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<Abstr*a¢t‘«,

v.A'ir‘n,l Scope and Method .

The main aim of this thesis is to present and critically analyse
“the theory of wasting assets with regard to extractive mineral
‘indus‘tr‘i‘es‘ in general and to the Apr*‘ic‘:ing and regi@!a_fifon of gold

_in particular,

R F—‘urthermobe, ”;o consider the contention that the price of minerals
(such“as gvo!d)” has‘b‘een "too tow! in the current gehera‘tion and
that m’ar‘fket'force‘s‘ have led to a "too rapid" 'deple‘ti'cin of these

‘resources, - o ‘

‘The'ar‘gqm-ént that it i‘s.the g‘overﬁ‘nment;'s duty to intervene énd"
‘extend the liveé of thé mines fs"also‘ queried, A detav,ile'c’i examina-
tiOnIOf thé South Afr‘ican'gold mining taxation formu!a» attempté to
‘show ’h'ow this typ‘e. of government intervention ‘(in the form éf a
sliding scale ttaxaiion far'm‘ula) results in»unecohémic 'aCtio\nskby’
Aminé owners and»non-voptim‘va'l extraction patterns of the resource,
The,.con'tenti‘on is put férWard ‘that, given certain considérétions,"
mar'két,forcé‘s should lead to the most optimal usé of 'avn‘ exhaustible
resource where ‘p'r*op‘erfty rights éxiSt' ar_\d; ér;e defi‘n‘abie," |

’Un*t‘ike common property T‘e‘sour*ceé, such as thev fishéries, Qher'e
mar'két forces fail to make the mdst'éptirhél use of the resource,

government intervention is unjustified,

The scope of the paper is intended to cover both the underlying
theory of wasting assets. and to relate this theory to gold in particu-

lar,  The determinants of the gOld price will "bé considered‘,as ‘well



as the effects of government ‘intervention via the gold mining taxa-
tion formula on the ‘Sduth‘Aftican ‘gbid mining industry, Hence, the
" thesis is divided into two sections: #Theoretical' and "Gold and

Gold M.ining”.

With regar‘d to the ‘njet,hod of papér - Iite’r‘atur‘ve‘, frorr; as far -backi

as 1931 .f*eg‘ar'dir'ﬂg ;the theqny Qf wasting aSéets, «R}as ‘éoliécted and
.‘a_nalyAsed.A ‘The ’in.fOr.m‘atio‘n for "th'e' section on "v(-.‘;qild.vand Goid Mining"‘
‘wé# v‘collected fhomAthe('var"icus ,organisatiéns involved in the industry,
. ‘néta’.bly' the Chamber of Mines‘l‘a_nd' the Mineral Ehgihéering Depar‘tment"
of the University of the Witwatersraﬁd.' ; Informatkibr.;‘ r'e'gar';dring ‘the

. éo!d Mir}ihg 4Taxati6n and Lease Formuliae was obt'ai'né,d frjorﬁ :tvhe" |
yar‘ious Gover‘nment Reports that have been printed since the intro;- ;

© duction of the Mining Taxation Act No, 6 in 1910,
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) Giossary of . Terms '

', Conglomerate- Rounded fragments of - rock or pebbles cemented
together by another mmeral substance. o :

Dip: The angle between the hor:zontal and a line on the reef 3
body at mght angles to the strtke. : ,

Fine ounce: A troy ounce of 99,5% gold wsth 0. 5% salver. The -
gold bar of commerce is normally 403 fine Qunces.

Grade- Amount of gold per metric ton of ore, expressed in grammes."v

Mill, milling rate: The mill is the ptant in the reduction works
“w here the ore is crushed and ground, Tonnage milled, or
“milling rate, is the total quantity of ore treated (usuaHy
expressed .as ton/month) after waste rock has first been sorted» :

out. :

Over-mmmg° Over-mmmg occurs when the grade of ore taken from
the mine is substantially and persxstently htgher than the
average grade of the ore reserves. ‘

Pﬁay hmtt: Grade of ore betow which mining is unprofntable. '

- Payable, payability:. Ore that can be mined at a profit is termed
payable. "Payabmty" is the percentage of reef sampled which

proves payable

Reef: ‘A narrow gold- bearmg congtomerate in the thwatersrand
geo!og:cal formatlon.. : ‘ : :

' Reserves, ore reserveS‘ The tonnage of.ore opened up and proved
by development or stoping., In addition to ore available for

" stoping, considerable tonnages of unavailable ore are locked
up in shaft and safety pillars until the mine break-up stage.
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 CONVERSION TABLE "

Unless otherwise specified, weights and measures quoted are
in ‘metric units, Where ounces are quoted in respect of gold,

‘the unit is the troy ounce,

It

1,102 short tons

| metric ton (t) A
' - 2,204,6 poundsf

1 gramme (g) ‘ I . = .0,0322 ounce (iro_y‘)

{ kil‘ogr‘amme_ {kg) ' - o " = 32, v]SJ Ao‘Unces_ (tr-~oy) '

U]

R gﬁam‘me per metric ton (g/i) . 0,583 pennyweight per ton

!kstogramme per metric ton (kg/t) 2,0 ‘pourid"s per ton

= 'Dennywe;ght (th) ‘ | A = . 0,05 ounce (troy)
JﬂUS. %.03')  | A
) at 25.1.82
2 u. s. 1,856 ) Tele T

l 'Rand (lOOc)

[

£ 1 Sterling (fOOp)
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 THEORETICAL



- CHAPTER I -

. INTRODUCTION



1.1 FEocus of this thesis

ATradmoknal econormc analyé:s passes over :he nh*er;reléted éroblems
of time and uncertamty. - The cventr'al elements of ec;onom'c_ 'reason-;
mg ,ha\(e been shaped into réxoaelé of ever‘-,-in,cr,easingi précision but

li-t.tté"cogr)ivsant:e hés beeﬁ ’ta‘k,en of th_e: »fa‘ct ;hét_ almost every phase

of sconomic behaviour is affected by uncertainty,

Rece'nt'years have ’s,'eveAn fbur,géonihgfﬁ:}rk, m eéohdmics 'ré;latve-‘d'_f to

' the‘:anélysis“of QnCér“té'i'nt);, ana ‘6'f, 'exhaustible; r"e‘s’oﬁsrc‘:es. NT"he‘

optimal alvlo‘.c;at‘ioh .’of“eékhaustib‘le~f~es§urc¢é th'ro-»ughftime isba‘ function

