocation of securities to portfolios 1s likely to
leave each portfolio with a risk-measure fairly close to one (1i.e. the
market return). By forming high-beta portfolios and low-beta portfolios,
the beta characteristics of individual securities are maintained. This
in turn leads to another problem, as such a procedure can seriously damage

the regression results. As Fama and MacBeth put it:
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"But such a procedure, naively executed could result in a serious

A

regression phenomenon. In a cross-section of B 1 , high
observed B i tend to be above the corresponding true Bi and low
observed Ei tend to be below the true 8. Forming portfolios on
the basis of ranked é iy thus causes bunching of positive and
negative sampling errors within portfolios. The result is that a
large fgp would tend to overstate the true Bp , while a 1low ﬁp

would tend to be an underestimate”.

Fama and MacBeth (1973: 615)

This problem is overcome by using data in one period to estimate the Bi

]
from which to form the portfolios, and then using data from a different

period to obtain the Bp for these portfolios used to test the two

parameters model. By recalculating the betas of the portfolio in the

next period, the over- and under-estimations of the individual securities

within the portfolios become random instead of pre-determined.

Recall the stochastic model developed in section 7.3.

(7.4)

where Ej = gystematic risk
QJ = ungystematic risk
8; = total risk
§J = relative skewness of the return distribution,

all of asset j
~ = a random variable

~ = an estimated variable.
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This model i1s applied in testing the CAPM.

The methodology involved 18 rather complex to explain. It was thus
decided that it would be best described by detailing a general procedure
in this chapter, followed by a detailed review of-the actual procedures
carried out, which 1s given in the following chapter. In order to
simplify the description given here, no rationale is given for the various

problems 1involved, and the methodology used to overcome them. This

explanation 1s given in Chapter 8.

The general procedure is as follows:

]
Preliminary
The total time for which security returns are avallable, and over which
the analysis 1is to be carried out, 1s divided into various periods,

usually of a minimum of one year in duration. These periods are then

used in the various stages of the test, as described below.

Step One: Initial Beta Calculation

In the first period of the security returns being examined, calculate
the 6 i of the 1individual securities wusing the standard market

model:(g)
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Step Two: Rank the Shares by Beta and Allocate into Portfolios

Rank the individual éj estimates thus obtained, from highest to lowest,
and allocate each underlying security to a portfolio, based on the
rankings.

The procedure to achleve this is as detailed below:

a) Let N = total number of securities to be allocated

Let X desired number of portfolios

Let X' the largest integer equal to or less than N/X'

b) Allocate the individual securities to portfolios based on their
rankings:
thus Portfol&o 1 : the first X' + l/2 (N-(X.X'))securities
Portfolio 2 : the next X' securities
Portfolio X-1: the following X' securities
Portfolio X : has X' + 1/2 ((N-(X.X')) securities 1f N is

even, or X' + 1/2 (N-(X.X'))+1 if N is odd.
An example will explain this procedure more clearly:

Assume there are 15 securities, and 4 portfolios desired. Assume

-

further that security 1 has highest B , and security 15 the

-~

lowest B .

The allocation is as follows:

N =15
X =4
N/x = 3.75
X' =3

thus Portfolio 1 has: 3 + 1/2 ( 15-3,75.3)
4 gsecurities

Portfolios 2 and 3 have X' or 3 securities each
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and Portfolio 4 has: 3 + 1/2 (15 -~ 3,75.3) + 1
= 5 securities

Total allocated = 4 + 3 + 3 + 5 = 15 securities.

At the completion of this stage there are thus X portfolios, each

portfolio containing shares having similar risk rankings.

Step Three: Portfolio Parameters Obtained

Obtain portfolio parameters for the period immediately following that used
to form the securities 1into portfolios (viz. the second year of
returns). The parameters to be obtained are those as detailed in (7.4)
above. However, they are obtained for portfolios by obtaining the
individual securities' characteristics and then averaging them across the

portfolio. The rationale for this is given in section 8.4,

Equation (7.4) can thus be restated as:

'Ept = ;ot +;ltép+; 2t E; +?3t§p+?4t82p
+Yg 8+ Tpt (7.5)
p=1l....X
t=1....T
where:
ép = gystematic risk
;p = unsystematic risk
8; = total risk
and §p = relative skewness of the return distribution,

all for portfolio p.

The five parameters in (7.5) are obtained as follows:
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1. Systematic risk (ﬁj)

This is again estimated using the market model,

§ - 2
it @ +B Rty (7.6)
T
~ 1 (R.. - RO(R_ - R)
from which: B, = t= it i7" Tmt m
i T _ 2
z -
Z1 (Rmt Rm)

where a bar 1indicates an arithmetic mean, a hat signifies an

estimated variable and T equals the number of weekly observations.

This is in fact! the estimated slope coefficient of the regression

equation specified by (7.5).

~2
2. Alternative risk estimate ( Bj)

This parameter 1is defined as the square of the first parameter

obtained.

3. Unsystematic risk (§j)

This follows directly from (7.5), and is expressed by

3
A T ~o~ 2
sy = ta Ry 0y =By Rpe)
T -1
where o g = Rj - Bj Rm

Unsystematic risk 1is thus the standard error of the regression

equation.
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4. Total risk (85)

2
Total risk 1s measured by the variance ( o J) of the return
distribution of asset j, and is calculated without reference to the
market model. It is not considered necessary to specify the

equation for the variance here as this 1s a standard statistical term.

5. Relative skewness (§

3

This parameter is measured by the ratio of the third moment around
)
the mean of assét j's return distribution to that distribution's

standard deviation cubed.

The above factors are obtained for each security and then the simple

average across securities within the portfolio is calculated to obtain the

portfolio parameter.

Step Four: Portfolio Parameters Regressed against Portfolio Returns

Obtain the portfolio return (Rp) in the period following that used in

step 3 above, and, using the parameters obtained in step 3, regress the

R
P

for each week against the parameters, using various different

combinations of equation (7.5).(10)

Step 5: Assess the Statistical Significance of the Results

Asgess the statistical significance of the regression results obtained by

using the student t-test to evaluate the various hypotheses.
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Steé 6: Roll-forward the Process

Finally, steps 3 to 5 above are repeated, by 'rolling forward' the entire

process one year at a time.

7.6 SCHEMATIC MODEL OF THE METHODOLOGY

The following simple flowchart (Figure 7.1) details the research
methodology described in 7.5. Note that the numbers on the right-hand

side of the diagram correspond to the steps described in 7.5 above.

STEPS

1

7 PROCEDURAL
INITIAL BETA ESTINATION
IN FIRST PERIOD

BETA AMD ALLOCATE INTO
PORTFOLIOS IN THE MEXT
| PERIOD

I
| |
' i
l
|

JBTAIN PORTFOLIC A 3
PARAMETERS
S

N,

RANK THE SHARES BY w 2
|
J

i MOVE ANALTSIS FORWARD ]
’ L 3NE PERIOD )

[' REGRESS PORTFOLIG 3\ ;

PARWETERS AGAINST
‘ OUT OF FERIGD PORTFOLIO
RETURNS

ASSESS STATISTICAL 5
SIGNIFICANCE

Figure 7.1: Flowchart of the research model
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The model can also be presented in a time-frame as shown in Figure 7.2

below. Again, the circled numbers correspond to the steps described in

section 7.5 above.

TR 1 YEAR 2 . YEAR n
=1 ™
et
i - -,
o)
N
P e
v
Do
LT .
3o T2
- e St
— 3
1 U —
TIME : i
PERICD 5 . o2
—r l 4 lv: ; p ——
HS S—
) )
i
s‘
!
S
4
4 SO
'5 )
=

Figure 7.2: A time-frame explanation of the research model

7.7 HYPOTHESIS SETTING

The stochastic process developed and expressed in 7.3 (see also 7.5) was
employed by HMV to formulate a set of six testable hypotheses, labelled A
through F, which are detailed below. These hypotheses directly test the
underlying assumptions of the CAPM, as well as testing findings in other

studies of the CAPM,
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Hypothesis A:

Null Hypothesis (HOA):

The relationship between a security's expected return and its systematic

risk 1s linear.

To test this hypothesis, 1t 1s necessary to examine the random

coefficients of the following two equations.(ll)

~ ~ ~ A2 ~
Rip =Vor +Y1eBy +Voe By +7y,

~ EN

i
=

ot ¥ V2t By + Hiye

The two competing hypotheses to be tested are:

HA E(;lt) # 0

and E (;Zt) =0
versus
HA E(’; 1) =0

and E (;Zt) £ 0
The null hypothesis 1is that the expected value of ;lt is not equal to
zero, whereas ;Zt is equal to zero. The alternative hypothesis is
H A, that the expected value of ;lt equals zero and that of ;Zt is
not equal to zero.

If E (Ylt) #0and E( Y, ) = 0, then HjA cannot be rejected.
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Hypothesis B:

Null Hypothesis (H B):

Investors should bear only systematic risk, as this 1is

compensated for.

The two equations to be used are:

=<

Rjt = ot

and Ry = Yop * Yap syt WUy

where HOB : E (Y‘3t) =0

versus

HB :E (Yy3)# 0

Hypothesis B will be rejected if E ( ?3t) # 0.

Hypothesis C:

Null Hypothesis (Hoc):

Increasing risk brings increasing returns. In other words,

between risk and return is positive.
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In this case only one equation 18 necessary:

Ryt = Vot *V1¢ By + My

and HOC : E (Ylt) > 0
versus
HaC H E (th) < 0.

Thus hypothesis C will be rejected if E (Y2t) < 0.

Hypothesis D:

Null Hypothesis (H D):

The perceived return-distribution of securities (by investors) 1is
symmetrical; thus the expected value of YSt in the next two equations

must be zero.

Rie = Yor * Y1t By +Ys¢ 83 +10y
Rit = Yot ¥FVse Sy iy

and H D : E (Yg) =0

versus
HD : E (Yg) # 0

Hypothesis D will be rejected if E (;St) # 0.
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Hypothesis E:

Null Hypothesis (HOE):
Levy's generalised CAPM model is not valid.

This hypothesis 1s in direct response to Levy's findings (Levy: 1978) that
the variance of a security's return emerges as a dominant risk measure, as

opposed to the beta-coefficient (systematic risk), when investors do not

hold all available assets,

The two equations to be used are:

~ ~ ~ A~ ~2 ~
Rie = Yor v Y1 Byt V4 Oyt Hye
~ ~ ~ A2 ~
Rjt; = Yor V4 Oj + Hie
H . Y

and HE : E(Y4)>0

versus
HaE : E(Y,)<0

If E(Y, ) < 0, hypothesis E can be rejected.

The final hypothesis i1s as follows:

Hypothesis F:

Null Hypothesis (HOF):

Unrestricted riskless borrowing and lending at a unique risk-free rate

RF exists.
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Here, use: Rjt = .Yot +.Ylt Bj + 1JJt
HF : E(Yq) = Ry
versus

HaF : E (Y'ot) # Rp

This hypothesis is a test of the Sharpe-Lintner form of the CAPM. As
noted in Chapter 6, certain empirical findings have tended to supﬁort

Black's zero—beta version of the CAPM and to reject the Sharpe-Linter

form.(lz)

Numerous problemg exist in testing the 'pure' Sharpe-Lintner form of
the CAPM, due to the problem of 1solating and quantifying the
risk-free rate. Hawawini, Michel and Viallet (1983) used as a proxy
the weekly average of the day-to-day lending rate given by the major
French banks. This, it 1is respectfully submitted, 1is not a true
risk~free rate, as it is In essense a commercial lending rate. A
truer risk~-free rate would be the interest-rate on Government
bonds. However, the problems that arise with thls measure are that
there 1s in fact a term structure to interest rates; in addition, the
risk free rate 1s not really the nominal rate of the coupon, it is
the rate at which that particular coupon changes hands in the period
under review. In other words, the risk free rate should really be
the 'effective' rate, and not the nominal rate. In view of these
problems, and because the distinction between the Black model and the
Sharpe-Lintner model i1s not large, this hypothesis was not tested in
the current study. No loss of validity of the study arises as a

result of this.
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The hypotheses are summarised in Table 7.1. In each case the null

hypothesis i1s followed by the alternative hypothesis.

Table 7.

1:

Testable Hypotheses of the CAPM

H,A: The relationship between a security's expected return
and its systematic risk is linear
A
HaA: The relationship is not linear
H,B: Investors bear only systematic risk
B
H,B Investors bear more risk than only systematic risk
HyC: The risk-return trade—off is positive
c
HyC: The risk-return trade—-off is negative
H,D: Investors perceive securities' return distributions
as symmetrical
D
H,D: The perceived return distribution 1s asymmetrical
HyE Levy's Generalised CAPM is not valid
E
H E: Levy's Generalised CAPM is valid
7.8 SUMMARY

In this chapter the model used to test the CAPM has been developed.

Following on from this,

discussed.

Finally,

expanded upon.

the broad basis used to test the model has been

five testable hypotheses have been drawn up and

The next chapter will explain the actual research methodology used in this

study,
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CHAPTER 7 - FOOTNOTES

(1)

(2)
(3)

(4)
(3

(6)
(7)
(8)
(9)
(10)

(11D

(12)

Contemporaneous association tests have been used extensively to test the
efficiency of markets, and also to test the degree of assoclation
between different factors e.g. accounting methods and risk of stocks.

In this regard see Fama, Fisher, Jensen and Roll (1969), who were the
first to develop the method. A literature review of tests of this
nature will be found 1in Fama (1970) and Gonedes and Dopuch (1974)
amongst others.

These implications are discussed later, in section 7.4.

A stochastic process is defined as "a process consisting of a number of
steps having a random variable, the successive values of which are not
independent”.

Refer Fama and MacBeth (1973), page 611.

Implications 1 to 3 and 5 were shown by FM, whereas 4 and 6 were, to the
knowledge of this researcher, developed by HMV.

Hawawini, Michel and Viallet (1983), page 335.

Refer Chapter 3.
This problem was highlighted first by Blume (1970).

See Chapter 3, section 3.3.2 for a description of the market model.

These combinations of parameters will be explained later when the
hypotheses are set.

The equations listed in the hypotheses are all subsets of the stochastic
process referred to in 7.5.

Black's zero-beta model 1is described in section 3.5 and represented
graphically in section 12,2,
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CHAPTER 8

RESEARCH METHODOLOGY

8.1 PRELIMINARY WORK

The Johannesburg Stock Exchange (JSE) can be split into two main sectors:
the Mining sector and the Industrial sector. In view of the close
relationship between the prices of mining shares and the world market
price of the particular commodity being mined, this study has concentrated
only on the Industrial sector of the market.(l)
)

Weekly share price data for the eight year period 2 February 1973 to

14 November 1980 was available on the University of Cape Town Univac 1106
Computer. This data consisted of prices for 107 individual securities,
and for the Rand Daily Mail 100 Index (RDM-index). See Appendix A for a
complete list of the companies used in this study. The share price data

was however, stored on four different data files.

The return on a share 1is defined as the change in the price from one
period to the next, plus the dividend in that period, all divided by the
previous period price. It was thus necessary to obtain the dividend
relating to each security, ascertain the last day to register (LDR) for
that dividend, and add this amount to the appropriate price in the week in
which the LDR fell. This would thus yield the correct return when the

return was calculated.
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The information on dividends was manually extracted from another data file
kept on the Univac, chronologically summarised and then entered into the
original price data file by means of a Fortran program written especlally
for this purpose. The-data on the files was manipulated, yielding weekly
log-returns. This file will henceforth be known as the 'returns

file'.(2)

The choice of the time period over which to calculate the returns 1is a
difficult one, as there is a trade-off involved between the amount of the
data to be included in.the study and the accuracy of the same data. The
use of weekly returns.can lead to bilased estimates of beta, particularly

for firms whose shares are thinly traded.

This has been pointed out by Dimson (1979) as a problem with weekly
returns. In the South African context, Carter (1983) has said that
monthly returns should be used if possible, however 1f the number of
return periods drops to less than fifteen, then weekly returns should be

used (Carter (1983): 8.7).

The use of monthly returns would have led to only 101 estimates in total,
whereas weekly returns left 404 returns for investigation in the study.

At this initial phase of the study it was felt that the presence of
thinly-traded shares, otherwise known as the intervalling effect, was less
likely to be a problem than the potential error in estimates if monthly
returns were used. It was thus decided to use weekly returns 1in the

study.

