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1. 1 

CHAPTER 

INTRODUCTION AND SUMMARY 

Gold has.traditionally been a highly· prized metal, .stored 

for value and used in the manufacture of ornaments and jewel­

lery; its use dates as far back as the Ancie~t Egyptians. 

Since August 1971, however~ when the dollar/gold converti­

bility was officially terminated, the price of gold bullion 

has become very volatile, but has also increased so rapidly 

that the attractive profits that were 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. Th~ following quotation 

extracted from the Supplement to the Financial Mail (May 30 

1980) emphasizes this point with--some cynicism. 

"Gold: A yellow metal gll.ea.tly pll.i~ed 6oll. i.t-0 eon­

venien~e ~n .the vall.iou-0 kind-0 06 ll.obbell.y lnown a-0 

.tll.ade. The woll.d wa-0 6oll.mell.ly -Opelled 'God' - .the 

'l' wa-0 in-Oell..ted .to di-0.tingui-0h 1..:t. fill.om an.o.thell. .... 

deity. Gold i-0 .the heavie-0.t 06 all .the me.tal-0 ex­

eep.t platinum, and a eon-0ideJLable amount 06 i.t will 

-Oink a man -00 mueh moll.e quickly and deeply .than 

platinum .that .the lat.tell. i-0 made in.to li6ebel.t-0 and 

u-0ed a-0 a li6.ting powell. fioJL ealloon-0. BJLi.ti-0h gold, 

an imaginall.y metal gJLea.tly u-0ed in .the manufiae.tuJLe 
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06 Ame~lcan t~alto~~ to the p~t~lotlc axiom that 

two and two a~e 6lve." 

Investors interested in the gold market need not, however, 

hold a physic~l stake in gold to enter gold related markets, 

but can speculate in investments such as gold shares and 

futures markets as well. It is indeed surprising that so 

little research in these markets has been published to date, 

especially in the South African context, since not only has 

the gold share sector on the Johannesburg Stock Exchange 

attracted vast sums of money from foreign and local investors 

alike, but the entire South African ei~~~~Y 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 
' valuation of gold shares. 

In Chapter 2 the well known concept of marke~ efficiency 

is tested for the gold share market on the JSE using three 

different statistical tests. The tests were conducted over 

both hull and bear phases of the gold share market separately 

as well as over the periods partitioned according 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 partitionings had any significant difference 

in the degree of efficiency, however, in general the gold 

share. market was found to be more inefficient than might' be 

assumed from previous studies. Although inefficiency was 

found, the magnitude of the non-random behaviour exhibited by 

the relevant 11 inefficient 11 gold shares was thought to be too 

small to discard the concept of an efficient gold share 

market. 

Chapter 3 includes a theoretical discusiion on the market 

model as well as the Markowitz approach to ·portfolio selection, 

incorporating empirical studies on the JSE. A study on beta 

coefficients show that betas do not differ significantly over 

bull and bear markets on the JSE while a study based on 

portfolio selection between the various sectors shows the 

relative importance of ~old shares for po~tfolio selection 

over past periods. A further study on portfolio selection 

based solely on gold shares show~ 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 Kruger Rands do 

not exhibit desirable portfolio selection qualities. 

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 sophisticated 

version of the first. 
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The components of gold mine profitability are discussed 

in detail in Chapter 5 and specific attention is given to 

factors influencing the gold price. Regression techniques 

are applied to estimate costs, capital expenditure and pro­

duction of gold mines. It was found that good estimates of 

costs were obtained using the regression technique. The 
. 

sophfsticated policy of gold mine tax and lease payments is 

also discussed here. 

' In Chapter 6 the two models proposed in Chapter 4 are re-

searched using estimates of the components obtained in 

Chapter 5. The models were viewed in terms of the "implied 

gold price 11 reflected by a gold share at given yields. It 

was found that the first model was ~isspecified but that the 

second more sophisticated model performed well over the period 

under study. Further th~ second ~odel wa~ used to determine 

weekly yields over the last four years. The slight decrease 

in the trend of these yields .in~jcate that investors tend to 

view gold shares as being a less risky investment than in the 

past. Frequent short term-fluctuations ih yi~ld from the 

general trend were found·to.persist in the gold shares re­

searched. A trading rule was thus formulated,- where 11 buy 11 

and 11 sell 11 signals were based on these short term fluctuations 

from the general trend~ It was found that five of the six 

mines researched here showed.substantially superior profits 

using this trading rule overa naive 11 buy and hold 11 policy 

for the past three years. It is felt, ho~~ver, 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 length of the moving averages 

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

Estimates of earnings per share as well a~ 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 vieweq. The major 

thought here is that the sec~nd model should be used inter­

actively so that problems of obtaining out-of-period esti­

mates can be avoided. 

All computer-based work was performed on the University 

of Cape Town's UNIVAC 1100 computer. BMDP P1R and P2R 

packages were used for all the regression analysis in this 

thesis and all other programs used for empirical computations 

in this thesis were written in the FORTRAN language. 

\ 
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CHAPTER 2 

MARKET EFFICIENCY AND EMPIRICAL RESULTS 
ON THE JOHANNESBURG STOCK EXCHANGE 

2.1 Introduction 

The concept of market efficiency has received a lot of 

favourable attention in recent literature. 

Stern (1977) defines market efficiency in the following 

way: 

"On.e c.a.11 c.a.ll a. c.a.pi.ta.l ma.Jz.k.e.t e6 6ic.ien.t i6 ( 1) 

.6 ec.u.Jti.ty pJz.ic.e.6 a.lwa.y.6 '6 u.lly nefilec..t' a.va.ila.ble 

in.fioJz.ma..tion. de.teJz.min.in.g a. c.ompa.n.y'.6 i11.tJz.i11.6ic., oJz. 

fia.iJz., ma.Jz.ke.t va.lue, a.n.d (2) 110 inve.6.toJL.6 in. .the 

ma.Jz.k.e.t ha.ve a. monopoly 06 pJz.ic.e .6e11.6i.tive 

in. 6 a Jz.ma..tio 11. " 

The i mp l i cat i on of market e ff i c i ency for tee h n i cal anal y st s 

is pointed out by Stern (197j) who continues 

"The .two c.on.di.tion..6 .toge.theJz. imply .tha..t inve.6.toJz..6 who 

employ .tJz.a.din.g Jz.u.le.6 .to .6elec..t i11ve.6.tme11.t.6 ba..6ed 011 

a.va.ila.ble i1160Jz.ma..tio11 c.a.11110.t ou..tpeJz.fioJz.m a. .6imple bu.y­

a.n.d-hold- polic.y." 

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: 

"I 6 c.ap.i:tal maJz.k.e.:t.6 aJz.e. e.6 fi.ic...ie.n:t, :the.n puJz.c..ha-0 e. oJz. 

-0ale. 06 any -0e.c.uJz..i:ty at :the. pJz.e.va.il.ing maJz.k.e.:t pJz..ic..e. 

.i-0 a ze.Jz.o ne.:t pJz.e.-Oe.n:t value. :t:Jz.an-0ac..:t.ion." 

Clearly then, price changes in an efficient market will be 

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

"I6 pJz..ic..e..6 alway-0 Jz.e.file.c..:t all Jz.e.le.van:t .in6oJz.ma:t.ion, 

:the.n :the.y w.ill only c.hange. whe.n ne.w .infioJz.ma:t.ion 

aJz.Jz..ive.-0. But ne.w .infioJz.ma:t.ion c..anno:t by de.fi.in.i:t.ion 

be. pJz.e.d.ic.:te.d ahe.ad 06 :t.ime. (o:the.Jz.w.i-0e. .it would not 

be. ne.w .infioJz.ma:t.ion). The.Jz.e.fioJz.e. pJz..ic.e. c..hange.-0 c..anno:t 

be. pJz.e.d.ic..:te.d ahe.ad 06 :t.ime.. To put .it ano:the.Jz. way, 

.i6 -0:toc..k. pJz..ic..e..6 alJz.e.ady Jz.e.6le.c.:t all :that .i-0 pJz.e.­

d.ic.:table., :the.n -0:toc..k. pJz..ic.e. c..hange.-0 mu-O:t Jz.e.file.c.:t only 

:the. unpJz.e.d.ic..:table.." 

According to Brealey and Myers (1981) the con~ept of effi­

cient markets was a chance discovery by Kendall, who in 1953 

met with the Royal Statistical Society to discuss one of 

Kendall 1s papers (c.f. Kendall (1953)) concerning the behaviour 

of stock and commodity prices. Brealey and Myers (1981, p.257) 

continue: 

"Ke.ndall'.6 puJz.po-Oe had be.e.n :to -Oe.paJz.a:te. out Jz.e.gulaJz. 

pJz..ic..e. c.yc..le.-0, but :to h.i-0 .6uJz.pJz..i.6e. he. c..ould not 6.ind 

any -0uc.h c..yc..le.-0. Eac.h -Oe.Jz..ie..6 appe.aJz.e.d :to be. 'a 

"wande.Jz..in.g" one., almo-O:t a.6 .i6 onc..e. a we.e.k. :the. Ve.mon. 
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06 Chance d~ew a ~andom numbe~ .... and added it to 

the eu~~ent p~iee to dete~mine the next week'-0 p~iee.' 

In othe~ wo~d-0, p~iee-0 -0eeme.d to 6ollow a ~andom 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 least efficient in the weak 

form. 

2.2 The Random Walk Model 

The random walk model has been widely discussed in the 

literature. For a more detailed discussion, the full impli­

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

The model can be formulated as: 

Pt = Pt-1 + et 

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

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

(ii) et and es are independent for all s ft. 

Several forms of the random walk model have resulted in 

the literature 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 

are: (i) second order martingale - if et and es are 

uncorrelated for all t f s 

(ii) strict random walk - if et and es are inde­

pendent for all t f s 

(iii) a Wiener process - if et and 

dent for all t f s and the et 

tically normally distributed. 

es are indepen­

are all iden-

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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instead of the model et= Pt~ Pt_ 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)). 

Secondiy, Gra.nger 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. Competition among 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 competitive 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 cruss-section of shares listed on the 

JSE. The study involved testing the correlation between the 

et and es for t t 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 

standard 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 researchers 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 Shares on the JSE 

Since the behaviour of gold sh~res 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. 
Interva 1 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 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. Firstly, 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. Secondly, 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. 

Effi~iency Tests 

Three statistical tests were used on the data: 

1. The Runs Test 

A run is defined to be ft sequence of sign change~ of the 

same sign (logarithm 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 price changes are good estimates of th~ 

population proportions, then under the null hypothesis of 

independence, the total expected number of runs is 

where T is the total number of observations; 

( 2 • 1 ) 

t. for 
l 

i = 1 ,2, or 3 is the total number of positive, negative and 

zero changes in the sample respectively. The variance of 

m is 

cr2 = l~=1ti(l~=1ti+T(T+1))-2T~~=1ti-T 3 

m T2 (T-1) 
( 2 . 2 ) 

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

mally distributed (Wallis and Roberts). The test statistic 
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used was 

K = (R+~-m)/crm 

where R is the number of runs observed (headed: 11 ACTUAL 11 

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

and m is the expected number of runs (headed: 11 EXPECTED 11 

in the tabled results. The test for independence was per­

formed at a significance level of 0,10 in this study. The 

tabled result of the test is headed: 11 DEPENDENCE 11
, where a 

11 N0 11 indicates there is 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, Q · s ' 
where 

E{(Ut-O)(Ut+s-0)} 

E(Ut-0) 2 
( 2. 3) 

0 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)): 

rs = tT 
lt=1 

/(T-s) 
( 2. 4) 
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The above statistic appears in the tabled results in columns 

headed: 11 111
, 

11 2 11
, ... ,

11 7 11
, for differencing intervals of one 

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

The column headed 11 S.D. 11 contains an estimate of the 

standard deviation of rs, computed using the formula 

(c.f. Anderson (1942)): 

var(r ) = (n- 1 ) 
s (n-2)2 

( 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)) 

( 2 . 6 ) 

where r 
s ( k ) 

is the empirical autocorrelation coefficient 

computed using equation (2.4) where k = 1,2, ... ,7. For h 
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sufficiently large Box and Pierce showed that Q is distri-

buted as 

The Q values will be shown in the column's headed 11 Q11 

in the tabled results. (These values are compared to 
2(0,10) 

X7 _ 1 = 10,645 .in this study and all values exceeding 

this limit imply the null hypothesis of zero autoiorrelation 

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 
I 

shares quoted on the JSE. 

The 37 gold shares do not represent a random sample of 

all the quoted gold shares but were £hosen as only the data 

for these shares was at hand over the desired period. 

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 th~ financial rand discount in 

February 1983, foreign investors had access to gold shares 

listed on the· JSE at a discounted price via the financial 
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rand discount (formally introduced in January 1979). Hence, 

two markets 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.e4 for 

local 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 adjustment. Both data 

sets covered the period from 2 January 1979,when the financial 

rand was first introduced, to 31 December 1981 (i.e. 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 using the three different statistical 

tests. Table 2.3 and Table 2.4 show.the detailed statistics 

obtained using the runs test for lo~al 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 simultaneousl.y tested at the 10% 

level, 7 or 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-random 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 only 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,µ= np and 0 2 = npq. 
At a 5% significance level the test statistic becomes 
np + 1,64/npq i.e. 6,693. 
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TABLE 2.3 Financial Rand Period 

CUR AC .L XPECTE 
1 97.00 9 1. 4 5 
2 8 l. 00 79.65 
3 74.00 0 3. 8 1 
4 70.00 a 1 . 7 a 
5 76.00 87.09 
6 79.0<) 82.03 
7 79.00 88. 96 
8 8·7. 00 87.30 
9 8'3.00 83.01 

10 80.00 82.82 
11 84.00 85.0S 
12 . 7 1. 00 8 1 . 0 4 
13 87 .. ¢0 £3.81 
14 78.00 82.03 
15 86.00 8 6. 19 
16 91. 00 83. 1 8 
17 8 1 . 00 91. 18 
IS 96. 00 85.66 
l 9 8 4 . 00 87.74 
20 82.00 86.39 
21 78.00 83.84 
22 82.00 86.70 
23 73.00 87. 96 
24 . 82.00 84.70. 
25 9 1 . 00 86.65 
26 76.00 83.09 
27 74.00 8 3. 18 
28 80.00 86. 56. 
29 80.00 91.39 
30 82.¢0 91.79 
31 75.00 87.01 
32 70.0<) 84.32 

- 33 86.00 85.73 
34 80.00 86.88 
35 72.00 79.74 
36 87.00 85.82 
37 86.00 9 I. 2 5 

AYER AGES 80.97 85.59 

TABLE 2.4 Financial Rand Period 

1 
2 

.3 
4 
5 
6 
7 
8 ' 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 . 
20 
21 
22 
23 
24 
25 
26 
27 .. 
28 
29 
30, 
31 
32 
33 
34 
35 
36 
37 

AVERAGES 

. 83: 00 
74. 00 
77. 00· 
7 9. 00 . 
73.00 

·79_00 
77.00 
8 '3-. ¢ 0 
80.¢0 
85.00 
77 :oo. 
83.00 
79.0¢ 
77.00 
97.00 
76.00 
81. 00 
71.00 
7 1 . 00 
74.00 
83.00 
74.00 
80.00 
79.00 
67.¢0 
74.¢0 
71. 00 
70.¢0 

.75. 00 
7 () :oo 
77.00 
81. 00 
77.00 
7 1. 00 
76.¢0 
83.¢0 
77.76 

EXPECTEu 
' . 
76.95 
76.64 
76.-13 
78.44 
76.43 
77.36 
76.70 
77.79 
78.26 
76.70 
76.43 
77.53 
76.43 
76.70 
76.70 
7 a. o s 
7 6. 13 
77. 53 
7 7. 1 7 
75.08 
77. 68 
75.81 
77. 1 7 
77.36 
74.68 
75.45 
77.36 
76.96 
76.70 
77.53 
76.70 
77.53 
77.53 
7 7. 1 7 
77.63 
76.95 
76. 96 

Local· Investors 

OBA 
.85186 NO 
.62389 HO 
.05438 NO 
.02649 YES 
. 0 34 08 YES 
.33555 HO 
.05143 HO 
.51397 HO 
.86311 NO 
.34748 HO. 
. 46274 NO 
.05206 HO 
.73787 NO 
.27668 HO 
.52092 NO 
.92591 HO 
.04662 YES 
.55683 NO 
.29006 NO 
.25243 NO 
. I 74 96 NO 
.23660 NO 
.0¢630 YES 
.34767 NO 
. 7 '196<1 NO 
.12203 HO 
.06563 NO 
. 15002 ~I 0 
.02986 YES 
.05145 NO 
.02515 YES 
.00899 YES 
.55317 ti 0 
.13516 NO 
.11287 NO 
.61271 HO 
.2¢304 NO 

Foreign Investors 

.85863 

.35721 

.58982 

.56838 

.31438 

.63621 

.55226 

.97117 

.64361 

.92609 

.57020 

.83419 

. 6 "3 '3<1 

.55226 

.99969 

.3~908 

.81329 

.16320 

. 17705 

.46130 

.82788 

.41400 

. 706'3? 

. 63621 

.11258 

.43658 

.16952 

. 139 99 

.42168 

. 126 29 

.55226 

.74069 

. 4 9 7 89. 

.177()5 
• 4 24 32 
.S58l>3 

t 
NO 
NO 
NO 
NO 
HO 
NO 
NO 

YES 
NO 
HO 
HO 
NO 
NO 
HO 

YES 
NO 
NO 
NO 
MO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
HO 
NO 
NO 
HO 
HO 
NO 
ti 0 
NO 
NO 



TABLE 2.5 Local Investors Financial Rand Period 

EMPIRICAL SERIAL· CORRELATION 
LAGS IN PERIODS OF 1 WEEK 

S. D. Q SHA R~ 1 2 3 4 5 i:; 7 1 . -.05848 .06593 :09(177 . 09608 .00639 -.01627 -.00235 .08138 3.93467 2 ·-:11195 . 02335 -.02929 ,(13122 .02744 -.03815 -.01833 .08138 2.68823 
3 . 10038 .05146 .029'36 .•)3811 .04653 -.13085 -.12072 .08138 7.53600 
4 .01227 -.02848 .04247 .01303 . 19780 -.09139 -.06910 .08138 8.49894 
5 .17700 .02597 . 10490 -.04031 . 14705 .•J1932 .03118 .08138 10.41117 
6 -.08484 -.05877 . 12229 -. 13721 .04534 -.04813 .06200 .08138 8.10800 
7 .. 18902 .20012 . 18057 .02742 . 16606 .03589 .07458 .08138 22.10801 
8 .00745 .00349 .(>3866 - .. 00380 .00115 .01077 -.00430 .08138 .26366 
9 -.20844 .0()443 .005:30 -.01308 . 12568 -.05625 -.01745 .08138 9.69211 

1 0 -.00845 -.05401 . 04576 .06138 .170'~9 .09480 .01373 .08138 7.27840 
1 1 .09208 -.04079 . (>5734 . 1)1561 .20782 -.00706 -.01576 .08138 8.80.2&9 
1 2 .10827 -.•J7684 .07283 .00808 .08039 .02944 -.09007 .08138 5.91969 
1 3 -.¢3556 . 0-7348 .03836 -.02852 . 16091 -.04478 -.05797 . 08 1 '.38 6.19168 
1 4 ;;..0?310 . 18098 .01302 .\>319? .11395 -.09121 -.07480 .¢8138 10.19316 
1 5 -.03015 -.05858 .02189 .04365 . 19690 -.15914 -.04285 .08138 11.18943 
1 6 -; 19409 . 00979 . 11820 -.08218 . 14564 -.07092 .07620 .08138 13.94253 
1 7 .03522 .02.194 -.·~3586 .02570 . 15378 -.11881 .03110· .08138 6.52966 
1 8 . 00 1 95 -.01470 .02062 -.03415 . 16674 .03116 -.05775 .08138 s-. 22354 
1 9 .14190 .08439 . (>9232 .00947 . 18689 -.00480 .06069 .08138 11.4?346 
20 .17355 -.010~6 .08712 .09919 .05564 -.03489 -.03513 .08138 &.19530 
2 1 .02573 -.05208 .00751 .•:)6832 .14210 -.00638 .08484 .08138 5.47159 
22 .02790 -.05529 .00442 . •)?065 .07723 -.11462 -.05080 .08138 4.70139 
23 . 1(:,5 71 .09788 .04497 .09309 . 11170 .03354 .05062 .08138 9.83952 
24 -.03831 -.04798 . 06 0 78 -.00629 . •)8454 -.06138 . 05591 .08138 3.32814 
25 .08457 -.05109 -.0?566 . (l(l(>72 .14131 -.04531 -.0:)4105 .08138 6.03564 
26 -.01225. .09'3€.? .•)1198 . 12 6 20 .06270 -.00261 .04641 .08138 4.96592 
27 .08562 ·-.07001 , . 03243 . 11643 .11721 -.17416 .06727 .08138 11.61656 
28 .04004 -.0()876 .05104 .<J1335 . 15 8 20 "06673 -.06089 .08138 5.80039 
29 . 10691 .·~9763 .01176 ,1')7783 .20037 -.05292 -.03055 .08138 10.'33956 
30 . .03190 .07115 . ()5 0 16 -.00965 .05361 -.03722 .03'366 .08138 Z,,, 23633 
3 1 .21225 .08785 .02583 -.06590 .09415 -.0?670 .06902 .08138 . 11. 90251 
32 .12794 -.08494 -.02338 . 040'~8 . 184 ·l 7 -.06148 -.06503 .08138. 10.43145 
33 .03066 . ')3950 -.•,4398 .04964 . 24 ~.no -.¢1577 .03676 .08138 10.53005 
34 .08794 -.06243 -.06451 .11262 . 14155 -. 10302 -.08161 .08138 10. 13120 
35 .04865 -.07022 -.03702 -.•)2174 . 12486 -.11827 -.04522 .08138 6.27763 
36 .(J246G .039'39 .05064 -.02225 .09874 -.03266 -.02587 .08138 2.57958 
37 .03689 .08807 .02237 . 06827 . 179 33 -.10907 -.•)3602 .()8.138 . 9.18353 AVERAGE .03570 .01408 .03370 . 02363 . 12486 -.04331 -.00659 

N 



TABLE 2.6 Foreign Investors Financial Rand Period 

EMPIRICAL SERIAL CORRELATIOH 
.. 

LAGS .I t·I PERIODS OF 1 WEEK 
S. D. Q SHt:lR!=' 1 2 3 4 5 6 7 

1 -. 10099 .11894 . 006:31 . 11588 -.02980 -.00144 -.00407 .08138 5.96396 
2 -.11798 .02822 .05958 -.05039 .05540 -.14764 .02343 .08138 7.11809 
3· -.01372 .09529 .02824 .03702 .00738 -.15470 -.07804 . 08138 6.39306 
4. ..:.01053 .02518 .06327 -.0?349 .17464 -.21247 -.07045 .08138 13.97582 
5 ·. 12751 .05027 . 113 26 -.10134 .17027 -.05226 .05727 .08138 11.34087 
6 -.07846 -.01654 .09670 -.10091 .00933 -.11163 .. 06112 .08138 6.50631 
7 . 12546 . 17741 .16159 -.02'.363 .18217 -.•H952 " 02 6 03 .08138 16.70112 a .-.05987 . 03524 .03231 -.01640 -.03375 - .. 02786 . .00641 .08138 1.2-4672 
9 ~.20512 .09588 ,.(13928 :-.06635 .11400 -.16187 -.00336 . 08138 14.85816 

10 -.04033 .00797 .02271 .01199 .15313 .00585 .05080 .08138 4.37559 
1 1 .00115 -.04050 .03014 -.02636 .21682 -.11666 .00'361 .08138 9.84941 
1 2 ...... ¢0976 .02956 . 04908 .02124 .()4178 -.04731 -'·: 0 7 7 72 . .08138 2. 13361 . 1 3 -.09933 . 10528 .04326 -.06693 .14718 -.10513 -.05364 .08138. 9.68513 
l 4 -.11446 .17842 .03587 -.00206 . 1)·6472 -.16865 -.08338 .08138 13.21462 
1 5 -.08146 -. 04992 .05015 . 020-;6 .13143 ·-.19065 ;_.00509 .08138 10.12234 
1 6 -.23758 .05089 .16173 -.10231 . 13397 -.15254 .06664 . 081 38 21.76234 
1 7 -.04456 .01847 .01365 .00362 . 140 49 -.16861 .05110 .08138 8.20904 
1 a· -·.07637 .04·139 .01502 -.0434?. . 11508 ~.04554 -.054'36 .08138 4.31193 
1 9 . 10'374 .07201 .08179 -.01529 .16819 -.06258 .08844 .•)8138' 9.88319 
20 .. 08 8 10 .02820 .08231 . 06055 .04021 -.09134 -.00476 . () 8 1 38 4.46311 . 
2 1 -.06647 .<>2680 -.03370 .01570 .09125 -.14328 .09890 .08138 6.95419 
22 -.01742 -.¢0966 .01800 -.¢0701 .06917 -.13706 .01947 .08138 ·3.80685 
23 .09968 . 12635 .01570 .. 07720 .07298 -.00156 .04158 .08138 6.03119 
24 ~.16082 .03489 -.00789 .. -.00952 .05208 -.11708 .06520. .08138 7.37.742 
25 -.02133 -.04106 .:.. . 02 9 39 -·. 01402 . 10679 -.18651 -.01702 ."08 1 38 7.65076 
26 -. 06021 . 06 7 9 7 .02480 .06017 .07143 - . 12975 .04002 .08138 .5.54716 
27 -.02955 .00756 .\'l1894 .09543 .08353 -.23725 .02821 .08138 11.46658 
28 .03139 .01040 .. 03 8 79 .01174 .11973 -.02059 -.03147 ·.08138 2.84694 
29 .. 03254 . 15941 .00248 . 10601 . 16 9 78 -.07241 -.00301 .08138 11.05561 
30 .00259 .13410 .05442 -.038'34 .04502 -.11853 .05780 .08138 6.45004 
3 1 .11361 . 16016 .03468· . -. 10202 .08877 -.09636 .05527 .08138 10.84009 
32 ... ,1~4473 -.04211 -.02491 . 00823 . 15690 -.15226 -.¢10'31 .08138 . 8.06684 
33 . -.04980 .10137 -.04261 .00156 .20222 -.09472 .05188 .08138 10.33790 
34 -.08048 .03137 -.07782 . 01970 . 18656 -.17351 -.06936 .08138 12.87850 
35 -.07612 .03226 -.062'33 -.02200 . 10728 -.17509 -.0598? .08138 8.78223 
36 . 00331 .08505 .02836 -.04633 .12172 -.10855 -:05669 .08138 6.16113 
37 .·-.01830 . 12247 .05714 .. 07259 .03980 .:.. . 15287 -.05669 .98138 8.01315 

AVERAGE -.02949 .05565 .<13245 -.00527 . 10237 - . 1-1 2 1 6 .00415 
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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 ~arket (157 observations) 

6/2/76 - 19/12/78 securities ~and market (151 observations) 

2/1/79 - 31/12/81 financial rand market (155 observations) 

2/2/73 - 29/12/78 blocked rand and securities rand 

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

Note as the only c6nsideration 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 behaviour 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 exh1b1ting s1gnif1cant non-
random behaviour 

Period - . - ~ . No~ of ·obs. Runs-test Autocorrelation - Q-stat1stic 
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 2~% 

significance ,levels 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 discernable evidence indicating that 

any of the first three periods shown in Table 2.7 exhibited 

any different levels of efficiency. 

It should 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 estimatedstandard de-

viation of rs as discussed previously is a function of 

the sample size, hence the larger the sample size the smaller 

the standard deviation (see equation (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 Lag !::> Lag 6 Lag 7 

1 . Blocked - .04753 .06067 .03566 -.04642 .03812 -.02531 -.00441 
rand 

2.Securities .06824 .02140 -.04557 -.08576 -.00818 -.00818 .0042E 
rand 

I 

3.Financial .03570 .01408 .03370 .02363 .12486 -.04331 - .0065~ 
rand 

4.Blocked .05900 .04065 -.00178 -.06454 .00292 -.01974 -.00181 
rand & 
securities 
rand 

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

.. 

The averages 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 t~ey are individual 

entities. Secondly no attempt was made to compute the average 

standard deviation, since the 37 series of price changes are 

obviously not independent. Nevertheless the results displayed 

in Table 2.8 are consistent with the earlier findings~ i.e. 

that there is slightly more non-random behaviour than sampling 

·theory suggests. This is evident by noticing that all the 

average autocorrelations for the various 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. 
BLOCK£D RAND LOCAL INVESTOR..-J 

~ECURITY ACTUAL EXPECTED ffiOBALl I LIT Y DEPENDENCE 
I es.c.o 9 2. 2'1 ~ J 2LJ 99 NG 
2 -·· .. u9.oc ? 1. 08 .J9;~J2 . NO 
3 9'1.0C 91. u9 • 7 205'l NO 

. 'f 92.co 139.29 .70S97 r·JO 
5 u 'i. 00 b6.7J .JS'i36 r;o 
b .... . - bl.CO 9'1. 9'l .07351 ti 0 
7 u.c.o U6. ;J6 .2b730 NO 
B 02. OC 9J.'i2 .QJ028 YES 
9 02.00 fi2.JO .SIJG7 ----- -- tJO -

JO .. 
.... - . . - . '17. co 9 J. ~ ~ • o'i'J lB N 0 

11 OJ.CO 89.23. • 166 'l 1 rm 
12 86.CiO 9 1. 55 • 19'l9 'l NO 
J 3 86 n!O a:i.0c .67262 rio 

.. I 'l Bb.00 93.Uj .}3233 NO 
15 7 'i •GO 86. o I .01901 YES. 
I 6 80.0C. &7.52 .56527 - NO 
I 7 79.0G 92.03 .0159'1 YES 

~ ··- . 18 -· uo.oo 8lob6 .t'l'lOJ NO 
19 7[;.t.;0 b 7. 61 .G630'l NO 
20 9 J. DO 9 G • J 0 ·59'i00 NO 
21 89.00 87.J9 .6'l0'il tJ 0 
22 79.00 - .. u3.?'i • 2 31 1 3 NO 
23 87.00 uo.02 .597.i'S tJO 
2 'f -77. 00 90. J 0 • 0 1b'l6 YES 
25 117 •Gu 9).J.2 .2S'i67 tl 0 
26· ..... · .93.00 90. 12 .71635 NO 
27 9.t.oo e 9 • .2 3 .70982 NO 
28 10.00 e <i. 7 7 .0001a YES 
29 ao.oo 90.01 .OJ6'i7 YES 
JO 95.00 fi7obfl o905J'i NO 
31 79. (.:0 06073 • 1 l J09 .. NO 
J2 02.00 08.S'l ol5'l72 NO 
33 O'f.00 80.'i9 • 7'l09 J NO 
J'l 78. 00 ua.J9 .O'l776 YES 
35 86.00 89. 3'l .315~1 rm . 
36 uo.oo 89.97 .QS"!IJ NO 
37 9 l •UC. 93.S'i .JbJ'lo NO 

AVERAGES 8'1.70 es.u2 
·, 

TABLE 2.10 
SECURITIES RAND LOCAL INVESlORS 

SECURITY ACTUAi EXPECTED PROBABILITY DEPENDENCE 
1 86•00 a1.02 0 'i 09 'i" NO 
2 87.oo 87."!9 •50069 NO 
3 9 o.oo e9.0S .59975 NO 
'f 89.00 90o'l2 •.'i3615 NO 
s 82eGO 87.0'I .21616 NO 
b e2.oo 89.21 .12107 NO 
7 91. 00 91. 2 5 o5173'i NO 
8 103.00 9 6. l 'I • 902'f 'f NO 
9 8 l .oo 860!8 .20961 NO 

10 76000 83062 • l 0798 NO 
11 B'i.CO 8"! 0 3 1 .51315 NO 
12 8 3.GC 99.97 ol3279 .NO . 
13 a0.oo a5.5n 069668 NO 
l 'i 87.00 8Jo70 o7'll86 NO 
15 

: 87.CO 86028 .58297 NO 
lb '· 89.00 8'lo58· • ti007'i NO 
17 SJ.GO 91. 8 6 007133 NO 
18 70000 83078 olBJ63 NO 
19 83.CC as.62 ol8'i'l'I NO 
20. es.on 86. 15 032156 NO 
21 01.00 es."!B .6J598 ' NO 
22 7'l.OO 82·67 .07838 NO 
23 95.GD 91097 .7337G NO 

·' 2 'I 79.00 e3.7r. o2363'i NO 
25 8a.oo f\6.Sl .63558 NO 
26 11.00 aa.s5 ·027'12 YES .. 
27 79.00' 80060 .'12578 NO 
28 8'1.QO 85. 2 'I o'i'f93'l NO 

.29 J 0 l. 00 93.53 .9 l96'l NO 
JO 8'1.QO 99.95 017066 NO ·-
31 89.QO 86.67 .68868 NO 
J2 BJ.DO 97.77 ·22'153 NO 
33 e5.oo . fl'f. 22 .58738 NO 
3 'l . 1s.oo 81. 9 'l ·27663 NO 
J5 97.00 86.18 .97"!68 YES 
36 8 I• OD . 8So3'l .2S'l01 NO 
J7 95.00 89.56 .8Sl'l0 NO 

AVEP.AGES ~5068 8 7. 1 6 
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TABLE 2.11 Blocked and Securities Rand ·Period Local Investors 

!S H LJ R I T Y ACTUAL EXPECTED PRO BAB IL i TY DEPENDENCE 
1 1 7 0. (IQ. 173. 3 7 .17012 HO 
2 175.(.C) 173.32 .36632 NO 
3 182.00 179.82 .62738 ,. NO 
4 180.•'0 178.45 . 5 ·:ie 14 HO 
5 1(.5. 0() 173. 0 5 .18278 HO 
6 166.00 182.68 .02431 YES 
7 173.00 177 . .6•j . 3 096 7 fl 0 
8 1s4. 00 138.72 .30222 trn 
9 162.00 - - . lb7.88 ----· -··.2614(, .. --NO 

10 172.00 174. 4 1 .4¢844 NO 
1 l 

' 
166.00 172.'3~ . 21641 fl 0 

12 !67.00 180.51 . 0 56 79 NO 
13 173.00 168. 77 . 7. 12 9 7 HO 
1 4 174.00 -175. 96 . 4 ?.9'33 HO 
15 162.00 172.95 .104'37 NO 
16 178.00 171.42 . 301 16 NO 
17 lb 3. 00 18 3. I 4 .0082.4 YES 
18 15&.oo 16'3.65 .09207 HO 
19 162.¢0 176.23 . 0 41 12 YES 
20 175. 00 177. 60 . 39949 ti 0 
21 175. o.o 172·.27 .65166 NO 
22 152.•j!) 16 5. '3 9 .05382 NO 
23 18 1 . 00 178.37 .64776 HO 
24 15 7 .. 00 . -- " 173.05 . 0 3115 YES 
25 174.00 173.41 .31790 NO 
?' ~b 1 7 I. 00 177.71 . 2 26 34 NO 
27 170.00 169.10 .56628 HO 
28 154. 00 16 9. 7 5 . 0347b YES . 
29 180. 00 184.32 .31934 f~ 0 
30 178. 00 176.14 .61229 NO 
31 167.00 172. 64 .26342 NO 
32 164.•:)0 175.42 .09411 NO 
33 168.0o 164.28 .69026 MO 
34 155.00 171.19 .03022 YES 
35 183.00 174.58 .85835 HO 
36 161.00 174.64 .05702 MO 
37 1 8.;. 00 183.36 . 6 48 ':}5 NO 

AVER"HGES 169.31 175.42 

. 
TABLE 2.12 Blocked and Securities Rand Perind : Foreign Investors 

SECURITY 
1 
2 

·3 
4 
5 
6 
7 
s 
9 

10 
11 
12 

. 13 
14 
15 

"16 
1'7 
18 
19 ·-·· - 20 ... 
21 
22 
23 

·-· 24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

·37 
AYER AGES 

255.00 
256.00 
249.¢0 
240.00 
244.00 
251.00 
270.00 

. 250.00 
2 5 1 . 00 
249.00 
237.00 
259.00 
250.00 
246.00 
268.00 

. 243.00 
243.00 
2 44. 00 
256.00 
251.00 
233.00 
253.00 
237.00 
263.00 
245.¢0. 
243.00 
233.00 
260.00 

. 259.00 
242.00 
234.00 
253.00 
233.00 
253.00 
246.00 
2 71. 00 
24'3.59 

EXPECTED 
2b . 3 ti 
257.97 
263.31 
260.22 
259.02 
264.62 
265.53 
275.40 
249.52 
257.69 

.256.51 
26 1. 4 0 
251. 6 7 
257.03 
25 7. 1 4 
254" 6 2 
273.36 
253. 94 
262.51 

.262.71 
255.26 
251.21. 
265.53 
258.52" 
264.23 
261.54 
25 1 . 2 3 
255.06 
274.93 
267.58 
258.94 
259.78 
25 0. 1 1 
256.16 
253.84 
259.22 
272.97 
260.23 

PROB AB IL I TY 
.33779 
.40383 
.25013 
.14524 
.03447 
.02343 
.08278 
. 3 11 43 
.53784 
.27220 
.24522 
. 0.0902 
.. 77765 
.26077 
. 14831 
.91259 
.00148 
.15411 
.03811 
.26930 
. 3 54 79 
. 04163 
.11722 
.01927 
. 4 71 29 
.05640 

.. 2 23 72 
.01770 
. 0 74 84 
.21170 
. 0 53 1 6 
.00647 
.62850 
.01314 

.. 4 86 70 
. 10606 
.44153 

NO 
NO 
NO 
NO 

YES 
YES 

NO 
NO 
NO 
NO 
NO 

YES 
NO 
NO 
NO 
NO 

YES 
NO 

YES 
NO 
NO 

YES . 
NO 

YES 
NO . 