" of many unc’er‘ta}\hties; Any an’aly‘sis“of Wasting assets is an applica-
~ tion of cépital mthébry - the extention of ‘economic analysis into the
domain 'pf timé‘and cohséquént'ly, ur'1‘t:er‘tain'ty‘ (;he future being _intbin-,

‘sically unéertain), VThe recenti energy cvrfisis,‘ in _p»ar'tié.:ular', ) has

‘stimulated work on exhaustible, wasting assets,

quk on resource allccation'ahd optimal extr-acfign patternsvof
‘wasti‘hg as’séts in South Africa éppeérs to Haye been.minimal,

: Résear‘ch has been ,pre-o‘ccupied with ﬁacho-economic dues‘tti'on-s‘ of
"emp'loyme‘nt, mflat:on ‘and balance of payments ccmsader‘::\tton&°

; ‘Gwen ‘the :mportance“ ‘of the gold mmmg mdustry to the South Afmcan ,
econo_my, as an employer' of iabour‘, source of for'e‘xgn e“xchange,f
fStr‘atregic value én‘d source of tax revenue to the State, tvhé déarth
of vegour‘ous analysas of the mdustr‘y rs surprising, especcany gvven
the tr‘emendous amount of mfor‘mation and data that is readely avaal«

able,

The aim of this thesis is to provide an insight into ;hé relevance



\ :
of intéhtémpor?tal‘ ahalysui's;" ('i.é. , {time ‘and un(:ért:afrit')‘/) and to criti- _
cally revsew the work that has been done on the‘ theor‘y ef wasting
~assets. ‘ These issues are. anélysed under the "theor‘et:cal" section,
ln the second secnon ' entatled "Gold and Gold Mmmg"  the princip‘ies
| alrea‘dy‘ anatys‘ed are applied :Specif'ic_ally’to the regulation énd -
pr‘ic’ing of ‘Qo!dand't‘cV)"the.-‘South 'Afr‘iclén,: Gold Mining industry, in _‘
p‘ar‘tiVC”u‘l.a‘r., f‘r"The effecf.éf GOVernmeht interyention (in ihe‘,fdrm pf
gold mining ‘taxat"ion, leases and. subs“i'd‘i'es')v on opt:im}a‘l' extraction

patterns is examined in detail,

fe2 Summary of Contents

Chap‘ter Two, "An !ntroduct!on‘ to lnfer‘temporai Analysas", analysés
‘the mterrelated problems of time and uncer‘tamty. - The meamn‘gs»
and relevance of zhe 'mterest rate areVexammed with particular’
attention being 'pai‘d to the differen"ce in the opportuniiy_tosfs of
holdmg renewab!e and non-renewable assets, .Thef role of futures

: rnar'kets is anaiysed and attention :s ‘addr‘essed to the perplexing |

: prob!em of time homzons. Fmally, the general relevance of expect-
at!ons is revsewed with an explanatlon of the meamngs and pr-ob!ems

of _a_daptwe and rational expectatlons.

-Chapter Thr*ee,f -"Res“ocmce Conservétion avnd »Cp_tima,l Depletion of é
Wasiing_ Asgew, is one of the core ch’apte‘hs,of’this thesis. Wasting
- A ssets are definedA and the optimal depletion of exhaustible r‘esour*ces‘
‘i,n theory fs examined-.‘ The Inability of the Standar;d Model 'of_'
Wasting Assets to explain ‘ébser‘\)ed movements in the Gold P'r‘icve'
-between 19‘678,-‘ 1974 is revieWed, at the end Qf_this séctio‘n, ‘Finally,
the pfinciples of intergenerational ,équity and the‘ cbnsehvation("of‘

- resources are examined and assessed,



: Ch’aptérf Fous; "Demand for‘ and Suppty of Go!d - The Determrna~,

' tiér‘c df P?‘fceiV provsdes a chronology of the inter‘natzonai \Aonetar‘y
s ystem and the Gold Pmce The demand for gold is anaiysed by
d‘i‘viding total éémand:,intqte;n drfferent market segments, whule ‘the
'supplxy ‘of,-goldrfr‘rémv South Africa, 'Cbrﬁm_unist and""{:t‘heir‘j', western
\'éogntr‘ies"ig examined, ‘Som'e possib!é’cavu$es'yof.chénges ’in the
";supply’ of gold are p'oStuiatéd and, fina’liy, detérminar‘;ts‘ of the Gold

-~ Price are discussed, -

. ;CllwiépterkF'iye, "The History and Rol‘e'of"Go:ld m the South ‘Afric‘anﬂ
'Ec_‘onomy‘", discusses the di‘sc‘t;ver“y ‘and logétvi‘,bn of Gold in South
Afri'ca, the factors which encouraged ‘theb rapid iﬁit'ialA dévelopmeht
and expahsi‘on of the _Srou‘th African g'old_ ‘min‘i‘hg‘ induétry a_nc'i‘.the

‘ or‘ganisatién of thé Industry, i.,e. ‘the ‘Mihihg Finance Houses,
Finally, ‘the’ Role of VGold ahd'fts importance to the South African
'e_cono‘rﬁy is ‘analys‘e‘dv-in‘ twé periodé, the per‘iod" !8"86‘» to 197'3 and |

¥

the period 1978 to 1982¢ '

| C'haptér‘ Six, ‘~"Gover‘nmen“t_lmerventionﬂAin thé South Afr‘ican Gold
A'Mini'n'g lndustry"v, ‘examines the aifns'_ahd effects of the. Government!s
- attempts to Iengtheri the lives of the ‘gold mfnes through the gold
mining "t'axe:'ti‘:on formuiae, léases and subsidies of marginal 'mines. A‘
. The structure of the mining téx system is gxamiﬁed’ since its incep-
tion in IS10, A quaiivtatiile analysis of the effeéts of"thersl‘iding
: scale taxat:on formula on opt;ma! extraction patter‘ns in the mdustr‘y
is made and, fmally, a quantntatave analysus of the same issue is

- given,

’C‘hapter‘ Seven, YConciusions!!, provides a summary of the major



"
conclusions drawn from the ‘prevyiqus‘chaptér*s;ahdfrec‘dmmendations

“and policy implications ahé mad‘e a',ccor‘dihg‘#y.‘(

t.3 The .Acvcgmutaiionﬁ of A‘D'g'ta énd Statistics

The most disconcerting thing about the South African gold mining -
industry is that it defies cool, detached examination, .To know it

is to become involved,

In ‘the process of gla‘tihe‘r""i‘hg’ fnfdi’"matién fbr"‘ this thesis | met Aan,ci
consulted with peopl'é'at variqus ’!fef\'/ekis' of management, who were
;i:nvoi’\}ed in vdi,fft-:fr'éht facets of tﬁis industry, In order to do so, |
.con,c:hv.:cted research trips to Johénnésbur‘g where (informat‘io‘n was
o’biained from, inter alia, the Chamber of Mines, Anglo-American
'and the Univers‘éty' of the Witwatersrand, -