- 127 -



The decision to use log returns instead of simple returns was made because
of the additive nature of log returns. Consider the following example:
The price of a security in week 1 = 100, in week 2 = 200, and in week 3 =

100 again. The simple return is calculated as follows:

Week 2 R, = 200 - 100 = 1,0

100

Week 3 R3 = 100 - 200 = 0,5
200
.D
Overall, the return is clearly zero, yet adding the above returns yields a
net return of + 0,5. Using log returns solves the problem:
Week 2 R, = log

e Pz/Pl = 0,69

Week 3 R = log

e P3/P2 = - 0,69

and, overall return = 0,69 - 0,69 = 0, which is the correct answer.

Carter (1983) has shown that the choice of log return or simple return
does not have a significant impact on the results of the regression

carried out when using the market model, however he does advocate its use

wherever possible. For this reason, the log return method was adopted in
the current study. Fama (1965) has shown that this method is in essence

equivalent to a continuously compounded rate of return.
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8.2

At the end of the preliminary phase of the work there was thus one file
covering 404 weeks from 9 February 1973 to 14 November 1980.(3) This
file contained log returns on a weekly basis for 107 industrial-sector

shares, together with weekly log returns for the RDM-index. All the

shares were quoted for the full period of the study, and share splits have
all been taken into account in determining the return.

The next stages of the study follow the procedures described in 7.5.

STEP ONE: INITIAL BETA CALCULATION

8.2.1 Methodology

The first 100 weeks of the period were used to generate the
beta-coefficient for each share, using the standard market model

described in chapter 3, section 3.2.2.

Recall:

R = QL .
o5+ B1R + €

RDM. t t
Where R = return on i'th security in time t
i=1... 107
R RDM.t = return on RDM-index in time t
t=1...100

ay = y—intercept of the regression equation

B4 = risk coefficient

= glope of the regression equation.
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8.2.2 .-

The result of the above was 107 beta-coefficients, one for each

security.

Defence of the methodology used

The use of the market model for generating beta-coefficients is a

generally accepted method. There are however a number of problems

underlying it. These will be addressed now.

General comments on the use of the Market Model (MM)

King (1966) has noted that the use of the MM does explain a
large extent of the variance of a securities returns, thus it
would appear to be a valid model. The linearity assumption of
the model has been shown to be adequately satisfied by Fama,
Fisher, Jensen and Roll (1969), who used it to test market
efficiency and stock splits. The fact that beta-coefficients
do provide a good estimate of the inherent risk of a security
was shown by Beaver, Kettler and Scholes (1970). These
results, although notvcarried out on the JSE, will be accepted
as being equally valid in the South African context, as there

has, to date, been no evidence to disprove these.
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The use of Ordinary Least Squares Regression

It is generally acknowledged that the use of an ordinary least

squares regression technique (OﬁS),requires the satisfaction of

four assumptions about the error term 1in the MM. It is also

however, the most extensively used method for calculating the

beta coefficient. The assumptions regarding the error terms

are:

the mean of the residuals 1s zero: this 1is achieved by

]
construction, as the OLS technique 'forces' this result.

the covariance between the error terms relating to any
security, from one period to another, 1is =zero: this
zero—autocorrelation assumption holds 1i1f the Random Walk
Model 1s a valid assumption (refer section 4.2.1). This
has been shown to be valid on the JSE by Affleck-Graves and
Money (1975), thus no further work 1s considered necessary

here. Fama et al (1969) showed it to be true for the NYSE

also.

homoscedasticity of the error term: This refers to the
fact that the variance of the error term should be constant
over time, and that the value of the error term should be
independent of the return on the market. Carter (1983)
has referred to Affleck-Graves (1977) as finding that some

30% of the industrial securities on the JSE exhibited
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significant heteroscedasticity. Dimson (1979) has said
that this could be due to thin-trading of the shares of
certain firms. Affleck-Graves (1977) does however say
that the problem is not significant 1if the 'fit' between
the security return and the market return 1s not good.

This study has thus assumed that the homoscedasticity

assumption 1s not a problem, even if it is not met.

. the final assumption 1s the normality imn the distribution
of the error terms: This has been shown not to be the case
on the JSE, as Affleck-Graves (1974) has found the
distribhtion to be a member of the stable paretian family
of distributions. Carter (1983) has found that this does

not affect the results of the OLS and 1is thus not

considered a problem in the current study.

The above discussion has shown that the procedure adopted,
namely the use of OLS and the market model, 1is a wvalid

exerclise. Step two of the analysis can now be performed.

8.3 STEP TWO: RANK THE SHARES BY BETA AND ALLOCATE INTO PORTFOLIOS

8.3.1

Methodology

The 107 securities were ranked from highest to the lowest beta

coefficient. The shares were then allocated into portfolios as
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follows (Note B, = highest beta value; B1g7 = lowest beta

value).
Bl ceas 813 = Portfolio 1 : 13 shares
314..... 823 = Portfolio 2 : 10 shares
etcetera
B 84e++.. Bg3 = Portfolio 9 : 10 shares
Bggeonne 8105 = Portfolio 10 : 14 shares
107 shares

Ten portfolios were chosen in order to give enough 1inputs for the

cross—sectional regression described in step four below.

Note that the procedure as described in 7.5 18 used here to calculate

the number of securities desired per portfolio. Using the same

symbols as in section 7.5.

N = 107
X = 10
X' = 10

Thus, Portfolio 1 = X' + 1/2 (N =(X X'))
= 10 + 1/2 (107 - 10.10)
= 10+ 3
= 13 securities
Portfolio 2 ...9 = 10 securities

Portfolio 10 = 14 gecurities
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This stage of the analysis was carried out using the BMDP statistical

packages available on the Univac.

Full details of the share names, B —fankings and allocations to

portfolios are given in Appendix B.

8.3.2 Reasons for the ranking of securities into portfolios

Reference was made in section 8.1 to the intervalling effect. Blume
(1970) has shown that this problem can be reduced by using portfolios
instead of indivfdual securities. This procedure was explained in
section 7.5. By forming portfolios arbitrarily, the beta measure of
the portfolios will tend towards one. This might lead to a loss of
information. The solution is thus to ensure the spread of betas
between portfolios 1s 1large by ranking the shares and forming
portfolios having a large spread of beta values. These are then
more consistent with the beta characteristics of individual

securities.

8.4 STEP THREE: PORTFOLIO PARAMETERS OBTAINED

The portfolio parameters are obtained as follows:

For each share, the 'returns file' is used to generate the five parameters
noted in section 7.5 This was done for 104 weeks at a time. The five

parameters could not all be obtained from one statistical package, thus

two packages were used.(4)
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In this way the five parameters viz. beta, beta-squared, standard error,
variance and relative skewness for each share were obtained. The shares
were - then grouped into the portfolios and the simple average of the
individual security parameters was calculated in order to obtain the

portfolio parameter.(S)

Initially it was felt that the use of the portfolio characteristics would
yleld the same results as 1f the average of the characteristics of the
individual shares within the portfolios was used. However, a detailed
analysis of the mathematical formulae involved 1in calculating these
parameters showed thag the values would be different depending on how they
were calculated. The approach chosen 1s considered to be the correct

one, and to yleld the most accurate results.

This procedure was repeated four times, each time moving the analysis

forward by one year (52 weeks).

Four different portfolio parameter sets were thus obtained as detailed in

Appendix C. The parameters, and the weeks used to derive them are noted

below:

Table 8.1: Parameter sets used in the Analysis

Parameter set Obtained on returns in periods
One 101 - 204
Two 153 - 256
Three 205 - 308
Four 257 - 360
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8.5 STEP FOUR: PORTFOLIO PARAMETERS REGRESSED AGAINST PORTFOLIO RETURNS

The fourth stage of the technique 1involves calculating the portfolio
return, and then regressing this _return against the various parameters
(see step 3 above) as obtained from the two year period immediately prior

to the one containing the portfolio returns to be used in the regression.

The 'returns file' was manipulated using a speclally written Fortran
program to calculate portfolio returns. The program calculated the
overall portfolio return in each week for each of the ten portfolios, by

»
aggregating the returns for all the shares in any one portfolio.(6)
In this way the 'returns file', containing 108 variables in each week was
converted to a 'portfolio returns' file containing 11 variables 1in each
week.(7)
For 52 weeks, the ten portfolio parameter sets were cross-sectionally
regressed against the ten portfolio returns, using the regression

equations as developed in 6.6, in order to test the various hypotheses.

In the next 52 week period the second parameter set was used in the

regressions, and so on.

Table 8.1 can now be expanded as follows:
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Table 8.2: Full parameter-regression period used in the analysis.

Parameter Obtained on returns Regressed on out No of
set in periods of period returns periods Year
One 101 - 204 205 - 256 52 1977
Two 153 - 256 257 - 308 52 1978
Three 205 - 308 309 - 360 52 1979
Four 257 - 360 361 - 400 40 1980

Note that the years as labelled in the table above refer to the out of
period returns, and run from mid-January in one year to mid-January in the
next year, except for!1980, which runs from mid~January to mid-November, a
forty week period only. Although the classification by year alone 1is not
strictly speaking correct, the period does cover the greatest part of the
calendar year, and thus for the sake of brevity the periods are referred

to as 1977, 1978 and so forth.

Step four of the technique and step six, the roll-forward, were thus
completed, and step five, the assessing of the statistical significance of

the results was performed as detailed below.

8.6 STEP FIVE: ASSESSING THE STATISTICAL SIGNIFICANCE

Up until this stage the majority of the computations had been carried out
on the mainframe computer. In order to give greater flexibility in
manipulating the data, the regression results from step four were entered

onto a specially created Lotus 123 'speadsheet' on an IBM mini-computer.
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The variances for each year's cross—-sectional regression were calculated,
and, using the hypotheses developed 1in section 7.7 above, t-Test
statistics were calculated and analysed for significance. In addition to
analysing results by year, the results were analysed in two two-year

periods, and for the four year period overall,(8)

Formally, the t-test is described:

t (vy) = Y,
oY DI
»
where ?i = l Sy
~ n i
Y'i = regression coefficients generated using the

cross—-sectional regression equation presented
in section 7.3 i=1...5

O(Yi)= standard deviation of ?i

N =  number of periods used in the regression.

8.7 SUMMARY OF THE PROCEDURE

The whole procedure is summarised below, 1in the time-framework shown in

Figure 7.2 in section 7.6,
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Figure 8.1: Schematic illustration of the methodology
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Stages: 1. Initial betas estimated over weeks 1 to 100
2, Rankings used to create portfolios
3. Portfolio parameters calculated
4, Portfolio returns regressed against portfolio parameters
obtained in the immediately preceding period

5. Results interpreted
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8.8 A GENERAL DEFENCE OF THE METHODOLOGY

The methodology for the study has been defended at length within the body
of this chapter, and also, to a lesser extent, in Chapter 7. It is
however felt necessary, in this section, to defend the major criticisms

that may be levelled at the study.

The use of the market model has been defended in 8.2.2, wherein it was
concluded that the market model presents the best and most often used,
method to calculate the risk of a specific security. The use of OLS has
also been defended. !There is a problem with the heteroscedasticity of
the variance of the error terms, however this was not considered to be a

major limiting factor to the results.

Carter (1983) has outlined the best method of beta estimation for the

JSE. This 1is as follows:

"(1) Choose the length of historical period from which the beta
estimate 1s to be made equal to the length of the period for

which 1t 1s required.

(11) Using an overall market surrogate such as the JSE All Share
Index, calculate monthly continuously compounded returns (log

price relatives) for the security and the market. If the
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historical period is 1less than fifteen months, weekly data
should be wused to provide sufficient sampling points.

Dividends, which in any event are excluded from the calculation
of the JSE Actuaries Indices, may be ignored (Sharpe and Cooper

(1972)).

(111) Using ordinary least squares (OLS), obtain estimates of the
alpha and beta parameters using the MM and the returns
calculated above. Zero return weeks should be retained,
whether traded or not."

}

Carter (1983: 8.3-8.4)

The current study has followed essentially the same method as outlined by
Carter, with the following deviations. With regard to point (1), the
length of time used to estimate the beta is two years, whereas the time
period over which it is used is one year. The extra period was chosen in
view of the fact that the beta coefficient 1s used on out of period
returns, and thus becomes in a sense predictive. Carter has said that in

this case as long a period of estimation as possible 1is required. The
use of two years estimation for one year of returns is considered to be an

adequate mixture of the two approaches,
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Although the historical estimation period is greater than fifteen months,
weekly returns have been used in order to give greater accuracy. The
intervalling effect may be. a problem here.(g) Dividends have been
included in the current study, as they do represent an actual return on
the share. It is acknowledged that the index does not include dividends,
thus the beta coefficient may be slightly mis-specified. The affect of
this is unlikely to be large however, because of the fact that dividends
would usually only be paid, at most, twice a year, and even then the share
price 1s normally significantly greater than the dividend, thus it does
not affect the return’to a large degree. The use of the RDM-100 index
instead of the JSE All Share Index i1s considered to be more appropriate

because no gold or mining shares have been included in this study.

All other facets of the proposed 'best' methodology have been followed.

It 1s suggested that the estimates obtained will therefore be accurate and

descriptive of the actual market in the time period under examination.

The intervalling effect has also, it 1s hoped, been minimised by the use

of portfolio returns instead of individual security returns.

The above discussion has concentrated on internal characteristics of the
study, and 1ts internal validity. There remains, of course, the external

validity of the study.
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This 1is, as already mentioned, the first test of the CAPM in South
Africa. Every effort has been made to ensure that the best techniques
developed have been used in the study. These techniques relate both to
the JSE (e.g. Carter's suggestions noted above) and internationally (e.g.
the use of the Fama and MacBeth (1973) techniques in place of those of
Black, Jensen and Scholes (1972)). The study does cover a large number
of shares in the industrial sector of the JSE, for a period of four years,
and can thus, it 1s submitted, be representative of the industrial sector

of the JSE as a whole, certainly during the time period being studied.

1]
In summary, it 1is submitted that the study presented in this thesis has

both external and internal validity.
8.9 SUMMARY

This chapter has explained the specific methodology used in this study.
In addition, the methodology has been 1linked to the general methods
described 1in Chapter 6. The study has also been defended on

methodological grounds. The results of the study are presented next, in

Chapter 9.
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CHAPTER 8 - FOOTNOTES

(1)

(2)

(3)

(4)

(5)

(6)
D)

(8)

(9)

This partitioning of the JSE and concentration on the industrial sector
only 1s in keeping with numerous other studies on the JSE. See for
example Affleck~Graves and Knight (1983).

Professor Barr's assistance in writing Fortran programmes to manipulate
the data was greatly appreciated. = Without his help the task would have
been extremely difficult.

In calculating the returns, the first week of the file 1is lost, hence
the 9 February start of the 'returns file'.

The BMDP (1982 version) packages used were: P1R for beta and standard
error and P2D for skewness and total risk.

HMV were ambiguous 1in stating how their portfolio parameters were
obtained. Whether directly from the portfolio returns, or whether they
were obtained as above was not clear. Close analysis of the FM
technique revealed that the simple average was used, thus this method
has been used in this study.

]

Once again, Professor Barr's help in this regard was invaluable.

That is, the ten portfolio returns plus the market returns as reflected
by the change in the RDM-100 index.

This 1is because of the fact that, although the CAPM predicts an
upward-sloping linear relationship between risk and return, the change
from ex-ante to ex-post, based on actual returns, means that a negative
relationship may exist in the short—term. By aggregating the data into
longer periods any short-term abberation should be removed.

In fact, this is a problem, as suggested in Chapter 10.
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CHAPTER 9

RESULTS OF THE TESTS ON WEEKLY RETURNS

9.1 INTRODUCTION

9‘2

The previous chapter introduced the actual methodology used in the study
together with a defence of the methodology. - The hypotheses to be tested
were developed in Chapter 7, section 7.7. In this chapter the results
for each hypothesis are presented, period by period. Finally, a summary
of the results is made, and initial conclusions are drawn. It 1is
stressed that, in view of the results that were obtained, significant
re—-analysis of the metéodological issues had to be carried out. This is
noted in Chapter 10, while the results of the refined methodology are
presented in Chapter 11. In view of this, the discussion on the results
presented in this chapter 1is of a fairly curtailed nature. The results
using the two different methods are compared in Chapter 11 where detailed

analysis as to the cause of the findings is carried out.

