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CHAPTER 1

INTRODUCTION AND SUMMARY

" Gold has traditionally been a high]ygprized metal, stored
for value and used in the manufacture of ornaments and jewel-
lery; its use dates as far back as the Ancient Egyptians.
Since August 1971, however, when the do]]ar/go]d converti-
bility was officially termiﬁated,'the price of gold bullion
has become very vo]ati]é, but has also increésed so rapidly
that the attractive profits that we;e attainable in the gold
bullion and gold share markets attracted many speculators.
The volatile gold price over this period, however, has also

been the cause of many lost fortunes. Thé.following quotation

extracted from the Supplement to the Financial Mail (May 30

1980) emphasizes this point with.-some cynicism.

"Gold: A yellow metal greatly prized forn Lits con;
venience An- the vardious kind& 0f nobbery khnown as
trade. 'The'wond was formenly spelled 'God' - the
‘e’ wéé insented to-di4£ihguiéh Lt from anothen .
delty. Gold L{s the heaviest of allf the metals ex-
ceptnptatinum, and a considerable amount of Lt wile
Aink'a man 50 much more qudickly and deeply than
platinum thatithe Latten L4 made into Lifebelts and
used as a Lifting power forn balloons. British gold,

an imaginary metal greatly used Lin the manufactunre
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04 Amenican.tnaitoné to the patriotic axiom that

two and two are fLve.”

Investors interested in the gold market need not, however,
hold a physical stake in gold to enter gold related markets,
but can speculate in‘investmeﬁts sﬁch as gold shares and
futures markets as well. It is jndeed surprising that so
little research in these marketsxhas been published to date,
especially in the South African cbntext,.since not only Has

the gold share sector on the Johannesburg'S%ock Exchange

attracted vast sums of money from foreign and local inVestors

alike, but the entire South African ééﬁﬁbﬁy relies on the
performance of these markets to some extent. It may be that
the remarkable lack of published empirical research in this
field could be attributed to researchers in this field being

more concerned with being rich than being' famous.

In this thesis a detailed analysis of the South African
gold share market is carried out with the emphasis on the

vafuation of gold shares.

AN

“In Chapter 2 the well known concept of market éfficiency
fs tested for the gold share market on' the JSE uSing fhreé
~different statistical tests. The tests wéré conducted over
both bull and bear phases of the goid share market separately
“as well as over the periods partitioned.accofding to the
operation of the securities rand, the blocked rand and the
financial rand - both the case of the local and foreign in-

vestor are considered. The study revealed that none of the
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above mentioned partitioningé had any significaﬁt difference
in the degree of efficiency, however, in general the go]d
share market was found to be more inefficient than might be
assumed from previous studies. Although fnefficiency was
found, the magnitude of the non-random behaviour exhibited by
the relevant "inefficient" gold shares was thought to be too
small to discard the concept of an efficient go]d share

market.

~Chapter 3 includes a theoretical discussion on the market
model as We]] as the Markbwitz approach to portfolio selection,
incorporating empirical studies on the JSE. A study on beta |
coefficients show that betas do not differ significantly over
bull ahd'bear markets on the JSE while a study based on
portfolio selection between the various sectors shows the
re]ative-importancevof gold shares for portfolio selection
over past periods. A further study on porffo]io selection
basedtsdlély on gold shares shows very different ranges of
portfolio returns and standard deviations attainable over the
past 5 years. The study also views Kruger Rands for port-
folio selection, surprisingly indicating that Krugér Rands do

not exhibit desirable portfoTio‘seTection qua]itﬁés.

Traditional share evaluation models are discussed in
Chapter 4. Further two share evaluation models are proposed
for gold shares, the second one being a more sophistitated

versioh of the fifst.
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The components of gold mﬁne.prOfitability.are discusséd
in detail in'Chapter_S and'specific,attention is given to
factars inf]uencing the gold price. Regression techniques
are applied to estimate costs, capital expenditure and pro-
duction of gon mines. It was found that good estimates of
costs were obtained using the regression technique. The
sophfsticated policy of gold mine tax and’ lease bayments is

also discussed here.

Iﬁ Chapter 6 the two que]s proposed inﬁChapter 4 are re-
searched u;ihg éstimates of“the-compOnents obtained in
Chapter 5. The models were Qiewedvin terms of the "implied
gold price" reflected by a gold share at given yields. It
was found that tHe first model was missbecified but thét the
second more sophisticated model performed well over the period
under study. Further the second model was used to determine
weekly yields over the last four years. The slight decreése
in the trend of these yie1d5~indjcate that investors tend to
view gold shares as being a less risky investment than in the -
past. Frequent short term.fluctuations in yiqid from the‘
general trend'Were-foundltofpersist in the. gold shares re-
searched. A trading rule was thus formulated, where “buy"
and "sell" signals were based on these short term f]uctuatians
from the general trend.. It was found.that_fiye of the six
mines researched ‘here showed.substantia]]} superior profits
using this.trading rule over a naive "buy and hold" bo]icy
for the bast three years. It is fe]t,'hOWEVer, that further

research in connection with the formulation of the. trading
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rule is required, specifically with reference to the magni-
tude of the filters and the Tength of the moving averages

used, as well as using different periods to test the model.

Estimates of earnings per share as well as share prices
under various gold price, inflation and expected yield

scenarios are given in Chapter 7 using the second model.

Finally, directions of future research leading on from
the work researched in this thesis is viewed. The major
thought here is that the second model should be used inter-
actively so that problems of obtaining out-of-period estf-

mates can be avoided.

A11 computer-based work was performed on the University
of Cape Townfs UNIVAC 1100 computer. BMDP P1R and P2R
packages were used for all the regression analysis in this
thesis and all other brograms used for empirical computations

in this thesis were written in the FORTRAN language.



CHAPTER 2

MARKET EFFICIENCY AND EMPIRICAL RESULTS
ON THE JOHANNESBURG STOCK EXCHANGE

2.7 Introduction

The concept of market efficiency has received a Tot of

favourable attention in recent literature.

Stern (1977) defines market efficiency in the following

way:

"One can call a capitqﬁ market efficient Lf (1)
secundty prices always 'fully neflect' available
information detenmining a company's Aintrinsic, on
fain, marnket value, and (2) no Lnvestors in the
manket have a monopoly of price sensifive

information."

The implication of market efficiency for technical analysts

is pointed out by Stern (1977) who continues

"The two conditions togethen imply that investors who
employ trading rules to select investments based on
available information cannot cutperform a simple buy-

and-hold- policy."

Brealey and Myers (1981, p.256) express their view of
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valuing securities under the concept of efficient capital

markets by the following statement:

"14 capital manrkets are efficient, then purchase ox
sake 0f any securnity at the prevailing market price

is a zeno net present value transaction.”

Clearly then, price changes in an efficient market will be

random. Brealey and Myers-explain why this is so by saying

"T1§ prices always reflect all nelevani information,
then they will only change when new Lnformaition
arnives. But new information cannot by definition
be predicted ahead of time (otherwise it would not
be new Linformation). Thereforne price changes cannot
be predicted ahead of time. To put it another way,
i stock prices already neflect all Zhat Ls pre-
dictable, then stock price changes must negflect only

the unpredictable.”

According to Bredey‘and Myers (1981) the congepf of effi-
cient markets was a chance discovery by Kendall, who in 1953
met with the Royal Statistical Sociefy to discuss one of
Kendall's papers (c.f. Kendall(1953)) concerning the behaviour
of stock and commodity prices. Brealey and Myers (1981, p.257)

continue:

“"Kendall's purpose had been to separate out regulan
price cycles, but to his surprise he could not f4ind
any such cycles. Each senies appeared Zo be 'a

"wandening" one, almost as Lf once a week the Demon
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0§ Chance drew a random numbern .... and added it to
the cunnent price to detenmine the next week's price.'

In othern words, prices seemed to foLlLow a random walk."

Kendall, in fact, was making a startling suggestion at
the time, i.e. that price changes are independent. In fact
53 years earlier this idea was proposed by Louis Bachelier
(c.f. Cootner (1964)) in a doctoral thesis that was almost
forgotten. During the 1930's Working (1934),a food economist,

also detected the random behaviour of commodity prices.

More recently numerous researchers have applied various
statistical efficiency tests resulting in support for the
random walk concept. The more important studies include
Osborne (1959), Cootner (1962), Granger and Morgenstern (1963),
Mandelbrot (1963), Young (1971) and Schwartz and Whitcomb
(1977). Fama (1965) conducted perhaps the most important of

these studies containing the most‘detail on the topic.

As evidence supporting the random walk concept accumulated,
- the focus of attention shifted to the kind of market process
which would produce such a result. This led to the theory of
efficient markets in which prices adjust rapidly to new

information.

Roberts (1967) defined three forms of market efficiency.

(i) Weak form: In this case current prices fully reflect
the information contained in the record of past prices.

That is, the investor cannot enhance his ability to .
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select stocks by knowing the history of successive
prices and the results of analyzing them in all possible

ways.

(ii) Semi-strong form: In this form current prices fully
reflect published information. Thus any efforts to
acquire and analyze this public information cannot be

expected to produce superior results.

(iii) Strong form: Here, even privileged information cannot

be used to obtain superior investment results. That
is, prices reflect not just public information but all
information that can be acquired by fundamental analysis

of the company and economy.

The validity of the random walk model which will be discussed
below shows that the market is at Teast efficient in the weak

form.

2.2 The Random Walk Model

The random walk model has been widely discussed in the
lTiterature. For a more detailed discussion, the full impli-

cations of the model are given by Fama (1965).

The model can be formulated as:

where Pt is the price at time t and ey is the random

error, assuming
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(i) E(et) =0 for all t

(i) e and e, are independent for all s # t.

Several forms of the random walk model have resulted in
the Titerature due to\a lack of statistical understanding by
some researchers. The confusion arose in the interpretation
of the error terms, where a lack of correlation, while a
necessary -condition for independence, is not generally a
sufficient condition. The names given to the_different series

where Pe = Peq * &y

are: (i) second order martingale - if ey and e are

uncorrelated for all t # s

(ii) strict random walk - if etv and e, are inde-

pendent for all t # s
(ii1) a Wiener process - if ey -and e, are indepen-
dent for all t # s and the e, are all iden-

tically normally distributed.

The second order martingale form is the most common form
found in the literature, and for practical considerations is
" sufficient as far as the random walk model is concerned. This
form is all that is required since as far as the investor is
concerned a lack of correlation implies that one series cannot

be predicted from the other by means of a linear relationship.

Affleck-Graves (1974) used the change of the logarithm

of price to test the random walk model, i.e.
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e, = loge Pt - 1oge Pt-1

instead of the model e, P, - P -1+ This can be justified

on two counts:

Firstly, the difference in the logarithms of price is
the return with continuous compounding over the period con-

sidered (c.f. Affleck-Graves (1974, p.6.4)).

Secondfy, Granger and Morgenstern (1970) have shown that
if the percentage change in price et/Pt-1 is small (this
is usually the case) then the above two models are approxima-

tely the same.

2.3 Empirical Results 'on the Johannesburg Stock Exchange

In capital markets throughout the world, investment
analysts study an individual company's business and try to
uncover information that will shed new light on the value of
the stock. Competitionlamong investors is keen which thus
rapidly impounds any new information in the price of secu-

rities thus yielding fairly priced securities.

However, most of the research concerning market efficiency
has been conducted on the New York Stock Exchange, and it is

thus necessary to check whether the stock prices on the

-Johannesburg Stock Exchange are subject to a sufficiently in-

tense degree of competifive investment analysis to conclude

that the South African market is efficient.
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Affleck-Graves and Money (1975) conducted a study on 50
shares representing a cross-section of shares listed on the
JSE. The study involved testing the correlation between the
ey and e for f # s (called the autocorrelation). The
results showed a presence of 7 out of 50 autocorrelations
greater than two standard deviations from zero for lags of one
or two weeks (i.e. 14 for lags of one and two weeks). Under
the null hypothesis of zero autocorrelation, approximately 95
per cent of the values would be expected to be within two
standérd deviations from zero. Affleck-Graves and Money thus
concluded that although a very slight dependence was indicated,

the shares on the JSE did not display any marked non-zero

autocorrelation.

It is worth noting that similar results were obtained by
various reséarchers who have conducted similar studies on
other Exchanges. Table 2.1 below extracted from the paper
of Affleck-Graves and Money (1975) shows support for the above

statement.

2.4 Empirical Study on Efficiency of Gold Sharés on the JSE

Since the behaviour of gold shares is the major concern
of this thesis a comprehensive study was conducted concen-

~trating entirely on the gold share sector of the JSE.

This study attempts to determine if there is any differ-
ence in degree of efficiency on the Johannesburg Stock Ex-

change for foreign and local investors as well as researching
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TABLE 2.1
Author Exchange Differencing| Average Auto-| S.D.
‘ Interval correlation

(Lag of 1

Period)
Fama (1965) New York 4 days -0,038 0,058
Solnik (1973) | London 1 week -0,055 0,060
Solnik Paris 1 week -0,049 1 0,060
Solnik | Frankfurt 1 week 0,056 0,060
Graves & . Johannes-
Money : burg 1 week -0,018 0,061
Fama New York 9 days -0,057 0,086
Solnik London 2 weeks 0,005 0,090
Graves & Johannes-
Money burg 2 weeks 0,000 0,087
Fama New York 16 days -0,009 0,116
Solnik ' London 4 weeks 0,020 0,120
Graves & Johannes-
Money burg 3 weeks 0,037 - 0,107

differences in degree of efficiency over bull and bear market

phases.

The aim of this study therefore is divided into three
cases. Firét]y, to determine whether there is any signifi-
cant difference in the efficiency of gold share prices quoted
on the JSE during the period over which the dual exchange
rate was operative, viewed by local investors and foreign
investors apart. Sécohd]y, whether there was any difference
in efficiency of the local market before and after the

financial rand discount was introduced. Thirdly, whether
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there is any difference in efficiency of gold share prices
over bull and bear market phases, again viewed by local and

foreign investors seperately.

Efficiency Tests

Three statistical tests were used on the data:

1. The Runs Test

A run is defined to be a sequence of sigh changes of the
same sign (Togarithm of price changes is used in this study).
The runs test is constructed as follows (Wallis and Roberts

(1956)):

Assuming that the sample proportions of the positive,
negative and zero pfice‘changes are good estimates of the
population proportions, then under the null hypothesis of
independence, the total expected number of runs is

n - (T(T”);z:ﬂt?) | (2.1)

where T is the total number of observations; ti for

i=1,2, or 3 1is the total number of positive, negative and
zero changes in the sample respectively. The variance of
m is |
.3 2 L3 2 3 2 3
s L z.l'=1t.i(§:_i=1t_l+T(T+1))"2Tz_i=1t_i'T
o = (2.2)
T2(T-1)

It can be shown that for large T, m 1is approximately nor-

mally distributed (Wallis and Roberts). The test statistic
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used was
K = (R+é—m)/om

where R is the number of runs observed (headed: "ACTUAL"

~in the tabled results), the é is a discontinuity adjustment

and m 1is the expected number of runs (headed: "EXPECTED"
in the tabled results. The test for independence was per-
formed at a significance level of 0,10 in this study. The
tabled resﬁ]t of the test is headed: "DEPENDENCE", where a

“"NO" indicates there 1is no dependence.

2. The Autocorrelations Test

The relationship between the value of a random variable
at time t and its value s periods later can be measured by

the autocorrelation, QS;
where

Q = : (2.3)
S E(U,-0)2 |

U is the mean of the series {Ut} of T price changes,

t=1,2,...,T.

From the observed series, an estimate of Qs’ i.e. the
empirical autocorrelation coefficient, can be computed using

the formula (c.f. Malinvaud (1966)):

_ ZI;? t+s (z Zt S+ t>/(T s)
s = | zt:1 t_(2t=1 t) (2.4)
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The above statistic appears in the tabled results in columns

headed: "1", "2",...,"7", for differencing intervals of one

week for lags of 1,2,...,7.

The column headed "S.D." contains an estimate of the
standard deviation of res computed using the formula

(c.f. Anderson (1942)):

var(r_ ) = {n=1) (2.5)

The above formula is based on the assumptions of normality

and constant variance in the series. These assumptions may

not necessarily hold, however, this does not constitute a

serious disadvantage as the results are only intended as an

indication of how the true autocorrelation might behave.

Under the null hypothesis of zero autocorrelation,
approximately 95% of the values would be expected to fall

within two standard deviations from zero.

3. The Q-Statistic Test

A test based on the empirical autocorrelation coeffi-
cients at various lags was used. The formula used for com-

puting the test statistic is given by (c.f. Box and Pierce

(1970)) .
Q =n 22:1 r; (2-6)
(k) '
where rs( ) is the empirical autocorrelation coefficient
k

computed using equation (2.4) where k = 1,2,...,7. For h

-
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sufficiently Targe Box and Pierce showed that Q s distri-

buted as x;_1.

The Q values will be shown in the column's headed "Q"
in the tabled results. (These values are compared to
2{(0,10 . .
751’ ) = 10,645 .in this study and all values exceeding
this 1imit imply the null hypothesis of zero autocorrelation

for the specific security is rejected.)

The Sampled Data

The data which was used throughout the analysis consisted
of the change in the logarithm of weekly prices of 37 gold

shares quoted on the JSE.

The 37 gold shares do not represent a random sample of
all the quoted gold shares but were chosen as only the data

for these shares was .at hand over the desired period.

A

The data covered the period 2 February 1973 to 31 December

1981. The names of the shares are listed in Appendix A.

Partitioning of the Data

Case 1: Difference in efficiency for local and foreign
investors during the period over which the
financial rand market was operative

Before the abolishment of the financial rand discount in
February 1983, foreign investors had access to gold shares

Tisted on the JSE at a discounted price via the financial
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rand discount (formally introduced in'January 1979).  Hence,
two markeéts can be considered; a foreign and a local market

where different prices of shares prevailed.

Thus the first case to be considered is whether there is
any difference in the efficiency of gold share prices (ad-
justed by the financial rand discount) for foreign investors
and the efficiency of prices as quoted on the JSE (i.e. for

lTocal investors).

Hence two data sets were constructed for testing the above
case, one with the prices adjusted via the financial rand
discount and the other without the adjustmenf. Both data
sets covered the period from 2 January 1979,when the financial
rand was first introduced, to 31 December 1981 (i.é. 155

observations).

TABLE 2.2
No. of shares exhibiting significant non-random
behaviour
No. of obs.| Runs test’ Autocorrelation Q-statistic
* test test

local
investors ‘ 155 7 7 7
foreign
investors 155 2 2 10

Table 2.2 displays a summary of the number of shares (out
of 37) that exhibited significant non-random behaviour at the -
10% level of significance ﬁsing the three different statistical
tests. Table 2.3 and Table 2.4 show the detailed statistics

obtained using the runs test for local and foreign investors
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respectively, while Tables 2.5 and 2.6 show the. statistics
obtained using the autocorrelation and Q-statistic test for

local and foreign investors respectively.

To test if the number of significant shares are‘more than
sampling theory suggests, a test* based on the binomial dis-
tribution was performed at the 5% level. This test indicates
that with 37 shares being-simu]taneously tested at the 10%
level, 7 ar more would have to be rejected to constitute the
existence of non-random behaviour. Inspection of Table 2.2
shows that the results of all three tests exhibit significant
non-randbm behaviour at the 5% level, however, it should be
noted that the critical value was only exceeded by a marginal
amount,and at a 2%% level the result of all three tests would
indicate that no significant non-random behaviour persists.
For the foreign investors bn]y the Q-statistic test resulted

in significant non-random behaviour.

It is worth .noting that the two shares Durban Deep and
West Rand Consolidated (i.e. share numbers 5 and 31) exhibited
~significant non-random behaviour in almost all the tests as

can be seen from Tables 2.3, 2.4, 2.5 and 2.6.

It could thus be concluded that significant non-random

behaviour was detected in a small proportion of the shares,

*This is a binomial process with n =37 and p = 0,1 which can be
approximated by the normal distribution with .u = np and o2 = npq.
At a 5% significance level the test statistic becomes
np + 1,64/npq ‘i.e. 6,693.



2.15

-Investors

Local

Financial Rand Period

PROBAHILITY DEPENDENCE

EXPECIED

ACTURL

CURITY

00OSSOODD.OOOO.UOOSOOOOOSOOOOOSOﬂQSOOODO
NNNEENNNNHHHHHNHENNHHHEHNNNHENEENNHHH
3~ >= . >~ > > >

69898_337:184.40782123636007.43326559?6?14
8834054914708;09968049{0..0(060,.0084.1911870
1.34.64—.91..33_l.22?6AVSID.b024;b67.012c-u091583529._3
5.7_5233516465379h2459:4?7004.«/97.057.50:053‘.10
860003058340?25905221203?10'&00005‘1{62

55!3936012541398n0‘b4.0)40!00598...09912384259
11931.79_8?325!39_{031‘5763674633.6117-4569515
9?88888888888888988888888888998888?898

00000000000000000000000000,000000000009

(=t T OONANOOT DW= O TMOMMM— BT OO OWO O A0
7 €0 - M- P\ - P G0 00 G G0 P €O - 00 G D 09 00 60 A= GO = €3 08 e e B3 00 €0 N e 60 G0 P GO D 00

RGES

12345{0?890!23456?89014&3456?89012345..0?R

AY

THTE TR e e e S S NN NN NI N M M MMM MMM L

TABLE 2.3

Foreign Investors

Financial Rand Period

OO0 00OO0ONODNOVDONDODOO0DCANODODOODOCOOO
L Y I L M I L L L U L L I I R R I AT Lo s

> >

FIM—MNOQ IRt NORT IO DNONODOP—DONNDCN DN I
[POMOOMANUN~DON~NMNOOMNMNOMODOANVWIVHONNOOMD
OO TOUNAMOOTMONGC MMM T D DINONC I~ DN T D
PR D—MUNNTANAMONNN A O DO—AOM =M DM TSN N
T OMDNIMOINNWUI0DUIC M 0Dt YT GO P D vt Tt ot P 4 U Poe T e T CO

.....................................

PROBABILITY DEFENDENCE

95434~Jfb0al/b033300533?881?6856603033_{356
go.szlnﬂ4.3?.(9:(454.7.7.0151.06813...0439?5_(5:d1699

................................. P
=00 DO OUNONDIONWWOOWONANNADNN TN WONONRNRNDNOWD
A Al ey e e e e e N e e o A At al oS (Y N Y S N S Y N O O N N NN N N NN

EXPECTED

......................................

aCTUARL
)
Q
(o]
0
Q
(o]
¢
0
¢}
¢
0
0
(0]
¢
Q
0
¢}
Q
0
Q
0
9
[s]
0
(o]
0
¢
Q
0
)
0
0
(o]
0
¢
(0]
o]
7

<EJGD QO A PP N NI 00 C0 00 P 0O - = 0N A= OO A- N A= GO P B0 A= O Ae Ae e N A - 0 1= P I 0O

AGES

. . . : .
AN ONMTVONONO=NMTNONRDOO—~NMTNONDNO—NM TN ONQ
. TR At et et S QI TOI NI NN INM MM MM MMM W

SECURITY
aY

TABLE 2.4



Financial Rand Period

Investors

Local

TABLE 2.5

2.16

S.D.

Ko A FTRK

M

[adi

P

SHARE

M OTNO—~I OO ONNYIMMIOTOORNONTITNONOM—NNOMOM
WVNON OOV TWRI—TNOEMINMN~DONMNIMUITCINORW
TR OO WOMAUDUNR—AMANUN MM~ —AOINIMINIONGNU—AO—~-M
MOMO—~COYWNNC—ONNOTNUNNONROMNMIG—AOMMOMMMAN
96544112628911195?_4.14?330968929451251
MOINOOONS QJ_/.AO:J/.O013;b51r6549364150»01000629

~— (o]} v —t ~— ~— -t —t et — —t

UMM IMMIM D EVAMIM MMM MM MMM DM MM
1111111111111111111111111111111111111
0 Q0 0 00 00 €0 00 00 £0 00 Q7 G0 00 03I 13 00 K0 CO O A0 G0 03 O3 03 03 O3 €3 03 (3 O3 €O €O 4O 6O 0 0
COOOVOODOOCTOVDVOOIOOOTDOOOCOOODOTOOOOD

NMHNODOBONMMOINNONOONINM T O~~~ ONM D~ NN
MMMt QINMIT NN CORNDNA DA OOOROTNURNNDOS OO
MHOORNANUTITANMNONNTNOG O TOON—~NINOCOOANN SN 90
AN DM IN- O~ O NPT A-MINQMNOVNNIN T O OMMDOMOSTNMO

{OCOACODOOTOVRQRLOTIIVTCTTOTTOIOTOIRITOOCDODD

......................................

PO OIMONNOWTO TGO 0~ DO IO 00 M- (U P D P
N~ DI ONNDO TN~ DDA OOMOUIMIMO AP TR-O NI
(CNOANVNOSCOTN-T LT~ COCAD AT T OTM NI OO D—NMONNGM™
MO AT OCUITONWNIR-—MOMO—MOYTONNINIMA DA ~MO T
DOAOQRQOTTOOCOOAOACTOO QOO0 O—HO

[ 2 I I S T T T T T T T T TR T S T T T T T T SO T B O

NTMONTONOONN—ANOTOTATOMOTr—O—ON—NNR-DNOITM O
MOTINOOMO—~DDOMODO QNP VYA UMY ID DD O - D
O SAMNNO—INOROOMIONMB O~ —NNQOM T TR TOARNT
OCUTOHLFOONNORNDANTINDOUI T O T Q—ANOUINO T TN
QOO AA DA O A OO A At A A A At G rd QA DA D At N O Ot Ot et O vt

W CUAM A~ (VO DD~ NDOVIN-CYNN DN OMOIMNOC 0TI TINNM
DCYA MU QOO ND APt T (DO UP- DT DI DN DB OO
D~ OMONNMMIM—~ DM CINTOORQOMDT O DIMA-CNDDHC— IO M
DM AT MO A D~ TONMTONMNMONIOMONOSCNA A ODT T ACCIDON
COODO—AOOCOTOOPOODCOODOCO~A—ArtODODDOOOOD

-V DO BSODVTMNIONUNNCOIODNNCI- NN D0OM T IOOMOPD ~OIT -0
OISO MO ONMIDMODNODIM I TON IO T ON—OMBDNOOMM N
SOOI DDONVNNNMNDM O COUNRNTT O OINMM TS
TN FONOMOTVM-M— N~ MEUOHNOOCT IR M~ T OMNICIM
DOODPAAATOOTOTOOANDOTTOODCROOOCODOTOOOOCTO

M ORI M LW RNV ANATONIXBOO@ONC-—IMNITTOMANIIN-0T
IOt P DT OISO NMNMOOOWOND QNN TN OD
WM @RUIOOM T T DOOUMOODN AT TOMUINP- A OO ON =T O GED T
IO UMM OO TN TN @ ON R~ DD TIPS VP 00 00 M I P 0D vt
SO TOONOODODOOOATODODTOTDOOOROAOIDODODTOOC

DN OF~-OTOIN TNV~ STNNHNTSCUMNC A~ NCT O TITNDIND
TN OOTTTONIN~— ORI NMINCIDOSNIO DD DD
Q1 ONUNTRHRNQRNDRUNIMIO TN~ NQT U PN ANUN-O -0 T 3D
N~ OO OMA-MONMOTARNMDMO—~OTOM~NMOTNUMM
011010109_001100010011001000 DOANOMMAOODOOOD

RGE

19_34.56?8901)_3456?89019..3456?8901?.345;&?R
- A At At A A NN I NN I N I M MM MM M MUl

>
x




Financial Rand Period

Foreign Investors

2017

e
, =
T U9

TABLE 2.6

S.D.

™~

-3
0, ~—t

Ol
Lo

.yl ]
T
O
o —t
ujoe
ul

aTxT=
e
[o iy
LaallieRo y

aa
=

Ol

v

SHARE

OO QAU NMNOON =M TTTMIO—AIININNDOODT—ATOTOOMMN
NOOWOM—~P-—tINT O~ OMMOON A1~ DO RNt
MODMNO B —DBONMNITAUANO MM TOANNMONOINCOONDCI—M
OO FTOOTUIARTMBV - NDO—OVINOMNNTOTVIN T UMW —
SN OINARNOMD SN UMD TORXOMONTOOTROMON—O
57:szifb..bl4499._93013494636??519—160806._868 :

-— o) - -— — - -t -t —t

G0 00 00 90 O3 00 00 00 G 03 0 A GO €O CO €O (Y C0 GO 00 00 TGO O3 03 03 07 Q0 O3 00 T O3 Y G0 O30 €3 O3 O
NI MIMIIMMIMMN IO INM MMM MMM MM
i R R R e R R e R e R e e R e R R e R e e R e R R R R
G0 00 Q0 ) 00 Y (D K00 00 G0 A0 U3 00 00 00 A1 00 G 20 (0 O CY UB 13 00 O3 GO €O 03 00 0D O3 13 00 00 03 D
(cgaegsgogegsiciddda dvd=avirioRodeloivielofoiofodele LodeloteRoRoRods ol

.....................................

?345?2316019‘_48... 406460?80221?‘0?1867995
OTOITNUN—OTMNYNIMOY~OITANTINNMNOONTORNRNNM®D QWD
TR QARONN-MMND—TOTOON—~ININOCD MDD RO DT
OSOAUNNNONDIONCONNNINOSVINNRON T D TAUMON-VININS
00000000000000000000000000000000000000

......................................

TTONWMNUNBNNDD—MIINNT TR TOOUIDOR NN AT IO~ D
TUOUATAUOINNON0DIM—HOPVINVWNINDMNMONNOINI-MINTINMOAININIOINE—
R CIN OOV ONBINNAMN P OO NOOITMNOC NN
0451511260140695646943018232?1959??051
0119_0130101 011111000110111200101011111

......................................

L e e e e e I e O A D e e e L

OOWTA-MANOMNRBNM-NOO—INOUNRMMMONUNCNDONO N
D TOONM A OO PO TO NN~ ON-TINNMONPOAUANNNOM™
ONINTOCNMTMDN T~ MONVS—ONNND—MONNNM O DN —
YO D OCWM N TTOMM T~ I THNIUNNOND—ITDNCRIDNUNMD
QOO A~ OO AN A ANt 1 OD OO D OO Dt OOttt O e

......................................

VO T —~MOUNINWITMIPANCONO—ONNNMT T NUMJGO MG
DOOTMODTOINMNFONMTPODTOININNONNO—~TNONONMIONCMINN
NONM—~ONRO- D1 DO NMMINTNINNAANTON 1 ONRND—TCNDND
M DO IO —ANMUYONDO T 1D OO AN —AOMODO—NTHO
QO DA QOO0 TIOOOHOOCOOODULOOOO O OO0 OO

......................................

- RNTANBON AV~ TRIAN-NIMNDNON A OQCOONNOTHOND N MD D
DD ANNMAUNWDIMNN~DMD =N ODONMNOMN-DOMDON-T T ONODOM T
WO ROMMDY—~MUONODT MO MN—NMIOINNMN-ONTORNUTT TN N Y
CHINDG—NIMMAUMTTMNND 0D MAt -~ ONN—MONMAIT N QNUIM
QOO O T OODDOODHOVDODOOVOOVOOTOOOOCOOOOOOT

.......................................

T NN T~ TONO QRN N ~OO DN INDO—OWNA QNI
O~ NN NN DTN DTMNONDOMWON T MMNCIO O
DO IV ORNORNOR ANV ORNOT AN DATOC =IO
N CINDN AN OTNUNOMNTN TN ONM T GO—INMDTOMMOND

CVOCNM DDA CIMUIOM OOV AN TONNDBOUM NN TO MO~ O
NI T T DM~~~ TONMAUNMNDDONDFT~MM T,
OPN-MIONBUVICTNO NN T AT ONDOCONC—ON UM THNOVMOT
O vt — U NN OTOODON M TR OO IININMMO—TTONO—N
110010102oo.00109_00410000100000013000000

.......................................

UMD T IO 00T O UM F 1N DR D OO — UM T 1) D = 0O 0N O — OIM T 1D - &2
Pt et MOV TS NI N (I M M M MM M W

>
<T




but that no obvious difference in the degree.of efficiency was

- found for local and foreign investors apart.
. . )

Case 2: Difference in efficiency for local investors before

financial rand market

The second case that was considered was whether there was
any difference in the efficiency of gold shares for local
investors before the introduction of -the financial rand market

and after;

For a review of the management of the dual exchange rate
system from 1976 to 1978, see Gidlow (1979). On the basis

of this review, the following partitions were considered:

2/2/73 - 6/2/76 blocked rand market (157 observations)
6/2/76 - 19/12/78 securities rand market (151 observations)
2/1/79 - 31/12/81 financial rand market (155 observations)
2/2/73 - 29/12/78 Blocked rand and securitie§ rand

2/2/73 ~ 31/12/81 entire period.

Note as the only consideration here is the effect the above
~five partitions had on the local market, the above five

partitions contained unadjusted data quoted on the JSE.

Table 2.7 displays a summary of the number of shares (out
of 37) that exhibited significant non-random behaviouf for
local investors only at the 10% level of significance using
the three statistical tests. Tables 2.8 to 2.16 show the

detailed results of this section.
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TABLE 2.7 .
No. of shares exhibiting significant non-
‘ random behaviour
Period -+ | No. of obs] Runs-test| Autocorrelation -] Q-statistic
test test
Blocked rand 157 7 4 7
Securities rand 151 2 8 7
Financial rand 155 7 7 7
~ |Blocked rand & .
- |Securities rand 308 6 9 13
Entire period 463 6 12 16

The test statistic based on the binomial distribution
yielded critical values of 6,693 and 7,277 at the 5% and 23%
éignificanceilevels respectively. Table 2.7 thus shows that
11 and 5 out of the 15 cases considered exceeded the critical
limits at the 5% and 2%% significance levels respectively.
Further, there was no discernab]e evidence indicating that
any of the first‘three periods shown in Table 2.7 exhibited

any different levels of efficiency.