There is no lack of data and statistics pertaining to the go!d mining

:ihdustry and little difficultty‘was enCt::uhter‘ed in this field, The |

énly préblém arose fr‘o:‘ﬁ the AchAang'e in economic conditions in Soutﬁ |
Africa and the rest of the vx‘ro'r‘l‘d‘ from the incejvationrr of this thesis

iﬁ early 1981 to its completion in m‘id 1982. During this period,
int’ereét réteé Vh‘ere‘, and in the ,u.'S.’A.V," soared and have r‘emain_ed
at a“highA level; the D;S. inflation rate decreased dramatically, the

A SoUth Afr*ican rand fell and reached an all-time low against the U, S,
doikiar whi!e the'gotdvaSCe‘ fell from'érdund'ﬂsoo per ounc’e, in 1981
‘t;>‘$325 per ounce in .Jiune 1982, | and | expect that it wfll fall through\

the $300 barrier in the near future.(

In writing this thesis it was, therefore, difficult to stick to one

- particular gold price, and hence several gold prices are mentioned,



' ‘However, | have attempted, as far. as possible, to use the most

r:"ébéhtly :é;vai»!vébléﬂ "da:t,a.',‘ o
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o _QH‘A‘F"'»TERT.QS o

AN INTRODUCTION TO INTERTEMPORAL.

ANALYSIS



"We lwe on!y by knowmg somethmg about tl;ze future, while the -
probiems of . hfe or of conduct at least am_sei from thé,fa.(:t‘ that -

w e know so hme. Thl‘s. is as. true of business as of other spheres
~of activity, The éséenc’e of ;the s‘f‘iQatioﬁ 35 éét‘iovn,a‘c:cohdirng to
ogm'on, of greater or less foundation or vaiue, ne:!her‘ entire
‘4gnor~ance hor complete and perfect mfor*mat ion but pal"tta‘ know-—
ledge. ,} lf we are to under‘standthe wor‘km’gs‘ of the ec’onomrc :
.system we muét examme the meamng and sagmf:cance of uncer‘tamty‘.,

(F‘ H, nght)

2,1 Introduction

' The distinctive and]cr@,h!‘?e&ure in the study of man is the
ibonc‘épt_ of action, Mants imper‘féctioh'of knowiedée i"xasv impor‘tént,
conse’quénces for his actions, Hurman‘ action is '.d'efined Simply as‘
purposéful behévio’ub ~ a means té ééhiéve,_a ‘_certa‘in end, Of the
v‘man‘y‘factorsv which rﬁodify' ahd affect humén'léé‘;ions, those kof!_i_rg_g
"'and uncer‘taintz_ rwin_for'rrvz a central bart of this - thesis, The field
of uncertainty is é' Ve>r'): wide andAcor‘xtrovers‘ialvone and a thoroﬁgh
" anaiysw of thxs subject would be the work of an entire thesis, The
~intention of this chaMer, therefor‘e, is to provude some basic ’inb--'

" éights into the economics of Vunc‘:ertamxy ar)d ;mter‘tempora! analysis,
Fumihe,mﬁbfe? the> maFkét, as a sourég’ of ‘t‘eﬁiporai information will
bé discussed aé well 'aé a'r*bftr‘age over time and the structure of
"futiJ'r'e,s .m,ahkeis. An Vin‘troducti'on tbo adapt‘I\/e ‘and rational exlpecAta-; :

tions will be incorporated in the discussion of uncertainty.

lo - nght, Fe H‘, Risk, Uncer‘tamty and Profit, ~ Haughton Mifﬂin:j
: Company, New York, 1922, ,p.|99 : : .



2,2 Time and Uncertainty

All human Tife Vga’kes'k ';V;gftacé‘ in]time.“* Hgm'an;‘_r"eason: c’a_n‘not’ey‘e“h

. conééive of an ékxi'sxt,e'nc‘é or of actibr‘i" that does not take place
through time, A:A'a ‘tyime“Wheh ‘A a'_ human being ,de‘ci:des to act kih ‘order
to attain a‘n‘er'id', ’hisA goal can be finally and ,cyompl-eteiy attaivﬁe‘d‘

only at some point in the future,

A\’;maﬁ!s' t’in’iév, Vi\s,,almcst ai\&ays ‘scabvcé.' ,'F'ur-thefmdre,‘. ali ,aict‘iovn's_
must take place thn@ugh time, Thus, time is a means that man must
: juse, tok’arrive“ at his ends, Timé' is scan?:e for man only because
~ whichever end he ‘cﬁoq;ses to ‘satAisf‘y, there. are others. that must

-remain unsatisfied,

~Another fundamental implication derived from the existenkcve' of human
action is the uncertaihty of the future, This mus‘t‘be‘true»be‘c‘auser

: the Céﬂthafsf would c‘omp}éte!y ‘nega'te the possibility of éé:tioﬁ. tf
mah kne‘w f_utUE_e événts _completely, he wduid never act, Sinc’e no
'acf of his could change the situation, This Unt;:erta‘imy about future
’g‘venvts stems from 'tW9 basic sources: | the unpredi'ctab‘ility of human
acts of 'choice‘ and insufficient knov‘\vf!édgei about ‘natuAr*aI phehomen'a;

~ A1l human ch0i¢e's arfe‘f continuaﬂy changing as“ a r‘es‘ulb of ch’angi‘ngAA
valﬁétiobs abd c\:hangi;gv‘ideas about the mbs"t appropriate ‘me‘ans of
“abri\)ing at énd#. This does n‘o't mean,‘,howe-ver, "thatf people do not
ry ‘«the'irf’ best to estimate f‘t.cltur'e"develvopments. But no-one ever has
certain knowledge of the _futﬁr‘é. All man's actions are of nec‘essity‘

~ speculations based on his judgement of the course of future events,

. How, then, do time and uncertainty affect exhaustible resources?