HYPOTHESIS A: LINEARITY OF THE RISK-RETURN RELATIONSHIP

The random coefficients of the following two equations are tested in this

gsection:
~ ~ ~ PN ~ A2
Regressi One: - o
gression One Rjt Yot-mrltsj +Ye By +Hy, » and
. ~ ~ ~ A2 ~
Regression Two: Rjt - Yot +.Y2t By + “jt

The results are presented in Table 9.1 below.
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Table 9.1: Linearity of the risk-return relationship

Regression One Regression Two
Calculated Beta Beta—squared Beta-squared
Value Year Y, Y, Y,
1977 ~1.96 ** 1,77 ** 0.43
1978 0.500 -0.660 -1.13
t-TEST 1979 0.146 0.134 0.940
STATISTIC 1980 -1.49 * 1.29 0.011
1977-1978 -0.488 0.133 -0.528
1979-1980 -1.47 * 1.36 * 0.353
1977-1980 -1.44 * 1,14 0.150
1977 | , -.021 .009 .001
1978 - .010 -.007 -.002
AVERAGE 1979 .002 .001 .002
REGRESSION 1980 -.040 .020 .0001
COEFFICIENT 1977-1978 -.005 .001 -.0001
1979-1980 ~.020 .011 .001
1977-1980 -.012 .006 .0002
1977 .006 .003 .0001
1978 .019 .006 .0001
VARIANCE 1979 .146 134 .0002
OF 1980 .032 .010 .002
REGRES SION 1977-1978 .013 .004 .0001
COEFFICIENTS 1979-1980 .019 .007 .001
1977-1980 .016 .005 .0006

* Statistically significant at the 10Z level
** Statistically significant at the 5% level

In Table 9.1, the t-Test statistics are given first, as these are the most
important results. In addition, the average regression coefficient and

the variance of the regression coefficient are shown.

Recall from section 7.7 that the hypothesis would be rejected 1if

~s

E(Y;,) = 0, and
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The most important result is that for the complete four year period. In
Regression One the t—- statistic is statistically not equal to zero, for
the overall period and for certain sub-periods. In some of the
individual years the beta—-coefficient 1is however not significantly

different from zero.

What is perhaps more surprising is the fact that in four of the seven
sub-periods the overall beta-result, although statistically not equal to
zero, wWas negative. This would appear to be contrary to the primary
assumption of the CAPM that Increasing risk yields increasing return.

]
However, this result " is possible in an ex-ante situation, as noted in

Chapter 8. In general the beta-squared coefficient 1s not significantly
different from =zero. Further insights into the slope of the line are
given 1n testing hypothesis C, Perusing the average regression

statistics, and the variances, it 1s clear that no significant deviations

or abnormalities are present.

The results are not what would be expected were the CAPM to be valid.

The test 1s designed to ascertain whether the risk-expected return
relationship is linear, and also whether it 1is described by one factor,
namely beta, as posited by Sharpe (1964) and others since then. The
inclusion of beta-squared into the regression 1line was 1intended to
ascertain whether the risk-measure as denoted by beta 1s sufficient to

explain the relationship.
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9.3

The results of the test indicate that beta is sufficient, and that the

relationship is linear, however it 1s negative,

Possible reaons for this negative relationship are explored in Chapter
11. In the meanﬁhile, the linearity (but not the slope) of the equation
has been satisfactorily shown to be 1In accordance with the CAPM
predictions. This implies that Hypothesis HaA will be rejected, thus
the null hypothesis 1s accepted, and the risk-return relationship is

expected to be linear in beta.

The second hypothesis will now be examined.

HYPOTHESIS B: SYSTEMATIC RISK IS THE ONLY RISK BORNE BY INVESTORS

To test this hypothesls the random coefficients of following two equations

are compared.

~ ~

Regression Three: Rjt = ot +let Bj +'Y3t sj + U jt

=<

~< 1

Regression Four: Rjt - ot

If the expected value of T3 in both equations 1s not equal to zero, the
null hypothesis will be rejected. The results are shown 1in Table 9.2

overleaf.
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Table 9.2: Systematic risk only is borne by investors

Regression Three Regression Four
Calculated Beta Std-error Std-error
Value Year T, Y3 Y3
1977 0.087 1.14 1.19
1978 -1.06 -0.220 -0.272
t-TEST 1979 1.01 ~-0.248 -0.658
STATISTIC 1980 -0.053 -0.466 -0.577
1977-1978 -0.655 0.702 0.692
1979-1980 0.402 -0.582 -0.953
1977-1980 0.016 0.188 -0.040
1977 , .0002 .261 .267
1978 - -.003 -.045 -.009
AVERAGE 1979 .003 -.040 -.110
REGRESSION 1980 -.0004 -.103 -.116
COEFFICIENT 1977-1978 -.001 .108 . 106
1979-1980 .002 -.077 -.123
1977-1980 .0000 .019 -.004
1977 .0004 2.73 2,58
1978 .0004 2.18 2.21
VARIANCE 1979 .0005 1.35 1.46
OF 1980 .003 2,14 1.78
REGRESSION 1977-1978 .0004 2.48 2.42
COEFFICIENTS 1979-1980 .001 1.69 1.59
1977-1980 .0009 2.10 2.02

None of the t-Test statistics 1Is statistically significant at the 5% level
or at the 10X level.
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9.4

As shown above, neither the ©beta-coefficient nor the standard
error—coefficient 1is significantly different to =zero. In Regression

Three and in Regression Four the standard error term is equal to zero.

The standard error is a measure of the unsystematic risk, which should
theoretically be diversified away by investors. If the standard error
term was shown to be significantly reflected in, and correlated with, the
return of the portfolio, this would indicate a non-efficient situation in
which investors could not diversify away this element of total risk. The

expected result in this case 1s thus that the standard error term will be

1]
equal to zero. ’

The actual result is in fact the expected result, as the standard error
term 1s never significantly different from zero. Admittedly, neither is
the beta-coefficient, but this has already been indicated in testing

hypothesis A.

Hypothesis B can thus be accepted, as the expected value of the standard

error—coefficient equals zero.

HYPOTHESIS C: THE RISK-RETURN TRADE-OFF IS POSITIVE

In testing whether the risk-return trade-off 1is positive, only one

equation 1s needed. If the value of the random coefficient relating

to ?1 in Regression Five (below) is positive, this 1implies that the

trade-off between risk and expected return is also positive.
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~ ~ ~

=Vor * V1t By *+ ¥yt

~

Regression Five: RJt

The results of this test are presented in Table 9.3

Table 9.3: The risk-return trade—-off 1s positive

REGRESSION FIVE

RANDOM COEFFICIENTS RELATING TO BETA ('Yl)

YEAR t-TE%T AVERAGE REGRESSION VARIANCE OF THE
STATISTIC COEFFICIENT REGRES SION COEFFICIENT
1977 0.216 .0006 .0005
1978 -1.07 -.003 .0004
1979 1.09 .004 .0006
1980 -0.308 -.002 .002
1977-1978 -0.576 -.001 .0004
1979-1980 .205 .0008 .001
1977-1980 -0.123 ~.0002 .0009

No values are statistically significant at the 5% or at the 10%Z level.

The t-statistics given above indicate that, for the full four year period,
the risk-return relationship was negative, however not statistically
significantly so. In 1977 and 1979 the trade—off was positive, again not

significantly so, as it was in the two year period 1979-1980.

This result was suggested by the results of the tests on Hypothesis A.
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9.5

This finding is surprising, although not unknown in tests of the CAPM,

In moving from an ex-ante model to an ex—-post, testable model, it is

theoretically possible to get a negatively sloping risk-return line.
Hawawini, Michel and Viallet (1983) did find 1instances of this in the

majority of the periods they studied.

It is all too easy to explain away this negative ex—post reaction by
reasoning that the market return in the period tested was negative. This
is however unlikely, as the expectation 18 that, over a sufficient period
of time, the market portfolio, being riskier than the risk-free asset,
will outperform the risk-free asset. The observed results are thus
possibly due to methédological factors. These are examined in Chapter

10, and again in Chapter 11.

Hypothesis H C must thus be rejected, so the alternative hypothesis

(HaC) i8 accepted. In the period studied, 1t would appear that the

relationship between risk and return is linear, but negative 1.e. low beta

port folios would have earned higher returns in this period than high beta

portfolios or, stated in another way, increased risk results in decreased

returns.

HYPOTHESIS D: RETURN DISTRIBUTIONS ARE PERCEIVED AS BEING SYMMETRICAL

In testing whether the return distributions of the portfolios are
perceived as being symmetrical and thus that skewness is ignored in making

decisions, the following two equations were examined, and the random

coefficients of the regression equations tested for significance.
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~ A ~

Regression Six: RJt = Yor *t Y1 Bj +Y5, Sj + Wy

. = T A ~
Regression Seven: it .Yot +Ys, 8 1 + Ty

2

These results are presented in Table 9.4.

Table 9.4: Investors perceive symmetrical return—-distributions

Regression Six Regression Seven
Calculated Beta Skewness Skewness
Value Year Y, Y, Y,
1977 0.25 -0.12 -0.003
1978 | -1.03 0.56 0.83
t-TEST 1979 - 0.20 -1.62 * -2.25 **
STATISTIC 1980 -1.01 -1.13 -0.44
1977-1978 -0.50 0.07 0.29
1979-1980 -0.98 -1.89 * -1.42
1977-1980 -1.10 -1.10 0.50
1977 .0008 -.0007 -.0002
1978 -.0003 .001 .002
AVERAGE 1979 .0008 -.003 -.003
REGRESSION 1980 -.010 -.006 -.002
COEFFICIENT 1977-1978 -.001 .0002 .0009
1979-1980 -.005 -.005 -.003
1977-1980 -.003 -.002 -.0009
1977 .0005 .002 ,002
1978 .0002 .0003 .0002
VARIANCE 1979 .0009 .0002 .0001
OF 1980 .005 .001 .0007
REGRES SION 1977-1978 .0005 .001 .0009
COEFFICIENTS 1979-1980 .002 .0007 .0004
1977-1980 .001 .0009 .0007

* Statistically significant at the 10% level
*%* Statistically significant at the 5% level
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9.6

If the returns were not symmetrical, the exbected value of 5?3, the
cross—sectional coefficient relating to the skewness of the
return—-distribution of the portfolios, would not be zero. As can be seen
in Table 9.4, in the majority of the periods tested this was the case.

Cerfainly for the overall four year period, the distribution is
symmetrical. In 1979, and again in the two-year period 1979-1980, the
value of the skewness co-efficient 1s significantly negative. This 1is
the case (in 1979) for both Regression Six and Regression Seven. In the
aggregate of the two periods, the significance noted in Regression Six is

no longer present in Regression Seven.

]
Again, in general, tlie expected result has been shown to be the actual
result. The hypothesis that skewness is ignored by Iinvestors in making

their decisions can be accepted, as the empiricial results indicate this

to be the case.

Hypothesis D can thus be accepted, the return—distribution is perceived as
being symmetrical when decisions are made by investors, they show no

particular preference for skewness, either positive or negative.

The results of the final hypothesis will now be examined.

HYPOTHESIS E: LEVY'S GENERALISED CAPM IS NOT VALID

This test 1is, as mentioned in section 7.7, a test of Levy's (1978)
findings that variance i1s a risk measure that dominates beta, when total

diversification is not possible. The two equations to be tested are thus:
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Regression Eight: Rjt - .Yot +.Y1t Bj +'Y4t
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Regression Nine: RJt = Yor * V4t OJ + th

Table 9.5. shows the results of this test.

Table 9.5: Investors are exfreme diversifiers

Regression Eight Regression Nine
]
Calculated ) Beta Variance Variance
Value Year Yl Y, Y,
1977 -0.122 0.895 0.920
1978 -0.107 -0.144 -0.107
t-TEST 1979 1.101 0.109 -0.181
STATISTIC 1980 -0.063 -0.785 -0.736
1977-1978 -0.775 0.499 0.495
1979-1980 0.463 -0.360 -0.594
1977-1980 -0.034 0.242 0.091
1977 -.0004 1.481 1.334
1978 -.003 -.256 -.190
AVERAGE 1979 .004 . 140 -.235
REGRESSION 1980 -.004 -.670 -.652
COEFFICIENT 1977-1978 -.002 .609 .568
1979-1980 .002 -.287 ~-.480
1977-1980 -.00007 .179 .065
1977 .0006 141.51 108.08
1978 .0004 165.80 165.51
VARIANCE 1979 .0006 86.21 87.51
OF 1980 .002 32.02 34,53
REGRESSION 1977-1978 .0005 154.53 137.15
COEFFICIENTS 1979-1980 .001 60.98 62.78
1977-1980 .0009 109.30 101.24

None of the t-Test statistics is significant at either the 5% level or at
the 10% level.
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9.7

Again, no t-statistics are statistically significant, 1implying that the
variance is not a better measure of the risk, and thus that investors do
diversify in the extreme. The average values of the coefficient are low,
but in both Regression Eight and Regression Nine, the variance 1is very

high. This indicates the wide dispersion of the coefficients relating to

- total risk.

The implications of this are that diversification 1is practised on the
JSE. Levy had shown that if investors were limited to holding only a few
securities, they were unable to diversify and thus the variance of the
returns, rather than! the beta—coefficient, became the dominant risk
measure., The findings have however 1indicated that this strict

restriction on diversification does not appear to be the case on the JSE.

Hypothesis E is accepted, investors appear to be extreme diversifiers.

SUMMARY OF THE RESULTS

The results of the tests that have been carried out wusing weekly
log-returns of share-prices during the years 1977 to 1980 are summarised
below, in Table 9.6. The expected result, as predicted by the CAPM, is

given first, followed by the actual results obtained.
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Table 9.,6: Summary of the results

Predicted CAPM Actual empirical Agrees with
Hypothesis result result CAPM
A The Share Market The SML is linear
line (SML) is
linear
B Systematic risk is Systematic risk is the
the only relevant only relevant risk \v//,
risk measure measure
c The risk-return The risk—-return :x:
relationship is relationship is
positive negative
D Investors regard Investors regard the
the return- return—-distributions
distributions as as symmetrical
symmetrical
E Systematic risk i1s Systematic risk is the
the relevant risk relevant risk measure,
measure, rather rather than total risk.

than total risk.

In all cases other than Hypothesis C, the null hypothesis, H,, has been
accepted.

As can be seen from the above table, in all cases except the slope of the
share market line, the empirical result is in agreement with the predicted
CAPM result. The evidence certainly points towards the validity of the
CAPM on the JSE. However, the negative sloping SML is a worrying factor,
as Fama and MacBeth did not find evidence of this on the NYSE, and it is

not the predicted result,

As a result of this finding in particular, the underlying methodology was

re—examined and extensive further work was carried out. This is detailed

in the following chapter.
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10.1

10.2

CHAPTER 10

THE RESEARCH METHODOLOGY REFINED

INTRODUCT ION

The initial research methodology and the results of this have already
been presented 1in- Chapters 8 and 9 respectively. The overall

conclusion that was reached in Chapter 9 was that the CAPM appeared to be
a valid model of the equilibrium pricing of assets on the JSE in the
years 1977 to 1980, however in the ex—post model tested, the Share Market
Line (SML) had a negative slope. This was contrary to the fundamental
assumption, going riéht back to Markowitz's pioneering works in Portfolio

Theory, that increasing risk ylelded an increased return.

In this chapter possible causes of the negative-sloping SML highlighted
in Chapter 9 are analysed and refinements that were made to the 1initial
methodology are detailed. The results of these additional tests are
noted in Chapter 11. In addition, an interesting statistical comparison
between the RDM-index and an internally generated index is presented,

which could aid other researchers in their use of an index in studies of

this sort.

POSSIBLE CAUSES OF THE NEGATIVE-SLOP ING CAPM

Although the CAPM does predict an upwards sloping line, it is possible to

obtain a downwards sloping line as was found here, due to the change from
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an ex—ante model to an ex-post test of the model.(l) It follows that
the results are not definitely incorrect, however they may be incorrect,
thus necessitating further testing and further analysis of the

methodology used.

In view of this, the methodology was re-examined in order to ascertain

poséible weaknesses in the preliminary research reported on in Chapters 8

and 9.

This examination pinpointed two possible areas of concern.

These were:

. the choice of weekly returns instead of a longer period of a
month, as used by Fama and MacBeth (1973). This was discussed
in section 8.1, however the decision reached there may have been

the incorrect one,.
. the use of the RDM-index as a surrogate for the market-return in

the periods being examined, instead of using the true market

return.

10.3 SOLUTIONS TO THE POSSIBLE PROBLEMS

10.3.1 Use of monthly returns

Hawawini, Michel and Viallet (1983) used weekly returns instead of
the monthly returns used by FM (1973) 1in their study. Their

argument for the use of weekly returns was that the number of

observations they had available to include in their test design
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st

would have been significantly reduced had they used returns over a

period longer than a week.