'1-10 
NO 

YES 
HO 

. HO 
NO 

YES 
NO 

YES 
NO 
NO 
NO 

";}··· 
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TABLE 2. 1 3 Blocked Rand Per:iod . Local Investors 

- --··- ' ..... ·-· --~-·---~---- ___ __.. __ . . - .. - . - -· --- ~- - - ' . ---EMPIRICAL SERIAL CORRELATION -
; LAGS IN PERIODS Of" l l'i'EEK , 

S.D~ Q lSHARE . 1 :? ."\ 'f s J... .. . 7 
l eO'iSSJ -.00163 • 0-0"9'i L{ e05Sl6 ·03'i62 -. I S'i79 ·01635 .08058 'i.80920 2 - • 0 'i 7.2 0 e08'iG2 e02'i36 -.09213 .03951 -.10117_ .05193 .09059 Sel5931 3 ·-.O'l270 • 100b2 -.O'il63 -.00672 .• 000 8 3 ·06767 -.01863 .090:,n 2e93'f 90 'i - • 0 'i.9 3 2 .Ql 7'i3 .10207 -·l'i'il7 ·l'i82'i -el5911 -.O'i890 • 06058 13.12891 - s .20030 aOU'ilO ·l'iU58 

.. 
-.Gl'i29 ~O.Jt.l'i • 0 'i 79 1 .O~liDl .09osa l I .93ss0· 6 • 1 12 80 - .• Ol l'i9 .21370 -·13296 -el032 I - • 05 Lj 'i 9 -.08li76 .oaosa 1S.235'i2; 7 el76Sl e2'136't .07712 .O'i260 • 0 5 9 'i 'i. ·06899 .01903 • 08058 16.7888'1' e .01s1·'i ·02317 a0BB69 .09920 . -.02883 -.OS18'i .05"101 • 0 6 05 G 3.91076 9 • 0 55 63 .ll9'i7' -.06650 . -·O'i93'i ·02079 ·-.09899 - .• I 1 7 'i 8 .08058 7.57616 .1 0 -.t0772 .J6'll2 -.00958 ·- • 0 5 2 l B • 1032'l -·01053 .05681 ·08058 8.69019 l I -.05168 -.01806 .07773 -.12927 .17372 -.09192 e026l'i ·08058 I0.2l'i75 ··N l 2 .10338 .J0275 eG3956 a03'i28 • 00 1 l 0 .01sss .D.2235 .oaosa 3.80212 ., 13 

. -
-.01101 .IS67'l .06.266. .01733 el5Lf8£l • 05783 -.02859 

... 
• a ease· - ·- 0 ~ 9 s 9 7 6. ·N 1 ·'i a0ll'i6 -. 10'i06 .Ol62'i · -.0.2912 .00987 -.011915 .ai-oss .. 00osa 2e307I'i w l 5· .1'1366 .039(l6 ·11232. -.Ob8S9 ·06807 -·06263 -·12'i02 .08058 8.76150 l 6 .. ~·061Z7 -.02167 .OlB'i8 ... -.01517 • 06 9 3 7 -·11565 ·00197 - .00osa 3a60896 1 7 .12321 .Q79t.7 .O't'i78 -·02715 al75'1'i -.00525 -.03603 ·08058 8e85091 l 8 .06'i63 -.G3309 -.01638 -·09699 -.00322 -.03579 .06095 .00050 :J.l'i788 1 9 ' • l 50 'i 6 .0022'i .OG667. -.0·2297 ·06193 .02026 ·09575 .000:,e S.7'1992 20 - . .O'i276 ol2fJ77 .0171.iO -.05933 .07139 -.07069 .O'i'i'il • OB 05 8 S.30'165 .. - 2 l. .. 

-.0'1350 .06352 -.05002 
. . -. 

-·02.233 .02173 -.00731 - .. 031100 '. 

· .-0005 a--... 1.00139 
22 ·01979 .t 2 30 1 ·05082 ·. -.OJ't03 • o 7s5 b -.03388 ·06832 .oaose. 'i.83381 23 .• 03557 .!9865 .02303 ~.01010 -.07270 .Dl3'i3 -.03369 • 08058 7·56528 2'1 .. .16093 .11219 .05062 -·05553 -.00638 -.I63'i8 -.0'1933 • 08 05 8 11.51313· " 2 s-· ··--·· el0606 e06lb2 -.017'i6 

,_ 

-.09830 .ossos -.089'i3 -·06160 
,_ 

• 08 05 8 6~26820 26 ~.0060't .06670 .05983 -.01soo ·00176 .02381 .O'i'i'i8 • 08 05 8 3 ··O 3 l l 3 27 ' .008'1 I .0272'i ·13692 -·13190 -·11902 ~02636 -. 06.060 ·08058 8.71215 28 a.2'1310 .17665 .01593 -.00030 .Q007'1 aO'i056 ·08388 • oa as 8 15.70385 29. ·---· .O'i2'1 l o0693'i -.0033'i '" • 0 7 9 l 'i -.03921 -·00962 .06'i69 .00osa ·-2~93533· 30 -.05736 .02991 ·126'12 -.09796 .09211 ·11889 -.1'1703 • 08 05 8 Jl.61811 3 1 • 1 &3 5 a 101228 • l 03511 .07390 -.O'i277 "-.03610 -.03101 .oacsa I 7e'i0811.f 32 -.05069 -.011181 ·03957 -.13596 .1001:. -.O'i516 
-··· 0 2 82 'i .oaos0 5.8'1920 .. 

33 
. ,. 

.06968 ·16008 .06926 
.. 

-.09911 
.. 

• 03 so 5 ". 0 l 327 -.OJ'iSS .oao5e · -· 7 ~ e ·3 s l 11 31.i .Q2'i2t3 .02s5e -.07809 -. 13338 .0571.JB .06807 -·10l't3 ·08058 6e82lll8 35 .10767 -.066911 -·1075'1 -· 11607 -.OiJO'i2 .09237 .03286 .08058 7 .9637'i 36 -.00010 .OJ'i77 -.00203 -.06176 .0596'i -·09735 • al 6r7 .aaos0 2.aa069 " 37 • 0·7 0 9 1 .01306 -.01360 ·-.09882 .08961 -.06797 •OJ l 3 .0£)058 
_. 

'ia51795 AVERAGE: .0'1753 .C:6067 •0.3566 ··O'i6'i2 .03812 -.02531 -·00'11.il 
' 

-

--



TABLE 2.14 Securities Rand Period Local Investors 

SHARE 1 2 
1 • 1 3 186 
2 '---·17519 .057'16 
3 .122'15 -.01330 
'! -.D229'! .06120 
5 ·.203'!'! .03356 
6 .169'10 .016'16 
7 -.06592 .02'199 
8 ·03600 .03877 
9 .13'187 000306 

lC ·12970 .03578 
11 -·0012'1 .07255 
12 .22876 .02986 
13 -.0919'! .0'182'! 
l'! ·03831 .10'167 
15 .0'1588 -.07109 
lb .05877 -.03203 
17 .•061&'1 .0952'1 
18 .277'11 .02851 
19 .1soa2 .00676 
20 .08605 -.07256 
21 -.0289'1 -.O'i2'i'i 
22 el'il6'i ol3'i69 
23 .16021 -.013'10 
2'1 .21121 .00313 
25 -.07385 -.OOO'il 
26 .08393 .02717 
27 .05571 -.05517 
28 ...• 1~132 .11753 
29 -.106'12 -.01052 
3C eO'i066 -.12675 
31 .J6510 -.Cll79 
32 . el2936 .O'i6C2 
33 ·15085 .0'1078 
3'1 ~08251 -.07131 
35 -.00598 .06225 
36 -.05338 ell'!82 
31· -----. o 8S9 '!---;a 1 7 9 6 

. AVERAGE ·0682'! e021'i0 

EMPIRICAL SERIAL 
LAGS IN PERIODS 

3 'i s 
• 5 6 -.012'1 -.03 'i 

-.18173 001565 -.13062 
-·.13032 -.17902 -.0'1977 
-003850 -.0913'1 .00506 
-0061'!0 -.08966 .0006'1 
-o0'!916 -.07193 -.01229 
·~15690 ·020'!8 -·06635 
·015'10 -.16022 -.OSO'iO 

-007909 -.2020'1 -.06102 
.06888 -.1'1336 -.09693 

-002956 -.17823 -oO'!'!'iS 
-.09199. -.07'1'!7 -.COl'i9 
-002260 .02533 -.07207 
~012853 -.1628'1 -007869 
: ·038'11 -.180'15 -001919 
~.12257 -.08557 -.1203'1 
-.08356 ~.0733'i .O'i'iOl 
-ol8'i7'i -016229 -.05926 
-o0l'i50 -002506 -.0'1127 
•ol3'i52 .00090 oO'i658 
-.092'19 -016093 -.02'182 
~o0'i352 -009365 005601 
-005095 -.O'i'i'iO -00'1769 
-•09623 -ol'i739 -.05731 
~003222 -oO'ilOO .00861 
-.03'!62 .06858 -.l'i625 
•.0'!58'i -.07800 -.C8'!86 
'.01558 oO'!S3'i oC'i'i72 
~006168 .01538. oO'i221 

.05359 -.12373 -002101 
.... o 6 1 5 2 - 0 0 3 3 9 5 0 0 7 9 9 6 
-.06960 -.17015 -021135 
-003'!99 -.1~593 •009193 
-.08568 -.17881 -.05292 

.10972 -.15603 ~o0132'i 
-.0853'i -.05'i95 -.10366 
-·05663 ______ 005351 .00888 
•oO'i5S7 -.00s16 -.0393~ 

CORRELATION 
OF 1 WEEK 

6 
-o [.,696 

008910 
-.02868 
-0028'15 
-.05803 
-0004.lCB 
-005769 

001953 
003006 

-.0332'i 
-.06'i3'i 

.01769 

.08216 
-002213 
-·01519 
-o0l'i28 

.07808 

.13782 
-.OO'i13 

.03066 
-.08761.f 

-;6~g~€ 
-.0102'i 

.028'!6 
-.0931'! 

• 05 'i 3 1 
-.O'i'i86 
-·. 0 2 1 6 l 

·03281.f 
.00'!93 

-.l'i619 
·.ooas3 
.01985 

-000116 
•o0322'i 
-·-06639-
-000818 

7 
- • 5 

005032 
007123 
.Ol7'i2 

-o03C68 
-002367 
-.08'197 
-0009'19 

.10680 
-001175 

00362'1 
-003268 
-ol 1320 

ol'i813 
.096'19 
.13903 
oO'i2'i2 
.02'192 

- • O'i 'i 5'i 
.00032 
.O'i65'i 
002511 
.12920 
.OO'i39 
.OQ'i86 

-ol'!656 
-.05'+99 
-.07319 
-008095 

\ -.0'1722 
.00180 

-000672 
.0037'1 

-.Ol'i77 
-003160 
-.02110 

.06105 

.QO'i28 

.... 8 2 . 

.os220 
ooa220 
.oa220 
.os220 
ooe220 
ooa220 
008220 
.08220 
.08220 
000220 
.08220 
008220 
008220 
.08220 
.00220 
• 0(:) 2 2 0 
.08220 
.08220 
ooa220 
.08220 
ooe220 
000220 
.00220 
.O!:l220 
.08221) 
.08220. 
ooa220 
ooa220 
ooa220 
.0822(1 
.08220 
.00220 
008220 
ooa220 
ooa220 
.Q82?0 

• 6 
1'i.3l'i'i9 
10.958'i9 

2o3006S 
8.8S352 
5063007 
6. 7 88 59' 
'!. 7 g:9 5 2 

12•2 T7 3 2 
8.159'13 
6o8'i513 

10036081 
5.5'1066 

12.69663 
7.71662 
9019267 

.5o298'!J 
2'io36525 

'1.127'16 
5011516 
7~18078" 

ll.'t'i731 
7092912 

16.79853 
1037129 
9 o 8'19 'iS 
'i.15367 
9.37't73 
3.66592 
5o989'i6 

·•5.85201 
17.92867 

7095203 
0.2'!771 
6.26208 
S.86691 
3e696'i9 

N 



TABLE 2.15 Blocked and Securities Rand Period Loca.l Investors 

··-·· .. . . 
.. 

EMPIRICAL SERIAL CGRRELATIOM . LA GS Hl PERIODS OF 1 WEEK SHARE 1 I 

2 3 .4 5 6 7 1 .03431 -.OOi92 . 1)3736 . 01734 .00433 -.07384 -.00622 2 -., -. 10507 . 1)6824 -. 1:i8326 ·-. 1)4588 -.04216 -.01053 . 05254 
., 

.•~5338 .04()0? -.08511 -.10348 -. 1J2316 . 01388 .03269 
.,, 
4 ':".03695 . (l3438 .04536 -.12.356 .08998 -.10479 -.02629 5 .20207 .05546 .03850 -.05344 .02350 -.01242 .01136 6 . 14582 .00422 .07153 -.10124 -.05341 -.02725 -.05185 7 .07066. . 14? 62 .11234 .02805 .01058 .00314 -.01896 8 .02415 . ~i2641 .0621<) . ~i0763 -.03711 -.02596 .02960 9 .09057 .¢6435 -.0?349 -. 11648 -.00932 -.04912 -.02266 10 .02611 . 09226 .·~3126 -. 10685 -.00311 -.v2078 .01941 1 1 -.02065 .()3229 .01729 -.15528 .05172 -.07349 .02971 1 2 . 16900 .•.1G1:39 -.•)2501 -.,i2228 -.00060' .00954 -.00516 1 3 -.04741 .1<)497 . •)2527 .02106 .05452 .06615 -.06646 14 .02182 -.(>122~l -.04341 -.08744 -_.01947 -.04608 . 06 2 5.4 1 5 . 08045' -.Ol221 .0?439 -.12146 .02436 -.04705 -.02130 1 6 -.01148 -.02628 -.03693 -.()4983 -.00219 -.08119 .05632 l 7 .09528 ,1j9001 -.01006 -.04343 . 11742 . 03270 -.00473 l 8 . 15909 -.•:>065(> -.•:>93'33 -. 12637 -.•:>2270 .03069 .03250 1 9 . 14924 . 00 2 46 -.00568 -.02544 . •n 166 . 00683 .02747 20 .07244 .01508 -.06853 -.•)2887 . (l5529 -.02724 .01424 2 1 -.03367 .('1272 -.•:>7218 -.08695 . ¢0(>52 -.04448 . 00330 22 .05530 . 12 4 90 . 02303 -.•:>5059 .07031 -.06643 .05269 

., ., 
.09679 .•:>9716 -.01292 -.¢2841 -.05852 .03220 .04725 

-,,, 
24 .20177 .07198 -.00853 . -.091~;9 -.02706 -. 10269 ::-.03393 25 .01813 .03190 -.01716 -.06654 . 1:>3869 -.02641 -.02753 26 . 02373 . 065"1-8 .02366. -.01985 -.05576 -.0201·4 -.03452 27 :02832 .•:J4030 .. 1,6767 -.10776 -.10577 .03895 -.06367 28 .21522 .14418 . 01906 .02344 .03340 -.01035 -.00238 29 -.02223 .03478 -.03610 .061S1 -.01316 -.01280 .00407 30 -.01363 -.03753 .09502 -.11152 .04093 .07926 -.10613 3 1 . 16502 .00180 .03443 .02820 .00748 -.01932 -.01646 32 .04187 . 00137 -.010'36 -.14918 -.05468 -.09353 -.02133 33 . 12257 .09817 .01457 -. 12428 -.02967 .!J0146 -.01146 34 .06036 -.03120 -.0?693 -.15996 -.00474 .03868 -.05426 35 .06627 -.01978 -.02841 -. 13362 -.00250 .05224 .01095 3t. -.02367 .07219 -.03830 -.0549(1 -.01357 -.07490 -.00468 37 .00291 .01503 -.(13165 -.·~?725 .05225 -.¢6509 .04649 AVERAGE .¢5900 .04065 -.00178 -.06454 .00292 -.01974 -.00181 

S. D • 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
. (15726 
. 05 7 26 
.05726 
.05726 
. 05 7 26 
.. 05 7 26 
.05726 
.05726 
. 05 7 26 
.05?26 
. 05 7 26 
. 05 7 26 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
. 05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 
.05726 

.. 
Q 

2.583..::8 
9.04961 
7.45519 

12.24004 
15.117&3 
13.22300 
12. 52.777 

....... 2. 50·1 74 
10.57220 

6.90099 
10.73024 
10.35903 
8.04280 
5.10416 
9.29178 
4.44714 

10.48623 
16.25720 

7.36007 
4.62157 
4.94528 

10.43521 
8.16922 

20.59222 
2.79465 
3.31826 

10.89595 
21.32802 

2.21539 
13.02221 
'9.21442 
11.18764 . 
12.73082 
12.50027 
8.10058 
4.94916 
5.03013 

N 

N 
(.]1 



TABLE 2.16 Entire Period Local Investors 

-- .. 
EMPIRICAL SERIAL CORRELATION -

LAGS I I~ PERIODS OF 1 WEEK 
S. D. Q SHARE 1 2 3 4 5 6 7 . 1 ,01~00 .02202 .O~b7~ .. 04450 .009'35 -.05642 -.00301 . 04673 4.24111 2 :... 10475 .05190 -.05530 -.01234 -.01531 -.01574 ~02549 .04673 8.30177 3 .069'33 .04485 -.04172 -.05030 -.00155 -.03481- -.02040 .04673 5.90176 4 -.01741 .01269 . 04561 -.0?478 . 127'32 -.09438 -.03862 .04673 16.08865 s· . 19688 .04753 . 05 7 93 -.04748 .05573 .00152 .01'339 .04673 23.10212 6 .06943 ·-. 013-;4 .09398 -.10915 -.01224 -.02770 -.00784 . 04673 12:32717 7 . 10300 . 16247 . 13237 .028'31 .05335 .01402 .00704 .04673 26.94750 8 .01976 .02239 .05890 .00828 -.031-;5 -.01671 -·~2410 .04673 2.90948 9 -.01106 .04516 -.04403 -.08030 .03432 -.04685· -.02017 .04673 6.60579. 1 0 .01529 .04545 .04150 -.04981 .05653 .02422 .01556 .04673 4.85287 1 1 .01475 . 00973 .03082 -.¢9768 . 103&1 -.047'38 .01843 .04673 11.16612 12 . 15566 .03¢34 -.00313 -.00931 .02209 .02032 -.01799 :04673 12.20302 1 3 ::-."¢4253 .09586 .03377 .. o 0 9 11 .08777 .03594 :-.. 0 6 2 9 B .04673 11.60958 1 4 .00!05 .03329 -.02788 ~.05823 .01073 -.05221 .02879 .04673 4.12435 1 5 ."05 0 7 -.02421 .06936 -.¢?528 . ·~?260 -.07283 -.02824 .04673 11.49935 

16 -.07137 -.01137 .¢1945 -.05520 . 05175 -.07350 .06472 .04673 9.64271 1 7 .08237 .07464 -.01596 -.01813 . 13 0 58 .00455 .00053 . 04673 13.88298 1 8 .11431 -.¢0769 -.05601 -.09793 .03571 .03401 . 00 7 03 . 04673 '13.06203 
1 9 .14922 .02642 .02693 -.01113 .06286 .00699 .03528 .04673 . 13.39610 20 .09955 . 00942 -.027?2 .00658 .05750 -.02720 .¢0198 .04673 6.85073 
2 1 -.01227 -.00543 -.04358 -.03519 .04369 -,02856 .03030 .04673 3.20856 22 .05061 .08126 .02363 -.01495 . 0,?286 -.07593' .02715 .04673 10~02997. 
23 . 116 20 .09930 .00641 .00477 -.01342 .04115 .04778 .04673 12.71566 
24 .13433 .03908 .01360 -.<)6197 .00696 -.08428 -.00883 . 04673 14.21140 25 ,04147 .00980 -.03286 -.03818 . 07360 -,.03223 -.02869 .04673 5,36189 
26 .02168 .07490 .01722 .01917 -.02193 -.01227 -.01468 .04673 3.49965 
27 .04535 .01343 . 06 110 -.04431 -.04582 -.01100 -.03403. .04673 5.21433 28 . 170 83 . 10414 .03240 .02688 .06616 '.01401 -.01494 .04673 21.48078 29 .. ·- .00146 . 04 7 85 -.02389 .06528 .02855 -.¢2078 -.00222 .04673 3.86135 30 -.00086 -.00560 .. 08573 -.08027 .04613 .05189 -.06457 .04673 10.51736 3 1 .17547 .02069 . 03 2 02 .00767 .02790 -.03346 .00060 .04673 15.76623 32 .06637 -.02146 -.01427 -.¢9106 .01644 -.08146 -.02721 . 04673 9. 6-8 3 95 
33 .09374 .07922 -. 00483 -.06699 .06029 

' - -.00011 .00604 .04673 10.71659 34 .07002 -. 03':Vi7 -.07060 -.07419 .04419 -.00027 -.05920 .04673 10:34776 35 .06122 .:...03715 -.02970 -.091'33 .04303 -.00495 -.00748 .04673 7.55713 ·3 6 .01410 .05604 .02561 -.02672 .06511 -.04019 -.01602 .04673 4.98823 37 .01082 .03221 -.01783. -.04212 .07t52 .. . -.06845 .02566. .04673 - ... 6 .. 7 3 0 52 
A\IE~AGE .05323 .03312 .01232· -.0349? .04064 '-.02194 -.00247 



2.27 

discernable systematic behaviour of the autocorrelations, 

Table 2.8 shows that a certain amount of systematic behaviour 

is evident _implying that there is slightly more non-random 

behaviour than would be expected if the market were totally 

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 and local investors apart. To test 

if .such a difference 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 

rind market contained a distinct major bull and bear market 

(the diyision being the peak of the gold price in October 

1980). 

Note that 2 data sets were considered for the bull market 

partitioning, the first data set contained unadjusted data 

(local market) and the second data set contained the data 

adjusted by the financial rand discount (foreign market). 
I 

Similarly 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 

local 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 I 

Bull 
foreign 90 3 2 6 

' 

local 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. 

2.5 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 markef 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 investo~s. 
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TABLE 2.18 Bull Market : Local Investors 
SECURITY ACTUAL E>~PECTED PROBABILITY OEf'EtlDEHCE 

l ::l!:l. QQ ::J4. Q4 .84'33Q 110 2 44. 00 4 1. 0 0 .79842 HO 
.. 3 42.00 43.51 .. ~ 1J057 ti 0 

4 4 1 . O<J 44.80 .21324 ti 0 
5 44.00 46.53 . 3 09 4 0 fl 0 
6 45.00 4 7. 6 0 .31827 MO 

M•• 0 7 46.vO 50. 1 s .19343 110 a. 47.00 47.04 .54261 MO 
9 .. - 55.00 . -- : __ 47. 6 0 --· .. --· %227 -- .YES 

10 49.00 44. 18 . 89634 MO 
11 .. 55.00 49.64 . 90796 ll 0 12 . "44.00 45.98 . 3 bO 77 ti 0 ·13 48.00 47.64 .58068 110 
14 4 5. 00 47.64 .30438 fl 0 
15 51. 00 47.64 .82689 ti 0 . 
16 54.00 47.04 . 960 04 YE.S. 
17 46. 00 49.24 . 2 54 52 NO 
18 54.00 48.20 .93551 NO 
19 52. 00 49.73 .74470 HO 
20 52.00 49.33 . 7 65 35 ti 0 
21 50.00 49.73 .57391 HO 
22· 49.00 .. 50.84 .38051 NO 
23 49.00 49.73 .47739 HO 
24 4 8. 00 - 45.91 . -- .. 74008 .. ~lO 
25 .. 53. 00 4 9. 7 3. .82004 HO 
26 ' 44.00 44.53 . ·. 4%57 ~I 0 
27 42.00 4 7. 1 l . 133 05 ti 0 
28 4B.OO 4 8. 1 3 . 5 34 36 HO 
29 53.00 52.93 .54945 tlO 
30 4 7. •)0 53.80 .06762 NO 
31 50.00 so.6v . 4 90 92 HO 

·32 39.00 47.04 .03819 YES 
33 47.00 45.91 . 6 53 58 HO 
34 50.00 4 ':}. 60 .58857 HO 
35 45.00 42.93 . 727 74 HO 
36. 50.00 4 8. 7 1 .66485 NO 
37 4 7. 00 52.04 .13474 HO 

AVERAGES 4 8. 19 48.05 

TABLE 2. 19 Bear Market . Foreign Investors . 
CUR T'( ACTUAL EXPECTED DEPENCENCE 

1 . 0 't . . 
2 '18.0C '12.2't .92626 NC 
3 'lleOO '10..31 .61371 NO 
'I '10.0C 'lleOO .'152'17 NO 
s 31.cc. '1'1.53 .05517 NC 
6 'IEeOO '13.31 .87917 NO 
7 '1'1.00 ·'12. 80 .65112 NC 
8 '16.ClC 'l'f.20 .69'13'1 NO 
9 '1'1.00 'f 'f. 20 oS26'f2 NO 

10 . sc.oo 't'f.20 .9180'1· NO 
11 sc.oo 'f'fo58 .90269· NO 
I 2 '12.0G '12.2'1 .52359 NO 
13 't9o00 '15.73 .7970'1 NO 
I 't . '16000 '13. 3 1 • 76'-l.1 I NO 
15 5c.oo '1'1058 .90269 NO 
16 '17.00 '13.Sl -.82339 NO 
17 S'f .CO. '12.2'1 • 99773 YES . 
18 -'13.CC · 'l'f. 20 .'l385'f NO 
19 5C.OG '12. 80 .cno11 YES 
20 sc.oo '13.78 .93321 NO 
2 I '16.CG '12·2'1 .83779 NC 
22 '18.0G 'tS.b't .72917 NO 
23. '12.CG 'l'l.20 035360 NC 
2 'I JS.CO 39.58 .39'172 NO 
25 'ta.og 'l'l .58 • PO'lB 'l NO 
26 '12o0' '11.6'1 .57968 No· 

27 '12.C?O 'IJ.31 .'l2739 ·NO 
. 28 'f 'I· 00 't'l.20 .526'12 NO 

29 'fC.OC '1'1.53 .17993 NO 
3 Cs 'ICoOC 'ti.QC ·.'152'17 NO· 
31 'lb.OD 'lS • 'f 'I .5896'1 NO 
32 38.00 '13.7£1 .119'1'1 NO 
33 '18.0C '1'1•91 ·713230 NO 
3 'I '16e00 ':f'I. 20 .69'13'1 NO 
35 '1'1.00 'fJo7tl ·• 56'102 NO 
36 '!'I.CO '13.78 .S6'102 NO 
37 '16.00 'fSo20 .61052 NO 

AVERAGES '15.• 3 0 '13.SS 
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TABLE 2.20 Bear Market : Local Investors 
SECURITY 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 l 
12 
13 
14 
15 
16 
1 7 
1 s 
19 
20 
21 
22 
23 

. 24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

AVERAGES 

TABLE 2.21 
SECURITY 

2 
3 
4 
5 
6 
7 
8 ~ 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

. 24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

A\IERAGES 

ACTUAL 
0. 

38.00 
32.vO 
30.00 
32.00 
33.vO 
34.00 
41. 00 
34. 00 
31. 00 
28. 00 
27.00 
38.00 
32.00 
36.00 
37.00' 
34.00 
32.00 
31. 00 
3 1. vO 
28,00 
32.00 
24.00 
34.00 
38.00 
33.00 
3 1. 00 
32.00 
28.00 
36.00 
26.00 
32.00 
38.00 
31. 00 
28.00 
38.00 
33.00 
32.36 

EXPECTED 
b. 

35.92 
3 6. 4 0 . 
3 5. 1 6 
36.30 
33.48 
37.00 
38.97 
35.29 
3 s. 16 
35.25 
33.35 
35.25 
3 2. 11 
35.48 
35. 92 
37.63 
34.49 
33.25 
36.87 
33.44 
3 6. 11 
3 s. 4 8 
37.57 
3 5. 16 
36.05 
35.25 
3 6. 1 1 
35.76 
37.63 
34.78 
35.92 
3 6. 1 1 
33.44 
34.02 
3 4. 14 
3 7. 4 4 
35.52 

Bull Market . Foreign . 

30:00 31: 8 6 
37.00 32.43 
32.00 32.30 
31. 00 32. 43 
41. 00 32.43 
30.00 32. 4 9 
31.00 32. 4 9 
40.00 32.49 
28.00 32.49 
28.00 32. 49 
25.00 32.30 
37.00 .32.30 
40~00 32.43 
29.00 32.49 
39.00 32.49 
37.00 3 1. 8 6 
3 1. 00 32. 4 9 
33.00 3 2. 1 1 
28.00 32. 4 9 
32.00 32.43 
34. 00. 32.49 
30.00 32.30 
37.00 3 2: 4 9 . 
33.00 32.43 
31. 00 32. 4 9 
36.00 32.49 
27.00 32.43 
31. 00 32.49 
34.00 33.35 
31. 00 31. 54 
34 .·00 32.49 
31. 00 32.43 
30,00 32.30 
35.00 32.43 
42.00 3 2. 1 1 
34.00 32.30 
33.05 32.39 

• I ~. 