The optimal allocation of exhaustible resources through time, is a



‘funct?on of many uh'certainties - tnheyexteht of i*e'set?ves,‘ future
demand and supply and hence, future pmces, the development of

subsututes and the anttc;pated cost of extractson,

_' Aﬁy .analysis of WaStlng'as_"s;etks.tiso‘eh'apbl;?Ca-tion of"ca_pita!d theory -
t‘r'\e fextention of eoohorﬁic a’halysis into the domain‘ of”"tim'e' and con-
sequently uncertamty (the future bemg m!rmsic‘.ally uncertann), in
' effect we are addressmg the ttme dtmens;on problem of the general o
economlsmg problem to the effaccent allocat:on of sahsfactcons among

“dsffer'ent pomts in time,

 : 2,2,1 . FEurther Implications of Time

"A fundamentai -and constant truth about human action :s that man
»usualiy prefers hls end to be 'achf,eved in the shortest possable tmfée.
This‘is the ,ur‘\ive_rsal fact of time preference, The less the walting

tlme, the more preferable it is for him,

Time enfeh's into humon‘a&ct.io’n, not only ijn“-rel'avtion to the waiting time
in oboduction but also in the le‘n‘g’th of :smé" in which the consumer -
:good will satnsfy the wants of the consumer. 'The dur*at.ioh of the
durabmty of the consumer good is. the Iength of time the end served

j by vtheconsumer' good -cont,mues. to be attamed, VObvloust, this |
duration dEffersA for each 'good. |

,"Ce’teris paribust, tl‘;e‘ iodividual will pr‘efer,a consUmer gooo of
greater‘ durabmty to one of lesser,‘ since the former will render

more total servlce.

Ther'e is also a th:rd time persod that enters into actnon. Each

person has a general time hor‘uzon, stretchmg‘ from the present into



,‘thé future, f‘oir*‘ s;v_hichvhe plans Qat‘idu,_s t)}pes of afa‘c‘tio-n.; This
pertbd of provision (the," "time"“hér‘izéﬁ)v is the length of futﬁre,time
for which each Vp.e_r‘s‘Aonv' plans to satisfy his wants, ,~:;rhis period 6f
pf‘oyiSioh _dfffers from bersoﬁ to yrpérjson "in accordance with his
choice, ‘Somevpeopie'!ive -frfbm day to day, ‘ot.h'efr‘s' plan not 'on'ly

) fOr‘!the duratibn of iheir own lives, but fo,r*" their children as Qve!l;
ﬂ(Fur‘therf atiention_' is ‘addr‘essed ‘to the problem éf Jtime horizons in

section 2, 4, 3)

2,3 The Interest Rate

2".V3.i . The Meanings of :he Interest Rate -

The expression interest rate is associated with several different

concepts,

First is the net rate of increase in wealth from a rand more of
investment, which can be denoted as w, the net productivity of

- investment,

. Second |s a personal, subjective valuation of present consumption
rights, measured in terms of the amount of future income that is

valued as equivalent to one rand of consumption now, -

Third is a market rate of }ret‘ur‘n' on loéns, called a rate of interest
oh credit - on bbhds or ‘p‘romisvsc‘wy notes, If this third rate is ‘
-gr‘eater"»than thé secohd; peop‘le' will redu;e preéem c‘ohsu‘mption
‘{save more), If the second is- less tkhan the fir‘st, inv‘éstmént will

increase,
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Fourth is ahfin:ére’sjtr rate that is implicit in the relationship
bétwéenpresemj prices of c’apita'l goods and their future income

streams,

A 1l these rates -

1) the net productivity of investmenit, ; '

2) personal valuation of future income relative to current con-

sumption,
3) return on ‘bohdsvor loans, and
4) the interest rate implicit in relative pr‘iceé of capital goods -

are. br’éug‘ht‘ toward vet;uaﬁtyby 'switching aqc‘t"i‘vity .émdné vythe «vérious
rriarkets’ahd'godds‘." ,Whéh aN'A ab.e e’qual,: the coMmonvvalue is the
int‘ehest rate, If ’ar'\'y“arje notve'qualvtthe'n ar'-bit'r*a'gé'(the' simultaneous

. bpying and se.mngiof the same‘thing by the same perf’sdn) will induce
Aadqutmenvts of 'profi't prfo'spek:ts; in rthevvarious maﬁke‘ts,‘,pushin"g them

all toward equality,

S-incé",thé most A‘easily pefceive_d and measured raté is the r;ate‘ in the

, mar‘l;:et for secure bdnds, ‘we us‘uall'yA iook‘at,‘ thé ‘r‘ate' in thét ?nar‘ket
to measure the ,iﬁteﬁest rate (e, g.y‘ Treasury Bill_Raté?. This.

explains why the Enté?eét‘rm_é is‘referred' to variously as the price

‘~of "é:uvrrent consumptidn", the price of “'credit", the ‘pr‘ice of "savings“'v,
"the‘ price of "io‘a'r‘;s", the 'rate of time-prefer;ence*!,' vtheA inet rate of
Ehvéstmént pboduc'fivigy" and the ‘!lprr'i‘ce of moﬁey", Correctly inter-

‘preted it is a measure of all these things in equilibrium,

2.3, 2 " The Determination of the PQEe Rate of Interest: The Time

Market
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"~ The rate of ‘interest plays a crucial role in the system of production

in the complex monetary economy,

VThe ieve! of the pure rate éf mter‘est is determmed' by the market
vfor the exchange of present goods agamst future goods, The estab-
‘!lshment of money as a generai med*um of exchange has greatty |
sxmpnhed ‘the present future market as compafjed to the condttpons:

: «uﬁder‘vbarter.v' ln’j the ‘méhétaﬁ,y economy, the p‘r'e’se'nt}-fut.urfe market,
! (time;mabket), is expressed comp‘leielyjiih terms of money, The
ernohey‘ comrhodity is the Vohye,co_mpl'e‘t'e!yv‘m'ar*vk‘e‘table good m society
‘and can be ‘exc‘h‘anged' for ‘cbnsufbpt‘i;:)n goc‘adé at any time thét its
owner désirés. It s, ; thér-éfcre, avpre‘s'gr‘\.tvgéch,‘ which is also a

claim on future goods,

?uiute géods arefgoods tha{t‘are‘ nbw expec,téd tor become present

, gdods at sc)mé fUture, da;e; ’ Théy", therefﬁorev, "have a present vaerv.fv
Because of the umversal fact of time preference, a partscular good
s usually worth more at present than is the present prospect of its
becoming ava:!abie-as a present good“at some time. in the futur‘e‘. A
Qood at present is worth more noy& than its present value as a future
Avgo’od, if :He realk r;ate"of interest is 'po’sitiye. |

' Because money isA the general mediurﬁv of exchafnge',‘ for the time

markét as well as;fqr other mahkets; money is the pr‘esé‘nl good,

and the future goods :ar‘e ‘pr,esent‘ éxpectation‘s of the futur;e acduisit?on'
.df money. It follows from the law of time preference that present
m;mey ‘is*n_o'rm’aliy wbr‘tﬁ 'more than present e,xpé'ctat‘ions'. of the same
‘amount of future. mc)néy,"i. e. future money will always ex‘chanvge'. at a

discount compared to pr‘esent money,
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" Th:s dsscount on fu!ure goods as compared wath present goods '
’(or‘ the premeum commanded by present goods over future goods)

is the rate of mteresz.