It shdu]d be noted, however, that in the last 2 partition-

~ings (i.e. blocked rand and securities rand and the entire

period) both tests based on the autocorrelations had a higher

" number of rejected cases than all the other periods.

The reason for this is that the estimated standard de-
viation of rg as discussed previously is a function of
the sample size, hence the larger the sample size the.sma11er
the standard deviation (see équation (2.5) and the associated

assumptions). However the autocorrelations are of similar
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magnitude and since the critical value of the test statistic
is based on the standard deviation, the larger samples tend

to have more securities being rejected.

TABLE 2.8

Average Autocorrelations of the 37 Shares

Period Lag 1 | Lag 2 Lag 3 Lag 4 Lagb [ Lag 6 Lag 7

1.Blocked - -} 04753 .06067 ]| .03566| -.04642| .03812| ~.02531| -.00441

rand

.08576 | -.00818 ] -.00818 | .00428

2.Securities| .06824 | .02140 | -.04557
rand

3.Financial .03570 ] .01408 '.03370 .02363| .12486| -.04331
rand

.00659

.06454 1 .00292| -.01974| -.00181

4 .Blocked .059001 .04065| -.00178
rand & '
securities
rand

5.Entire .05323 | .03312| .01232| -.03497| .04064| -.02194| -.00247

period

The avérages shown in Table 2.8, while of interest, are
not completely meaningful since it can be argued that each
share should be viewed separately as they are individual
entities. Secondly no attempt was made to compute the average
standard deviation, since the 37 series of price changes are
: 6bVious1y not indepehdent, Nevertheless thé results displayed

in Table 2.8 are consistent with the earlier findings, i.e. V
that there is slightly more non-random behaviour than sampling
'theory.suggests. This is evident by noticing that all the
average autocorrelations for the variéus periods are positive
for both lag 1 and lag 2, also they are all negative for the

6th lag. Since efficiency implies that there should be no
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TABLE 2.9. . C
ELOCKED RAND LOCAL INVESTQRS
SECUKRITTY ACTUAL EXPECTED FROBADILITY DEPENDENCE
[ €S.00 . 9224 £ 12499 NC
2 £9.0C 921.08 .39232 NO
3 94.0C 91.09 « 72054 NO
4 92.C0 5929 «70597 HO
5 84.00 8Ge72 »3543¢ O
&  _ BL.COD SH.q4 .07351 HO
7 E3.CC Leealb « 26730 NO
8 82.0C : 93.42 «03028 . YES
9 L 82.006 62.30 «513G67 -~ - NO -
o - 97.00 F1.55 cGH4eE NO
11 83.C0 89223, 16641 HO
12 B6 .00 91.065% e 192494 NO
13 Eb6 U0 B8i3.00 067202 o
14 B&.00 93.063 «13233 NO
15 74.00 Eobes ] 01981 YES.
16 E£E6.CL b7«52 «56527 - NO
17 79.00 92.03 01594 - YES
.18 80.00 BLebb « 14401 NO
19 7¢.00 67«61 «+G6204 NO
20 91.0C FC.10 «59400 NO
2] 89.00 8739 e 6404 ) NO
.22 79.00 U3.94 «23113 NO
23 6700 66402 «59728 NO
24 -77.00 - 9010 «01646 YES
2% 0750 ' G132 «25467 - NO
- 2& .93.00 90.12 «71635 NO
27 92.00 8923 « 70962 MO
28 70.30 . E4477 «00878 YES
29 80.00 0.8} «03647 YES
30 .95.00 67.08 «905834 NO
31 79.00 Obe?3 - 11309 - NGO
32 " 82.00 BB8+5Y «}J5472 NO
33 04.00 - 80.49 « 74091 NO
34 i 76.00 o 08«39 «0477¢ YES
35 86.00 86934 «31561 . 80
36 60.020 89.97 «05413 NO
37 91.L0 G354 « 346346 NO
AVERAGES 84.70 e6.82
TABLE 2.10
SECURITIES RAND LOCAL INVESTIORS ,
SECURITY ACTUAL EXPECTED PROBABILITY DEPENDENCE
1 86+C0O ~ B7.82 DG HZ NO
2 87.00 7«49 - «S0069 - NO
3 : 90.00 ’ - 89.05 ) «59975% NO
L] ’ 89.G0 ) 90642 . 434615 NO
5 82.00 87.0H4 «21816 NO
7 91.00 9125 «51734 NO
8 103.00 GLtelH «G024Y NO
9 81.00- Bé6e18 «20961 NO
10- 76.00 Bl.62 «10798 NO
1l 84.CC 8431 «51315 NO
12 83460 89.87 «13279 .NO .
13 88.00 85.50 69668 NOD
14 . 87.00 83.70 «7418% NO
15 87.C0 86.28 «58297 NO
16 : 89.00 84.58 - «560074 NO
17 83.00 186 «07133 NO
18 7600 83.78 «18363 NO
19 83.CC B8B.62 18444 NO
20. 85.00 86415 «32156 NO
21 87.00 85.48 «613598 - NO
22 74.00 BZeb7 «07838 NO
23 95.C0 9197 «7337GC NO
24 79.00 - 83.70 23634 NO
25 88.00 8&6.51 «63558 NO
26 77.00 8855 «02742 YES
27 79.00" 80460 «42578 NO
z8 84.00 B85.24 e 44934 NO
.29 101.00C 93453 091964 NO
30 84.00 89495 «17C66 NO
31 89.00 BLeb? 68868 NO
32 83.00 8777 022953 NO
33 85.0G0 84.22 +58738 NO
34 76.00 81.94 227863 NO
35 97.00 8618 «97468 YES
36 8150 . 85+34 »25401 NO
37 .- 95400 8956 «85140 NO
AVERAGES 85.468 87316 .
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Local Investors

Blocked and Securities Rand Period
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discernable systematic behaviour of the autotorre]ations,
TabTe 2.8 shows that a certain amount of systematic behaviour
is eVidentkimplying that there is slightly more non-random
behaviour than would be expected if the market were tdta]]y

efficient.

Case 3: Differences in efficiency during bull and bear
‘phases for local and foreign investors ...

A further test was conducted to determine whether differ-
ing levels of efficiency prevailed during bull and bear
markets for both foreign ana local investors apart. To test
if such a differénce exists 4 data sets were constructed

according to the following partitions:

2/1/79 - 3/10/80 bull market (90 observations)
3/10/80 - 31/12/81 bear market (64 observations)

Conveniently the data over the period of the financial
rand market cbntained.a distinct major bQ]] and bear market
(the division being the peak of the gold price in October
1980). -

Note that 2 data sefs were considered for the bull market
partitioning, fhe first data.set contained uhadjusted data -
(local market) and the second data set contained the data
adjusted by the financial rand discount (foreign market).

Simi]arly for the bear market.

Table 2.17 displays the number of shares (out of 37) that

exhibited significant non-random behaviour for both local and
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'foreign investors for both phases of the market. Tables 2.18

to 2.25 show the detailed test results for both foreign and

lTocal investors during the bull and bear market phases.

TABLE 2.17
No. of shares exhibiting significant
non-random behaviour
No. of | Runs | Autocorrelation| Q-statistic
Period : obs. | test - - test test
local 90 4 2 4/
Bull
foreign 90 3 2 6
Tocal 64 4 | 0 3
Bear . ,
foreign 64 6 3 6

Inspection of Table 2.17 yields no emphasis of efficiency
for either local or foreign investors in both phases of the

market. ‘ 2

2.5 Conclusion

Firstly, it: was found that the degree of efficiency of
the JSE was the same for both foreign and local investors

during the period of the financial rand market.

Secondly, there was no evidence found that supported the
hypothesis that there was any difference in the efficiency of

the JSE before the financial rand market was introduced.

Thirdly, the degree of efficiency of the JSE was not

- found to be different over bull or bear phases for local or

foreign investors.



2.29

Local Investors

PECTED
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Foreign Investors

TABLE. 2.19 Bear Market
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Local Invesfors

TABLE 2.20 Bear Market
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Bull Market : Foreign Investors
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Investors
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Finally in all cases, slightly more non-random behaviour
was found than sampling theory sugéests. This was partici-
larly evident in Table 2L8jWheFe‘noticeable'systématic

behaviour was displayed by the average autocorrelations.

As a conclusion to this chapter it shou]d.be noted that
more shares were found to exhibit significant non-random
behaviour than was expected, however, in all cases the mag-
nitude of £he non-random behaviour, measured by the auto-
correlations, was found to be too sma]]jto be exploited by
investors. It is thus felt that sufficfent rational and
competitive investors trade in securities on the gold sector
of the Johannesburg Stock Exchange to such an extent that
price changes cannot be predicted from past price changes

alone.
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CHAPTER 3

BETA COEFFICIENTS, PORTFOLIO SELECTION
"AND EMPIRICAL STUDIES ON THE JSE

3.1 Risk

"Octoben A8 one of the pecuﬁianﬁy dangerous months
to speculate in stocks. The others are July,
January, Septembern, April, November, May, Maxrch,

June, Decemben, August and February."

The above quotation by Mark Twain typifies the attitude
that "seasoned" investors have towards the risks associated
with investing in securities. Even investors dsing some
intuitive non-mathematical approach to 1nvestment in the stock
market at some stage consider the possible risks and the

return associated with their venture. Jensen (1969) says:

"In a wondd dominated by risk avernse Linvestors, a
nishy pontfolio must be expected fo yield highexr
netunns than a Less nisky portfolio, on it would

not be held."

In general a rational investor would aim to satisfy two

objectives:
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(i) the highest possible return on his investment
(ii) the degree of uncertainty on the return as low as

possible.

In this chapter a mathematical approach will be used in
considering the above two objectives. The concept of risk
and uncertainty and the quantification thereof have been

discussed extensively in the literature.

In an attempt to define thé concepts of risk and uncer-
tainty Williamson (1970) argues that‘the individual who is
faced with a risk problem does not knbw the final outéome,
however he does know the exact probability that any given out-
come will occur. That is, the individual can determine the
probability distribution associated with that problem.
Williamson mentions the problem of betting on the throw of a

die to-be an example involving risk. Williamson continues:

"The individual gaced with a probLem in uncertainty,
however, haA.no objective knowledge about zhe
probability distribution associated with ;he outcome.
The Linvestor buying a share of Atock 45 faced with a

problem of uncertainty."

Levy and Sarnat (1972) argue that the borderline between
uncertainty and risk is rather elusive as it is always possible
to convert uncertainties into risks by introducing subjective
probabilities. The two terms risk and uncertainty will thus

be used interchangeably in this thesis.
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The risk associated with a security or a portfolio can be
thought .of as a measure of the uncertainty of the expected
return. Numerous quantitative methods of measuring risk have
been used, namely the variance, the semi-vériance, the mean
absolute deviation and the coefficient of variation. The
variance appears, from the literature, to be one of thé more

popular measures of risk.

Markowitz (1959) considering the concept of risk propbsed
a linear re]atioﬁship between each individua] security and
the market. This has been extended and_deve]oped by numerous
researcheré'into the so called "harket model".. This model

will bé discussed below.

3.1.1 The Market Model

The model can be briefly summarized as follows:

Symbolically the relationship between the return on the
ith security and the return on the market from period t-1 to

period t can be written as

Pit = %5 Y Bimg * C5¢ (3.1)

where rit is the return on the ith security in the t-th
period;

a and B; are the parameters unique to security i;

rot is the disturbance or error term for security t;

e is the disturbance or error term for security i

it
and is assumed to have zero expectation and to

be independent of all €rgs S £ t.
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The o« and B parameters can be estimated using standard
regression analysis procedures. The return on the market is

generally computed using some overall market index.

The Beta Coefficient

The B parameter has been used extensively as a measure
of risk of the specific security in relation to the market.

It can be shown that

where 8. 1is the beta coefficient for share i;
Tim is the covariance between the returns on share i
and the market return;

oé is the variance of returns on the market index.

The value of Bi indicates the volatility of security i's

rate of return by comparison with the market.

If a security's B8 is greater than one, then when the
market rises, the return on the security will rise more
rapidly than the return on the market. On thé'other hahd,
if the market falls, the return on the schrity will fall more
rapidly than the return on the market. However if a securi-
ty's 8 is less than one, then in a rising market the secu-
rity will rise more slowly than the markef, and in a falling
market will fall less than the market. Securities having
B's greater than one therefore are kegarded as being more

volatile and hence more risky than the market, while securities

having B's less than one are regarded as being less risky
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than the market.

Unique (unsystematic) and Market (systematic) Risk

Inspection of equation (3.1) shows that the variance of

a security's returns stems from two sources:

(i) the variance of the return on the market index, ros

(ii) the variance of the random error term, e;.
These two elements of risk are commonly known as market or

systematiec risk and unique or unsystematic Fisk respectively.

Mathematical expressions for the above 2 components of

risk can be found by considering

var(r.)

; var(ai+8irm+ei)

) + var(e.)

var(ai) + var(Birm ;

since oy is a constant, var(ai) =0

therefore var(r,) vér(Birm) + var(e;)

s? var(rm) + var(ei)

Using a more compact notation the above equation can be

/

written as

g2 = B%g2 + ¢? (3.3)

o2 is the variance of returns on share i

g2 is the variance of returns on the market index
02 is the residual variance.

.i

Verbally, equation (3.3) can be written as:
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Total risk = Market risk + Unique risk

Brealey and Myers (1981) interpret the above two components of

total risk as:

"Unique nisk stems from the fact that many of the
perils that surround an individual company are
peculian to that company and perhaps its Limmediate
competitons."”

They‘continue:

"Market nisk stems grom the fact that thene>ane othen
econohy wide penils which threaten all businesses.
That {8 why stocks have a tendency to 'move togethen'.

And that is why Lnvestorns anre exposed to 'market

uncentainties' no matter how many stocks they hold."

Clearly unique risk is the risk embodied in 1ndividua1
~companies, for example, local strikes, bad management and
setbacks affecting production, while market risk is the risk

in a share which is associated with general economic conditions

affecting the market as a whole.

Mathematical expressions for the market and unique risk

of a portfolio can be found by considering

var(zn .X.r.)

OE i=1 i

1"

var(2?=1 Xi(o +B.r +e.))

n .
var(Eiog Xyoq+Diog X8+l Xqeq)

. < N . . .
since 21=T Xiai is a constant it has a variance equal to zero.



3.7

therefore

_ i N
op = var(rplioy X585 + Loy Xgey)
. 2 ’
= (1. X;8;) 702 + 10, xeo2 (3.4)

that is: Total portfolio risk = Market risk of the portfoiio

+ Unique risk of the portfolio

where OE is the variance of returns of the portfolio;
n 1is the number of shares in the portfolio;
Xi is the proportion of total capital invested in
share 1;

and the other terms have been previously defined.

It is argued that in the context of measuring portfolio
risk, the market risk of a well diversified portfolio is the
only risk that needs to be considered. This can be justified
by considering equation (3.4), for ease of explanation assume
that an equal proportion of funds is fnvested ﬁn each share,
that is, the proportion X. -equals % for each of the n

i

'securfties. Now as n becomeé large the value of Xi will
beéome smaller and the value of X% will become even smaller.
Since the values of ‘céi will not generally vary a great deal
the expression for unique risk in equation (3.4) becomes

negligible. Hence the market riék becomes dominant.

Brealey and Myers (1981) substantiate this argument by
saying:
"I§ we want to know the contribution 0f an individual

secundity to the nish of a well divernsified portfolio,
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At 44 no good thinking about how risky that securnity
As Lf held in iso0lation - we need to measure Lifts
market nisk and that boils down to measuring how
sensLtive Lt L5 to market movements. The sensitivity
0f an Lnvestments return to market movements Ais

usually called its beta."
Théy also state:

"Most stocks are substantially more variable than the
market pontﬁozid and only a handful are Less variable.
This naises an important question: 'The market pont-
folio is made up of individual stocks, 40 why doesn't
{18 vaniability reflect the average variability of
L5 components?' The answer L4 that diversification

reduces variability."

The above quotations typify results found in the liter-
ature where empirical studies have shown evidence that di-
versification can provide a substantial reduction in varia-
bility. Further studies have shown, however, that most.of
the benefit in risk reduction can be achieved\by re]ative]y
few securities and that the 1mbrovement in risk reduction is
slight when the number of securities is increased by more
than 10. Clearly for an investor holding only one security,
unique risk is'extreme1y important, however, for a reasonably
well diversified portfolio, only market risk matters. There-
fore the predominant source of uncertainty for a diversified

investor is that the market will rise or plummet.
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The implication of this in terms of portfolio analysis is
that a shares unique risk is of little concern since only the
market risk element of each share affects the overall risk of
the portfolio. Inspection of equation (3.4) shows that the
beta values are instrumental in the computatibn of market risk
as the variance of returns .on the market is constant over any

given period.

3.1.2 Empirical Studies on Beta Coefficients

The use of beta coefffdients have received much favourable
attention in recent literature, thus considerable effort hasl
been éxpended on obtaining empirical estimates of these
statistics. The ordinary least squares technique is typically
uti]ized,'where the regression coefficient of a simp]ev]inear

regression is used to estimate beta.

Perhaps the most important results which have appeared in

the literature which have relevance here are:

(i) the linearity assumption seems to be fairly well

satisfied (Fama, Fisher, Hensen and Rol1l (1969))

(ii) the beta coefficients were found to be relatively
unstable over time, in the short term (Fabozzi and

Francis (1978), Kon and Frank (1978) and Levy (1971)

~have researched this aspect).

(iii) the beta coefficients were found to be stable over
bull and bear market conditions (Fabozzi and Francis

(1977) on the NYSE).
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The third result requires substantiatioﬁ for the Johannes-
burg Stock Exchange thus a study will be pfesented below
examining this aspect. A further motive for the study stems
from a proposition by Lindahl-Stevens (1980) that different
results might be obtained if the risk-free rate was used as

the dividing line between bull and bear markets.

Stability Tests for Beta's over Bull and Bear Markets in the JSE

Fabozzi and Francis (1977) employed standard statistical
tests on 700 New York Stock Exchange (NYSE) shares and con-
cluded that neither the alpha nor the beta statistics in the
single-index market model (SIMM) appear to be significantly

affected by the alternating forces of bull and bear markets.

The motivation for Fabozzi and Francis' work stems from the
fact that they believed Levy (1974) and Black's (1972)
suggestion that separate alpha's and betafs be calculated for
bull and bear markets was erroneous. On the strength of these
two studies large national brokers and investment advisors

sell separate alpha's and beta's for bull and bear markets.

Since factors influencing prices of shares on the Johannes-
burg Stock Exchange (JSE) differ somewhat from. those of the
NYSE it was decided that a similar analysis should be attempted

on the JSE.
The Test

The standard model used to compdte alpha's and beta's 1is



the SIMM (Single Index Market Model).

i.e. rig = qi +,B1-rmt ey
where rit is the return on the ith security in the t-th
period;
ot is the return on the market index in the t-th
period;

o, and Bi are the regression parameters; and

eit is the unsystematic residual return.
Fabozzi and Francis proposed a modified version of the
SIMM which could be used to test alpha and beta shifts over

bull and bear markets. This modified model was used in this

study and can be written as:

Fig = Agg * Agidy * Byifpg ¥ Bpyd

t'mt T Ut
where,

d is a binary variable that assumed the value of 1 in bull

t .
markets and zero in bear markets; AZi and B21 measure the

differential effects of bull market conditions on the alpha
and beta coefficients of the ith stock; Uy is the un-

systematic residual return.

The rationale of the model is that if the AZi and 821
differ significantly from zero then the alpha and beta of

the ith security differs over bull and bear markets.

Definitions of Bull and Bear Markets

Since there is no definitive criterion for the existence

of bull and bear mafkets, four differentvdefinitions of bull
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and bear markets were tested using the modified SIMM model.

The first three definitions are similar to those used by
Fabozzi and Francis. The fourth definition was proposed by

LindaH]—Stevens (1980).

Case 1. (ZERO) Bull and bear markets were delineated according .
to non-negative and negative values for Fot respectively.
Thus every week with rot = 0 was treated as a "bull" week,

and every week in which Fot < 0 was considered a "bear"

week.

Case 2. (SD) Bull and bear markets were partitioned according
to substantial up or down movements of weekly market returns.
The criterion being that the absolute value of the returns on
the market had to be 1arggr than one half of a standard
deviation of the market's returns (om) measured over the
sampled period. Thus every week in which rot > 0,5 o, Was

considered a "bull" week, and every’weék in which

r < -0,5 0 was considered a "bear" week.
mt m ‘

Case 3. (VIS) Long term bull and bear marketg'were delineated
in accordance with dates published in previous .research work
by Affleck-Graves (1977). Visual inspection of a p]ot\of

ro¢ Vversus time justifies the above delineation (see Figure
B.1, Appendix B). A1l weeks within these 1on§ term bull
markets were treated as "bull" weeks regardless of whether
ot Was positive or negative. Bear markets were similarly

treated.



3.13

Case 4. (RISK-F) Lindahl-Stevens (1980) claimed that the
dividing line between bull and bear markets should be the

so called risk-free rate. She argued that the dividing line
in terms of security performance should not be zero return

on the market but rather the certain return one coﬁ]d have
obtained in the period, i.e. the risk free rate (rft). Thus
any week in which rot < Tt should be treated as a "bear"
week and all weeks in which ot > Tft should be treated as
"bu11" weeks. Lindahl-Stevens further suggested that Fabozzi
and Frahcis might have found that changes 1n'a1phafs and
beta's were significant in "bull" and "bear" markets using
this definition. However she presented no empirical evidence

to support this assertion.

Sampled Data

Weekly returns for 48 industrial stocks on the JSE from
22/3/68 to 20/6/76 were computed resulting in 412 observations
for each security. The corresponding returns on the RDM 100

Industrial Index were also computed.

Using the first definition of "bull" and "bear" markets
(ZERO) the data was divided into two mutually exclusive and
exhaustive sets. The total number of observations on each

security therefore remained at 412.

Using the second definition (SD); 245 observations on
the RDM 100 index were found to lie outside + 0,50,. Hence

167 observations were de]eted for each security and the



remaining 245 were divided into those for which rnt Was greater

than 0,50m and those for which rot Was less than 70,50m.

The third definition (VIS) partitioned the data according

to the following dates:

22/3/68 to 30/5/69 first bull market
30/5/69 to 5/11/71 first bear market
5/11/71 to 6/7/73 second bull market
5/7/173 to 1/11/74 second bear market

The above partitioning included 346 weekly observations on

each security.

Using the faurth definition (RISK-F) monthly returns were
used instead of weekly returns. The reason for this was that
the risk-free rate used was the rate on long term (redemption
date in excess of 20 years) Government securities, which was
only available on a monthly basis. -Hence 94 observations on

each security were analysed.

To justify the wuse of the SIMM the R2 value was tested

for significance for the 48 stocks using all 412 observations.

Using the standard F test, 6,25% of the securities were
found to exhibit no significant relationship between the 2
variables of the SIMM at the 5% significance level (see

Appendix B).

On the basis of this result it was assumed that the sample

was suitable for further testing.



Statisticil Tests used to Measure Alpha and Beta Shifts

(i) Separite tests on the coefficients.

The t-test was used to determine if either the alpha or
the beta had significant shifts (i.e. whether A, .or B,
were individually significantly different-from zero). These
results ere presented in full in Appendix B and are summarised

in Table 3.1 below.

TABLE 1

SUMMARY STATISTICS FOR SEPARATE t-TESTS ON ALPHAS AND BETAS

o Rt I e e Lo
(472 ate) 6 70 G| 3 .5
o L uis |
%éi% ibs\)lls éi;g ; ]gggf R RET
T N R i

Table 3.1 shows the percentage of securities having signi-
ficant shifts in their alpha and beta coefficients. Visual
jnspection of this table shows a very small percentage of

significant alpha and beta shifts.

To test if the proportion of AZi'S and 821'5 sigini-

ficantly different from zero are more than sampling theory



suggests, atest based on the binomial distribution can be
performed. This test indicates that with 48 shares being
simultaneoisly tested more than 10,17% would have to be re-
jected to :onstitute strong proof that over all securities

either thealpha or the beta coefficients shift in different

markets.

Compa'ing the percentages shown in Table 3.1 with this
ya]ue; it can be seen that the proportion of AZi's signi-
ficantly different from zero exceeds this vd]ue in only Cases
2 and 3 and even in these cases only by a marginal amount.
Moreover the number of BZi's significantly different from

zero was less than 10,17% in all four cases examined.

These results tend to indicéte that the alpha and bgta
coefficients are not affeéted by the nature of the market -
i.e. bull or bear. This is further substantiated by in-
spection of Appendix B disp]aying<tﬁe R2 values of the
modifiedl SIMM. This shows that many of the réjected cases
in the different definitions of bull and bear markets are
associated with very low R2? with many being less than 0.10.

This is shown in Table 3.2 below.
(ii) Jeint tests on the coefficients

It is of considerab]é interest to examine whether the

.

modified model results in a better explanation of rit than

the SIMM.
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TABLE 3.2
Significant difference No significant difference
No. Avg.R? No. Avg.R?
CASE 1 : A, #0 3 0,146] 45 0,1524
B, ;O 3 0,1148 45 ' 0,1546
CASE 2 : A, 0 5 0,1806 43 0,2071
B, . 0O 4 0,1759 44 0,2069
CASE 3 : A, : 0 7 0,1058 41 0,1516
B,*! O 3 0,0725 45 0,1498
CASE 4 : A,# O 3 0,2354 45 ' -0,3246
B,# O 4 0,3519 44 0,3240

Accordigly, an F test was performed to determine if there
was any sigificant increase in explanation by advancing from
the SIMM tc the modified SIMM. The test statistics used was

computed u:ring the formula

F- Ri-resRiLs o N-(r+s)
1_R1—r+s r

which is ¢istributed as F with r and N-(r+s) degrees of

freedom

where N is the number of observations on each security;
s is the number of variables in the original
model; and

r is the number of variables added ’ .

This test was performed for each of the various defini-
tions of bull and bear markets. These resU]ts are presented
in Appendix B. These results are summarised in Table 3.3

below.
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1

TABLE 3.3

SUMMARY STATISiCS FOR ADVANCING FROM SIMM TO MODIFIED SIMM

Bull and Bear defi. 5% 1%
observations - [ Critical | No. shares Critical | No. shares
) Value | exceeded % Value | exceeded %
CASE 1 ZERO 3,00 8 16,67% | 4,61 1 2,08%
(412 obs)
CASE 2 SD : 3,00 _ 7 14,58% | 4,61 2 4,17%
(245 obs)
CASE 3 VIS | 3,00 7 15,58% | 4,61 2 4,17%
(346 obs) :
CASE 4 RISK-F 3,10 3 6,25% | 4,85 0 0
(94 obs)

Table 3. displays the percentage of securities that had

a significan increase in explanation by advancing from the

SIMM to the nodified SIMM.

Examinafion of the tab]e reveals that a relatively small

percentage  the securities in each of the four cases
exhibited sgnificantly better fits when using the modified
SIMM. But, for 3 of the 4 cases (Cases 1, 2 and 3) the per-
centage simificant was greater than the 10,17% uppef 1imit
suggested ly the biﬁomia] distribution. Thus, it appears

that Table 3.2 does provide some evidence of differences in

bull and bzar markets for some securities. However, the

extent of such differences is likely to be extremely small and
it is unlikely that the additional explanation afforded by

the modified model is worth the additional computational work

involved.
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This is furter supported by studying the multiple corre-
lTation coefficiets of the modified model for each of the
significant secvities (c.f. Appendix B). These results are

-summarised in Tple 3.4 below.

TABLE 3.4
Signiicant Difference No Significant Difference
No. , Avg.R? No. Avg.R?
CASE 1 | 8 0,1079 | 40 ~0,1560
CASE 2 7 0,1533 41 | 0,2130
CASE 3 7 0,]]2i 41 _ 0,1506
CASE 4 3 0,2789 45 0,3217

Thus the highnumber of significant values found in Cases 1,
2 and 3 appea to be caused not by the modified model being

better than the SIMM, but rather because of the inadequacy

of both mode's.

It is alio interesting to note that Case 4 resulted in
fewer significant securities than the'other three cases, and
that the percentage of securities was less than the binomial
distributiors upper limit of 10,17%. This indicates exactly
the opposit: effect to that proposed by Lindahl-Stevens
(1980). Thus the results presented in Table 3.3 indicate
that if the definition of bull and bear markets are adjusted
to that projosed by Lindah1-Stevens, then there is even less
evidence that different alpha and beta coefficients exist

in bull and bear markets.
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It can thus be concluded that the results found on the
JSE are consistent with those of Fabozzi and Francis on the
NYSE, i.e. that the SIMM is not affected by the alternating

forces of bull and bear markets.

Using the four different definitions of bull and bear
markets it was found that the alpha and beta coefficients were
not (either separately or jointly) influenced by the bull and
bear markef conditions. The small percentage of securities
that did appear to have significant shifts in their alpha
and/or beta coefficients could be attributed to the occurrence
of random fluctuations or poorly fitting SIMM's rather than a

genuine economic change.

It was also found that use of the definition of bull and
bear markets proposed by Lindahl-Stevens (i.e. that the risk
free rate should be used as the dividing mark between bull
and bear markets) yielded results which were similar to those
obtained using the other three definitions. This contradicts
Lindahl-Stevens' suggestion that significant changes in alpha
and beta coefficients.might be found using this definition.

In fact, if anything the opposite of her assertion is true.

3.1.3 Risk and Gold Shares

The two components of risk, i.e. unique risk and market

risk are very distinct for gold mines.

Unique risk can be referred to as mining risk here and

can be associated with events causing unexpected changes in
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production. Floods, fires, explosions, seismic activity,
Tabour unrest and unexpected grades of ore being mined are

examples of such events.

Market risk, however, is related to the performance of
the gold price. Clearly a mines earnings will fluctuate
according to the fluctuations of the gold price, hence earnings
of mines having costs per-ounce similar to the gold price will
change drastically when the gold price changes. These mines
will generally have high costs and are referred fo_as mafgina]
mines. Marginal mines generally have high market risk, that

is, have beta's greater than 1.

Selected betas for gold mining shares quoted on the JSE

are shown in Table 3.5.

TABLE 3.5 Gold Mining Share Betas on the JSE

SHARE - BETA 1 ' BETA 2
Blyvooruitzicht 1.10 1.25
Deelkraal © 0.59 1.05 -
Doornfontein 1.24 - 1.34 .
Elandsrand _ 1.55 1.11
E.R.P.M. . 1.32 1.15
Kloof - : -1.03 1.07
President Steyn ’ o 1.19 1.24
Randfontein 0.64 0.89
Venterspost 2.06 1.58
- Western Deep Levels 1.24 1.43

Source: McKie Bros, Van Velden, Channing & R.S. Mennie Inc.,

Cape Town.
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With reference to the betas shown in Table 3.5 it should

be noted that:

Beta 1 : Gold mining shares regressed against the JSE

A11 Mining Index - up to July 1981

Beta 2 : Gold mining shares regressed against the JSE

A1l Mining Index - calculated retent]y.

3.2 Portfolio Theory

It has been pointed out in the previous section that a
great reduction in risk can be achieved by holding a well
diversified portfolio. This section therefore, will contain
a brief discussion on the development of portfolio theory
whereafter an empirical study on the relative importance of
the various sectors for portfolio selection on the JSE will

be discussed.

The portfolio approach proposed by Markowitz (1959) which
will be discussed here uses the standard deviation of a port-
folio as a measure of risk. The return on a portfolio is
taken to be weighted sum of the returns on each of the indi-

vidual securities.

3.2.1 The Markowitz Model

Since an investor's choice among portfolios should be
based solely on the basis of the expected return and the
uncertainty associated with that return, the following

assumptions are relevant.
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(i) If two portfolios have the same risk, the one with larger

expected return is preferred.

(ii) If two portfolios have the same expected return, the

one with less risk is preferred.

(iii) If one portfolio has less risk and a larger expected

return than another it is preferred.

Hence the definition of efficient and inefficient port-

folios arises:

'Efficient portfolio' - A portfolio is said to be
tefficient' if it is impossible to find.a portfolio which
has a greater expected return without incurring greater risk,

also, it is impossible to obtain smaller risk without decreas-

ing expected return.

'"Inefficient portfolio' - A portfolio is said tovbe
"inefficient' if it 1is pos§1b1e to obtain higher expected
return with no greater uncertainty of return, or to obtain a
lower uncertainty of return without a reduction in expected

return.

Obviously investors will always prefer efficient port-
folios, however, the higher the expected return of an effi-
cient portfolio thé higher will be the associated level of
risk. In order to accommodate every investof's preference,

- the entire set of efficient portfolios has to be generated.

The first stage therefore involves generating the effi-

cient set of portfolios. The following notation will be



used in this regard:

where X'

and )

Expected return on the ith security

Standard deviation of return on the ith security
Expected return on the portfolio

Standard deviation of return on the portfolio
Covariance between security i and security j
Correlation coefficient for the returns on securities
i and j

Proportion of funds invested in security i

Total number of shares considered

N v .
Ji_q XiE. = X'E | (3.1)

N N :
21=1Zj=1 Xixjcij (3.2)

= |o% 01? TN
0,1 O3 IoN
o o} . . . 02
ON1 ON2 N

If the expected return and standard deviation of all possible

portfolios consisting of combinations of the securities under

consideration were computed, the diagram of Ep plotted
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against ap would have a 'broken-egg-shaped' form shown in

Figure 3.1 below.