. 7 56 29 
~14265 
.10769 
. l 40 49 
.50245 
.24423 
.75533 
.41759 
.15611 
.03669 
. 0 64 76 
.80525 
.53935 
. 610 17 
. 66466 
.1B552 
. 29399 
. 3 09 26 
.0734Y 
.10071 
.16700 
.00135 
.20174 
.81288 
.24730 
. 15983 
. 15875 
. 02098 
.37902 
.01027 
. 17855 
.74579 
. 2'3%1 
. 0 71 83 
. 8 $4 78 
.6.1344 

Investors 

• b 
.36240 
.90170 
.52023 
.40655 
.93955 
.30637 
.4vo49 
.97906 
. 15520 
. 15520 
.04102 
.90809 
.98007 
. 2 23 54 
. 962 52 
.92838 
.40049 
.63957 
. 15520 
.50726 
.69505 

.. 32254 
.89840 
.60750 

.. 40049 
.84576 
. 1 04 75 
.40049 
.61725 
.49535 
. 6 95 05 
.40655 
.32254 
.78291 
. 9%24 

.. 71297 

DE PEN 
NO 
ti 0 
HO 
NO 
NO· 
HO 
HO 
trn 
HO 
NO 

YES 
NO 
HO 
HO 
NO 
NO 
NO 
HO 
HO 
HO 
HO 
HO 

YES 
HO 

·Ho 
HO 

· NO 
NO 

YES 
HO 

YES 
HO 
NO 
HO 
HO 
tlO 
NO 

HO 
HO 
HO 
NO 

YES 
HO 
NO 

YES 
HO 
NO 

YES · 
HO 

YES 
HO 

YES 
HO 
HO 
HO 
ti 0 
HO 
HO 
HO 
tlO 
ti 0 
HO 
HO 

·Ho 
HO 
HO 
ti 0 
HO 
HO 
HO 
HO 

YES. 
NO 

c 



TABLE 2.22 Bu 11 Market Local Investors 

-·------· 
EMPIRICAL SERIAL CORREL1HIOM 

LAGS IM PERIODS OF 1 WEEK S. D. SHA RE 4 s 6 7 
b - . 03 ... 9 -.o 5 68 1818 -.0507 . 1 72 

2 -. 13427 .06371 -.02313 -.00639 -.06225 -.03066 -.03436 . 10 7 20 2.57921 
3 .04984 .02138 . 03931 -.00324 -.00802 -.15054 -.19573 . 10 7 20 5.89802 
4 -.¢7818 .02876 -.00920 -.17110 .20520 -.¢6322 -.07637 .. 10720 7. 9·4 1 22 
5 .12113 -.10659 -.04600 -.11247 -.00485 -.07736 . 10450 . 10 7 20 5. L9 5 59 
6 -.10900 -.10192 . 173 92 -.23443 -.09313 .¢2005 .04801 . 10 7 20 1 0. 6 9 7 2 0. 
7 . 12909 . 13344 . 15931 -.06554 .04896 .03102 .01115 . 10 7 20 6.08630 
8 -.06874 -.07803 .06654 -.12560 -.06862. .00498 -.10665 . 10720 4.24119 
9 -.25547 . ·~2832 .06216 -.17005 .20717 -.00892 -.03065 . 10 7 20 12.85049 

10 -.14348 -.14408 . 15248 -.06015 .05294 -.02200 . 02 7 28 . 10 7 20 6.50180 
1 1 -.10301 -.09115 .07036 -.15961 .19265 -.01896 .. 00063 . 107 20 7.81348 N 
1 2 .01474 -.11950 .01140 -.07410 -.01852 .02867 -.19221 . 10 7 20 5.24079 
1 3 ·-. 08 8 25 -.04446 -.01389 -.06631 . 10572 -.07403 -.08442 . 10 7 20 3.43237 w 
1 4 .00387 . 10661 -.15431 .04774 . -.04298 -.13917 -.17¢57 . 10 7 20 7.90031 
1 5 -.12158 . 010 73 -.01761 -.02667 .25706 -.21655 -.04400 . 10720. 11.77410 
1 6 -.31063 .00557 .08581 -.21934 .21840 -.07872 .05081 . 10 7 20 18.76240 
17 -.04845 -.01169 -.06510 -. 12889 . 15595 -.16594 .04670 . 10 7 20 6.96358 
18 -.10365 -.03791 -.07368 -.12782 .06686 .. 00 1 00 -.05858 .10720. .3.77063 
1 9 .07583 .00211 .03600 -.06710 .02924 -.05853 -.02158 . 10720 1.46709 
20 .11001 -.04952 .03857 .03568 -.06984 -:.10274 -.18662 . 10 7 20 6.08156 
2 1 -·.12422 -.05082 .01489 -.13315 . 138 65 .00146 .00922 . 10 7 20 4.97471 
22 -.04984 -.09704 .03339 .01869 .01765 .-:.08581. -.02723 . 10720 ______ L_.96037 
23 ,05167 .03135 .02514 -.00552 -.05697 -.08880 -.03046 . 10 7 20 1.47367 
24 -.05525 -.01128 -.01122 -.03979 . 10856 -.02016 .03371 . 10 7 20 1.63952 
25 .06277 -.03696 -.16946 .03768 .09311 -.03817 -.05793 . 10 7 20 4.40320 
26 -~ 14994 -.12149 . 110 65 -.06608 .03040 -.00495 -.02613 . 10720 .. 4_._ 99 3 51 
27 .09470 '"'.03713 -.08097 .00239 . 19587 -.08073 -.00085 . 10 7 20 5. 5·6 1 09 
28 .00828 - . 10 6 0 7 '. 03626 -.06844 -.04515 .01118 -.04979 . 10720 1.97634 
29 -.00652 -.00818 -.01540 -.05865• . 10644 -.08724 -.15581 . 10720 4.23041-

_3 0 -.07597 -.06557 -.00920 -.08475 -.02155 -.00816 .03213 . 10 7 2 0 ., .. 1.70107 
3 1 -.04008 .08160 . 05 7 so -.12829 .11388 -.20888 .03026 . 10720 7.69910 
32 .11454 -. 18646 -.05647 -.15108 . 13226 .06265 -.10224 . 10720 9.51927 
33 -.06467 .02872 .01740 -.03555 . 124,.06 -.15642 .02622 . 10720 4.24084 
34 -.06037 -.08484 -.10214. -.06240 .07585 -.16082 - . 0.2 145 . 10720 S.15220 
35 .00126 -. 0629'3 -.05417· -.13481 . 15962 -.09433 -.04020 . 10720 s:49628· 
36 -.03460 .01946 .¢0641 -.13272 .25934 .02254 -.04436 . 10720 8.006'18 
37 .00766 .04744 -.02302 .00040 .13657 -.23695 -.17459 . 10720 9.73036 

A\IERAGE -.04250 -.02839 .00950 -.07556 .07148 -.05884 -.04225 



TABLE 2.23 Bull Market Foreign Investors 
~~~~~~~~~~--='---~~~__;,__~ 

. - - .. 
EHPJRlCAL SERIAL ·-- -c-··-

.. LAGS lN PER JOOS 
SHARE l 2 3 'i 5· 

1 . - -.0705'1 -.03035 .07837 -·1020'i .o7'17't 
2 ··23002 ·23285 -.09b72 .06323 •elSB'iS 
3 eG2'iS9 elll22 e057't3 -.02287 eO't231 
'i -.08313 .19599 -.08932' -.12033 -.0278'1 

.. .s .1021& .06'165 -.01022 -.01977 •e07b0S 
6 -·11751 .01122 ·16956 -·223lb -.ac;236 
7 .09627 .23206 ell 175 -.01'128 e00b5l 
a -·12'181 eO'iO 12 .05227 •elOS'i.2 -.1C't23 
9 - -·23225 • 1'13'17 ·05272 -·11682 .02111 

10 -·12987. .01771 .1'1053 -.00793 -.OSb5'i 
l 1 -·12887 .07'il8 -.07590 -.03179 .o l06'i 
12 e032'tl •eOlOJS ·07059 -.09897 e-O'i3J9 
13 -.09050 ·12062 .ao0.9'i -.0'1536 ·05371 
l 'I -·00323 e l8'fl3 -·12086 -.03805 -.091'17 
15 -.21237 • l 7 7·5 5. ••O'i'j'i'i -.G'1222 .1eo29 
16 •el7939 eOS'i86 .02'i52 -·. 0 8 18 9 -·00l'i6 
17 -.10021 ·17627 -·06610 -.00075 ·11765·-
1 e · •82'11 7 .00999 -.86a9g -.00~0'1 -.03761 
l9 • 6180 ·12897 • 093 -. a 8'1 eOC573 
20 .03518 ·02891 • 001'f2 ~01853 -.07777 
2 1 ···037'17 ·03110 .01872 -.13090 -.09810 
22 -·08653 . ·13009 -.10'198 .osas1 -.07925 
23 .10'178 .02138 el0'f65 eOS.219 •e0t:9'i0 
2 'I .03291 . -.03866 -.CJ35'il -.10769. .07062 
25 ·- - -.09956 ·12931 -.11982 • 0 l 'i 1 2• .OCo29 
26 -.18787 el5230 -·09076 .01203 -·17310 
27 -·00963 elS'flO -.00010 .02316 .OS'i85 
28 •eOO'!'IO ·078'i9 ·06317 -.03250 -.083'1'1 
29 .. e02"192 .07692 '•O'i'i30 -.07873 .09130 
30 • ooi13 .03589 • 059 'i 't .02'127 -.t'i58b 
3 1 e0b033 •l'i50'i • 0 l l SS .00297 -.01s2s 
32 .082'10 -.02663 -.11023 -.09658 e0'i'l69 
33 -.013'15 ·09'1'17 eOS'13S -.0036'1 -·01570 
3 'i -.03935 ··0"1635 -.13593 -.07'166 -.0.216'1 
.JS e02.3'i2 -.0232b .05798 -.15597 •0757"1 
36 ·03323 .02'177 .06602. -.00236· -.02973 
.3 7 -.089'i7 elBJO'I -·03'119 -·07703 .0710"1 

AVERAGE •eO'i.3'19 .08357 -.00235 ··0'15'iS ··013l6 

CORRELATION 
Of 1 ti EEK 

6 7 
·-.00560 -·02970 
... Qt25't •d8'i28 
•elSblB -.23902 
-.01201 -.20175 
•el.)2283 -·00159 

.01012 -.02163 
eOl'iOO -·02711 

-.0'1687 -·ll'i9't 
.01985 -.17092 

. 
··DlODb -·02957 
-.01oa3 -·10328 
-.08107 -.19093 
•el3651 -·15'193 
-. l.87'i'I -·22225 
-·15208 - • l rs o 3 
-·00271 -·02959 
-.19030 -.03795 
-.0780'1 -·859'1~ ···00127 - • 2 60 
.:..11590 -;.i 7'16b 
-.02732 -.15592 
-.03862 -·0596'1 
-·12't'i8 -.06711 

.00012 -·0'1'127 
-.10129 -·22861 
-·07076 -el2853 
-·11601 -.18368 
•eO'i182 -.10105 

. -.0871'1 -.19985 
-·00'117 -.07230 
-.16676 .06586 

·06958 -.l'f'i07 
···11850· ·-·07061 
-·08779 -.0'1619 
-·18'162 -.0786'1 

.00273 -·08790 
-·27025 -.16660 

-·070'17 •e l0552 
I 

S. D. ·- Q 

.10120 2ebOS'tS 

.10120 lbel7322 
·10720 9eU098'i 
.10120 l0e3006b 
·10720· -2.373'i2 
.10120 9e15830 
.10120 be91062 
.10120 5el7'150 
.10120 .. 10. 8 9 2 s 7-
.10120 3.70'180 
.10120 3e580Jo 
.10120 s.'17blo 
.10120 cu3360b 
.10120 12.85771 
.10120 l3e'i32'i0 
.10120 . 3.90'i'i7 
·10720 · ··.l0e7'17't9 
.1012g 2e'i375't 
.1012 . 1.91821 
.10128 'l.71b69 
.1012 . - 'le90B'i9 
el0720 'ie't3803 
.10120 't.'193'17 
.10120 2.0138'1 
.10120 9.337'+7 
.10120 lOe652.'18 
.10120 7.29851 
.10120 2. 7 2'13'i 
.10120 -- b. 35099 
.1072CJ · 2e87'il6 
•10720 5el5687 
.10120 s.091'19 
.10120 . 2..82123 
• l 07 20 3e"l2505 
·10720 6.730'1b 
.10120 1.32300 
.10720·· l3e900't0 

N 

w 
N 



TABLE 2.24 Bear Market Local Investors 
~~~~~~~~~~~~~~~ 

-- - . -· 

LAGS IH PERIODS OF 1-wEEK 
~-n o· SHARE 1 2 3 4 5 6 7 

1 -.00442 . 0-8 8 16 .04585 . 173 44 . 10225 -.17193 -.03613 . 12908 5.12149 
2 -.17359 -.09330 -. 10140 .011'39 . 10986 -.07671 -.05562 . 12908 4.42958 
3 .07697 .02265 -.05894 .06282 .08746 -.17927 -.08575 .. 12908 3.84255 
4 .07610 -. 16701 .05452 . 19649 . 14689 -.17248 -.09805 . 12908 ·- 8.58093 
5 . 14840 .05524 . 170 23 -.06009 . 22 1 78, .05619 -.09691 . 12908 7.52227 
6 -. 11580 -.05927 .01789 -.05710 .19311 - .. 17943 .05117 . 12908 5.83439 
7 .08160 .11873 .05561 -.00970 .20965 "'.".11594 --.02760 . 12908 5.17226 a .02541 .03159 -.04952 . 10227 . 03385 -.02402 .06849 . 12908 - 1 . ·32 109 
9 -.16926 -.033f.3 -.10841 . 12300 -.01552 -.11327 -.00271 . 12908 4.39360 

10 .00879 -.09760 -.19225 .09073 .21389 . 14786 -.09617 . 12908 -8. 2-9 4 50 
1 1 -- . 18606 -.09589 -.04591 . 08 2 41 .15611 -.069'30 -.09475 . 12908 5.72955 
12-. .13915 -.11580 . 07445" .02937 . 13909 -:01165 -.03848 . 12908 - 3:78885 N 

13 -.09436 .09634 -.00436 -.05497 .11478 -.10100 -.10756 . 12908 3.53877 
14 -.24287 . 18343 .09769- -.08611 .19718 -.16002 -.01080 . 12908 10.97463 
15 -.00041 -.20789 .03130 . 10820 . 12 3 69 -.12432 -.06604 . 12908 5.73431 
1 6 -.07468 -.04057 . 15548 .08823 -.05194 -."14166 .10167 . 12908 4.55366 
1 7 .05249 -.07148 -.02870 .14131 .08828 -.08735 -.11686 . 12908 3.63738 
18 .03514 -.03(>22 .07453 .-•~03S2 .24708 .01293 -.07958 . 12908 4.74178 
1 9 .08766 .()3536 .03700 -.()3077 .26780 -.04600 .05924 . 12908 5.58140 
20 

.... 
. 18288 -.04821 .06563 .06223 .09598 -.00702 : 00·5 76 . 12908 3.81568 

2 1 .08534 -.14400 -:08205 . 17792 .06949 -.05862 .11059 . 12908 5.47498 
22 .08558 -.02956 -.03157 .06621 . 12257 -.11721 -.04447 . 12908 2.Z.9195 
23 . 18922 .04839 -.08400 .07899 .24068 .06903 .04252 . 12908 7.30449 24 -- -.07367 - ·. 13 3 36 . 11729 .02308 .08232 -.17083 .·03 8 88 . 12908 4.72327 
25 -.00362 -. 12898 -.03528 -.09246 .21041 -.10972 -.08847 . 12908 5.70655 

. 2 6 .01584 .20014 -.15106 .20628 -.00204 -.09208 .01479 . 12908 7.20577 
27 .00898 -.18739 : 12146 .20271 -.03734 -.37137 .11501 . 12908 15.34534 
28 -.02712 -.02830 -.00950 .01226' .26653 .04316 -.12832 . 12908 5.74195 
29 .11706 . 13579 --.02978 .. 16205' .28613 -.09813 .02938 . 12 9 08 9.55405 
30 .11216 . 18788 .05630 .04181 . 104 95 -.13642 -.00241 . 12 9 08 5.19307 
3 1 .34184 .01978 -.06691 -.10137 -.01109 -.07014 - . 01 4 4_2 . 12908 8.64651 
32 .03603 - . 1o.o94 .-.07591 .173'32 .17912 -.25457 -.02845 . 12908 '9.14757 
33 .01335 -.08129 -.23956 .03878 .29546 .06121 -.02993 . 12908 9.92971 
34 . . 15596 -.15507 -.13228 .. 23 8 09 .14515 -.11855 -.18736 . 12908 12.14493 
35 .04206 -.17842 -.¢3965 . 13551 .02914 -.20723 -.06233 . 12908 6.37658 

-36 . 
-.23914 .05134 -.14168 .20938 .01488 -.10004 -.03892 . 12908 8:53536 

37 -.02877 . 04 9 65 -.03462 .00873 .15117 -.07332 .05084 . 12908 2.22892 
·AVERAGE .02855 -.02443 -.01535 .06918 . 13 Ot51 -.09108 -.02351 
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TABLE 2. 25 Bear Market Foreign Investors 

EMPIRICAL SERIAL CORRELATIOt~ 
LAGS IM PERIODS OF 1 WEEK S .D. Q SHARE 4 5 6 7 

b !.:I <J 9 -.05496 . 12908 6.89727 2 -.23669. .01917 -.11013 -.06094 .17867 -.18050 . 12269 . 12908 9.56250 
3 -.16291 . 18685 -.17689 .01085 .08998 -.19724 -.00654 . 12908 8.81385 
4 .02697 -.06730 .01505 .02037 .20290 -.17850 .00496 . 12908 4.97395 s .05482 . 10999 .07912 -.12389 . 16678 .01091 -.04639 . 12908 4.20829 
6 -:20020 .02712 -.08894 -.12636 . 16487 -. 18285 .09581 . 12908 8.47265 
7 -.04627 .21079 -.03779 -.03117 . 1-4609 -.14522 -.02492 . 1 2 9"0 8 5.79760 
8 -.07123 .03393 -.13647 .02517 .01723 .02054 .08338 . 12908 2.0887'1 
9 -.34751 . 16933 -.25109 .07953 .00752 -.08252 .00129 . 12908 14.21728 - - 1 0 -.06023· -.01686 -.25951 .06429 . 14836 . 141 05 -. 12531 . 12908 8.37894 . 1 1 .08007 -.02681 -.18126 .05485 . 13948 - .. 03728 .00423 . 12908 4.02300 N 

1 2 .02127 -.05165 .03063 -.02651 .11040 -.00568 .00182 . 12908 1.07005 w 1 3 -.22971 .27110 -.17660 -.05906 .06428 -.13367 -.09248 . 12908 12.06356 ~ 
14 -.36508 .. 25441 - . 0_9 0 7 7 -.12291 .23061 -.17674 .. 08606 . 12908 19.73059 
1 s -.14398 -.11087 -.01606 -.01397 . 178 28 -.14812 -.00990 . 12908 5.49974 
1 6 -.24549 -.00430 .05333 . 078'39 -.01545 -.17832 ·. 2?262 . 12908 11.0?058 
1 7 -.07944 .05771 -.15516 .05422 .02949 -.0?848 -.03830 . 12908 2.84464 
1 8 -.09705 -.00138 -.02163 -.06072 .25035 -.00795 -.01605 . 12908 4 ~-82 3 9 6 
1 '3 -.03253 .06024 .01113 -.¢7297 .25291 -.01243 .02928· . 12908 4.73208 
20 .04547 .00500 .02121 -.00779 .07946 -.01924 .10011 . 12908 1.21641 
2 1 -.06543 -.00411 -.24334 . 10465 .¢3615 -.047¢1 .15106 . 12908 6.35043 
22 .01804 .09948 -.14580 .06054 .08079 -.04888 

.. 
-.00307 . 12908 2.7?640 

23 . 12720 .06502 -.14226 .03551 . 19835 .02075 .00697 . 12 9 08 5.15056 
24 .-.21160 -.01808 -.06946 -.000(i1 .09883 -.13278 .03216 . 12908 4.93660 
25 -.01502 .00250 -.13799 -.19916 . 13 1 06 -.17733 .02547 . 12908 6.81710 
26 :00131 .20070 -.19407 .06400 .02974 -.09390 '. 06858 . 12908 6.07593 
27 -.22233 .02753 -.08418 .12168 -.03707 -.21695 .12133 . 12908 8.52027 
28 -.08408 .01922 -.07035 -.030:32 .26454 - . 02 7 9·8 -.09185 . 12908 5.82985 
29 .06958 . 17476 -.10891 .0?810 . 19644 -.12059 -.00348 . 12908 6.70855 
30 -- ; 00 9 82 . 24341 .00875 -.03732 .03991 -.11496 -.05897 . 12908. 4:-98314 
3 1 .·12140 .06012 -.23199 -.06114 .02620 .01334 -.00800 ' . 12908 4.84077 
32 .00046 -.07721 -. 12864 . 08428 .219<;4 -.22858 -.03285 . 12 9 08 8.27260 
33 ~.11590 .03409 -.33608 -.00126 .20090 .06305 .00182 . 12908 10.82881 
34 . 0 7 5 02- -.04047 -.21110 . 1v940 . 16'1'25 -.04807 -.05171 . 12908 6:"13786 
35 - . 14.3 4 7 -.06186 -.15058 .03562 .00749 -.16077 -.04804 . 12908 4.82367 
36 -,39187 .24889 -.23395 .13138 -.03425 -.0563? .00686 . 12908 18.38991 
37 -.17355 . 12484 -.0992? -. 10316 .09338 -.07014 . 11 1. 9 1 . 12908 5.818~1 AVERAGE -.08688 .06526 -.11273 .00707 .11521. -.08401. .... .01664 
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Finally in all cases, slightly more non-random behaviour 

was found than sampling theory suggests. This was partici­

larly evident in -Table 2~8-where noticeable-systematic 

behaviour was displayed by the average autocorrelations. 

As a conclusion to this chapter it should be noted that 

more shares were found to exhibit significant non-random 

behaviour than was expected, however, in all cases the mag­

nitude of the non-random behaviour, measured by the auto­

correlations, was found to be too small to be exploited by 

investors. It is thus felt that sufficient 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 

"0 c.t ob eJL Lt:. one o /j the p e c. u.liaJLl y dang eJL o u..6 mo nt h.6 

to .6pec.u.late in .6toc.k.6. The otheJL.6 aJLe Ju.ly, 

Janu.aJLy, SeptembeJL, ApJLil, NovembeJL, May, MaJLc.h, 

Ju.ne, Vec.embeJL, Au.gu..6t and FebJLu.aJLy." 

The above quotation by Mark Twain typifies the attitude 

that 11 seasoned 11 investors have towards the risks associated 

with investing in securities. Even investors using some 

intuitive non-mathematical approach to investment in the stock 

market at some stage consider the possible risks and the 

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

"In a woJLld dominated by JLi.6k ave'1..6e inve.6toJL.6, a 

JLi.6ky poJLt{jolio mu..6t be expec.ted to yield higheJL 

JLetu.JLn.6 than a le.6.6 JLi.6ky poJLt{jolio, oJL it wou.ld 

not be held." 

In general a rational investor would aim to satisfy two 

objectives: 



3.2 

(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 

di~cussed extensively in the literature. 

In an attempt to define the concepts of risk and uncer­

tainty Williamson (1970) argues that the individual who is 

faced with a risk problem does not know the final outcome, 

however he does know the exact probability that any given out­

come will occur. That is, the individual can determine the 

probability distrib~tion 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 fiaced with a pnoblem in uneentainty, 

howeven, ha-0 no objective knowledge about the 

pnobability di-0tnibution a-0-0oeiated with the outcome. 

The inve~ton buying a -0hane 06 -0tock i-0 fiaced with a 

pnoblem 06 uncentainty." 

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-variance, the mean 

absolute deviation and the coefficient of variation. The 

variance appears, from the literature, to be one of the more 

popular measures of risk. 

Markowitz (1959) considering the concept of risk proposed 

a linear relationship between each individual security and 

the market. This has been extended and developed by numerous 

researchers into the so called 11 market model 11
., This model 

will be 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 

where 

r,.t =a. ~ s.r t + e.t 1 1 m 1 
( 3 . 1 ) 

rit is the return on the ith security in the t-th 

period; 

ai and Bi are the parameters unique to security i; 

rmt is the disturbance or error term for security t; 

eit is the disturbance or error term for security i 

and is assumed to have zero expectation and to 

be independent of all ets' s ft. 
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The a and S 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 S 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 

s. = 
1 

B . 
1 

is the beta coefficient for share i; 

( 3. 2) 

crim is the covariance between the returns on share i 

and the market return; 
cr 2 is the variance of returns on the market index. 

m 

The value of B. 
1 

indicates the volatility of security i's 

rate of return by comparison with the market. 

If a security's B 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 the other hand, 

if the market falls, the return on the security will fall more 

rapidly than the return on the market. However if a securi-

ty's B is less than one, then in a rising market the secu-

rity will rise more slowly than the market, and in a falling 

market will fall less than the market. Securities having 

B's greater than one therefore are regarded 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, rm; 

(ii) the variance of the random error term, ei. 

These two elements of risk are commonly known as market or 

systemati~ risk and unique or unsystematic risk respectively. 

Mathematical expressions for the above 2 components of 

risk can be found by considering 

since CX· 
1 

= var(a.+s.r +e.) 
1 1 m · 1 

= var(ai) + var(Sirm) + var(ei) 

is a constant, var(a.) = 0 
1 

therefore var(ri) = var(sirm) + v~i(ei) 

= s~ var(r ) + var(e,.) 
1 m 

Using a more compact notation the above equation can be 

written as 

a~ = S~a 2 + a2 ( 3 • 3 ) 
1 1 m e. 

1 

where 

a~ 
1 

is the variance of returns on share i 

a2 
m is the variance of returns on the market index 

a2 is the residual variance. e. 
1 

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. Jti.6k .6te.m.6 6.1tom the. 6ac.t that many 06 the. 

pe.Jtil.6 that .6uJtJtound an individual c.ompany aJte. 

pe.c.uliaJt to that c.ompany and pe.Jthap.6 it.6 imme.diate 

c.ompe.titoJt.6." 

They continue: 

"Ma.1tk.e.t Jti.6 k .6te.m.6 6.1tom the. 6ac.t that the.Jte. aJte. othe.Jt 

e.c.onomy wide pe..1til.6 whic.h thJteaten all bu.6ine..6.6e.6. 

That i.6 why .6toc.k.6 have a tendenc.y to 'move. toge.the.Jr.'. 

And that i.6 why inve..6toJt.6 aJte. expo.6e.d to 'maJtk.e.t 

u.nc.e.Jttaintie..6' no matte.Jr. how many .6toc..k..6 the.y hold." 

Clearly unique risk is the risk embodied in individual 

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 f6r the market and unique risk 

of a portfolio can be found by considering 

n = var(I
1
- __ 1 X.(a.+a.r +e.)) 

i i i m i 

= var(In,. __ 1. x.a.+I~ 1. x.a.r +~~ 
1
. x.e.) 

i i i= i i m l1= 1 i 

since is a constant it has a variance equal to zero. 
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therefore 

az = 
p 

n n var(r .t·. 1 x.s. + ~. 1 x.e.) ml1= l 1 l1= 1 i 

( 3. 4) 

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

+Unique risk of the portfolio 

where az 
p i s the variance of returns of the portfolio; 

n i s the number of shares in the portfolio; 

x. 1 i s the proportion of total capital invested in 

share i ; 

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 invested in each share, 

that is, the proportion x. 
1 

equals for each of the n -n 

securities. Now as n becomes large the value of x. 
1 

wi 11 

become smaller and the value of x~ 
1 

will become even smaller. 

Since the values of· cr 2 will not generally vary a great deal 
ei 

the expression for unique risk in equation (3.4) becomes 

negligible. Hence the market risk becomes dominant~ 

Brealey and Myers (1981) substantiate this argument by 

saying: 

"I6 we want to know the contnlbutlon 06 an lndlvldual 

~ecunlty ~o the nl~k 06 a well dlven~l6led pont6ollo, 
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it i-0 no good thinking about how ni-0ky that -0eeunity 

i-0 i6 held in i-0olation - we need to rnea-0une it-0 

rnanket ni-0k and that boil-0 down to rnea-0uning how 

-0en-0itive it i-0 to rnanket rnovernent-0. The -0en-0itivity 

06 an inve-0trnent-0 netunn to rnanket rnovernent-0 i-0 

u-0ually ealled it-0 beta." 

They also state: 

"Mo-0t -Oto ek-0 ane -0 ub-0tantially mane vaniable than the 

rnanket pontfiolio and only a handfiul ane le-0-0 vaniable. 

Thi-0 nai-0 e-0 an irnponta.nt que-0tion: 'The rna.nket pont-

6olio i-0 ma.de up 06 individual -0toek-0, -00 why doe-0n't 

it-0 vania.bility nefileet the a.venage vaniability 06 

it-0 eornponent-0?' The an-Owen i-0 that diven-0i6ieation 

neduee-0 vaniability." 

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 relatively 

few securities and that the improvement 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 extremely 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 iffects the overall risk of 

the portfolio. Inspection of equation (3.4) shows that the 

beta values are instrumental in the computation 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 coeffi~ients have received much favourable 

attention in recent literature, thus considerable effort has· 

been expended on obtaining empirical estimates of these 

statistics. The ordinary least squares technique is typically 

utilized, where the regression coefficient of ~ simple linear 

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 Roll (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 substantiation for the Johannes­

burg Stock Exchange thus a study will be presented 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 beta's 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 compute alpha's and beta's is 
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the SIMM (Single Index Market Model). 

i . e . rit = Cl. + s.r t + eit l i m 

where rit is the retu_rn on the ith security in the t-th 

period; 

r mt i s the return on the market index in the t-th 

period; 

Cl • 
l 

and s . 
l 

a re the regression parameters; and 

eit is the unsystematic residual return. 

Fabozzi and Francis proposed a ~odified 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: 

where, 

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

markets and zero in bear markets; A2i and B2i measure the 

differential effects of bull market conditions on the alpha 

and beta coefficients of the ith stock; uit is the un­

systematic residual return. 

The rationale of the model is that if the A2i and B2i 

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 markets, four different definitions of bull 



3. 1 2 

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 d~~inition was proposed by 

Lindahl-Stevens (1980). 

Case 1. (ZERO) Bull and bear markets were delineated according. 

to non-negative and negative values for rmt respectively. 

Thus every week with rmt > 0 was treated as a 11 bull 11 week, 

and every week in which rmt < 0 was considered a 11 bear 11 

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 larger than one half of a standard 

deviation of the market's returns (am) measured over the 

sampled period. Thus every week in which rmt > 0,5 am was 

considered a 11 bull 11 week, and every week in which 

rmt < -0,5 am was considered a 11 bear 11 week. 

Case 3. (VIS) Long term bull and bear markets were delineated 

in accordance with dates published in previous .research work 

by Affleck-Graves (1977)~ Visual inspection of a plot of 
' 

rmt versus time justifies the above delineation (see Figure 

B.1, Appendix B). All weeks within these long term bull 

markets were treated as 11 bull 11 weeks regardless of whether 

rmt was positive or negative. Bear markets were similarly 

treated. 
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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 could have 

obtained in the period, i.e. the risk free rate (rft). Thus 

any week in which rmt < rft should be treated as a 11 bear 11 

week and all weeks in which rmt > rft should be treated as 

11 bull 11 weeks. Lindahl-Stevens further suggested that Fabozzi 

and Francis might have found that changes in alpha's and 

beta's were significant in 11 bull 11 and 11 bear 11 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 ROM 100 

Industrial Index were also computed. 

Using the first definition of 11 bull 11 and 11 bear 11 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 ROM 100 index were found to lie outside ~ 0,5om. Hence 

167 observations were deleted for each security and the 
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rerna.ining 245 were divided into those for which rmt was greater 

than 0,5am and those for which rmt was less than ~o,5am. 

The third definition (VIS) partitioned the data according 

to the following dates: 

22/3/68 to 30/5/69 

30/5/69 to 5/11/71 

5/11/71 to 6/7/73 

5/7/73 to 1/11/74 

first bull market 

first bear market 

second bull market 

second bear market 

The above partitioning included 346 weekly observations on 

each security. 

Using the fourth 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 use 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. 



3 • 1 5 

Statistic<l Tests used to Measure Alpha and Beta Shifts 

(i) Separite tests on the coefficients. 

The ~test was used to determine if either the alpha or 

the beta had significant shifts (i.e. whether A2 or B2 

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 

Bull a nd B e a r de f n . Coefficient 5% 1% 

( obs er vat i on s ) tested ~o. % No. % 

CASE l ZERO Az f 0 3 6,25% 0 0 

(412 obs) B2 f 0 3 6,25% 3 6,25% 
-

CASE 2 SD Az-f 0 5 10,41% 3 6,25% 

(245 OL>S) Bzf 0 4 8,33% 1 2,08% 

CASE 3 VIS Az! 0 7 14'5 8% 0 0 

( 346 obs) B2! 0 3 6,25% 2 4,17% 

CASE 4 RISK-F Az! 0 3 6,25% 0 0 

( 9 4 obs ) B2! 0 4 8,33% 0 0 

Table 3.1 shows the percentage of securities having signi­

ficant shifts in their alpha and beta coefficients. Visual 

inspection of this table shows a very small percentage of 

significant alpha and beta shifts. 

To test if the proportion of A2 .•s and B2 .•s sigini-
1 . 1 . 

ficantly different from zero are more than sampling theory 
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suggests, a test based on the binomial distribution can be 

performed. This test indicates that with 48 shares being 

simultaneo1sly 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 

value, it can be seen that the proportion of A2i•s signi­

ficantly different from ze~o exceeds this value in only Cases 

2 and 3 ~d even in these cases only by a marginal amount. 

Moreover the number of B2 .•s significantly different from 
1 . 