2,3,3  The Speculative Rate of interest and the Valuation of
. a_mine
i) - The spécutgrti\xé"Rate‘and the Safe Rate of Interest

;Tfhe ore ,VM't‘hink a r’nine: represents potential wealth, Its value at
any. point in time will depend on the immediate 'vah.vravtion of its
future income at that pairticulér‘ instance., \F‘urthe‘m-nore‘, the divi-
.,dends of a mine repr‘esent the pemodnc pag;ments through time, 'Iike.

‘ those of an annusty.

b f ‘éapital is definedas wealth used in the ‘produ’ctith of further
wealth then the cap!tal value (the value of the mme) depends on

the wealth it cs expected to produce in the future.

| At any instant the value of a fully ‘équ’ikpped' mine will consist of
_me'qumre div:dends,dsscauméd to that point in time, ,(Tmis' is

‘true on’lyA if diyidendg.aré_arrivéd at after (allowafnqes ér?e »made,forﬂ
cépitai deprecié;ioh),~ Thus, the pbeéeht_value is a fun§tion of tife
(ioe. the"Spréadf of the dividend paym'e'nts); the 'speculativ’e .r‘ate of
'interest,v and the depreciation of capital, | |

The speculativAe"rate ‘of 'interest (hencefo}*th caliedA"tlhe spécﬁl,ative ;
ratett) w’i‘ilfvary with the degree of risk involved and with the reward

demanded, by the investor for uncertainty bearing, -

Thus the speculative rate is Vlikely,to be greater than the aforémentioned

pure (safe) rate of interest,
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Thé pure rate ;gi"vés thé 'degr’*ee’ of <pr?efverjerice‘Whig:h investdrs
att'achv_to' p‘r‘ésent" i,ncohé as ‘covnrjpared Wit"hv fu;ture_inévo’me. If no
'pfefer'enée ‘exis'ted,__ !Bebg' would be no rate of interest, If future
income was préfe:rkred to present iﬁcqme, “the rate m'ig_ht be negétive,'
| since ,the“inves’tob wouidbe «pr‘epar»*,ed»t_b seci._n‘ré» the rjigh": to the in-
'come in’ the futuré. The specmative‘rate' is made up of the pure

rate of interest multiplied by a risk factor,

.lnjval‘uihg a mine, the’ purch'aser‘ must use__é. rate ‘which‘<will'take)
account of the mining and fihaﬁhci‘al risks Virv'\wo"lved.' in the calculation .
he mqstAél‘sq Vma‘lgé ;a.ﬂow,an‘ce’ foin tl.’)‘ervdistr-itéution ‘of thé future income
in tvime." ‘This involves the choice of a"r‘até, and the selection of a

" formula for discounting (an annuity formula),

ii) Risk and Uncertainty in Investment Decisions

ltv may’bev useful at this poiﬁt ;5 try and‘ dfstingufsh between risk
and uncertainty, Decision situations can be broken down into three
types: |
| i) certainty

i risk

iii) ‘uhce_r‘talnty ‘

‘The,disti'n‘ctiOn between risk and uncemaint'yt is that riskkin’volve's
Situations in‘ which the probabilities of a particular event occﬁrbing ‘
. are known; whereas with uncertainty, these probab‘ilitiés are not
known, Aécdrding to Khightz, risk is me‘asqr‘ablé"probabil’ity..*
Nevertheléss, one often finds the terms "“risk" and uncertainty"

used interchangeably,

2, K night, F.H., Risk, Uncertainty and Profit, p, 284



lﬁ‘vé‘sﬁt‘c»r*s” m ébééutéti‘ve"uhderv“iél:(:ings‘ reﬁuihe a' retuf*rﬂ‘, ‘albé‘it
"Vvuncer'tam,» hngher than that on a perfect!y safe mvestment., 1f_
.the expected but uncef*tam average rate of retur‘n were Iower
than. the certain rate of retur'n (the pure "safe" rate), no mveét-— .

‘ment m :hese enterpmses would occur. .

rln”practice', 7 mc0me from msky sour*ces must be d:scounted to a
present value by a rate of dtscount greater than the pure rate |

of ~mter~est | !n ‘other words, -the greater the uncertamty, A‘ the |

! greater w:ll be the prefer‘ence of the potent:al investor for mmedxate
kconsumptson of »hss mcome, To determme thls speculative rate it

IS necessary to multlply the safe rate by a numemcal quantny '
whsch expresses the mvestor"s aHOWance for financaal msk and

w h:chAmay be - called, the msk factor. '

The yneld on grlt-edged securmes w:!l tend to express the safe B
rate, although it w:!i be somewhat greater 5mce it must include a

payment for the superv:ston gwen by any ‘investor to his holdmg.

: T he risk factor contains elemen'ts relating «26:3

H

a) -'A‘potenti‘ai pﬁofit on the investment befofe;' production 'cvommen:ces."
b) tns‘_Qrﬁa‘n‘ce >against” the rfisk‘ of cépitai loss, - |

c) : rlnsuranc“e agaihst the loss of -Mcéme.»-"

d) '/Payment for the supervus:on of mvestmems.v' '

‘~e) A potent:a! prof:t suff:cuent to attract mvestment into the risky’

: /under‘t,akmg. :

3. Van Horne, J,, F‘mancral Management and Pohcy, 4th ed,
Prentnce Hall Inc,, London, p.ﬂls :
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2,4 The Market as a source of temporal informa“tion,' '

2, 4,1 'Futu‘res',Mar’kéts ‘

'Résoufces. can be ,_divi'c\!e‘d into two categories, renewable 'and non-
krehe&vable,reééyr‘vcés. 'VCon‘sum'ab!er‘comm‘o‘ditfes, sﬁch as wheat and
:barleyf, fall into the former categor‘y;‘ whereas ‘rhiner*a-!s fatl | into