FIGURE 3.1 P .

Each dot typffies the expected return and standard de-
viation of an individual security. Any point within the
'broken-egg-shaped' area is attainable by some combination of
the individual securities. The upper curve AB consists of
all the efficient portfolios and is called the efficient

border.

Clearly portfolios ‘located on the efficient Eb, op border

are also located on the efficient Ep, o; border and vice
versa. The efficient border of the Ep, o; region is usually

found and then converted to the efficient E

. b
D op orqer as
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this simplifies computations.

Sharpe (1970) considered the following objective function

to find the set of efficient portfolios

minimize -AE_ + o2 for all possible A > 0

P P

where 0; = X'IX

subject to the constraints:

(i) 22‘:1 X; =1

that is, the entire portfolio must be invested.
(i1) X5 >0 for all i =1,2,...,N

that is, no security may be held in negative quantities

thus no short sales are permitted.

Note that a portfolio is'represented by a vector

X' = (X1,X2,...,XN)

where Xi is the proportion of fgﬁas invested in the ith

security. The value of the objective function thus changes |

for varying values of Xi’

Solution of the above model can be attained by using the

following steps (c.f. Affleck-Graves (1974)).

(i) assign a particular numeric value between 0 and = to A;

(ii) solve for the 'Xi's;

(iii) change the value of A and repeat.

It should be noted that the objective function v—AEp + OE

is linear in (o;, Ep) space with slope X. The minimum
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value of the objective function will thus be attained at the
point where the line —AEp + OS is a tangent to the efficient

border.

Generally portfolio analysis problems would involve more

constraints of the form:

Li < Xi < Ui for all i = 1,2,...,N

where Li -is the lower bound and U; 1is the upper bound on

j
the proportion of funds to be invested in security i.

A typical example might be a restriction that not more
than 20% of all available funds should be invested in any one

security. Hence the following constraint would be included:

0 < Xi < 0,2 for i =1,2,...,N,

Various other Tinear constraints could be included, such
as restrictions of certain proportions being invested in

certain sectors of the market.

Solution of the above problem requires a quadratic pro-

gramming technique, since Vp4 contains terms in X?.

3.2.2 Borrowing and Lending

_ Besides investing in the security market investors also
have fhe option of either borrowing or lending capital at
some risk-free rate-of interestg for example in a building
society. Some allowance for this must be made in the

selection of efficient portfolios.
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To undefstand the concept of borrowing and lending in the
context of portfolio theory it will be 1n1tia11y.necessary to
assume that investors can lend and.borrow at the same risk-
free rate of interest. Also assume that borrowing may be
considered as the issuance of some riskless security (where
the lender will be repaid at some future date) and']ending

may be considered as investment in a riskless security.

Let security 1 be the above-mentioned riskless security.

Then
X1 > 0 implies the investor lends,
X1 < 0 1implies the investor borrows
=0 1implies the investor neither borrows or lends.

and X1

Since equal borrowing and lending rates are assumed

where re is the risk-free rate of interest, and

01=0
This implies that all the o 4 = 0 for i =1,2,...,N since
914 quipl,f

If a portfolio is chosen to contain only two securities;
the riskless security, say security k, all possible combina-
tions of the proportions of funds in this portfolio will
generate a straight line connecting the two points in the

o Ep plane. This is evident since:

p’
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Ep = X,E, + XkEk -
and
2 _ y2 2 v2 2
Op _.X101V+<Xkok'+ 2X1Xk010kp1’k
= 0 + Xﬁoﬁ + 0
hence op = Xkok

If all possible securities were now considered, lending
and borrowing would extend the range of investment possibi-
~lities. Figure 3.2 shows that if investors can borrow 6r
1énd to the market at the same.rate, res then all investors
would invest their funds at risk in portfolio S (the inter-

section of ASB and rfSD).

FIGURE 3.2 “n
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If an investor is willing to lend a portion of his funds
to the market he would invest the remainder of his funds in
portfolio S and his preference would be located along the
res segment. An investor who borrows and invests the total
in S would have his preference located on the SD segment

. depending on the proportion of funds borrowed.

Portfolio S, called the optimal combination o% risky
securities is thus extremely important and under the above
assumptions the optimal investment choice for all investors
should be to choose portfolio S. Thus the individual ihvestor
need only consider how much he should borrow or lend in
accordance with where his preference would be located along

rfSH. This concept is known as the Separation Theorem.

It is argued that under market equilibrium S would consist
of all securities in the market and the proportion of each
security must equal its proportionate value in the market as
a whole. Hence portfolio S is often called the 'market port-

folio'.

In the real world, however, all investors do not invest
in the 'market portfolio'. The reason for this is that the
assumptions imposed on the above model are too strict for
this theory to be applied in practice. Brealey (1969) sub-
stantiates this statement by arguing that investors should
only choose the same portfolio if they are faced with the
same set of opportunities and agreed on the same expected

return for each security. Brealeyargues further:
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"In practice, of counse, such agreement is rare.

Even Lf they do share identical views of each stock's
prospects, differences Ain the cost to which they ane
Liable could nesult in differences Lin thein expect-
ations of netuan. Fon example, high-yielding stocks
offern very Low rnetfurns to Lnvestorns with a high tax

nate."

It is also felt that brokerage costs are extensive for
large portfolios such as the 'market portfolio'. It is a
well known fact that diversification reduces risk, however,
researchers (c.f. Wagner and Lau (1971)) have shown that the
improvement in risk reduction by diversifying portfolios by

more than 10 securities is small,.

Lastly it is unlikely that investors are able to borrow
from the market at a rate equal to the lending rate. The

case of unequal borrowing and lending rates will be discussed

below.

If the lending rate (EL) is less than the borrowing rate

(EB) the efficient border becomes LRST as shown in Figure 3.3

below.

Depending on the risk and return an investor prefers he
can choose any point along the LRST curve, where the following

alternatives can be considered:

(i) Between L and R the investor will split his funds

between R and the riskless investment
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FIGURE 3.3

(ii) Between R and S he will invest all his funds in risky
securities but the portfolio chosen will depend on

his risk profile.

(iii) Above:S he will invest all his funds in S and will

borrow excess funds which he also invests in S.

3.2.3 Empirical Studies

Generally portfolio selection based entirely on gold

shares will not yield a substantial reduction in overall risk.
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The reason for this is simple; the correlations between the

gold shares are generally positive and relatively large.

To substantiate the above argument the following example
of a portfolio consisting of only two securities is considered:

It can be shown that

E) = XaE1 + Xof, | (3.3)
and
o; = Xioi + Xioz + 2X1X2015
= Xio: + X305 + 2X1(1-X1)010,012 (3.4)
since 012 = 0102012
and X,= (1-X1) for a 2-security portfolio

where the same notation as defined previously is used above.

Inspection of equation (3.4) above shows that OE

will

be a maximum for pi12 =1 and a minimum for pi, = -1
indicating perfect positive and negative correlation re-
spectively between the two securities. Clearly then the in-
clusion of securities that are negatively correlated with each
other will greatly reduce the variance and hence the risk
associated‘with holding that portfolio. Generally gold shares
are not negatively correlated with each other and mostly
exhibit strong positive correlation through the gold price.

It should be noted that even securities exhibiting zero

correlation with each other would be better for risk reduction

purposes than strong positiVe correlation.

An indication of the relative importance of gold shares
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for portfolio selection is of prime importance. Carter,
Affleck-Graves and Money (1982) conducted a study based on

the relative importance of the various sectors on the JSE for
portfolio selection. This study will be discuSsed below, with
specﬁa] reference to gold shares. It should be nbted, however,
that in considering only sectors on the JSE, the results of

the study is only meaningful to local investors since foreign
investbrs have larger investment selection opportunities out-

side South Africa.

An Empirical Study on the JSE by Carter, Affleck-Graves

and Money (1982)

The above-mentioned study consisted of the selection of
efficient portfolios from the JSE. The JSE, however, was
regarded as a 34 'security' market, where each 'security'
consisted in fact of a portfolio of like securities aggre-

gated into a sector index. -

The structure of the sectoral and the composite indices
used in their study with the percentage contribution that
each index made to its immediately superior composite index

at the end of June 1980 is shown in Figure 3.4.

The data used in the study was divided into three equal

periods, namely:

(a) February 1965 to January 1970
(b) February 1970 to January 1975
(c) February 1975 to January 1980
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JSE ACTUARIES INDICES *

Z to
Immnediate

Gold - Rand ©7,5%]
Gold - Evander 4,72 AN -
Gold < Klerksdorp 20,1% . Gold 67,43 -
Gold - OFS -~ . 24,5%| ) AN _
Gold - W Wits 43,21 Mining 48,42
Coal ' 6,5%
Diamonds _ . 16,5%
Platinum - 51,5% | Metals and
Copper, Tin, Others ‘ 48,5%] Minerals Q’GZJ N
Mining Holding ‘ 27,1%°| Mining
Mining Houses 3 . 72’9%J Financials 20,02
Inv, Trusts 13,1% ]
Insurance . 13,0% |
Property 11,3% { Financial 16,0 |
Banks 62,6%d
Ind. Holding 19,5% |

" Beverages 7,4%
Building sl
Chemicals 22,1% _
Clothing ; 1% ’ Industrial
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Transport 1,6% |

The indices have been expressed excluding Property Trusts which only
entered in 1976,
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Monthly returns for all the indices were calculated using the

formula ,
: P P
it o~ P.
it-1
where Rif is the return for index i in month t

P.t 1s the value of the index i at the end of month t

P is the price of index i at the end of month t

it-1
The method for establishing the efficient borders (frontiers)

was simi]ar to the a]gorithm proposed by Sharpe (1970) and was

adapted by Affleck-Graves (1974).

The graph of the efficient borders obtained for each of
the three -periods was extracted from the report of Carter,

Affleck-Graves and Money and is shown in Figure 3.5.

With_reference to Figure 3.5 the following salient points

are worth noting:

(i) The range of risk/return options for selection of
effiéient portfolios was much more restricted in

Period 3.

(ii) In general, a given level of risk (e.g. oy = 7) pro-
duced dramatically different returns in the three

periods.

(i1i) At given risk ranges the slope of the efficient’
frontiers sometimes are very different. It can also
be noted that the slope at different risk levels is
of crucial importance to the investor fn deciding

.whether additional risk is worth bearing.
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5.0 — A UNCONSTRAINED EFFICIENT FRONTIERS
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The Relationships of Sector Indices to the Efficient Frontiers

It has been proposed that the market portfd]io should be
located on the efficignt frontier assuming market equilibrium.
A discussion on why this is not generally true has been con—-
sidered in Section 3.2.2 and will thus not be repeated here.
It is however of interest to determine where the market port-

folio is located with reference to the efficient frontier.

Carter, Affleck-Graves and Money (1982) researched this
aspect in their study and also included portfolios consisting
of three 6ther major indices on the JSE. The four portfolios

consisted of the following indices, namely:

(a) A11 Share Index (M)
(b) A11 Mining Index (A)
(c) Mining Financial Index (F)

.(d) Industrial and Financial Index (I)

The location of the risk/return points for the above men-
tioned indices with reference to the efficient frontiers for
each of the periods 1, 2 and 3 were extracted from the
authorsf report and are shown in Figures 3.6, 3.7 and 3.8

respectively.

Comparison of the above mentioned graphs show the follow-

ing interesting characteristics:

(i) The A11 Mining Index (A) dominates the Mining Financial
Index (F) in all three periods, that.is, it is closer

in proximity to the efficient frontier. This was found
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Period 3 Unconstrained Efficient Frontier
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to be an interesting chafacteristic as securities
in the Mining Financial Index derive their income
from portfolio holdings of securities in the A1l

Mining Index.

(ii) None of the ind{ces are located on the efficient

frontier.

It would thus appear that the efficient portfolios of the
three periods under consideration will be made up of sectors
from the A1l Mining and the Industrial and Financial market
segmenfs with 1ittle or no contribution being made from the

Mining Financial market segment.

Carter, Affleck-Graves and Money further determined the
composition of some of the efficient portfolios in the three
periods. These findings will be considered below with the
object of assessing the relative importance of gold shares in

efficient portfolios.

Composition of Efficient Portfolios

Figures 3.6, 3.7 and 3.8 include numbered portfolios
located on the efficient frontiers, the composition of these
efficient portfolios are given in Tables 3.6, 3.7 and 3.8
(extracted from Carter, Affleck-Graves and Money (1982)) and
refer to Figures 3.6, 3.7 and 3.8 respectively. The port-
folios marked with an asterisk carry the same risk as the All

Share portfolio.
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oy = 5,020 ¥ per month

TABLE 3.6 Period 1 Ry’ = 0,804 % per month
Portfolio No. 1. 2. - 3. 4.* 5. 6.

op (¢ per nwonth) 13,000 10,000 7,500 5,020 3,400 2,500

Ep (%. per month) 3,193 3,028 2,784 2,312 1,331 0,184
1. Gold - Rand ' ‘ 0,008}
2, Gold - Evander . 10,0612
3. Gold - Klerksdorp 0,0427 10,1002
4, Gold - OFS 0,0690
5. Gold - W Wits
6. Coal _ ' | 0,0584 |0,2010
7. Diamonds -1 0,1468 | 0,0811
8. Platinum 0,0311 0,3560 | 0,5519 | 0,3065 | 0,1503 |{0,0678
9, Copper, Tin, Others 0,0887 ' 0,2531 | 0,1615 |[0,0361

10. Mining Holding
11. Mining Houses
12. Inv. Trusts
13. lInsurance ) ' 0,9689 0,6440 } 0,3124 } 0,0197
14, Property
15, Banks

16. Ind. Holding
17. Beverages
18, Building

19, Chemicals
20. Clothing

él. Electrical

22 Engineering 0,0100
23. Fishing 0,0681
24. Food

25. Furniture

26. Motors

27. Paper, Packaging 0,0331 |0,0490
28. Pharmaceutical

29, Printing 0,3111 0,2491

30. Steel 0,0047
31. Stores .
32. Sugar 0,0395 |0,0712

0,1576 | 0,0832

33, Tobacco
0,0470 | 0,1163 | 0,0291 |0,0045

34, Transport

TOTAL 1,0000 1,0000 |1,0000 | 1,0000 | 1,0000 1,0000

x Portfolio with same risk as the market
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. Om = 7,861 % per month

. Period 2 ' R, =10,749 Z per month
TABLE 3.7
Portfolio No.' 1. 2. 3. 4. 5. T 6. 9.

op (¥ per month) | 17,000 14,000 11,000 7,861 6,000 5,000 4,500

Ep {t per month) 5,190 4,406 3,500 2,392 1,606 1,064 0,6372 |
1, Gold - Rand 0,8601 | 0,5268 0,2520 0,0497
2. Gold - Evander: 0,1215 0,1129 0,1005 0,0658 0,0178
3. 6Gold - Klerksdorp
4. Gold OFS 0,0363
5. Gold - W Wits 0,0185 0,3603" 0,5320 0,5329 0,4614 0,3338 " { 0,1914
6. Coal ’ 0,0601 0,1305 0,1839 0,2187
7. Diamonds A
8. Platinum

9, Copper, Tin, Others
10, Mining Holding

11, Mining Houses

12, lnv Trusts
13. Insurance
14, Property
15; Banks
16. Ind. Holding
17. Beverages 0,0585 | 0,0554 | -0,0536
18, Building ’

19, Chemicals 0,0686
20. Clothing . '

21, Electrical : 0,0070 . 0,2091 0,3596 0,4156
22. Engineering . .
23, Fishing 0,0520 0,0867 0,0484 0,0157
24, Food 0,0635 0,1393: 0,0702 1} 0,0061

25, Furniture

26, Motors

© 27, Paper Packaging

28. Pharmaceutical

29. Printing

30, Steel

31, Stores

32. Sugar

33, Tobacco

34, Transport .
TOTAL . . 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000

0,0261
0,0072 0,0414 0,0433

- *Portfolio with same risk as the market



TABLE 3.8

~ Portfolio No.

13.45

Period 3

R

H
M

= 6,292 % per month
= 1,482 ¥ per month

1,

2,*

3.

‘4.

5.

Op (¢ pcr month)

E_ (% per month)

P

8,000
3,644

6,292
3,235

5,000
2,765

4,400
2,379

4,000
1,802

12,
13.
14,
15.

"16.
17,
18.
19.
20,
21.
22.
23.
24,
25.
26.
27.
28.
29
30,
31,
32,
33.
34,

Gold
Gold
Gold
Gold
Gold
Coal
Diamonds

Platinum

Copper, Tin, Others

- Rand
Evander

Klerksdorp
OFS
W Hits

Mining Holding
Mining Houses
Inv, Trusts
Insurance
Property
Banks

Ind, Holding
Beverages
Building
Chemicals
Clothing
Electrical
Engineering
Fishing

Food

Furniture
Motors

Paper, Packaging
Pharmaceutical
Printing

Steel

Stores

Sugar

Tobacco
Transport

TOTAL

0,9648

0,0346

0,0006

0,7228

0,2726

0,0046

0,0044

0,4523

0,0944
0,3892

0,0134
0,0138
0,0325

0,2905

0,0376

0,1031
0,3283
0,0867

0,0712

0,0826

0,1442

0,0020

0,0406
0,1608
0,1286
0,2338
0,0479

0,0558

0,0759

0,1104

1,0000

1,0000

1,0000

1,0000

1,0000

Portfolio with same risk as the market
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On examining the tables the following points emerge:

(1) Examination of the portfolios with high risk show

(i)

(iii)

(iv)

that Timited diveréification occurs; The reason for
this occurrance is that only a limited number of

sectors in each period had a sufficiently high return

to compensate for the high risk. Diversification was
also found to increase as the risk of the efficient
portfolios decreased. This is consistent with the
belief that diversification reduces risk. The portfolio
with the Teast risk in.each,of the Periods 1, 2 and 3

contained 14, 7 and 10 sectors respectively.

The gold share sectors seem to occur in portfolios
grouped in particular risk areas, for example, in
Period 1 the gold sectors occur in the lower risk port-
folios whereas in Period 2 they occur in the higher
risk portfolios. In Period 3 only one gold sector
occurred in only one of the efficient portfolios. This
is obviously due to the level and relative volatility

of the gold price during these three periods.

In Period 2, Gold-West wﬁts appears in every efficient
portfolio considered, that is, all seven portfolios
representing the specified risk levels. This is attri-
butable to the fact that it not only displays a high
return but also exhibits very Tittle covariance With

other currently efficient sectors in this period.

The sectors Mining Holdings, Mining Houses, Property,
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Banks, Industrial Holding, Building, Furniture,
Motors, Pharmaceutical and Stores did not appear in
any of the efficient portfolios considered in any

period.

In conclusion it should be noted that none of the sectors
including the gold share sector was found to be cohsistent]y
dominant in all three periods. Clearly during the firéf
period, that is, from February 1965 to January 1970 the gold
market was reasonably dull due to the fairly stable gold price,
hence the gold share sector was found to contribﬁte to effi-
cient portfolios of low risk and return only. During the
second period the gold sector dominated all of the medium and
high risk portfolios, however, during the third period the.
gold sector was hardly evidenced in efficient portfolios. It
should be noted however that gold shares were still in great
demand by foreign investors ddring the third period, hence it
is assumed that gold shares did in fact éxhibit strong port-
folio selection qualities for foreign investors during this

~period.

An Empirical Portfolio Selection Study Based Solely on Gold
Shares Quoted on the JSE

A portfolio selection study based solely on gold shares
was conducted using the algorithm adapted by Affleck-Graves
(1974). The aim of the study was first]y'to compare the
range and domain of the efficient frontiers generated by the

algorithm over the annual periods, 1978, 1979, 1980, 1981,
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1982 and 1983; secondly, to determine the composition of the
optimal portfolios as defined by the Separation Theorem and
lastly, to investigate the role of the Kruger Rand in port-
folio selection based only on the gold share and Krugér Rand

market.

1. Comparison of the Efficient Frontiers for
Years 1978 to 1983

The efficient frontiers for each of the individual years
were determined and are shown in Figure 3.9 below. It should
be noted that the portfolio returns and standard deviations
are expressed in units of average weekly percentages. The
actual composition of a selected range of efficient portfolios
for each of the yearé 1978 to 1983 are shown in Tables 3.9 to
3.14 respectivé]y. The most notable features which emerge

from Figure 3.9 are:

(a) The large differences in the range of returns of the effi-
cient portfolios that existed in the individual years.
In 1981 the average weekly returns of the efficient port-
folios only had a range of about 0,6% whereas in 1979 the
average weekly returns of the efficient portfolios had a
range of about 7,3%. This is clearly due to the re-

spective bear and bull market phases during these periods.

(b) The large differences in the magnitude of average weekly
returns during the various periods. Average weekly
returns of 10,13% were shown to be attainable during 1979
whereas the highest average weekly return attainable in

the gold share market during 1981 was only 0,23%.
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TABLE 3.9:
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Composition of Efficient Portfolios for 1978

Ep 0,92¢0,91({0,90{0,86(0,77{0,48|0,2810,22{0,10
0p '15,11(4,9214,70(4,2513,74(2,85|2,4512,38}2,30
SHARE
1 Dbn Dp .
2 E T Cons
3 ERPM.
4 Ergo 20 | 37 | 42 | 50
5 Grootvl
6 Marvale 3 4 5 7
7 Randfnt 10
8 Simmers 4 10 11 11 10
9 Sallies
10 Village
11 Vlaks
12 W R Cons
13 Bracken
14 Kinross
15 Leslie 4
16 Winkels 7 9 7
17 Af Lease 3
18 Buffels
19 Harties 6 18 25 13 2
20 Sovaal
21 Stilfnt 10 20 13 8 7
22 Vaal Rfs . ]
23 Zandpan 5 2
24 Freguls
25 Harmony
26 Loraine
{27 P Brand
28 P Steyn
29 St Helena
30 Unisel 10 10 10 7
31 Welkom 3 "3
32 W Holds
33 Blyvoor 8 11 11 6
34 Deelkrl
35 Doorns
36 Dries
37 Elands 100 92 80 .61 35 14 5 2
38 Elsburg
39 Kloof
40 Libanon
41 . Venters
42 W Areas
43 Wstn Deep
44 E. Dagga - 8 10 10 8 6 3 2
45 Rd Lease ' '
+

TOTAL 100 100 {100 |100 }100 }100 {100 {100 {100
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TABLE 3.10: Composition of Efficient Portfolios for 1979

Ep 10,13{9,1918,31/{8,01{6,72 {5,55{4,78,3,54|2,81
cp 10,625,7814,74{4,51{3,85 |3,40{3,1812,90(2,84
SHARE
1 Dbn Dp 3 5 6 6 2
2 E T Cons
3 ERPM 60 45 40 28 17 11 1
4 Ergo -3 8 11
5 Grootvl 18 21 15 10 5
6 Marvale )
7 Randfnt . 6
8 Simmers 100 40. | 31 28 24 | 20 18 15 12
9 Sallies 6 9 7 6 6 4 1
10 Village 3
11 Vlaks
12 W R Cons
|13 Bracken
14 Kinross
15 Leslie
16 Winkels
17 Af Lease - 1 3 4 6 7
18 Buffels
19 Harties
20 Sovaal
21 Stilfnt 22 30 31 32 28
22 Vaal Rfs
23 Zandpan
24 Freguls
25 Harmony
26 Loraine
27 P Brand
28 P Steyn
29 St Helena
30 Unisel -3 3
31 Welkom DR B 3 3
32 W Holds -
33 Blyvoor
34 Deelkrl
35 Doorns
36 Dries
37 Elands 4 14 18
38 Elsburg
39 Kloof
40 Libanon
41 . Venters
142 W Areas
43 Wstn Deep
44 E., Dagga 1 6 8 10 11
45 Rd Lease
TOTAL 100{100 {100 {100 {100 {100 {100 {100 |100
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TABLE 3.11: —Composition of Efficient Portfolios for 1980
Ep 4,3513,94{3,6213,1712,62|2,2712,00(1,86(1,75
op 16,35/9,11]6,721{5,28|4,08|3,53[3,2913,25(3,24
SHARE
11 Dbn Dp

2 E T Cons

3 ERPM

4 Ergo \

5 Grootvl

6 Marvale 2 5 4 3 2
7 Randfnt .

8 Simmers 61 54 38 28 23 17 13 12
9 Sallies

10 Village

11 Vlaks

12 W R Cons

13 Bracken

14 Kinross

15 Leslie

16 Winkels

17 Af Lease

18 Buffels

19 Harties .

20 Sovaal

21 Stilfnt 38 42 34 27 22 21
22 Vaal Rfs

23 Zandpan 13 | 20 | 26 | 29 | 28
24 Freguls :

25 Harmony

26 Loraine

27 P Brand

28 P Steyn

29 St Helena 5 7 7
30 Unisel

31 Welkom

32 W Holds 5 10 14 14
133 Blyvoor 9 4

34 Deelkrl ' 4
35 Doorns 371 17 1

36 Dries ' 8 11 12 11
37 Elands

38 Elsburg

39 Kloof

40 - Libanon

41 - Venters

42 W Areas

43 Wstn Deep

44 E. Dagga [100 | 39 9 7 5 1

45 Rd Lease .

TOTAL 100 {100 100 {100 (100 {100 [100 {100 100
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TABLE 3.12: Composition of Efficient Portfolios for 1981

Ep 0,2310,19{0,1310,06|0,04|-,02{-,08{-,19} -,40
Op 6,68(6,18{5,56|5,09{4,95/4,6314,36/4,08/ 3,93
SHARE
1 Dbn Dp
2 E T Cons , 3 2
3 ERPM
4 Ergo . : 4 11
5 Grootvli 100 83 64 32 26 9
6 Marvale
7 Randfnt
8 Simmers : ] 4
9 Sallies
10 - Village
11 Vlaks
12 W R Cons
13 Bracken
14 . Kinross
15 Leslie .
16 Winkels 4 13 15 12
17 -Af Lease :
18 Buffels : 9 10 11 8
19 Harties '
20 Sovaal
21 Stilfnt ~
22 Vaal Rfs L 12 36 31
23 Zandpan
24 Freguls
25 Harmony
26 Loraine
27 P Brand
28 P Steyn ’ . .
29 St Helena | - ‘ 6 11 ]
30 Unisel '
31 Welkom.
32 W Holds
33 Blyvoor ' 6
34 Deelkrl '
35 Doorns
36 Dries : 9 10 13 14 8
37 Elands
38 Elsburg e '
39 Kloof 17 33 48 49 50 46 29 21
40 Libanon ’
41 . Venters
42 W Areas
43 Wstn Deep - ‘ 15
44 E. Dagga 1 4 5 4 1
45 Rd Lease '
TOTAL 100 {100 |100 [100 {100 {100 {100 |100 } 100
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TABLE 3.13: Composition of Efficient Portfolios for 1982

Ep 2,7812,73t2,55|2,42¢{1,85{1,53}41,33}1,00}0,80

Op 9,64/19,298,53/8,08{6,59(6,1715,98(5,79}5,75

SHARE

1 Dbn Dp 12 13 12 9 2

2 ET Cons

3 ERPM

4 Ergo

5 Grootvl

6 Marvale

7 Randfnt

8 Simmers 4 23 27 26 18 13

9 Sallies

10 Village

11 Vlaks

12 W R Cons

13 Bracken

14 Xinross |

15 Leslie :

16 Winkels 10 22 27

17 Af Lease

18 Buffels

19 Harties

20 Sovaal 37 41 34 14

21 Stilfnt

22 Vaal Rfs 9 12

23 Zandpan

24 Freguls

25 - Harmony v

26 Loraine 100 88 61 44 .

27 P Brand 1 2 .

28 P Steyn

29 St Helena

30 Unisel

31 Welkom

32. W Holds 6 10

33 Blyvoor 2 4

34 Deelkrl 13 17 19 20

35 Doorns

36 Dries 4

37 Elands 6 12 6 2

38 Elsburg

39 Kloof

40 Libanon 27 34 20 4

41 Venters

42 W Areas

43 Wstn Deep

44 E. Dagga

45 Rd Lease 5 7 11 13
TOTAL 100 |100 |100 100 {100 {100 {100 {100 {100
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TABLE 3.14: Composition of Efficient Portfolios for 1983
Ep 4,20 3,73 3,67 | 2,82}2,12|0,65 0343 -,46|-,68
op 18,78{12,67 12,50 10,67(9,33]6,79] 6,49 15,55 5,43
SHARE
1 Dbn Dp
2 E T Cons
3 ERPM
4 Ergo
5 Grootvl
6 Marvale
7 Randfnt '
8 Simmers 21 19 23 18 2
9 Sallies
10 Village 12 13 9 8
11 Vlaks
12 W R Cons 71 69 44 32
13 Bracken : '
14 Kinross
15 Leslie
16 Winkels
17 Af Lease
18 Buffels
19 Harties
20 Sovaal 4 31 39
21 Stilfnt
22 Vaal Rfs
23 Zandpan 20 1 59 63 59 46
24 Freguls
25 Harmony
26 Loraine
27 P Brand
28 P Steyn
29 St Helena
30 Unisel
31 Welkom
32 W Holds
33 Blyvoor
34 Deelkrl 7 15
35 Doorns
36 Dries
37 Elands
38 Elsburg
39 Kloof
40 Libanon
41 . Venters
42 W Areas
43 Wstn Deep
44 E. Dagga 100 29 | 28 18 | 16 | .9 7 1
45 Rd Lease ‘ 3 5
TOTAL 100 100 {100 100 {100 {100 {100 |100 1094
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(c) The range and magnitude of the average weekly standard
deviations were found to differ significantly over the

various periods.

2. Determination of the Optimal Portfolios as Defined

by the Separation Theorem

The Separation Theorem discussed in Section 3.2.2 mentions
that the optimal portfolio can be determined by finding the
point on the efficient frontier which is a tangent to the

line with the risk-free rate as y~intercept.

Figures 3.10 to 3.15 show the range of risk and return
options along lines rg to A with the introduction of
borrowing and lending at the risk-free rate for the years

1978 to 1983 respectively.

It should be noted that the risk-free rate was taken to
be the average of the prevailing 3-month bankers' acceptances
rates over the respective years, and that these rates were
divided by 52>1n order to be comparable to the weekly
returns used in the study. The percentage composition,
weekiy standard deviations and returns of the optimal port-
folios, marked P in Figures 3.10 to 3.15 are shown in

Table 3.15.

The salient features of the optimal portfolios are:

(a) The composition of the optimal portfolio differed sig-

nificantly during each period.

(b) Relatively few go]d mining companies are found to be
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TABLE 3.15: Composition of Optimal Portfolios
1978 {1979 [1980 [ 1981 1982 | 1983
Ep 0;83 17,95 |2,62 {0,25 | 2,48 | 3,67
op 3,98 (4,47 |3,53 0 | 8,08 [12,50
1
SHARE
1 Dbn Dp 12
2 E T Cons
3 ERPM 39
4 Ergo
5 Grootvl 21
6 Marvale 2
7 Randfnt
18 Simmers 28 - 28 4
9 Sallies 8 .
10 Village 3 w
11 Vlaks p
12 W R Cons < 69
13 Bracken NK
14 Kinross o
15 Leslie =
16 MWinkels @
117 Af Lease -
18 Buffels o
19 Harties 27 -
20 Sovaal -
21 Stilfnt 20 1 42 =
22 Vaal Rfs . 2
23 Zandpan 2 13 .,
24 Freguls +
25 Harmony <
26 Lloraine » 44
27 P Brand =
28 P Steyn .
29 "St Helena
30 Unisel —
31 Welkom ®
32. W Holds +
33 “Blyvoor "9 4
34 Deelkrl ' t
35 Doorns 1 -
36 Dries o
37 Elands 42 = 6
38 Elsburg ©
39 Kloaf = 34
140 Libanon -
41 - Venters =
42 W Areas
43 -Wstn Deep
44 E. Dagga: 9 5 28
45 Rd lLease’ 3
46 'Kruger R
TOTAL 100 100 100 100 | 100




present in the optimal portfolios, with a maximum of

7 different shares occurring in 1980.

(c) During the bear market of 1981 it can be seen that it
would have been more beneficial to invest funds at the

risk-free rate than to invest in the gold share market.

(d) No gold share was found to be dominant in the optimal
portfolio during all 6 years although some shares were

found to be present in.3 out of the 6 periods.

3. The Role of the Kruger Rand in Portfolio Selection

It is a common belief that Kruger Rands exhibit Tess
~market risk than the other gold shares quoted on the JSE. It
is for this reason that one might be led to believe that
Kruger Rands exhibit desirable risk reduction qualities for
portfolio selection among gold shares. Efficient frontiers
for the years 1981, 1982 and 1983 were thus redetermined con-
sidering Kruger Rands as well as all gold shares for port-

folio selection.

Figures 3.16, 3.17 and 3.18 show a comparison of the
Effiéient frontiers -determined with and without considering
Kruger Rand selection for 1981, 1982 and 1983 respectively,
while Tables 3.16, 3.17 and 3.18 show the composition of a
selected range of efficient portfolios considering Kruger
Rands as well for these years. The curves extending from D
to C show the efficient frontiers determined considering

only the gold shares, while the curves extending through BKC
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TABLE 3.16: Composition of Efficient Portfolios including the Kruger Rand for 1981

Ep 0,23{0,19}0,14/0,06{ 0,04 -.14|-.31}-.42}-.52

Op 6,68/ 6,18|5,71/ 5,09/ 4,95] 4,01 |3,21{3,84}2,74

SHARE

1 Dbn Dp :

2 E T Cons 3 2

3 ERPM

4 Ergo . \

5 Grootvl 100 83 64 32 26 14 4

6 Marvale

7 Randfnt

8 Simmers

9 Sallies

10 Village

11 Vlaks

12 W R Cons

13 Bracken

14 Kinross

15 Leslie

16 Winkels 4

17 -Af Lease '

18 Buffels 9 10 5

19 Harties ‘

20 Sovaal

21 Stilfnt

22 Vaal Rfs

23 Zandpan

24 Frequls

25 Harmony

26 lLoraine

27 P Brand

28 P Steyn

29 St Helena

30 Unisel

31 Welkom

32 . W Holds .