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

These results tend to indicate that the alpha and beta 

coefficients are not affected by the nature of the market -

i.e. bull or bear. This is further substantiated by in-

spectios of Appendix B displaying the R2 values of the 

modifie~ SIMM. This shows that many of the rejected 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) Joint tests on the coefficients 

It is of considerable interest to examine whether the 

modified model results in a better explanation of rit than 

the SIMM. 
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TABLE 3.2 

Si gni fi cant difference No significant difference -
No. Avg.fF No. Avg.iF 

CASE l . A2 10 3 0' 1461 45 0,1524 . 
B2 j 0 3 0,1148 45 0,1546 

CASE 2 . A2 ,0 5 0 'l 80 6 43 0,2071 . 
B2 0 4 0,1759 44 0,2069 

CASE 3 . A2 0 7· 0' l 05 8 41 0,1516 . 
B2 ! 0 3 0,0725 45 0 '1498 

CASE 4 . A2 t- 0 3 0,2354 45 0 '32 46 . 
82! 0 4 0,3519 44 0,3240 

Accordi1gly, an F test was performed to determine if there 

was any si~ificant increase in explanation by advancing from 

the SIMM tc the modified SIMM. The test statistics used was 

computed u:ing the formula 

F = 

R2 -R2 
1-:r+s 1.s 
1 -R 1-r+s 

x N-(r+s) 
r 

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

freedom 

where N is the number of observations on each ~ecurity; 

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 results are presented 

in Appendix B. These results ~re summarised in Table 3.3 

below. 
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'~ 

TABLE 3.3 
( 

SUMMARY STATISiCS FOR ADVANCING FROM SIMM TO MODIFIED SIMM 
I 

Bull and Bear def;. 5% 1% 
observations Cri ti cal No. shares Critical No. share~ 

Value exceeded % Value exceeded 

CASE l ZERO 3,00 8 16,67% 4,61 1 
(412 obs) 

CASE 2 SD 3,00 7 14,58% 4,61 2 
(245 obs) 

CASE 3 VIS , I 3,00 7 15 ,58% 4,61 2 f 

{346 obs) 

CASE 4 RISK-F 3 '10 3 6,25% 4,85 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. 

Examinaiion of the table reveals that a relatively small 

percentage rf 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 si~ificant was greater than the 10,17% upper limit 

suggested ly the binomial distribution. Thus, it appears 

that Table 3.2 does provide some evidence of differences in 

bull and bear markets for some securities. However, the 

% 

2,08% 

4,17% 

4, in 

0 

extent of such differences is li~ely 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 fur~r suppo~ted by studying the multiple corre­

lation coefficiets of the modified model for each of the 

significant secrities (c.f. Appendix B). These results are 

- summarised in Tple 3.4 below. 

TABLE 3.4 

Signiicant Difference No Sionificant Difference 

No. Avg.iF No. Avq. iF 

CASE l 8 0,1079 40 0,1560 

CASE 2 7 0,1533 41 0,2130 

CASE 3 7 0,1121 41 0,1506 

CASE 4 3 0 '2 7 89 45 0,3217 

Thus the high number of significant values found in Cases 1, 

2 and 3 appeo to be caused not by the modified model being 

better than tie SIMM, but rather because of the inadequacy 

of both modes. 

It is al;o interesting to note that Case 4 resulted in 

fewer significant securities than the other three cases, and 

that the pe~entage 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 pro3bsed by Lindahl-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 market 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' suggesti~n 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, 

labour 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 to as marginal 

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 

Blyvooruitzlcht 1.10 1. 25 

Deelkraal 0.59 1.05 

Doornf ontein 1. 24 1. 34 

Elands rand 1.55 1.11 

E.R.P.M. 1. 32 1.15 

Kloof 1.03 1.07 

President Steyn 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 

All Mining Index - up to July 1981 

Beta 2 Gold mining shares regressed against the JSE 

All Mining Index - calculated recently. 

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 

'efficient' 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 to be 

'inefficient' if it is possible 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 the higher will be the associated level of 

risk. In order to accommodate every investor'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 
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used in this regard: 

Ei = Expected return on the ith security 

ai = Standard deviation of return on the ith security 

Ep = Expected return on the portfolio 

ap = Standard deviation of return on the portfolio 

a .. = Covariance between security i and security j 
1 J 

p .. = Correlation coefficient for the returns on securities 
1J 

i and j 

Xi = Proportion of funds invested in security i 

N = Total number of shares considered 

also 
N X.E. Ep = li=1 l 1 

and a2 N N = li=1lj=1 p 

N N = li=1lj=1 

= X'tX 

and = 

021 

= X'E 

X. X .a .. 
l J l J 

x.x.a.a.p .. 
, l J l J l J 

2 . aN 

( 3 • 1 ) 

( 3 . 2 ) 

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. 

A 

FIGURE 3.1 

Each dot typifies 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 Ep' ap border 

are also located on the efficient Ep, a~ border and vice 

versa. The efficient border of the Ep, a~ region is usually 

found and then converted to the efficient Ep' ap border as 
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this simplifies computations. 

Sharpe (1970) considered the following objective function 

to find the set of efficient portfolios 

minimize -A.E + cr 2 
p p 

where cr 2 = X'tX p 

subject to the constraints: 

(i) l.~= 1 xi = 1 

for all possible A.> O 

that is, the entire p~rtfolio must be invested. 

(ii) x. > 0 for all i = 1,2, •.. ,N 
. 1 

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 

-
where x . 

1 
is the proportion of funds 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 00 to A.; 

(ii) solve for the X • IS; 
1 

(iii) change the value of A. and repeat. 

It should be noted that the objective function -A.E + cr 2 
p p 

is linear in (cr~, EP) space with slope A.. The minimum 
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v a 1 u e o f t h e· o b j e c t i v e f u n c t i o n w i 1 l t h u s b e a t ta i n e d a t t h e 

point where the line -~Ep + a~ is a tangent to the efficient 

border. 

Generally portfolio analysis problems would involve more 

constraints of the form: 

L.-< X.-< U. 
l l l 

for all i = 1,2, ... ,N 

where L .. is the lower bound and 
l 

u. 
1 

is the upper bound on 

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: 

for i = 1,2, ... ,N. 

Various other linear 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 VP contains terms in 

3.2.2 Borrowing and Lending 

x ~ . 
1 

Besides investing in the security market investors also 

have the option of either borrowing or lending capital at 

some risk-free rate·of interest; for example in a building 

society. Some allowance for this must be made in the 

selection of efficient portfolios. 
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To understand the concept of borrowing and lending in the 

context of portfolio theory it will be initially 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 lending 

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 implies the investor borrows 

and X1 = 0 implies the investor neither borrows or lends. 

Since equal borrowing and lending rates are assumed 

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

This implies that all the a . 
1 1 

= 0 for i = 1,2, .•. ,N since 

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 

This is evident since: 
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Ep = X1E1 + XkEk 

and 

02 2 2 X2a2 2X 1Xka1akpi,k = X1a1 + + p k k 

= 0 + x2a2 
k k + 0 

Gp = Xkak . hence 

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 or 

lend to the market at the same rate, rf' then all investors 

would invest their funds at risk in portfolio S (the inter­

section of ASB and rfSD). 

D 

FIGURE 3.2 op 
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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 

rfs 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 of 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 investor 

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 val~e 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. Brealey argues further: 
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"Zn pnactlce, 06 coun~e, ~uch agneement l~ nane. 

Even lo they do ~hane ldentlcal vlew~ 06 each ~tock'~ 

pno~pect~, dl66enence~ ln the co~t to which they ane 

liable could ne~ult ln dl66enence~ ln theln expect­

ation~ ~6 netunn. Fon example, high-yielding ~tock~ 

o66en veny low netunn~ to inve~ton~ 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 Land R the investor will split his funds 

between R and the riskless investment 
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(ii) Between Rand She will invest all his funds in risky 

securities but the portfolio chosen will depend on 

his risk profile. 

(iii) Above· She will invest all his funds in Sand will 

borrow excess funds which he also invests in S. 

3.2.3 Empirical Studi~s 

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 

( 3. 3) 

and 

02 2 2 2 2 
2X1X2012 = X101 + X202 + p 

2 2 2 2 
2X1 ( 1-Xi )0102P12 ( 3. 4) = X101 + X202 + 

since 012 = 0102P12 

and X2= (1-Xi) for a 2-security portfolio 

where the same notation as defined previously is used above. 

Inspection of equation (3.4) above shows that 02 
p wi 11 

be a maximum for P12 = 1 and a minimum for P12 = -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 

special reference to gold shares. It should be noted, however, 

that in considering only sectors on the JSE, the results of 

the study is only meaningful to local investors since foreign 

investors 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 ACT UAR I ES IND ICES x 

% to 
Imrnedi ate 

: .. ' .Index 

1. Gold - Rand 7, 5'f, ': 

2. Gold - Evander 4,7% All 
3. Gold ~ Klerksdorp 20,1% : Gold 67,4% 

4. Gold - OFS 24,5% All 
!:>. Gold - W Wits . 43,2% Mining 48,4% 

6. Coal 6,5% 
7. Diamonds 16,5% 
8. Platinum 51,5%] Metals and 
9. Copper, Tin, Others 48,5% Minerals 9,6% 

10. Mining Holding 27,lt] Mining 
11. Mining Houses 72,9% Financials 20,0% 

12. Inv. Trusts 13,1%. 

· 13. Insurance 13,0% 
14. Property 11,3% Financial 16,0% 

15. Banks 62,6% 
16. Ind. Holding 19,5%1 
17. Beverages 7,4% 
18. Building 5,3% 
19. Cheni cal s 22, 1% 

20. Clothing 2,1% Industrial 
?1 
'- -. Electrical 2,8% & 31,6% 
22. Engineering 6,o:;; Financial 
23 •. Fishing 0,5% 
24. Food 5,3% 
25. Furniture 2 ,8";; Industrial 84,0% 
25. Motors 1,6% 

0 
27. Paper, Packaging 5,7% 
28. Phannaceutical 0,7% 
29. Pri~ting 0,4% 
30. Steel 3,0% 
~, 

.;) .lo Stores 6,2% 
32. Sugar 4,0~ 

33. Tobacco 3,0% 
34. Transport 1,6% 

* The indices have bt:en expressed exc1uding Property Trusts whic.h only 
entered in 1976. 

FIGURE 3.4 

All 
Shares 

100% 
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Monthly returns for all the indices were calculated using the 

formula 

where R.i t 
pit 

pit-1 

pit - pit-1 

pit-1 

is the return 

is the value 

for index i 

of the index 

i s the price of index i 

in month t 

i at the end of month 

at the end of month t 

t 

The method for establishing the efficient borders (frontiers) 

was similar to the algo~ithm 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 

efficient portfolios was much more restricteq in 

Period 3. 

(ii) In general, a given level of risk (e.g. ap = 7) pro­

duced dramatically different returns in the three 

periods. 

(iii) 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 in deciding 

.whether additional risk is worth bearing. 
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UNCONSTRAINED EFFICIENT FRONTIERS 

5 6 7 8 9 10 11 

FIGURE 3.5 
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The Relationships of Sector Indices to the Efficient Frontiers 

It has been proposed that the market portfolio should be 

located on the efficient 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 other major indic~s on the JSE. The four portfolios 

consisted of the following indices, namely: 

(a) All Share Index (M) 

(b) All 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

t i one d i n di c es w i th reference to the -e-ffi<c .i en t front i er s for 

each of the periods 1, 2 and 3 were extracted from the 

authors' 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 All 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 l Unconstrained Efficient Frontier 
(02/65 - 01/70) 

5 6 7 

Mc All Share Index 
A = All Mining Index 

F = Mining Financial Index 

I = Industrial and Financial Index 

8 9 10 11 12 13 14 15 16 17 

op % per month 

FIGURE 3.6 
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Period 2 Unconstrained Efficient Frontier· 

(02/70 - 01/75) 

Mc All Share Index 
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F = Mining Financial Index 

I c Industrial and Financial Index 
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FIGURE 3.7 
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Period 3 Unconstrained Efficient Frontier 

(02/75 - 01/80) 

4,6 M: All Share Index 
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F Mining Financial Index 
4,2 1 = Industrial and Financial Index 

4,0 

3,8 

3,6 

3,4 

3,2 

Ep 
3,"0 

i 
2,8 

per 
··2,6 

month 
2,4 4 

2,2 

2,0 

1,8 5 

1,6 
F 

1,4 M A 

1,2 

1,0 

0,8 

0,6 

0,4 

0,2 

0,0 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 -0,2 
0 1 

FIGURE 3.8 



3.42 

to be an interesting characteristic as securities 

in the Mining Financial Ind~~ derive their income 

from portfolio holdings of securities in the All 

Mining Index. 

(ii) None of the indices 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 All Mining and the Industrial and Financial market 

segments with little 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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TABLE 3.6 Period l 

Portfolio No. 1. 2. 

op ( % per 11.onth) 13,000 10, 000 

E (%.per month) p 
3,193 3,028 

1. Gold - Rand 

2. Gold - Evander 

3. Gold - Klerksdorp 

4. Gold - OFS 

I 5, Gold - W Wits 
6, Coal I 
7. Diamonds 

B. Platinum 0,0311 0,3560 

9. Copper, Tin, Others 
10. Mining Holding 

I 11. Mining Houses 

12. Inv; Trusts ! 
n. Insurance 0,9689 I 0,6440 

14. Property 

15. Banks 

16. Ind. Holding -· 
17. Beverages 

I 18. Building 

19. Chemicals I 

20. Clothing 

21. Electrical 

22 Engineering 

i3. Fishing I 
I 

l4. Foocl I 

! 
25. Furniture 

26. Motors 

27. Paper, Packaging 

28. Phannaceutic~l 

29. Printing 
30. Steel 

31. Stores 

32. Sugar 
33. Tobacco 
34, Transport 

TOTAL 1,0000 1,0000 

~ Portfolio with same risk as the market 

or-: 51 020 % per month 

RM " 0, 804 % per month 

3. 4. • 5. 6. 

7,500 5,020 3,400 2,500 

2,784 2,312 1,331 0, 184 

0,0081 

0,0612 

0,0427 0,1002 

0,0690 

0,0584 0,2010 

0,55191 

0,1468 0,0811 

0,3055 0,1503 0,0678 

0,0887 ! 0,2531 0,1615 0,0361 

0,3124 0,0197 

0,0100 

0,0681 

I 
0,0331 0,0490 

0,3111 0,2491 
0,0047 

0,0395 0,0712 
0,1576 0,0932 

0,0470 0, 1163 0,0291 0,0045 

1,0000 1,0000 1,0000 1,0000 



TABLE 3.7 
Portfolio No. 

Op (% per month) · 

E (% per month) p 

1. Gold - Rand 

2. Gold - Evander· 

. 3. Gold - Klerksdorp 

4. Gold OFS 

5. Gold - W Wits 

6. Coal 

7. Diamonds 
I 

a. Platinum I 
9. Copper, Tin, Others 

10. Mining Holding 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

2 

2 

2 

3 

7. 

B. 
9. 
o. 

31. 

32. 

3 

3 

3. 

4. 

I 

Mining Houses 
. , 

lnv Trusts I 
lnsu ranee I 

I 
Property 

I Banks 

Ind. Holding 

Beverages 

Building 

Chenical s 

Clothing 

Elect ri ca 1 

Engineering 

Fishing 

Food 

Furniture 

Ho tors 

Paper Packaging 

Pharmaceutical ' 

Printing 

Steel 

Stores 

Sugar 

Tobacco 

Transport 

TOTAL 

3.44 

Period 2 

1. 2. 3. 
17,000 14,000 11, 000 
5,190 4,406 3,500 

0,8601" 0,5268 0,2520 

0,1215 0, 1129 0,1005 

0,0185 0,3603' 0,5320 

I 

0,0520 

0,0635 

1,0000 1,0000 1,0000 

- •Portfolio with same risk as the market 

a~ "' 7 ,861 :i: per month 

R.M = 0,749 :i: per month 

4. • 5. 6. 7. 
7,861 6,000 5,000 4,500 
l,392 1,606 1,064 0,6372 

0,0497 

0,0658 0,0178 

0,0363 

0,5329 0,4614 0,3398" 0,1914 
0,0601 0, 1305 0,1839 0,2187 

I 

I· 
0,0585 0,0554 ·0,0536 

I 0,0686 

1 · 
0,0070 0,2091 0,3596 0,4156 

0,0867 0,0484 0,0157 

0,1393· 0,0702 . 0,0061 

0,0261 

0,0072 0,0414 0,0433 

I 
I 

1,0000 1,0000 1,0000 1,0000 



TABLE 3.8 

Portfolio No. 
0 (¥. P'-'r month) p 
E ( ¥. per month) 

p 

1. Gold - Rand 

2. Gold - Evander 

3. Gold - Kl erksdorp 

4. Gold - OFS 

5. Gold - W Wits 

6. 
7. 

8. 

9. 

1 o. 
11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 
lg. 

20. 

21. 

22. 

23. 

24. 

25. 
26. 
27. 

2 

2 

3 

8. 
9. 

o. 
31. 

2. 

Coal 

Diamonds 

Platinum 

Copper, Tin, Others 

Mining Holding 

Mining Houses 

Inv. Trusts 

I nsu ranee 

Property 

Banks 

Ind. Holding 

Beverages 

Building 

Chffilical s 

Clothing 

Electrical 

Engineering 
Fishing· 

Food 

Furniture 

Motors 
Paper, Packaging 

Pharma ceut i cal 

Printing 

Steel 

Stores 

Sugar 3 

3 

3 

3. Tobacco 

4. Transport 

TOTAL 

3.45 

Period 3 

1, 2.• 

8,000 6,292 
3,644 3,235 

0,9648 0,7228 

.. 

0,0346 0,2726 

0,0006 0,0046 

l,0000 1,0000 

* Portfolio with same risk as the market 

0 11 " 6,292 % per month 

RM " 1,482 % per month 

3. • .Q • 5. 
5,000 4,400 4,000 
2, 765 2,379 1,802 

0,0044 

0,4523 0,2905 0,1442 

0,0020 

0,0376 

0,0944 0,1031 0,0406 

0,3892 0,3283 0,1608 

0,0867 0,1286 

0,2338 

0,0479 

0,0558 

0,0134 0,07~2 0,0759 
0,0138 
0,0325 0,0826 0,1104 

1,0000 1,0000 1,0000 
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On. examining the tables the following points emerge: 

(i) Examination of the portfolios with high risk show 

that limited diversification 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 least risk in each. of the Periods 1, 2 and 3 

contained 14, 7 and 10 sectors respectively. 

(ii) 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. 

(iii) In Period 2, Gold-West Wits 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 little covariance with 

other currently efficient sectors in this period. 

(iv) 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 co~sistently 

dominant in all three periods. Clearly during the first 

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 contribute 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 during the third period, hence it 

is assumed that gold shares did in fact exhibit 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 pottfolio selection study based solely on gold shares 

was conducted using the algorithm adapted by Affleck-Graves 

(1974). The aim of the study was firstly 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 Kruger 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 years 1978 to 1983 are shown in Tables 3.9 to 

3.14 respectively. 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 retur~s 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%. 



3.49 

l 0 

9 

8 

7 

6 

5 

4 

3 

2 

0 

- l 

2 4 6 8 10 12 14 16 18 20 22 

FIGURE 3.9 



3.50 

TABLE 3.9: Composition of Efficient Portfolios for 1978 

E 0,92 0, 91 0,90 0, 86 0 , 7 7 0,48 0,28 0 '2 2 0, l 0 p 
op 5 , l l 4,92 4,70 4,25 3,74 2,85 2,45 2,38 2, 30 

SHARE 

l Dbn Op 
2 E T Cons 
3 E R P M 
4 Ergo eo 37 42 50 
5 Grootvl 
6 Marva le 3 4 5 7 
7 Randfnt l 0 
8 Simmers 4 l 0 l l l l 10 
9 Sallies 
10 Village 
11 Vlaks 
l 2 W R Cons 
l 3 Bracken 
1 4 Kinross 
1 5 Leslie 4 
l 6 Winkels 7 9 7 
l 7 Af Lease 3 
l 8 Buffels 
19 Harties 6 l 8 25 l 3 2 
20 Sovaal 
21 Sti l fnt 10 20 l 3 8 7 
22 Vaal Rfs l 
23 Zandpan ~ 2 
24 Fre gul s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P S tey n 
29 St Helena 
30 Unisel 10 l 0 10 7 
31 Welkom 3 .. 3 

32 W Ho 1 ds 
33 Blyvoor 8 11 l l 6 
34 Deelkrl 
35 Doorns 
36 Dries 
37 El ands 100 92 80 61 35 l 4 5 2 
38 Elsburg 
39 Kloof 
40 Lib anon 
41 Venters 
42 W A re as 
43 l1s tn Deep 
44 E . Dagg a 8 l 0 l 0 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 

E l 0 'l 3 9 '19 8,31 8,01 6,72 5,55 4,78 3,54 2 '81 p 

a P 10,62 5,78 4,74 4,51 3,85 3,40 3' 1 8 2,90 2,84 

SHARE 

l Dbn Op 3 5 6 6 2 
2 E T Cons 
3 E R P M 60 45 40 28 l 7 ll 1 
4 Ergo 3 8 1 l 
5 Grootvl 1 8 21 l 5 10 5 
6 Marva le 
7 Randfnt 6 
8 Simmers 100 40 31 28 24 20 18 1 5 1 2 
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 
l 7 Af Lease ~ 1 3 4 6 7 
l 8 Buffels 
19 Harties 
20 Sovaal 
21 Sti 1 fnt 22 30 31 32 28 
22 Va al Rfs 
23 Zandpan 
24 F reg ul s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P Steyn 
29 St He l e_n a 
30 Unisel 3 3 
31 Welkom 1 3 3 
32 W Holds 
33 Blyvoor 
34 Deelkrl 
35 Doorns 
36 Ori es 
37 El ands 4 1 4 l 8 
38 Elsburg 
39 Kloof 
40 Lib anon -

41 . Venters 
42 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: tomposition of Effici~nt Portfolios for 1980 

E 4,35 3,94 3 '6 2 3' l 7 2,62 2,27 2,00 l _, 86 l '7 5 p 
ap 16 '35 9 'l l 6,72 5,28 4 '0 8 3,53 3,29 3,25 3,24 

---
SHARE 

l Dbn Op 
2 E T Cons 
3 E R P M 
4 Ergo I 

5 Grootvl 
6 Marva le 2 5 4 3 2 
7 Randfnt 
8 Simmers 61 54 38 28 23 l 7 l 3 l 2 
9 Sallies 
10 Village 
1 1 Vlaks 
1 2 W R Cons 
1 3 Brack en 
l 4 Kinross 
l 5 Leslie 
1 6 ~Jin k e 1 s 
1 7 Af Lease 
1 8 Buffels 
19 Harties -
20 Sovaal 
21 Sti 1 fnt 38 42 34 27 22 21 
22 Va al Rfs 
23 Zandpan 1 3 20 26 29 28 
24 F reg ul s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P S tey n 
29 St He 1 e_n a 5 7 7 
30 Unisel 
31 Welkom 
32 ~·J Holds 5 l 0 1 4 14 
33 Blyvoor 9 4 
34 Deelkrl 4 
35 Doorns 37 1 7 1 
36 Dries 8 l 1 1 2 11 
37 Elands 
38 Elsburg 
39 Kloof 
40 ' Lib anon 
41 Venters 
42 W A re as 
43 lvs tn Deep 
44 E. Dagg a 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 

-
E 0,23 0, 19 0 , 1 3 0,06 0,04 - , 0 2 - , 0 8 - ~ 19 -~40 p 
CJ 6,68 6 '1 8 5,56 5,09 4,95 4,63 4,36 4 '0 8 3 '9 3 p 

SHARE 

1 Dbn Op 
2 E T Cons 3 2 
3 E R P M 
4 Ergo 4 11 
5 Grootvl 100 83 64 32 26 9 
6 Marva le 
7 Ran·dfnt 
8 Simmers l 4 
9 Sallies 
10 Village 
11 Vlaks 
1 2 w R Cons 
1 3 Bracken 
1 4 . Kinross 
15 Leslie 
1 6 vJ ink e 1 s 4 l 3 1 5 1 2 
1 7 Af Lease 
1 8 Buffels 9 l 0 l l 8 
19 Harties 
20 Sovaal 
21 Sti 1 fnt 
22 Va al Rfs . l 2 36 31 
23 Zandpan 
24 F reg u 1 s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P Steyn 
29 St Helena ". 6 l l . 
30 Unisel 
31 Welkom. 
32 H Ho 1 ds 
33 Blyvoor 6 
34 Deelkrl 
35 Do o rns 
36 Dries 9 l 0 1 3 1 4 8 
37 E 1 ands 
38 Elsburg 
39 Kloof l 7 33 48 49 ·50 46 29 21 
40 L.ibanon 
41 · Venters 
42 W Areas 
43 Wstn Deep 1 5 
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 

E 2,78 2 '7 3 2,55 2 '42 l '8 5 l '5 3 l '3 3 l '00 0,80 p 
ap 9,64 9,29 8,53 8 '0 8 6 '59 6 'l 7 5 '9 8 5 '79 5,75 

SHARE 

l Dbn Dp 1 2 l 3 l 2 9 2 
2 E T Cons 
3 E R p M 
4 Ergo 
5 Grootvl 
6 Marva le 
7 Randfnt 
8 Simmers 4 23 27 26 1 8 l 3 
9 Sallies 
10 Village 
11 Vlaks 
l 2 W R Cons 
l 3 Bracken 
1 4 Kinross I 

l 5 Leslie 
l 6 Winkels 10 22 27 
1 7 Af Lease 
1 8 Buffels 
19 Harties 
20 Sova al 37 41 34 1 4 
21 Stilfnt 
22 Va al Rfs 9 1 2 
23 Zandpan 
24 Freguls 
25 Harmony 
26 Loraine 100 88 61 44 
27 P Brand 1 2 
28 P S tey n 
29 St Helena 
30 Unisel 
31 Welkom 
32 H Ho 1 ds 6 10 
33 Blyvoor . 2 4 
34 Deelkrl l 3 l 7 1 9 20 
35 Doorns ' 
36 Dries 4 
37 E 1 ands 6 1 2 6 2 
38 Elsburg 
39 Kloof 
40 Lib anon 27 34 20 4 
41 Venters 
42 W A re as 
43 Wstn Deep 
44 E . Dagga 
45 Rd Lease 5 7 1 l 1 3 

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 '1 2 0,65 0,43 -~46 -,68 

ap 18'78 12'6 7 12,50 10 '6 7 9,33 6 '79 6 '49 5,55 5,43 

SHARE 

1 Dbn Op 
2 E T Cons 
3 E R P M 
4 Ergo 
5 Grootvl 
6 Marva le 
7 Randfnt 
8 Simmers 21 19 23 1 8 2 
9 Sallies 
10 Village 

- 1 2 1 3 9 8 
11 Vlaks 
1 2 W R Cons 71 69 44 32 
1 3 Bracken 
1 4 Kinross 
1 5 Leslie 
1 6 Winkels 
1 7 Af Lease 
1 8 Buffels 
19 Harties 
20 Sovaal 4 31 39 
21 Stilfnt 
22 Va al Rfs 
23 Zandpan 20 59 63 59 46 
24 F reg u 1 s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P S tey n 
29 St He 1 e.n a 
30 Unisel 
31 Welkom 
32 W Ho 1 ds 
33 Blyvoor. 
34 Deelkrl 7 1 5 
35 Doorns 
36 Dries 
37 E 1 ands 
38 Elsburg 
39 Kloof -
40 Lib anon 
41 Venters 
42 W A re as 
43 Wstn Deep 
44 E. Dagg a 100 29 28 18 1 6 .9 7 1 
45 Rd Lease 3 5 

I 

TOTAL 100 100 100 100 1 00 100 100 100 100 
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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 rf 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 in order to be comparable to the weekly 

returns used in the study. The percentage composition, 

weekly 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 gold mining companies are found to be 
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TABLE 3.15: Composition of Optimal Portfolios 

1978 19 79 1980 1981 1982 1983 

Ep 0;83 7 ,95 2;62 0,25 2,48 3 ,67 

op 3,98 4,47 3 ,53 0 8,08 12,50 

SHARE 

l Dbn Op 12 
2 E T Cons 
3 E R p M 39 
4 Ergo 
5 Grootvl 21 
6 Marva le 2 
7 Randfnt 
8 Simmers 28 28 4 
9 Sallies 8 . 
10 Village 3 Q) 

s... 
·ll Vlaks Q) 

l 2 w R Cons J:: 69 
l 3 Bracken Q) 

+-'· 
14 .Kinross <tl 

l 5 Leslie s... 

16 Winkels Q) 

Q) 

l 7 Af Lease s... 

l 8 Buffels 4--
I 

19 Harties 27 ..:,,:. 
t/l 

20 Sovaal ·r-

21 Sti l fnt 20 l 42 
s... 

22 Vaa l Rfs Q) 

J:: 
23 Zandpan 2 13 +-' 

24 Fre gul s +-' 

25 Harmony <tl 

26 Loraine t/l 44 
27 p Brand -0 

c 
28 p Steyn ::I 

4--

29 --st He l e.n a .---
30 Unisel .---

31 Welkom <tl 

32 W Holds +-' 
t/l 

33 · Bly voo.r 9 Q) 

34 Deelkrl > 
c 

35 Doorns 1 ·r-

36 D ri .es 0 

37 Elands 42 +> 6 
38 Elsburg .---

<tl 

39 Kl oaf E 34 
40 Lib anon •r-

+-' 

41 Venters D.. 
0 

42 W A re as 
43 · l~s tn Deep 
44 E. Dagga ~ 5 28 
45 Rd Lease· 3 
46 'Kruger R 

TOTAL 100 100 100 lO_Q 100 
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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 less 

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 

Efficient 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 

E 0,23 0 '19 0 'l 4 0,06 0 ,04 - . l 4 - . 31 -.42 -.52 p 

ap 6,68 6 'l 8 5 '71 5,09 4,95 4,01 3,21 3,84 2' 7--1 

SHARE 

1 Dbn Dp 
2 E T Cons 3 2 
3 E R P M 
4 Ergo I .. 
5 Grootvl 100 83 64 32 26 l 4 4 
6 Marva le 
7 Randfnt 
8 Simmers 
9 Sallies 
10 Village 
l l Vlaks 
l 2 W R Cons 
l 3 Bracken 
l 4 Kinross 
l 5 Leslie 
l 6 v! ink els 4 
l 7 ·A f Le as e 
l 8 Buffels 9 l 0 5 
19 Harties 
20 Sova al 
21 Sti l fnt 
22 Vaa l Rfs 
23 Zandpan 
24 Fre gul s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P Steyn 
29 St Helena 
30 Unisel 
31 Welkom ' .. 

32. H Ho 1 ds 
33 Blyvoor 
34 Deelkrl 
35 Doorns ' 
36 Dries :· 9 l 0 l 3· l 3 l 0 2 
37 El ands 
38 E'lsburg 
39 Kloof l 7 33 48 49 38 25 l 2 
40 Lib anon 
41 Venters 
42 W A re as 
43 Wstn Deep 
44 E. Dagg a l l l 
45 Rd Lease 
46 Kruger R 29 57 78 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 

E 2,78 2,73 2,55 2,42 2,05 l , 2 7 0, 84 0,59 0,56 p 

crp 9,64 9,29 8,53 8,08 6,96 4, 80 3,82 3,44 3, 41 

SHARE 

l Db n Op 12 l 3 l 2 8 
2 E T Cons 
3 E R p M 
4 Ergo 
5 Grootvl 
6 Marva le 
7 Randfnt 
8 Simmers 4 5 4 5 2 
9 Sallies 
10 Village 
11 Vlaks 
l 2 W .R Cons 
1 3 Brack.en 
14 Kinross 
15 Leslie 
16 Ylinkels 
l 7 ·A f Le as e 
.18 Buffels 
19 Harties 
20 Sova al 
21 Stilfnt 
22 Va al Rfs 
23 Zandpan 
24 Fre gul s 
25 Harmony 
26 Loraine 100 88 6.1 44 33 l 3 
27 P Brand 
28 P S tey n 
·29 St Helena 
30 Unisel 
31 Welkom 
32 W Ho 1 ds 
33 Blyvoor 
34 Deelkrl 5 3 
35 Doorns 
36 Ori es 
37 El ands 6 6 6 5 
38 Elsburg 
39 Kloof 
40 Lib anon 27 34 30 1 9 1 0 
41 Venters 
42 W A re as 
43 Wstn Deep 
44 E • Dagg a 
45 Rd Lease 
46 Kr.uger R 18 58 80 93 97 

TOTAL 100 100 100 100 100 100 100 100 100 
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TABLE 3.18: Composition of Efficient Portfolios including the Kruger Rand for 1983 

Ep 4,20 3,73 3,66 3, 49 2, l 2 0,45 -.04 -.40 -.43 

ap 18,78 12,6 7 l 2 , 50 2,09 9 ,0 7 5 , 51 4,54 3,88 3, 81 
._ 

SHARE 

l Dbn Dp 
2 E T Cons 
3 E R P M 
4 Ergo 
5 Grootvl 
6 Marva le 
7 Randfnt 
8 Simmers 7 7 1 
9 Sallies 
10 Village 
1l Vlaks 
1 2 W R Cons 71 69 62 39 l 5 7 l 
1 3 Bracken --l 4 Kinross I 

1 5 Leslie 
l 6 vJinkels 
l 7 ·A f Le as e 
l 8 Buffels 
19 Harties 
20 Sovaal 
21 Sti l fnt 
22 Va al Rfs 
23 Zandpan 
24 F re gul s 
25 Harmony 
26 Loraine 
27 P Brand 
28 P Steyn 
29 St Helena 
30 Unisel 
31 Welkom 
32 W Ho 1 ds 
33 Blyvoor I 

34 Deelkrl 
35 Doorns 
36 Ori es 
37 E 1 ands 
38 Elsburg 
39 Kloof 

, 

40 Lib anon 
41 Venters 
42 W A re as 
43 l~s tn Deep 
44 E. Dagga 100 29 28 25 16 6 2 
45 Rd Lease 3 6 4 
46 Kruger R 34 78 91 99 100 

TOTAL 100 100 100 100 100 100 100 100 l 00 ··-
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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 

rfPA 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) the periods unde~ 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, 

(ii) the gold share returns used by the algorithm did not 

include dividends, implying that since no dividends 

are paid out to Kruger Rand owners the returns of 

the gold shares relative to the Kruger Rand are 

actually higher than the study indicates, 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 t~e severe bear phase of 

the gold bullion market during this period. 

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 should be 

noted that the implication of this result could have a 

dramatic effect on the Kru~er Rand market an~ 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: 

r = DIV(1)+P(1)-P(O) ( 4. 1) P(O) 

where DIV(1) i s the expected dividend per share; 

p ( 1) is the price at the end of the year; 

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

Note that P(1)-P(O) is the expected price appreciation per 

share. The value r, is often called the 11 market capitali-

zation rate 11
• 

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 is P(O) = DIV(1)+P(1) 
1+r (4.2) 

Clearly, in equation (4.2), P(1) can be expressed in terms 

of the foliowing year's dividend, DIV(2) and price, P(2). 