’t'he iaﬁteh; Furthermore, mineralévcén be classif‘ied as 'n,wasting_
éssetg.. (hOn-rene"wab!é fesources which are’ dés‘troyed in co"nsu;mption,
sx;'tchb ,a:‘;‘ coal .a'nd' oil) and "é”vé‘r*l'asting asseis" ~(non-7rénewablé reécurces
'whi“c”h‘are fnvever‘d‘estroyed in constption,v such as gold and platinum). -
- This. is a rather "loosfe" defiﬁitibn of these terms and stricter étten-
tion will be given to detailed definitions in the f;OHQ;N‘ihQ chapt’ec_’on
“wasting asset‘s;’ Fbr the‘pur‘poses,of' this analysis of commodity‘ |
-mar‘két‘s, however, the division of commodities into r‘énewables ‘a'nd

non-renewables is sufficient,

AA future confrat:t is a'ébntract to deliver or to receive a specified
quantity of"a particular kind and gradé of a Ecorm‘ncmiity:;at a specified
pbice at, ~o‘rr‘durin‘g, a specified ;ime in futufg. Pr‘icfe, quantity,
grade ‘and time of 'déAlyive‘ry are agreed upon as of the. présent, only
Vdelivver*y a‘nd‘payment‘ are in’thé future. The market for these trans-

3

actions is the futures market,

F orward sales for future delvivery are 'not uncommon in the cash
Vmar‘kété for the prédhcts of agricultur‘e’ (renewabié resources),
AThe' reason for the ekistence of orgénise_d future trading is to furnish
the merchant and mar;ufa'ctur'er with a means of protection against the
risk of pbice chanée;v - Trading in the stapie agricultural commodities,
with respectio which future trading ‘is carried on, involvesexposu’re |

to constantly fluctuating prices, Merchants and manufacturers must
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_’Qperat‘e ‘c';‘on_timixftlaus’;iy ’in_ ‘the‘s've markets, -theiﬁ 'héﬁdlihg ,rerar_'gi'ns‘ a’ije, k

A ts)pic_a!,ly‘ small,v“thé ,si;‘zeﬂ'éf 'fndividu‘alw tr;a'nsactféns 'fi,s- !ébgé.~ 'Béth :

" the dicectibh and. amouﬁt of pr‘icé chén’ge and ‘t_vhev "’t,rfen.d‘of' price‘s'j
. over a péc;fiod of time .a'rfé unpr'edicri,able.; In for“’der' to survive, ‘there
must rbé‘vsome means by \‘@vhicb_the risk of p‘ri'cbe‘chang'e ‘can be ei‘t‘her
share‘d or shifted to tﬁose who are more ,wiﬁing or?'ablve to bear it,
" The futures market furnishes such a facility thr‘.()ugrh the medium of

hedg ing.

Futures pi‘{ces in todays futures markets ‘provide prédictions of what
the spot price will be in the ’futurr_re.: If anyone ca‘n_make a’ibétter
- pr‘edic‘t’ion of what the fqmr“é,spot' price will be, he v_can'qui‘vckty reap

~a fortune,

‘HOWever', a'cvonsquuehc,e:kof ~t‘his’,activity' is that i“ncr‘easé‘d c.uhrjent‘
‘demand for, »éay, ‘wheat for ‘delivery in the future, pushes up the
current "futures priée" of futurevwheat t&oward‘the predicted futures
price, - In this way;,’ betliefs that the ‘curr?ent’ "futgfés" p,ricé of -
future wheat is too low will increase the current “Mfutures! price’ |

“and reveal to the world »theAnevivv expectations of future spot prices,

- The existekncé‘ §f futures rhé_rke’ts and ,sbeCUlatérs permit ind_i\)idué!s
bto 'akdjust’their? patteﬁns’ of risk bearing, as well as their pattern of
consumption goods, . Cbmpléte avVOi_dance of risks: is ‘r‘;o;tv pbssible,

but ‘se!ect_ivity and ct‘woice of types of risks are possible Mth‘open

markets énd pr‘x‘va_t(ev property rights, A

2. 4,2 O pportunity Cos»ts of holding renewable and non-renéwable

~ assets’
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Wheat i's_”a r‘_enei_wablv'e“‘ _aé'_se]t', .thve production of 'w_'hicv'hv bcc':urs"dis'..i'-
Creétlyiover",t'ir;n'e ““.' e, 'not,‘ c‘onpinu'du'slvy,- but in._h.arv‘é,_sts_ that are .
: Seésona_l)v.‘ »‘qu‘thvé'_i"m'oré,” -cUr‘r'envt'_"pvrI‘OGQC't‘ion lis'-l.ikew'.tov be I_arQé
in relation :toi sxo::,ké .,c.gfir‘rem‘ly,:bei'ng _‘_hql'd é_ﬁd ‘uhfiké wa:sting assets
'a. larger pr'.oduc't'i_cén -?I_eQel now does r_\';n__ imp‘iy less production in the
future, Hericg_, the expected price trend of wheat remains constant
- {at least in real terms), though a syéfema‘tic_f.luc'tu_at_i_ori lin price
is .expecjted. -to' occur _wi_thin -eac-h' ‘s_e.as__'on, "reflec”ting_ the 'T(_)p'por_‘tun.ity.
cost of ~hold'ing stocks in between ,eac‘:'_h'>h.a’rvest‘ (Fige 2.1)e The
opportuﬁity cost of holding wheat consists .rnaivrily of sto_hagé" costs,

insurance costs and, to a lesser extent, loss of interest,

Real P-r‘ié:e’f '
Wheat

|
|
|
|
{
N
|
1
|
|

o M M

Fig. z'.l'

,'. Cn the .other_-‘ _vhénq,‘ ~s;j|ver; '.like gold, is a.non—r‘enewable ass"_et.

P roduction is continuous ._and is a émall fbactién _of total stocks

in ekisten_ce. More -prodﬁctvion now means less in 'thé future, _An 7
opportunity cost is incurred in hol'ding'_silv_er‘, whether above or
below the grand.'- vT‘hu_‘s, thé e;;bected ;(r‘eal)'p'r‘i_ce of silver in-
creasés'byith'e ophorihniiy'c‘:ost o'f_hold'ing s‘i.l\'/ér‘ whféh chprises'
»fnainly. the (real) rate of  interest ‘_(F-'ig.,.’z. 2). Naturally, ..the”"
nominal .pr‘ic‘:e of}s“ilver‘_ is expectéd té ‘increase by the nominal rate

of interest,
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Price of
. ‘Silver

' F’ig. 2,2

'A"t_a‘n>y point in ’t,irpé_,‘ the prfte of 'Silv'er. is 'e*pected_tdrise by ,
t he r‘été of. interest (plus cbs‘ts v_of stpr‘_a_gé) ahd by né hiore,.andgno , "
Iesé. | | | |

,The spot price for silver is determined by the expected _ft.‘atvui*e

o price of silver, These expectat.ions incorporate the réte of interest -
(plus sto'r;ag'é cqsté) which is'»r"efle_cted in thé slope of the li\n‘e (see