33 Blyvoor

34 Deelkrl

35 Doorns .

36 Dries E 9 10 13 13 10 2

37 Elands '

38 Elsburg gt

39 Kloof 17 33 48 49 38 25 12

40 Libanon 4

41 Venters

42 W Areas

43 Wstn Deep

44 E. Dagga 1 1 1

45 Rd Lease _

46 Kruger R , ' 29 57 /8 97
TOTAL 100 {100 {100 | 100 { 100 | 100 |100 {100 100
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TABLE 3.17: Composition of Efficient Portfolios including the Kruger Rand for 1982

Ey l2,78/2,73]|2,55| 2,82{2,05|1,27(0,84{0,59|0,56

0p 9,64{9,2918,53[8,08(6,96]4,80{3,82}3,44}3,41

SHARE '

1 Dbn Dp 12 13 12 8

2 E T Cons

3 ERPM

4 Ergo

5 Grootvl

6 Marvale

7 Randfnt 1 ~

8 Simmers - ' 4 5 4 5 2

9 Sallijes

10 Village

11 Vlaks

12 W R Cons

13 Bracken

14 Kinross

15 Lleslie

16 WHWinkels

17 Af lLease

18 Buffels

19 Harties

20 Sovaal

21 Stilfnt

22 Vaal Rfs

23 Zandpan

24 Freguls

25 Harmony -

26 Loraine 100.| 88 | 61| 44 | 33 | 13

27 P Brand

28 P Steyn

29 St Helena

30 Unisel

31 Welkom

32 M Holds

33 Blyvoor ' ‘

34 Deelkrl 5 3

35 Doorns : ’

36 Dries : » _

37 Elands 6 6 6 5

38 Elsburg '

39 Kloof _

40 Libanon 27 34 30 19 10

41 Venters

42 W Areas

43 Wstn Deep

44 E. Dagga

45 Rd lLease : ,

46 Kruger R 18 | 58 80 | 93 97
TOTAL 1004{ 100 {100 {100 (100 {100 {100 |100 (100



‘ 3.70
TABLE 3.18: Composition of Efficient Portfolios including the Kruger Rand for 1983

Ep s 4,20 3,73 3,66 W3’49 2,1210,45 (-.04]-.40| -.43

op 18,78|12,67 12,50 [12,09(9,07]5,51 ]4,54] 3,88 3,81

SHARE

1 Dbn Dp

2 E T Cons

3 ERPM

4 Ergo

5 Grootvl

6 Marvale

7 Randfnt

8 Simmers ‘ 7 7 ]

9 Sallies

10 Village

11 Vlaks \ _ :

12 W R Cons . 71 69 62 39 1 15 7 1

13 _Bracken : : - ,

14 Kinross \

15 Leslie

16 Winkels

17 -Af Lease

18 Buffels

19 Harties

20 Sovaal

21 Stilfnt

22 VYaal Rfs

23 Zandpan

24 Freguls

25 Harmony

26 loraine

27 P Brand

28 P Steyn .

29 St Helena

30 Unisel

31 Welkom

32 W Holds

33 Blyvoor '

34 Deelkrl

35 Doorns

36 Dries

37 ETlands

38 Elsburg

39 Kloof

40 Libanon

41 Venters

42 W Areas

43 Wstn Deep ‘

44 E., Dagga 100 29 28 25 16 6 2

45 Rd lease ' 3 6 4 '

46 Kruger R 34 78 91 99 1 100
TOTAL 100 100 100 100 {100 (100 {100 | 100 | 100



show the efficient frontiers determined considering the Kruger

Rand as well,.

The most notable features of these figures are:

(a) In none of the three periods considered was the line

rs

PA

tangent to the curve on the segments BK, indi-

cating that the Kruger Rand did not appear in the

optimal portfolio in any of the periods considered. This

is indeed a very surprising result as the Kruger Rand is

widely believed to be important in portfolio selection

among gold shares for insurance against downside risk.

Further surprising evidence supporting the findings here

can be presented, namely:

(i)

(ii)

the periods under consideration were predominantly

bear markets where it is believed that Kruger Rands

‘would have been better to hold instead of gold

shares, however, this was not evidenced in the

optimal portfolios,

the gold share returns used by the a]gorithm did not
include dividends, implying that since no dividends
are paid out fo Kruger Rand owners the returns of

the gold shares relative to the Kruger Rand are
actually higher than the study 1ndicétes, without any
associated additional risk, further substantiating
the argument against Kruger Rands for portfolio

selection.

(b) In 1981 Figure 3.16 shows that the optimal investment
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would have been to invest all funds at the risk-free
rate (i.e. lend) and not to invest in gold shares at all.
This result is clearly due to the severe bear phase of

the gold bullion market during this peribd.

Finally, it can thus be concluded that evidence has been
found that indicates that the Kruger Rand is not a good con-
sideration for portfolio selection. However, it shou]d be
noted that the implication of this result could have a
dramatic effect on the KruQer Rand market and therefore

warrants a more detailed study.

Thus, on the basis of both empirical studies it was
found that gold shares exhibited desirable qualities to
warrant portfolio selection. However, during some periods

this was found not to be the case.
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CHAPTER 4

SHARE EVALUATION

The purpose of this chapter is to discuss traditional
methods of share evaluation and to provide justification for
a particular valuation method suitable for gold shares which

will be implemented in Chapter 6.

4.1 Traditional Share Evaluation Models

Return on investment in common securities comes in two

forms,namely, dividends and capital gains or losses.

The rate of return that investors expect from a given

security over the next year ahead could thus be written as:

. DIV(1)+EE%%-P(0) \ | (4.1)

where DIV(1) is the expected dividend per share;
P(1) is the price at the end of the'year;

and P(0) is the price at the start of the year.

Note that P(1)-P(0) 1is the expected price appreciation per
share. The value r, is often called the "market capitali-

zation rate".

On the other hand if forecasts of dividend, price and
the return offered by other equally risky securities are

given, equation (4.1) can be rearranged to yield an expression
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for the current price

that 1is 57

Clearly, in equation (4.2), P(1) can be expressed in terms
of the following year's dividend, DIV(2) and price, P(2).
Assuming also that r will be the same in the following year

P(0) can be expressed as

R 2

In fact the above equation can be expanded so that the Current
price, P(0), can be expressed as the total present value of
the future stream of expected dividends plus some expected

terminal price, P(H),

that is P(0) = 22=1 DIV(t) + P(H) (4.4)

(14r)Y  (1er)H
Note, again it is assumed that the market capitalization ‘rate

remains constant. In general securities do not expire at some

In general securities do not expire at some given date,

but can pe viewed as having an infinite time horizon.

The present vq]ue of the terminal price would thus approach zero
as the time hofizon tended to infinity and could therefore be
ignored. The curfent price of a security in this instance cdu]d
be expressed as‘the present value of a perpetual stream of cash

dividends. This can -be written as

P(0) = .Zot":f%\f%% (4.5)

A simplification of the above model can be achieved by

"assuming that dividends grow at a constant rate. Equation
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‘ CODIV(1) . DIV(1)(1+g) . DIV(1)(1+g)2 °
P0) = St + C 9) , (“ﬂ;g +
_co DIV(1)[1+g) %!  6)
zt=1 (1+r)t . °

Since equation (4.6) is simply the sum of an infinite geo-

metric series with first term; 2%¥éll and common ratio

}:gvf applying the formula for the sum of an infinite geo-

metric series, equation (4.6) becomes

p(0) = XYL, ¢y - 1ig) (4.7)
hence
p(o) - BLHL) (4.8)

where g 1is the expected constant growth rate.

Clearly, g the anticipated growth rate will have to be
less than r since as g approaches r the stock price wi]]

become infinite.

Equation (4.8) can be rearranged to obtain an expression
for r, the market capita]iiation rate

hence r = 2%%%}1 + g . ‘ .(4.9)

Brealey and Myers (1981) propose the following method for

obtaining an estimate of g:

(i) compute the "plowback ratio (PR)" using the formula

_ DIV(1)
PR - 1 - 'E‘p—s—(_T—)'

where EPS(1) 1is the expected eérnings per share.
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(ii) compute the "return on equity (ROE)"

EPS(1)

where ROE = g5oxequity per share

(iii) finally, g <can be estimated by

g = PR x ROE

Brealey and Myers (1981) suggest that a better estimate
of r <could be obtained by taking a large sample of securities
of equivalent risk and using the average of the estimates for

r instead of the individual security's r value.

Brealey and Myers (pp.49-50) further caution investors
using the above constant-growth "discounted cash flow" (DCF)

formulae by saying

"These simple, constant-growth DCF formulas are ex-
inemeﬁy useful rules o4 thamb, but they arne no monre
than that. Naive trust has Led many financial

analysts Lo sLLLy conclusions.

Finst, nememben the diﬁﬁicuﬂtg 04 estimating r by
analysis of one stock only. Thry to work with a Lanrge
sample 0f equivalent-risk secunities. Even that may
not work, but at Least Lt gives the analyst a fighting
chance, because the inevitable ennons in estimating x
forn a single secundity Zend to balance out across a

broad sample.

Second, nesist the temptation to apply the formula - to .

[inmé having high currhent rates of growth. Such growth
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can nranrely be sustained indefinitely, but the con-
stant-growth DCF formula assumes Lt can. This

ennoneous assumption Leads to an overestimate of r."

Clearly the assumption of constant growth for indefinite
time horizons is not easily met in practice and secondly the
accuracy of divjdend forecasts need to be cbnsidered before

applying any of the above formulae.

Firth (1977, p.22) suggests the use of a similar model,
called .the Goldman-Sachs model to overcome~the pfob]em of
assuming indefinite constant growth rates. The model itself
selects the time horizon for which the growth rate is relevant,
thereafter the growth rate is taken to be equal to the average

growth rate for a security of that risk class. The time

horizon is selected using the following procedure:

1. A growth trend is compufed using the previous 5 years
earnings data as well as earnings forecasts for as many

years as is possible.

2. The growth trend is extrapolated into the future until
the expected earnings deviate by more than 7% from the
trend. The time horizon up to this point in time is

noted.

3. Steps 1 and 2 are repeated addiné one more year of
historical data until the recorded time horizon stabilizes
(i.e. stops increasing). This becomes the horizon over

which the growth rate is expected to last.
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Thereafter the growth rate is adjusted to the average
growth rate of firms with similar long-term growth prospects

and levels of risk.

Concerning empirical evidence of the success of the

Goldman-Sacks model, Firth (1977) concludes:

"The published rnesults grom usding the.modeﬂ fon
evaluating utilities (for example electrnicity supply,
telephone compandies) have shown Lt Zo Amprove returns
oven those genenated from a naive buy aﬁd hold policy
(i.e. the market index). Unfortunately there have
been no recent neponts on the predictive ability of

the model."”

It is felt, however, that it is extremely unlikely that
a trading rule based on the "instinsic" share price as
determined by the above model would yie]d consistently superior
returns than the market. Unfortunate]y the published results
‘of the model werenot referenced by Fifth, but it appears that
the following factors were not considered. Firstly, the
- specific sectors of the market in the study could well have
consisted of firms with higher than average debt—to-equfty
ratios which therefore increased the risk of the individual
securities. Seéond]y, it is unlikely that portfolios selected

by the trading rule displayed diversification benefits which

cou]& be obtained by holding the market portfolio. !
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It is therefore felt that a trading rule based on the
"Goldman-Sachs model is unlikely to yield portfolios with
higher returns than the market portfolio without being sub-
jected to higher risks. Brealey and Myers (1981) argue. that
simplistic share evaluation models based on constant growth
will not generally yield a bétter estimate of a shares

"intrinsic" share price than the market price of the share.

Another form (c.f. Brealeyand Myers (1981, pp.51-52)) of
the eqhations'already discussed can be derived by considering
the individual preferences of investors for either "income"

or "growth" stocks.

Assume that a company pays.a11 of its earnings out as
dividends, in this case the company would not grow at all,

and equation (4.9) would become

P(0) = 91¥ill (4.10)

since vg is equa1 to zero.
Also, since all the earnings are payed out asvdividends,
we have | |
EPS(1) = DIV(1)
and equation (4.10) can be written as
(o) - EPSU) o (4.11)
Further, éssume’instead that the company invests the

earnings in some project. Then if the expected return on

the project is a]sd_equa] to r, equation (4.11) will still
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ho]d, as the reduction in value caused by no dividends in year
1 is exactly offset by the increase in:ivalue caused by the
increased dividends in later years. That is, the net present

value of the project will be equal to zero.

In general, however, projects with rates different from r
must be accounted for, hence, Brealey and Myers propose the

following formula:
p(0) = EPSCL) 4 pygo (4.12)

where PVGO 1is the present value of growth opportunities.

Thus equation (4.12) can be viewed as the capitalized
value of average earnings under a zero-growth po1icy, plus

the present value of growth opportunities.

With reference to equation (4.12) a "growth" stock is one
which has a large PVGO relative to the capitalized value of
EPS, alternately an "income" stock is one with a small PVGO

"relative to the capitalized value of EPS.

Unfortunately none of the models discussed in this section
can be applied to the valuation of gold shares. The obvious
reason for this is thatrfUture earnings, hence dividends and
cash flows, are dependent on the future gold price which
cannot be predicted with any degree of confidence. Clearly
then any assumptions of constant growth in view of the
voiati]e gold price would be untenable. Thus any further
sophistication of modéTé based on the discounted earnings,
diVidend or cash flow approach will not be discussed in this

thesis.
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4.2 Gold Share Evaluation Models

No knownvshare evaluation mode1s have been successfully
applied to gold shares due to the unpredictable nature of
future earnings. Many investors and analysts, however, value
securities by esfimating an appropriate yield or statistical

multiplier for the security.

Barr (1981) conducted a study to determine the price of
gold reflected by a>gold share, termed the implicit gold price.
Barr chose the gold share East briefontein in the study on the
basis of its long life, low coét‘profile and relatively stable
grade of ore characteristics. Barr proposed the following
dividend yield model for East Driefontein: \
[Implicit Gold price,($/ounce)-Cost,($/ounce)].k |

Share pricet(R)

Vield, = (4.13)

where k = 195 R per $ exchange rate
245 ° R per $ exchange rate at 3/12779

the dividend per share was R195 for 1979 and the
average profit was $245 per ounce of gold extracted

over the same period.

The study was conducted using weekly data over the period,
January 1978 to September 1980. According]y‘Barr made the

following assumptions:

(i) cost changes were 12% per year
(ii) the relationship between dividend and profit was constant

(iii) tax rates remained constant.



The weekly implicit gold price was computed from equation

"(4.13) using three different yields, that is 8,10 and 12%.

Figure 4.1 duplicated from Barr's study shows the re-
lationship between the actual and.implicit gold price deter-

mined by the model for the above-mentioned yields.
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On the basis of his study Barr concludes that there is
considerab1e.evidence to support the hypothesis that the

commodity and share market can react differently to the same

information.
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It is felt, However, that it is possible that a large pro-
po?tion of the difference betWeen the implicit and actual gold
prices found by Barr might be due to the three strict aésUmp—
tions pertaining to the model. Also this difference might be
subject to further error for gold shares with more erratic.
cost changes and more variable grade profiles. ‘It should also
be noted that tax rates are not constant but are determined on
a sliding scale basis for gold mines (this will be discussed

in detail in Section 5.7).:

Thus it was decided that a more sophisticated version of
Barr;s model should be considered. The degree of sophisti-
cation clearly depends on the ability to relax the assumptions
made by Barr. Hence two different models will be considered.
Only the formulation of the two models will be presented below
and the actual implementation of the mode]s is delayed until
Chapter 6 as the components of the model will only be researched

in the next chapter.

MODEL 1

Since an accurate contemporaneous estimate of cost is
instrumental in determining the implicit gold price, this was

. the first assumption that was considered.

A discussion on the analysis of working costs.for various
gold mines is presented in Section 5.4, however a significant
relationship for the estimation of cost was found to exist.

MODEL 1 shown below is therefore similar to the model proposed
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by Barr (1981) except that the cost variable is estimated by
a set of explanatory variables (see below). Secondly the
units are expressed in rands instead of dollars to eliminate

the variable effect of the exchange rate. Hence MODEL 1 is

given as
[Implicit Gold pricet(R/ounce) —aCostt(R/ounce)].k' _
Yield, = . (4.14)
t Share pr1cet(R)
where k' = dividend per share

profit per ounce
The assumptions are:

(i) cost changes .occur due to changes in the contemporaneous -
gold price, lagged gold price and changes in time (this
is assumed to embody general production cost increases

due to rising prices)

(ii) the relationship between dividends and profit per

ounce produced remains constant
(iii) tax rates remain constant.

Clearly the numerator of equation (4.14) when multiplied by

k' yields an estimate of the expected dividend at time t.

MODEL 2

Here a more sophisticated model is proposed with both
assumptions (ii) and (iii) being relaxed and with an estimate
of the total earnings of a gold mine which fnc]udes all the

relevant components of gold mine earnings.

An analysis involving the estimation of the relevant
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components of gold mine earnings {s researched in Chapter 5.
The findings of this analysis are incorporated in the

assumptions of this model.

Hence Model 2 is given as:

Yield, {[Implicit Gold pricet(R/ounce)-Costt(R/ounce)].Annua] productiont(ounces)

+ Sundry revenuet(R)-Taxt(R)-Leaset(R)—Capital expendituret(R)}

kll

* Number of shares in issuetXShare pricet(R) (4.15)

where

« _ dividend per share
earnings per share

Now the assumptions become:

(i) changes in cost production and capital expenditure can
be explained by contemporaneoué gold price, lagged gold

price and time variables (to proxy inflation as before)

(ii) the relationship between dividend and earnings is constant.

Note that assumption (ii) is now more realistic since gold
mines tend to distribute almost all of their earnings.
Assumption (iii) has fallen away entirely as an exact treatment

of gold minevtax is considered (c.f. Section 5.7).

Clearly the expression enclosed by square brackets in
equation (4.15) is the estimated working profit per ounce of
gold mined. This expression becomes the total working profit
when multiplied by the annual production.» The expression in
“curly" brackets is thus an estimate of the total earnings

of the mine which becomes the earnings per share when divided
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by the number of shares in issue. When this value is multi-

plied by k", the payout ratio, an estimate of the expected

dividend at time t, is obtained.
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CHAPTER 5

DETERMINANTS OF GOLD MINE PROFITABILITY

The object of assessing gold mine behaviour is to decide
whether it is possible to obtain a fafr and attractivé risk
adjusted return on cabita] fnvestéd in a gold share. A
potential investor wbu]dvﬁg primari]y'conce;néd with the pro-
fitability of the gold mine, this naturally depends on the

price obtained for gold offset against concomitant expenditure.

The level of risk associated with gold mine profitability
is usually relatively large due not only to the fluctuation
and uncertainty in the free market price qf‘go]d and rates of
exchange but also to management, the vari&b]e nature of grade

of ore milled, working costs, production rate, Capita] expen-

diture and taxatiom. ™

The above-mentioned variables are the major determinants
of gold mine profitability and will be discussed in detail .in

this chapter.

5.1 The Gold Price

As in all commodity markets the gold price is determined

by the market forces of supply and demand.

Of the components affecting supply and demand for gold,



5.2

Potts (1982) argues that fabrication demand can be predicted
"with some degree of confidence. However. demand for official
or monetary purposes or hoarding are extreme1y difficult to

predict and are thus responsible for the volatile gold price.

The structure of the gold market has changed considerab]y
dering the last 15 years. Prior to 1968 the US dollar domi-
nated the 1nternat1ona1 financial system and there was little
incentive for private investors to purchase gold as the fixed
price when discounted by the inflation rate (i.e. the real

pr1ce) often tended to dec11ne

After the ﬁntroduction of the so called "two-tier" market

in March 1968 whereby central banks no longer fixed the gold

St P

price for_pr1yatemjqyesggrslégradua] erosion of the US dollar

as the major international financial asset occurred.

The value of the US dollar declined further after the
closing of the United States "gold window" in August 1971

where the dollar/gold convertibility was officially ferminated.

The_1ncreased pressure on the dollar_in 1972 caused the

o i e T T e

e e e e st

. fixed exchange rate system to break down and was replaced by

system of genera11sed f]oat1ng . ' .

In late 1973 the large increase in the price of o0il made
the international financial system more volatile causing a
_fUrther rise in the gold price. 'The Japanese Government

allowed residents to purchase gold Ln~1973 ‘and on the last

S
—_

day of 1974 ‘the United States Government also allowed its
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residents to buyAgold.

In 1975, both the United States Treasury and the IMF (under
American influence) sold large amounts of go]d in an attempt
to suppress the superiority of gold as a monetary asset. This

caused the price of gold to be periodically depressed.

' fhe gold price increased rapidly in 1978 and 1979\in spite
of the iMF and the US Treaéury auctions. The introduction of
the EMCF in 1980 whereby a proportion of the reserves are
backed by gold caused the gold price to rocket and entrenched
gold as a reserve asset (c.f. Main(1982)). Ariovich (1982)
argues that there_has been a structural change in gold markets

since 1973 and on the basis of research concludes:

"Unt&ﬂ 7973 5£uctuat40n4 in industrial pnoduct40n wene
T T m’“"ff-._.

a majon detenanant o4 the gold price. Subéequent to

7333 howeven, Lt appeana that 5£uctuat40n4 in US

4n5£at40n and real Lnteneét nateé were the majon deten-'
m&nanta 04 the gold price, wh&ﬂe LnduétnLaZ pnoduct40n

was ‘only of minor Amportance."

High real interest rates embodied in a world wide re-
cession caused the gold price to decline in 1981 and 1982
reaching $296/ounce in June 1982. The gold price gradually
increased to $500/ounce in January 1983 with the expectation
of ‘lower real interest rates. A dramatié $100/ounce crash
~in the gold price.ovér two trading days occurred in late

February 1983. Although there was much uncertainty in
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explaining the direct cause of the crash, Rolfe (1983) assessed

the cause of the collapse in the following way:

"Though hanrd Lnégnmation L4 Racking on whai happened
in the US Manheté, the weakening oil price had
azneédy been discounted with the gold price slide

- _from $500 to $470. Falling oif prices had already
been going on fon fo days and had been bnedicted"

_ ﬁbn sevenal months. Bullion market sounrces say
the central banks of heavily-indebted Latin
Améﬁican 04l pnqduqené-épﬁd gold to nrealize neady
cash ahead 04§ yet more o04il price cuts which wite

wonrsen funthen thein ability to pay their way.

In any event, as gold weakened in the US Last
Friday, extensive 'stop-Loss' selling was triggered.
The way the US investment community works, a sharp
price fall can Lead to speculatons beiﬁg s0ld out
edithen because a price threshold has been breached,
on because 04§ failure to meet caﬂﬁévébn moﬁe_mangin.
Gold futunes wene down.by the $25 Limit and the .
market was only cleared on Monday when US selling
ordens wéne executed Ln Hong Kong, swamping ZLhe

noamally bullish Chinese."

Figure 5.1 i]]ustrates,the changes in the price of.go]dv

~in dollars per ounce since January 1970.
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- It*ﬁ§*4ﬁ6v$table=that*the“gold*price will -continue to
remain vo]ati]e‘since the metal is widely used as a core
holding in portfolios, which are periodically revised Qhen
the investment climate changes. The vo]atfﬁiy of the gold
price is further affected by the ability the international
financial community has to mobilise funds rapidly and direct
them towards those investment areas which appear to have the

best prospects for financial gain.
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5.1.1 Components 6f Gold Supply and Demand

Gold is an imperishable storeable commodity with rapidly

diminishing mineable reserves.

Historically gold has been in demand both for hoarding
and jewellery hurposes, even in the days of the ancient
Egyptians. More recently gold has become popular with in-
vestors seeking attractive returns on the gold market as well

as for industrial, dentistry and electronic uses.

Table 5.1 below displays the components influencing the

supply and demand for gold in 1980 and 1981.

Important components of fabrication demand include

jewellery, dental demand and industrial demand.

‘(i) Jewellery is the major component of fabrication demand

| currently accounting for 25% of the world's above
ground gold. Disposable inco;e taste, fashion, prices,
substitutes, tradition and marketing efforts are all
determinants of jewellery demand which is a key factor

in the long-term price of gold.

(ii) Dental demand is particularly sensitive to substitutes

-~

since higher prices strongly reduce demand.

(iii) Electronic demand is sensitive to general economic
activity and is constantly influenced by new uses as
well as by substitutes. The demand for welding, which
accounts for a large proportion of gold in this sector,

may be reduced as possible substitutes are constantly
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being researched.

(iv) Other industrial demand sectors include technology-
intensive industries that consume gold and are sen-
sitive to defence expenditure especially in the United

States.

Figure 5.2 below illustrates the distribution of the

world's above ground gold as at October 1982.

TABLE 5.1  Source: Strong (1982)

SUPPLY ’ : 1980 1981
' , Tons Tons
South African Production 675 658
Rest of Free World Production 271 304
Total Free World Production | 946 962
Net Sales of Communist Bloc 9.0 283
TOTAL SUPPLY OF GOLD 1036 1245
Less: Net Official Purchases 230 260
GOLD AVAILABLE FOR PRIVATE
FABRICATION AND INVESTMENT _ 806 985
DEMAND
Average Price US$/oz - $612 $460
Jewellery Fabrication Demand
- Developed Countries 273 373
- Developing Countries (-150) 221
O0fficial Coins 185, . 201
Electronics 86 85
Dentistry 62 62
Other Industrial & Decorat1ve Uses 70 66
Medallions and False Coins _ 16 28
TOTAL FABRICATION DEMAND (A) 5472 1036
Hoarding of Bars 8 280
Net Investment Demand - 256 .| (-331)
TOTAL "INVESTMENT" DEMAND (B) 264 (- 51)

TOTAL DEMAND (A + B) 806 985
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Distribution of the World's Above Ground Gold

37% — CENTRAL BANK HOLDINGS

26% — INVESTMENT ANG HOARDING
25% — JEWELLERY

8% — HELD BY EMCF, IMF, BIS etc

3% — HELD IN RUSSIA AND CHINA
1% — NEWLY-MINED

FIGURE 5.2

Source: Chamber of Mines' Newsletter, September/Qctober 1982

5;1.2 Determinants of the Gold Price

Many_researchers suggest that the major factors influen-
cing the gold price are nominal interest rates qnd inflation
(i.e. real interest rates), éxchange rates, price of petfo—
leum, political tenﬁions, the prices of metals such as silver
and platinum, which can, to some extent, be substituted for

gold, and the general level of economic activity.

Ariovich (1982) conducted.a study in an attempt to gauge
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the effect of inflation, real interest rates and the indus-
trial production on the gold price. The data ranged from 1968
to 1981. Annual data consisting of the US inflation rate
(CPI), the real interest rate in the US (the real interest

- rate used was the difference between the yield on long term
government stock and the CPI) and the OECD Industrial pro-

duction rate were used.

The test consisted of correlating the above three variables
separately with the growth_rate of the go]d‘price over the
entire period as well as from 1968 to 1973 and 1974 to 1981.

- The results indicate the infiation rate was the best explana-
tory factor over the entire period. For the two separate
periods, hovever, the growth rate of the gold price was most
highly correlated with the OECD industrial production rate
for the period ranging from 1968 to 1973, ‘whereas the in-
flation and real interest rates were fdundito be the best

explanatory factors over the last period; i.e. 1974 to 1981.

Ariovich a]so'computed‘the mu1tip1e regfeséion equations
having the growth rate of the gold price as the dependent
variable, énd the same above 3 variables as the independent
variables. The equations were computed for the same periods
as the above empirical test. The equations are listed in

Table 5.2 below.

Ariovich concluded that the empirical evidence strong]y:
supported the argument that gold markets havevexperiencéd a

definite structural change since 1973. i.e. Prior to 1973
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TABLE 5.2

Period Equation R2 obs.
1968-81 Gold C = -2+ 3,5CPI - 0,36RI-+ 0,32Ip 0,6 14 |
associated '

t-statistic (-1,2) (3,0) (-2,5) (2,1)

1968-73 Gold C = 2,99 + 0,75Ip 0,88 6
associated

t-statistic »(-3,2) (5,3)

1974-81 Gold C = -3,36 + 4,98CPI - 0,34RI + 0,271Ip | 0,83 8
associated

t-statistic (1,8) (3,7) (-2,4) (1,7)

<

fluctuations in industrial production were a major determinant
of the gold price and subsequent to 1973, US inflation and
real interest rates were the predominant determinaht§ of the

gold price.

Unfortunately the above 2 empirical tests were based on
very small sample sizes, i.e. 14, 6 and 8 respectively. The
results of the two tests are, however, consistent indicating

that there is some evidence .supporting Arivoich's conclusion.

Brock (1981) conducted a study (commissioned by Anglo
American Corporation) to forecast the price of gold during

the period 1986 to 1988. Brock used a techhﬁque whereby

‘ judgemental probabilities are used in the analysis to re-
present the uncertainty of the po]itica];socid]ogicalvand

‘economic factors that will affect the gold market in the

future.

On the basis of these probabilities a set of demand and

supply curves, relating quantity of gold supplied and demanded
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to the price were developed. These in turn are used to arrive

at a gold price forecast.

The judgeménta] probabilities were obtained from inter--
views carried out in North America, the United-Kingdom,
Europe, Japan, Hong Kong, Singapore, Australia, the Middle
East and South Africa. The people interviewed included
central bankers, finance ministers, bullion dea]ers; inter-
national bankers, political analysts, economists, mining
executives and fashion leaders. ‘

Some interesting results discussed in Brock's (1981)

report which afe of relevance here, include the following:

1. Vfrtual]y everybody who was interviewed agreed that there
would be six major determinants of investment deménd in
1987, namely: |

(i) The price of gold
(ii) Real ‘interest rates, in particular those in Eufope
aﬁd the Unfted States.
" (iii) Real economic growth rates, particularly in the
United States, Europe, Japan and the Association
of South East Asian Nations (Asean).
(iv) The level of political tension.
(v) The rate of inflation in non-communist industrialised
countries.

(vi) The relative strength of the United States dollar.

Brock also mentions two other possible developments that

would further influence demand, i.e. the beginnings of a
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move in Japan toward private investment in gold and the
possibility of large-scale institutional demand in ‘the

United States.

THe future supply of gold, will continue t0'be'dominated.

by Sbuth Africa and Russia. South African gold sales will
‘depend on the price of gold, produﬁtion levels, the poten-
.tial for labour unrest and rapid risg in mine workers'
‘wages, ;nd the sales policy implemented by the South

African Reserve Bank. Brock further mentions that Russian
sales will be 1érge]y-dependent on price, production levels,
potential labour unrest, the need for foreign exchangelfOr
the possib1é construction 6f a natural gas pipeline from
Russia to Europe, the poor agricultural situation and

decreasing oil exports.

Brock concludes that there is a likelihood of a reasonably
- high price for gold in the future and, on the basis of

the study, attaches the following probabilities to the
given ranges of gold prices at different inflation rate

scenarios in 1987:



(i) Nil inflation

Gold Price ($/ounce) Probability
0 - $520 | 0,010 |
$521 - $550 o 0,080
$551 - $580 | 0,085
$581 - $610 0,185
$611 - $640 0,240
$641 - $670 0,225
$671 - $700 0,1250
$701 - » 0,050

(ii) 6% inflation

Gold Price ($/ounce) - Probability
0 - $738 . 0,010
$739 - $780 0,080
$781 - $823 0,085
$824 - $865 0,185
$866 - $908 0,240
$909 - $950 | 0,225
$951 - $993 ~0,1250

$994 = o © - 0,050
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(iii) 9% inflation

Gold Price ($/ounce) - Probability
0 - $872 v ) 0,010
$873 - $922 | 0,080
$923 - $973 0,085
$974 - $1023 0,185
’ $1024 - $1073 ' 0,240
$1074 - $1124 0,228
$1125 - $1174 0,125
$1175 - - 0,050

(iv) 13% inflation

Gold Price ($/ounce) Probability
0 - $1083 0,010
$1084 - $1145 0,080
$1146 - $1208 0;085
§1209 - $1270 0,185
$1271 - $1332 o 0,240
$1333 - $1395 0,225
-$1396 - $1457 | 0,125
$1458 - ' - 0,050

It should however be noted that Brockfs study was pub-
lished in 1981, and hence was conducted during times of high
gold prices. It is feTt that the judgemental probabilities
' computed on the basis of Brock's interviews might thus have
been biased toward'high‘gold prices in the future. In the
past it has been evident that there has been a strong ten-

dency for people to overestimate future gold prices in times
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of rising gold prices énd visa versa. This was evidenced in
June 1982 where the media published many articles on judge-
mental predictions, the majority of which predicted the future
gold price at well below the $300 mark. ‘In January 1983 when
the gold price inclined to reach the $500 mark, the sentiment
conveyed in the media was that the gold price wbu]d riée
rapidly to over the $600 mark, again these judgemental fore-

casts were completely incorrect.

Fundaménta]]y, it would appear that currént]y the three
major factors inf]uencing the gold prfce are, firstly, the.
inflation rate in the United States, which affects the con-
f1dence of investors in the Do]]ar, secondly, the real rate
of 1nterest earned on risk-free investments such as long-
term federal government bonds, and lastly, to a lesser extent
the general state of the world economy (which can to some
extent be measured by the level of industria] production in

the Unﬁted States).