Assuming also that r will be the same in the following year 

P(O) can be expressed as 

P(O) _ DIV(1) + DIV(2)+P(2) 
- 1+r (1+r) 2 ( 4. 3) 

In fact the above equation can be expanded so that the current 

price, P(O), can be ~xpressed as the total present value of 

the future stream of expected dividends plus some expected 

terminal price, P(H), 

that is P(O) = IH DIV(t) + 
t=1 ( 1+r)t 

P(H) 
(1+r)H 

(4.4) 

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 be viewed as having an infinite time horizon. 

The present value of the terminal price would thus approach zero 

as the time horizon tended to infinity and could therefore be 

ignored._ The current price of a security in this instance could 

be expressed as the present value of a perpetual stream of cash 

dividends. This can -be written as 

P(O) = ~~=l· DIV(t) 
(1+r)t 

( 4. 5) 

A s i mp 1 i f i. c a t i on o f . th e a b o v·e mo de 1 c a n b e a c h i e v e d by 

·assuming that dividends grow at a const~nt rate. Equation 

(4.5) can be written as 
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P(O) DIV(1) DIV(1)(1+g) DIV(1)(1+g)2 + 
-· 1 + r + ( 1 + r ) 2 + ( 1 + r ) 3 

= ro DIV(1)[1+g]t-l 
t=1 ( 1+r)t 

(4.6) 

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

metric series with first term; D~~~ 1 ) and common ratio 

~: ~ ,, applying the formula for the sum of an i n f i n i t e g e o -

metric series, equation (4.6) becomes 

P(O) = DIV(1)/(l - 1+g) 
1+r 1+r ( 4. 7) 

hence 

P(O) = DIV( 1) 
r-g ( 4. 8) 

where g i s 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 will 

become infinite. 

Equation (4.8) can be rearranged to obtain an expression 

for r, the market capitalization rate 

hence _ DIV(1) + 
r - P(D) g ( 4 • 9 ) 

Brea l ey and Myers ( 1 9 8 1 ) propose the fol l ow i n g method for 

obtaining an estimate of g: 

(i) compute the 11 plowback ratio (PR) 11 using the formula 

D I V ( 1 ) 
PR= 1 - EPS(1) 

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

where EPS(1) 
ROE = Book equity per share 

(iii) finally, g can be estimated by 

g = PR x ROE 

Brealey and Myers (1981.) suggest that a b~tter estimate 

of r could be obtained by taking a large sample of securities 

of equivalent r.isk and using the average of the estimates for 

r instead o~ 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 

"The-0e -0imple, eon-0tant-gnowth VCF 6onmula-0 ane ex­

tnemely u-0e6ul nule-0 06 thumb, but they ane no mane 

than that. Naive tnu-0t ha-0 led many 6inancial 

Fin-0t, nememben the di66ieulty 06 e-0timating n by 

analy-0i-0 06 one -0toek only. Tny to wonk with a lange 

-0ample 06 equivalent-ni-Ok -0eeunitie-0. Even that may 

not wonk, but at lea-0t it give-0 the analy-0t a 6ighting 

fion a -0ingle -0eeunity tend to balanee out aeno-0-0 a 

bnoad -0 ample. 

Seeond, ne-0i-0t the temptation to apply the fionmula to 

6inm-O having high eunnent nate-0 06 gnowth. Sueh gnowth 
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ean ~a~ely be ~u~tained inde6initely, but the eon­

~tant-g~owth VCF 6o~mula a~~ume~ ~t ean. Thi~ 

etor.oneou~ a~~umption lead~ to an ove~e~timate 06 ~." 

Clearly the assumption of constant growth for indefinite 

time horizons is not easily met in practice and secondly the 

accuracy of dividend forecasts need to be considered 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 problem 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 computed 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 adding 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 publl-0hed fte-Oul.t-0 6ftom u-Olng .the model 6oft 

evalua.tlng u.tlll.tle-0 (6oft example elec.tftlcl.ty -Oupply, 

.telephone companle-0) have -0hown l.t .to lmpftove fte.tuftn-O 

oveft .tho-Oe genefta.ted 6~om a nalve buy and hold pollcy 

(l.e • .the maftke.t lndex). Un6oft.tuna.tely .thefte have 

been no ftecen.t ftepoft.t-O on .the pftedlc.tlve ablll.ty 06 

.the model." 

It is felt, however, that it is extremely unlikely that 

a trading rule based on the 11 instinsic 11 share price as 

determined by the above model would yield consistently superior 

returns than the market. Unfortunately the published results 

of the model werenot referenced by Firth, 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-equity 

ratios which therefore increased the risk of the individual 

securities. Secondly, it is unlikely that portfolios selected 

by the trading rule displayed diversification benefits which 
-

could 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-
l 

jected to higher risks. Brealey and Myers (1981) argue. that 

simplistic share evaluation models based on constant growth 

will not generally yield a better estimate of a shares 

11 intrinsic 11 share price than the mark~t price of th·e share. 

Another form (c.f. Brealeyand Myers (1981, pp.51-52)) of 

the equations already discussed can be derived by considering 

the individual preferences of investors for either "income" 

or "growth" stocks. 

Assume that a company pays all of its earnings out as 

dividends, in this case the company would not grow at all, 

and equation (4.9) would become 

P(O) _ DIV(1) 
r 

since g is equal to zero. 

(4.10) 

Also, since all the earnings are payed out as dividends, 

we have 

EPS(1) = DIV(1) 

and equation (4.100 can be written as 

P(O) = 
EPS(1) 

r 
(4.11) 

Further, assume instead that the company invests the 

earnings in some project. Then if the expected return on 

the project is also equal to r, equation (4.11) will still 
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hold, as the reduction in value caused by no dividends in year 

1 is exactly offset by the increase in value 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(O) = EPS(l) + PVGO 
r 

(4.12) 

where PVGO is the present value of growth opportunitie~. 

Thus equation (4.12) can be viewed as the capitalized 

value of average earnings under a zero-growth policy, plus 

the present value of growth opportunities. 

With reference to equation (4.12) a 11 growth 11 stock is one 

which has a large PVGO relative to the capitalized value of 

EPS, alternately an 11 income 11 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 that future 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 

volatile gold price would be untenable. Thus any further 

sophistication of models based on the discounted earnings, 

dividend or cash flow approach will not be discussed in this 

thesis. 
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residents to buy gold. 

In 1975, both the United States Treasury and the IMF (under 

American influence) sold large amounts of gold in an attempt 

to suppress the superiority of gold as a monetary asset. This 

caused the price of gold to be periodically depressed. 

The gold price increased rapidly in 1978 and 1979, in spite 

of the IMF and the US Treasury auctions. The introduction of 

the EMCF in '980 whereby a proportion of 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: 

"U n.t.Ll 1 9 J 3 6 luc..tuaLi.o n.6 in indu.6 .tJt.i.al p!to duc.:tio n we.Jte. 
• •• -·- ----· __ _ 

a majofl. de..te.Jtm.i.nan:t 06 :the. gold :to 

·,9·'73, howe.ve.Jt, i:t appe.afl..6 .tha:t 6luc.:tua'.tion.6 in US 

in6la:tion and Jte.al in.te.Jte..6:t Jta:te..6 we.Jte. :the. majofl. de..te.Jr.- · 

minan:t.6 06 :the. gold p!tic.e., while. indu.6:tfl.ial p!toduc.:tion 

wa.6 ·only 06 minofl. impo!t:tanee.." 

High real interest rates embodied in a world wide re­

cession the gold price to decline in 1981 and 1982 

reachi·ng $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 dramatic $1bO/ounce crash 

in the gold price over two trading days occurred in lata 

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 hand in6onmation i-0 l~c.king on what happened 

in the US manket-0, the weakening oil pnic.e had 

alneady been di-0c.ounted with the gold pnic.e hlide 

6nom $500 to $410. Falling oil pnic.e-0 had alneady 

been going on 6on 10 day-0 and had been pnedic.ted 

6on -Oevenal month-0. Bullion manket -0ounc.e-0 hay 

the c.entnal bank-0 06 heavily-indebted Latin 

Amenic.an oil pnoduc.en-0 -O~ld gold to nealize neady 

c.a-0h ahead 06 yet mone oil pnic.e c.ut-0 whic.h will 

won-0en 6unthen thein ability to pay thein way. 

In any event, a-0 gold weakened in the US la-0t 

Fniday, exten-0ive '-0top-lo-0-0' -0elling wa-0 tniggened. 

The way the US inve-Otment c.ommunity wonk-0, a -0hanp 

pnic.e 6all c.an lead to -Opec.ulaton-0 being -0old out 

eithen becau-0e a pnic.e thne-0hold ha-0 been bneac.hed, 

on bec.au-0e 06 6ailune to meet c.all-0_ 6on mone ma.ngin. 

Gold 6utune-0 wene down by the $25 limit and the. 

manket wa-0 only cleaned on Monday when US -Oetling 

onden-0 wene exec.uted in Hong Kong, -0wamping the 

nonmalty bulti-0h Chine-0e." 

Figure 5.1 illustrates the changes in the price of _gold 

·in dollars per ounce since January 1970. 
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It-:Ts-::'--fnevftable·- that the gold~ price wi-11 -continue to 

remain volatile since the metal is widely used as a core 

holding in portfolios, which are periodically revised when 

the investment climate changes. The volatility 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 Compbnents of 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 purposes, 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. 

Tab 1 e 5 • 1 be 1 ow d i s p 1 a y s the comp one n ts i n fl u e n-c i n g 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 income 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 pa.rticularly 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 corrsume 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 

SUPPLY 

S-0urce: Strong (1982) 

South African Production 
Rest of Free World Production 

Total Free World Production 
Net Sales of Communist Bloc 

TOTAL SUPPLY OF GOLD 
Less: Net Official Purchases 

GOLD AVAILABLE FOR PRIVATE 
FABRICATION AND INVESTMENT 

DEMAND 

Av~rage Price US$/oz 

Jewellery Fabrication Demand 
- Developed Countries 
- Developing Countries 
Official Coins 
Electronics 
Dentistry 
Other Industrial & Decorative Uses 
Medallions and False Coins 

TOTAL FABRICATION DEMAND (A) 

Hoarding of Bars 
Net Investment Demand 

TOTAL 11 INVESTMENT 11 DEMAND (B) 

TOTAL DEMAND (A + B) 

1980 
Tons 

675 
271 --

946 
90 --

1036 
230 --

806 

$612 

273 
(-150) 

1851 
86 
62 
70 
1'6 --

542 --
8 

256 --
264 --

806 

1981 
Tons 

658 
304 --
962 
283 --

1245 
260 --

985 

$460 

373 
221 
201 

85 
62 
66 
28 --

I 

1036 --
280 

(-331) 

(_:_B) 

985 
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Distribution of the World's Above G~ound Gold 

37% - CENTRAL BANK- HOLDINGS. 
-.--

-

26% - INVESTMENT AND HOARDING 

25% - JEWELLERY 

• 

80' 7o - HELD BY EMCF, IMF. BIS etc 
-· 

3% - HELD IN RUSSIA AND CHINA 

I 1% - NEWLY-MINED 

I I 

FIGURE 5.2 

Source: Chamber of Mines' Newsletter, September/October 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 and inflation 

(i.e. real interest rates), exchange rates, price of petro­

leum, political tensions, 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 gold 'price over the 

entire period as well as ftom 1968 to 1973 and 1974 to 1981. 

The results indicate the inflation rate was the best explana­

tory factor over the entire period. For the two separate 

p~riods, however, 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 found to be the best 

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

Ariovich also computed the multiple regression equations 

having the ~rowth rate df the gold price as the dependent 

variable, and the same above 3 variables as the independent 

variables. The equations were computed for the same pe~iods 

as the above empirical test. The equations are listed in 

Table 5.2 below. 

Ariovich concluded that the empirical evidence strongly 

supported the argument that gold markets have experienced 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 determinant~ of the 

gold price. 

Unfortunately the above 2 empirical tests were based on 

very small sample sizes, i.e. 14, 6 and 8 ~espectively. 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 technique whereby 

judgemental probabilities are used in the analysis to re­

present the uncertainty of the political,sociological and 

econ-0mic factors that will affect the gold market in the 

future. 

On the basis of these probabilities a set of demand and 

supply curves, relating q~antity 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 judgemental 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 dealers, inter­

national bankers, political analysts, economists, minjng 

executives and fashion leaders. 

Some interesting results discussed in Brock's (1981) 

report which are of relevance here, include the following: 

1. Virtually everybody who was interviewed agreed that there 

would be six major determinants of investment demand in 

1987, namely: 

{i) The price of gold 

(ii) Real 'interest rates, in particular those in Europe 

and the United States. 

(iii) Real economic growth rates, particularly in the 

Untted 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. 

2. The future supply of gold, will continue to be dominated 

by South Africa and Russia. South African gold sales will 

depend on the price of gold, production levels, the paten-

tial for labour unrest and rapid rise in mine workers' 

wages, and the sales policy implemented by the South 

African Reserve Bank. Brock further mentions that Russian 

sales will be largely dependent on price, production levels, 

potential l_abour unrest, the need for foreign exchange f6r 

the possibl~ construction of a natural gas pipeline from 

Russia to Europe, the poor agricultural situation and 

decreasing oil exports. 

3. 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 fo]lowing probabilities to the 

given ran~es of gold prices at different inflation rate 

scenarios in 1987: 
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( i ) Nil inflation 

Gold Price ($/ounce) Probability 

0 -. $520 0,010 

$521 - $550 0,080 

$551 - $580 0,085 

$581 - $610 0' 18 5 

$611 - $640 0,240 

$641 - $670 0,225 

$671 - $700 0,1250 

$701 - 00 o, 0·5 o 

( i i ) 6% inflation 

Gold Price ($/ounce) Probability 

0 - $738 0,010 

$739 - $780 0,080 

$781 - $823 0,,085 

$824 - $865 0 '18 5 

$866 - $908 0,240 

$909 - $950 0,225 

$951 - $993 0,1250 

·"$994 00 0,050 
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(ii i ) 9% inflation 

Gold Price ($/ounce) 

0 $872 

$873 - $922 

$923 - $973 

$974 - $1023 

$1024 $1073 

$1074 - $1124 

$1125 - $1174 

$117 5 - 00 

( i v ) 13% inflation 

Gold Price ($/ounce) 

0 - $1083 

$1084 - $1145 

$1146 - $1208 

$1209 - $1270 

$1271 - $1332 

$1333 - $1395 

·-$1396 $1457 

$1458 - 00 

Probability 

0,010 

0,080 

0,085 

0 '18 5 

0,240 

0,225 

0' 12 5 
' 

0,050 

Probability 

0'01 0 

0,080 

0',085 

0 '18 5 

0,240 

0,225 

0 ' 125. 

0,050 

It should however be noted that Brock's study was p~b-

1 ished in 1981, and hence was conducted during times of high 

gold prices. It is felt 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 and 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 would rise 

rapidly to over the $600 mark, again these judgemental fore-

casts were completely incorrect. 

' Fundamentally, it would appear that currently the three 

major factors influencing the gold price are, firstly, the. 

inflation rate in the United States, which affects the con-

fidence of investors in the Dollar, secondly, the real rate 

of interest 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 industrial production in 

the United 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 gold has risen six or seven times 

more rapidly than dollar prices, clearly the gold price is 

not simply determined by US inflation rates. Many variables 

are involved as mentioned previously, however, the inter-

active 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 the real assets and the 

price would be forced down until it reached a value that would 

provide the required yield. It is assumed that holders of 

gold have a notion of some future price of gold 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 

P t l f ld _ Future value of gold resen va ue o go 
(1+r)n 

i.e. ( 5 • 1 ) 

Where n is the number of periods into the future and r is 

the nominal interest rate. Clearly as ~ominal interest rates 

rise so the present value of gold falls. 
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However, assuming now that inflation is present, it is 

expected that borrowers will be more willing to borrow and 

lenders will be less willing to lend, given the same interest 

rate as above (since borrowers can repay the loan to the 

lenders in 11 devalued 11 money). Accordingly interest rates 

would rise in line with the rise in inflation rates, causing 

the real interest rate (which~is simply the difference be­

tween the nominal interest rate and the realized rate of in-

flation) to remain the same. This compensa~ion in rates of 

interest and inflation wouid effectively 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 loans for investment purposes in fact 

declines with increases in expected inflation. The reason 

for this phenomenon is that the lender is concerned only with 

the average rate of inflation, whereas the bo~rower, generally, 

has a more difficult task assessing the variability in prices 
' 

associated with his specific venture (i.e. labour cost, raw 

materials costs, transport, etc.). Hence causing nominal 

interest rates to increase less rapidly than the inflation 

rate, 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). 
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The conclusion therefore is that the interaction between 

the gold price, inflation and real interest rates in the 

United States manifests itself in tbe following way: If an 

increase in the inflation rate is associated with increased 

uncertainty about the relative value of dollars, then this is 

the likely cause 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 the 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 hepce to the 

movements of real interest rates. Depreciation of the US 

dollar is also associated with upward movements of the gold 

price while appreciation of the US dollar is associated with 

downward movements of the price. 

5.1.2.3 Oil 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 gold price. 

in the past says: 

u •••••••• the Anab all eantel ln 1914 lmpo-0ed -0tnlgent 

pnlee lnenea-0e-0 on oil. Thl-0 added to ln6latlon. It 

had anothen -0enlou-0 e66~et, howeven. In onden to buy 

oil, we [US] had to -Oend dollan-0 abnoad. Led by all. 

lmpont-0 oun tnade 6lgune-0 went way out 06 balanee. 

We wene lmpontlng mueh.mone than we wene expantlng. 

(Amenlean-0 had not la-0t theln appetite 6on 6anelgn 

good-0. They wene puneha-0lng them ln 6an Langen 

numben-0 than 6onelgnen-0 wene puneha-0lng Amenlean 

good-0.) 

The ovenall ne-0ult wa-0 that -0uddenly thene wa-0 an 

eno~mou-0 glut 06 dallan-0 abnoad. The 'te~m 'Euna-

dolla~' beeame 6a-0hlonable. 

dollan-0 loeated ln Eunope. 

It -Olmply meant US 

By the end 06 1918 thene 

wene e-0tlmated to be an lnenedlble $600 billion Euno­

dollan-0. 

A-0 the -0upply 06 dollan-0 lnenea-0ed, theln value ne­

latlve to 6aneign eunneney deenea-0ed. People had 

little u-0e 6on dolla~-0. They wanted deut~ehe man~-0, 

Swl-0-0 6nane-0 - and gold. 

The value 06 all the-Oe eunneneie-0 moved up ~elatlve 

to the dollan. Beeau-Oe -0ome Eunopean-0 wene tunnln~ 

to gold a-0 a 6u~then dollan altennatlve, the p~lee 06 

·gold al-00 climbed -0teadlly.u 
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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 oil. 

Wolenik (1980) believes that the new price increase had a 

different, but nevertheless dramatic effect on gold as it 

left the US, because of its d6mestic oil, in a relatively 

better position than the rest of the industrialized nations 

of the world. During the manths of March, April and May 

1979 it was evident that Europeans and other currency in­

vestors began to buy dollars, hence with th~ dollar strength­

ening, more people b~gan to switch from gold to dollars. 

The gold pri~e edged iower with more gold on the market. 

However, European countries, particularly Germany, anticipated 

that increased oil 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 

American business community realized that inflation was bound 

to affect the US dramatically. Anticipating higher interest 

rates as a method of dealing with inflation~ they borrowed 

capital immediately causing the US reserve banking system to 

actually create new money to meet the demand of the borrowers. 

Thus the money supply during May, June, July and August in 

the US increased enormously pushing the inflation rate up 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 oil they bought gold. Wolenik (1980, p.56) 

mentions: 

"It ha-0 been e-0timated that in 1915 1 tnoy ounce 

06 gold would buy about 10 bannel-0 06 oil. By 

7979 1 tnoy ounce would buy oven 15 bannel-0 06 

oil. " 

' As soon as oil-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 

s al es w or l d w i de , i n cl u di n g comp u t e.r i zed 11 stop - l o s s 11 s e 11 i n g 

orders, the gold price plunged by more than $100/ounce 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 
I 

decline in oil prices might have an opposite effect: 

"One view put 6onwand eanly thi-0 yean a-0 Opec'-0 

gnip on oil pnice-0 -0tanted to ~lip wa~ that an 

oil pnice dnop would lead to a wonldwide .banking 

cni~i~. The logic wa~ ~imple enough: oil.pnodueen 

Mexico had bonnowed $Z5 billion-odd, langely 0nom 

Amenican commen~ial bank~ whieh had been willing 

to lend any amount when oil pnice-0 wene ni~ing; 

advancing intene-Ot nate-0 had impained it~ ability 
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ta -Oe~viee the laan-0, let alone ~epay eapital; and 

deelining ail p~iee-0 pa~ed the eaunt~y'-0 6a~eign 

exehange ea~ning-0 eapaeity and·thu-0 le-0-0ened it-0 

ability ta ~epay it-0 6a~eign ba~~awing-0. A de6ault, 

it wa-0 elaimed, eauld t~igge~ bank eallap-0e-0 and a 

maja~ banking e~i-0i-0 in whieh the only a-0-0et want~ 

anything would be gold. Othen heavily-ban~awed ail 

eaunt~ie-0, notably Nige~ia, Indone-0ia and Venezuela, 

we~e thought to be not 6a~ behind Mexiea." 

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

following comments: 

"The wanld eeanamie outlook i-0 impnaved by lawen ail 

pniee-0, but the wa~ld banking -0y-0tem may detenianate. 

US Tnea-0uny -Oeenetany Von Regan te-0ti6ied be6ane 

Cangne-0-0 thi-0 week that an oil pniee 06 $25 would 

-Opell tnouble 60~ the banking -0y-0tem. Among the 

tnouble -Opot~: Mexieo ha-0 ju-0t -0enaped up $5bn 6nam 

oven 500 bank-0 a-0 a key element in it-0 $80bn debt 

'ne-0eheduling'. At an ail p~iee 06 $25, it would 

need mane money whieh -Oome bank-0 may ne6u-0e to 

pnovide. 

Anothen: The US banking -0y-0tem ha-0 loan-0 ·06 oven 

$40bn to it-0 awn oil-dnilling indu-0tny. Thi-0 i-0 a 

di-0a-0ten anea whieh ha-0 alneady elaimed one ea-Oualty, 

The Penn Squa~e bank in Oklahoma, who-0e eollap-Oe 

-0tanted the. nun on gold la-0t yean." 
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It is thus obvious that changes in the oil price have a sub­

stantial effect on the gold price since it incorporates in­

fluential elements which can be se~n to affect the demand for 

gold in many ways. 

Firstly, high oil prices are associated with higher pro­

duction costs, hence higher inflation, especially in the US 

which is a substantial importer of oil. 

- -
Secondly, the wealthy OPEC countries ten~ to invest large 

sums of their oil revenue i~ gold in an attempt to maintain 

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

Thirdly, political crisis such as the ~ecent Iran conflict 

with Iraq affects the oil market, which is essential for 

economic activity~ 

Lastly, approximately 40% of Russia's total exports con-

sist of oil, hence changes in the oil price in international 

markets help to determine Soviet foreign income, and conse-

qu~ntly strongJy influence its gold sales. The majority of 

Russia's foreign income is accrued from oil and gold sales, 

hence -at higher oil prices Russia is able to accrue more 

foreign income, thus needs to sell less gold to meet its 

foreign exchange needs. Clearly a larg~ 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 cau~e are 

highly diversified and therefore have varying influentes on 

the gold price. 

Ariovich (1983) mentions five types of political events 

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

namely: 

1. Political events which undermine the stability or re­

liability of the international financial systems: 

The recent debt crisis _as well as the oil crisis can 

be cited as examples of political events which have 

undermined the international financial system in the 

past. 

2. Political events which can change inflationary ex­

pectations: e.g. Changes in oil prices are noted to 

have an influence on inflationary expectations. 

3. Political events which directly influence the value 

of the US Dollar: Since a large 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 cit~s the following examples 

of this type of event: 

"Example~ 06 political event~ which can in­

filuence the value 06 the US dollan a~e many: 

Vome~tic election~ whene Vemocnat~ compete 

with Republican~ (a~ Republican~ ane con~idened 
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to be mane eon~envative ~n thein eeonomie and 

~oeial polieie~ and it i~ thene6one a~~umed 

that they will maintain th~ value 06 the dollan 

betten than the Vemoenat~); involvement ~n 

extennal wan~; dome~tie ~oeial unne~t." 

·4. Local political events which influence domestic, social 

or political systems: Ariovich (1983) cites the 

following example: 

"The neeent ehange in politieal powen ~n 

Fnanee in 1981, when the Soeiali~t~ neplaeed 

the mane eon~e~vative eoalition, ean be eited 

a~ a loeal politieal event whieh p~obably 

had ~ome impaet on the gold pniee. The de­

elaned poliey 06 the Soeiali~t~ to maQe em­

ployment the 6i~~t pnionity in thein eeonomie 

poliey, a~ well a~ thein intention to expno­

pniate ~ome p~ivate pnope~ty, ~ueh a~ pnivate 

banQ~, nai~ed pnobably both in6lationany 

expeetation~ and the level 06 anxiety, panti­

eulanly among~t the wealthy in Fnanee." 

5. Political events which can 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 gold 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 

r~al assets thus having a positive influence on the gold price. 

However, unless an event really causes a fundamental demand 

to.hold more gold or gold-related assets for real value, the 

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

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)). The price trends of 

the above three metals are highly correlated and are all 

traded on the\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 

associated with the individual gold mines, changes in the 

price of gold wtll have a different impact on the factors 

influencing the profitability of individual mines. 

The South African gold mines are, however, associated with 

mining finance houses that provide some or all of the deve­

lopment capital and usually have contracts with the mines to 

provide managerial, technical and other services. The six 

principal mining houses are: 

Anglo American Corporation of SA Ltd (Anglo American) 

Anglo-Transvaal Consolidated Investment Co Ltd· 

(Anglovaal) 

Gold Fields of SA Ltd (GFSA) 

Rand Mine Ltd (Rand Mines) 

General Mining and Union Corporat~on (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 

the above mentioned six mining fjnance houses, including 43 

gold and 38 coal mines and 14 diamond, platin~m, 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 Mining House Share of Gold Profits and -Production 
( 1.g 7 9 f i g u re sJ. ' ' . 

Output % of R1 000 Operating Profit 
(Tons) Total % of total. 

Anglo American 262.0 38.2 279 352 41.1 
GFS·A 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 
JCI 46 .6 I 6.8 ' 160 554 5.2 
Anglovaal 37.9 5.5 159 003· 5 .. 1 
Independent 1.2 o·. 1 1 347 0. 1 

686.4 100 3 100 698 100 

Source: Business Brief, The Economist, March 29, 1980, p.82 

with recognised trade unions and associa~ions; the adminis-
' ., 

tration of miners' training colleges and rescue training 
' 

se~vices; the provision of medical facili~ies and the adminis-

tration of pension and benefit funds for the industry; repre­

senting the industry in dealings· with the Government; the 

cartying out of advanced technological research;. recovery of 

--~-:---tra-Ge-s---of .pr.ec-ious meta.ls from.gold· mines· plan·ts·:and other 

spheres of mutual interest; processing and marketing of 

uranium; the marketing of Krugerrands· and the world-wide 

promotion of gold for jewellery and industrial purposes. 

Main (1982) writes that some of the above functions are 

conducted by subsidiary companies on behalf of the Chamber of 

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

Nuclear Fuels Corporation of South Africa (Nufcor); the 

Rand Refinery; the International Gold Corporation (Intergold); 
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to mine the higher 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 realizing their returns in 

as short a time as possible, however, this preference would 
i . 

greatly reduce the amount of payable ore reserves and hence 

the life of the mines. 

The decision to change mining strategies to mine bodies 

containing different grades of ore will be. largely 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 mined without profit or loss. Here the 

cost considerations include; the cost of mining, processing 

and marketing the gold. 

The pay limit 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 ar~ generally stated as being based on 

a certain gold price since higher gold prices allow mines to 

mine lower grade ore, thus extending the life 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 

classified.by the institution of Mining and Metallurgy as 

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

which has been exposed and is available for mining 

immediately or within six months or a year at most. 

(ii) 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. 

(iii) 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 of the 

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

.is most noticeable on the graph during ~976 and 1977 where 

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

It is expected that in general .the grades do not change 

instantaneously with marked changes in the gold price but 

react rather to some lag in the gold price. In Section 

5.4.2 it was found that working costs were most highly corre-

lated with the average of the previous four quarterly gold 

price$. It is thus expected that the grade would exhibit a 

similar lagged relationship with the gold price. 

A standard multivariate regression analysis was performed 

having the average quarterly grade as the dependent variable, 

with time and the lagged average gold ~rice as independent 

variables. The data used consisted of quarterly observations 

ranging from the first quarter of 1973 to 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: 

l.~:~_ 4 GP(k) 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 value 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 an increased gold price. This gold price effect, 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 lagged gold price holding time 

constant was found to be -0,3887, sbowing that the lagged 

gold price had less influence on the changes in grade than 

the time variable. It should be noted, however, that the gold 

price still has a significant effect on the g~ade of ore mined, 

but that time is the major component of the diminishing grade 

of ore being milled. This is caused by the diminishing ore 

reserves over time causing lower grade ore to be exploited. 

5.4 Working Costs 

The profitability of working an ore body ~epends largely 

on the grade of ore, the net revenue received for the product 

an~ the working costs. The effect of working costs on pay 
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limits, ore r~serves 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 working costs will 

be discussed and an attempt will be made to identify and 

estimate costs for various mines. 

Figure 5.5 shows the quarterly 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 follqwing 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 

100 100 

Storrar (1981) defines development work as any tunnelling 

operation performed for exploration, exploitation or both. 

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 

mine workers increased by 180 per cent. 

Unskilled labour costs have increased at a much faster 

rate than skilled.labour 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. 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 years 

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 monthly wage rate for 

skilled workers 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 lab~lUr 17,4% 27,7% 
Stores and Materials 34,4% 35,1% 
Power and Water 9,4% 9,7% 
Other 8,3% 9,4% 

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 1957 1963 1975 1979 
R R R R R R 

White labour charges 0,65 0,94 1,64 1 ,86 4,04 5,69 

Black labour charges 0,44 0,52 0,80 0,91 4,51 8' 19 
Stores and materials 0,79 1 ,06 1 ,85 2,20 5,59 10,30 

Sundry costs 0,26 0,34 0 ,72 0,89 2,62 5,98 

Total cost 
per· t/mi 11 ed 2 '14 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 
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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 profitability. 

(ii) Stores and Materials 

The actual stores and materials co~ts per ton milled 

was R2,71 in 1971 and R14,58 in 1981 constituting an 

increase of 18,3 per cent per annum, whereas the pro­

portional contribution to cost per ton milled has only 

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

Unsuccessful attempts at explaining the actual increase 

of stores and materials costs using the Production 

(Wholesale) Price Index ~ave been made. It has been 

concluded that the nature of the stores 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. 

(iii) Power and Water 

Here the actual usage per ton of ore milled was R0,74 

in 1971 rising to R4,03 in 1981; an increase of 18,5 

per cent. The change in the proportional contribution 

to cost per ton milled over the period was minimal. 

The actual 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 Istimation of Cost 

The.formulation of cost equations is necessary for the 

share evaluation model .. that is developed in Chapter 6 where 

accurate contemporaneous estimates of worktng costs are 

required. 

The Data 

The same eight mines chosen by Harwinke] (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 mines given by the Chamber of Mines: 

1. New ventures 

2 • Life over 25 years 

3. Life between 1 5 and 25 years 

4. Life of + 1 0 years 

5. State assisted mines 

Accordingly 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 milled ranging from the 

beginning of 1970 to the third quarter in 1982. The data was 

collected from the Chamber of Mines "Quarterly Analysis of 

Working Results. 11 

The model which will be developed in Chapter 6 requires 

the cost data to be expres~ed in rands per ounce of gold 

mined, hence the following transformation was used. 

cost(r/ton) 
cost(r/oz) = grade(g/ton) x 31,10348* 

*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 on~y after 1973 did the-gal~ 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 fitting 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 variable will be used as 

independent variables to measure the working costs (quarterly 
' 

data will be used). 

(i) The Gold Price 

In Section 5.3 the effect that the gold price has on grade 

and hence costs was discussed and in Section 5.1.2 the assoc-· 

iation between the gold prite and inflation (hence costs) was 

also discussed. 

Firstly it was necessary to determine whether the quarterly 

gold price had a contemporaneous, lagged 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 lags 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 in an attempt to determine the periods over which the 

gold price had the most influence 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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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-

eluded 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) ·· 

1 • [GP(t-1)+GP(t-2)]/2 .9275 

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

3 . [GP(t-3)+GP(t-4)J/2 .9474 

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

5 . [BP(t-4)+GP(t-6)]/2 .9488 

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

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

+GP(t-3)]/4 

For the remainder of the cost analysis 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 time 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: 

rtt-1. ( )lB2 
B1(t) lk=t-4GP k · 

cost(t) = Boe . "L J ( 5. 2) 

The additive model: 

cost(t) ( 5. 3) 

(i) The multiplicative model: 

In .order to estimate the coefficients -Bo, B1 and B2 

in (5.2).the log transformation was used to linearize equa­

tion (5.2), i.e. 

The data was transformed accordingly, and Bo, B1 and B2 

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: 

t- 1 o,21so 
o ,0414(t)rlk=t-4GP(k)l 

cost(t) = 7 ,2594.e L 4 ] ( 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 pr~cedure 

was implemented to linearize (5.3). 

Firstly B2 was estimated separately by the model 

( 5. 6) 
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taking logs to linearize 

lbg(cost(t)) = log Bi + B2(t) ( 5 • 7 ) 

The data was transformed accordingly and 82 was found 

(using least squares regression procedure) to be 0,05371 with 

an associated R2 value of 0,9866. 