HMV do however note (HMV (1983:336)) that the use of weekly data may
produce estimates of systematic risk that are bilased, particularly

for thinly-traded securities.(z) Use of a longer return period

"helps to overcome this bias.

In view of the above, and the fact that the original FM study used

monthly returns, it was declded to replicate the study using returns

generated over a four week period instead of weekly. The effect of
)

this was to reduée the total number of observations from 404 weekly

observations to 101 monthly values. It is felt that the benefit to

be gained from using monthly returns to test the CAPM will outweigh

the disadvantages inherent in using fewer actual results.

Recall from 8.1 that Carter (1983) 1indicated that in a South African
context, monthly returns should be used except where the number of
returns 1s less than fifteen, in which case weekly returns should be
used. The use of monthly-returns here means that in the period used
to estimate the various parameters (3), twenty-six returns are
being used, thus the critical minimum level recommended by Carter 1is
exceeded by a factor of 1.73, 1indicating no loss of information in
using monthly returns. In all 1likelihood increased, more accurate
information will result, The period (13 months) over which these
parameters are regressed 1is 1irrelevant to the fifteen month period
mentioned by Carter, as no estimation of paramaters such as beta is
being made. The already—estimated parameters are being fitted to

the actual results.
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10.3.2 Use of an internal index

The 'pure' market-model suggests that the index used in obtaining the
beta coefficient and any other necessary statistics should be the
complete market of the shares being examined. It is quite likely
that whilst some of the 107 shares included in the ten portfolios
would be included in the computation of the RDM-index, many of them
would not be included. This implies' that the index used 1in the
analysis may lead to a mis-specification of some of the parameters

used in the study.
1

Sharpe (1963) has said that the market index used in the regression
calculation to obtain the beta of the share should be the complete
set of securities being examined, excluding that one security whose

returns are being regressed against the market return.(4)

Few studies have even gone so far as to construct an 'internal index'
let alone construct an index specific to each share, which 1is what

Sharpe suggests is the technically correct solution.

In view of the difficulties involved in calculating an index for each
share individually, it was decided that an internal index for all 107
shares would be constructed, and used in the regressions to obtain

the various parameters and results,
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Although not in agreement with Sharpe's ideal index, this decision is
considered to be valid in terms of the research design, as only a
small portion of the actual return of the individual share being used
in any one regression against the market return will be incorporated
into the market return. This is less than 1% of the components of
the total return and 1s thus unlikely to cause a serious

auto-correlation problem.

A procedure comparing the two indices is presented in section 10.6.

10.4 RESEARCH REDESIGN: PRﬁLIMINARY WORK

10.4.1 Introduction

In view of the fact that the beta~estimates used in calculating the
initial values by which portfolios were ranked had been calculated
over a 100 week period, which 1s a relatively long time-span, it was
decided not to recalculate these values, nor to reorganise the
portfolios. The portfolios and their constituent shares are thus as
used in the initial study, and are as shown in Appendix A. Note

that the parameters will change however (refer section 10.5.3).

Another advantage of this decision 1is that comparability between the

results can be maintained, as the portfolios will be the same as used
before. It is however extremely unlikely that the portfolios would

have changed anyway, had monthly returns been used to calculate beta

values for ranking purposes.
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10.5

10.4.2 Monthly returns and internal index calculated

This

The 'returns-file' obtained in the initial study was recalculated
using a épecially—written Fortran program. This yielded a file of
the monthly log-returns for the 107 individual securities.(s) In
addition, a monthly return for the RDM-index was calculated. This

file will henceforth be called the 'monthly returns' file.

Once the monthly security returns had been calculated, a portfolio
index (hereafter called the Internal Index) was obtained. A Basic
program was writéen which aggregated the monthly returns on all 107
securities used in the analysis, and calculated a new index. This
new index was then inserted into the 'monthly returns' file using

another program written in Basic.

At this stage there existed monthly returns covering 101 weeks for

107 securities, and two different indices, the RDM-index and the

Internal Index, each giving monthly 'market' returns.

STAGES OF THE METHODOLOGY

section will detail the various stages 1in the wmethodology. As

before, the stages will relate to the general discussion in Chapter 7 of

the research methodology.
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10.5.1 Step 1: Initial beta calculation

This step was not reperformed in the refined methodology as it was
felt that the beta-values of each security would be unlikely to
change significantly when calculated using monthly returns from those

values calculated using weekly returns.

10.5.2 Step 2: Rank the shares by beta and allocate into portfolios

Again, this step was not reperformed. This reason for this is noted

)
in section 10.4.1 above.

10.5.3 Step 3: Portfolio parameters obtained

In order to obtain the parameters, the 'monthly returns' file was
used, The two different market indices (RDM and Internal) would
yileld different beta values, beta-squared values and different
standard error terms, however the values of the variance and the
relative skewness terms would not be affected by the different market

indices used,

The five parameters were thus calculated for 26 months at a time, for
each security. The 1individual security's values were then

aggregated and simple—averaged across the portfolio, for the reasons

described in section 8.3.2.
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This procedure was repeated four times, each time moving the analysis
forward by one year (13 months). The procedure was repeated for

the Internal index (Int~index).

10.5.4 Step 4: Portfolio parameters regressed against portfolio returns

Monthly portfolio returns were obtained using the Fortran program
previously used (see section 8.5), which resulted in a portfolio
monthly returns file containing monthly returns for 12

variables.(6)

For both the RDM-index and the Int-index, the respective portfolio
parameter sets are cross—sectionally regressed against the ten out of
period portfolio returns. Different regression equations are

evaluated in order to test the various hypotheses.

In the following 13 week period the two second parameter sets are
used in the regressions, and so on. The various parameters as
obtained using first the RDM-index and then the Int-index are shown

in Appendix D.

The procedure can be shown as in Table 10.1 overleaf:
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Table 10.1 Full parameter regression periods used in the analysis

Parameter Obtained on return Regressed on out No of
sets* in periods of period returns periods Year
One 26-51 52-64 13 1977
Two 39-64 65-77 13 1978
Three 52-77 78-90 13 1979
Four 65-90 91-100 11 1980

*Two sets of parameters for each period exist, one for RDM-index, one for

Int-index.

The years as labelled again run from mid January in one year through to

mid January the following year, with the exception of 1980, which ends in
]

Novenmber.
Steps 4 and 6 of the methodology were thus completed, leaving only step 5,
the assessing of the statistical significance of the results, to be

performed.

10.5.5 Step 5: Assessing the statistical significance

Again, the results were manually entered onto a LOTUS 123
spreadsheet, for final computations, Results for the 4 sub-periods,
plus results for the combined periods were obtained once again.

These are presented in Chapter 11. Prior to presenting the results
however, the schemat}c illustration of the model (Table 10.3) is
presented overleaf. This gives a brief outline of the revised

methodology.
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Table 10.3 Schematic Illustration of the methodology
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Stages: 1. Initial betas estimated over months 1 to 25
2., Rankings used to create portfolios
3. Portfolio parameters calculated
4, Portfolio returns regressed against portfolio parameters
obtained in the immediately preceding period

5. Results interpreted
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10.6 COMPARING THE TWO INDICES

10.6.1 Introduction

As noted in- section 10.2, a possible cause of the negative sloping
CAPM line was the use of the RDM-index instead of a true market-index
representative of all the securities being examined.  In section
10.3 it was noted that the solution found for this particular problem
was to calculate an internal index consisting only of the returns of
the securities used in the study.
)

It was felt thaé it would be interesting and relevant to compare
these two indices statistically. The way in which this was done and

the results are presented below.

10.6.2 Comparison of the indices

The comparison being made here 1is a by-product of the current
research, which is presented out of interest, thus a detailed test
was not performed. The method by which the RDM-index was compared
to the Int-index was fairly simple, however, 1t 1s submitted, still

valid.

The values of the Int-index in each week were regressed against the
equivalent value of the RDM-Index in the same week, and a scatter
plot, together with the correlation coefficient and the regression

equation, was produced. This is presented overleaf.
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The expected slope of the relationship between the Int-index and the
RDM-index, were they to be interchangeable as measures of the market

return, would be upwards at 45° to the V-axis (i.e. a slope of 1).

BOM-TNDEX X

Figure 10.1: Int—-index regressed against RDM~index
As can be seen, the actual result is very similar to the expected result,

The correlation of the regression 1s .9231. Had the two indices been
identical the correlation would have been 1.00, thus the two are shown

to be highly correlated.
The residual mean squares of the regression is 4,66 x 10—4, showing
how low the variance of the regression line 1s, and again indicative of

the excellent 'fit' of the line.

The actual equation, where Y equals Int-index and X equals RDM-index 1s:
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Y = ,00666 + .88485 * X,

This slope factor (.88485) implies that the returns of the shares
used in this study are in general slightly lower than those used in
calculating the RDM-index, thus the Int-index will usually be lower

than the corresponding value of the RDM-index.

10.6.3 Implications of the comparison

The implications of the above comparisons are that the RDM-index
]
would appear to be a valid surrogate for the actual market return,

thus it 1s unlikely that the results will change significantly due to
the use of a 'total' market-index. The RDM-index does however
appear to be overstated 1in relation to the return of the sample
shares, as evidenced by the slope of less than one, however whether
this is significant or not remains to be seen. This will be
evaluated in the following chapter, where different results for the

two indices will be shown up if they are significantly dissimilar.

It thus appears that the use of the RDM-index as a surrogate for the
true market return by past researchers (e.g. Knight (1983)) and by
future researchers 1s a valid assumption which will be unlikely to

affect their results adversely.

10.7 CONCLUSION

Pogsible causes for the negative slope of the CAPM line found in Chapter

9 were highlighted in this chapter. It was felt that these could have
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been either the use of weekly returns instead of monthly returns, or the
use of the RDM—index instead of constructing a 'true' market-index.

These changes were incorporated into the methodology and the tests
reperformed. The results of these tests are presented in the following

chapter,

Finally, a statistical comparison between the RDM-index and the
Int-index was carried out. The result of this was that the Int-index
is very similar to the RDM-index, although usually slightly lesser in
amount . This 1implies that the wuse of the RDM-index by other

researchers has been a valid assumption.

1]
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CHAPTER 10 - FOOTNOTES

(1)

(2)

(3

(4)

(5)

(6)

HMV (1983) say in their introduction:

"The empirical findings indicate that the lagged relationship between
the average returns and the risk of French common stocks was
generally negative...Despite these seemingly startling empirical
results one cannot reject the hypotheses that the pricing of the
sample of French common stocks conforms to the Capital Asset Pricing

Model over the 1969-1979 decade.”
HMV (1983: 333)

This is the so-called intervalling effect.,
See section 10.5.3.

In other words, the market return should consist of a weighted return of
all securities being examined except the particular one used in the
regression.

These returns are strictly-speaking 4-weekly returns, however for the sake
of brevity they have bgen termed monthly-returns hereafter.

That 1is, the ten portfolio returns plus the RDM-index and the Int-index.
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11.1

CHAPTER 11

RESULTS USING MONTHLY DATA AND TWO INDICES

INTRODUCT ION

This chapter presents the results of the tests carried out using the
parameters calculated on monthly returns, for both the RDM-index and the
Int-index. As before, the results are presented hypothesis by
hypothesis, with the t-statistic shown first, followed by the average of
the cross sectional.regression random coefficients, and the variance of
these coefficients.. In addition, the average multiple correlation
coefficient (Rz) for each equation 1s presented, as this gives an
indication of the correlation between the dependent and independent

variables. Results for both the RDM-index and the Int—-index are given.

In view of the fact that the regression equations being tested have
already been given twice they will not be repeated in the hypothesis
evaluation in this chapter, Note however that the tables do give

details of the coefficients being tested.

As mentioned above, the results are given hypothesis by hypothesis. No
attempt 1s made to present an economic reason or any other reason for
the results as presented, until all six hypotheses have been presented
and discussed, Once this has been done, the results are compared with
those presented in Chapter 9, the preliminary study, and possible

reasons for the findings are advanced.
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11.2 HYPOTHESIS A: THE RISK-RETURN RELATIONSHIP IS LINEAR

The results of the tests on Regressions One and Two involving beta and

beta-squared are shown in Table 11.1 below.

Note that for each year the results using the RDM-index are presented
first, and that these are then followed by the results obtained using
the Int—-index. As before, the t-statistic 1s presented at the start of
the table, as this 1s the most 1important result, For ease of
presentation the R? value 1s presented in the same 'block' as the
t-test results. Note however that {t 1s a true R2 value, and not a

t-tegt result.

TABLE 11.1: Linearity of the risk-return relationship
REGRES SION ONE REGRESSION TwWO
CALCULATED Beta (TY,) Beta-squared (Y,) R? Betu-squaced (V) R
VALUE YEAR
RoM Nt RDM INT  RDW INT DM INT RDM  INT
t-TEST 1977 -0.620 -0.213 0.979 0.505 .160 177 1.034 0.589 .078 . 105
STATISTIC 1978 -1.423 -0.319 1.227 0.079 .224 .258  ~0.049 -0.582 124 .107
1979 -0.244 -0.129 0.400 0.293 .258 .367 0.483 0.337 147 271
1980 -1.740% ~2,428%% 2.666%% 2.803 .235 .269 0.934 0.258 .127 .120
1977-1978 -1.301 -0.380 1.461 0.489 .192 .218 0.769 0.196 .101 .106
1979-1980 -1.665 -1.703 2.318%2 2.062* 247 .322 1.066 0.433 .138 .202
1977-1980 ~2.075%** -1.602 2.6662% 1.829% .218 .268 1.309 0.450 .119 .152
AVERAGE 1977 -0.017 -0.006 0.014 0.008 0.006 0.004
REGRES SION 1978 -0.024 -0.008 0.009 0.001 -0.0003 -0.003
COEFPICIENT 1979 -0.005 -0.004 0.006 0.003 0.004 0.002
1980 -0.116 -0.095 0.090 0.043 0.016 0.015
1977-1978 -0.017 -0.007 0.009 0.004 0.002 0.0008
1979-1980 -0.056 -0.046 0.047 0.022 0.009 0.002
1977-1980 -0.037 -0.026 0.027 0.013 0.006 0.001
VARIANCE 1977 0.010 0.009 0.003 0.003 0.0005 0.0006
or 1978 0.004 0.008 0.0007 0.001 0.0004 0.0002
REGRES SION 1979 0.005 0.015 0.003 0.002 0.0007 0.0006
COEFFICIENTS 1980 0.048 0.017 0.013 0.003 0.003 0.0004
1977-1978 0.006 0.008 0.002 0.002 0.0004 0.0004
1979-1980 0.027 0.018 0.009 0.003 0.002 0.0004
1977-1980 0.016 0.013 0.005 0.002 0.001 0.0004

® Statigtically significant at the 10% level
*% Statistically significant at the 5% level
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In no single period other than in 1980 was the t-statistic for both beta
and beta squared significantly different to zero, either when calculated
using the RDM-index, or when calculated using the Int-index. In 1980,
the beta t-statistic calculated using the RDM index (-1.749) was
significant at the 10% level.- The t-result for the Int-index was
however also significantly negative at the 5% level. In the same year

the beta~squared was significantly positive, for both indices.

Looking next at the complete four year span, the beta coefficient is

significantly negative at the 5% level when using the RDM-index, but not

significant, although still negative, when using the Int-index. The
)

beta-squared statistic in both cases 1s positive, at the 10%Z and 5%

levels respectively. The above comments all relate to Regression One.

Turning now to the Regression Two results, 1t 1s apparent that the
beta~squared term alone is not a significant risk-measure. Not 1in any

single year, nor in any of the combined periods is 1t significant.

It is thus apparent that the beta and beta-squared risk factors explain
a greater amount of the actual return than does beta-squared alone.

This 1s borne out by the multiple correlation coefficlent (RZ) whicH
for the full four year period 1s equal to .218 for the RDM-index and
.268 for the internal index, compared with values of .119 and .152 for
the two 1indices respectively. In the case of Regression One the R2
for the internal index 1is 1invariably higher than 1t 1is for the RDM

index. This 1s similarly so for Regression Two, except for 1980, where

the values are very similar (.127 for RDM and .120 for Int). The Int-
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index would thus appear to be a better predictor of the actual return
than the RDM index. This 1s not surprising, as the Int—-index is
composed of the returns of the securities in this study only, whereas

the RDM-index comprises other shares' returns also.

Returning to the t-statistics for :F1» it can be seen that the value
here is invariably negative, This appears to suggest a
downward-sloping CAPM. This will be 1investigated further under

hypothesis C.