Figure 5.3 below shows the relationships between the

above mentioned variables -and' the gold price.

Visual inspection of Figure 5.3 shows a rise of the.
inflation rate in 1978 reaching its highest peak in 1980
with the gold price, while real rates of interest became

substantially negative.
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5.1.2.1 Inflation and Real Interest Rates in
the United States

Since 1970, the price of gd]d Has risen six or seven times
more rapidly than dollar prices, clearly the~go]d price is
not simply determined by US inflation rates. Many variables
are involved as mentioned previously, however, the inter-
éctive effects of interest rates and inflation in the US are

considered in isolation here.

Kantor and Rees (1981) explain the interaction between
real interest rates and inflation by creating the following
hypothetical situation: Under the assumption that no in-
flation occurred, consumable goods would remain at the same
price in the future, however, real assets would be expected
to appreciate at the required rate of return (yield). If
this was not so investors.would sell thé réa] assets and the
price would be forced down until it reached a value that would
prdvide the required yield. It is assumed that holders of
gold have a notion of some future price of.go1d in terms of
the value of consumable goods that it can be converted into

in the.future. The standard present value formula would then
apply

Future value of gold (5.1)
(1+r)"

i.e. Present value of gold =

Where n 1is the number of periods into the future and r is
the nominal interest rate. Clearly as nominal interest rates

rise so the present value of gold falls.



However, assuming now that inflation is present, it is
expected thatvborrowers will be more willing to borrow and
Tenders will be less willing to lend, given the same interest
‘rate as above (since borrowers can repay the loan to the
lenders in "devalued" money). Accordingly interest rates
would rise in line with the rise in inflation rates, causing
the real interéét rate (which:-is simply the difference be-
tween the nominal interest rate qnd the rea]izéd rate of in-
~flation) to remain the same. This compensation in rates of
interest and inflation would gffective]y leave the present
value of gold unchanged when computed using the above present

value formula.

However, Kantor and Rees (1981) claim this is not gener-
ally the case, and that real interest rates fall in a climate
of rising inflation rates. This is attributable to the fact
that the demand for Tloans for investment pﬁrposés in fact
declines with increases in expected inflation. The reasdn
for this phenomenon is that the lender is concerned oh]y with
the average rate of inflation, whereas the borrower, generally,
has a more difficult task asse§sing the variability in prices
associated with his speciffc venture (i.e. labour cost, raw
materials costs, transport, etc.). Hence causing nominal
interest rates to increase less rapidly than the ihf]ation
vrate, causing the real interest rate to fall. This fall in
the real interest rate would cause the present price of gold

to increase when computed using equation (5.1).



The conclusion therefore is that the interaction between

the gold price, inflation and real interest rates in the

- United States manifests itself in the following way: If an

increase in the inflation rate is associated with increased
uncertainty about the re]atfve value of dollars, then this is
the Tikely caqse of a rise in the present gold price because
the real interest rate in dollars is expected to fall. (This
interaction is displayed in Figure 5.3.) Substantially
positive real interest rates would constitute a safe return
in the capital market, however, investors tend to shift from
capital markets into real assets such as gold when the real

interest rate becomes negative.

5.1.2.2 Exchange Rates

Strong (1982) argues that since a large proportion of
funds held in investment portfolios are held in United States
dollars, changes in the value of thé US dollar can result in
reallocation of the composition of portfolios, many of which
include gold. Exchange rate movements, however, are closely
related to the demand for the US dollar and hépce to the
movements of real interest rates. Depreciatioh of the US
do]lar is also associated with upward movements of the gold
price while éppreciation of the US dollar is associated with

downward movements of the price.

5.1.2.3 01l Prices

Movements of oil prices have in the past, and are currently,
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having a dramatic effect'on the gold price.

Wolenik (1980, p.55) in a brief review of the go]d'price,

in the past says:

M eeeenn, the Anab 0if cantel in 1974 imposed strigent

‘pnice incheases on 0il. This added to inflation. 1t
had anothen senious effect, however. In onden to buy
0il, we [US] had to send dollars abroad. Led by 0il
Aimports oun trade figures went way out of baﬂance.

We wene Lmponting much,mong than we wené exponting.
(Amendicans had not Lost thein appetite for foneign
goods. They were purchasing them in far Largen
numbers than foreignens were purchasing Amernican
goods.)

The overall nesult was that suddenly there was an
enormous glut aﬁldoﬂﬂané abroad. Theitenm "Eurno-
dollan' became fashionable. 1t simply meant US
dollans Located in Europe. By the end of 197§ thenre
wene estimated to be an incredible $600 bifLlion Euno-

- dollans. | |

Ab.thé supply of dollans increased, their value re-
Lative to foredign curnency decreased. Peopﬁe had
Little use forn dollars. They wanted deutsche marks,
Swiss grancs - and gold.

The vaZue 0f all these cun@encieb moved up relfative
£o the dollarn. Because some Eunopednb werne fturning
to gold as a funrthern dollan alternative, the pnice.oé

" gold also climbed steadily."
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In early 1979 with the gold price around 240$/ounce the
OPEC nations announced a steep increase in the price of 011
WOlen1k (1980) believes that the new price increase had a
different, but nevertheless dramatic effect on gold as it
left the US, becaqse of its domestic oil, in a relatively
better position than the:rest of the industrialized nations
of the world. During the months of March, April and May
1979 it was evident that Europeans and other'cufrency in- .
vestors began to buy dollars, hence with the dollar strength-
ening, more people began to switch from gold to dollars.

The gold price edged Tower with more gold on the market.
However, Européan countries, particularly Germany, anticipated
that increased 0il prices meant increased inflation and
immediately raised interest rates as a method of cutting back
on the money supply to reduce inflation. The Us did not,
however, react immediately. :

Wolenik (1980) claims that in the US summer of 1979 the
Ameriﬁan business communjty rea]ﬁzéd that inflation was bound
to affect the US dramatically. Anticipating higher interést
rates as a method of dealing with inflation, fhey borrowed
cabita] immediately causing the US reserve banking system to
actually cfeate ﬁew money to meet the demand of\the borrowers.
Thus the money supp}y during May, June, July and August in
the US increased enormously pushing the inflation ratelup to

13 percent.

Coupled with the hyper-inflation experienced in the US,

the oil-producing nations having just instituted significant
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oil price increases were receiving more dollars for their oil,
but were worth less. In an attempt to obtain real wealth
for their o0il they bought gold. Wolenik (1980, p.56)

mentions:

"I% has been estimated that in 1975 1 troy ounce
0f gotd would buy about 10 barnels of o0ik. By
1979 1 troy ounce would buy oven 15 barnels of

oLL."

As soon as oiT-producing nations entered the gold market the

price took off reaching a peak of $850/ounce in January 1980.

In February 1983, amidst uncertainty in the magnitude of
the expected drop in the oil price, coupled with heavy gold
sales worldwide, including computerized "stop-loss" selling
orders, the gold price plunged by more th§n $100/6unce to

below $400/ounce in only two trading days.

On the other hand a view appearing in an editorial in the
Financial Mail (4 March 1983, p.915) mentions that the recent

\
decline in 0il prices might have an opposite effect:

"One view put forward eanly this year as Opec's

grip on ol prices stanted to sLip was that an

04l price drop would Lead to a wornldwide banking
crisdis. The Logic was simple enough: o4l producenr
MexLco had bornowed $25 biﬂﬂibn-odd, Langely grom
Amendican commenrcial banks which had been willing

to Lend any amount when 04L prices were rising;

advancing interest rnates had impairned Lts ability
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to senvice the Loans, Zét alone nepay capital; and
declining o0il prices panred the country's goneign
exchange earnings capacity and thus Lessened its
ability to nepay its foredign borrowings. A default,
LT was cﬁaimed, could triggen bank collapses and a
major banking crisis in which the only asset worth
anything would be gold. Other heavily-borrowed 04ik
countrnies, notably Nigenia, Indonesia and Venezuela,

were thought to be not far behind Mexico."

Rolfe (1983, p.371) substantiates the above view with the

following comments:

"The wornld economic outlook Lis improved by Lowen oﬁ[
prices, but the world banking system may deterionrate.
US Treasury 4ecneta£y Don Regan testified befonre
Congress this week that an oil price of $25 would
spell trhouble forn the banking system. Among the
trouble spots: Mexico has just scraped up $5bn from
oven 500 banks as a key element in its $80bn debt
'neécheduting'._'AZ an ol price of $25, it would
need more money which some banks may refuse to

provide.

Anothern: The US banking system has Loans 0§ oven
$40bn Lo Lts own oll-drilling Andustry. This L8 a
disasten area which has already czaihed one casualty,
The Penn Square bank in OkLahoma, whose collapse

stanted the run on gold Last yeanrn."
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It is thus obvious that changes in the o0il price have a sub-
stantial effect on the gold price since it incorporates in-
fluential elements which can be seén to affect the demand for

gold in many ways.

Firstly, high o0il prices are associated with higher pro-
duction costs, hence higher inflation, especially in the US

which is a substantial importer of 011.

Secondly, the wealthy OPEC countries tend to invest large
sums of their 0il revenue in gold in an attempt to maintain

the real value of income, further stimulating the gold price.

Thirdly, political crisis such as the recent Iran conflict
with Iraq affects the 0il market, which is essential for

economic activity.

Lastly, approximately 40% of Russia's total exports con-
sist of oil, hence changes in the 0il price in international
markets help to determine Soviet foreign income, and conse-
quently strongly influence its gold sales. The majority of
'Russia's foreign income is accrued from oil and gold sales,
hence -at higher o0il prices Russia is able to accrue more
foreign income, thus needs to sell less gold to meet its
foreign exchange needs. Clearly a large .volume of gold sales

would depress the gold price.

5.1.2.4 Political Tensions

It is evident that in the past political tensions have to

some extent had an immediate impact on the price of gold.
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Political events and the political tensions they cause are

highly diversified and therefore have varying influences on

the gold price.

which are hypothesized to have some impact on the gold price,

Ariovich (1983) mentions five types of political events

namely:

1.

Political events which undermine the stability or re-
lTiability of the international financial systems:

The recent debt crisis _.as well as the oi] crisis can
be cited as examples of political events which have

undermined the international financial system in the

past.

Political events which can change inflationary ex-
pectations: e.g. Changes in oil prices are noted to

have an influence on inflationary expectations.

Political events which directly influence the value

of the US Dollar: Since a iérge proportion of the
world's wealth is held in US dollars or US dollar-
related assets, a change in the value of‘the dollar
could result in a change in the.demand'for real assets
such as gold. Ariovich cites the following examp]és

of this type of event:

"Examples of political events which can in-
fLuence the value of the US dollLar are many:
Domestic elections where Democrats compete

with Repubficans (as Republicans are considenred
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to be mone'conéenuafive in thein economic and
s0cial policies and Lt L4 therefonre assumed
that they wilf maintain the value of the dollan
betten than the Demochats); 4Anvolvement in

external wans; domestlce social unrest."

4. Local political events which influence domestic, social
or political systems: Ariovich (1983) cites the

- following example:

"The necent change in political power in
France Ain 1981, when the Socialists neplaced
the morne consenrvative coalition, can be cited
as a Local political event which probably
had some Aimpact on the gold pniée. The de-
clarned policy of ihe Socialists to make em-
ployment the f{irst prionity in theln economic
policy, as well as theirn intention to expro-
priate some private propenty, such as private
banks, raised probably both inflationary
expectations and the Level of anxdiety, parti-

cularly amongst the wealthy in France."

5. Political events which éah influence the flows of newly
mined gold: Expectations about future flows of newly
mined gold will be discounted in the spot price of gold,
hence political events influencing expected future
supply of go]d have some impact on the gold price. The
need for foreign currency by Russia, for example, in-

fluences the volume of gold sold by Russia. Labour
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unrest in South African gold mines could have an impact

on expectations about future flows of newly mined ‘gold.

It is felt that generally the uncertainty associated with
political tensions tend to influence investors to invest in
real assets thus having a positive influence on the gold price.
However, unless an event really causes a fundamental demand
to hold moré'gold or gold-related asgeté fo; real value, the

gold price will soon drop to a similar level as before.

4

5.1.2.5 Substitutes

To some extent gold can be substitUted by silver and
platinum.. These markets are similar in the sense that all
three metals are used for jewellery and decorative purposes.
Platinum and silver are, however, influenced by real economic
activity to a much greater extent than gold, which is more of
an investment asset (c.f. Main (1982)). fhe price trends of |
the above three metals are highly corre]ated“and are all
traded on thé futures market. Investment in any three can be

regarded to some extent as alternative options.

5.2 South African Industry and Mine Management

It is a known fact that the state of South Africa's
economy is largely dependent on its gold mining revenue. A"
movement of $10/ounce in the gold price is estimated to effect

foreign exchange earnings by R230 million
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Owing to the varying geological and operating conditions
assdciated with the individual gold mines, changes in the
pricg of gold will have a different impact on the factors

influencing the profitability of individual mines.

The South African gold mines are, however, associated with
mihing finance houses that provide some or all of the devef
lopmént capital and usually have contracts with the mines éo
provide managerial, technical and other services. The six

‘

principal mining houses are:

Ang]o American Corporation of SA Ltd (Anglo American)
Anglo-Transvaal Consolidated Investment Co Ltd"
(Ang]ovaal)

Gold Fields of SA Ltd (GFSA)

Rand Mine Ltd (Rand Mines)

General Mining and Union Corporatﬁon (Gencor)

Johannesburg Consolidated Investment Co Ltd (JCI)

Table 5.3 below displays the ranked percentage of profit

and production associated with each mining house.

The Chamber of Mines of South Africa is an association of
thé‘above mentioned six mining finance houses, including 43
gold and 38 coal mines and 14 diamond, platinum, antimony,
asbestos, manganese and copper mines. The Chamber of Mines
is essentially an employer organization, and functions on a
co-operative basis on behalf of its member groups. These
functions include: the recruitment of black labour; the

negotiation of all labour matters, including minimum wage rates
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. TABLE 5.3 M1n1ng House Share of Go]d Profits and .Production

(1979 figures) -

Output % of R'000 Operating Profit

(Tons) Total D % of total.
Anglo American . 262.0 38.2 1 279 352 SR 3 I
~ GFSA 162.7  23.7 951 957  30.7
Gencor 106.6 15.6 248 044 14.1
Rand Mines 69.4 10.1  115.441 3.7
JeI 46.6 © 6.8 + -~ 160 554 5.2
" Anglovaal 37.9 5.5 159 003- 5.1
Independent 1.2 0.1 . 1347 0.1
686.4 100 3 100 698 100

Source: Business Brief, The Economist, March 29, 1980, 5;82

with recognised trade unions and associations; the adminis-

tration of miners' training colleges and rescue training

| 1
services; the provision of medical facilities and the adminis-

tration of pension and benef1t funds for the 1ndustry, repre-

senting the industry in deal1ngs with- the Government; the

. carrying out of advanced technological research;. recovery of

~-traces.-of .precious metals from”go1d‘mines5p]ants;and other

spheres of mutual interest; processing and marketing of
unanium; the marketing of Krugerrands and the world wide

promot1on of gold for Jewe11ery and industrial purposes.

Main (1982) writes that some of the above functions are’
conducted by subsidiary companies on behalf of the»Chember of

Mines. These include: the Employment Bureau of Africa (TEBA);

Nuclear Fuels Corporation of South Africa (Nufcor); the

"Rand Refinery; . the International Gold Corporation_(Intergo]d)j
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to mine the highef grade ore only in times of lower gold

~prices. The tax structure will, however, be discussed in
detail later in this chapter. This tax structure has been
~implemented to prevent shareholders from acquiring highest

possible returns during times of high gold prices.

This structure may be in conflict with shareholders who
prefer to minimise their risks by reaiizfng their réturns i;
as short a time as possible, however, this preference woﬁ]d
' greatly reduce the amount qf payable ore regerves and hence

the Tife of the mines.

The decision to change mining strategies to mine bodies
containing different grades of ore will be Targely dependent
on the pay limits of the given areas. Storrar (1981) de-
fines the pay limit as that value at which it is estimated
that ore can be mihed without profit or 1655. Here the
cost considerations include; the cost of mining, processing

and marketing the gold.

The pay 1imit can be computed using the following formula:

cost (Rand/ton milled)
gold price (Rand/gram)

Since the above value is expressed in grams per ton it can

be easily compared to the grade of ore milled.

The ore reserves are generally stated as being based on
a certain gold price since higher gold prices allow mines to
mine lower grade ore, thus extending the 1ife of the mine by

having greater quantities of payable ore reserves available
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for production at lower gold prices. The ore reserves are

c]assified.by the institution of Mining and Metallurgy as

(i) Proved reserve : this is the payable portion of ore

.(1'1')

(ii1)

whfch has been exposed and is available for mining

“immediately or within six months or a year at most.

Probable reserve : this is usually a zone of minerali-
zation of‘which sampling values of the proved reserve

are believed to exist, but with less certainty. The

extent of this zone is fixed from local knowledge and

experience as well as using sampling results in any

boreholes that have penetrated it.

Possible reserve : this is a prospective new ore body
beyond the zones of the probable and proved reserves,
the estimates of tonnage and value are less certain as

sampled information is meagre.

Since costs have increased more rapidly than the in-

flation rate,and independent of the gold price,this has

caused a substantial reduction in the amount of payable ore

reserved. Relatively small declines in the gold price also

render substantial tonnage of low grade ore unpayable, a

‘matter of grave concern for some mines.

Figure 5.4 below shows the relationship between the

average grade of ore milled for the member mines ofithe

Chamber of Mines and the weekly gold price with time as the

independent varaible.
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- From the above graph it appears that grade decreases

almost linearly with time, whereas the gold price appears

only to have a-minor effect on grade. ~The gold price effect

Lis most noticeable on the graph during 1976 and 1977 where

the average grade increased due to the lower gon prices in
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this period.

It is expected that in general .the grades do not change
inétantaneously with marked changesﬂin the gold price but
react rather to some lag in the gold price. In Section
5.4.2 it waéfound that working costs were most highly corre-
lated with the average of the previous four quarterly gold
pricés. It is thus exbected that the grade would exhibit a

"similar lagged Fe]ationship with the gold price.

A standard mu]tiVariate‘regression analysis was performed
having the average quarterly grade as the dependent variable,
with time and the lagged average gold price as independent
variables. The data used consisted of quarterly observations
ranging from the first quarter of 1973 tb the third quarter

of 1982.

The aim of the analysis was to determine the magnitude of
the effect of time and the gold price on grade, both together

~and individually.

The regression equation was found to be:

GP(k)

t-1
L-t-

P B

"grade(t) = 12,3466 - 0,0977(t) - 0,0023

The grade is measured in grams per ton and the time variable
begins with the 1st quarter of 1970 being equal to 1 and in-
creases by 1 unit for every quarter thereafter. The gold

price is measured in rands per ounce.
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The multiple R2 wvalue associated with the above equation
shoWs that 94,91% of the variation in the grade is accounted

for by the joint effect of time and the gold price.

The salient remarks'concerning the regression coeffici-
ents are that both are negative, implying that grade effect-
ively decreases through time and is also adversely affected
by én increased gold price. This gold price effecé, as was

discussed earlier, is due to the tax structure.

To determine the magnitude of the effects of each variable
on grade holding the other variable constant, the partial

correlation coefficients were computed.

The correlation between grade and time holding the gold
price constant was found to be —0,8450, whereas the correla-
tion between grade and the 1agged_go]d priée holding time
constant was found to be -0,3887, sbowihg that the lagged
go]d.price had Tess inf]uehce on the changes in grade thah
the time variable. It should be noted, however, that the gold
price still has a significant effect on the gfade of ore mined,
but that time is the major component of the diminishing grade
df'ore being milled. This is caused by thevdiminishing ore

reserves over time causing lower grade ore to be exploited.

5.4V Working Costs

The profitability of working an ore body depends largely
on the grade of ore, the net revenue received for the product

and the working costs. The effect of working costs on pay
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limits, ore reserves and hence grade was mentioned in Section
5.3. The influence of working costs on production, capital
expenditure and income tax will be discussed in Sections 5.5,
.:5.6 and 5.7 respectively. In this section workinj costs will
be discussed and an attempt will be made to identify and

estimate costs for various mines.

vFigure 5.5 shows the quarterTy average working cost ex-
pressed in-rands per kilogram of gold mined from 1970 to the

second quarter of 1982.
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5.4.1 Components of Working Costs

Briefly, working costs include all the costs associated
with"the mining and milling of gold ore. Costs are usually
expressed in rand/ton milled or dollars/ounce produced, the
distinction here is that the former cost refers to the cost
in terms of the mass of rock milled, whereas the latter cost

is expressed in terms of the mass of gold produced.

" Joughin (1972) classified the breakdown of working costs
either in terms of category, or. according to process or

function in the follgowing proportions:

Category % Function %
White wages 27 Stoping 30
Black wages , 13 Development 12
Ropes, pipes, hoses, Transport 6
steel, belts, etc 12 Hoisting : 9
Electric and mechanical Ventilation 2
equipment 9 Underground services 8
Electric power 9 Mine general services 12
Chemicals, cement, water,etc.. 6 Reduction 7
Food and clothing : 6 Mine, other 4
Timber 6 Management and administration 10
Explosives 6

Building and other 6

1 100

o

’Storrar (1981) defines development work as any tunnelling
~operation performed-for exploration, exploitation or bbth.
Development work precedes stoping, where stoping operations
are carried out on sections of the reef found to be payable

by development operations.

Working costs for South African gold mines have increased

on average from R7,87 per ton milled in 1971 to R48,04 by the
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third quarter of 1982, this is an annual average increase of
17,9 per cent, whereas the Consumer Price Index had increased
by an average of only 12 per‘cent per year over the same
period. Costs have thus increased at a far greater rate than
the rate of inflation due mainly to the rise in costs assoc-

iated with labour, stores and materials, and power and water.

(i) Labour Costs

The sharp increase in working costs are attributable not
only to the high inflation rate in South Africa but also
to a large extent to the increase in labour costs, es-
pecially over the period 1973 to 1976 where wages of black

t

‘mine workers increased by 180 per cent.

Unskilled labour costs have increased at a much faster
rate than ski]]édv1abour costs, where unskilled rates in-
creased by 23,7 per cent per annum, from R1,37 in 1971

to R11,53 per ton milled in 1981;r_This constituted an
average increase in wages from R18,40 to R210,80 per
month. Also the total number.of unskilled workers in-

creased from 371 853 in 1971 to 421 874 in 1981.

The unskilled labour has traditionally been performed by
the black labour force, however, in the past two yéars
there has been a movement of black workers into skilled
work enhanced by the implementation of the Wiehahn Com-

mission report recommendations.

Skilled labour costs have increased by 12,1 per cent per

annum from R2,40 per ton milled in 1971 to R7,52 per ton
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milled in 1981. The average month]y wage rate for
skilled workefs increased from R386,60 to R1294,00
_per month and the number of skilled people employed
increased from 36 633 to 41 494 over the same period.
Table 5.3 shows the proportional contribution to costs
per ton milled in 1971 and 1981.

TABLE 5.3: Proportional contribution to costs
per ton milled

: 1971 1982
Skilled labour 30,5% 18,1%
Unskilled Tabour 17,4% o 27,7%
Stores and Materials 34,4% 35,1%
Power and Water 9,4% 9,7%
Other 8,3% 9,47%

Source: Chamber of Mines Newsletter, June/August 1982

Table 5.4 below shows the actual allocation of tosts

expressed in rands per~ton from 1939.to 1979.

TABLE 5.4

1939 [ 1948 19571 1963 [ 1975 | 19/9
R R R R R R

- [White Tabour charges| 0,65 0,94 1,64 1,86 4,04{ 5,69
Black Tabour char@es 0,44]0,5210,80|0,91| 4,51] 8,19
Stores and materials | 0,79| 1,06} 1,85}2,20f 5,59{ 10,30

Sundry costs 0,26/0,34]0,72] 0,89 2,62} 5,98
Total cost
per t/milled 2,141 2,86) 5,01} 5,86} 16,76 30,16

Source: Storrar (1981)

The increase of 65% in black wages over 1974 and 1975

coupled with a.further 22% increase in 1980 has caused



5.40

the wage gap between black and white workers to narrow

considerably from 18:1 in 1970 to 7:1 in 1980. .

The wage factor is clearly the major component of the
increase in working costs and thus has a pronounced

effect on gold mine profitabiTity.

(ii) Stores and Materials

. The actual stores and materials costs per ton milled
was R2,71 in 1971 and R14,58 in 1981 consfituting an
increase of 18,3 per cent per annum, whereas the pro-
portional contr{bution to cost per ton milled has only

increased by 0,7% as shown in Table 5.4.

Unsuccessful attempts at exp]ainingvthe actual increase
of stores and materials costs using the Production
(Wholesale) Price Index hé?e been dee. It has been
conc]uded that the natufe of the stares used and the
buying practices associated with gold mining are unique
to the gold mining industry. A Store Price Index
therefore is currently being formulated, which will be
unique to the industry. ‘ |

(ii1) Power and Water

Here the actual usage per ton of ore milled was RO,74
in 1971 rising to R4,03 in 1981; an increase of 18,5
per cent. The change in the proportional contribution

- to cost per-toh milled over the period was minimal.

The actua] increase in cost per ton is attributable to

an increase in units used from 11 376 178 000 kWh in
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1971 to 17 480 847 990 kWh in 1981 coupled with an
increase of 15,5 per cent per annum in the unit price

of electricity.

5.4.2 Estimation of Cost

The formulation of cost equations is necessary‘for the
share evaluation model..that is developed in Chapter 6 where
accurate contemporaneous gstimates of working: costs are

required.
The Data

The same eight mines chosen by Harwinkel (1982) to typify
a cross-section of gold mines will be used in this analysis.
Harwinkel's selection was made on the basis of the following

classification of gold mjnes given by the Chamber of Mines:

1. New ventures

2. Life over 25 years

3. Life between 15 and 25 years
4, Life of + 10 years

5. State assisted mines

According]y the following mines were selected:

Category .2 - Kloof and Western Deep Levels

Category 3 - . Kinross and Winkelhaak
Category 4 - Blyvooruitzicht and Grootvlei
Category 5 - ERPM and Venterspost

It should be noted that mines belonging to Category 1 were
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not selected as insufficient data is available for these mines.

The data consisted of quarterly observations of costs for
the eight mines as well as averages of the Chamber of Mines
members expressed in rands per ton mi]]éd ranging from theb
beginning of 1970\to the third quarter in 1982. The data was
éo]]ected from the Chamber of Mines “Quarter1y Analysis of

Working Results."

The model which will be developed in Chapter 6 requires
the cost data to be expressed in rands per ounce of gold

mined, hence the following transformation was used.

cost(r/ton) X 31;10348*

cost(r/oz) = grade(g/ton)

*1 ‘ounce troy = 31,10348 grams

The actual time range over which the costs were analysed
ranged from the 1st quarter-of 1973 to the 3rd quarter of
1982, since only after 1973 did the gold price begin to dis-

play volatile tendencies.

The gold price data will be expressed in units of rands

per ounce for the cost analysis.

Analysis of Average Cost

In order to find the best approach to fittfng cost equa-
tions to the eight individual mines an analysis was performed
on the}average costs. The behaviour of cost over time for
the individual mines all seem to exhibit similar trends over

\

time, hence justifying the use of a similar technique for

equation fitting.
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The gold price and the time variab]e will be used as
independent variables to measure the working costs (quarterly

N

data will be used).

(i) The Gold Price

In Section 5.3 thé effect that the gold price has on grade
and hence costs was discussed and in Section 5.1.2 the assoc-
jation between the gold price and inflation (hence costs) was

also discussed.

Firstly it was necessary to determine whether the quarterly
gold price had a contemporaneous, lTagged or some function of

a lagged effect, on the quarterly working costs.

Simple correlation coefficients were computed at different
lags where the gold price data was in units of rands per ounce.
Figure 5.6 shows the graph of the simple correlations between
costs and different lags of the gold price. It is evident
from this graph that after Tlags of four quarters the corre-
lation coefficient begins to decline. Correlations of various
combinations of lags of the gold price against time were com-
puted 1in an attempf to determine the periods over which the
gold price had the most inf}uence on cost. These correlations

are listed in Table 5.5.

From Table 5.5 it can be seen that combination 8 repres-.
enting the average of the previous four quarterly average
gold prices yields the highest correlation with cost, and will

therefore be used in the model for the identification of cost.
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(ii) The Time Variable

Visual inspection of Figure 5.5 depicting the relationship
between cost and time shows a possible exponential trend of
cost against time. Hence an.exponential factor will be in-

cluded for the time variable in the identification of costs.
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TABLE 5.5
Combination of lagged - Correlation with Cost (t)
gold -price (GP) ' : v

1. [GP(t-1)+GP(t-2)1/2 L9275

2. [GP(t-2)+GP(t-3)1/2 .9403

3. [GP(t-3)+GP(t-4)1/2 L9474

. [GP(t-4)+GP(t-5)1/2 .9477

5. [GP(t-4)+GP(t-6)1/2 | | .9488

6. [GP(t.6)+GP(t-7)]1/2 .9359

7. [GP(t)+GP(t-1)+GP(t-2) .9420

+GP(t-3)1/4

For the remainder of the cost ana]ysis the time variable
begins with the 1st quarter of 1970 being equal to 1 and

increases by one unit for every quarter thereafter.

The Cost Model

Assuming that the best relationship between cost and the
gold price occurred at the average of the previous 4 lags of
the gold price and the contemporaneous cost and that tfme was
exponentially related to cost (as discussed above), it was
then necessary to determine if the effect of time and the
gold price on cost was additive or multiplicative. Thus the

following 2 models were considered:
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The multiplicative model:

cost(t) = Boesl(tzl

(3521 46P(Kk) 152
The additive model:
' t-1
Yo _ s aGP(k)
cost(t) = go + gyefe(t) , g Zkot-d (5.3)

(i) The multiplicative model:
In order to estimate the coefficients 8o, By .and B,
in (5.2) the log transformation was used to linearize equa-

tion (5.2), i.e. J

s t-1
o ' -l eP(k)
Tog(cost(t)) = Tog Bo + B (t) + 82109[2k_t-2 } (5.4)

The data was transformed accordingly, and Bo, By and B8,
were estimated using a standard multivariate least squares
regression procedure. The estimates of the beta's were sub-

stituted into equation (5.2) to obtain:

0,2150
t-1 )

~. 2GP(k)
cost(t) = 7,2594.e°’°“1“(t)[2k‘t‘2 } (5.5)

with associated R2- value equal to 0,9914.

(ii) The additive model

.No single transformation exists that can be applied to
(5.3) to obtain a linear form, hence a two-stage procedure

was implemented to linearize (5.3).

Firstly B8, was estimated separately by the model

cost(t) = BleBé(t) | (5.6)
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taking logs to linearize
log(cost(t)) = log B1 + B2(t) (5.7)

The data was transformed accordingly and B, was found
(using 1east'squares regreésion procedure) to be 0,05371 with

an associated R2 value of 0,9866.

B2 (1) was computed for

Secondly, having acqujred B,y €
each associated time .point,.thus.rendering equation .(5.3)
suitable for regression analysis since the above transformed

time variable makes equation (5.3) a linear equation.

The least squares technique applied in the second stage
yielded estimates for Bos, By and B;. These estimates were

substituted into eqdation (5.3) obtaining:

0,05371( GP (k)

cost(t) = 3,3421 + 12,1425 e t)10,0613

vt -1

Lk=t-4
4
(5.8)

The associated R2 value is 0,9960.

Even though the R2 values obtained for both models in-
dicate that both are very good fits, the R2 value of the
additive model is marginally higher, thus the technique used
to estimate the addipive model for the average cost above
will also be used to estimate the cost  functions for the in-
~ dividual mines. This can be justified by comparison of the

plots of the total and individual mines.

Figure 5.7 displays the graph of the predicted average
costs using equation (5.8) and the actual costs using the

additive model discussed above.
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The remainder of this section includes the predict%on of
costs for each of the eight selected mines using the technique

discussed for the average cost.

5.4.2.1 Blyvooruitzicht Gold Mining Company (Blyvoor)

The cost equation for the Blyvooruitzicht Gold Mining

Company was found to be:
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t-1
L=t 8P (k)
7

cost(t) = 8,2592 + 7,6974 e°’°§1%2(t)«+ 0,0750
| (5.9)

The R? value associated with the estimation of the above

model 1is 0,9711. Fiqgure 5.8 shows the actual and predicted

‘costs using‘thé above equation.

The partial correlation of costs with time (exponentially
adjusted) holding the lagged gold price fixed was found to be
0,8604, while the partial correlation of cost with the gold

price (lagged as above) was found to be 0,3478.
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.5.4.2.2 East Rand Propfietary Mines (ERPM)

Here the cost equation was estimated as:

’ ' | | el Lep(k)
cost(t) = 9,2595 + 23,8908 p0sos7aon(t) | 0,0297 k-t-z

(5.10)
The associated Rz value is 0,9834. (Figure 5.9 shows the

acfua] and predicted costs using the above equation.)
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The partial correlation of cost with time holding the gold price
cdnstant was found to be 0,9341, while the partial correlation
of cost with the gold price (as in the above model)with time

fixed was only 0,0917.
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5.4.2.3 Grootvlei Proprietary Mines (Grootvlei)

Here the cost équation was estimated as

TEl 46P(k)

o’ouasa(t)'

cost(t) = 12,5337 + 13,0431 e + 0,1993

-4
j .