Secondly, having acquired B2 , e 62 (t) was computed for 

each assoc:ia.ted .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 80 , 81 and 83 • These estimates were 

sub~tituted into equation (5.3) obtaining: 

t-1 
cost(t) = 3,3421 + 12,1425 e 0

'
05371 (t)+0,0613 lk=t-4GP(k) 

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 additive 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 inc1udes the prediction 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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cost(t) = 8,2592 + 7,6974 e 0 ' 06122 (t) + 0,0750 
l~:t1_ 4 GP(k-) 

( 5. 9) 

The R2 value associated with the estimation of the above 

model is 0,9711. Figure 5.8 shows the actual and predicted 

costs using 'th~ 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 Proprietary Mines (ERPM) 

Her~ the cost equation was estimated as: 

2tk:t1 _4GP(k) 
cost(t) = 9,2595 + 23,8908 e 0

'
05704 (t) + 0,0297 

(5.10) 

The associated R2 value is 0,9834. (Figure 5.9 shows the 
' 

actual and predicted costs using the above equation.) 
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The partial correlation of cost with time holding the gold price 

constant was found to be 0,9341, 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 Pfo~rietary Mines (Grootvlei) 

Here the cost equation was estimated as 

\t-1 
0 O!t868(t). lk=t-4GP(k) 

cost(t) = 12,5337 + 13,0431 e ' + 0,1993 

(5.11) 

with R2 value equal to o·,9832. (Figure 5.10 shows the 

actual and predicted costs associated with the above equation.) 
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The partial correlation of cost with time holding the lagged 

gold price 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 
ltk:t1 _4GP ( k) 

cost(t) = 0,1298 + 11,4377 e 0 ;osGoss(t) + 0,0360 

(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 

be 0,3983. 
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5.4.2.5 Kloof Gold Mining Company (Kloof) 

The cost equation was found to be 

(t) lkt:t1_4GP(k) 
cost(t) = 7,2426 + 17,1824 e 0

'
04071 

- 0,0275 

(5.13) 

~ith R2 ·value of 0,8778. - (Figure 5.J2 shows the predicted 

and actual costs using the above equation.) 
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The p~rtial correlation between cost and time 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 negative 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-

tence can be justified as Kloof Gold Mining Company uses a 

longwall (as opposed to scattered) mining procedure which does 

not enable efficient changes to one of different grades during 

periods 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 estima~ed as: 
tt-1 

cost(t) = 13,3~70 + 14,7380 e 0 ' 057 6s(t) + 0,2260 lk=t-4GP(k) 

(5.14) 

The R2 value is 0,9775. (Figure 5.13 shows the actual and 

predicted costs using the above equation.) 

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 0 ' 05399 (t) + 0,0281 
I~:~_4GP(k) 

.(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 Winkelhaak Mines Ltd (Winkelhaak) 

Here the cost equation was estimated as: 



cost(t) 

5.57 

It"." 1 GP(k) 
= -1,5441 + 12,5363 e 0 ' 04777 (t) + 0,250 k=t-4 

(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 partial 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 individual mines 

all appeared to have similar trends and represented the data 

well, as can be seen by the high R2 v~lues. Secondly the 

time variable was the dominant variable in all the equations 

as can be seen in Table 5.6 below. 

TABLE 5.6 

Partial Correlations 
Mine Cost equation ~·.Cost and Time Cost and gold price 

·. R2 value gold price fixed time fixed 

Bl.yvoor 0,9711 0,8604 0,3478 

ERPM 0,9834 0,9341 0,0917 

.Grootvlei 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 0,5704 

Westdeep 0 ,9648 0,8614 0,1579 

Winkelhaak 0,9882 0,9482 0 ,2722 

The cost equations analysed in this section were all in 

units of rands per ounce of gold mined. Cost equations in 

units of dollars per ounce mined usin~ a contemporaneous 

quarterly gold price variable were also determined. An 

additive model was used here as well, i.e. 

T h e q u a rte r l y co s t a n d g o 1 d p r i c e d a ta we re a d j u s t e d by 

the quarterly average US doll~r/rand exchange rate. A list 
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of the beta's and R2 valu~s for the estimated costs of the 

individual mines are given in Tab1e ·5.7 beldw. 

Comparison of .Table ·5;6 above and Table 5.7 below shows ~at 

the rand/ounce cos.t equations generally have marginally 

higher associated R2 values than the corresponding dollar/ 

ounce cost equations shown below. This is to be expected due 

to the high degree of. variabi1-ity of the exchange- rate,--thus. 

causing more volatile dollar/ounce cost data when. adjusted 

by the exchange rate. 

TABLE 5. 7 

Cost-Coefficients - dollars/ounce 
-~ 

Mine ·R2 So 81 82 83 

Blyvoor 0,9762 0,294 11,471 0,056 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 '99 5 23,373 0,056 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 comparison here, are 

the coefficients of the gold price variables, although they 

are relatively small, they are almost all negative. The 

reason for the negative gold price coefficients is due to the 

fact that periods of higher gold prices enable mines to mill 

lower grades of ore, which are generally more accessible, 

thus causing the cost per ton of ore milled to decline and 

v-lc.e. ve.){..6a (although the--c-ost--per ounce of--gold-mined-i-n-·----­

creases· at lower grades). 

TABLE 5.8 

Cost Coefficients -
rands/ton of ore milled 

Mi. ne R2 Bo B1 B2 83 

Blyyoor 0,9845 -0,310 7,835 0,041 -0,006 

ERPM 0,9527 2,293 5,238 0 '0 51 -0,007 

Grootvlei 0,9899 -0,485 3,260 0,044 0,003 

Kinross 0,9896 -0,809 4,982 0,040 -0,001 

Kloof 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 -0,00E 

Wi nkelhaak 
'' 

0,9824 -0,988 5 '211 0,035 -0,002 

5.5 Production 

Gold has alway~ been a scarce commodity, therefore any 

increase in the supply of newly-mined gold will be deriv~d 

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 lst 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 1n the last 

quarter of 1982. 
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FIGURE 5.17 

The reason for the increase in tons of ore milledsyet 

. 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 grade of ore 

milled, firstly, higher gold prices have made it payable to 

mine the lower grade ores which were previously unpayable 

and left in the ground. Secondly, many of the mines have 

already exhausted much of their higher grade reserves and 

are now mining their lower grade areas. 

It should, however, be noted that although higher gold 

prices may lead to a fall~off in gold production, higher 

gold prices also enable the industry to mine lower grade ores, 

thus extending the lives 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. 

(ii) 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 gold production was 

estimated to remain around 700 tons a year until 1987, and 

then fall off gradually to about 350 tons a year in the 

year 2000. 

Further projections by the Chamber of Mines estimate 
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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 extent-by ... the gold~prie-e-..-"0 -Also, .product-ion--has de .... _ 

creased through time as can be seen from Figure.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) = [a1+a 2 Weighted average gold price(t) 

+ _a 3 gold price(t) + a4(t)] x 1000 

(5.18) 

where Weighted average gold price= ~.gold price(t-1) + 

3.gold price(t-2) + 2.gold price(t-3) + 

+ gold price(t-4)] in-
To express .the data in ounces produced annually, the 

following transformation was used on the quarterly data: 

t 3 tons milled(t-k)xgrade(t-k) 
Annual production{t) =·lk=o 31,10348 

(5.19) 
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The coefficients of equation (5.18) found by using least 

squares regression for the eight individual 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 0.1 0.2 0.3 0.4 

Blyvoor 1241,3670 0,5004 -0,0235 -19,1311 125,416 

ERPM 605,9126 0,3834 0,1711 -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 . -23,5688 50,013 

Winkelhaak 556,8128 -0' 1417 0,06589 -1,3904 22,203 

All 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 significant 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 

!% 1 evel here. 

Figures C.1 to C.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 initial capital 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 maintaih operations of the mine. 

(ii) Desirable expenditure, but which could be deferr~d if 

necessary. 

(iii) Expenditure related to expansion of operations and 

luxury projects . 

. Figure 5~18. shows the total quarterly gold mine capital 

expenditu~e expressed in millions of rand. It is evident 

from the graph that capital expenditure tends to be increasing, 

reaching a recent peak of R395,1 million in the third qua~ter 

of 1981. 

Brown (1982) gives a total fo~ capital expenditure of 

R5730,7 million for gold and uranium mining from 1972 to 19S2, 

but adds: 

"Pe.Jz..ha.p.6 o 6 moJz..e. pe.Jz..tin.e.n.c..e. i.6 the. gJz..owth o 6 c..a.pita.l 

e.xpe.n.dituJz..e.. It ha..6 e..6c..a.la.te.d fiJz..om R106,4 million. in. 

1913 to R1Z11,9 million. in. 1981, fia.llin.g .6lightly to 

a.n. e..6Li.ma.te.d R 106 Z million. in. 19 8 Z •. " 

Brown continue~: "But the. ma.in. Jz..e.a..6on. 60'1.. the. gJz..owth wa.6 

the. upwa.Jz..d t·Jz..e.n.d in. the. gold pJz..ic..e.; whic..h ga.ve. the. 

gold mining in.du.6t'1..y a. n.e.w le.a..6e. 06 li6e. and pJz..ovide.d 

the. Jz..e.tain.e.d e.aJz..n.in.g.6 to 6i~an.~e. .6ub.6tan.tial a.ddition..6 

to c..apital .6toc..k. and n.e.w mining ve.n.tuJz..e..6." 
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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 ex~ess of R450 million, which can be divided 

proportionally as: 

shaft sinking 30,6% 

accommodation 2 1 , 1 % 

treatment plant 14,0% 

equipment 12,8% 

sundries 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, Deel kraal, which cost R150 million and Elandsrand, 

which reached the pre-production stage at a cost of R183 

million (c.f. Supplement to Financial Mail, 30 May 1980). 

Capital Expenditure Absolutely Essential to Maintain Operations 

This category includes the replacement of all equipment 

worn out during mining use, including shaft equipment, rails, 

cables, pumping facilities, fans, etc. These amounts are 

generally rela.tively small but nevertheless will continue to 

be incurred throughout the life of the mine, and can be con­

sidered as ongoing capital costs. 

Table 5.10 extracted from Brown's (1982) report shows 
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that out of a total of R2740 million worth of stores consumed 

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 
\ 

21,46% R276,9m 78,54% 1970 R75,6m R352,5m 

1971 R82,4m 22,31% R287,0m 77 ,69% R369,4m 

1972 R64,5m 17,4% R306,0m 82,6% R370,5m 

1973 R76, 1m 17,36% R362,4m 82,64% R438,5m 

1974 R140,9m 24,41% R436, 1m 75,59% R577 ,Om 

1975 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 R397,3m 27,98% R1022,6m 72 ,02% R1419,9m 

1979 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 prdvides a rough breakdown of the product 

types consumed on capital account in 1981. 
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Product type 

building and construction 
plant and machinery 
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electrical machinery and spares 
iron and steel products 
piping, tubing and fittings· 

building materials 
electrical cable and wires 
furniture ~nd fittings 
tools 
belting and requisites 
timber and timber products 
c~ment and concrete 

chemicals 
non-ferrous metal products 

other 

% of capital account 

35,9% 

21 '9 % 
13' 1 % 
6,7% 
4,3% 
2,8% 

2 '1 % 
1 '9% 
1 '0 % 
0,7% 

' 

0,7% 
0,6% 
0,6% 
0,5% 
7,2% 

Desirable Capital Expenditure, Which Could Be Deferred 

If Necessary 

This category includes capital which should be 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 in 

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 1 : 2 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 1 :2 ,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 to 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 investment 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 become a 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, 
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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 past 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 only does 

it render more quantities of ore payable, but it also assists 

in generating capital necessary for expansion. 

Since the availability of projects and amount of capital 

required to finance projects is 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 made here to find a reasonable relationship 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 lagged· working profit 

and the gold price alone. On the basis of this intuition a 
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profit variable was created using the following transformation: 

Working Profit(t) = {[I~:!_4 Gold price(k) - I~:!_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 averaged over 

the four quarters. 

The contemporaneous average quarterly gold price was used 

as the other independent variable~ 

A stepwise regression procedure was implemented with 

capital expenditure (expressed in R1000 1 s) as the dependent 

variable and lagged profit (rand~ per ounce) and the average 

quarterly gold price (rands per ounce) as independent variables. 

Capital expenditure(t) = a 1 + a 2 Working Profit(t) 

+ a 3 . Gold Price(t) (5.21) 

The significant regression coefficients and associated 

R2 values obtained using the above model are shown in 

Table 5.13 below. 

The salient features of Table 5.13:are firstly,the fairly 
I -

low R2 values obtained ~nd secondly, that the lagged profit 

variable appeared to be predominantly the most significant 
..., 

variable in terms of explanation of capital expenditure in 

the above model. 
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TABLE 5.13 

Y-intercept lagged profit gold price Rz 
Mine a1 a2 Cl.3 

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 1'863,289 17,917 0,5632 

Venters 371,604 5,961 0,3911 

Westdeep 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 expenditLlre is to some extent an on going 

expense, and since the initial expenses incurred for projects 

might be expected to be incurred for a longer duration than 

one quarter, it was decided to include a further independent 

v a r i a b l e , i • e . a c a p i ta l e x p e n d i t u re v a r i a b l .e l a g g e d by o n e 

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) ~ ~1 + a 2 (Capital expenditure(t-1)) 

[
1 tt-1 1tt-1 l ( t-1 ) +a~ l lk=t-4Gold price(k) - ~k=t-4cost(k)J.\lk~t-4 (0unces produced(k)) 

+ a4(Gold price(t)) (5.22) 

A multi~ariate 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 . .begi.nn..:in.g -W-i-th . ..t.he.-last.-qua.r-ter. .o.f 

1972 and ending with the third quarter of 1982~ -The coeffi-

ci en t s f o r ea c h of t h e e i g h t m i n e s a.re s h own i n Ta b l e 5 • 1 4 

below. 

TABLE 5.14 

Mine Y-rntercept I agged Cape).( profit gold price R2 
Ct1 <l2 Ct3 Ct4 

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 R2 values have increased significantly from 

the R2 of the previous model .. This is due to the addition 

of the lagged capital €Xpenditure 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 lagged 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 significant 

for Blyvoor, ERPM, Kinross and Western Deep Levels. 

The share evaluation models which will be implemented in 

Chapter 6 unfortunately require estimates 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) G ld . ( ) ·Annua~ capex t = ai+a2 lk=t-4 10 + a 3 o price t 

5.23) 

It should be noted that the lagged capital expenditure 

variable had to be omitted since only quarterly values would 

be available, secondly, an exponential 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 

Mine a.1 a.2 Cl3 <lit Cl5 F Ratio 

Blyvoor 3047,5536 6' 1560 -8.9868 630,5693 0,06726 35,901 

ERPM -4842,3143 147,124.1 -103;8238 624,3388 0,07605 83,585 
, 

Grootvlei 202,8634 1,6441 -5,3387 15, 1889 0,12201 85 '177 
. 

Kinross -120458,83096 20,9539 -19,~690 121910,000 0,00064 1,829 

Kloof -2673,8521 22 ,2727 :-40 ,0526 5603,5045 0,03966 48' 113 

Venters 795,4100 21 ,8623 -13,7162 24,8006 0,05198 20,26~ 

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 Figures D.1 to 0.8 in Appendix 

D show that only Kinross has an F rati~ lower than the criti~al 

limit of 2,87 at the 5% significance level. Only in the ab-

sence of a reasonable estimate from a reliable 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 to undertake mining opera­

tions itself, has allowed private enterprise to exploit. the 

Republic's mineral resources~ In return the State imposes a 

royalty or lease considerations, whereby the State gains with-

out subjecting any public funds to risk. 
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The gold mining profits are also subjected to income tax 

as is the case for all companies in the Republi~. The Income· 

Tax Act is formulated so that generally a higher rate of 

taxation is imposed on the profits of gold mining companies, 

however, embodied in the formulation is the incentive to ex-

tend the life 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, es.pecially in view of the high risks 

associated with gold mining enterprises. 

Figure 5.19 shows that the total amount of tax and the 

State 1 s share of profits received by the State from gold 

mining operations reached a peak of R1166.3 million associated 

with the high gold pr(ce 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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FIGURE 5.19 

1. New gold mine Lease granted after 28 February 1946. 

Commenced production before 20 March 1963. 

2. New deep level 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 production. 

3. Other deep level gold mine : A producing gold mine (other 
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than a 'new deep level gold mine') with the principle 

object of mining below 7500 feet from surface. Mining 

below such elevation has, or will, commence within 5 

years. 

4. Post 1966 gold mine Lease granted after 17 August 1966. 

5. Post 1973 gold mine Lease granted after January 1974. 

Gold mi,ning leases generally-stay the same over-the entire 

life-of the mine provided no major change in the lease-area 

occurs, in which case the lease 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 Randfontein 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 Holdings/Welkom/Free State 

Saaiplaas. 

5. East and West Driefontein merger. 

The following terminology will be used in this section 

and therefore warrants explanation (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. 

2. Mining revenue - This is com~rised of the total revenue 

received from sales of gold, uranium and other minerals. 

3. 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::J.eas.e.,c-onsi-derations,-butc. 

not tax payments. Mining companies are not gr~nted allow­

ances for depreciation, however, a capital redemption 

allowance is permitted (a benefit not granted to non­

mining companies). 

4. Capital expenditure redemption allowance - These deductions 

are in lieu of wear and tear of machinery etc including 

payments for the use of patents, land, buildings, expertise, 

machinery etc. Any amounts received from the sale of 

assets (the cost of which has been recognised 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 the profits 

for that year. Generally 100% of current capital expen~ 

diture and 100% of unredeemed capital expenditure is 

allowed. 

5. Special capital allowance - Further special capital allow­

ances are permitted in addition to the capital expenditure 

redemption allowance. This special capital allowance is 

calculated as a percentage of redeemable capital expen­

diture at the following rates for tax calculations: 
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New deep-level gold mines 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 deductable 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 leases before 1 October 1967) 

is calculated on the unredeemed balaHce 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 

al} allowable co~ts and allowances 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 scale and has the 

general form: 

where 

ba 
Y = a - - x 

y is the percentage of profits payable to the State 

after deducti~g the capital redemption allowance and the 

capital allowance; 
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p 
x = R x 100, where P is the profit less capital 

redemption allowance only,and R, is the mining revenue; 

a is 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 amo~nt of 1~% 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: 

1. Lease formula: y = 25 - 150 
x 

2. Lease - allowance on capital expenditure: 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 · 
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Working profit (R24 000 OOO-R17 440 000) 
Redemption allowance: 

Unredeemed capital expenditure 

Current capital expenditure 
Profit for x in formula 

6 460 000 0 

x = 24 000 000 x 100 = 26,916 66% 

y% = (25 - 26,J~~ 66) x 100 = 19,427 24% 

Capital allowances 

On unredeemed balance of capital expenditure 
Unredeemed balance of capital allowance 

Capital allowance on unredeemed balance of capital 
allowance= 6% of R1 666 084 

On current capital expenditure = 2,75% of 100 000 

Total capital allowance (Rl 666 084 + R99 965 + R2 
Profit to which yin formula is applied 
Lease amount = 19,42724% of R4 691 201 
Add 1.!.% 

4 

Total lease payable 

5.7.2 Taxation 

Rand : Rand 
6 560 000 

nil 

100 000 100 000 
6 460 000 

Rand 

nil 
666 084 

99 965 

2 750 
750) 768 799 

4 691 ?01 
911 371 

11 392 
922 763 

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 half-yearly. 

mine 

Mining taxation is calcuiated according to the age of a 

Post 1966 mines 

Pre 1966 mines 

y = 60 480 --x 

y = 60 - 360 
x 
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where y is the percentage of taxation on taxable income and 

x is 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- lli and y:SO _480 

x 
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FIGURE 5.20 
Source: Storrar (1981) 
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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 100% of current capital 

expenditure and 100% of the unredeemed balance of capital 

expenditure from assessable income. In addition special 

capital allowances are permitted on the unredeemed balance 

of capital expenditure as well 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 life, 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 explain a typical tax calculation. 

The additional information required for the calculation of 

tax is given below: 

1. Tax allowance on capital expenditure : 8% 

2. Tax formula for a post 1966 mine : 60 - 4 ~ 0 

3. Unredeemed balance of capital expenditure plus capital 

allowance at 8% as at beginning of 1977; R3 003 920 

Tax calculation 

Working profit 

Redemption allowance 
Unredeemed capital expenditure plus capital 

Rand 

allowance 3 003 920 
Capital allowances nil 

Rand 

= 6 560 000 

Total redemption allowance 3 103 920 
Lease consideration 922 763 
Taxable income 2 533 317 
Revenue 24 000 000 

2 533 317 100 x in the formula = 24 000 000 x 

= 10,555 49% 
y in the formula = 14,526 03% 
Tax payable = 14,526 03% of R2 533 317 367 990 
Add surcharge (say) 5% of 367 990 18 400 
Add loan levy 2~% of 367 990 9 200 
Total payable 395 590 
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5.7.2.1 Assisted Mines 

It has been announced that a new scheme whereby 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 liable for income tax,are taxed at a rate determined 

by the formula: 

y = 68 - 601 
x 

or the standard formula: 60 - 360 
x ' 

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 limited for any one year to 25 per cent of the gross 

·income. 

To qualify for assistance, a mine must have a remaining 

life of 8 years or less with a significant increase in life 

following State assistance. A mine is classified as an 

assisted gold mine by the Minister of Mineral and Energy 

Affairs, in consultation with the Minister of Finance, on 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 the various formulae: 

TABLE 5.16 

p 
100 60 360 60 480 68 601 x = R 

x y = - -- y = - - y = - --x x x 

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 5 3' 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 

1 0 24;a 1 2 '0 7,9 

9 20,0 6,7 1 '2 
8,838 19,3 5,7 0,0 

8 15'0 0 '0 

7 8,6 

6 o_, o 

Table 5.17 below, extracted from the Chamber of Mines 

Newsletter (May 1979), shows the total number of mines which 

qualified 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 
Num er 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 1 7 1176 92037,6 

74 16 1180 75505,2 

75 16 19560 65893,5 

76 16 40943 73113,1 

77 1 2 32340 63925,6 

78 1 2 27529 62201,7 

The following quotation taken from the October 1981 

Chamber of Mines Newsletter mirrors the success of the scheme 

at that time: 

" A mea-0une ofi the -0ueee-0-0 ofi the State 

A-0-0i-0tanee -0eheme i-0 that duning the peniod 

ofi it-0 openation, up to the end ofi 1980 the 

gold mine-0 whieh neeeived a-0-0i-0tanee on 
R180,1 million -0ub-0equently paid RZ88 million 

in tax and lea-0e payment-0 td the State. 

Funthenmone, in the -0ame peniod the-0e mine-0 

pnodueed gold to the 0alue ofi R3460,5 million." 
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CHAPTER 6 

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' 11 implying 11
, 

(termed the implicit gold price) at certain expected yields. 

For example, if an investor feels that a certain gold share 

has an implicit gold price Tower than the actual gold price 

at his desired expecte~ return for that share, he may con­

sider buying the sh£re. A further advantage of buying the 

share in this situation i~ that the share would still be ex-

pected to attain the desired expected return even if the gold . 
price declined to the implicit gold price. 

Occasionally in .the media statements like: ".the.. gold 

-0ha~e..-0 a~e.. di-0eoun.ting a mueh high~~/lowe..~ gold p~iee.." 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. 

"Whe..n b~llion ~lu~pe..d .to be..low $410, gold -0ha~e..-0, 

whieh had be..e..n di-0eoun.ting a p~iee.. 06 $600, 

.tumbled on he..avy ove..~-0e..a-0 -Oe..lling and knoeke..d 

mueh 06 .the.. eon6ide..nee.. ou.t 06 .the.. ma~ke...t." 
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Another quotation appeared in the Sunday Times on 26 June 1983, 

here the view of a representative of Mining Portfolio Manage­

ment was expressed. 

"Fno~ hi-0 point, with mo-Ot gold -0hane-0 di-0eounting 

a bullion pniee 06 anound $500, unle-0-0 dn uptnend 

in the metal doe-0 develop within the next 5 to 10 

tnading day-0, they mu-Ot be~in to look di-0tinetly 

vulnenable." · 

It is evident that although there is a tendency for in­

vestors to view gold shares in terms of their implicit gold 

price, these estimates appear to be purely subjective and 

no mention is made of expected yield in the media. Also 

subjective estimates of implicit gold prices of shares deter­

mined by comparing past share prices at similar gold prices 

could 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 gold 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 period January 1979 to 
. . 

March 1983 for various expected yields. 

It should be noted that under the assumption of a per• 

fectly efficient 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) = Yield(t)~Share price(t) + Cost(t) (6.1) 

where k' = dividend per share 
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 quarterly 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 

undoubte~ly vary for a share according to economic conditions 

and changes in the risk of the sha~e, 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 

model. 
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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 August 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 mod~l used to generate the implicit gold 

price may not be appropriate. Secondly, if the yield and 

model assumptions are appropriate 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 effici~ncy), or that 

investors were ignorant to the fact that the shares were 

untler/over-priced (assuming market iriefficiency). 

(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 higher than the actual gold prices. The reason 

for this is that 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 prepared 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, indic~ting 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 their pricing of the gold shares 

as the gold price declined sharply shortly afterwards. It 

is, however, interesting to.note that the bullion market re~ 

acted completely differently to the gold share market on 

essentially the same information during this period. This 

could be attributed to different types of investors dominating 

the two markets, however, it appears that in this situation 

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 required 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, ho~ever, di.scussed in Section 4.2 allows assum~­

tions 2 and 3 to be relaxed. Since this model is more sophis­

ticated. in the sense that the ~elaxation 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 
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Implicit Gold price{t) = fYield(t)xNumber of shares in issue(t)xshare rice t 
l 

where 

- Sundry revenue(t) + Tax(t) + Lease.(t) +Capital exp.enditure(t)} 

1 
x Annual production(t) + Cost(t) 

k .. _ dividend per share 
- earnings per share 

(6.2) 

Annual estimates of capital expenditure and production 

were estimated at weekly intervals using the equations deter-

mined, in Sections 5.6 and 5.5 respectively, while weekly esti­

mates of cost for MODEL 2 were the same as for MODEL 1. 

Weekly estimates of annual tax and lease payments were deter­

mined using the appropriate formulae discussed in Section 5.7, 

while weekly estimates of annual mining revenue and working 

proflt used in these formulae for the various mines were com-

puted using the following equations: 

Mining revenue(t) = Actual gold price(t)xAn~ual production(t) (6.3) 

J 
Working profit(t) = (Actual gold price(t)-Cost(t))xAnnual production(t) 

(6.4) 

The value of k11 was taken to be the average dividend over 

earnings ratio over the past 3 years, while sundry revenue, 

which in general has little impact on the implicit gold price 

was also taken to be the average over the past 3 years. 

The implicit gold prices for the vario~s 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 for 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 price computed using MODEL 2 follows the 

actual gold price much more closely than that obtained using 

MODEL 1, indicating that the larger differences found using 

MODEL 1 was due to model misspecification. 

(b) It was still evident that the implicit gold price did not 

follow the actual gold price in January 1980 at a yield of 

10%. Further, in January 1~83 the implicit gold price was 
/ found to be generally higher than the actual gold price in-

dicating that the s~ares were overpriced at a 10% yield. 

(c) In general it is felt that except fo~ short term fluc­

utations the .implicit gold pric~ computed using MODEL 2 is 

very close to the actual gold price at a 10% yield. This 

indicates that the model 1 s predictions has been extremely 

close to the market value of the gold shares over the past 4 

years at a 10% yield. It should, however, be noted that the 

yields expected by investors change under different economic 

conditions, implying that difference in implicit and actual 

. gold prices found in Figures 6.8 to 6.13 might be due to 

different yield expectations. 
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It is a well known concept that investors expect higher 

returns 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 constant yields were substi-

tuted into MODEL 2 to find which yield gave the closest "fit'' 

between the actual and implied gold prices over the period. 

Accordingly the following 2 statistics were computed for each 

constant yield • 

. 218 
Cusum square = It=1 (Actual gold price(t)-Implicit gold price(t)) 2 (6.5) 

Abs um 
.218 

= lt=1 I Actual gold price(t)-Implicit gold price(t)j 

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-

iated yields are marked ~ith .an asteris~ in the tables below. 
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TABLE 6.1 BLYVOOR 

YIELD CUSl:JM SQUARE ABSOLUTE DIFF SUM 

2.5 9673'i8e52 13395.63 
J.O 875903.'tB 12678•61 
3.5 789853.80 1196leS9. 
'f. 0 709199.59 112'f'ie57 
'f. 5 6339'iQ.78 10527.55 
5.0 56'f077.51 9810.53 
s.s 'f99609·61 9093.Sl 
6.0 'f'f0537 • 11 8376e'f9 
6.5 38666Q.Q2 7671·22 
1.0 338578·39 6989.79 
7.5 295692.21 63'f2e89 
e.o 258201.52 5760·05 
e.s 226106-17 5220.'iO 
9.0 199'iG6e28 'f7'f8·72 
9.5 178101·82 'i368.12 

10.0 162192e79 'flOC.81 
1c.s 151679.22 39'f2.02 
11 • o* l'i656le07* 3920.'f3* 
11.5 l'i6838·33 ·'+002.se 
1 2 • (' 152511.Q'f 'f 16 7. 2'i 
12.s 163579·19 'f398.'f2 
13 • () IBOO'f2e75 'f66'tell 
13.S 201901.77 'f977·77 
l 'f. 0 2'29156.19 5363.9'f 
1 'f. s 261806·07 5796.99 
1s.o 29 9851. 36' 62 7 3. 39· 
15·5 3'f3292.Q9 6789.2'f 
16. (1 392128·25 7329·15 

TABLE 6.2 GROOTVLEI 

YIELD CUSUM SQUARE ABSOLUTE DIFF SUM 
' 

-·---· 

2 •5 710089.80 1 l3'f7e't'f 
3.0 6'f2686.78 10726·69 
3.5 579507e3!1 10105.95 
'i • 0 520551·36 9'f85e20 
't.S 'f65818.91 986'f·'f5 
s.o &fl5310·0D 82'iJ.71 
s.s 36902'i•b8 ·7622.96 
6.0· 326962.89 7002·21 
6•5 28912'f·66 6381.'fb 
1.0 255510.os 5787.'f't 
7.5 226118.92 5270.12 
B•O 20095le3'f 'i852.93 
s.s 1eooo1.31 'i511•7S 
9.0 163266.S'i 'f28'f .29 
9.5 150789.90 'fl28.'f5 

lG·G* l'f2516·59 'i066e90* 
1C·5* 138'f66e77* 'fl08e27 

I 1 • u 1.386'f0.SO 'il92e36 
11.5 l'f3"0J7.79 'l35'f.l8 

12. c. 151658.62 'f582.13 
12·5 16't5Q3.02 'f819.35 

13·0 181570.95 5C90.90 
13.5 202862.'f'i 5.3S'f .9S 

l'f•C 228377.'fc S7C0.92 
I 'f. S 258116·06 60'f2e01 
1 5. (J 29.2078.20 6'fll·Sl 
15·5 330263.89 6798.56 

16.0 372673.l'f 1210.01 
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TABLE 6.3 KINROSS 

,YIELD CU SUM SQUARE ABSOLUTE OIFF SUM 

2.s 100E.'il9e33 13698.77 
3.0 B900'f&•71 12760-73 
·3. 5 78l'i78e3l 11022·66 
'of. Q. '6a21sa.oq 1cva'f .6'i 
'f. 5 593687.99 99'fG.t.0 
s.o Sl'i868.19 9J78.28 
s.s 'i'i569S.32 0279.81 
6.0 386378·67 7595.75 
6.5 336909·1'f 6920·89 
1.0 297289.81 6Zel .'fS 
7.5 267520.68 5b9'i.S7 
e.o 2'i760l·S7 5270·20· a.= 237532:.67 503.9 .as 
9.0* 237313.88* ''i952-19* 
9.5 2'f69't5a29 5GIS·'f9 

10.0 266'f26.8S S216·2C 
10.s 29575&.52 SSJl .90 
I I • 0 33'f9'f0.35 5928·2'f 
ll·S 383972.30 6'fl 11.Sl 
12.0 'f ... 28S'f~'f'f '69'f'f.73 
12.s 511586.JS 752'i·7'f 
13-0 590169.13 2l'f3-5t' 
13.S 67So01 ·bS 879'f .Je 
l 'i. 0 776ue11.3s 9'173.86 
1 'f • 5 865017.27 1 D l ff'i • 3 I 
1s.o 1003028·26 10929.38 
15. 5 1130833.39 ll69'f.17 
16.0 126d516.67 12'i&7.7!:i 

TABLE 6.4 KLOOF 

·YIELD CUSUM SQUARE ABSOLUTE DIFF SUM 

2.s 1565S9,2.67 1T:i8o.7q 
- 3.0 

-~ --·--·· - f--- -· 
_137500~.JG ... 16 1~25-20 

3.5 ·1 199121.qn 
-- 15263.61 

'f. 0 1QJ6l'ile23 1.'HCZ.J2 
'f. 5 886-~6'1 .-so l29'i:;.t.f2 

_s.~o __ _, - 750091·25 -- ~· - - ,. .. . l 1778.i!) 
s.s ozs221.11 1061 7. 2. 'i 

b·J 51'9255'.80 
- - . 