The results for hyp%thesis A are not in agreement with those found by
Fama and MacBeth (1973). FM found a positive value for the ?1

coefficient in all but one of the numerous periods they examined. In
addition, they found no evidence for any additional power being added by

the ?2 coefficilent.

Hawawini, Michel and Viallet (1983), on the contrary found a
non-significant negative value for the t=-statistic relating to ?; in
eight of the ten years they examined, from 1969 to 1978, In the same
decade the ?2 coefficient was positive (but not significantly so) in 7
years. HMV did not publish results for combined periods, thus 1t 1is
difficult to say whether they would have found a similar result as is
shown here viz. only significantly negative in one of the years (1980,
at the 10%Z level), but for the whole period significantly negative,

These results have been checked, and the reason for this apparent
anomaly 1s that the 1979-1980 period is very «close to being
significantly negative. This then becomes so in the full period. HMV

found significant t-values 1in their equivalent to Regression Two, but

did not explain the cause of these.
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11.3

In view of the fact that in the full four year period the values of both
beta and beta-squared are significant, the view that the risk-return
relationship 18 not linear in beta only would appear plausible.

However, because of the fact that in every year except 1980, and for the
1977-1978 period, the results are not significantly positive or
negative, it 1is difficult to draw an absolute conclusion. In the
absence of further testing, the hypothesis will be accepted, albeit

tentatively so.

HYPOTHESIS B: SYSTEMATIC RISK ONLY IS BORNE BY INVESTORS

The results for the tests on Hypothesis B, which were carried out using

Regressions Three and Four, are noted in Table 11.2 below.

TABLE 11.2: Systematic risk only i{s borne by favestors

REGRESSION THREE REGRESSION FOUR
CALCULATED Beta (Y)) Std error () R? Sed error  (Y)) Ly
VALUE YEAR ! ! - -
ROH iNT RO INT RDM  INT RDM I DA INT
t=TEST 1977 0.829 0.693 0.107 0.885 .146  .206  0.005 0.995 .082 114
STATISTIC 1978 -0.189  -0.018 2.231%*  1.906*  .219 .259  2.060¢ 1.580 ° .093 112
1979 0.365 0.339  -0.192 -1.402 452 318 -0.071 -1.366 2352 2347
1980 0.912 -0.271  -1.191 -0.818 213 L334 -0.565 -0.832 .104 .195
1977-1978 0.483 0.473 2.076%* 1 712¢  .18) .233  1.936* 1.746 .087 .113
1979-1980 0.987 0.145  -1.196 -1.502 342 325 -0.580 -1.490 .239 .132
1977-1980 1.096 0.404 0.538 0.611 259,277 0.836 0.661 .160 122
AVERAGE 1977 0.010 0.008 0.001 0.348 0.0001 0.373
REGRES SION 1978 -0.002  -0.0002  0.459 0.399 0.480 0.402
CORFFICIENT 1979 0.004 0.006  -0.007 -0.226 -0.002 -0.218
1980 0.023  -0.004  -0.323 -0.228 -0.189 -0.231
1977-1978 0.003 0.004 0.023 0.374 0.240 0.387
1979-1980 0.013 0.002  -0.151 -0.227 -0.087 -0.224
1977-1980 0.008 0.003 0.047 0.086 0.083 0.094
VARIANCE 1977 0.002 0.009 0.002 0.003 0.002 0.0006
or 1978 0.002 0.002 0.551 0.570 0.706 0.841
REGRESSION 1979 0.002 0.005 0.016 0.337 0.015 0.332
COEPFICIENTS 1980 0.007 0.002 0.808 0.852 1.226 0.851
1977-1978 0.002 0.002 0.320 1.239 0.400 1.279
1979-1980 0.004 0.003 0.385 0.546 0.550 0.544
1977-1980 0.003 0.002 0.381 0.980 0.490 1.003

¢ Statistically significant at the 10X level
*% Statistically significant at the 5% level
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In order for the null hypothesis to be accepted, the expected value (and
thus the t-statistic) relating to ?3 , the standard error term, must

be zero in both equations.

The condition that the std error term must be zero is held in all
periods other than in 1978, where the term is significant at the 5%
level in Regression Three and at the 10% level in Regression Four, using
the RDM-index, and 1t 1is significant only at 10%Z in Regression Three
using the Int-index. This again seems to indicate that the Int-index
is a better index, as 1t captures a greater portion of the total risk,
leaving a 1lower standard error term (unsystematic risk) 1in the
regression equation, for the market model. In general however, the
condition of a standard error term equal to zero appears to be met. In

the overall four year results it certainly does hold.

HMV found, as was found in this study, both positive and negative terms

~

for Y3 ., Thelr results too showed only one year in which the
standard error coefficient was significant. This was also a positive
value as 1t 1s here. FM found no periods with significant values,

although their results also showed both positive and negative t-values

relating to Y, , the standard error term.

Hypothesis B cannot be rejected, the null hypothesis 1s accepted, thus
investors would appear to be compensated only for systematic risk.

This result 1s an expected result, as the CAPM theory predicts that
investors are compensated only for bearing systematic risk, and that

unsystematic risk will be costlessly diversified away.
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11.4 HYPOTHESIS C: THE RISK-RETURN TRADE-OFF IS POSITIVE

This test requires only one equation, Regression Five, the null
hypothesis of which suggests that 1f the calculated value of the
t-statistic. relating to ?1 (beta) 1s positive, then so 1is the

risk-return relationship. These results are presented in Table 11.3

below.

Table 11.3: The risk-return trade-off is positive

REGRESSION FIVE

RANDOM COEFFICIENTS RELATING TO BETA ( Y,)

AVERAGE VARIANCE OF
t-TEST REGRES SION THE REGRESSION
YEAR STATISTIC COEFFICIENT COEFFICIENT R2
RDM INT RDM INT RDM INT RDM INT

1977 0.792 0.983 0.009 0.011 0.002 0.141 .064 .045
1978 -0.899 -0.529 -0.011 -0.007 0.002 0,002 .141 .187
1979 0.975 0.292 0.045 0,005 0.028 0,005 .067 .209
1980 -0.167 -0.307 -0.003 -0.004 0.004 0.002 .145 .129
1977-1978 0.087 0.188 0.001 0.004 0.002 0,002 .102 .134
1979-1980 0.705 0.084 0.021 0.001 0.004 0.003 .105 .194
1977-1980 0.805 0.219 0,010 0.002 0.008 0,002 .104 .163

No t-statistics are significant at either the 10% or the 5% level.

If the CAPM were to hold, the result that would have been expected in
the above test was that the values of the t-statistic relating to ?1,
would be significantly positive. As can be seen, in two of the four
sub-periods, the results are positive, although not significantly so.

However, in the other two sub-periods the results are negative. This

is the case for both indices. Again, not significantly so. Looking
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next at the combined two year periods, the results in both periods, and
for both indices, are a non-significant positive relationship between
risk and return. The complete four year period exhibits a similar
result viz. a non—significantly positive relationship between the risk

of an asset and its expectéd return.

Comparing the R? values for the two indices, 1t 1is apparent that the
internal index captures more of the market movement than does the RDM
index. This 1s reflected in the generally higher R2 values for the
Int-index when compared with those obtained for the RDM-index. This is
consistent with the result for hypothesis A.
)

FM found a significantly positive relationship between risk and return,
whereas the findings of HMV were not as obvious. In four of the ten
years studied by them, their results showed a significantly negative
relationship between risk and return. In no single year in the period

they studied was the t-statistic significantly positive.

The results presented above thus tend towards the view that the
CAPM-predicted positive linear relationship between risk and return
might hold. These findings are not conclusive, however they are, it {is

suggested, valid pointers.
In view of the fact that the existence of a positive relationship

between risk and expected return is the fundamental core of the CAPM, it

is necessary to examine these results further.
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The results are not conclusive, however they do appear to indicate a
positive relationship between risk and return. The t-statistic for the
full four year period based on the RDM-index suggests a significance
level of approximately 17Z, for the sample size of 50 months, using 49
degrees of freedom. The wvalue of .219 calculated for the
Internal index suggests a significance level of approximately 55%. The
true level of significance 1s probably somewhere between these two
values. The significance level for the two-year period 1979-1980,
calculated on the Int-index, 1s marginally over 50%,

Even though the significance levels noted above are very low, it 1is felt

that they do help to confirm the conclusion that the risk-return

relationship in South Africa, is positive.

The results of hypothesis C above thus tend towards confirming the even
more tentative conclusion with regard to hypothesis A above, that the

relationship between the risk and the return on any asset is linear.

The conclusion of the above discussion 1s thus that-hypothesis C will be
accepted, In view of the general tendency towards positive values for
the t-statistic, The risk-return relationship appears to be
positive. This means that one of the fundamental predictions of the

CAPM appears in reality to be valid.
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11.5 HYPOTHESIS D: THE RETURN-DISTRIBUTIONS ARE PERCEIVED AS BEING SYMMETRICAL

The test which follows examines another of the assumptions of the CAPM,
that the investors treat the return-distributions of securities as
symmetrical, and ignore skewness. The parameter used to test this
assumption is the skewness of the return-distributions of the securities
involved. If the coefficients are shown not to be significant, then
the assumption wunderlying the model 1is wvalid, and the perceived

distribution 1s an accurate reflection of the true state.

]
Table 11.4 overleaf presents the results of this test, which involved
examining the random regression coefficients of Regression Six, and of

Regression Seven. The coefficients are ?1 relating to beta, and

¥, relating to skewness.

The expected result, to conform with the predictions of the CAPM, 1s

that the skewness factor will not be significantly negative or
significantly positive. This 1s indeed the case, and the results as

shown 1in Table 11.4 are completely in accordance with the CAPM

predictions.

The values of the t-—-statistic relating to beta are mainly negative for

beta linked to the internal index, while there are not nearly as many

~

negative values of Y, in the column relating to the RDM-index.
Again, none of the values mentioned 1is significantly positive or

negative.
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TAALE 11.4: Investors perceive symmetrical return—distributions

REGRESSION SIX REGRES SION_SEVEN
CALCULATED Beta (Y)) Skewness (V) R’ Skewness (Y, 'S
VALUE YEAR - =
DM i RDM I RN INT  RODM Nt WMt
t-TEST 1977 0.910 1052  0.468 0.908 .14l .16l  0.400 0.671 064 063
STATISTIC 1978 -0.861  -0.267  0.120  -0.547  .200 .255 -0.291  -1.012 058 .060
1979 -0.212  -0.2%  -0.777  -l1.22)  .219 .79 -0.861  -1.296 127 123
1980 0.582  -0.514  -0.809  -0.914  .347 2% 0.195  -0.727 183 147
1977-1978  0.018  -0.471  0.389 0.321  .170 .208 0.035  -0.097 Q61 .062
1979-1980  0.404  -0.482  -0.993  -1.557  .277 .331 -0.409  -1.465 JAS3 134
1977-1980  0.345  -0.074  -0.866  -0.844  .222 .267 -0.318  -1.150 05 097
AVERACE 1977 0.012  0.013  0.006 0.012 0.005 0.008
REGRESSION 1978 -0.012  -0.004  0.002  -0.006 -©0.006  -0.009
COLFPICIENT 1979 -0.003  -0.005 -0.169  -0.016 -0.014  -0.015
1980 0.017  -0.007 -0.080  -0.012 0.005  -0.010
1977-1978  0.0002 -0.005 0,004 0.003 0.0001  -0.0007
1979-1980  0.006  —0.006  -0.046  -0.0l4 -0.006  -0.013
1977-1980  0.003  -0.0006 -0.020  -0.005 -0.003  -0.006
VARIANCE 1977 0.002  0.002  0.002 0.002 0.002 0.002
or 1978 0.002  0.003  0.004 0.002 0.003 0.001
REGRESSION 1979 0.003  0.006  0.006 0.002 0.004 0.002
COEPPICIENTS 1980 0.009  0.002  0.109 0.002 0.006 0.002
1977-1978  0.002  0.002  0.003 0.002 0.002 0.001
1979-1980  0.005  0.004  0.515 0.002 0.005 0.002
1977-1980  0.004  0.003  0.026 0.002 0.003 0.002

No t-values

are statiatically significant at either the 10X or the 5% level

The outcome of the tests on Regressions Six and Seven, are thus
perfectly in 1line with the expected result. The skewness of the
return-distribution does not have any impact with the returns, when

cross—sectionally regressed against the returns. The assumptions

.underlying the CAPM that the return-distribution are perceived as being

symmetrical thus appears to be valid. The relative skewness of the

return distributions does not seem to affect the price of securities.
The conclusion is thus that the null hypothesis is accepted, investors

view the return~distributions as being symmetrical, and thus they ignore

gskewness when making investment decisions.
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11.6

HYPOTHESIS E: LEVY'S GENERALISED CAPM IS NOT VALID

Levy (1978) found that, when relaxing the assumption that investors hold
a portion of every asset, and letting them hold only a few assets, the
dominant measure of risk i1s no longer the beta-coefficient, but the
variance. This test attempts to discover whether Levy's Generalised
CAPM 1s not valid, thus leaving the risk-exposure of an investor as
being that amount show by beta, or whether the model 1s valid, thus
ylelding a dominant risk measure of the variance of the total
portfolio. Regressiones Eight and Nine were tested in this test, the
expected outcome of! which 1is, given the assumptions of the CAPM, a
regression coefficilent t-statistic value of zero where the CAPM does

exist, and a value significantly different to zero if Levy's Generalised

CAPM holds.

The results of the tests on this phenomenon are shown in Table 11.5

overleaf.

As can be seen, the expected result of 2zero significance for the
variance term 1is present in all cases except the RDM-calculated ?b
relating to 1977. This statistic 1s significantly positive at the 527
level. It is however an isolated case, as all the other values are not
significant, and i1t does not appear in either the two-period result or

in the four year full-period results.
FM did not test this finding, as Levy had not published his article when

they performed their test. HMV's findings were that the variance of

returns is not a significant feature of the Belgian market. They too
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TABLE 11.5: Levy's generalised CAPM i not valid

REGRES SION EIGHT REGRES SION NINE
CALCULATED Beta (71) Variance (Y) R? Variance (?u) RY
VALUR YEAR N - — -
Roo INT L1} INT RDM  INT RDH INT RDM INT
t-TEST 1977 0.442  -0.183 1.378 0.957 L4 L217 2.456%% 1,439 .068 .080
STATISTIC 1978 -0.806 -0.716 -1.191 ~1.535 2216 .272  -1.095 -1.335 .076 .092
1979 0.466 0.398 -0.899 ~0.974 .126 .300 -0.782 -0.809 .039 .068
1980 0.912 0.048 -1.319 -0.704 .234 .16 -0.888 -0.749 .093 . 168
1977-1978  -0.166  -0.550 0.328 0.244 .178  .244  0.788 0.234 .072 .086
1979-1980 1.027 0.364  -1.602 -1.144 176 .307  -1.197 -1.096 .075 114
1977-1980 0.771 -0.135 -0.709 -0.386 177 2718 -0.072 -0.538 073 099
AVERAGE 1977 0.006 -0.003 2.095 2.108 2.798 1.688
REGRESSION 1978 -0.009 -0.009 -1.430 -1.504 -1.346 -1.311
CORFFPICIENT 1979 0.004 0.008 -0.678 -0.803 -0.600 -0.634
1980 0.029 0.0  -2,138 -1.074 -1.200 ~1.037
1977-1978 -0.002 -0.006 0.333 0.301 0.725 0.188
1979-1980 0.015 0.005  -1.347 -0.927 -0.87S -0.819
1977-1980 0.007  -0.001  -0.474 -0.289 -0.043 -0.295
VARIANCE 1977 0.003 0.005  30.187 62.906 16.825 17.882
or 1978 0.002 0.002 18.726 12.478 19.643 12.529
REGRESSION 1979 0.001 0.005 7.384 8.828 7.659 7.996
CORPFICIENTS 1980 0.011 0.003  28.878 25.615 20.090 21.095
1977-1978 0.002 0.003 26.709 39.572 21.961 16.935
1979-1980 0.005 0.004  16.961 15.762 12.824 13.386
1977-1980 0.004 0.003 22.306 27,91 17.876 15.182
¢ Sratistically significant at the 5% level ~
found only one period in which the Y, term was significant. The
South African market would thus seem to be the same as the Belgian
market in this respect. Levy's analysis was carried out on the NYSE,
and it 1s thus indicative of the behaviour of that market.
The result of the test 1s thus that Hypothesis E 1is accepted, the
traditional CAPM rather than Levy's Generalised CAPM appears to be valid.
11.7 COMPARISON OF THE MONTHLY WITH THE WEEKLY RESULTS

11.7.1 Introduction

The results of the tests carried out on the weekly returns and
those carried out on the monthly returns are summarised in Table
11.5 overleaf. The meaning of the results is then discussed, and

possible reasons for the findings analysed. Finally, an overall

conclusion for the tests is drawnm.
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Table 11.5: Comparison of monthly results with weekly results

ACTUAL EMPIRICAL RESULT

HYPOTHESIS PREDICTED CAPM MONTHLY
RESULT WEEKLY INT RDM
A The Share Market Line (SML)
is linear \// \v/(

B Systematic risk is the only
relevant risk measure

D Investors regard the return- \//’
distribution as symmetrical

E Systematic risk is the relevant
risk measure, rather than total
risk.