(5.11)
with R2 value equal to 0,9832. (Figure 5.10 shows the

actual and predicted costs associated with the above equation.)
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FIGURE 5.10
The partial correlation of cost with time holding the lagged
gold pfice constant is 0,8527 and the partial correlation of

cost with the lagged gold price with time constant is 0,7474,
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5.4.2.4 Kinross Gold Mining Company (Kinross)

The cost equation for Kinross Gold Mining Company was

found to be -
2k=t_4GP(k)
4

0,056065(¢) +'0 0360

cost(t) = 0,1298 + 11,4377 e

‘ (5.12)
The R2? value associated with the above equation is 0,9951,

(Figure 5.11 shows the actual and predicted costs estimated

using the above equation.)
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The partial correlation of cost with time holding the gold price

constant was found to be 0,9773, while the partial correlation
of cost with the gold price keeping time constant was found to
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5.4.2.5 Kloof Gold Mining Company (Kloof)

The cost equation was found to be

1
cost(t) = 7,2426 + 17,1824 e0»0vori{t) _ g gogg Zk=t-
(5.13)

with R2 "value of 0,8778. - (Figure 5.2 shows the predicted

and actual costs using the above equation.)
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The partial correlation between cost and timé holding the
gold price constant was found to be 0,7360 while the partial

correlation between cost and the lagged gold price was found
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to be -0,1243. The negatfve correlation betWeen cost and the
lagged gold price and hence the negative gold price coefficient
in the cost equation is rather surprising, however, its exis-
tehce can be justified as Kloof Gold Mining Company uses a
lTongwall (as opposed to scattered) mining procedure which does
not enable efficient changes to one of different grades during
périods of marked differences in the gold price. Secondly,

the negative value of-the gold price coefficient is very small

and has an almost negligible impact on the estimation of costs.

5.4.2.6 Venterspost Gold Mining Company (Venters)

Here the cost equation Was estimated as:
| : -t -1
; z . GP(k)

cost(t) = 13,3370 + 14,7380 e°’°s7ee(t) + 0,2260 k=t Z ,
(5.14)

The R2 value is 0,9775. (Figure 5.13 shows the actual and

predicted costs using the above equatibn.)

The partial correlation of cost with time holding the
gold price constant is 0,8562, and the partial correlation
between cost and the lagged gold price holding time constant

is 0,5704.
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5.4.2.7 Western Deep Levels Ltd (Westdeep)

The estimated cost equation is:

cost(t) = 1,7021 + 9,9864 e°’°5399(t) + 0,0281

TEii 46P(K)
7

(5.15)
with R2 equal to 0,9648. Figure 5.14 below shows the

actual and predicted costs using the above equation.
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The partial»correlation between cost and time holding the
lagged gold price constant was 0,8614 while the partial corre-
lation between cost and the lagged gold price holding time

constant was found to be 0,1579.

5.4.2.8 MWinkelhaak Mines Ltd (Winkelhaak)

Here the cost equation was estimated as:



5.57

Jot-qGP (k)
T

cost(t) = -1,5441 + 12,5363 gosou777(t) + 0,250

‘ (5.16)
with R2 equal to 0,9882. (Figure 5.15 below shows the

actual and predicted costs using the above equation.)
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The partiaf correlation of cost with time holding the lagged
gold price constant was 0,9482 while the partial correlation
‘between cost and the lagged gold price holding time constant

was found to be 0,2722.
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Summary

Firstly the cost equations for the eight fndividua] mines
all appeared to have similar trends and represented the data
wé]], as can be seen by the high R?2 values. Secondly the
time variab]e wa§ the dominant variable in all the equations

as can be seen in Table 5.6 below. .

TABLE 5.6

. Partial borre]ations

Mine Cost equation [-:Cost and Time [ Cost and goTd price

~R2-value - gold price fixed time fixed
Blyvoor 0,9711 '0,8604 0,3478
ERPM 0,9834 . 0,9341 0,0917
|Grootvilei 0,9832 0,8527 0,7474
Kinross 0,9951 0,9773 0,3983
Kloof 0,8778 0,7360 -0,1243
Venters | 0,9775 0,8562 A 0,5704
Westdeep 0,9648 0,8614 ‘ 0,1579
Winkelhaak | 10,9882 0,9482 - 0,2722

The cost equations ana]ysed‘in this section were all in
units of rands ber ounce of gold mined. Cost equatiops in
units of dollars per ounce mined usiﬁg a contemporaneous
quarterly go1d'price variable were also determined. An

additive model was used here as well, i.e.

cost(t) = By + g1eP2(t) 4 g Gp(t) (5.17)

The quarterly cost and gold price data were adjusted by

the quarterly average US dollar/rand exchange rate. A 1list
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- of the betafsuand R?.'Va1ues for the estimated costs of the

individual‘mines are giVen in Table 5.7 below.
' ({

Comparison'of,Tab1e'5:6'aboVe and Table 5.7 below shows that
the rand/ounce cost equations generally have marginally
~higher associated R® values than the corresponding dollar/
ounce cost equations shown below. This is to be.expected due
fO'the high degree of -variability of thé exchange- rate,--thus. .
causing more vo]afile dol]ar/ounce.cost data when.adjusted'

by the exchange rate.

TABLE 5.7

| Cost;Coefficients.- dollars/ounce
Mine ‘R2 Bo B1 B, B3
Blyvoor 10,9762 0,294 | 11,471 10,056 0,109
ERPM 0,9803 7 350 | 27,846 | 0,054 0,150

Grootvlei | 0,9659 | 10,571 | 14,439 | 0,049 | 0,215

Kinross | 0,9864 0,698- 12,663 0,050 | 0,132
Kloof 0,8579 | 10,256 | 17,784, 0,041 { 0,007
Venters 0,9739 1,995} 23,373 0,0564 0,150

Westdeep 0,9562 2,030¢13,613 0,050} 0,029
Winkelhaak | 0,9782 2,706 | 14,839} 0,041 0,074

Cost equations in units of rands per ton of ore milled
were also estimated previously using the same equation (5.17).
The beta's and R2 : values associated with costs expressed in

rands per ton of ore milled are tabulated in Table 5.8 below.
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The interesting characteristics in compafﬁson here, are
the coefficients of tﬁe gold price variables, although they
are re1atiVe1y sma]]; they are almost all negative. The
reason for the negatiVe gold price coefficients {s due to the .
fact that periods_of higher gold prices enable mines to mill
Tower grades of ore, which are generally more accessible,
thus causing the cost per ton of ore milled to decline and
vice vensa (although the-cost--per ounce of-gold-mined-in------

creases-at lower grades).

TABLE 5.8
Cost Coefficients -
rands/ton of ore milled
Mine R2 Bo B1 P B3
Blyvoor 0,9845 | -0,310} 7,835 0,041 -0,006
ERPM 0,9527 2,293 1 5,238 | 0,051} -0,007

Grootvlei 0,9899 | -0,485 | 3,260 | 0,044 0,003

IKinross 0,9896 | -0,809 | 4,982 | 0,040 | -0,001
lk100f 0,9750 | 0,744 7,948 | 0,042 | -0,011
Venters 0,9817 | -0,497 | 7,201 | 0,041 | -0,007

Westdeep | 0,9786| 0,862 | 6,800 | 0,046 | -0,008
[Winkelhaak | 0,9824 | -0,988 | 5,211 | 0,035 | -0,002

5.5 Production

Gold has always been a scarce commodity, therefore any
increase in the supply of newly-mined gold will be derived
mainly from more efficient exploitation of existing, known

or suspected deposits.
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Figure 5.16 shows the quarterly totals of tons of ore
milled from the 1st quarter of 1970 to the 4th quarter of
1983. It can be seen .that the tonnage of ore milled has in-'

creased from 18 211 000 tons to 23 902 000 over this period.
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FIGURE 5.16

Figure 5.17, however, shows that the actual number of
ounces of gold produced has decreased from 7 800 000 ounces
in the 1st quarter of 1970 to 5 200 000 ounces in the last

quarter of 1982.
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The reason for the increase in tons of ore milled, yet
'-decrease in the total production of gold is due to the fact
that the industry is mining lower grades, therefore extracting
fewer grams of gold in relation to the tons of ore milled.

The average grade of ore has decreased from 13,28, grams per

ton in 1970 to 6,76 grams per-ton in 1982, as can be seen from

Figure 5.4.
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Two factors have led to the decrease in the gradevof ore
milled, firstly, higher gold prices have made it payéb]e to
mine the lower grade ores which were previously unpayéb]ei
‘and left in the grouﬁd. Secondly, many of the mines have
already exhausted much of their higher grade réserves and

are now mining their lower grade areas.

It should, however, be notedlthatia1though higherlgold
prices ﬁay lead to a fall-off in gold production, higher
gold prices also enable fhe industry to mine lower grade ores,
thus extending the 119es of gold mines, which means that ‘in

total more gold will be extracted.

The Chamber of Mines Economics Department (1980) conducted
a study to determine future trends in South African gold pro-

duction. Two different gold prices scenarios were used:

(i) a price of $305 an ounce in 1980 rising to $407 an
ounce by 1984, and thereafter rising at the same level

as working costs until the year 2000.

(i1) a price of $450 an ounce in 1980 rising to $554 an
ounce in 1984, and then remaining constant in real

terms until the year 2000.

Under both scenarios South African Qo]d production was
esfimated to rémain aroﬁnd 700 tons a yearvuntil 1987, and
then fall off.graduaTTy to about 350 tons a year in the
year 2000. | |

Further projections by the Chamber of Mines estimdte
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that the cumulative total of gold likely to be produced by
known .gold mines in South Africa up to and beyond the year
2030 at a real gold price close to present levels will be

about 15 000 tons.

- 5.5.1 Estimation of Production

The production of gold as explained above is influenced
to some extentmbymthe-go]dapricesﬂwA]so,-production»hasvde~m_-
creased through»timeAas~can be seen frqm Figuré.5;17, hence
these variables will be considered in the estimation of

production.

In order to derive estimates for the share evaluation
model, which will be implemented in the next chapter, the
following model incorporating contemporaneous and lagged gold

price variables, as well as time variable, was considered:

Annual production(t) = [a,+a, Weighted average gold price(t)
| +Aa3-§o]d price(t) + as(t)] x 1000
| Z (5.18)
‘where Weighted average gold price = uQ.gold price(t-1) +
3;go]d price(t-2) + 2.gold price(t-3) +
+.gold price(t-4)] %ﬁ

To express .the data in ounces produced annually, the
following transformation was used on the quarterly data:

' . _.-5 tons milled(t-k)xgrade(t-k)
Annual production(t) = Zk=o 3T 10343

(5.19)
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The coefficients of equation (5.18) found by using least
squares regression for the eight indijidua]_mines are shown
in Table 5.9 below. The data included quarterly observations

from the 1st quarter of 1973 to the last quarter of 1983.

TABLE 5.9
Production | Intercept| Gold Av.| Gold Price Time F-Ratio
Mines o1 Oy O3 Oy

Blyvoor 1241,3670| 0,5004 | -0,0235 -19,1311] 125,416
ERPM 605,9126 | 0,3834 0,171 -10,8205 32,544
Grootvlei 180,2051 | -0,0552 0,1006 0,3054 4,562
Kinross 431,3414 ;0,0315 -0,1040 -1,5895] 36,014
Kloof 779,6869 0,00717 1,3857 -8,7422 8,353
Venters 398,1798| 0,06718} 0,0867 -6,0694 | 68,179
Westdeep 2055,2714 | -0,2452 1,2538 -23,56881 50,013
Winkelhaak 556,8128 | -0,1417 0,06589 -1,39041 22,203

i

A1l the F-ratios given in Table 5.9 can be seen to exceed
the critical F value of 2,87 at the 5% significance level,
indicating that a significanf linear relationship was found
to exist at this level. It should, however; be noted that
Grootvlei has a low F ratio and that the hypothesis of a
significant linear regression would have been rejected at the

‘3% level here.

Figures C.1 to €.8 in Appendix C show the graphs of the
actual and estimated production levels for the eight indi-

vidual mines.
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5.6 Capital Expenditure

Capital expenditure includes the initia1~capitaT costs
of bringing a new mine to production and thereafter can be

divided into three categories: (c.f. Harwinkel (1982) p.95)
(i) Absolutely essential to maintain oberations of the mine.

(ii) Desirable expenditure, but which could be deferred if

‘necessary.

(iii) Expenditure re]ated to expansion of operations and

luxury projects.

Figure 5.18 shows the total quarterly gold mine capital
expenditure expressed in millions of rand. It is evident
from the graph tﬁét capital expenditure tends fo be increasing,
reaching a recent peak of R395,1 millfon in the third quarter

of 1981.

Brown (1982) gives a total for capital expenditure of
R5730,7 million for gold and uranium mining from 1972 to 1982,

but adds:

"Penhaps o4 more pentihence is the growth of capital
expendituné. 1t has escalated from R106,4 miflion in
1973 2o R1211,9 million in 1981, falling slightly Lo

an estimated R10627 miklion £n 1982."

Brown continues: "But'thevmaZn neason fon the growth was
the upwanrd trend in the gold price; which gave the
gotd mining indusirny a new Lease of Lige and provided
the netained eannings to finance substantial additions

tm ommnttFal rfFonb and nout minitna UQVLtUJLQA."
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Capital Expenditure for a New Mine

The costs of .building a new mine have increased dramati-
cally. Brown (1982) estimated that the cost of opening. a
new medium sized gold mine has increased by between 300 per

cent and 400 per cent over the past decade.
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Kettel (1982) estimated the cost of building a new mine
as being in excess of R450 million, which can be divided

proportionally as:

shaft sinking ' - 30,6%

accommodation - 21,1%
treatment plant - 14,0%
equipment | o 12,8%
sundries _ o 9,2%
services - | 7,4%
refrigeration . __4,9%
100%

As a result of the rising gold price in the seventies,
three new gold mines were recently established, namely,
Unisel, which cost R79 million to bring to the production
stage, Deelkraal, which cost R150 million and Elandsrand,
which reached the pre-production stage at a éost of R183

million (c.f. Supplement to Fiﬁancia] Mail, 30 May 1980).

Capital Expenditure Absolutely Essential to Maintain Operations

This category includes the repiacement-of all equipment
worn out during mining use, including shaft equipment, rails,
cables, pumping facf]ities,_fans,'etc. These'amounts are
generally relatively small but nevertheless will continue to
be incurréd throughout the 1ife of the mine, and can be con-

sidered as 6ngoing capital costs.

Table 5.10 extracted from Brown's (1982) report shows
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in 1981, R982 million or 35,84% was on capital account.

Table 5.10

Capital |% age of| Working | % age of| Total

account | total cost a/c| total stores
1968 R320,1m
1969 R330,1m
1970| R75,6m 21,46% R276,9m| 78,54% R352,5m
1971 R82,4m 22,31%| R287,0m| 77,69% R369,4m
19721 R64,5m 17,4% R306,0m| 82,6% | R370,5m
1973} R76,1m 17,36%| R362,4m| 82,64% R438,5m
19741 R140,9m 24,41%| R436,Im| 75,59% R577 ,0m
19751 R245,8m 31,58%| R532,4m| 68,42% R778,2m
1976 | R335,5m 33,94%| R653,2m| 66,06% R988,7m
1977 | R330,8m 28,85%| R816,0m| 71,15% | R1146,8m |
1978 1 R397,3m 27,98%| R1022,6m| 72,02% | R1419,9m
19791 R590,6m 32,22% | R1242,2m| 67,78% | R1832,8m
1980 | R838,8m 35,79% R1505,1m| 64,21% | R2343,9m
1981 | R982,0m 35,84% R1758,0m| 64,16% | R2740,0m

Further, Brown provides a rough breakdown

types consumed on capital account in 1981.

of the product
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TABLE 5.11
Product type ‘ % of capital account
\ building and construction 35,9%
plant and machinery | | 21,9%
electrical machinery and Spares 13,1%
iron and steel products: | _ . 6,7%
piping, tubing and fittings" 4,3%
building materials ) 2,8%
electrical cable and wires o 2,1%
furniture and fittings ' o 1,9%
tools ‘ 1,0%
belting and requisites B | 0,7%
timber and timber products ' 0,7%
cement and concrete 0,6%
chemicals « - ] 0,6%
non-ferrous metal products - 0,5%
other | 7,2%

Desirable Capital Expenditure, Which Could Be Deferred

1f Necessary

This category inc]udes'capita1'which}shou]dvbe spent but
could be deferred. Examples from this category include ex-

penditure such as improvements to .employee living amenities.

Capital Expenditure Related to Expansion of Operations

and Luxury Projects

This category includes expenditure on future expansion
projects. Generally these projects are only contemplated iﬁ
periods of rising gold prices whereby grades of ore, that
were previously uneconomic to mine at lower gold prices,

now become payable.
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Table 5.12 extracted_from Brown's (1982) report shows the
relationship between capital invested in mining (all sectors)

and capital invested elsewhere in the economy.

TABLE 5.12
'Gross domestic
fixed investment
Contribution of | Mining Manufact- Ratio Ratio
gold & uranium and uring Mining/ Mining/
mining to GNP quarrying Manufacturing| Total
1973 8,2% R277m R1043m 1:3,7 1:18
1974 9,5% - R443m R1222m 1:2,7 1:14
1975 ° - 8,2% R746m | R1471m o 1e2 1:11
1976 6,6% R868m | R1521m 1:1,8 1:10,6
1977 6,9% R755m R1681m 1:2,2 1:12
1978 8,7% R816m R2064m 12,5 1:12,3
1979 10,8% R1209m R2489m 1:2 1:9,6
1980 17,2% R1726m R3618m 1:2,1 1:8,8
1981 11,7% - R1878m R4353m 1:2,3 1:9,7

Sources; Chamber of Mines of South Africa and South African Reserve Bank

It is interesting to note that the.ratio of fixed invest-
ment in mining fo fixed investment in manufacturing has re-
mained reasonably constant at a ratio of 1:2 over the past 10
years. However, the'ratio of fixed inQestment in mining to
total fixed investment in the economy has gradually increased

from approximately 1:18 in 1973 to 1:9,7 in 1981.

Brown concludes that mining has becomera more important
component of national investment and is therefore of growing
‘significance to the suppliers of capital goods. Brown men-
"tions that for every R1000 worth of gold sold a gross input

of R341 is required from the rest of the economy. Hence,



5.72

Brown argues, that the total 1981 South African gold output
of R8556,6 million would have required gross inputs of

R2918 million from the rest of tHe economy.

5.6.1 Estimation of Capital Expenditure

Capital expenditure for gold mines, as far as expenditure
on expansion and new projects is concerned, is extremely
difficult to predict using pqst data alone. -Not.only.does it
depend on the gold price, but more important on the avail-
ability of projects specific to the individual mines. Clearly
sustained high gold prices favour expansion as not onTy does
it render more quantities of ore payab]é, but it also assists

in generating capital necessary for expansion.

Since the availability of projects and amount of capital
required to finance projects 1is unique to every mine, the
best estimate for future capital expenditure would be ob-

- tained from the management of the individual mine itself.

However, in the absence of any reliable estimate of
capital expenditure based on future projects, an attempt will
be m;de here to find a reasonable ré]ationship between
capital expenditure and other related variables on the basis

of past data.

The Capital Expenditure Model

It was initially felt that capital expenditure might be
explained in terms of some function of Tagged working profit

and the gold price alone. On the basis of this intuition a
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pfofit variable was created using the following transformation:

Working Profit(t) = [zk _t-g Gold price(k) - Zk _t-4 Cost(k)](r/ounce)

(5.20)
where the data -points were recorded quarterly and were all |
expressed in rands per ounce. From the above equation it is
clear that the profit was computed at a lag of one quarter,
and that the previous four quarters profit was averagedvovér
the four qLarters.

- The contemporaneous average quarterly gQ]d'price was used

as the other independent variable.

A stepwise regression proceduie'was-imp]emented with
capital expenditure (expressed in R1000's) as the dependent
variable and lagged profit (rands per ounce) and the average

quarterly gold price (rands per ounce) as independent variables.

Capital expenditure(t) = oy + a; Working Profit(t)
+ a; Gold Price(t) (5.21)

The significant regression coefficients and associated
Rz values obtained using the -above model are shown in

Table 5.13 below.

The salient features of Table 5.13.are firstly, the fairly
low R2 values obtained hnd secondly, that the lagged profit
variable appeared to be predominantly the most.significant
variable .in fe}ms of exp]anation'of capital expenditure in

the above model.
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TABLE 5.13
Y-intercept| lagged profit} gold price R2

Mine o1 Q2 a3

Blyvoor- 876,494 : 7,616 0,5386
ERPM —517,185 43,445 12,618 0,7526
Grootvlei -65,817 5,205 0,3799
Kinross 484,288 6,941 | 0,1148
Kloof 1863,289 17,917 0,5632
Venters | 371,604 5,961 0,391
IWestdeep 450,107 91,261 0,6419
Winkelhaak | -186,965 6,149 | 0,5714

The R2 values obtained in Table 5.13 were thought to be
unsatisfactory hence it was decided that the above model

warranted further research.

Since capital expenditure is to some extent an on going
expense, and since the initial expenses incurred for projects
might be expected to be 1ncukréd for.a longer dur&tion fhan
one quarter, it was dééided to include a further independent

variable, i.e. a capital expenditure variable lagged by one

quarter.

Further the profit variable previously expressed in rands

per ounce was modified to include the production level, i.e.

the total profit.

Hence the general form of the modified model is:
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Capital expenditure(t) = a3 +.a2(Capita1 expenditure(t-1))

+ az[l'ik “t- 4Go]d price(k lik t- 4Co st(k Ek t- 4(Ounces producgd(k)))

+ a4 (Gold price(t)) (5.22)

A mQ]tiVariate‘regression analysis was performed to esti-
mate the coefficients of the above model for the eight indi-
vidual mines. The data used consists of 40 quarterly obser-
vations on.each variable .beginning with .the -last.quarter of
1972 and ending with the~third»quarter.of 1982; -The coeffi-

cients for each of the eight mines are shown in Table 5.14

below.
TABLE 5.14
M{ne Y-intercept 1agged’Cape§ profit | gold price Rz

. o 02 O3 Q-
Blyvoor 224,3128 0,7285 | 0,0025 1,6267 0,8157
ERPM -513,3315 ..0,3442 0,0852 8,4999 0,8061
Grootvlei -36,9399 - .0,8752 -~ 0,0052 0,2476 0,7310
Kinross -729,8761 | 1,7019 -0,0152 4,0656 0,8466
Kloof 688,4666 0,6989 0,0071 ~-0,3678 0,7552
Venters 151,1512 0,3398 0,0173 0,5214 0,4882
Westdeep -942,5713 0,1745 0,0238 | 31,0305 0,6232
Winkelhaak | -48,2789 | 0,9625 | 0,0027 | -0,1239 0,9113

The salient characteristics of these cost equations are
that all the R? values have increased significantly from
the R2 of the previous model. This is due to the addition

of the lagged capital expenditure variable.

A stepwise regression procedure was used to test which
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of the variables were significant in explaining capital ex-

penditure for the individual mines:"-

(i) The Tlagged capital expenditure variable was found to
be significant for all the individual mines with the

exception of Western Deep Levels.

(ii) The lagged profit variable was found to be significant

for only ERPM, Kloof and Venterspost.

(iii) The gold price variable was found to be significaht

for Blyvoor, ERPM, Kinross and Western Deep Levels.

The share evaluation models which will be implemented in
Chapter 6 unfortunately require éstimates for capital expen-
diture at any point in time, hence the above equations which
yield estimates only at quarterly intervals can not be used.
The models also require annual estimates of capital expen-
diture, hence the capital expenditure data was transformed
into moving annual totals of capital expenditure. The

following formulation was used for its estimation.

t-1 (t-k)Gold price(k)

-Annual capex(t)= [alfaéik=t_4 10 + a3 Gold price(t)
+ m,eo‘s(t)] x 1000 | 5.23)

It should be noted_that the lagged capifa] expenditure
variable had to be omitted since only quarterly values would
be available, secondly, an exponéntia] time variable was in-
cluded as it is expected that capital expenditure increases

at a similar rate to costs.
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The coefficients found by least squares regression for the
eight individual mines, using equation (5.23), are shown in

~Table 5.15 below.

TABLE 5.15

'Miné o oy Oy Oy s F Ratio
Blyvoor 3047,5536 6,1560 -8.9868 630,5693} 0,06726§ 35,901
ERPM . -4842,3143 | 147,1241} -103,8238 624,3388{ 0,07605| 83,585
Groot&]ei 202,8634 1,6441 --5,3387 15,1889 0,12201| 85,177
Kinross -120458,83096 20,9539 -19,2690' 121910,000 | 0,00064| 1,829
Kloof -2673,8521 .22,2727 :-40,0526' 5603,5045 0,03966' 48,113
fVenters o 795,4100 21,8623 -13,7162 | 24,8006} 0,05198{ 20,263
Westdeep | -8786,2710 8,2055 -2,2158 5003,4480 0,06503[186,993
Winkelhaak | -1660,9165 7,1893. -6,2725 | 564,0607} 0,05301 -26,866

Inspection of Table 5.15 and Figure# D:1 to D.8 in Appéndix
D show that only Kinross has an F ratio lower than the critical
limit of 2,87 at the 5% significance level. Only in the ab-
sence of a reasonable estimate from a reiiabie\source is it

suggested that the above equation for Kinross Mine be used.

5.7 State's Share of Profits and Taxation

The .State, although empowered t6 undertake mining odpera-
tions itself, has allowed pEiVate enterbrisé to exp]o{t:the
Rebub]ic's.mineral resources. In return the State imposeé a
royaity or lease considerations, whereby the'State gains with-

out subjecting any public funds to risk.
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The gold mining;prbfits are also subjected to income tax
as is the case for all companies in the Republic. The.Income'
Tax Act 1is formu]ated'so’that'genera11y a higher rate of
taxation is imposed on the profits of gold mining companies,
however, embodied in the formu]afion is the incentive to ex-
tend the Tife of the mines to a maximum. On the other hand
the State has been cautious not to demand too great a pro-
portion of the profits, especially in view of the high risks

associated with gold mining enterprises.

Figure 5.19 shows that the total amount of tax and the
State's share of profits received by the State from gold
mining operations reached.a'péak of R1166.3 million associated
with the high gold pr{;e in the first quarter of 1980, while
in the second quarter of 1982 the State received only

R295.4 million as a result of the lower gold price in this

period.

In this section both the general structure of lease and

tax payments will be discussed. The structure of these pay-

ments vary according to how these mines are classified.

Classification of Mines

The formulae for the lease consideration as well as the

income tax payment varies according to the following classi-

fication of mines:
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TAX & STATES SHARE OF PROFIT
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FIGURE 5.19

New gold mine : Lease granted after 28 February 1946.

Commenced production before 20 March 1963.

New deep Tevel gold mine : Lease granted after 30 June
1956 with the principal object to mine below 7500 feet.
At least 7 years will elapse from the date of commence-

ment of shaft sinking to»the date of deep level producfion.

Other deep level gold mine : A producing gold mine (other
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than a 'new deep level gd]d mine') with the principle
object of mining below 7500‘feet from surface. Mining
below such elevation has, or wi]], commence within 5

years.

4, Post 1966 gold mine : Lease granted after 17 August 1966.

5. Post 1973 gold mine : Lease granted after 1 January 1974.

Gold mining leases generally-stay the same over-the entire
1ife of the mine provided no major change in the lease area

occufs, in which case the Tease formula may be adjusted.

Some mines have, however, been granted larger lease areas
and have thus been called "supermines". Examples of these

are (c.f. Harwinkel (1982) p.99)

1. Merging of RandfonteiH and Western Areas lease areas.

2. St Helena and Beisa lease area consolidation.

3. Southvaal as an extension of Vaal Reefs.

4. Erfdeel/Dankbaarheid area which is to be developed in
part from-the merged Western Ho]dings/Weikom/Free State
Saaiplaas.

5. East and West Driefontein merger.

The following terminology will be used in this section
and therefore warrants exp]aﬁation (c.f. Storrar (1981)

p.391-395).

1. Capital expenditure - This includes expenditure on shaft
sinking, mine equipment, development, general adminis-

tration and management (including interest'on mining
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loans) prior to the commencement of production.

. Mining revenue - This 1is comprised of the total revenue

received from sales of gold, uranium and other minerals.

Working costs - This includes all expenditure, other than
of a capital nature incurred in the production of income
including interest charges, royalties and the share of
profits payable -to-the State:on:zlease-considerations,:but..
not’tax\payments. Mining éompanies-are_not granted allow-
ances for depreciation, however, a capital redemption

allowance is permitted (a benefit not granted to non-

mining companies).

.. Capital expenditure redemption allowance - These deductions
are in lieu of wear and tear of machinery etc including
payments for the use of patehts, land, buildings, expeftise,
machinéry etc. Any amoﬁnts‘received_from the sale of

assets (the cost of which has been recogniséd as capital
expenditure) must be deducted from the capital expenditure
incurred in the given year. The unredeemed balance of
capital expenditure is reduced each year by.thelprofits

for that year. ‘Generally 100% of current capital expen{v
diture and 100% of unredeemed capital expenditure is

allowed.

. Special capital allowance - Further special capital allow-
ances are'permitted in addition to the capital expenditure
redemption allowance. Thﬁs'specia] capital a]]owaﬁce is
calculated as a percentage of redeemable capital expen-

diture at the foT]owing rates for tax calculations:
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New deep-Tevel gold ﬁineé _ 5%
Other deep-level gold mines 5%
Gold mines granted leases after 30/3/1963 6%
Post 1966 gold mines . | 8%

Post 1973 gold mines ' 10%

The above allowance is only dedﬁctab]e during the period
a mine has an assessed loss or in the case of a "other
deep level gold mine"_ for 10 years after this classifi-
cation.

For the lease calculation a capital allowance of 6%

(only 5% for mines granted 1eases before 1 October 1967)
is calculated on the unredeemed balarice of capital expen-

diture and on current capital expenditure.
6. Net revenue - mining revenue less-costs.

7. Taxable income - the portion of revenue remaining after

all allowable costs and a]]owanc;s have been deducted.

\

5.7.1 Structure of Lease Payments

The formula for the State's share of profits or lease
consideration is based on a sliding sca]e and has the

general form:

where
y is the percentage of profits payable to the State

after deducting the capital redemption allowance and the

capital allowance;
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X = % x 100, whereA P ‘fs the brofit less capital
redemption a]]owance only,and R is the mining revenue;

a 1s a predetermined constant-based on the estimated
return on capital invested using estimates of grade, costs,
the pioneering aspect and the amount of risk involved, the
value of a is generally between 10 and 30, however, a

return of 10 to 15 per cent is considered to be reasonable;

b is also a predetermined constant usually 6 or 8.

In addition to the above formula an amount of 11% of the
State's share of profits is also payable to the State in lieu

of stamp and transfer duties.

Storrar (1981, p.397) uses the following hypothetical
example of a lease calculation for a 1968 gold mine for the

year 1977:

150

1. Lease formula: y = 25 - —~

2. Lease - allowance on capital expendifure: 6%

3. Unredeemend balance of capital expenditure as at
beginning of 1977: nil

4, Unredeemed balance of capital allowance as at beginning
of 1977: R1 666 084

5. Capital expenditure during 1977: R100 000

6. Working revenue during 1977: R24 000 000

7. Working costs: R17 440 000"



Rand ... Rand
Working profit (R24 000 000-R17 440 000) 6 560 000 .
Redemption allowance: '
Unredeemed capital expenditure nil
Current capital expenditure 100 000 100 000
Profit for x in formula | 6 460 000
X = oesou-390 » 100 = 26,916 66%
y% = (25 - ?Bj%%g‘ea) x 100 = 19,427 24%
Capital allowances ' _ Rand
On unredeemed balance of capital expenditure : nil
Unredeemed balance of'capital allowance V 1 666 084
Capital allowance on unredeemed balance of capital
allowance = 6% of R1 666 084 99 965
On current capital expenditure = 2,75% of 100 000 2 750
Total capital allowance (R1 666 084 + R99 965 #VRZ 750) 1768 799
Profit to which y in formula is applied 4 691 201
Lease amount = 19,42724% of R4 691 201 911 371
Add 1%% ’ 11 392
Total Tease payable 922 763

5.7.2 Taxation

The lease consideration is deductable as a cost for in-
come tax purposes and therefore the lease calculation must
precede the determination of income tax. Also, the lease

consideration is paid yearly whereas tax is paid ha]f—year]y.»

Mining taxation is calculated according to the age of a

mine

60 . 480

Post 1966 mines : y -
60 - 360

Pre 1966 mines >

<
N
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where y is the percentage of taxation on taxable incoﬁe and
x 1is the ratio of taxable income less the State's share of

profits to mining income.

Graphs showing percentage taxable profit payable as tax in

accordance with the formulae:- y= 60- 360 and y=60-480 *
X X a
o
o~
o
w
[ e
I T
o Lt 60- 480
ol L —" a

Percentage of taxable protits payable as tax, .

100—

oS ‘g
- g g 2
rofit "
oo o X 100

Revenue

FIGURE 5.20

Source: Storrar (1981)

Figure 5.20 shows the percentage of taxable profits

payable as tax for the two formulae against the x value.

Gold mines are allowed to deduct 190% of current capital
expenditure and 100% of tHe unredeemed ba]ancg of capital
expenditure from assessable income. In addition special
capital allowances are_perm{tted on the unredeemed balance
of capital expéndfture as we11 as a capital allowance on

current capital expenditure.

Clearly when a mine is involved in heavy capital spending .
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especially at the beginning of its T1ife, such reductions help

appreciably to alleviate the strain on a company's financial

reserves at a time. when help is most needed.

The same example used by Storrar (1981) for the lease

calculation will be used to'exp1ain a typical tax calculation.