9'iS5·6~ 

6·5 'i 2 J 7 9.} • )':.:; tl29'f.J6 
7. ::.;. J'i l 3J .... '-ll 71J7.'i7 .. 
1.s 27337?.lS 6J1Q.HS 
b .~ 21J~Z7.'12 '-1999.77 . -. -- 176979.21 't.2'il • 83 v. ::> 
9 r- l't9':-'J<t.5°'3 33:26.91 . -
9. :l * 13'-F::O?J.So 37w'talf2* 

I 0 • .::: * lJJ.:iS6.::'7* 3 ~'.!'IS • IJ J 
10.5 .. l't!.i:'.22 • 15 '1Zi'J.('2 
1 l - 11.:..:291.JJ 'f.7:!,7. 69 . ._ 

1 l .s 2 l 13b5.Cl S'id6.Cl 
1;:: • G 2b'19'tl • .Jl c.2s.i ... JS 
12·5 331:;22. I d 71.2'?.61:1 
l) • .; ·1 I i.::::_,o.nJ Bilod .i_:,9 
tJ.s . 505 !'7· 3. S't 9QJ7.97 
l'-f. ·~ .:.122S'i.5.tl 1 CJ r; '12 • 1 l 
l 'f • 5 732?.7'1.2G .1 ir::;s.a1 
15. ') ·-·· -· 866977.Jl - l 2Cd 9. '16 
15·5 101Lf57? .. t2 131J2.72 
u ... c l 17565'1.39 1'11JS •. 6b 
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TABLE 6.5 WESTDEEP 

YIELD CU SUM SQUARE ABSOLUTE DIFF SUM 

i:. 5 99:;<-1d'1.98 13598.Sl 
3.0 · E8:J823ol:!5 12736.67 

3.5 779192.23·· 1187'lo62 

'i. 0 68559::'.3<1 11012.98 

'i • 5 6(JCllB.02 101Sl·l3 

s.o S22475.38 928'1-2'9 

5.5 '152962.22 .stf:,J.59 

b•O 3c; 1Lf7 n. 66 76J7.S7 

6·5 33C.~2'i.69 6062.9"! 

1.0 2926JQ.35 611.\tf.SS 

7.5 255205.71 S5J7.86 

a.o 2258'l'J.55 'i9'i'iec'i 
a.s 20'iS,:..:'i.98 'iS83·59 

9. 0 * 191199.'JS Lf'iS'l.a5* 

9. 5 * 185922·69* 'iSJ3.27 
1c.o 183675·96 'i7S6e6G 

10.5 199'1';:·8•81.f SC-91.-'i'l 

1 1 • '.) 21227lo2'i S'i63o9l 

1 1 • S. 2'i5113.JS . S86ll •IO 

12·0 27992,S.C•'J 6299.SS 

12.s . 32·2EE.6.2!3 67Bl.31 

lJ·O 373Sl7ol3 7263.Sl 

13·5 'i32777.S2. r.:2'-f.JE 

l ':1 • Q 
'-197767·63 G395.S9 

1 'i. 5 5 7 'i 7 f:, j. 26 3792.59 

15·0 6572.36·.s.:> 9613.58 
15.5 7'-18915036 10275.33 

lb·Q B'iso2J.a.J 18955.99 

TABLE 6.6 WINKELHAAK 

/ 
-/ 

YIELD C-USUM SQUARE ABSOLUTE DIFF SUM 

2.s 1l562C6.::.7 1521'i·CO· 

3.0 l'i9240Cl·7~ 17262.71 

3.5 l.3379JQ.S2 1'6311·42 

't • 0 119279::.97 1536!J.13 

. 'f. s 10S69?l·73 1L!'1:'3.8'i 

5. a· 9JC.53.Zo68 l~lfS7.5=; 

s.s 313'-ii}'i.53 l:'S'.:6.26 

6·0 7C5611·6S ii::s<J.97 

6·5 .6071S'i·32 10603.68 

7.0 . 518032.3'1 <;652.L!J 

7.5 !.i382'iS.7S S7Gl.ll 

a.c 367794.t.4 777S.'1'! 

a.s 3C-6679.JG 61:! 86 • .78 

9.0 25'-159C.87 oO'i7.77 

9.5 212'iS'i.tl 5339.59 

1 u. 0 c i'7 9 3 'i ~ • 7 9 11 1 '-I s'. '3 i 

1c.s 155570-95 'i23'1.79 

l 1 • G l'tl 132-59 4026-96 

11. 5* 13b0 2 9. 61.{* 3971.Cl* 

12·0 l'i0262o lJ 'iC66.28 

12.s 153930•09 '-IJ'i0.99 

13·~ 17q733.50 't726.S'i 

13. 5 2C3972.36 - .. 5190.S7 

1 'i. 0 2505'i6o65 S713.6iJ 

1 '-I • s 30l'i56·'il 6306.'iS 

is.a 3617Ql.60 6957.31 

15.5 'f312G2·27 7650.22 

l 6. 0 51Cl98.35 83C2.18 
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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 gold share.prices 

reflected over the past 4 ye~rs, equation (6.2) was rearranged 

so that the yield variable was made. the subject of the formula, 

also the actual weekly gold price replaces the implied gold 
. 

price. Thus equation (6.2} becomes 

Yield(t). = {~Act~al Gold Price(t} - Cost(t)]Annual Production(t) 

+ Sundry Revenue(t) - Tax(t) - Lease(t) ·- Capital expenditure(t)} 

k" (6.7) 
x Number of shares in issue(t)xShare price(t) 

where k" is 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 yi~ld fluctuations of ~easonably 

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 share market disbelieving 

that the high gold price of January 1980 would be sustained, 

hence the higher yield was )ustified in ter~s of the higher 

risk associated with the gold price at that time. 

(c) It could be argued that there is a very slight indication 

of a decreasing trend in some of the graphs over the past.2 

years, if this were ture, this may be an indication that in-

vestors are viewing gold shares relative to the gold price as 
. ' 

being a less risky investment than if has'been in the past, 

or simply that alternative investments are no longer as 

attractive. 

6.4 A trading rule based on the yields obta.ined by MODEL 2 

It is felt that the primary 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 approach to be used in effi­

cient capital markets where the yield reflected in the price 

of a share already embodies all known information on both the 

expected economic conditions as well as the unique risk 
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associated with the company at that time. It is, however, 

evident from Figures 6.14 to 6.19 that short term fluctuations 

in the yield of gold shares are prisent, indicating either 

that information is revealed so that inve.stors change their 

view of the yields erratically in the short term (assuming 

market efficiency) or that there are very short term fluctua­

tibns which might be considered as exhibiting small deviations 

from efficiency. Although in the medium term the market is 

still considered to be efficient as the longer term trends in 

the yi~ld are assumed to be gauged correctly by the market. 

The existence of these short term fluctuations in the 

yields of gold shares motivated the research into a trading 

model in this section. Here an.attempt will be made to 

formulate 11 buy and sell" signals on the basis of the yields 

computed using MODfL 2 and to compare the results of such a 

policy with a naive 11 buy and hold" policy. 

In order to formulate "buy and sell" signals it.is nec­

essary 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 (~.7) can be attributed mainly to two 

major causes, firstly, a situation where the g~ld price is 

rising but the price of the gold 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 ~xpected 
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relative to the share price. In both cases one might consider 

the share a good prospect to purchase since relative to the 

gold price it is reflectin~ good value in terms of expected 

yields in the immediate past. Further, a decrease in the 

yield of a gold share found by u·sing 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 secondly, th~ share price 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 instance where 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 4ppreciate the capital gain and only sell the 

share when the price starts to decline. In terms of the 

higher 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 "sel.1 11 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 profitability 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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rate than the gold price yet the yield still increases. This 

situation might arise where a slight increase 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 11 buy 11 and 11 sell 11 signals 

will be formulated for the .trading model. 

11 Buy 11 Signals 

Since it is felt that sudden increases in yield are con­

sidered to be a 11 buy 11 situation, a 11 buy 11 signal was formulated 

so that a share would be purchased when the yield rose through 

a 15 week moving average yield by more than 6%. 

11 Sell 11 Signals 

According to the above discussion a 11 sell 11 signal should 

only be given when both the yield and the share price de­

creased, accordfngly it was felt that a share should be sold 

when the yield 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 formulated 

to be less than a buy signal since the added share price 

constraint was included for the sell signal. 
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The trading policy was formulated for the 6 mines re­

searched in this chapter, and was compared with a "buy and 

h o l d " po 1 i c y o v e r t h e p e r i o d s ta rt i n _g i n J a n u a r y 1 9 8 0 a n d 

ending in March 1983, that is, a total of 164 trading weeks. 

The trading policy assumed an initial sum of R10 000 available 

for investment in the following manner. 

(a) For a buy signal as many shares as possible were purchased 

from the available funds. The running total of funds, in­

cluding excesses are recorded in column 2 of ·Tables 6.7 to 

6.12 for the six individual mines. Column 3 shows a record 

of the number of shares currently held. 

(b) For a sell signal all shares that 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 b~y signal is encountered 

during a negative holding of shares then all outstanding 

shares are pu~chased immediately, showing a zero for the hold­

ing in column 3 and a "buy" signal in column 4. 

·All current brokerage and tax rates were included in 

each transaction. Further any shares held or outstanding are 

sold or bought,whichever is the case, at the prevailing share 

price on the last 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 



6. 31 

policy, as well as the sum accrued from a "buy and hold" 

policy. 

TABLE 6.7 

1 2. 5 t:) . (; () 
2 3 s 1:)_ (!!:) 
235().()() 
2.375. t~t() 
t'~1 5•).t){) 
115<). (q) 
1775.<)t:) 
1??5.~)i:) 
l --: i/ () . () :') 

:?1.>~).(;t.) 
t:.325.~')() 

~ ::;:2 5. r.) •'.) 
1~25.()(l 
l:.)25.(1 () 

1??5.<)•) 
i775. 1:J(» 
17?5.(t() 
1775.(~ 1:< 
l. ·.+ 1J () . r:) (:i 
1.-+t.::,J_(jf) 
1 ~ 5 (> . () () 
.1 .+ 5 <) • () 1:) 
~.-:,75_()() 

1 5 ~~[ (.t . (J () 

1 ,.!. 7 5 . ~) t) 
1-l~25.•11'.: 
i 4 2 '.). (; r) 
1:il 1:).o<~ 
~511}.•:)() 
t4t.(c.(t!) 
! 5 2 1) . '.) 1(.i 
127~.(f(t 
11 ( 5 () t). 
L l. (; <~ . () if 
11•.)().(J') 
115().r.)() 
ii~;·).r:){"; 
1 ! ;_) 1) . f.) (l 
~ ~> 5 () . t) :') 
1 I'~ r) (j_ l) 

1 ;'1 2 1) . lj ·) 

~ · ·, 2 T:t . 1.) I) 
•• ,·.i ~.:. 5 . :•) .· 
i ,·L3 i:) . '.i •) 

•J r) (s . {) 1) 
·:t)•.J.1.)(c 

·· l 6:::5. ()•) 

BLYVOOR 

RUidlrt/G TOTAL 

l ·:i :3 -t 2 . . :; 4 
2133'). (ll 
22?:3;; .. 1•) 
242'32. 03 
2 ().3"38 - 41 

912.10 
1?2;:;4.35 
!:3354.50 
1 ''.!494 - 23 
2•)6·i3. :3? 
21734.•)2 
17458.32 

. 3 39. 52 
1.;512.:3() 

l :35 ('~'. 1:)7 
1 ') 5 ':; ·:) . :3 2 
1")851. 3? 

.z~2.~.:,7 

HOLDIMG 

""T : . 

- 1 . 
-2. 
. () . 

- ') -
() -

- 1 -
'J . 
·J_. 

'J. 
-L 

I) -
1 0. 

t)_ 

-1. 
-2. 
-1. 

l .3 . 
(:r 

- l . 
- 2. 
7 .3. 
- -t . 

() . 
1 -: 
L ·J • 

() . 
- 1 . 
- :2 . 
-3. 

() . 
15. 

() . 
- { .. 
- ·2. 
- '7 ·J -

-4. 
•). 

1 :~ •. 
•). 

- l . 
- 2. 
- .) . 

r). 

1 ·:I ,_, . 

ACT!OM 

SU? 
:3EL L 
::.ELL 
3ELL 
BU'{ 
au ·r' 
·"' C: r r 
.J'- ~ L 

:3E tl 
BU'( 
BUY 
SELL 
SELL 
BIJ 'l 
SU'{ 
:3£L L 
SELL 
:3 ELL 
:3E LL 
SU':' 
81J ·; 

:3E ~ L 
::;ELL 

P. ! I .._. 
,...r._, 

3 IJ ':" 
'3f ;_ :_ 
:3ELL 
'3EL L 
:3£ LL 
8iJ 1

1' 

8U Y 
'.3E LL 
:3f LL 
SELL· 
:; E !_ I_ 
:3 E !... L 
8U '/ 

.. .... ; 1 

.;. ::. ';_ ·-
( .... • - . t 
.;. C. L ..._ 

8 ~j '{ 
BU·: 

!JEEK MO 

.-. .-. 
:;)s':J 

9,; 
'3,; 
97 

1 t) 1 
1 •) .3 
1 'i3 
1 11 
1 11 
1 l 4 
1 1 5 
1 1 :; 
121) 

i :2 '> 
1 2 :2 

TOTAL R10000 INVESTMENT AT END OF PERIOD = .J0405.86 

8 U 'i' ;'.\ tl 0 H 0 L D I ti VE :3 T MEN T 0 F R 1 1) <) (! 0 AT PE R r •] D E ti D = 1 1 0 1 <:1 
•• 3 4 
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TABLE 6.8 GROOTVLEI 

: 

SHHRE PRICE RUHHIHG TOTAL HOLDIHG ACTIOH 
. _____________ 1_00_~•0 ~QO -·--· _ 
835. oo 639 .sa. · --Tr~------·BIJ'i' 

1300.00 14812.53 · 0. SELL 
1300.00 16100.98 .·-1. SELL 

__ l3'3<) __ .J)O __ _ ____ ti".4.l8. 6.6 _____ ~.:__:_.;.· __ ""'"2 . ___ .. __ SELL 
1070.00 15300.07 0. BUY 
1070. 00 35. 94 14. BUY 

91 1>.oo·· 1266<).65 0. SELL . 
9 l'L ()O __ ____ . _ 13562. 42 . . .. -1.. SELL .. _ 
900.00 12646.27 0. BUY 
9·0<). 00 723. 32 13. BUY·· 
95¢. ')0 12'361. 84 · 0. SELL 

idEEK HO 

2 
52 
52 
53 

:-54 
54 
5:3 

--- 5 8 
59 
59 
6') 

.. 950.00. :u·:N3.2? .:-1. ____ SELL ··--······ -- 61) 
890.00 14785.20 -2. SELL 

"970.00 15746.46 -3. SELL 
900.00 12998.01 0. BUY 

.. 3..(i0.<10 ______ L57_'lL· _______ l4... ________ BUY -~----··-·· 

815.()0 11463.92 O.' - SELL 
815. 1)0 12.271.49 -'!~ SELL 
340.00 13103.35 ~2. SELL 
7'30 .00 ____ ··--·-- .U4~5 .. 62 _______ . 0. _ .. BUY 
? ·;; Q . c) <) 2 2 4 _ 0 1 1 4 . 8 U '{ 

104<).0C• 14653.25 0.. SELL 
1<>40.00 · 15683.~1 ·. -1. SELL 
LC•_J1;. __ ,.)0 ...... ______ 16l.t)4.66_ -2. SELL 
1085.00 17779.94 -3. SELL 
1000.00 18770.94 -4. SELL 
995.00 . 197~7.06 -5. SELL 
9'30_1)0 ........ 2 1)728.15 -6. SELL 

lOQO.oO 21719.15 -7. SELL 
1010.00 22720.06 -8. SELL 
'360.00 23671.4') -9. SELL 
900.00. 24563.25 -10. . SELL 
8 :3 r;. . <) i) 2 5 4 3 5 . 2 7 -· 1 1 . S E L L 
740.00 26168.48 -12. SELL 
3 1 r) . •! 0 :2 6 '3 7 1 . 1 <.) - 1 3 . S E l L 
800.00 27763.80 -14~ SELL 
910.00 28665.56 -15. SELL 
850.00 15687.19. 0. BUY 
85(•.<)0 95.14 . 18. BUY 
? 7 5 . ') 0 -_ _ ____ 13 '3 1 7. ~~5 6 _ __ _ .. _ 0 . S £ l L 
7 75 <)0 146:35. 4:3 -1. SELL 
?30.00 .13391.55 0. BU'! 

·730.00 377.74 17. BUY 
~55v.00 26495.2.6 0. SELL 
l 5 .3 r) . 0 0 2 8 0 .3 1 ·. S '3 - 1 . SE L l 
u:,•)(·_•)0 2961'7.4'3 -2. SELL 
:s?::: ()O 

T9TAL R10000 INV~STME~f AT-~HD OF PERIOD = 26495.2~ 

• 63 
64 
73 
J3 
79 
79 
8 \) 
3 1 
8 1 
93 
98 

-9·3 
1 <) •) 
1t)6 
1 <) 7 
1 C.:"3 
1 () ·3 
11 .-; 
11 1 

. 112 
113 

. 11 4 
116 
f 1 7 
11 3 
11 9 
119 
126 
12;:; 
12 7 
12 7 
16 4 
1~4 
16 5 
16 r; 

BUY AHO HOLD INVESTMENT OF R10000 AT PERIOD END= 19328.41 
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TABLE 6.9 KINROSS 

SHARE PRICE - RlitHfHfG TOTAL. "HOLOIN"G. - acTtOtf - - "SEQUENCE HO 

: 
101)0() - \)() 

112;)_<)1/ 870.24 8. BUY 2. 
· · 11 70 . oo -- ··· · r (> r 4 G. 68 -- ·-- ·-· ·- -·o -~---·-s Ett - ·-.------ ---- -- t 4 · · · 

1170.00 1 113oG.23 :-1. SELL . 14 
1125.¢.0 12421.17 -2. SELL -16 
1175.00 13585."63- -3. SELL 17 

--r2 1~0-:·o-o-- -------T.f77•L93 _______ -<f_ -- ·sELt ··-·-- -------13· 
1125.oO 15339.'32 -s_ SELL 1'3 
1 0 ·3 0 . 0 <) 1 6 9 7 1) • 1 6 - 6.. S E L L 2 •) 
10'35.•:)<J 18055.35 -7. SELL 21 
·1r60. 0<1 · ·--- ---·- r9·z1H. ·rg --· - · - ··:..a~· ·SE u~ · ·· ·· ---- ·---·22 

-1375.t)O 21063.55 -9. , SELL 45 
18'N.OO 22'336.'3'3 -· -10. SELL 47 
16 SC• _ 0¢ 6 13 6 . 7 4 0 _ . BU 'f 5 1 

····r65<)~oo··--------- -1v9.3.66·-· ---------3_ -- ---auy ·------,------· ·s1 
1? 2 5 .- 1) 0 \ - . 6 2 2 3 _ 1 7 . 0 • SE L l . . 5 2 
1725.00 7"33.3.01 -1. SELL 52: 
18?5.00 '3791.57 -2. . SELL 5.3 
t62s_-"(51;-·-------·--1r402.26- -- ·· -:..3_·---·--·-stL[ ---55 
1475.¢¢ 12364.22 -4. SELL 5:3 
157'5. 1) 1J 14425.34 -5. SELL 60 
1450.00 15362.51 -6. SELL 63 
14-25-.oo- ··-~-··~- 7l57.34' .,). BUY----- 66 
l425.1>0 t34'3.8') 4. BUY . 66 
i5 1)<).(~v 7296.8'3 0. SELL t;7 
15()(•.C:)() 8783.64 -1. SELL 67 

·r:r6<:;_()C• 7393.'33 0. BUY 76 
1 J 6 :) . 0 f.r 4 7 c:) • 6 8 5 , B U 't ? 6 
13!0.00 6962.50 0. SELL 79 

·1310.0') 8260.87 -1. SELL 7'3 
- r 3 ·3 ') . () o :J 6 :rs ~ ·s s , - 2 . s ELL Br) 

t375.()0 11001.36 -3. SELL 81 
1525.0v 6343.23 Q. BUY 101 

.!525.,)0 128.38 ···4_ BiJ'( 101 
14()<'.00 ---5678.73 O_ SELL 110 

.14')').<:J() 7066.38 -1. SELL 11') 
1375. t)O 8429 .19 -2. SELL 111 
1 3 5 (• . () 0 ·~ 7 6 ? . 2 1 - 3 . S E L L 1 1 2 
1315.00 11070.54 -4. SELL 113 
1200.00 12259.84 -5. SELL 114 
115A.OO 13399.56 -6. SELL 115 
1275.00 14~63.22 -7. SELL 116 
117':' ov 612:::.21 ·o··. - ··eoY · 1t1 
~ 1 7 1".J () o 3 G 4 . 4 :3 · S . . B U 'r 1 ! ·:t 
235>).•)D 12''\12.11 1.>. SEl_L 16~ 
235(1_1)<'.• !4341-6.3 -1. SELL 164 
241')() . <)<.) 16 (. 

TQTAL RlOOOO INVESTMENT AT END OF PER!Ob = 11362.53 

B fJ Y A H D H 0 L D rtl '.J E S Hi E ~i T 0 F R 1 0 () 0 0 A T P E R I •) D E M D = 2 1 5 1 l:) . 5 3 



TABLE 6.10 

""::C::.·-·- ·"""!1--. 
L._1-.Je ..... ._ 

29:JO.C: 
29·:1J.o,::; 
295;J.S'.J 
2!375 .. C·J 
2a1s.e.:· 
.36 75 .C'G 

.3675.GC 
tt'ioo.:s 
'Vii:~ .:;o 
'f5C0.i.:10 
J6Sr:'..CO 
36'::>~ .r~ 
3625.':~ 
3625.CO 
362'].QC 
3l75.C'] 
3175.CL:i 
3LfSC.CtJ 
3'f:.!:.OC. 
335C.CQ 
3JSC.::!D 
J<t25.CiJ 
J'iZS.C': 
JLf·.:c.r:t: 
J 7 2 5 • [' .]. 
J72s.c: 
.):3 3(:. =J: 
Jo~: • .:: 
Jose.:;: 
3550.0Q 
35.SG.Cu 
3275.00 
31J'].IJJ 
265'.J.'"J:] 
265·J .1a 
31S'J.C'~ 
315':.G:: 

. 2825.::J 
21~;:. S.: L 
27J:J.\'~ 
~ 9 ~.:. c. c Ll 
zs~,...c··J 
.2s:: .. ,­
'i9~::.0J 
q93;: .C,J 
't9...J~.C'.J 

KLOOF 

1:::0:.c~ 
2JS9.7S 

1093'-f.J: 
13359.15 
.i6753.S7 
1963}.b't 
22'f.J::.7: 
7Sl3.75 

26.77 

6.34 

37SJ.07 
lJli.3-~7 
17S7Y.32 
lu I<1.:. 21 -
27.J'-t.22 
9·:!'11.6::J 

13'185.2<; 
17C~'t.I9 
1JS27.71 

'355. ~;J 
llI'E.52 
t't.::.6s.7~ 
IllS'i.22 

9 16 • c!C: 
111:..:2.'1~ 
1 ... l!?:..;.J5 
17S6.'3.9S 
D2d2. IZ 
.2o?J.Ja 

10326.F,S 
l~l'tJ.t2 
17762.I'.: 
..Zl.2&1.Y.2 
2'tJC0.75 
2oC't7.'tl 
JI I 2'.::. S6 
1'1127.'-fl 
l!fJt.7'T 

11"°}'i'.:.~l 
2J16!'3.l'i 
17291.)7 

.Z:Y.f;,J 
1727J.9J 
: _..J 1 ~ ._:, • 7 J 
17..,...:J. __ 

2 j 2 ; • "-.) ~: 
Jl7b7."'. 
:;o,:,i"-1.'17 

HCL C P"G 

J. 
r'"· 

~· -1. 
-2. 
-3. 

. - - '4. 

r. • 
2. 
~­- t. 

-2. 

..: . 
r -. 

- 1. 
-2 • 

. ~. 
3. 
c. - [. 
~ -. 
J. 
c. 

-1. 
-z. 

r"i'. 
" ..;. . ,., -· 

- I • 
-2. 
-J • 
- 'l. 

.. -s. 
-6. 
]. 
r: 
~-
rt 
~ . 

-1. 
c • 
6· 
':. 

- t. 
-. 
6. 

- t. 

t! UY 
-- St:LL 

SELL 
S!::LL 
SELL 
STLL 
oUY 
t!UY 
SELL 
s::~L 
S:LL 
b l.:Y 
guy 
SELL 
S!:.Ll. 
SELL 
EUY 
oUY' 
SELL 
SELL 
BUY 
3UY 
Si::LL 
::~LL 
SELL 
EVY 
JUY 
5C::LL 
S~LL 
:.;;:::_L 
S~LL 
SE:LL 
::lC.::LL 
S".:L·L 

.; '1 y 
S~Ll 
S=:LL 
uUY 
!:. u '( 
5".:LL 
S:::LL 
JUY 
J t_:y 
:J::..LL 
3::-LL 

2 
l :, 
IS 
lo 
I 7 
I 9 
29 
2'1 

62 
6J 
63 
67 

' 6 7 
77 
17 
33 
J:? 
8 'i 
76 
96 

1 C'C 

l'.:::7 
1 l G 
1 1 l 
l 12 
l I 't 
1 I :; · 
1 ls 
1 I 7 
1 1 7 
l 2 1 
1 2 l 
126 
1 :: ~ 
1 -; ~ 
l 'c 
lcS 
16~ 
166 

lSl'JJ • ..:,':." 



6.35 

TABLE 6.11 WESTDEEP 

.· 

SHARE PRICE RiHHiI M 1~ TO TA L HOLi)ItiG ACTiOM 

38 .J;\ . 4 () 
363.S 2 1) 

' 
1 \) {) \J <) • 0 'J 

2 l 9 '; . ,q 
'.!4•:r 4 - I.) :3 

2. 
0. 

1 :; 3 5 2 :) 1 3 i") (; I . 8 ·3 - 1 . 
.3.; -~ ! .. 1 ~) 1. ::. ; 6 :3 . '1 •) - 2 . 
3683.20 2~120.21 -3. 
3443.20 23523.73 -~-
3633.20 27185.12 -5. 
·:. 2 ;:; (t . 1_H) - J.3 ":) ? 6 . 4 () . - 6 .. 
~?50.00 i08~6.32 ~7. 
7400_00 43203.42 - -8_ 
~775.00 54920.33 -9. 
:j2~i\,i_O.(t .61()f?~13 ~io ... 
5600.00 ~66!9.03 -11. 
545(1.¢() 72•)22.21' -12 .. 
5130.00 9329.35 0. 

.513 1L 1:)¢ __________ 4.103_9.4.. __________ 1 _ 
5400.00 g457_54- ~-
54.,0.00 14811 .. 14 -1. 
~350.00 19718.57 -2. 

_s.4. 1;0 _oo ___ 25i:)l2._L"Z ____ 0< ______ .-:3 _. 
5300.00 30326.62 -4. 
5600.00 35878.52 -5. 
5462.00 41293.59 -6. 
5300.00 46543.04 -?. 
5000.00 10904.04 0. 
5000.00 718.04 2. 
J750.00 10136.29 0. 
.i ;' 5 .; . i) (i 1 ~ 8 4 5 . -f 1 - l . 
;825.00 19628.90 -2_ 
_!, 3 5 (> - t) () 
~ ~ •:) ~! :) l) 
.; ? l,)•) - 0Q 
50 5<) . 1)1) 
3 (j 5 () - i.)f; 

3 '3 7 5 . •) (.• 
3.9 i 5. - 'l (J 
-18•:)0 - 0•:). 
3775. 00 
T3•)(). 0<) 
33\)0. QQ_ 
33 1)0. ')O 
.3300.00 
320:)<). 00 
; 4 5 '\ . t.) Ci - ... 
] (• i:. () f} 

31 2:5 l)() 
~? f} ::; . c .. ' 
2'~i)~·.:. 1:)1~ 

~ :3 •) (. . •) ') 
_;: :3 (J\) ,, () 

21?5. 1)') 
2-3 ?5 - ()0 
:5e5<). ~><) 
585<) - 00 
5 8 5 (,\ . 1) () 

·::.i~3?.18 
2 8 ') ·-:; •t . 5 ;3 
3365?.13 

7'342 .5•:) 
27S•:3. 5:3 
~73;3 .2'3 

11)£8 1) .0•:) 
14-P? :2<) 
!313'3.61 
:31l)(.'36 

---- -- - -- 138 4 . 3 6 
7'32?.76 

11l":J'3.21. 
14371.51 
17791.6"3 
2r:;:340. 05 
2 3 ·:t 3 7 . ·~ 13. 
9172.24 

309.79 
3 63 r; . 8 ·3 

11412.5'3 
8'394.15 

____ . _L? 3 5 _ 8 4 ___ _ 
19135.16 
24"334.34 

_7 
-J -

-4 -
-5 . 

i) . 
1 . 
0. - . 
J. ·-

-2. 
-3. 

..-)_ 

2. 
0 . 

-1 . 
-2. 
- .3 . 
-4 -
-5. 

t) . 

3. 
<) . 

-1 . 
o_ 

- ____ 3 . 
0. 

-1 . 

BU\' 
SELL 
SELL 
SE!_L 
SELL 

·Sc LL 
SELL 
·3 !:: LL 
SELL 
SELL 
SELL 

__ SE&..L 
. SE LL 

Sf LL 
B IJ '( 
81)'( 
SELL 
SELL 
SELL 

__ SELL 
SELL 
SELL 
SELL 
SELL 
8 UY 
BUY 
'.3 ELL 
·3 ELL 
~ELL 
'.)ELL 
·::ELL 
r"o r I ~ :=:::. t- L 

8 IJ '{ 
BUY 
SELL 
'3 ELL 
SELL 
SELL 
BU'i' 
BUY · 
SELL 
SELL 
SELL 
:3 ELL 
:3ELL 
SELL 
8 IJ Y 
8 U ·-r 
S ELL" 
SELL 
8 fJ '-( 
8 u 'f 
SELL 
SELL 

SE1:rnEHCE HO 

3 
1 3 
1 3 
15 
1~ 
1? 
1 •) 
5 1 
52 
51 
54 
55 
57 
53 
5 ') 
5 '3 
6 •) 
:; i) 

62 
63 
64 
65 
67 
f."1 
?4 
74 
7 ·:i 
79 
8 () 
8 1 . 
83 
84 
89 
e ·1 

1<) 6 
1 !) .; 
1<)7 
10 :j 
1<)9" 
10 '3 
114 
11 4 
l 1 5 
t 1 i? 
11 ? 
1 1 :3 
11 ·3 
1 1 ·:-i 
12 3 
12 3 
12 7 
12 7 
16 4 
164 
16 6 

TOTAL-Rfo"o()O--Iifi.iES-f!{Et-lf kT EHD OF PERii){) = 1'3135.16 

BUY AND HOLD INVESTMENT OF RlOOOO AT PERIOD END= 13700.25 
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TABLE 6.12 WINKELHAAK 

SHARE PRICE RUHtfHIG TOTAL HOLDIHG ACTIOH l.ilEEK HO 

2ss~-:-o-¢ ------ · t~~g~-~~~---- ---r------0-u·v - -- -- --- - -i-~--
2aoo. oo 10534.0S o. SELL 15 
2800.00 13309.79 -1. SELL 15 

· _2650 .. 00 ___ 15..~36 _75 _ -2._ _ _ SELL ____ 16 _ 
2700.00 18613.30 -3. SELL 18 
2650.00 21240.27. -4. SELL 19 
2700.00 23916.32 -5. SELL 20 

--3-950.00 ---- .27-832 .. 75 ___ ----~tL __ SELL ___ ----- __ 46 
4100.00 31897.40 -7. SELL 47· 
3575 00 35441.51 -a: SELL 51 
3675.00. 39084.77 -'3. ·SELL 52 
3000 .. 00 ----42058 .. 77----. -::..LO .. -... SELL. -- --- 57 _ 
3300.00 4533<>.22 -11. SELL 59 
3225.¢0 48527.31 -12. SELL. 60 
3025.00 51526.10 -13. SELL 61 

- 3 4 0 0, 0 0- -549 96-:.-?.0------=-14. SELL 62 
3100.00 - 10700 .. 80 0. BU'l' 65 
3100.00 1227.25 3. BUY 65 
3175.00 10669.78 0. SELL 66 
31.75. ¢¢ ___ - __ .l.381.7-..30 _____ L..: __ -~SELL_-.-----_ 66 
3260.00 10497.49 0. BUY 73 
3260.00 535.06 3. BUY 73 
3•.)50.0¢ '3605.78 0. SELL 78 
3 •) 5 O . o 0 1 2 6 2 9 . 3 6 - 1 ·- S-E L L • .7 8 
3525 o.:i 9039.64 0. BIJ'r 93 
3525. 00 1858. 22 2. BUY '33 
3387 00 8573.64 0. SELL 103 
3387.00 11931.35 -1.. SELL 103 
3325.00 15227.59 · -2. SEtL 105 
3125.00 18325.53 -3. SELL 106 
3100.00 21398.68 -4. SELL 10? 
31(1•'.) 00 24471. 83. _ -5. SELL 108 
3125.00 27569.76 -6. SELL 109 
.3050.00 30533.34 -7. SELL 110 
300•~.00 33567.34 -8. SELL 111 
3·)00. Otl 36541. 34 _. -;3. .SELL _112 
2775.00 '33292.25 -10. SELL 113 
2925.00 42191.89 -11.· SELL 114 
285(1_'.)0 45017.16 -12. SELL 116 
2 8 o •:> • o Q 1 0 8. 0 1 . 5 6 _____ O . _ _ B LI Y 1 1 8 
2800.00 2244.66 3. BUY 1113 
2100.00 105.31 4. BUY 128 
4300.00 17157.11 0. SELL 163 
4300.00___ 2.142.() ____ 06 ______ .--1. SELL 163 

·4350_00 25732.59 -2. SELL 164 
4325.00 165 

TOTALR10•~0c) .. lNVEST.MEHT_A.LEHD OF PERIOD-= 17157.11 

BUY A~D HOLD INVESTMENT OF RlOOOO AT PERIOD END= 14614.86 
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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 11 buy and 

hold" policy over the given period in all cases, except for 

the case of Kinross. It should, however, be noted that it 

is possible that over some different period the results may 

differ, this still requires further substantiation. Further, 

different combinations of 11 buy 11 and 11 sell 11 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 this chapter MODEL 2 will be used to predict the.earn-
' ' 

ings and share prices of various gold mines•for 30 June 1984, 

using high, medium and low future gold price scenarios, an 

inflation assumption as well as ~n additional expected yield 

assumption for predicting share prices. It would not, however, 

be realistic to use the same equations found in Chapter 5 for 

the estimates of the components of MODEL 2 for 30 June 1984, 

since a time variable. was used in most of ,these equations. 