C The risk-return relationship \J/, \V//
1s positive )(

\// Empirical result conforms to CAPM

)( Empirical result does not conform to CAPM
It 1s 1immediately obvious that the results carried out on the
monthly returns all conform to the predicted CAPM behaviour. This
is in contrast to the earlier finding in which it was found that
the positive sloping risk-return relationship was not present, In

the refined methodology all the null hypotheses (Ho) have thus

been accepted.

11.7.2 Interpretation of the results

The results of the refined methodology are very encouraging, as
none of the CAPM predictions are violated. The use of the monthly

returns instead of weekly returns led to more accurate results, as
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shown by the change from a (non-significant) negative slope in the
test of hypothesis C, to a positive slope using monthly results

(again this was not significant),

However, the use of monthly returns did lead to some doubt as to
the slope of the risk return equation, as the beta calculated using
the RDM-index was significantly negative. A possible reason for
this 1s the fact, reported in Chapter 10, and subsequently shown
again in the results in this chapter, that the Int-index 1is a

better measure of the actual returns than the RDM-index.

The one weakness of the study is that the expected significantly
positive relationship between risk and return has been shown not to

exist. Possible causes of this are:

. the use of a sample of securities instead of the whole market

. the use of the original portfolios when using monthly returns
instead of recalculating beta's and reforming portfolios

. the existence of thinly-traded shares in the sample.

These are discussed in turn.

Use of a sample of securities

The returns of only 107 firms were used in this study, instead of
the total number of firms quoted on the JSE. This may have caused

a loss of information, however the shares chosen are representative
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of the industrial sector of the market. Carter (1983) has found
that South African 1investors should not hold gold shares in their
efficient portfolios, thus the exclusion of the mining sector from

this study is not a significant omission.

The use of a sample of securities rather than the whole market is,

it 1s concluded, not likely to be a cause of the results.

Use of portfolios calculated using weekly returns

Recall from Chapter 10, section 10.4.1 that a decision was taken
"
not to recalculate the {initial betas, and thus to keep the

portfolios as originally formed. This could be a cause of the

results not yilelding a statistically significant positive

relationship.

This 1s however unlikely to lead to significant errors when
changing from weekly returns to monthly returns, due to the fact
that log-price relatives (log returns) were used. As shown in
Chapter 8, these are additive, thus the effect would not have been
much different had the monthly return first been calculated and

then used to obtain the initial beta value.

This procedure 1is thus also unlikely to have caused a serious

problem with the results,
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Thinly traded shares

Dimson (1979) has shown that, when shares are infrequently traded,
seriously biased estimates of beta may result. Dimson suggests
that the major source of bias 1s the tendency for shares recorded
at the end of a period to have been the result of a transaction
which occurred early in the period, or even, if the share is very
seldom traded, in a previous period. This introduces positive
serial correlation into the returns, and the estimated variance of

returns on the index 1s biased downwards.

Another resulf of 1infrequent trading 1is the fact that the
covariance of these shares with the market 1is substantially

underestimated.

The mean beta for all securities is, by definition, equal to one,
thus if the beta estimates of thinly traded shares are downwards
biased, those of highly traded shares must be biased upwards.

This 1introduces a large spread between these beta values, hence
enhancing the possibly incorrect conclusions drawn from empirical

research on a market with thinly traded shares quoted on it,

The existence of thinly traded shares could very likely give rise
to the intervalling effect described in Chapter 8, however it is
not the only cause of it. The 1intervalling effect is a phenomenon
which arises whenever there 1s any error in the wunderlying

estimates used in the market model.
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Dimson developed a technique whereby the thinly-traded share effect
could be overcome. He shows that this technique removes most of

the bias in conventional beta estimates.

The JSE is a market on which thinly-traded shares are very likely
to be found. A brief analysis of the volume of shares traded on
the JSE in the four years used in this study showed that some were

very thinly traded in this period.

Consider the effect of understating the betas of certain securities
and overstating'those of others. As noted above, the spread of
beta estlimates .is widened by this phenomenon. In general, the
beta estimates of the thinly traded securities would plot toward
the left side of the risk-return space, with the converse occurring
for the highly traded securities. The returns will not be

effected, thus they will be unchanged. The possible situation is

shown below:

_— ST b

Figure 11.1: A possible empirical SML for thinly-traded

securities
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As shown in Figure 11.1, the SML (P'b') represented by the incorrect
biased beta estimates 1s considerably flatter than the true SML
(shown by Pb ). Had the beta estimates been correctly calculated,

the relationship would have been correctly described.

It 1s thus suggested that the results of this study may be
influenced by the thin-trading effect highlighted by Dimson. Had
this effect been removed, a significantly positive relationship
between risk and return may have been noted. The empirical test
of this supposition would however have to constitute a separate

[ ]
work, as the entire study would have to be repeated.

11.7.3 Conclusion

The results of the two different methodologies are not
dissimilar. In each case, the majority of the expected CAPM

results have been shown to be in existence on the JSE.

The replication of the study using monthly log-relative returns
represented a definite improvement over the results obtained using
the weekly returns, as the weekly returns had shown a negative

relationship between risk and return. The use of monthly returns

resulted in this becoming a positive relationship.

The two minor problems (viz. signficance of the beta~squared term

as well as the beta term in Hypothesis A; and the non-significance
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11.8

of the positive relationship between risk and expected return) were
analysed as being due to three possible factors. First, the use
of a sample of securities instead of the whole market; second, the
use of portfolios of securities aggregated on beta estimates
calculated on weekly data; and third, the existence of thinly

traded shares.

The first two factors are not considered to be a plausible cause of

the results obtained, however the existence of thinly-traded shares

could be a significant factor. This has been 1investigated by
)

Dimson (1979), Qho suggests a technique for correcting the bias in

estimates of thinly-traded shares. This would constitute a

meaningful follow—-on to the present study.

The final section of this chapter will conclude on the overall

results of the tests.

CONCLUSION ON THE RESULTS

The results have been, 1n almost all cases, indicative of the existence
of the CAPM on the JSE. Five hypotheses were set, of which four were
accepted using statistics calculated on weekly returns. The ‘use of
monthly returns increased the validity of the study and resulted in the
acceptance of all five hypotheses with regard to the pricing of risky

assets on the JSE.
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Certain methodological weaknesses have been examined, and it has been
concluded that the major additional work that could be carried out would
be to replicate the current study using Dimson's technique whereby the
bias in estimates caused by a lack of trading of some shares would be
removed. It 1s suggested that the non—significance' of the expected
positive relationship between risk and return may be caused by the

existence of these thinly traded securities.

Nonetheless, the general conclusion that can be drawn is that the CAPM
appears to be a valid model for the pricing of risky assets on the
JSE. This is thus in agreement with the findings of Fama and MacBeth
(1973) on the NYSE} and with the study on the Belgian equities market

carried out by Hawawini, Michel and Viallet (1983).

In certain respects the findings are more akin to those of HMV than to
the Fama and MacBeth results, particularly in so far as the relationship
between risk and return has not been shown to be significantly positive
or negative. HMV accepted the CAPM on a (generally) negative, but
non~significant, result, thus the decision reached here 1s, 1t 1is

considered, valid.
The results of the tests certainly suggest further work. One possible

avenue of research has already been suggested, more areas are suggested

in the final chapter of the thesis.

- 193 -



12,1

CHAPTER 12

A CRITIQUE OF TESTS ON THE CAPM

INTRODUCT ION

The ex-post form of the Security Market Line, or CAPM, provides a very
useful technique whereby the performance of securities can be tested.
This was one of the major outcomes of the formalised CAPM, both in the

Sharpe-Lintner form and in Black's zero—~beta model.(l)

The technique whereby this performance 1s wusually evaluated 1Is as
follows. Derive the risk coefficient of the particular security, then,
using the SML as obtained using prior-period data, obtain the expected
return on the security given 1ts beta-coefficient. The abnormal
performance of the security is then any return in excess of the predicted

return or any shortfall between the predicted return and the actual return.
Roll (1977) and (1978) has presented a convincing argument wherein he
takes exception to this method of 1interpreting abnormal performance

measures, and indeed, to most tests of the CAPM,

This chapter will show how Roll reaches this conclusion, and will expand

on his general criticism given in the above paragraph.
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12,2 ROLL'S CRITIQUE ON THE TESTABILITY OF THE CAPM

Recall from section 3.5 that it is possible to construct a CAPM for the
case in which no risk-free asset exists. This 41s known as plack's
zero~beta portfolio. The SML in this case becomes a combination of the
market portfolio and a zero-beta portfolio which 1s uncorrelated with
the market 1index, If this is the case, the expected return on any

asset can be written as:

E(Rp) =€ (R, +B, (ERy) - E(,y)) (12.1)

The graph of the Capital Market Line relating to this zero-beta

portfolio {s shown in Figure 12.1 below.

EXPECTED

RETURN EFFICIENT

£.Y COMBINATIONS

ATTAINABLE
E.V COMBINATIONS

ER ;)

Figure 12.1: Black's zero-beta portfolio
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Equation (12.1) above is the SML derived from the CML shown in Figure
12.1. The expected return on any risky asset { {s shown to be the

expected return on the =zero—beta portfolio E(Rz) plus Bi times the

excess expected return on the market over the expected zero-beta
return, Recall further that the beta-coefficient is a function of the
covariance of asset 1i's returns with the returns on the market
portfolio, and that beta also depends on the variance of the market

returns.

The market model was shown in section 3.4.6 to be a useful method
]
whereby the ex-post beta of securities can be calculated. In

calculating the ex—post beta, it 1s necessary to use some market index

as a surrogate for the return on the market as a whole,

It follows from the above discussion that an index relating to the
market portfolio can be chosen in order to satisfy and solve equation

(12.1).

Roll suggests that there 1is in fact nothing unique about this market
portfolio or the index relating thereto, as long as the index itself is
efficient, He shows that it is always possible to choose any efficient
portfolio as an index, and then find the uncorrelated minimum variance
portfolio relating to this 1index. This 1s shown 1in Figure 12,2

overleaf.
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Figure 12.2: Roll's efficient portfolio

The equation of this line with any efficient portfolio chosen can be

derived and written as follows:
E (R)) = E(R, 1) *+By 1(E(Rp) = E(R, 1)) (12.2)

In this case the market portfolio, (Rm) has been replaced by an
efficient 1index (RI) and the beta 1s measured relative to the
efficient index (I) rather than to the market. It follows from this
that the expected return on any asset can be expressed as a 1linear
function of its beta, measured relative to any efficient index. In
addition, one need only know the composition of an efficient index in

order to write equation (12.2) above.

- 197 -



12.3

Further to the above, if the 1index chosen turns out to be ex-post

efficient, then every security will fall exactly on the SML and there

will be no abnormal returns. If there are systematic abnormal returns,

it means that the index chosen is simply not ex—post efficient.

ROLL'S CONCLUSIONS

The main conclusions which Roll reaches are as follows:

a)

b)

c)

d)

(2)

The only testable hypothesis of the CAPM (Black's version) is that

]
"the market portfolio is mean—-variance efficient”.

All the other implications of the theory, 1in particular the
linearity of the relationship between risk and return, follow from
point a) above, and are not independently testable. Linearity of
the relationship follows directly from the 'efficiency' of the

market portfolio.

The CAPM theory is not testable unless the exact composition of the
true (complete) market portfolio is known, and 1is used 1in the
tests. What this actually means 1s that all individual assets

must be included in the test.

If the performance of individual securities is measured relative to

an index which 1s ex-post efficient, then, it follows from the
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mathematics underlying the derivation of the efficient set, that no
security will have abnormal performance when measured as a
departure from the SML. If however, the performance of the
security 1s measured relative to an index which 18 ex-post
inefficient,then any ranking of portfolio performance 1s possible,

depending on the choice of index.

12,4 TIMPLICATIONS OF ROLL'S CRITIQUE

The broad result of Roll's analysis 1s an dimplication that, even 1if
1]

portfolios are efficient and the CAPM 1is valid, the cross sectional

regression technique (as used in this study) cannot be used as a means

of measuring the ex-post performance of portfolio selection techniques.

Roll does not however imply that the CAPM 1is invalid. The fact that a
test shows the CAPM to be valid or not simply means that the market

index chosen was either ex-post efficient, or not.

In testing the CAPM, Roll says that a joint hypothesis, namely the
efficiency of the market portfolio and the validity of the CAPM, is
being tested, and thus the results are almost impossible to interpret.

The only way to test the CAPM directly is to see whether or not the true
market portfolio 1s ex-post efficient. This 1s however virtually
impossible as the true market portfolio contains all assets, marketable
and non-marketable, and this, given present measurement techniques, 1is

impossible to measure and observe.
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12.5

Mayers and Rice (1979), have argued that Roll was overly critical of
tests of the CAPM in the Roll (1977) and Roll (1978) papers. They have
sald . that Roll focuses too closely om "a truly ex-ante efficient
index". (Mayers and Rice (1979:3)) Roll has however taken a strong
view in "A Reply to Mayers and Rice (1979)" (Roll: 1979) wherein he
contends that Mayers  -and Rice have failed to recognise the wunusual
testing implications of the CAPM, and that they ignore altermative

pricing models.
In conclusion, 1t would appear that Roll's critique 1is valid, and that

interpretations rega&ding the CAPM should be drawn with care. The next

obvious question then concerns the validity of the present study.

VALIDITY OF THE PRESENT STUDY

It is submitted that the present study does have validity, in that it
gives valuable insights into the actual performance of securities on the
JSE in the period 1977 to 1980. This 1s particularly important in view
of the relative scarcity of tests on the JSE. In addition, as Mayers

and Rice say

"there is some information in these tests, even with Imperfect
proxies testing joint hypotheses. More 1importantly, this
information is the best available. It does no good to ignore this
information without providing some better information in its place.”

Mayers and Rice (1979:23)
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12.6

In a direct reply to Roll's comment that the market portfolio must

contain all risky assets, Ibbotson and Siegel (1983) constructed a world

- market wealth portfolio which probably represents the true universe of

risky assets as -adequately as possible. - Stambaugh (1982) found that
even when common stocks represented only 102 of a ‘'market' portfolio,
inferences about the CAPM were almost identical to those obtained from a
portfolio of stocks only. This shows that Roll's critique, although
severe and having some merit, does not instantly nullify any tests of
the CAPM, nor does it nullify CAPM theory either.
[
In view of this, the results of the present study are of real

importance, showing, as they do, the behaviour of the JSE in the periods

under review.

SUMMARY

This chapter has presented the critique which Roll has made about the
testable implications of the CAPM. The rationale wunderlying his
critique has been explored, as have his detailed conclusions. The

present study has also been defended in view of Roll's comments.

The next chapter concludes the thesis.
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CHAPTER 12 - FOOTNOTES

(1)

(2)

Recall from section 3.5 that the major difference that Black (1972)
brought to the model was his removal of the assumption of the
Sharpe—-Lintner CAPM that there exists a riskless asset and hence a
riskless rate of return.

These are listed in part 1 of his paper "A Critique of the Asset Pricing
Theory's Tests” (Roll: 1977).
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CHAPTER 13

CONCLUSION

13.1 RESUME OF THE THESIS

This thesis has presented a background to the historical development of
the CAPM. The development was presented from first principles.
Utility theory was first 1introduced, and this was followed by a

discussion on the concept of an efficient portfolio.

]
This led naturally into the development of the CAPM, and thence to a
discussion on the Efficient Markets Hypothesis and the CAPM. Empirical
evidence relating to the Capital Markets in South Africa was presented,

as was a brief review of the major tests of the CAPM.

The research model and actual research methodology were then
introduced. The CAPM was tested using three different versions of the
data: weekly returns, monthly returns using the RDM-index, and monthly
returns using an internally generated index. The results of these
tests were analysed and compared. The conclusions are discussed
below. Finally, Roll's criticism of tests of the CAPM was discussed.