Fig. 2.3)

Price

t+

t “ t

Fig, 2.3
' Wh‘er‘e:] Pt/st is the current 'spot price at time péri'od, t, Pt+|/s.et+l
is the fut_uré spot price expected'tovprevail at time period t+i,

Py = P+ 1 where i is the rate of interest (plus storage costs),
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If -thé__pr‘vic'e of silver were _.exp'ected to ‘inc"re'aee by le'ss ,t‘han" fhe
opportunnty cost of holdmg t, no one would -hold it, . That weu!d »
force down the current spot pmce m‘relataon to any given future
'.spot_pr,nce and -wce v‘ersa. If xhe pmce of sulyer was“eXpected to
increese'by‘ more than the éppor"tun_ity' cost of h'o_ldingbiﬂt,‘ everyo'ne

~ would want to hold silver, thus forcing the current spot .pric{e up,

2, 4, i Time Horizons -

In deter‘mmmg the present value (l e, ‘the spot pmce) of any asset
 the market takes all expected future costs and benef:ts mto account
appr‘opmately dusco_unted, ‘dp to 'the time ‘hom}_on. All estimated
‘eo's'ts ahd_ benefits 'thet are expected to ‘occub beyqnd the time horizon, |

~ have no impact at all on the current price of éssets._

There are two main reasons why the market has a finite time
horizon, and why the market!'s time horizon is: always shorter than -

the '"'theoretic! (abithmetic) time horizon,

i) Arithmetic Reason
We are given that the present ,value_ of_ an aSset is calculated

as follows:

VI Y. o y

P.V = | 2 3 emeevsvcee N ’
* t4+r »+ I+ 2 - + ]I+r)3' : + {I+P)N-

where P,\V. = currént price of the asset ,
' Y = income or utility derived from the asset

r rate of interest

time horizon

A constant r witl permit the !"later"" denominators in the series to

nexplode!! (i,e._'incriease ‘exponentially) thereby reducing the value
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Of‘th_e later increments _t'_ovapprvox'i_m._—-jte,ly‘ zero, Additions to the
present value become increasingly smaller and when this value
becomes: negiig'ible, the ma_r‘ket is said to have reached the time

horizon,

.This may be illustrated in thé following diagram (Fig, 2. 4), - Where
the curve begins to fl'atteh out (as the denominator begins io exp‘llo_de)‘

the time horizon is reached,

‘Po V. . Of
Asset
:(Iand)
e
70 years . . 99 years time

Fig, 2.4

. For example, 99 year leases on land do not increase in value

_ after about 70 years. Thus, the present value of the asset becomes
unaffected after about 70 'year's and the arithmetic time horizon is
70 vyears,
ii)  Uncertainty
Added to these arithmetic considerations we ‘must accept that r is
not ‘a constant but increases as one looks further and further into

the futur*_e; Thus, the greater degree of uncertainty' associated with

the more distant future, must be reflected in the interest raté..
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A's we move further into the future, the value of r rises in the
present value formula and the time horizon is shortened as the
denominator ''explodes'" at an earlier stage than if the interest

rate were constant,

Thus the rﬁarket does not ha’ve.an infinite time horizon',_. in the
u. s, A, it has béen’ estimatéd that the time horizon is about 20
years, In South Africa, it has been quoted_.'at 'e_':bout,‘ 10 years;
the 'shérter‘v lengt'h being dQ_é_to the greater i"un'cér"t.ainty of the
futu_re_.'v_ Whén .pr'opertyb rights are threatenéd, the time horizon -

is drastically reduced,

" The vcon<_’:ept of a time--hor'i_'zoh gives rise to the problér'n thé; spe;:u—
iators and other market agents are bésing their décisioﬁ.s on a
‘finii,te’per‘iod.v Thus geherationé‘beyond_ th‘e'vtimve horizon will not
b'enef.it .by tHe present vacti‘onvs of speculato_rs.}- Wi.th-regar‘d to the
con:servation of natural resources, it is of_teu;w contended that ‘stafe

inter"vention is justified in order to lengthen the time horizon,

Within the time ‘hor‘izon,- the‘ma_rke‘t.makes éVéry_ éffort xto op'ti._mally'
ncohse‘r‘venvresour‘ces. For example, if coal in the f,,u'tu_ré‘is expectbedr
- to b‘eicome‘scar.ce, its éxpected future spot brice will rise, 'The |
exéessive profits that would then be available to éqal—holders woulvd
i.r;mediat_ely be eliminated by ‘a r‘isé in the current spot pr“ice,

That, in tur*n; ‘would discourage current consumpti'on, 'the'r‘e_by con-
sem)ing coal, However, if coal were,‘expected to become scar‘c.e _o_nvlvy
beybnd. the time hor‘iion, the market would not react ._at all, There
ié im.ﬁens‘e uncertaiﬁty aésociated with any estimates of the distant

future, New techn'QIogies may well be available by then or the world
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may no longer exist, The market, therefore, abandons the distant
© future to the chance costs and benefits (externalities) of its current

~ activities,

Within the time horizon, the market works impeccably, The longer
thé,ti‘m'e horizon for the ‘resource (es g, extractive ivndu‘,str*ieé such
‘as mining), the more optimal the market!s extraction of that resource -

“and t'he‘vgreater' the provision for future gen'er"a:tioh'so

The main ques_t_ibn_’is“ Whe;hef infdrrﬁation ’is’ good or bad, - The caée
regérdin'g_ St'ate‘ inter‘véntion del'veé into the realmé of,ndr‘r'native ) |
: econ‘_orn‘ic.s. | O_'bviou‘s‘ly in setting up a time horiéoh thé ‘ﬁavr*‘k‘e,t is

‘ not'ta‘king'account of generations beyond this bo'int'. Will thes"é

generations suffer if the resource is exhausted "too quickly!?