Although these equations were suitable for' the 11 in-period 11 

study performed in Chapter 6 where weekly estimates were re­

'quired, it is felt that ~t would be unrealistic to a~sume 

that inflation would continue to increase at the same rate 
' with time in the future. The equations generating the esti-

mates of the components of the model will thus be r~-estimated 

here replacing the time variable by the Wholesale Manufacturing 

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

tions were estimated using ordinary least squares regression. 

In all these equations the time variable was replaced by 

quarterly data observations of the Wholesale Manufacturing 

Price Index for Basic Metals and Products (henceforth referred 

to as the Price Index) extracted from the South African Re­

serve Bank Quarterly Bulletins. It should be noted that the 

Price Index was adjusted so that the year 1970 was taken to 

be the base year. A graph 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) = a1 + a2 Price Index(t) + a 3 ~~=~- 4 Gold price(k)/4 

( 7 • 1 ) 

The coefficients of equation (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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M1 ne' 
Blyvoor 
Grootvlei 
Kinross 
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Westdeep 
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FIGURE 7.1 

C11 Ciz C13 F Ratio 
-34,J4 0,38131 0,09193 1393,05 

-8,79 0,31402 0,22038 1513,73 

-32,81 0,36266 0,10691 909,31 

-1 '0 1 0,27146 -0,02023 168,37 

-22,12 0,2589 0,08047 367,74 

-14,69 0,24700 0,07568 578,77 
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The graphs of the compa·rison of the actual and predicied 

costs using equation (7.1) are shown in Appendix E. These 

figures as well as the high associated F ratios _compared to 

the critical F value of 3,25 at the ~% significance level 

indicate that the independent variables account for changes 

in cost reasonably well. 

7.2.2 Production 

The general form of the production equation, where pro­

duction is estimated in thousands of ounces per annum is 

given by 

.4 

Production(t) = ai+ a 2 Ik= 1{5-k).Gold price(t-k)/10 

+ a 3 Gold price(t) + a4 Price Index(t) + as(t) 

(7.2) 

where the first quartef 6f 1970 is taken to be t = 1. 

It should be noted that the time variable was not removed 

from the production equation as it is expected ·that due to 

the limited gold resources, production will decrease with 

time. The Price Index variable;-·however, is ~ssumed to re-

present the effect of increasing 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, indicat~ng that a significant linear relation­

ship between dependent and indepe~dent variables was found to 

exist for all six mines. 
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TABLE 7.2 

Mine a1 a2 a3 a .. as F Ratio 
-

Blyvoor 1288,89 0' 1520 0,0507 3,1176 -46,0365 422,703 
Grootvlei 185,93 -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 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+a 2 Ik= 1(5-k)Gold Price{t-k)/10 

+a 3 Gold Price(t) + a 4 Price Index(t) 

( 7. 3) 

·-
It is expected that capital expenditure 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-

eating a significant linear relationship between independent 

and dependent variables for the six mines. 
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TABLE 7.3 

Mine 0'.1 0'.2 0'.3 a'+ F Ratio 
... 

Blyvoor -4200,65 3,6349 -17,1934 58,7887 75,651 

Grootvlei -1614,68 11,1830 -7,6300 7,5682 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 

Winkelhaak -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 gold mine earnings had to be considered 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 about the future gold price and exchange 

rates up to 30 June 1984 had to be made. Consequently three 

different gold price scenarios were considered 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 1983 1984 Annual 
II I IV I II % 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 0,98 1 ,00 
PRICE R/ounce 483 508 536 550 

Earnings per share = [(Average annual gold price - Average annual tost) 

x Annual Production - Annual capital expenditure - tax - lease 
1 

+Sundry Revenue] x No. of shares in issue (7.4) 

where estimates of production and capital .expenditure for the 

12 months prior to 30 June 1984 ~ere computed u~ing the 

equations shown in Sections 7.2:2 and 7.2.3 respectively for 

the six gold mines. The average costsfor the 4 quarters prior 

to--3-0-uune--1984 -were~c-omputed using the-equat:'ions shown in 

Section 7.2.1 and the tax and lease payments were estimated 

using the formulae discussed in Section 5.7. 

The earnings and components of earnings for each of the 

six mines are tabulated below. 

Since the Blyvooruitzicht Gold Mining Company also 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 

Components of Gold Price ·scenarios 
Earn1nqs ... Low Medium High 

Cost(R/oz) 245,6024 246,8320 247 ,8777 

Production(oz) 917 758 925 656 932 064 
' 

Capital Ex- -- .. 

penditure(R) 28 065 368 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-
ment(R) 13 638 134 24 075 303 31 059 651 

' 
Tax pay-
ment(R) 67 960 213 106001 230 131 471 108 

Mining Re-
, . -

venue(R) 399 542 532 . 477 73'l." 604 530 544 972 

Working 
profit(R) • 173 549 408 248 407 352 - - 298 493 , 252 

\. 

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 
Earninqs Low Medium High 

Cost(R/oz) 288,4267 291,3743 293 ,8811 

Production (oz) 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) I 16 783 379 22 539 768 26 872 096 

.. .. I 

Mining Re-
venue(R) 118 634 697 132 725' 907 143 179 926 

Working 
.. 

pr.ofit(R) . 40 557 299 52 823 175 62 144 045 

Total 
earnings(R) 16 987 344 21 404 196 24 575 821 

Earnings per 
share(C) 148,51 187 '12 214,85 

\. 
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TABLE 7.7 Kinross Mines Limited 

Components of Gold Price Scenarios 
Earninas 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-
ment(R) 6 884 661 8 761 746 10 103 755 

Tax pay-
ment(R) 30 099 959 38 244 996 44 069 222 

l 

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 
share(C) · 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 

Production (oz) 1 218 858 1 316 513. 1 378 627 

Capital Ex-
penditure(R) 41 430 078 39 572 601 38 548 685 

% Lease 
payment 13~3931 13,5254 1'3 ,5966 

. 
' % Tax pay-

ment 52,5688 53,1691 53,4926 

Lease pay-
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-
53

1

4 164 700 -venue(R) 637 192 312 715 852 448 

Working 
profit(R} 340 608 528 428 484 688 497 614 992 

Total 
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 

pr~duced is too high yielding unrealistically high estimates 

or earnings per share for Kloof. 
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An addition~l assumption is required for Weste~n 

Deep Levels as it is also a uranium producer. The same 

assumption used by Strong (1982) wtll 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/oz) 183,9897 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 96~ 24 887 019 

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 Gold Price -Scenarios 
Earninqs Low Medium High 

Cost(R/oz) 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 
• . -

% 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 

Mining Re-
venue(R) 197 645 696 217 338 084 231 888 716 

. 
' 

Working 
profit(R) 119 137 206 138 713 270 153 310 482 

Total 
Earnings(R) 45 913 782 52 797 470 57 900 686 

, 

Earnings 
share(C) 

per 
376,96 433,48 ~75,3751 

'· 
... - . ' 

With reference to Tables 7.5 to 7.10 it should be noted 

that in many cases the serial correlation coefficients for 

lags of 1 q~arter computed using the actual data for cost, 

production and capital expenditure (see Table E.1 of 
\ ' 

Appendix E) were found to be excessive, therefore 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 Prices as.at 30 June 1984 

The price of.gold shares in the future will.not depend 

only~on the earnings over the 12 mrinths prior to a given date, 

but will largely depend on the gold price on that date. This 

is evidenced in the manner in which gold shares react immed­

iately to changes in the gold price. This immediate reaction 

is simply due to the fac~ that increased gold prices imply 

increased expected earnings·, thus it is· the expected earnings 
• and not the actual earnings that i.nfluence the share price. 

The same 3 gold pri~e 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: 

Shareprice(t) ·={[Gold price(t) - Cost(t)].Annual ,production(t) 

+ Sundr{revenue(t) - Tax(t) - Lease(t) - Capital expenditure(t)} 

kll .. (7.5) 
x Yield(t)xNumber of shares in issue(t) 

w h e re k 11 
• i s t h e s am e a s p re v i o u s 1 y d. e f i. n e d . 

A further assumption concerning the expected yield for 

30 June 1984 is required in equation (7.5). Since the ex­

pected yield will depend on the economic conditions prevailing 

at the time, 2 different expected yield scenarios will be con­

sidered here. Firstly the yields discussed in Section 6.3 

and m~rked with an aste~isk in Tabl~~ 6~1 to 6.6 will be 
\ 

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 also discussed in-section 6.3 and can be 

read off Figures 6.14 to 6.19. The two yield scenarios will 

be referred to as the average yield and the la~t yield 

respectively. 

The predicted share prices under the various gold price 

and yield sc~narios are tabulat~d 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/oz) 254,6061 257,0653 259,1567 

% Lease pay-
ment(R) 8,8581 10,5519 11 '1333 

% Tax 
payment 48,4429 50,9006 I 51,7661 

Mining re-
venue(R) 398 702 880 477 548 300 .530 762 664 

Distributable ·.· 
earnings(R) 59 874 208 F 85 807 533 103 108 000 

Share pric"e(C) 
(ave-;-yield) - _, - - -- 2 268 - ·-· ~- . .3 250 ... -· - ~ . 3'·906 
(last yieTd)-c:- -- -·2 578 - .- -· ---3 694 . ~ ""' 4 439 



7.16 

TABLE 7.12 Grootvlei Proprietary Mines Limited 

Components of Gold Price Scenarios 
Share Price Low Medium .. Hi CJn 

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 re-
venue(R) 114 777 209 137 113 540 151 659 046 

Distributable ' 
earnings(R) 13 254 720 -. 20 473 937 24 470 208 

Share price(C) 
(ave. yield) 1 158 1 789 2 139 
(last 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 \ 

payment 48,2707 50;8541 51,7518 

Mining re-
venue(R) 163 809 376 187 144 448 201 025 582 

Distributable 
earnings(R) 24 145 832 32 978 748 38 289 143 

Share price(C) 
(ave. yield) 1 490 2 035 . 2 364 
(las_t yield) 1 554 2 123 2 465 
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TABLE 7.14 Kloof Gold Mining Company Limited 

Components of· Gold Price Scenarios ... 

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 

J 

Distributable • 
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 ·· Go 1 d Price Seen a ri os ' 
Sha re Pr:i ce Low Medium High 

Cost(R/oz) 199,6974 201,8500 203,6807 

% Lease pay.:. 
ment(R) 6,9222 9,7038 10 ,5351 

% Tax 
payment . - .. ·45,7545 .. · -=~-- .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 
(last yield) 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 

Mining 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 th~~ no attempt to place confidence intervals around 
i 

the e~timates has been made, since the serial correlation 

coefficients for lags of 1 quarter (see Appendix E) were 

found to be excessive in many cases. It is thus suggested 

that contemporaneous expected earnings and expected share 

prices should be computed by implementing MODEL 2 inter­

actively. Further it should be noted that vastly different 

share prices were obtained using the two different yield 

scenarios. The reason for this is that the gold shares were 

priced at relati.vely low yields during March 1983, possibly 

due to the f~ct that the market was a~ticipating a higher 

gold price in the short term. These low yield values tend 
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to overinflate the predicted share prices for JO 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 fundamental 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 this field is 

warranted. Further, it is felt t~at the wealth of literature 

in the fields of Finance and Economics can tie implemented 

extensively in the gold share 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-~timate 

not only the estimates of the components of 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 iervice for 

investors. The informative output should be presented in the 

form of the expected yields reflected by gold shares so that 

investors could choose 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· in Efficiency Study of Chapter 2 

1. The Afrikander Lease Ltd. 
2. Blyvooruitzicht Gold Mining 

Co. Ltd. 
3. Bracken Mines Ltd 
4. Buffelsfontein Gold Mining 

Co. Ltd. 
5. Durban Roodepoort Deep Ltd. 
6. Doornfontein Gold Mining 

Co. Ltd. 
7. East Rand Proprietary 

Mines Ltd. 
8. Eastern Transvaal Consoli­

dated Mines Ltd. 
9. Drienfontein Consolidated 

Ltd. · 
10. Elsburg Gold Mining 

Company Ltd. 
11. Free State Geduld Mines 

Ltd. 
12. The Grootvlei Proprietary 

Mines Ltd. 
13. Harmony Gold Mining Co. 

Ltd. 
14. Hartebeesfontein Gold 

Mining Co. Ltd. 
15. Kinross Mines -Ltd. 
16. Kloof Gold Mining 

Co. Ltd. 
17. Leslie Gold Mines Ltd. 
18. Libanon Gold Mining 

Co. Ltd. 
19. Loraine Gold Mines Ltd. 

20. Marievale Consolidated Mines Ltd. 
21. President Brand Cold Mining Co. Ltd. 
22. The Randfontein Estates Gold Mining 
-·--co. Witwatersrand Ltd. 

23. The South African Land and 
Explol'.'ation Co. L_td. 

24. Southvaal Holdings Ltd. 
25. St Helean Gold Mining Company Ltd. 
26. Stlifontein Gold Mining Co. Ltd . 

• 
27. Vaal Reefs Exploration and 

Mining Co. Ltd. 
28. Venterspost Gold Mining Co. Ltd. 
29. Village Main Reef Gold Mining 

Company (1934) 
30. Vlakfontein Gold Mining Co. Ltd. 
31. West Rand Consolidated Mines Ltd. 
32. Welkom Gold Mining Co. Ltd. 
33. Western Areas ~old Mining Co. Ltd. 
34. Western Holdings Ltd. 
35. Winkelhaak Mines Ltd. 
36. Western Deep Levels Ltd. 
37. Zandpan Gold Mining Co. Ltd. 
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42. Gen Tire .0022 .oooJ .0342 ,6897 .1297 - .4394 .09695 11.781 23.568 .0908 
43. Gen Tire B ,0027 - .0005 ,0667 , 7209 .1356 - ,4601 .1023 12.461 24.924 .1142 
44. McCarthy .0042 .0013 - .1650 l.0853 .0591 .18786 .2269 30.909 6 2.076 .0530 
45. Toyota .0036 - .0042 - .4910 l. 307 9 .0024 .0072 .2462 34.308 68.789 .1359 
46". Kohler .0054 - ,0026 ..: .3576 .2970 - .1734 - .6110 .0033 l. 09 2 l. 956** .2262 
t. 7. Metal Box ,0043 - .0053 - .7978 .6696 .0241 ,0907 .1078 13.172 26.099 .3447 
48. Sappi - .0047 .0071 1.0017 .6348 .1673 • 59 33 .1727 22.200 43.843 

* Exceeds the critical value at a 5i significance level. 
** Exceeds the critical value at a 1% significance level. 



. 
R 2 adj F-test in- 2 Al A2 tA 2 Bl D2 · tB 2 F Ratio crease in R 

1. J\r,1ic .0091 - .0063 - .5819 l.2135 - .3913 -1.1529 • 3962 40.770 • 8853 -i 
2. A'i'I .0023 - .0209 -l.4947 .8548 . 82 300 l. 8595 .2877 25.394 2.6268 ::i:::o 
3.- Bar lows .0028 - .0029 - .2425 "l.3473 .1024 .2701 .5205 66.977 ,0507 t:O 

r-
4. Cal an .0117 - .0130 - • 7799 1 .• 4837 .1669 • 3171 • 36 75 36.193 .3457 IT1 s. Fud, Volks ,0047 - .0130 - ,9185 l.4636 .0895 .1999 .4254 45.902 .4228 
6. Ind & Com : .0126 .0016 .1044 .5238 - .7040 -1. 4955 .0143 l. 638 1.1217 t:O 
7. Malbak. - .0032 .0167 .8606 .5277 - • 3723 - • 609 2 .0666 5.099 .5076 
8. W & A - .• 0063 - .0128 .5467 1.2432 • 7308 .9881 .2333 19. 315 .6022 N -
9. S.A. Brews - ,0082 .0029 .2961 1.1035 .5897 1. 8531 ,6332 106.034 1.8217 

lo. Boumat. .0102 - ,0045 - .2632 1.2344 - .3644 - .6697 • 2186 17.812 .2798 
11. Everite - .0069 .0125 1. 2804 - .0223 .0903 .2938 .0293 2.588 .9011 ("") 

12. Grinaker - .0159 .0406 2. 7047** • 4017 .1739 .3657 .2436 20. 393 3.6622* QI 

13. L.T.A. .0136 .0139 .6664 .7149 .4947 .7522 .2017 16 165 .5479 
IJ> 
m 

14. M & R .0070 .0123 .7848 .8944 .2961 .5971 .3346 31. 417 • 5112 
15. Plate Gl. - .0004 .0194 l. 5168 .9499 - .6376 -1. 3310 • 3330 31. 198 1. 8761 ·N 

16. P.P. Cemn't.• - ,0058 .0123 1.0338 .5057 .0520 .1386 .2276 18. 721 .5663 
17. A E C I .OOoO - .0215 -2.2664* 1.0108 .2817 .9421 .4091 42.979 2.8371 

V') 
18. Chem.'1old. - .0075 .0359 2.4564* .1323 - • 8260 -l.7917 .0<:56 3.667 4.2641* 
19. Sentrchem - .0124 - .0027 - .2186 .2601 1.1742 2.982.4 .2638 22.618 4.4231* 0 
20. Rex True .0207 - .0140 - .8337 .9947 - • 7138 -1.3487 .0601 4, 654 1.3573 
21. Rex True A .0077 - .0011 - .0635 .7575 - "3492 - .6432 .0797 6. 039 .2112 
22. Af col - .0120 .0203 l.2334 l,0904 - .1342 - .2592 • 35 34 34·096 • 7704 
23. :aussels .0076 - .0046 - . 2548 1. 7495 . - .0075 - .0133 ,4278 46. 365 .0425 
24. Aberdare .0183 .0287 2.7528** .:!499 .2149 .6539 ,.0689 5.267 4.1627* 
25. .Af-Cable .0032 .0072 .7504 .2652 - .3815 -l. 2592. ,02778 ·2. 492 .9997 
26. Afrox .0013 - .0106 - .84 46 .9505 .1325 • 3348 I .2860. 25.187 • 3914 co 
27. Ase a .0004 .0056 - .3368 • 7166 .2925 .5610 .1526 11. 735 .2007 
2 8. Clo.ude NE ._0036 .0241 1.1874 l.0845 -l. 3359 -2.0885* .1244 9, 419 2.6919 N 

29. Cullinan .0068' .0173 1.1667 .1425 ,1846 - .3959 .0280 2.510 .7250 
30. Dorbyl - .0024 .0200 l. 6 371 .5662 .- • 5571 -1. 4467 .1696 13.207 2.1946 
31. Dur.swart .0017 .0051 .3938 .5547 .1307 - • 3189 .• 1322 l0,039 .1112 
32. l~atal Trdg. · .0159 .. ,0069 - ,594 9 • 8748 - .6679 -2.372* .0912. 6.869 3.1146* 
33. Rennert L .0039 - .0031 - .2676 .6654 - .1507 - • 4168 .1587 12.255 .1299 
34. Rennert A .0099 - .0226 -1.6509 .6199 .0670 .1554 • 0479 3. 819 . l. 3526 
35. Scot Cabl .0090 .0296 3.1458** .1220 - .3862 .- l. 3036 ~1357 lo. 329 5.4826** 
36. Steelmetl .0108 - .0204· -1. 2722 .9066 - .oooo - .0001 , 1096 8.256 ,8050 
37. Stew Lloyd .0100 - ,0153 - .9950 .9491 .2358 • 4865 .2026· 16.250 .5789 
38. U nisteel - .0275 .0229 l.6979 - .0825 1. 0606 2.4953 .2245 18.405 4. 9191** 
39. Asseng. - ,0051 .0045 .3234 .2294 .20307 .4585 .0527 4.140 .1667 
40. Curries - ,0007 - ,0082 - .6059 .5307 .2626 .6187 ~11487 8.667 .3569 
41. Dunlop .0069 - .0203 -1. 3024 l.0573 .0156 ;0317 .1746 13.654 .8538 
42. Gen Tire - .0044 .0002 / .0153 .5304 .2227 ;5119 .1483 11.374 .1284 
43. Gen Tire B .0091 .0143 l.0087 .4274 .0674 ;1506 .1523 11. 712 ,5303 
44. McCarthy .00845 - .0112 - .7057 l.19496 .0752 .1499 • 2765 24.072 • 2519. 
45. Toyota ,0015 - .01195 - .7312 1. 2678 ,3295 • 63966 .3343 31.378 • 4380 

.4 6. Kohler - .0027 .0139 1.0289 ,0969 - .2058 - ~4820 .0107 ·1. 410 ,6140 
t, 7. Netal Box - .0020 .0089 • 7179 .5262 - .0656 - , 1672 .1704 13.2819 .2636 
46. Sappi - .0114 ,0118 .8704 • 4722 .3920 ,9177 .2393 19.940 ,"0933 



Al A2 tA 2 Bl B2 tB 2 R~ adj F Ratio· F test. _in- 2 crease in R -i 
. )::. 

1. -l.4464 
OJ Arnie. .0007 - .0006 . 9308 .0805 .4512 .3116 39. 792 .1249 r-

2. ATI .0032 - .0027 -I 
.5176 .9263. .1520 .6528 .2101 23. 68!j • 3049 rrt 

3. Bar lows .0007 .0004 - .0821 1. 2757 .2619 1. 2694 .4077 60.103 .8130 
4. Calar. .0032 .0017 .2783 1.3383 .0061 .0226 • 2811 34.479 .0479 OJ 

5. Fed. Volks .0015 - .0016 - .2981 l. 3089 .1394 ,5776 • 3301 43.258 .2054 w 6. Ind & Com .• 0012 .0107 2.1367* .2207 .2616 -1.1819 ,0199 2. 502 2. 6 32 3 
7. Malbak .0003 .0195 2.296 * .7409 -1.0838 -2.8941* ,0560 5.8667 5,8849** 
8. W & A .0006 .0011 .1320 l,3966 - .0662 - ,1702 .16 46 17.744 .0206 
9 • S A Brews' .0014 - .0004 - .1148 l,3728 .1219 • 7219 .5273 96.944 .2547 ("") 

Ill lo. Boumat .0017 .0088 1. 2239 1.1263 - .3896 -1. 2181 .1516 16.161 l. 2772 VI 
11. Everite .0011 .0008 .2232 .1224 .1166 .7361 .0095 1. 574 .3299 ro 
12. Grinaker .0003 .0076 l. 2578 .8929 -· .OBH ... .3158 .1553 16.609 ,7942 
13. L.T.A. - ,0033 .• OO:ll .4079 • 91!27 .2812 .8428 .1312 13.780. .5148 w 
14. M & R .0019 .0068 l.1403 1.1916 - .3139 -l.1904 .2316 26.743 l. 16 39 ........... 15. Plate Gl. - .0023 ,0083 1.7778 . 8892 .1480 .7144 .2657 31.954 2.1081 < 16. P.P. Cemnt. .0016 .004& 1.1349 .6255 - .0736 - .3771 .1544 16. 503 • 6917 ..... 
17. A E C I .0036 - .0063 -1. 7361 .8903 - ,2318 -1.4564 .2927 36.442 3.0394* (/) 

18. ChL?:nhold. . 0018 .0001 .0059 .1487 .1891 .4419 .0045 • 3611 , 1027 .......... 
19. Sentrchem .0023 .OOOL .0352 .7694 - .1742 - .8289 ,Ei42 lG,479 , JG Gl 
20. Rex True - ·,0031 .0134 2.1800'" .4528 .2667 .9862 .oiH9 8.4426 :i,29n• 
2l. Rex True A .0039 .014'5 2.1631 • 4 4 .jg .6191 2.0991* .1007 10.404 s. 4124"'111 
22. Afcol - .0011 .0044 .6950 1.3769 - ,2414 - .8578 • 2641 31,708 ,5142 
23. Russe ls - .0033 .0138 2.1534* l. 5775 - .0984 - • 3492 • 3516 47.529 2.3080 
24. Abe rd are - .0012 .0026 .5983 .1549 .1274 .6562 ' .Oll8 l. 779 ,4699 
25. Af Cable .0013 .0023 .6348 .1740 .08.16 .5599 .0265 3.098 • 4771 OJ 
26. Afrox .0006 - .0059 -1.1869 • 0224 .0232 .1051 . .1722 18.696 .7064 
2 7. Ase a .0006 - .0031 - .5140 • 7 312 .1069 .• 4082 .1102 11.431 .1739 w 
28. Claude NE .0011 .0012 .1508 .7699 • 3237 • 9418 .0886 9.136 .4907 
29. Cullinan .0007 .0012 .2267 • 3039 - .1269 - .5231 .01288 1. 875 .1568 
30. Dorbyl - .0021 .ool5 .3590 .5316 - .0181 - .0976 .1117 11. 5995 .0775 
31. Dun swart .0011 .0034 ,6574 • 6878 .3377 -1.4774 .1027 10.617 1.1884 
32. Natal Trdg, .0057 .0004 .0745 • 5 90 5 - .6208 .:..2. 65·18* . .0607 6.324 3. 5891* 
33. Rennert L .0015 • 009 2 1. 9513 .521S - .2519 -1. 2113 .0895 9.2326 2.3048 
34. Rennert A .0022 .0,114 2.1268* • 3083 - .2117 - • 8928 .0317 3.5766 2.4159 
35. Scot Cabl. .0033 .0012 .2759 .3223 .1234 .6411 .0482 5.1204 ,2891 
36. Steelr.ietl .0051 - .0029 - .4 5 88 .60tl4 - .2451 - .8828 ,0502 5.3131 .5795 
37. Stew Lloyd ,0037 .0057 .3816 .1286 .2531 l. 7369 .1678 18.1523 l. 7155 
38. U r.isteel .0019 - .0044 - .8509 .7224 - ,0805 - .3451 .1157 12.0310 ,4862 
39. Asseng. - .0028 .0022 .4146 • 3279 .3166 '-1.3751 .0159 2.1521 ,9614 
40 •. Curries - ,0048 ,0081 1.6823 .3614 • 3725 1. 750,8 ~0940 9 .701 3.5121* 
41. Dunlop - .0015 .0015 • 249 3 .8128 - .0089 - ,0344 .1334 14,0284 .0198 
42. Gen Tire - .0050 ,. .0125 2.3578* • 6114 .3542 -1. 5104 .0989 10. 2133 3. 4165"' 
43, Gen Tire B - .• 0046 .0099 l. 8976 ,5786 - .0747 - .3251 .1037 lo. 7291 l. 6038 
44. McCarthy .0013 .0081 l. 4527 l.0262 - ,2293 - ,9310 • 2119 23.9475 l. 2877 
45. Toyota. .0022 ,0009 .1427 l. 3332 - .2238 - .8130 .2550 30.2731 • 3232 
46. Kohler .0014 .0057 1.1058 .0288 .266~ - 1.1752 .0058 l. 2524 1.5396 
47. Metal Box .0006 .0025 .5168 .5656 .0394 ,1875 .1071 11.0984 .1734 

·48, Sappi • 0009 - .0003 . - .0648 .7876 .0122 - .0530 .1528 16.3060 .0203 

l 



Al A2 tA 2 Bl B • tB
2 

· R2 F Ratio F test ~n- 2 2' crease in R --i 
1. Amie .0019 .0135 .6642 • 9277 .1996 .6567 .5502 27.525 • 3067 

)::> 

c:o 2. ATI .0095 .0174 .5998 .!l938 - .4325 - • 9968 .3195 10. 56 5 .51661 I 
. 3. Bar lows ,0037 .0214 .7588 l.3509 - .0552 .1308 ' . 6125 35.567 • 29 86 !Tl 

4. C<.lan .0195 ,0229 - .5948 l. 4013 .1987 • 3461 • 429 3 16. 9 23 .1871 
5. Fed. volks .0147 .0101 .3549 l.6209 - .6729 -1.5818 .5903 '32.418 1. 2708 c:o 
6. Ind & Com .0089 .0371 1.0549 .3849 - .4 46 5 - .6493 .0845 2.079** .6659 +:-7. Malbak .0297 - .0077 - .. 2241 1.0724 - .4193 - .8101 .2681 8.2435 ,4864 
8. W & A .0368 - .0026 - .0534 1.8509 -l.O!ll3 -1. 4660 • 3264 10, 903 1.2816 
9 • s A Brews - .0046 .0031 .1372 1.1673 .2713 . 79&7 .6642 44.497 .4373 

10. Boumat - .0085 .0676 1. 8280 • 89 86 .2897 .52 44 • 3837 14 .010 1.6679 CJ - - Ill 11. Everite - .0006 .0064 .2518 .099 2 .3084 .8104 .0733 1. 779** .5090 Vl 
12. Grinaker - .0174 .0571 1. 6528 .6449 .0341 .0661 ,3434 ·11.769 1.6266 ct> 
13. L.T.A. - .0063 - .0046 - .1274 .9763 .1907 .3512 .3267 io.917 .0595 
14. M & R - .0033 .0114 . 3506 1. 2333 - .0664 - .1366 .4 768 20. 50 .0681 +:- ' 
15. Plate Gl .0038 .0220 .8953 1.3342 - .3334 - .9075 .6323 38.698 .5809 ........... 
16. P.P. Canent - .0049 .0201 .6878 • 7408 .0664 - .1526 • 3271 10.935 .2447 ;o 
17. A.E.C .I. .0086 - .0189 - • 9941 .7882 - .0574 - .2023 • 4216 16.3976 .6847 ....... 
18. Chemhold .0058 - .0355 -1.1657 .6109 .5154 1.1341 .2201 6.348 • 9471 (/) 

19. Sentrchem .0095 ,0204 .7913 .8049 • 2719 • 7076 .3749 13.499 .4058 ;;><;: 

20. Rex.True .0352 .0124· .2629 1.1079 .9222 -1. 3093 .1533 4.075 .8777 
21. Rex True A .0063 .0317 .7365 .8643 - .1431 - .2227 .2412 7.151 .2697 
22. Afcol .0106 .0118 .2977 1.1913 ,0802 .1350 • 3884 . 14.290 .0800 ,, 
23. Russels .0140 - .0290 - .7810 l.67JO .3610 .6508 .5482 27.299 .3742 

,.._, 
24. Abe rd are - .0186 .0222· .7098 .0500 .4375 .9383 ,0973 2. 425*"' l. 0944 c:o 
25. Af. Cable .0199 - .0222 -1.0919 .4635 ,0203 .0669 .1583 4.233 .6609 +:-26. Afrox - .0097 - .0448 -1. 7192 • 7158 .94 73 2,4363* .4294 16.931 3.2909* 
27. 1'.sea .0022 .0055 .1313 .7528 - .1434 - .2275 .1494 3.9522 ,0262 
28. Claude NE - ·.0031 .0744 2.0221* ;9249 - .9973 -1. 8151 . • 2990 9 .598 2.6535 
29. Cullinan ,0326 - .0539 -1.5470 .6536 - .1661 - • 3192 .0693 l. 674** 1. 6639 
30. Dorbyl .0031' .0452 1. 5443 • 89 79 - .9029 - 2.0658* • 3140 l0.299 2.4391 
31. Dun swart - .0187 ·;0205 .6109 .8148 .5788 1.1506 .4354 17.348 l. 29 26 
32. Natal Trdg. .0151 .0370 1. 3838 .7364 • 7245 -1.8144 • 2724 8.426 1. 9021 
33. Renr.ert L .0307 - .0085 - .2688 .9965 - .6162 -1. 2999 .2305 6.738 l.1739 
34. Rennert A .0266 .0113 • 3397 .7965 - .8000 -1. 606 2 .1451 3.820 1. 3169 
35. Scot· Cabl. .0136 .0500 1. 8669 .5609 - • 7813 -1.9514 .2124 6.067 2.6159 
36. Steelmetl ,0337 - ,0374 - .8803 .8399 .0297 .0468 • 12 7 3 3.283 .42833 
37. Stew Lloyd ,0170 - .0527 -1. 5431 • 9496 .7399 l. 4507 .3436 11. 774 1.6065 
38. Unisteel - .0135 .0002 .0080 .6537 • 59 37 L 4309 ~.4036 15.224 1.19 38 
39. Asseng - .0163 ,0905 2.3379* .2165 -l.1161 -l.9315 .0894 2.208 3,3279* 
40. Curries - .0101 ,041~- 1. 4088 .6533 - .3001 - .• 6862 .2966 9 .488 ,99325 
41, DUnlop - .0125 .0131 ,4083' • 7913 .0603 .1254 ,3165 10.4189 • 13021 
42, Gen. Tyre .coos .0608 1. !l994 • 8879 - .9645 -2.0180* • 3085 10.039 2. 7478 • 
43. Gen Tyre B ,0031 .0682 2.0307* ,9818 -1.1738 - 2. 3423 • 3180 10. 49 2 3.4647* 
44. McCarthy .0303 ,0058 .2039 1. 5334 - • 5656 -1. 3256 ,5645 29.169 .9196 
45, Toyota - .0025 .0148 • 3804 l.0402 .0327 - .0561 • 326 5 10. 905 .0793 
46. Kohler .0230 .0266 • 7719 .7326 .9403 -l.8272 .1299 3.361 l.6519 
47. Metal Box .0124 - .0135 - .4453 •. 8216 ,0491 .1079 ,2761 8,579 ,1045 
48. Sappi .0066 .0525 l.7983 .6059 .6236 -1. 4295 ,2441 7,2649 l. 9191 
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TABLE E . 1 . Serial Correlation Coefficients for . 
lags of 1 quarter 

' 
~ 

Cost. Production Capital Expenditure 
' - . 

Blyvoor 0,4385 0,5999. 0,7982 

Grootvlei 0,4520 0,8602 0,8277 

Kinross 0,7367 0,8789 o, 819 2. 

- Kloof 0,7651 0,8665 0,8016 

Westdeep 0,5653 0,7737 0,8804 

Winkelhaak 0,8066 0,9141 0,9329 
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