In addition, a brief test of the appropriateness of using the RDM-index

was performed in Chapter 10.
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13.2

CONCLUSIONS OF THE STUDY

The CAPM 1in South Africa appears to be a valid description of the
market. Aithough the results are not absolutely conclusive1 they

certainly indicate that the model appears to be valid.

Three different analyses were performed. The results of the first,
carried out on weekly returns, indicated a probable acceptance of the
CAPM, even though the CAPM line was downwards sloping. This, although
contrary to the theory, has been noted by prior researchers, who did not
conclude that the éAPM was an 1invalid model. In view of these
findings, further research was carried out, using monthly returns and

the RDM-index together with an internally calculated index.

The second results proved virtually conclusively that the CAPM describes
the risk-return relationship of assets quoted on the JSE. The only
inconclusive proof relates to the significance of the slope of the
empirically found CAPM 1line. The probable reason for the
insignificance of the upwards slope was ascribed to the impact of thinly
traded shares on the study. It was suggested that a worthwhile
exercise would be a replication of the study, using the Dimson (1979)

technique for calculating adjusted risk measures.
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13.3

Overall, the study has shown the validity of the CAPM. It 18 gstressed
however, that these results are dependent on the assumption of the
existence of the (efficient) market portfolio underlying the model. In
addition, the results were carried out on data covering the years 1974
to 1980, and thus apply to those years. The results are thus specific
to this- data. Nevertheless, the results are indicative of the probable

current relationship between risk and return.

IMPLICATIONS OF THE RESULTS

)

The implications of these results are that the CAPM can be used by

portfolio managers and other investors in evaluating various

securities. In addition, the results indicate the validity of the CAPM

in the cost of capital calculations, as briefly described in section 3.6.

A suggestion for further research, namely a replication of the study
using Dimson's technique for adjusting risk measures of thinly traded

shares, was noted in Chapter 11.

In view of the non-significant positive slope to the SML, it would be
very interesting to carry out a similar study using as many shares as
possible, over a very long time period. This would give an indication
of the long-run relationship between risk and return, and would very

likely yield a significant upwards~sloping share market line.
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13.4

The above tests are valid further studies, however the most important
further research, it i1s considered, relates to a test of a model known
as Arbitrage Pricing Theory (APT), which is a valid testable alternative
to .the CAPM. It 1s beyond the scope of this thesis to examine the
APT, It 1s a new theory, and thus empirical research has yet to prove
or disprove 1its validity. Excellent reviews of the APT are given by
both Reinganum (198la) and Copeland and Weston (1983). Ro;s (1976)
developed the theory, whereas the major empirical tests to date have
been performed by Gehr (1975), Roll and Ross (1980), Chen (1981) and
Reinganum (1981b). The APT has been shown to be a better model than
the CAPM in some instances, thus this would constitute the most relevant

next step from here.

CONCLUSION

The aims of the study as enumerated in Chapter 1 have, it is considered,
been achieved. The research has indicated the existence of the CAPM on
the JSE, which evidence will help in evaluating the market. The
secondary aims, namely presentation of the historical development of the
CAPM and presentation of the review of empirical studies in South Africa

and overseas have been met in the theory sections of the thesis.

It is far too early to judge whether this work has achieved its final
alm of stimulating further research. That 1s a judgement which can

only be delivered with the passage of time.

- 206 -



BIBLIOGRAPHY

AFFLECK-GRAVES, J.F. (1974): Portfolio Selection on the Johannesburg Stock
Exchange. Unpublished M.Sc. thesis, University of Cape Town.

AFFLECK—GRAVES, J.F. (1977): The Application of Multivariate Statistical
Techniques 1in the Analysis of Stock Market Data. Unpublished Ph.D.

Thesis, University of Cape Town.

* AFFLECK-GRAVES, J.F., and MONEY, A.H. (1975): A Note on the Random Walk Model
and South African Share Prices. South African Journal of Economics,
Vol.43, pp. 382-388.

BALL, R., and BROWN, P. (1968): An Empirical Evaluation of Accounting Income
Numbers. Journal of Accounting Research, Vol. 6, pp. 159-178.

BANZ, R.W. (1981): The Relationship Between Return and Market Value of Common
. Stocks. Journal of Financial Economics, Vol. 9, pp. 3-18.

BARRY C.B., and BROWN, S.J. (1984): Differential Information and the Small Firm
Effect. Journal of Financial Economics, Vol. 13, pp. 283-294.

BASU, S. (1977): Investment Performance of Common Stocks in Relation to
their Price~Earnings Ratios: A Test of the Efficient Markets Hypothesis.
Journal of Finance, Vol. 32, June, pp. 663-682.

BASU, S. (1983): The Relationship between Earnings' Yield, Market Value and
Return for NYSE Common Stocks: Further Evidence. Journal of Financial

Economics, Vol. 12, pp. 129-156.

BEAVER, W.H. (1968): The Information Content of Annual Earnings Announcements.
Empirical Research in Accounting: Selected Studies 1968, Supplement to
Journal of Accounting Research, Vol. 6, pp. 67-92.

BEAVER, W.H. (1980): Reflections on the Efficient Market. In: Welnstein, S.,
and Walker, M. (eds.) Annual Accounting Review, Harwood, New York,

BEAVER, W.H., KETTLER, P., and SCHOLES, M. (1970): The Association between
Market determined and Accounting determined Risk Measures. Accounting
Review, Vol. 45, October, pp. 654-682.

BLACK, F. (1972): Capital Market Equilibrium with Restricted Borrowing.
Journal of Business, Vol. 45, July, pp. 444-455.

- 207 -



BLACK, F., JENSEN, M.C., and SCHOLES, M. (1972): The Capital Asset Pricing
Model: Some Empirical Tests. In: Jensen, M.C. (ed.) Studies 1in the
Theory of Capital Markets. Praeger, New York, pp. 79-124.

BLUME, M.E. (1970): Portfolio Theory: A Step Towards its Practical Application.
Journal of Business, Vol. 43, April, pp. 152-173.

" BLUME, MiE., and FRIEND, I. (1973): A New Look at the Capital Asset Pricing

Model. Journal of Finance, Vol. 28, March, pp. 19-23.

BLUME, M.E., and HUSIC, F. (1973): Price, Beta and Exchange Listing. Journal
of Finance, Vol. 28, May, pp. 283-299.

CARTER, K.J. (1983): The Estimation of Security Beta Coefficients on the
Johannesburg Stock Exchange. Unpublished Ph.D. thesis, University of

Cape Town.

CHEN, N.F. (1981): Arbitrage Asset Pricing: Theory and Evidence. Unpublished
Ph.D. thesis, Graduate School of Management, UCLA.

DIMSON, E. (1979): Risk Measurement when Shares are Subject to Infrequent
Trading. Journal of Financial Economics, Vol. 7, pp. 197-226.

DOUGLAS, G.W. (1969): Risk in the Equity Markets: An Empirical Appraisal
of Market Efficiency. Yale Economic Essays, Vol. 9, Spring, pp. 3-45.

DU PLESSIS, H.I.D. (1974): Notes on the Characteristics and Performance of
Some South African Mutual Funds. Investment Analysts Journal,
Vol. 5, pp. 29-37.

FAMA, E.F. (1965): The Behaviour of Stock Market Prices. Journal of Business,
Vol. 38, January, pp. 34-105.

FAMA, E.F. (1968): Risk, Return and Equilibrium: Some Clarifying Comments.
Journal of Fipance, Vol. 23, March, pp. 29-40.

FAMA, E.F. (1970): Efficient Capital Markets: A Review of Theory and Empirical
Work. Journal of Finance, Vol. 25, May, pp. 383-417.

FAMA, E.F. (1976): Foundations of Finance. Basic Books, Oxford.

FAMA, E.F., and MACBETH, J.D. (1973): Risk, Return, and Equilibrium: Empirical
Tests. Journal of Political Economy, Vol. 71, May-June, pp. 607-636.

- 208 -



FAMA, E.F., FISHER, L., JENSEN, M.C., and ROLL, R. (1969): The Ad justment of
Stock Prices to New Information. International Economic Review, Vol 10,
February, pp. 1-21.

FINDLAY, M.C., and WILLIAMS, E.E. (1985): A Post Keynesian View of Modern
Financial Economics: In Search of Alternative Paradigms. Journal of
Business, Finance and Accounting, Vol. 12, Spring.

FIRTH, M.A. (1977): The Investment Performance of Unit Trusts in the Period
1965-75. Journal of Money, Credit, and Banking, Vol. 9, November,
pp. 597-604. R

FOWLER, D.J., and RORKE, C.H. (1983): Risk Measurement when Shares are Subject
to Infrequent Trading: Comment. Journal of Financial Economics, Vol. 12,
pp. 279-283,

FRANCIS, J.C., and ARCHER, S.H. (1979): Portfolio Analysis. 2nd edition.
Prentice-Hall, New Jersey.

FRIEND, I., and BLUME, M. (1970): Measurement of Portfolio Performance Under
Uncertainty. American Economic Review, Vol. 60, September, pp. 561-575.

FRIEND, I., BLUME, M., and CROCKETT, J. (1970): Mutual Funds and other
Institutional Investors: A New Perspective. McGraw Hill, New York.

GEHR, A. (1975): Some Tests of the Arbitrage Pricing Theory. Journal of the
Midwest Finance Association, pp. 91-105.

the Johannesburg Stock Exchange. Johannesburg Consolidated Investment
Co. Ltd, Report No. F76/67, September.

GIE??RTSON, B.P., and ROUX, F.J.P. (1976): The Behaviour of Share Prices on

GILBERTSON, B.P., and ROUX, F.J.P. (1977): The Johannesburg Stock Exchange as
an Efficient Market. Investment Analysts Journal, Vol. 9, pp 21-27.

GONEDES, N.J., and DOPUCH, N. (1974): Capital Market Equilibrium, Information
Production, and Selecting Accounting Techniques: Theoretical Framework
and Review of Empirical Work. Studies on Financial Accounting
Objectives, Supplement to Journal of Accounting Research, Vol. 12,
pp. 48-129.

GUY, J. (1977): The Behavior of Equity Securities on the German Stock
Exchange. Journal of Banking and Finance, June, pp. 71-93.

HADASSIN, I. (1976): An Investigation into the Behaviour of Earnings and
Share Prices of South African Listed Companies. Investment Analysts
Journal, Vol. 8, pp 13-24.

HICKS, J.R. (1962): Liquidity. Economic Journal, Vol. 72, December,
PP 787-802 .

=209 -



HAWAWINI, G.A., and MICHEL, P.A. (1982): The Pricing of Risky Assets on the
Belgian Stock Market. Journal of Banking and Finance, June, pp. 161-178.

HAWAWINI, G.A., MICHEL, P.A., and VIALLET, C.J. (1983): An Assessment of the
Risk and Return of French Common Stocks. Journal of Business Finance and

Accounting, Vol. 10, pp. 333-350.

IBBOTSON, R.G., and SIEGEL, L.B. (1983): The World Market Wealth Portfolio.
In: Bernstein, P.L. (ed.) International Investing. Institutional
Investor Books, New York.

JENSEN, M.C. (1969): Risk, the Pricing of Capital Assets and the Evaluation
of Investment Portfolios. Journal of Business, Vol. 42, April,

KEIM, D. (1983): Size-Related Anomalies and Stock Return Seasonality:

Further Empirical Evidence. Journal of Financial Economics, Vol. 12,
pp. 13-22.

KING, B.F. (1966): Market and Industry Factors in Stock Price Behaviour.
Supplement to Journal of Business, Vol. 39, January, pp. 139-190.

KNIGHT, R.F. (1983): The Association between Published Accounting Data and the
Behaviour of Share Prices. Unpublished Ph.D. thesis, University of
Cape Town.

KNIGHT, R.F., and AFFLECK-GRAVES, J.F. (1983): The Efficient Market Hypothesis
and a Change to LIFO: An Empirical Study on the Johannesburg Stock
Exchange. Investment Analysts Journal, Vol. 21, pp. 21-33.

LEVY, H. (1978): Equilibrium in an Imperfect Market: A Constraint on the
Number of Securities in the Portfolio. American Economic Review,
Vol. 68, September, pp. 643-658.

LINTNER, J. (1965): Security Prices, Risk, and Maximal Gains from
Diversification. Journal of Finance, Vol. 20, December, pp. 587-615.

LITZENBERGER, R.H., and RAMASWAMY, K. (1979): The Effect of Personal Taxes
and Dividends on Capital Asset Prices: Theory and Empirical Evidence.
Journal of Financial Economics, Vol. 7, pp. 163-195.

MARKOWITZ, H.M. (1952): Portfolio Selection. Journal of Finance, Vol. 7,
March, pp. 77-91.

- 210 -



MAYERS, D., and RICE, E.M. (1979): Measuring Portfolio Performance and the
Empirical Content of Asset Pricing Models. Journal of Financial
Economics, Vol. 7, pp. 3-28.

MEYERS, S.L. (1973): The Stationarity Problem in the Use of the Market Model
of Security Price Behaviour. Accounting Review, Vol. 48, April,
pp. 318-322.

MILLER, M.H., and SCHOLES, M. (1972): Rates of Return in Relation to Risk: A
Re-examination of Some Recent Findings. In: Jensen, M.C. (ed.) Studies
in the Theory of Capital Markets. Praeger, New York, pp. 47-78.

MODIGLIANI, F., POGUE, G.A., and SOLNIK, B. (1972): A Test of the Capital
Asset Pricing Model on European Stock Markets. A paper presented at the
first International Congress ou Stock Exchanges, March, (Milan).

OZEN, M. (1977): An Investigation into the Normal Hypothesis for Log-Price
Relations in Homogeneous Time Segments. MBA Research Report. Graduate
School of Business Administration, University of the Witwatersrand.

REINGANUM, M.R. (1981la): Empirical Tests of Multi-Factor Pricing Model -
The Arbitrage Pricing Theory: Some Empirical Results. Journal of
Finance, Vol. 36, May, pp. 313-321.

REINGANUM, M.R. (1981b): Misspecification of Capital Asset Pricing:
Empirical Anomalies Based on Earnings' Yields and Market Values. Journal
of Financial Economics, Vol. 9, pp. 19-46.

REINGANUM, M.R. (1982): A Direct Test of Roll's Conjecture on the Firm Size
Effect. Journal of Finance, Vol. 37, March, pp 27-35.

RE INGANUM, M.R. (1983): The Anomalous Stock Market Behavior of Small Firms
in January: Empirical Tests for Tax-Loss Selling Effects. Journal of
Financial Economics, Vol. 12, pp. 89-104.

ROBERTS, H.V. (1959): Stock Market 'Patterns' and Financial Analysis:
Methodological Suggestions. Journal of Finance, Vol. 14, March, pp. 1-10.

ROLL, R. (1977): A Critique of the Asset Pricing Theory's Tests: Part I:

On Past and Potential Testability of the Theory. Journal of Financial
Economics, Vol. 4, pp. 129-176.

ROLL, R. (1978): Ambiguity when Performance is Measured by the Securities
Market Line. Journal of Finance, Vol. 33, September, pp. 1051-1069.

- 211 -



ROLL, R. (1979): A Reply to Mayers and Rice (1979). Journal of Financial
Economics, Vol. 7, pp. 391-400.

ROLL, R. (1981): A Possible Explanation of the Small Firm Effect. Journal
of Finance, Vol. 36, September, pp. 879-888.

ROLL, R., and ROSS, S.A. (1980): An Empirical Investigation of the Arbitrage
Pricing Theory. Journal of Finance, Vol. 35, December, pp. 1073-1103.

ROSS, S.A. (1976): The Arbitrage Theory of Capital Asset Pricing. Journal of
Economic Theory, Vol. 13, December, pp. 341-360.

SCHLOSBERG, H.H. (1976): Distribution Models for Daily Log-Price Relatives.
Unpublished Working Paper, Graduate School of Business Administration,
University of the Witwatersrand.

SCHULTZ, P. (1983): Transactions Costs and the Small Firm Effect: A Comment.
Journal of Financial Economics, Vol. 12, pp. 81-88.

SHARPE, W.F. (1963): A Simplified Model for Portfolio Analysis. Management
Science, Vol. 9, January, pp. 277-293.

SHARPE, W.F. (1964): Capital Asset Prices: A Theory of Market Equilibrium
under Conditions of Risk. Journal of Finance, Vol. 19, September,
ppo 425-442-

SHARPE, W.F. (1966): Security Prices, Risk and Maximal Gains from

Diversification: Reply. Journal of Finance, Vol. 21, December,
pp. 743-744.