The additional information required for the calculation of

tax is . given below:

1. Tax allowance on capital expenditure

2. Tax formula for a post 1966 mine

60 - —

3. Unredeemed balance of capital expenditure plus capital

allowance at 8% as at beginning of 1977;

Tax calculation

Working profit:
Redemption allowance

Unredeemed capital expenditure plus capital

allowance

Capital allowances

Total redemption allowance .
Lease consideration

Taxable income

Revenue

2 533 317 x 100

x in the formula
10,555 49%

y in the formula = 14,526 03%

Tax payable = 14,526 03% of R2 533 317
Add surcharge (say) 5% of 367 990

Add loan levy 2%% of 367 990

Total payable

Rand

3 003 920

nil

.24

R3 003 920

Rand
560 000

103 920
922 763
533 317
000 000

367 990
18 400
9 200

395 590
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5.7.2.1 Assisted Mines

It has been announced that'a new Sscheme wheréby less State

assistance will be given to mines will be implemented in 1984.

The existing scheme, however, was introduced in 1968,
when a number of old mines were in danger of closing down

and possibly flooding neighbouring mines.

Assisted gold mines,which have a taxable income and are
thus 1iable for income tax,are taxed at a rate determined

by the formula:

_ _ 601
y =68 - 5=
or the standard formula: 60 - égg s

whichever results in the lower tax.

Where the assistance formula results in a negative tax
amount, this amount is paid tax-free to the company as a tax
credit. The amount of assistance calculated in this manner
is 1limited for any one year to 25 per cent'of the gross

- income.

To qualify for~a;sistance, a mine must have a reméining
1ife of 8 years or less with a significant increase in 1life
following State assistance. A mine is classified és an
assisted gold mine by the Minister of Mineral and Energy
Affairs, in consu]tation with the Minister of Finance, bn the

basis of recommendations made by the Mining Leases Board.
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Table 5.16 below shows a comparison of the percentage of

taxable. profit payable as tax for thé various formulae:

TABLE 5.16
x = Fx100 |y =60-350) y 60280}y 65 - ﬁ%l
X y% y% y%
100 56,4 55,2 62,0
90 | 56,0 54,7 61,3
80 - 55,5 - 54,0 60,5
70 - 54,9 53,1 | 59,4
60 54,0 52,0 58,0
50 52,8 | 50,4 56,0
40 51,0 48,0 53,0 -
30 48,0 44,0 48,0
20 42,0 | 36,0 38,0
10 24,0 12,0 7,9
9 20,0 6,7 1,2
8,838 19,3 5,7 0,0
8 15,0 0,0
8,6
0,0

Table 5.17 below, extracted from the Chamber of Mines
Newsletter (May 1979), shows the total number of mines which
qua]ifiéd for assistance. Some of them may not actually have
received any direct subsidy in a particular year, but did

“qualify for tax relief.

In 1981 five mines applied for a total of R26,9 million
in State assistance, but this represented only 1,2% of the

total estimated tax bill paid by the industry.
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TABLE 5.17
MINES QUALIFYING FOR ASSISTANCE

Number of Assistance Gold

Year -~ Mines Received Produced
(1) (2)

R1000 kgs
68 16 6832 '91132,6
69 20 - 8638 107059 ,4
70 21 15974  120455,3
71 . 20 16035 - 137130,6
72 18 9202 109041,3
73 17 1176 92037,6
74 16 1180 75505,2
75 16 19560 - 65893,5
76 16 40943 73113,1
77 12 32340 63925,6
78 12 27529 62201,7

The following quotation taken from the October 1981
Chamber of anes Newsletter mirrors the success of the scheme

at that time:

" A measune 0§ ihe success of the State
Assistance scheme L5 that dunding thé perdiod
of its operation, up %o the end of 1980 the
gold mines which necedived assistance o4
R180,7 million subsequently paid R288 million
in tax and Lease payments Lo the State.
Funtheamone, in the same peniod these mines

produced gold to the value of R3460,5 million."
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CHAPTER &

IMPLEMENTATION OF THE GOLD SHARE
EVALUATION MODELS

6.1 Introduction

When valuing gold shares many investors tend to think in
terms of the gold price that a gold share is‘"imblying",
(termed the implicit gold price) at certain expected yields.
For example, if ah investor fee]é-that a certain gold share
has an implicit gold price Tower than the actual gold price
at His desired expected return for that share, he may con-
sider buying the shdre. A further advantage of buying the
share in this situation is that the share would still be ex-
pected to attain the desired expected return even if the gold

price declined to the imﬁ]icit gold price.

Occasionally in.the media statements like: "the gold
shares arne discounting a much highen/Lowen gold price" are
found. Sometimes actual implicit gold prices have been quoted,
for example, the following quotation appeared in the Cape

Argus on the 26 February 1983.

"When bullion slumped to below $470, gold Ashanres,
which had been discounting a price of $600,
tumbled on heavy ovenseas selling and khnocked

much of the confdidence out of the manrket."
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Another quotation apbeared in the Sunday Times on 26 June 1983,
here the view of a representative of Mining Portfolio Manage-

ment was expressed.

"From his point; with most gold shares discounting
a bullion price of around $500, unfess an uptrend
in the metal does develop within the next 5 to 10
trhading days, they mubt,begin to Look distinctly

vulnerable."

It ié evident that although there is a t;ndency for in-
vestors to view gold shares in terms of their implicit gold
price, these estimates appear to be purely éubjective and
no mention is made of expected yield in the media. Also
subjective estimates of implicit gold pricés of shares deter-
mined by comparing past share prices at similar gold prices
cou]d be subject to error, since fundamental determinants of
gold mine profitability other than the gold price have a
major impact on earnings. These determinants of gold mine

profitability were discussed in the previous chapter.

In Chapter 4 two gdld share evaluation models were pro-
posed namely, MODEL 1 and MODEL 2. In this chapter these
two models will be used to determine the weekly implicit gold
price of the gold shares over the périod Janudry 1979 to

March 1983 for various expected yields.

It should be noted that under the assumption of a per-
fectly éfficient market, theoretically any difference between

the actual and implicit gold price would be due either to a
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model misspecification, or perhaps a different yield expected

by the market other than the yield used in the model.
6.2 MODEL 1

In order to determine the implicit gold price of a gold
share using MODEL 1 (discussed in Section 4.2) the implicit
gold price was solved for in equation (4.14). Hence the

expression becomes

Implicit gold price(t) ;-Yie]d(t),SE?re price(t) , Cost(t) (6.1)

. _ dividend per share
where k' = profit per ounce

Weekly estimates of cost were generated using the equations
determined in Section 5.4 for the various gold mines. Al-
though quarterly data points were originally used to estimate
the cost equations, moving quarfer]y totals of the independent
variables of the cost equations were computed at weekly in-

tervals thus enabling weekly cost values to be estimated.

The value of k' was taken to be the average dividend
over profit ratio for the past 4 years and actual share prices

were used in the numerator of equation (6.1).

The annual yield was taken to be constant -at 10% over the
period. It should be noted that the expected yield would
undoubtedly vary for a share according to economic conditions
and changes in the risk of the share, however, a constant
yield was used solely as a basis for visual comparison of the

actual gold prices and implicit gold prices generated by the
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Figures 6.1 to 6.7 show a comparison of the actual and
implicit gold prices for the various gold mines using MODEL 1

at an expected yield of 10%.

On examination of Figures 6.1 to 6.7 the following points

emerge:

(a) Over the period January 1979 to Augﬁst 1980 the implicit
gold price is significantly lower than the actual gold price
and in January 1983 the implicit gold price is significantly
higher than the actual gold price. One of two reasons is
~possible for this occurrence. Firstly, from the standpoint

of assumed market efficiency the variation would be due either
to different expected yields over these periods, or the general
structure of the modél used to generate the implicit gold
price may not be appropriate. Secondly, if the yield and
“model assumptions are dppropriate then the difference reflects

inefficiency.

Of the two possible causes for the pronounced difference
in actual and implied gold prices the first reason, that is,
model misspecification is the most likely as it is extremely
unlikely that either the market would be expecting such
vastly different yields (assuming market efficiency), or that
investors were ignorant to the fact that the shares were

under/over-priced (assuming market jinefficiency).

(b) Figures 6.2 and 6.7 for ERPM and Venterspost display trends
vastly different. from the other shares during June 1981 to

December 1982, that is, the implicit gold prices over this
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period are much highef than the actual gold prices. The reason

for this isvthat these two mines were in fact making a loss

over roughly this period. The share prices, however, although

declined, still maintained a positive market value as investors

 were pfepared to take the chance of an expected higher gold

price and hence expected positive profits later.

(c) Fluctuations of the implicit gold price follow fluctua-

tions of the actual gold price closely, indicating that changes

in the gold price impact immediately on the share price and
hence the implicit gold price.
~(d) The sharp increase in the price of gold in January 1980

was not followed to the same extent by the implicit gold price.

It could be argued that in this instance investors in the gold
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share market were correct in thefr pricing of the gold shares
as the gold pricé declined sharply shortly afterwards. It

is, however, interesting to.noté that the bullion market re-
acted completely differently to the gb]d share market on
essentially the same information during this period. This
could be attributed to different types of investors dominatihg
the two markets, however, it appears that in this sifuation
the gold share market reacted more rationally to the available

information.

It is felt that assumption 1, which justifies the use of
the cost estimates found in Section 5.4, is reasonable as
the estimates computed over the féquired period were found to
be sufficiently accurate. Assumptions 2 and 3, namely, that
the relationship between dividend and profit remains constant
and that tax rates remained constant are felt to be too strict

to benefit from any further research using MODEL 1.

MODEL 2, however, discussed in Section 4.2 allows assump-
tions 2 and 3 to be relaxed. ance this model is more sophis-
ticated in the sense that the relaxation of assumptions 2 and
3 might lessen the chance of model misspecification, it will

be implemented below.
6.3 MODEL 2

Solving for the implicit gold price in equation (4.15)

of MODEL 2 we have



6.10

Implicit Gold price(t) = {Y1e1d(t)XNumber of shaigs 1n»1ssue(t)xshare price(t)

- Sundry revenue(t) + Tax(t) + Lease(t) + Capital expénditure(t)}

1

" Annual production(t) + Cost(t) . (6.2)

K" = dividend per share

h n
where earnings per share

Annual estimates of capital expenditure and production
were estimated at week]y.intervals using the equations deter-
‘mined,in Sections 5.6 and 5.5 respectively, while weekly esti-
mates of cost for MODEL 2 wére the same as for MODEL 1.

Weekly estimates df'annua1 tax and lease payments were deter-
mined using'the appropriate formu]ae_discussed in Section 5.7,
while weekly estimates of annua] mining revenue and working

profit used in these formulae for the various mines were com-

puted using the following equations:

Mining revenue(t) = Actual gold price(t)xAnnual production(t) (6.3)

(Actual gold price(t)-Cost(t))XAnnualiproduction(t)
. (6.4)

J .
Working profit(t)

The value of k" was taken to be the average dividend over
earnings ratio over the past 3 years,‘wh11e sundry revenue,
which in general has little impact on the_imp]icit gold price

was also taken to be the average over the past 3 years.

The implicit gold prices for the-varioys mines were com-
puted at weekly intervals using equation (6.2), again for the

sake of visual comparison only, the annual yield was assumed
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to be 10% over the entire period.

Figures 6.8 to 6.13 show a comparison of the actual and

implied gold prices fof the various gold mines using MODEL 2.

On inspection of Figures 6.8 to 6.13 the following notable

features emerge:

(a) The implicit gold brice computed using MODEL 2 follows the
actual gold price much more closely than that obtained using
MODEL 1, indicating that the.]arger'differehceé found using

MODEL 1 was due to model misspecification.

(b) It was still evident tﬁat the implicit gold price did not
follow the actual gold price in January_1980 at a yield of
10%. Further, in January 1983 the implicit gold price was
found to be generally h{éher than the actual gold price in-

dicating that the shares were overpriced at a 10% yield.

(c) In general it is felt that except for short term fluc-
utations the .implicit gold price computed using.MODEL 2 1is
very c]dse to the actual gold price at a 10% yield. This
indicates that the model's predictions has been extremely
close to the market value of the gold shares over the past 4
years at a 10% yield. It shoqu, however,'be noted that the
yields expected by investorsvchange under different economic
conditfons, implying that difference in implicit and actual
.gold prices found in Figures 6.8 to 6.13 might be due to

different yield expeétations.
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It is a well known.conéept thatviﬁvestors expect higher
retuﬁns to be associated with higher risks, hence investors
might expect higher yields for mines which are more marginal.
To get an idea of the historic yields associated with the 6
mines researched here, different congtant yields were substi-
tuted 1ﬁto MODEL 2 to find which yield gave the closest "fit"
between the qctua1 and 1mp1ied gold prices over the period.
Accordingly the following 2 statistics were computed for each
constant yield.

18

2 |
Cusum square = 2t=1 (Actual gold price(t)-Implicit gold price(t))? (6.5)

218
Absum = Et:1|Actua1 gold price(t)-Implicit gold price(t)]

where t =1 represents the first week in January 1979. (6.6)

Tables 6.1 to 6.6 show the values of the above statistics
| for various constant yields for the six mines researched here.
The minimum values of the above two statistics and the assoc-

" jated yields are marked With an asterisk in the tables below.
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From Tables 6.1 to 6.6 it is seen that the “average"
yield obtained by MODEL 2 during the last 4 years is around
10%. |

In order to determine what yields the go]& share prices
reflected over the past 4 yeérs, equation (6.2) was rearranged
so that the yie]d variable was madg the subject of the formula,
valéo the actual weekly gold price ;epiaces the implied gold

price. ThUS'eqhatipn (6.2) becomes
" Yield(t). = {[Actual Gold Price(t) - Cost(t)]Annual Production(t)
+ Sundry Revenue(t) - Tax(t) - Lease(t) - Capital expenditure(t)}

kll .
X Number of shares in issue(t)xShare price(t) - (6.7)

where k" 1is the same as for equation (6.2).

Figures. 6.14 to 6.19 show the graphs of the weekly yields

using equation (6.7) for the 6 mines.
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The notable features of the yields shown in Figures 6.14

to 6.19'are:

(a) There are many short-term yiela fluctuations of reasonably

small magnitude present in all the graphs.

(b) In January 1980 a large upward fluctuation of the yields
were present in all the graphs. It could be argued that this
was due to the investors in the gold éhare market disbelieving
that the high go]d.price of Januafy 1980 would be sustained,
hence the higher yield was justified in terﬁs of the higher

risk associated with the gold price at that time.

(c) It could be argued that there is a very slight indicdtion
of a decreasing trend in some of the graphs over the past.2
years, if this were ture, this may be an ihdication that in-
vestors are viewing gold shares relative to the gold pricé as
being a less risky investment than it has 'been in the past,
or simply thét alternative investments are no longer as

attractive.

6.4 A trading rule based on the yields obtained by MODEL 2

It is felt that the hrimary use of MODEL 2 is to determine
the yield reflected by a gold share's price, thus enabling
an investor to decide whether the computed yield suits his
individual requirements to warrant investment in that share.
This approach is the most logical appfoach to be used in effi-
cient capital markets where the yield reflected in the price
of a share already embodies all known inform&tfon on both the

expected economic conditions as well as the unique risk
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associated with the company ét that time. It is, however,
evident from Figures 6.14 to 6.19 that short ferm fluctuations
in the yield of gold shares are present, indicating either
that information is revealed so that investors change their
view of the yields erratically in the short térm (assuming
market efficiency) or that there arevvery short term fluctua-
tions which might be considered as exhibiting small deviations
from efficiency. A]thouéh in»the medium term the market is
gti11 considered to be efficient as the longer term trends in

the yield are assumed to be'gauged correctly by the market.

The existence of these short term fluctuations in the
yields of gold shares motivated the reséérch into a trading
model in this section. Here an-attempt will be made to
formulate "buy and sell" signals on the basis of the yields
computed using MODﬁLVZ and to compare the results of such a

policy with anaive "buy and hold" pelicy.

In order to formulate "buy and sell" signals it is nec-
esséry to firstly discuss the major cause of short term in-
creases and decreases in the yield obtained by-MODEL 2. It
is evident that an increase in the yield of a gold share
found using equation (6.7) can be attributed mainly to two
major causes, firstly, a situation where the gold price is
rising but the price of the go]d'share is either not rising
or rising at a slower rate than expected or, secondly, where
the price of a gold share is.declining and the gold price is

either constant or declining at a slower rate than expected
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relative to the share price. In both cases one might considér
the sharé a good prospect to purchase since relative to the
gold price it is reflecting good value in terms of expected
yields in the immediate past. Further, a decrease in the
yield of a gold share found by using equation (6.7) can also be
attributed to two major causes, firstly, a situation where

the gold price could be declining but the share price is
either constant or declining at a slower rate than expected
relative to the gold price, or second]y,'the share pricé is
rising but the gold price is either constant or rising at a
slower rate-than expected relative to the share price. In

the first instanceYWhere the gold price is declining one

might consider the share a bad prospect to hold since relative
to the gold price it is reflecting poor value in terms of
expected yields in the immediate past. In the second instance
where the share price is rising one might consider holding

the share to éppretiate the capital gain and only sell the
share when the price‘starts to decline. In terms of the
hfgher yields associated with the lower share price in the
immediate past, however, one should not consider purchasing
the share in this instance as the yield is decreasing. It
should be noted that the above "buy" and "sell" situations

can not be found by considering only the gold price and share
price alone, but need to be considered in relation to the
yield as well,since the yield, as determined by MODEL 2 takes
into account all the components of prdfitability which are

in turn affected by the gold price. Further, situations

might arise where the share price might increase at a faster
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.réte than the gold price yet the yield still increases. This
situation might arise where a slight incre&se in the gold
price might imply that a mine previously operating at a loss
may be able to make a profit at the higher gold price, thus
causing a much higher share price and possibly an increase in
the yield. The reverse of the above situation could also

occur causing a decrease in the yield.

In view of the above discussion "buy" and "sell" signals

will be formulated for the trading model.

“"Buy" Signals

Since it is felt that sudden increases in yield are con-
sidered to be a "buy" situation, a "buy" signal was formulated
so that a share would be purchased when the yield rose through

a 15 week moving averagé yield by more than 6%.

“Sell" Signals

According to the above discussion a "sell" signal should
only be given when both the yield and the share price de-
creased, accordingly it was felt that a share should be sold
when the yie]d:dropped by more than 4% of a 15 week moving
average yield and the share price dropped by more than 2% of
a 15 week moving average share price. It should be noted
that the percentage decrease for a sell signal.was formu1ated
to be less than a buy signal since the added share price

constraint was included for the sell signal.



6.30

The trading policy was formulated for the 6 mines re-
searched in this chapter, and was compared with a "buy and
hold" policy over the period starting in Jaﬁuary 1980 and
ending in March 1983, that is, a total of 164 trading weeks.
The trading policy assumed an initia] sum of R10 000 available

for investment in the following manner.

(a) For a buy signal as many shares as possible were purchased
from ﬁhe available funds. The‘runhing total of funds, in-
cluding excesses are recorded in column 2 of-Tables 6.7 to
6.12 for the ij individua]nmines. Column 3 shows a record

of the number of shares currently held.

(b) For a sell signal all shares tﬁat'were held at the time
are sold, also 1 share is sold short. For every sell signal
encountered thereafter a further 1 share is sold short. The
running total column allows funds accrued from short selling
to be reflected immediately. If a buy signal is encountered
during a negative holding of shares then all outstanding
shares are purchased immediately, showing a zero for the hold-

ing in column 3 and a "buy" signal in column 4.

"A11 current brokerage and tax rates were included in
each transaction. Further any shares held or outstanding are
' s0ld or bought,whichever is the case, at the prevailing share
price on the 1ést week of the period. Column 5, headed
"WEEK NO" gives the number of the WEEK when each signal
is encountered. (Note that week 1 is the first week in Jan-
uary 1980.) Tables 6.7 to 6.12 show the details of the

trading policy including the total sum accrued from this
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policy, as well as the sum accrued from a “buy and hold"

policy.
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With reference to Tables 6.7 to 6.12 it is seen that the
trading policy suggested here substantially beats a "buy and
hold" policy over the givenvperfod'in all cases, except for
the case of Kinross. It should, however, be noted that it
is possib]e'that over some different period the reéu1ts may
differ, this still requires further substantiation. Further,
different combinati%ns of “buy" énd "sell" filters for the
yield and share price as well as different moving average
lengths may show better results and should thus also be re-

“searched.
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CHAPTER 7

" FUTURE PREDICTIONS USING MODEL 2

7.1 Introduction

In th1s chapter MODEL 2 will be used to pred1ct the. earn-
ings and share prices of var1ous go]d m1nes for 30 June 1984
~using h1gh, medium and low future gold price scenarios, an
ihf]ation assumption es well as an additional expected yield
assumption for predicting share prices.d'It would not,.however,
be realistic to use the same equations found in Chapter 5 for
the estimates of fhe componenfs of MODEL 2 for 30 June 1984,
's1nce a time var1ab1e was used in most of ,these equations.
Although these equations were su1tab1e for the "in-period"
study performed in Chapter 6 where weekly estimatesbwere're—
uquired,-it is felt that it wou]d.be unrealistic to assume
that inflation would continue to increase at the same rate
;w1th time in the future. The equations denereting the esti-
mates of the components of the model will thus be re- est1mated
here replacing the time variable by the Wholesale Manufactur1ng

'Price Index for Basic Metals and Products to proxy inflation.

It should be noted that the treatment of prediction'of
‘earnings differs for the prediction of share prices as the
predicted share price would embody the expected_earnings

further into the future than the earnings predicted for the
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.12 months preceding 30 June 1984.

7.2 Estimation of the Components

As before, cost, capital expenditure and production equa-
fions were estimated using ordinary least squares regression.
In all these equations the time variable was replaced by
quarterly data obsefvations of the Wholesale Manufacturing
Price Index for Basic Metals and Products (henceforth referred
.to as the Price Index) extraeted from the South African Re-
serve Bank Quarterly Bu]]efins. It should be noted that the
Price Index was adjusted 50 that the yeer 1970 was taken to
be the baee year. A greph of the Price Index is shown in

Figure 7.1 below.

7.2.1 Cost

The Price Index, as can be seen from Figure 7.1, has an
exponential trend, thus it is felt that this variable would
replace the exponential time variable determined in Section

5.4.

The general form of the cost equation estimated in rands

per ounce now becomes

Cost(t) = ay + a, Price Index(t) + a32£;1;4601d price(k)/4

(7.1)
The coefficients of eduation (7.1) obtained for the six mines
which will be analyzed in this chapter are shown in Table

7.1 below.
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TABLE 7.1
Mine a1 o P FRatio]
Blyvoor -34,34 0,38131 0,09193 1393,05
IGrootvlei -8,79 0,31402 0,22038 1513,73
Kinross -32,81 0,36266 0,10691 909, 31
Kloof -1,01 0,27146 -0,02023 168,37
Westdeep -22,12 0,2589 0,08047 367,74
Winkelhaak | -14,69 | 0,24700 0,07568 578,77
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The graphs of the ébmﬁarison of:fhé actual and predicted
costs using equation (7.1) are shown in Appéndix E. These
figures as well as the high associated F ratios compared to
the critical F value of 3,25 at the 5% significance level
indicate that the independent variables acgouht for changes

in cost reasonably well.

7.2.2 Production

The general form of the production equation, where pro-
duction is estimated in théusands of.OUnces per annum is
~given by
' 4 '
Production(t) = ai+ ap },_4(5-k).Gold price(t-k)/10
+ a, Gold price(t) + a, Price Index(t) + as(t)
(7.2)

where the first quarter of 1970 is taken to be 't = 1.

It should be noted that the time variable was not remo?ed
from the production equation'aé.it is expected 'that due to
the limited gold resources, prodbction will decrease with
' tfme. The Price Index Variable;“hoWever,'iS’éssumed to re-

present the effect of 1ncreasing'mining costs on production.

Table 7.2 shows the coefficients obtained using equation

(7.2) for the six mines.

The critical value for the F ratio test at the 5% level
is 2,64 here, indicating that a significant linear relation-
ship between dependent ahd indepéhdent variables was found to

exist for all six mines.
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TABLE 7.2

Mine O Oy O Oy Os F Ratio

B]yVoor 1288,89| 0,1520| 0,0507} 3,1176 {-46,0365| 422,703
Grootvlei 185,931 -0,1284| 0,1084} 0,4192 | -3,2715 5,311
Kinross 441,41 -0,1371| -0,0924 | 0,7007 | -7,5997 | 34,562
Kloof 810,29 -0,3408 | 1,4495| 2,21309 -27,6449 6,778
Westdeep 2064,69 | -0,4419| 1,2823 0,8259 -30,4984 1 37,515
Winkelhaak | 557,72 -0,1892} 0,0658| 0,1163 | -2,3407 | 16,543

7.2.3 Capital Expenditure

The capital expenditure equation which yields annual es-

timates in units of thousands of rands has the following form
4
Capital Expenditure(t) = a1+azzk=1(5—k)Gold Price(t-k)/10

+a, Gold Price(t) + o, Price Index(t)

(7.3)

It is expected that capital expéhditure increases in re-
lation to mining costs, therefore the time variable of

equation (5.23) has been replaced by the Price Index variable.

‘The coefficients of equation (7.3) for the six mines are

shown in Table 7.3 below.

The critical F value at the 5% level is 2,87 here indi-
cating a significant linear relationship between independent

and dependent variables for the six mines.
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TABLE 7.3

Mine OL]_ az (13 . 064 F RatiO
Blyvoor -4200,65 3,6349| -17,1934| 58,7887 75,651

Grootvlei -1614,68{ 11,1830 -7,6300 7,5682 1 19,213

Kinross -254,10{ 11,4899 | -22,4991| 23,9272} 3,021

Kloof -3400,73| 31,6707 -39,7341] 73,3549 42,054

Westdeep -31941,73} 106,7816 { -7,6043} 200,3330{ 81,889

Winkethaak{ -1702,04} 15,5521} -4,5507 5,9302 | 19,503

7.3 Prediction of Earnings as at 30 June 1984

In order to compute annual earnings at 30 June 1984, the
components of go]é mine earnings had to beﬁconsidered for the
12 months prior to 30 June 1984. Since the components of
gold mine earnings are dependent on the rand price of gold re-
ceived, an assumption aboﬁt;the future gold price and exchange
rates up to 30 June 1984 had to be made. Consequently three
different gold price scenarios were»Eonsidered and are listed

together with the associated exchange rate assumptions in

Table 7.4 below.

Further an assumption about the inflation rate as im-
pacted on the Price Index had to be made. It was assumed

that this increase would be 12% per annum up to 30 June 1984,

The following component of MODEL 2 was used to compute

the predicted annual earnings per share as at 30 June 1984,
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TABLE 7.4
Scenarios o 1983 1984 Annual
ITT [ IV I TIT | % Increase
Scenario 1 $/ounce 405 | 390 375 | 365 -14%
LOW GOLD . exchange rate} 0,89} 0,88 | 0,87} 0,86
PRICE R/ounce 455 | 443 431 | 424
Scenario 2 $/ounce 435 -} 450 | 465 | 480 14%
MEDIUM GOLD exchange rate} 0,93} 0,94 | 0,95] 0,965 '
PRICE R/ounce 468 | 478. | 490 | 500
Scenario 3  $/ounce = 452 | 488 | 525 | 550 31%
' HIGH'GOLD:. exchange rate ’0;935 0,96 | 0,981 1,00
"|PRICE R/ounce 483 | 508 536 | 550

-

Earnings per share = [(Average annual gold price - Average annual.cost)

~x Annual Production - Annual capital expenditure - tax - lease

. | 1 ,
+ Sundry Revenue] x No. of shares in issue (7.4)

where estimates of p}o&uétion and capita]iexpendituré for the
12 months prfor to 30 June 1984 were cohputed using_the
equations shown in Sections 7.2.2 and 7.2.3 respectively for
the six gold mines. The average cost;for the 4 quarters prior -
“t0—30-Jdune—1984 were-computed using'the~equa£ﬁons shown in
-Séction 7.2.1 and the tax and lease paymenté wefe estimated

using the formulae discussed in Section 5.7,

3

The earnings and components of earnings for each of the

six mines are tabulated below.

Since the'B1yvdoruitzicht Gold Mining Company é]so accrues
revenue from uranium production, this revenue must also be

considered in the predicted earnings figure. Strong (1982)
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assumes that the net mining revenue accrued from uranium sales
is 6% of the net mining revenue accrued from gold sales. The

same .assumption will be made here.

TABLE 7.5 Blyvooruitzicht Gold Mining Company

Componentsvof ‘Gold Price ‘Scenarios

Earnings : Low ~ Medium High
Cost(R/oz) ' 245,6024 246,8320 | 247,8777
Production(oz) 917 758 ,'925 656 932 064
Capital Ex- Lo . |
penditure(R) - 28065 368 27 412.170 26 916 604
% Lease | | -

payment 9,3107 10,7984 - 11,3282
% Tax pay- .

ment 49,0907 51,2663 - 52,0589
Lease pay- : ‘ R ¢
ment(R) 13 638 134 | = 24 075 303 31 059 651
Tax pay- : : ‘ ,
ment(R) 67 960 213 106.001 230 | 131 471 108
Mining Re- _ AR L |

venue(R) ' 399 542 532 |- 477 732°604 | 530 544 972
Working ' v

profit(R) - - 173 549 408 248-407 352 ..f 298. 493252
Total ' ,_' .
earnings(R) 65 045 694 | 92 078 650 | 110 205 892
Earnings per

share(C) ' 271,02 383,66 - 459,19
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TABLE 7.6 | Grootvlei. Proprietary Mines Limited

Components of Gold Price Scenarios

Earnings Low Medium High
Cost(R/0z) - 288,4267 291,3743 293,8811
Production (0z) | 279 700 274 227 275 743
Capital Ex-

penditure(R) 5 018 634 4 849 170 4 807 633
% Lease - . _

payment 5,5000 8,7403 10,5185
% Tax: pay- ‘ ,

ment 47,3488 49,0763 49,9415
Lease pay- . .

ment(R) 1 970 941 4 233 040 6 091 494 |
Tax pay- '

ment(R) + 16 783 379 22 539 768 26 872 096
Mining Re- :

venue(R) 118 634 697 132 725 907 143 179 926
Working -.- - 5

profit(R) 40 557 299 52 823 175 62 144 045
Tdta] |

earnings(R) 16 987 344 21 404 196 24 575 821
Earnings per |

share(C) 148,51 187,12 214,85




TABLE 7.7 Kinross Mines Limited

Components of

Gold Price Scenarios

share(C)

Earnings Low Medium High
Cost(R/oz) 242,4153 243,8452 245,0613
Production (oz) - 386 342 374 288 365 501
Capital Ex- .

penditure(R) 10 838 079 9 549 827. 8 774 165
% Lease

payment 10,5410 10,8088 10,9434
% Tax pay- - '

ment 49,4793 50,8885 | 51,6001
Lease pay- | 3

ment(R) 6 884 661 8 761 746 10 103 755
Tax pay-

ment(R) 30 099 959 38 244 996 44 069 222
Mining Re- :
venue(R) 169 314 762 181 155 826 189 786 424
Working :

profit(R) - 75 659 340 89 887 267 100 216 253
Total _

Earnings(R) 29 107 420 34 601 477 |- 38 539 891
‘|Earnings per i :

161,71 192,23 214,11
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TABLE 7.8 Kloof Gold Mining Company Limited

Components of ‘ Gold Price Scenarios
Earnings Low - Medium - High
Cost(R/oz) - 158,8012 158,5306 158,3005
Pkoduction (0z) 1 218 858 1 316 513 1 378 627
Capital Ex- - '
penditure(R) 41 430 078 | 39 572 601 38 548 685
% Lease ‘ N : :
payment 13,3931 13,5254 | 13,5966
% Tax pay¥ . - . .
ment 52,5688 |- 53,1691 53,4926
Lease pay- v :
ment(R) 40 407 225 53 102 449 | 63 043 592
Tax pay- ;
ment(R) 142 834 446 | 187 474 200 222 435 086
Mining Re- ) : |
venue(R) 534 164 700 - 637 192 312 715 852 448
Working - o
profit(R) 340 608 528 | 428 484 688 | 497 614 992
Total _ . b
Earnings(R). = | 126 131 248 158 529 908 183 782 100
Earnings per |

“{share(C)-  — | — 417,10 - - 524,24 . - -607,745

It is felt that the estimate of the number of ounces
produced is too high yielding unrea]istica]]y'high estimates

or earnings per share for Kloof.
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An additional assumption is réquired for Westeﬁn___ )
Deep Levels as it is also a wuranium producer. The same
assumption used by Strong (1982) will be used here, that is,
the net mining revenue accrued from uranium sales is 1% of

the net mining revenue accrued from gold sales.

TABLE 7.9 Western Deep Levels

Components of Gold Price Scenarios

Earnings Low : - Medium High
Cost(R/0z) 183,9897 h -194,1660 - 195,0814
Production (oz) 1 320 612 1 363 059 1 394 826
Capital Ex- .

penditure(R) 142 152 906 145 723 894 | 148 702 002
% Lease )

payment 2,9333 - 6,0689 7,0838
% Tax pay- :

ment 40,5284 44,5958 45,9694
Lease pay-

ment(R) 4 802 948 16 657 963 24 887 079
Tax pay- |
ment(R) 68 528 730 121 117 537 157 551 756
Mining Re-

venue(R) 871 011 728 | 1106 778 784 | 1271 155 296
Working ~

profit(R) 307 992 320 421 038 640 500 000 548
Total ' .

Earnings(R) - 93 667 736 138 699 248 170 019 712
Earnings per

share(C) 366,61 542,85 665,44
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TABLE 7.10 Winkelhaak Mines Limited

Components of

Go]d‘Price»Scenaries

376,96

Earnings Low Medium - | High

Cost(R/0z) 174,0809 175,0931 175,9540

Production (oz) 450 988 449 045 446 583

Capital Ex- _ :

penditure(R) 7 107 431 7 332 340 7 577 588

% Lease -

payment 13,4122 13,5112 13,5679
1% Tax pay- | | , ‘

ment - 52,6529 " 53,1026 53,3611

Lease pay- ' . _ |

ment(R) 15 185 485 17 943 896 19 989 908

Tax pay-

ment(R) 53 540 894 63 249 951 70 452 687

Minfng Re- ‘ o

venue(R) 197 645 696 217 .338 084 231 888 716

WOrking " 1

profit(R) 119 137 206 138 713 270 153 310 482

Total _ o

Earnings(R)r 45 913 782 52 797 470 57 900 686

Earnings per -

share(C) 433,48 475,3751

With reference to Tables 7.5 to 7.10 it should be noted
that in many cases the serial cofre]at%on coefficients for
Tags of 1 quarter computed using the actual data for cost,
producFion and eépita] expenditure (See Table E.1 of
Appendix E) were found to be excessive, therefohe in some

~cases more meaningful estimates of the components might be

obtained from a management source.
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7.4 Prediction of Share Priceé as at 30 June 1984

The price of.gold shares in the future will not depend
only on-the earnings over the 12 months prior to a given date,
but will largely depend on the gold priée on that date. This.
is evidenced in the manner in which gold shares react immed-
idte]y to changes in the gold price. This immediate reaction
is simply due to the facf that increaéed go]d prices imply
increased expected earnings|, thus it is- the exbected earnings

~and not the actual earnings that influence the share price.

The same 3 gold pfite scenarios shown in Table 7.4 will
be used to predict share prices for 30 June 1984 here.
Accordingly the following component of MODEL 2 will be used

for this prediction:
Share price(t) = {[Gold price(t) - Cost(t)].Annual .production(t)

+ Sundry revenue(t) - Tax(t) - Lease(t) - Capital expenditure(t)}

X Yield(t)xNumber of shares in issueftf (7.5)

where k" . is the same as previously defined.

A further-assumptibn concefning the expected yield for
30 June 1984 is required in equation (7.5). Since the ex-
pected yield will depend on the économic~conditions prevailing
at the time, 2 different expected yield scenarios will be con-
sidered here. Firstly the yields discuésed in Section 6.3
~and marked wfth an asterisk in Tablées 6.1 to 6.6 will bé
considered for the six individual mines. Secondly the last

available yields computed using MODEL 2 will be considered,
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these yields are 61$o.discussed in;Section 6.3 and can be
read off Figures 6.14 to 6119f The two yield scenarios will
be referred to as the average yield and the Tast yield

respective]y.'

The predicted share prices under the various gold price
and yield scenarios are tabulated below for each of the

individual mines.

TABLE 7.11 Blyvooruitzicht Gold Mining Company .
Components of Gold Price Scenarios

Share Price Low - Medium - High
Cost(R/0z) 254 ,6061 257,0653 259,1567
% Lease pay-

ment(R) : 8,8581 10,5519 : 11,1333
% Tax 5

payment 48,4429 . 50,9006 | . 51,7661
Mining re- ' o
venue(R) 398 702 880 477 548 300 530 762 664
Distributable - o
earnings(R) 59 874 208 | - 85 807 533 |. 103 108 000

Sharé‘priée(C) o | ‘
(=ave-:*y1'e1d) - -2 268 - -~ 3250 P 3906
(last yield) ™| "2 578 - 3694 ) - - 4 439
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TABLE 7.12 Grootvlei Proprietary Mines Limited

Components of -

Gold Price Scenarios

Share Price Low Medium High

Cost(R/oz) 294,0512 299,9464 304,9600

% Lease pay- '

ment(R) 5,5000 8,9049 11,05130

% Tax. | ..

payment 46,0344 49,1549 50,2074

Mining reF :

venue(R) 114 777 209 137 113 540 151 659 046

Distributable o . ‘

earnings(R) 13 254 720 .|-'20 473 937 | 24 470 208

Share price(C) ' | '

(ave. yield) 1 158 1 789 2 139

(Tast yield) 1 343 2 073 2 478

TABLE 7.13 Kinross Proprietary Mines Limited

Components of Gold Price Scenarios

Share Price Low Medium - High

Cost(R/oz) 250,7376 253,5984 256,7518

% Lease pay-

ment(R) 10,3101 10,8023 10,9720

% Tax S A

payment © 48,2707 |7 50,8541 - 51,7518

Mining re-

venue(R) 163 809 376 187 144 448 201 025 582

Distributable ‘ . , L

earnings(R) 24 145 832 32 978 748 38 289 143

Share price(C)

(ave. yield) 1 490 2 035 2 364
1 554 2 465

(last yield)

2 123




TABLE 7.14 Kloof Gold Mining Company Limited

7.17

Component§ of -

: Gold‘Price»Scenarios~-~~

(last yield)

Share -Price - - -- Low Medium High

Cost(R/oz) 166,2713 165,7301 165,2699

% Lease pay- :

ment(R) 13,2944 13,5208 13,6126

% Tax

payment 52,1219 53,1477 53,5653

Mining re- }

venue(R) 516.795 968 658 256.520 758 245 248 |

Distributable : ‘J

earnings(R) 115 936 .000 | 161 402 000 | 193 857 000

Share price(C) ‘ '

(ave. yield) 3 834 5 337 6 346

(last yield) 4 625 6 432 7 656

TABLE 7.15 Western Deep’Levels Limited

Components of - Gold Price Scenarios @

Share Price Low ' ~ Medium High

Cost(R/oz) 199,6974 201,8500 203,6807

% Lease pay- , ' '“

ment(R) 6,9222 9,7038 10,5351

% Tax C | _ .
“-lpayment 45,7645 | . -7 49,6706 |- - 50,8850

Mining re- :

venue(R) 552 191 840 691 788 168 788 841 656

Distributable

earnings(R) 72 963 712 {. 115 352 000 144 791 000

Share price(C) -

(ave. yield) 3 006 4 752 5 965

4 139 6 543 8 213
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TABLE 7.16 Winkelhaak Mines Limited

Components of Gold Price Scenarios

Share price Low Medium High
Cost(R/oz) 179,7136 181,7380 183,4598
% Lease pay-

ment(R) 13,3302 13,5096 13,5839
% Tax

payment 52,2809 53,0955 53,4342
IMining re- ' _

venue (R) 191 219 110 | 224 522 814 245 621 174
Distributable |
earnings(R) ‘40 080 962 50 912 874 57 754 731
Share price(C)

(ave. yield) 2 861 3 635 4 123
(last yield) 3 582 4 550 5 161

| With reference to Tables 7.11 to 7.16 it should again be
noted that no attempt to place confidence intervals around
the egéimates has been made, since ;he serial correlation
coefficients for lags of 1 quarfer (see Appendix E) were
found to be excessive in many cases. It is thus suggested
that Contemporaneous expected earningé and exbected share
prices should be computed by implementing MODEL 2 inter-
active]y. Further it should be noted that vastly different
share prices were obtained Using the two'différent yield
scenarios. The reason for this is that the gold shares were
priced at relatively low yields during March 1983, possibly
due to the fact that the market was anticipating a higher

gold price in the short term. These low yield values tend
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to overinflate the predicted share prices for 30 June 1984,
although if the market has the same yield expectations at
30 June 1984 then the predicted share prices may be

realistic.



DIRECTIONS OF FUTURE RESEARCH

In view of the limited fundamenta1.research relating
specifically to gold shares that has appeared in the liter-
ature as well as some of the interesting findings in this
thesis, it is felt further research into Ehis field is
warranted. Further, it is felt that the wealth of literature
in the fields of Findnce and Economicsjcan be implemented
extensively in the gold shafe market using computer-based

and statistical techniques.

With reference to this thesis it is felt that MODEL 2
should be programmed to operate interactively. This would
imply that all current information would be used tore-estimate
not only the estimates of the component§ df MODEL 2, but
would also re-estimate the regression coefficients used to
estimate these components. Further this model should be set
up for the entire universe of gold shares quoted on the JSE
so that it could be viewed as an information service for
investors. The informative output should be presented.in the
form of the expected yields reflected by gold shares so that
investors could chdose whichever share suited  their- personal
yield preferences. It should be noted that in‘this regard-
further research into a method of factoring out the current
unique risk reflected in a share's expected yield could be

researched.
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APPENDIX A

TABLE A.1 : SecuritieS'used‘ih”EffiCiency Study of -Chapter 2

. The Afrikander Lease Ltd.
. Blyvooruitzicht Gold Mining

Co. Ltd.

. Bracken Mines Ltd

4. Buffelsfontein Gold Mining

5. Durban Roodepoort Deep Ltd.

Co. Ltd. i :

6. Doornfontein Gd]d Mining

10.
1.
12.
13.
14.

- 15.
. 16.

17.
18.

19.

Co. Ltd.

. East Rand Proprietary

Mines Ltd.

. Eastern Transvaal Consoli-

dated Mines Ltd.

. Drienfontein Consolidated

Ltd. - :

Elsburg Gold Mining
Company Ltd.

Free State Geduld Mines
Ltd. '

The Groothei Proprietary
Mines Ltd.

Harmony Gold Mining Co.
Ltd.

Hartebeesfontein Gold
Mining Co. Ltd.

Kinross Mines 'Ltd.

Kloof Gold Mining
Co. Ltd.

Leslie Gold Mines Ltd.

Libanon Gold Mining
Co. Ltd.

Loraine Gold Mines Ltd.

20.
21.
22.

23.

24.
25,

26.
27.

28.
29.

30.
31.
32.
33.
34.
35.
36.
37.

Marievale Consolidated Mines Ltd. -
President Brand Cold Mining Co. Ltd.
The Randfontein Estates Gold Mining

fCo. Witwatersrand Ltd.

The South African Land and
Exploration Co. Ltd.

Southvaal Holdings Ltd. ,
St Helean Gold Mining Company Ltd.
St1ifontein Go]d‘Mihing Co. Ltd.

Vaal Reefs Exploration and
Mining Co. Ltd. '

Venterspost Gold Mining Co. Ltd.

Village Main Reef Gold Mining
Company (1934)

Vlakfontein Gold Mining Co. Ltd.
West Rand Consolidated Mines Ltd.
Welkom Gold Mining Co. Ltd.
Western Areas Gold Mining Co. Ltd.
Western Ho]dings Ltd. |
WinkeThaak Mines Ltd.

Western Deep Levels Ltd.

Zandpan Gold Mining Co. Ltd.
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17.
1l8.
19,
20.
21.
22,
23.
24,
25,
25,
27,
28,
29.
30.
31,
32,

34.

41.

Amic

ATL
Barlows
Calan

Fed. Volks
Ind Com
Malbak.

W &A

S.A. Brews
Boumat.
Everite
Grinaker
L.T.A.

M & R
Plate Gl.
P.F. Cemnt.
AECI
Chemkold.
Sentrchem
Rex True
Rex True A
Afcol
Russels
Aberdare
Af Cable,
Afrox

Asea
Claude NE
Cullinan
Doxbyl
Dunswart
Natal Trdg.
Rennezt L
Rennert A
Scot Cabl
Stecelmetl
Stew Lloyd
Uristeel
Asseng.
Curries
Dunlop

Gen Tire
Gen Tire B
McCarthy
Toyota
Kohler
Metal Box
Sappi

* Exceeds the critical value
*2x Puwuraode +Fa rri+rdiecral value

2

: t, . B B t . ; SIMM F test in-
Ay Ay A2 1 2 _B2 R adj F Ratio F Ratio crease in R
.00374  =0.0014  -0.2709  1.0659 - .2182 ~1.0349 .3291 51.146
o031 - 0119 -1.6322 " 4760 .5314 1.8286 .2128 28.532 1937339 3 2550%
-'.0013 - L0004 - .6690  1.2402 .2532 1.0124 .4703 75.248 150. 322 .4351
= 0009 0008 ‘1012 1.1746 .4193 1.2953 .3120 47.336 93.908 .8343
©.009 2 - 0119  ~1.6193  1.5940 = .2036 - .6946 .3327 51.983 102,253 1.4746
10052 -0030 T . 4069 3422 -~ .3538 -1.2096 0110 1.889 2.922%%  .8493
"OL1c - 0028 - .2422 8720 = .5863 -1.2978 .0328 4,234 7.621 - 8690
0097 - 0135  ~1.1353  1.6106 =~ .0358 - .0756 .1727 22.201 43.834 L6443
- .0053 .0050 19666  1.1762 .3577 1.7376 .5440  123.320 243.759 1.8430
- .0013 .0147 1.5118 9566 = .2891 - 7161 1544 19.504 37.398 1.5029
© 0002 . 0059 1.1876 21691 L1162 - .5808 .0234 3,207 5.483 .9236
- .0045 .0112 1.3719 .6889 .0969 .3039 1613 20.505 4G.056 9532
- .0033 - .0013 - .1230 .9687 .4020 .9701 .1550 19.591 38.783 .4852
- .0064 .0026 .3236 19122 .5387 1.7105 .2679 38. 354 75.050 1.5121
0031 - (0011 = .1715  1.0530 - .1531 - L6112 .2658 37.951 76.006 1955
- 0049 10084 1.4013  .5252 1143 .4818 . 1605 23.389 45.714 1.0506
10042 - 0109  -2.1986* .9055 .1845 .9358 -3062 46.106 88. 306 3.0139%
.0001 .0105 1.1910°  .3134 = .6349 ~1.2664 .0066 1.434 1.228%*  1.6509
- .0056 J0014 ©2106 .4490 .69 29 2.6594% 1962 25.830 47.536 3.5451
.0070 - .0005 = .0537 6444 - .3502 -1.0502 .0432 5.388 10.247 5571 -
.0026 .0073 .8210 ‘6124 . - .2801 - L7911 -06139 7.535 14.386 -6993
-0002 10042 4794 1.4082 = .3017 - .8620 22622 37.261 . 74.174 5279
.0007 - .0006 - .0625  1.5901 .2317 .6560 . . 3609 58.773 117.771 2245
- .00157 .0021 J3614 "1s70 . .1107 . .4703 ° 0196 2.803 5.464% ‘1463
.0049 - .0002 = .0426 3100 " - .2641 -1.523 .0251 3.393 5.619%  1.1565
0028 - .0067 - .9739 19335 - .0216 - .0794 .2040 27.079 53.821 4893
.0036 10092.  =1.1120, 27973 .1605 .4882 .1066 13.013 25.268 -7801
10080 - .c103 9565  1.1966  =1.1521 -2.7067* .09413  11.427 18,213 4.3221*
..0052 - .0036 - .4845 4380 - .2182 - .7355 .0156 - 2.383 4.417*  0.3540
" 0025 2 o017 - .2882 16833 '~ .1882 - .7922 1199 14.752 29.258 .3494
.0010 0043, - .5972 16297 - .2189 - .7695 .0935° 11,351 22,242 4975
' o165 = 'Ol18  =1.6739 %9003 -~ .1436 -2,6581% .0543 6.652 8.533 4.6171%%
.0133 - 10127  ~1.9854*  .9099 = .41l2 ~1.6217 - ..1003 12.204 21.138 3.0533*
101681 = .0l76  -2.3627* 7908 - 4499 -1.5165 .03535 4.515 5.274*  3.6764%
.0032 .0085 1.4395 14336 - L4489 -1.9143 .0603 7.342 11.468 3.0757%
.0069 0024 22691 17943 © = .4250 ~1.1840 .0683 8.280 15.811 17701
.0028 - .0068 =~ .8419 .7666 , 4079 11,2693 .1486 18.689 36.084 1.2521
- .0096 0106 1.4512 23642 L4651 1.5728 J1411 17.636 32.964 2.1242
.0039 - .0l16 - =-1.5884 .1605 .1593 5494 0361 4.597 7.688 1.4886.
- .0004 .0026 .3485 .5375 - .0484 - .1608 .07239 8.769 17.539 0884
- 0000 . 0068 L8135 18751 - .3764 -1,1291 L1245 15,358 29,665  1.0536
.0022 . .0003 . .0342 .6897 ~ ,1297 - L4394 .09695  11.781 23,568 .0908
10027 - .0005 = - .0667 7209 = .1356 - .4601 .1023 12,461 24,924 1142
20042 - .0013 = .1650  1.0853 -0591 18786 .2269 30.909 62.078 ~0530
.0036 - .0042 | = .4910  1.3079 .0024 .0072 .2462 34,308 68.789 .1359
.0054 - .0026 ' = .3576 .2970 = .1734 - .6110 .0033 1.092 1.956%*  .2262
.0043 - .0053 =~ .7978 .6698 - .0241 .0907 .1078 13.172 26.099 3447
0071 1.0017 .6348 .1673 5933 22,200 43.843

- .0047

at a 5% siénificance level,
at a 1% significance level.
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24,
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

43.
44.
45,
.46,
47,
3-8

Anic
ATI

+ Barlows

Calan

Fed, Volks
Ind & Com
Malbak.
W& A

S.A. Brews
Boumat.
Everite
Grinaker
L.T.A.

M & R
Plate Gl.
P.P, Cemnt.
AECI
Chemhold.
Sentrchem
Rex True

Rex True A .

Afcol
Russels
Aberdare

Af-Cable

Afrox
Asea
Claude NE
Cullinan
Corbyl
Dunswart

Natal Trdg.-

Rennert L
Rennert A
Scot Cabl
Steelmetl
Stew Lloyd
Urnisteel
Asseng,
Curries
Dunlop

Gen Tire
Gen Tire B
McCarthy
Toyota
Kohler
Metal Box
Sappi

B

- : 3 : P-test in- .~
Ay A, tA2 1 B2 th R” adj F Ratio crease in R2
.0091 - .0063 - .5819 1.2135 - .3913 -1,1529 .3962 40.770 . 8853
.0023 - .0209 ~1.4947 . 8548 .82300 1.8595 .2877 25.394 2.6268
.0028 - .0029 - .2425 ©1.3473 .1024 .2701 .5205 66.977 .0507
.0117 - .0130 ~ 7799 1.4837 . 1669 .3171 «3675 36.193 . 3457
.0047 - .0130 - 9185 1,4636 .0895 .1999 .4254 45.902 .4228
1.0126 .0016 .1044 .5238 - .7040 -1.4955 © .0143 1.638 1.1217
- .0032 .0167 .8606 25277 - .3723 - .6092 .0666 5.099 5076
-, .0063 - .0l128 - .5467 1.2432 .7308 .9881 .2333 19. 315 .6022 -
- .0082 .0029 .2961 1.1035 .5897 1.8531 .6332 106.034 1.8217
.0102 -~ .0045 - .2632 1.2344 - .3644 - .6697 .2186 17.812 .2798
- .0069 - .0l25 1.2804 - .0223 .0903 .2938 .0293 2.588 .9011
- .0l59 0406 - 2,7047** . 4017 - .1739 - .3657 .2436 20,393 3.6622%
- L0136 .0139 ., 6664 7149 4947 .7522 2017 16 165 .5479
- 0070 .0123 .7848 .8944 .2961 .5971 .3346 31. 417 .5112
- .0004 .0194 1,5168 .9499 - .6376 -1,3310 .3330 31.198 1.8761
- ,0058 .0123 1.0338 .5057 .0520 .1386 .2276 18.721 .5663
.00560 - 0215 -2.2664* 1.0108 .2817 .9421 .4091 42.979 2.8371
~ .0075 .0359 2.4564* .1323 - .8260 -1.7917 .0456 3.667 4,2641*
- .0l24 - .0027 - .2186 .2601 1.1742 2.9824 .2638 22.618 4.4231*
. 0207 - .0l40 - .8337 .9947 - .7138 =1,3487 .0601 © 4.654 1,3573
.0077 - .001l1 -’ .0635 .7575 - ".3492 - .6432 .0797 6.039". .2112
- .0l20 .0203 1.2334 1.0904 - 1342 - .2592 .3534 34.096 .7704
.0076 - .0046 - .2548 1.7495 - .0075 - .0133 . 4278 46. 365 .0425
- .0le&3 *.0287 2.7528%% - 2496 .2149 .6539 °° ,.0689 5.267 4.1627*
.0032 .0072 .7504 .2652 ' - ,3815 -1.2592, T, .02778 2.492 .9997
.0013 - ,0106 - .8446 .9505 .1325 .3348 £ .2860 . 25,187 .3914
- .0004 - .0056 - - .3368 .7166 .2925 - .5610 .1526 11..735 . 2007
.0036 .0241 1.1874 1.0845 -1.3359 -2,0885% .1244 9.419 2.6919
- .0068" “0173 1.1667 .1425 - .184% - .3959 .0280 2.510 .7250
- .0024 .0200 1.6371 .5662 - .5571 -1.4467 . 1696 13.207 2,1946
~ .0017 - .0051 .3938 .5547 - .1307 - ,3189 ce1322 10,039 1112
.0159 ~ .0069 - .5949 .8748 - 8679 -2.372* ".0912- . 6.869 3.1146%*
.0039 - .0031 - .2676 6654 - ,1507 - .4168 ©.1587 12,255 .1299
.0099 - 0226  ~-1.6509 6199 .0670 .1554 .0479 3.819 1.3526
- .0090 .0296 3.1458%* .1220 - .3862 ~-1.3036 +1357. 10.329 5.4826%%
.0l08 - .0204" -1,2722 . .9066 - .0000 - .0001 +1096 | 8.256 . 8050
.0100 - 0153 - .9950 .9491 .2358 .4865 .2026" 16.250 .5789
- .0275 .0229 1.6979 - .0825 1.0606 2.4953 .2245 18. 405 4.9191*>
- .0051 .0045 .3234 .2294 «20307 .4585 .0527 4.140 .1667
- ,0007 - .0082 - .6059 .5307 +2626 .6187 111487 8.667 + 3569
.0069 - .0203 -1.3024 1.0573 .0156 .0317 1746 13.654 8538
- .0044 .0002 . #0153 .5304 2227 .5119 .1483 11.374 " .1284
- .0091 .0143 1.0087 .4274 0674 1506 .1523 11.712 .5303
.00845 -~ ,0ll2 = .7057 - 1.19496 .0752 . .1499 .2765 24.072 .2519:
.0015 - .01135 =~ .7312 1.2678 .3295 v .63966 +3343 31.378 .4380
- .0027 .0139 1.0289 ,0969 - .2058 - .4820 .0107 1.410 .6140
- .0020 .0089 .7179 .5262 - .0656 - ,1672 .1704 13,2819 .2636
- .0ll4 .0118 .8704 .4722 «3920 .2393 19.940 .0933
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Amic.

ATI
Barlows
Calan

Fed. Volks
Ind & Com
Malbak
WeaA .
S A Brews
Boumat
Everite
Grinaker
L.T.A.

M & R
Plate Gl.
P.P. Cemnt.
AECTI
Chemhold.
Sentrchem
Rex True
Rex True A
Afcol
Russels
Aberdare
Af Cable
Afrox
Asea
Claude NE
Cullinan
Dorbyl
Dunswart
Natal Trxdg.
Rennerxt L
Rennert A
Scot Cabl.
Steelmnetl
Stew Lloyd
Uristeel
Asseng,
Curries
Dunlop

Gen Tire
Gen Tire B
McCarthy
Toyota
Kohler
Metal Box
Sappi

A, A, ta, B, B, tB, 2 adj F Ratio- grzizg‘ig R
. 0007 . 0006 ~1.4454 .9308 .0805 .4512 L3116 39.792 L1249
.0032 . = ,0027 -' 5176 L9263 . .1520 .6528 .2101 23.684 .3049
.0007 .0004 ~ .0821 1.2757 L2619 1.2694 .4077 60.103 .E130
.0032 .0017 .2783 1.3383 L0061 .0226 .2811 34.479 L0479
L0015 L0016 - .2981 1.3089 . 1394 .5776 . 3301 43.258 .2054
- .0012 .0107 2.1367% .2207 - .2616 -1.1819 .0199 2.502 2.6323
.0003 .0195 2.296 * .7409 ~1.0838 ~2.8941% .0560 5.8667 5.8849%%
.0006 .0011 .1320 1,3966 -~ 0662 ~ .1702 L1646 17.744 .0206
.0014 .0004 - .1148 1,3728 L1219 L7219 .5273 9€.944 .2547
L0017 .0088 1.2239 1.1263 - .3896 -1.2181 L1516 16.161 1.2772
.0011 .0008 L2232 L1224 L1166 L7361 .0095 1.574 .3299
.0003 .0076 1.2578 .8929 - L0844 - .3158 .1553 16.609 . 7942
- .0033 ..0031 . 4079 L9427 .2812 .8428 L1312 13.780. .5148
- .0019 .0068 1.1403 1.1516 - .3139 ~-1.1904 .2316 26.743 1.1639
- .0023 .0083 1.7778 .8892 .1480 7144 .2657 31.954 2.1081
- .0016 .0048 1.1349 .6255 - .0736 - 3771 .1544 16.503 .6917
L0036 .0063 ~1.7361 .8903 - .2318 =1.4564 .2927 36.442 3.0394%
.0018 .0001 .0059 .1487 .1891 . .4419 .0045 L3611 L1027
.0023 . O00L .0352 .7694 -~ .1742 - .8289 L1542 16.479 L3661
- .0031 .0134 2.1B00% .4528 . 2667 L9862 L0419 8.4426 3.2972%
- .0039 .0145 2.1631 .4449 L6191 2.0991% . 1007 10. 404 §.4124%%
- .0011 .0044 .6950 1.3769 - ,2414 .~ ,8578 L2641 31,708 .5142
- .0033 .0138 2.1534% 1.5775 - .0984 - .3492 .3516 47.529 2.3080
- .0012 .0026 .5983 L1549 L1274 .6562 .0l18 1.779 .4699
.0013 .0023 .6348 .1740 .0816 .5599 , .0265 3.098 L4771
.0006 .0059 ~1.1869 L8224 ,0232 .1051 " L1722 18.696 .7064
.0006 .0031 - .5140 L7312 . 1069 " .4082 .1102 11.431 .1739
L0011 .0012 .1508 .7699 - .3237 .9418 .0886 9,136 .4907
©,0007 .0012 L2267 . 3039 - .1269 - .5231 .01288 1,875 .1568
- .0021 .0015 .3590 .5316 - ,0181 - .0976 L1117 11,5995 0775
.0011 - .0034 .6574 .6878 - .3377 -1.4774 .1027 10.617 1.1884
.0057 . 0004 L0745 L5905 - .6208 -2.6548% " .0607 6.324 3.5891*
~- 0015 L0092 1.9513 .521¢% - .2519 ~1,2113 .0895 9,2326 2.3048
- QLo022 .0114 2.1268* .3083 - ,2117 - .8928 .0317 3.5766 2.4159
.0033 .0012 .2759 L3223 . ,1234 L6411 .0482 5.1204 .2891
L0051 .0029 - .4588 .6084 - .2451 ‘- ,8825 .0502 5.3131 . .5795
.0037 .0057 .3816 .1286 .2531 1.7369 .1678 18,1523 1.7155
.0019 .0044 - .8509 7224 - .0BOS - .3451 .1157 12,0310 .4862
- .0028 .0022 L4146 .3279 - .3166 =1,3751 ,0159 2.1521 ,9614
- .0048 .0081 1.6823 .3614 .3725 1.7508 .0940 9.701 3.5121*
- .0015 L0015 .2493 .8128 - .00E9 - 0344 L1334 14.0284 .0198
- .0050 .0125 2.3578* .6114 - .3542 -1.5104 .0989 10.2133 3,4165%
= ..0046 .0099 1.8976 .5786 - 0747 - .3251 . 1037 10.7291 1.8038
.0013 .0081 1.4527 1.0262 - .2253 - .9310 L2119 23.9475 1.2877
.0022 . 0009 1427 1.3332 - ,2238 - .8130 . 2550 30.2731 .3232
- .0014 .0057 1.1058 .0288 L2662z - 1.1752 .0058 1.2524 1.5396
. 0006 .0025 .5168 .5656 .0394 .1875 .1071 11.0984 L1734
.0009 £003. =~ .0648 .7876 - .0122 - .0530 .1528 16,3060 .0203
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ATI
Barlows
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Everite
Grinaker
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P.P. Cement
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F test in-

Ay Ay ta, 31 By B, R F Ratio crease in R2
L0019 .0135 L6642 .9277 - ,1996 - .6567 .5502 27.525 .3067
.0095 .0174 .5998 .8938 - L4325 - .9968 .3195 10.565 .51661
.0037 .0214 .7588 1.3509 - ,0552 - .1308 ©.6125 35.567 .2986
.0195 .0229 - .5948 1.4013 L1987 L3461 L4293 16.923 L1871
.0147 .0101 .3549 1.6209 - 6729 -1.5818 .5903 -32.418 1.2708
.0089 L0371 1.0549 .3849 - 4465 - .8493 L0645 2,079%% .6659
.0297 .0077 = .2241 1.0724 - ,4193 - .8lol .2681 8.2435 .4864
.0368 .0026 - .0534 1.8509 -1,0813 ~1.4668 . 3264 10,903 1.2816
.0046 .0031 . 1372 1.1673 L2713 .7987 .6642 44,497 .4373
.0085 .0676 1.8280 .8986 -~ ,2897 - .5244 .3837 14.010 1.6679
.00C6 .0064 .2518 .0992 .3084 . 8l104 .0733 1.779%* . 5090
.0174 L0571 1.6528 .6449 .0341 L0661 .3434 11,769 1,6266
.0063 .0046 - .1274 .9763 .1%07 . 3512 .3267 10.917 .0595
0033 L0114 . 3506 1.2333 - 0664 ~ .1366 .4768 20.50 L0681
.0038 .0220 .85653 1.3342 - ,3334 - .9075 .6323 38.698 .5809
0049 .0201 .6878 .7408 -~ 0664 - .1526 L3271 10.935 L2447
.0086 .0189 - .99%41 .7882 - ,0574 - .2023 . L4216 16.3976 L6847
.0058 .0355 -1.1657 .6109 °  ,5154 ° 1.1341 , 2201 6.348 L9471
.Q095 .0204 - .7913 = -8049 L2719 .7076 "..3749 13.499 .4058
.0352 .0l24° .2629 1.1079 - ,9222 -1,3093 .1533 4,075 .8777
.0063 .0317 " . 7365 .8643 -~ 1431 - .2227 .2412 7.151 L2697
.0106 .0118 .2977 1.1913. . 0802 .1350 .3884 - © 14.290 .0800
.0140 0290 - .7810 1.6730 . 3610 .6508 .5482 27.299 .3742
.0186 .0222° .7098 .0500 .4375 .9383 .0973 2,425%%  1,0944
L0199 ,0222 -1.0919 .4635 .0203 0669 ¢ 1583 4.233 . 6609
.0097 .0448 -1,7192 .7158 9473 . 2.4363* .4294 16,931 3.2989%
.0022 .0055 .1313 «7528 - 1434 - .2275 .1494 . 3.9522 .0262
0031 .0744 2.0221% .9249 - 9973 -1.8151 ..2990 9 .598 2.6535
.0326 .0539 -1.5470 .6536 - ,1661 ~ .3192 .0693 1.674*%  1.6639
.0031 .0452 1.5443 .8979 - 9029 ~-2,0658% . 3140 10.299 2.4391
£0187 ©0205 .6109 - .8148 .5788 1.1506 .4354 17.348 1.2926
.0151 .0370 1.3838 <7364~ ,7245 ~-1.8144 .2724 8.426 l.9021
.0307 .0085 - .2688 .9965 - 6162 ~-1.2999 .2305 6.738 1.1739
.0266 .0113 .3397 «7965 -~ ,8000 -1.6062 . + .1451 .3.820 1.3169
.0136 . 0500 1.8669 «5609 -~ ,7813 ~-1.9514 L2124 6.067 2,6159
.0337 .0374 - .8803 . .8399 .0297 .0468 L1273 . 3.283 .42833
0170 .0527 -1.5431 «9496 .7399 1.4507 .3436 - 11.774 1.6065
.0135 .0002 .0080 .6537 .5937 1.4309 -.4036 15.224 1.1938
.0163 .0905 2.3379% «2165  -1.1161 -1.9315 .0894 2.208 3.3279*
.0101 .0413- 1.4088 .6533 -~ ,3001 - ..6862 .2966 . 9.488 .99325
.0125 .0131 .4083" .7913 .0603 To.1254 .3165 10.4189 .13021
.0005 .0608 1.89¢94 . 8879 - .9645 -2,0180* . 3085 10.039 2,7478 -
.0031 L0682 2,0307* .9818  ~1.1738 ~2.3423 .3180 10.492 3.4647%
.0303 .0058 2039 1.5334 - .5656 -1.3256 .5645 29,169 .9196
.0025 .0148 . 3804 l.0402 . 0327 - .0561 . 3265 © 10.905 .0793
.0230 .0266 <7719 .7326 - .9403 -1,8272 L1299 3.361 1.6519
.0124 .0135 - 4453 .8216 L0431 .1079 .2761 8.579 .1045
0066 - .0525 1.7983 .6059 . _6236 =-1.4295 .2441 7.2649 1.9191
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TABLE E.1 : Serial Correlation Coefficients for
' lags of 1 quarter

S €Cost. | Production | Capital Expenditure
"~ [B1yvoor 0,4385 | 10,5999 | 0,7982
lerootviei |0,4520| 0,8602 ° 0,8277
~kinross 0,7367 | 0,8789 | 0,8192.
~ Jktoof | 0,7651] 0,8665 0,8016
- Westdeep | 0,5653| 0,7737 | - 0,8804
Winkelhaak | 0,8066 | 0,9141 0,9329
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