SHARPE, W.F. (1970): Portfolio Theory and Capital Markets. McGraw-Hill,
New York.

SHARPE, W.F., and COOPER, G.M. (1972): Risk-Return Classes of New York Stock
Exchange Stocks, 1931-1967. Financial Analysts Journal, Vol. 28,
pp- 46_54-

STAMBAUGH, R.F. (1982): On the Exclusion of Assets from Tests of the Two-
Parameter Model: A Sensitivity Analysis. Journal of Financial Economics,
VOl. 10, ppn 237-268-

STEWART, A.J.H. (1982): The Efficient Market Hypothesis and Accounting
Changes: An Empirical Study on the Johannesburg Stock Exchange on the
Introduction of Deferred Taxation. Unpublished B.Com. (Hons) Technical

Report, University of Cape Town.

- 212 -



STREBEL, P.J. (1977): The Limited Efficiency of the Johannesburg Stock
Exchange. Investment Analysts Journal, Vol. 10, pp. 15-20.

STREBEL, P.J. (1978): Thin Trading, Market Efficiency and the Johannesburg
Stock Exchange: A Rejoinder. Investment Analysts Journal, Vol. 12,
pp. 29-30.

_ SUNDER, S. (1973): Relationship between Accounting Changes and Stock Prices:

Problems of Measurement and Some Empirical Evidence. Empirical Research’
in Accounting: Selected Studies 1973, Supplement to Journal of
Accounting Research, Vol. 11, pp. 1-45. -

TOBIN, J. (1958): Liquidity Preference as Behavior Towards Risk.
Review of Economic Studies, Vol. 25, February, pp. 65-85.

TREYNOR, J.L. (1965): How to Rate Management of Investment Funds. Harvard
Business Review, Vol. 43, January-February, pp. 63-75.

]
VON NEUMANN, J., and MORGENSTERN, 0. (1953): Theory of Games and Economic
Behavior. 3rd edition. Princeton University Press, Princeton.

- 213 -



(=T - R - AV, N Y UC R R

W W W W W W NN NN DN O NN N e e e e e e e b
WM & W N O YV O N e W NN DO v N W =D

w
S-S

APPENDIX A

COMPANIES INCLUDED IN THE STUDY

Abercom Investments Limited
Aberdare Cables Africa Limited
Adcock Ingram Limited

AECI Limited

African Cables Limited

African Oxygen Limited

Anglo Alpha Limited

Anglo American Industrial Corporation Limited
Anglo Transvaal Industries Limited
Asea Electric South Africa Limited
Associated Engineering S.A. Limited
Associated Furniture Companies Limited
Barlow Rand Limited

Beares Limited

Blue Circle Limited

Bonmore Investments Limited
Bonuskor Beperk

Boumat Limited

Cadbury Schweppes Limited

Calan Limited

Carlton Paper Corporation Limited
Chemical Holdings Limited

Claude Neon Lights (S.A.) Limited
C.N.A. Investments Limited

Cullinan Holdings Limited

Currie Finance Corporation Limited
Currie Motors (1946) Limited

Die Afrikaanse Pers (1962) Beperk
Dorbyl Limited

Dunlop South Africa Limited
Dunswart Iron & Steel Works Limited
Edgars Consolidated Investments Limited
Edgars Stores Limited

Ellerine Holdings Limited

Everite Limited

Federale Voedsel Beperk

Federale Volksbeleggings Beperk
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

Foschini Limited

Frasers Limited

Gallo (Africa) Limited

General Tire & Rubber Co. (South Africa) Limited
Greatermans Stores Limited

Gresham Industries Limited

Grinaker Holdings Limited

Gubb & Inggs Limited

Highveld Steel and Vanadium Limited
Huletts Corporation Limited
Industrial & Commercial Holdings Group Limited
Irvin & Johnson Limited

Kaap Kunene Beleggings Beperk

Kanhym Limited

Kohler Brothers Limitpd

Lamberts Bay Holdings Limited

Lefic Limited

L H Marthinusen Limited

LTA Limited

Malbak Limited

Marine Products Limited

McCarthy Group Limited

Metal Box South Africa Limited

Metkor Limited

Metcash Limited

Mitchell Cotts Limited

Murray & Roberts Holdings Limited
Nampak Limited

National Trading Co. Limited

0.K. Bazaars (1929) Limited

Otis Elevator Co. Limited

Pick 'n Pay Stores Limited

Pep Stores Limited

Placor Holdings Limited

Plate Glass & Shatterprufe Industries Limited
Premier Milling Limited

Protea Holdings Limited

Rembrandt Beherende Beleggings Beperk
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76
77

78
79
80
81
82
83
84
85
86
87
88

89
90
91
92

93
94

95
96

97
98

99
100

101
102

103
104

105
106

107

Rembrandt Group Limited

Rennies Consolidated Holdings Limfted
Reunert & Lenz Limited

Rex Trueform Clothing Co. Limited

Romatex Limited

Russel Holdings Limited

S.A. Druggists Limited

Sappi Limited

Scottish Cables (South Africa) Limited
Seardel Investment Corporation Limited
Sentrachem Limited

South African Breweries Limited

South African Marine Corporation Limited
South West Africa Fishing Industries Limited
Steelmetals Limited »

Stewarts & Lloyds of South Africa Limited
Television & Electrical Holdings Limited
The Argus Printing & Publishing Co. Limited
The Sterns Diamond Organisation Limited
The Tongaat—-Hulett Group Limited

The Union Steel Corporation of South Africa Limited
Tiger Oats & National Milling Co. Limited
Toyota (South Africa) Limited

Trek Beleggings Beperk

Triomf Fertilizer Investments Limited
Truworths Limited

Unisec Group Limited

W & A Investment Corporation Limited
Wesco Investments Limited

Willem Barendz Limited

Williams Hunt South Africa Limited
Woolworths Limited.
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APPENDIX B

INITIAL RISK ESTIMATES AND ALLOCATION TO PORTFOLIOS

Company Name

Initial Risk
Estimate

Portfolio

The Sterns Diamond Organisation Limited
Russell Holdings Limited

Beares Limited

Ellerine Holdings Limited

Imperial Cold Storage Limited
Mitchell-Cotts Limited

Abercom Investments Limited

Rennies Consolidated Holdings Limited
Placor Holdings Limited

Currie Finance Corporation Limited
Rembrandt Beherende Bgleggings Beperk
Tiger Oats and National Milling Co. Limited
Boumat Limited

Rembrandt Group Limited

Woolworths Limited

Television and Electrical Holdings Limited
Anglo Transvaal Industries Limited

Kaap Kunene Beleggings Beperk

Sappi Limited

Murray and Roberts Holdings Limited
Assoclated Furniture Companies Limited
South African Breweries Limited
McCarthy Group Limited

Calan Limited

Edgars Consolidated Investments Limited
L H Marthinusen Limited

Premier Milling Limited

Nampak Limited

Romatex Limited

Grinaker Holdings Limited

Bonmore Investments Limited

W & A Investment Corporation Limited
Sentrachem Limited
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4.69
1.91
1.88
1.77
1.63
1.57
1.53
1.51
1.48
1.37
1.36
1.33
1.33
1.33
1.32
1.31
1.30
1.28
1.24
1.24
1.23
1.23
1.23
1.22
1.21
1.21
1.18
1.18
1.18
1.16
1.13
1.13
1.12

1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3



34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53
54

55

56

57
58

59
60

61
62

63
64

65
66

67
68

69
70

71

Initial Risk
Company Name Estimate

Portfolio

Lamberts Bay Holdings Limited

AECI Limited

LTA Limited

Wesco Investments Limited

Huletts Corporation Limited

Blue Circle Limited

Federale Volksbeleggings Beperk

Stewarts & Lloyds of South Africa Limited
Unisec Group Limited

Toyota (South Africa) Limited

0.K. Bazaars (1929) Limited

National Trading Co. Limited

South African Marine porporation Limited
Trek Beleggings Beperk

Bonuskor Beperk

Protea Holdings Limited

Pep Stores Limited

Williams Hunt South Africa Limited

S.A. Druggists Limited

Barlow Rand Limited

Plate Glass and Shatterprufe Industries Limited
Pick 'n Pay Stores Limited

Dunlop South Africa Limited

Metal Box South Africa Limited

Mar ine Products Limited

Greatermans Stores Limited

Carlton Paper Corporation Limited

Lefic Limited

Gresham Industries Limited

Steelmetals Limited

Frasers Limited

Willem Barendz Limited

Anglo American Industrial Corporation Limited
The Tongaat—-Hulett Group Limited
African Oxygen Limited

Highveld Steel and Vanadium Limited
Dorbyl Limited

Asea Electric South Africa Limited
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1.10
1.09
1.08
1.07
1.06
1.05
1.05
1.04
1.02
1.01
1.01
1.00
1.00
0.99
0.98
0.98
0.97
0.97
0.97
0.95
0.91
0.89
0.89
0.88
0.87
0.86
0.84
0.83
0.82
0.81
0.81
0.79
0.78
0.77
0.77
0.75
0.74
0.73
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72
73
74
75
76
77
78
79

80
81

82
83

85
86
87
88
89
90
91
92
93
94
95
96
97

98

99
100
101
102
103
104
105
106
107

Initial Risk

Company Name

Metkor Limited

C.N.A. Investments Limited

Seardel Investment Corporation Limited

Kanhym Limited

Reunert & Lenz Limited

Malbak Limited

Associated Engineering S.A. Limited

General Tire and Rubber Co. (South Africa)
Limited

Metcash Limited

Edgars Stores Limited

Die Afrikaanse Pers (1962) Beperk

The Union Steel Corporation of South Africa
Limited

Irvin and Johnson Limited

Adcock Ingram Limited

Cadbury Schweppes Limited

Dunswart Iron and Steel Works Limited

Rex Trueform Clothing Co. Limited

Kohler Brothers Limited

South West African Fishing Industries Limited

Currie Motors (1946) Limited

Triomf Fertilizer Investments Limited

Otis Elevator Co. Limited

Claude Neon Lights (S.A.) Limited

Anglo Alpha Limited

Gallo (Africa) Limited

Industrial and Commercial Holdings Group
Limited

Truwor ths Limited

Foschini Limited

Everite Limited

The Argus Printing and Publishing Co. Limited

Aberdare Cables Africa Limited

Scottish Cables (South Africa) Limited

African Cables Limited

Chemical Holdings Limited

Gubb and Inggs Limited

Cullinan Holdings Limited
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Estimate Portfolio
0.71 7
0.71 7
0.70 8
0.69 8
0.69 8
0.68 8
0.68 8
0.65 8
0.65 8
0.65 8
0.64 8
0.61 8
0.61 9
0.57 9
0.57 9
0.51 9
0.51 9
0.51 9
0.48 9
0.48 9
0.47 9
0.46 9
0.45 10
0.45 10
0.39 10
0.38 10
0.36 10
0.34 10
0.34 10
0.33 10
0.28 10
0.22 10
0.19 10
0.17 10
0.13 10

-1.05 10



APPENDIX C -

PORTFOLIO PARAMETERS CALCULATED USING WEEKLY RETURNS

Period* Portfolio Beta Beta-squared Standard-error Variance Skewness
1977 1 1.33 1.81 044 .003 .33
2 1.11 1.65 045 .002 .29
3 1.08 1.29 041 .002 .23
4 1.22 -1.56 : 046 .003 .32
5 0.8 0.79 .039 .002 .18
6 0.91 0.88 041 .002 -+30
7 0.76 0.65 .038 .002 .18
8 0.73 0.59 046 .002 .40
9 0.60 0.43 .043 .002 -.06
10 0.52 0.31 © 2045 .003 .29
1978 1 1.06 1.18 .040 .002 .23
2 1.33 1.86 .048 .003 -.08
3 1.02 1.15 .040 .002 .12
4 0.99 1.17 046 .002 -.01
5 0.82 0.86 .038 .002 .08
6 0.88 0.84 .042 .002 -.42
7 0.82 0.83 <446 .003 -.78
8 0.48 0.27 .045 .003 .19
9 0.58 0.44 .045 .003 .05
10 0.50 0.32 .043 .002 -.02
1979 1 1.05 1.32 042 .002 022
2 1.23 1.55 .043 .002 -.19
3 1.05 1.15 041 .002 .12
4 0.88 0.85 <042 .002 .10
5 0.87 1.22 041 .002 .06
6 0.95 1.02 .046 .002 -.27
7 0.89 0.91 047 .003 -.58
8 0.60 0.48 045 .002 <40
9 0.57 0.43 .055 .003 .48
10 0.59 0.46 .042 .002 .32
1980 1 0.64 0.46 .045 .002 01
2 0.59 0.38 044 .002 .10
3 0.49 0.24 041 .002 .31
4 0.61 0.43 .046 .004 .39
5 0.53 0.43 046 .003 .23
6 0.56 0.37 047 .002 .17
7 0.46 0.26 041 .002 .57
8 0.30 0.11 042 .002 «49
9 0.42 0.19 051 .003 45
10 0.37 0.19 042 .002 +52

* The parameters are actually calculated using returns for the two years prior
to this.
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APPENDIX D_

PORTFOLIO PARAMETERS- CALCULATED USING MONTHLY RETURNS*

Period** Portfolio Beta Beta~gsquared Standard-error Variance Skewness
RDM Int RDM Int RDM Int
1977 1 1.28 1.28 1.69 1.73 .075 .075 011 -.06
L 2 1.21 1.22 1.64 1.67 .072 072 011 .14
3 1.02 1.01 1.12 1.08 .069 .070 .008 .16
4 1.12 1.15 1.32 1.38 .072 071 .009 .05
5 0.92 0.91 0.97 0.95 .062 .062 .007 .06
6 1.04 1.05 1.15 1.17 .068 .067 .008 -.20
7 0.80 0.82 0.74 0.74 .066 .067 .006 .25
8 0.96 1.046 1.00 1.16 .087 084 011 .20
9 0.86 0.89 0.94 1.01 .078 .077 .009 -.18
10 0.63 0.68 0.54 0.60 076 074 .008 .27
1978 1 1.17 1.27  1.42 1.71 074 .073 .008 .16
2 1.33 1.40 2.05 2.30 071 .071 .009 .12
3 1.07 1.19 1.19 1.48 .068 067 .007 .04
4 0.98 1.06 1.05 1.22 070 .069 .007 -.15
5 0.88 0.88 0.96 0.95 .065 .066 014 .25
6 0.87 1.05 0.83 1.23 .078 .075 .008 -.30
7 0.89 0,90 0.88 0.95 077 .078 .009 -.27
8 0.66 0.83 0.47 0.75 .085 .083 .009 -.26
9 0.80 0.83 0.70 0.77 .096 .095 011 .05
10 0.52 0.64 0.42 0.55 076 075 007 -.15
1979 1 1.09 1.05 1.48 1.45 074 .074 .008 .07
2 1.11 1.11 1.32 1.36 .065 .065 .006 -.36
3 1.14 1.19 1.40 1.51 .073 .070 007 -.14
4 0.69 0.87 0.64 0.98 072 .076 007 -.09
5 0.94 0.96 1.24 1.25 .064 .065 .006 .08
6 1.29 1.46 2.04 2,77 .096 .092 .012 -.11
7 0.97 0.93 1.02 0.96 .082 .077 .010 -.20
8 0.72 0.85 0.69 0.94 .083 .080 .008 01
9 0.78 0.88 0.73 0.98 .105 .104 .013 .38
10 0.67 0.80 0.78 1.09 .079 .078 .008 22
1980 1 0.84 1.21 0.79 1.65 .083 .076 .010 .24
2 0.72 1.13  0.62 1.47 077 .067 .008 -.02
3 0.65 0.97 0.44 0.99 .071 .065 .007 .11
4 0.62 1.01 0.53 1.30 084 076 .009 .15
5 0.68 1.01 0.51 1.10 .067 .060 .006 -.24
6 0.94 1.33 0.99 2.05 093 .085 012 .13
7 0.66 1.03 0.49 1.14 .081 .074 .008 .29
8 0.54 0.81 0.40 0.88 076 .072 .007 .15
9 0.63 0.89 0.41 0.83 .093 .091 011 14
10 0.49 0.67 0.32 0.66 .080 .078 078 .36
* Parameters are calculated using both the RDM-index and the internal-index.
The variance and skewness parameter calculations are not affected by the
index used, thus only one value is given for each.
k& The parameters are actually calculated using returns for the two years prior

to this.
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