" The questhn as to vwh.etherf‘ thé_State_ should impinge on’ the rﬁarket
. and provide for ‘fﬁture generations, through éir‘tificial c_cl>nvskér‘vkatic'>n or
extension ‘of’ the time ‘hor.‘izon, is a éu'bjectivé choice -and iﬁQoIves the
con_c_e_ptv of welfare, Ho_wever, the problem r“émaihs -. does :the State
have better inf.ovr‘ma_tion.th'an the market? Even if‘,it did, the State -
is made up of prIi_t"i'cian's' -wHo ‘ser:ve a certain_,p'eﬁiod vof(»c‘>ffic.e. Is
their time horizon necessarily longer than that of indiQidua‘l ‘market
participants? 1 think not, .‘\Aor.e attention wi'l'l_ be paid fo'vthis issue .
in the next _éhap-tef. | However, it still remains to.v'consi‘der How a

time horizon for gold is formed,

2.4,3,1  Time Horizon for Gold

De‘!e'r‘m'ining a time horizon for gold and other non-renewable assets

which are held for speculative purposes is indeed a perplexing
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- problem which can best be solved "emp'ir"i‘ca{ly. Howevér‘,‘ an
~attempt will be'made here to ‘posit a time horizon for gold in

t heoretical terms,

Consider the following 'dia_gr;ams:'

Tt
’ . |
Nominal price -
. |
5t |
S . |
x1{} : .
I‘St' - r = Nominal
| : Rate of
: I “Interest
| o '
0 |
1 |
1 !
t 0 Time
Fig, 2,5
. ~eal price
7
! : .
Sh H {
xﬁz',éﬂp* ._ P
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: : Rate of
| f Interest
| } : '
o 1
I |
! |
I !
Time

o d
- -’
+
[ S

. Fig, 2.6

There .ar;e certain cost.s and benefits involved -vin.hold-_ing gold, The
oppdr‘tunity costs consist mainly of storage and possibly ,insQr‘ance
costs and to a larger extent the rate of interest on other interest-
-bearing assets, The for‘mer,césts could be térmed the marginal

costs ‘of holding gold which would, we assume, be cancelled out by
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the beﬁéf'ifs of h'olding‘gc/)Id,: wvhi<.:h_._We ‘w_ill.'c>allv thev‘ "r-'_nar‘g'ir;a'ly con-
' 'venienée"' of holding‘gold. _: Thefefore, _ fhe sole ‘opportunity’ cost of
hold.iﬁg' goldv'ca'n.', to all'.-b.in'ter'\'t_s and purposes, be regarded as the
) ;htérésp r"été_. Thus,,"_-t_he_ p'r.ice_'of gold is expected to inbcrf'e;‘ase by

‘the interest rate,

,ng; 2.5 reflects spot and future prices in terms of nominal prices.
and nominal interest rates, whérea_s Fig. 2,6 depicts the same

situation in real terms,

'St" is the spot price prevailing in period t,

L] is the spot price expected to prevail in period t+j,

In Fige 2,5 the slope of the line reflects the nominal interest rate,
In Figs 2,6, 'the slope of the line reflects the real interest rate,
Cbviously the latter is shallower than the former as the real rate

is always lower than the nominal rate,

L.et us accept that the vn’omihal rate of interest increases because
'expected'inf_lation has increased (the reasons for ,this will be dis-
cussed in Chapter 4, Section 4,6,4), Given that
nom i = exp, real i + exp, inflation

then the expected real rate of interest will decrease causing current
prices to increase tovS't, by an ‘amount ‘equal to x in both diagrams,
As the nominal rate of interest has increased, the slope of the line
in Fig, 2,5 has become steeper, whereas in Fig., 2,6, where the
‘real rate of interest has decreésed, the slope of the line has become

flatter,



25

'zl(‘v--is posgiblé ihaf ‘the t.imé_'horizon 'occ_u'r“s'_fat 'the\in.t'erséc‘:tio.n of

these two péths, iv.'e.'. at H m Figs 2,6 What:_r.wappen's’ to the time
“p'ath's in F‘ig.v 2. 5 is a maf!er  0)‘ 'conjecvtfur_‘e._ 1t is’ ‘po_s“sib”le‘ that, |

a.'s'_v the denom'in_ator explodes!' in the pr‘é's‘e_rit-va.lué équafion, ‘the

two paths converge ‘tcizwards infinity. At what point this occurs

s dif‘ficul’t»' to say, Uncertainty about future .in_corﬁe s_tﬁearﬁs or
“Hutility yi__eldsn is not th_é only factor which causes thé _'de_nor_nina‘n.tor".'r |
in tﬁe -presen; Qalue'equétion to v"expl"ode" at an .e‘a_r‘lier"_périod: than

is 'thedr‘eticalwly the  cése‘. A further s'ubject'ivé .féc’:tér‘, the individuél.ls”
assessmeﬁt ofir‘is:,k,_ must a!sc'be introduced into the denominator, -

“and will thus alter the rate of discount which is used in -the'k equation,

it has. been ‘'said t_hat‘the_ tivm'e horiion'fof gol‘d co‘ulld be'. as short as
twqa'nd a,-h.alf years, It is;.poé’éib.l'.e ’;hat:this .estimat’e could have
beer.il baééd on an examination of nominal rates as -ih'Fig.;._Z_.S, and

- not 6n real rates as in 'Fig.- 2,6, 1t is possible that 1ower*. real
rates would extend the time Horiz_on beyond the point‘ to which higher

nominal rates would extend it,

2.5 The Economics of Uncertainty

25, . Uncertainty in Microeconomics

The two main economic agénts of micr‘oeconomiic theory, viz. the
household a_nd the firm are both 'plag'u'ed by pr‘oblérhs of unceft_ainty.
The interest of this thesis, however, lies solely Mth thé eff'éct d_f

| unc’értainfy_ upoh t_lﬂe dec‘ision—making of thg firm, - Among its ‘many
decisions, it szt decide what technical process to use in the br‘o—
duction of godds, and what magnitude of output tb br‘voduce. - Moreover,

it must decide on the qu‘antivty'of its inputs and on the price to be
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" paid for t‘hér’n -_genera_liy |t must decide on its pattern of activity

between the present and the ‘futur*‘e.‘

Whvatf.ar‘e the uﬁcertainties that ft'faces? .T‘her‘e'ijs the uncertainty
of demand, both in the pr'esént and ir_\'t'he future, 'L.J‘ncer‘taihtiesv |
a!s§ surround the technical pr‘océsées aQ_ailébIe io produce the good
and. WH_et_her‘ néw pfocésSes will -become iavail_ab:le ‘in thé future,
Uncer‘_taintiies' over inpt._ut'rhv_ar‘ke_t's also exist - will the firm be able
tb get regular and E:Onti_nuing suppliéé'? “Will the price_vbe stable?
'.(A question whi(:h is obviously of crucial imp‘or‘tanée to the go!‘d
mining industry at .preseht'énd in the f'gtur‘e.';.). In or‘der: to c0pev

. With this inherent uhcer.‘_'taih’t‘y,‘ économic agents have évolQed certain
institutional fr‘arheworké, . For e_xamp.le, thve existencev of or‘g’an’iéed
markets reduces the amount of un?.:ér‘ta-gnty in _mat.ching buyer to se!ler,-
.thle the éxistence' of institutionally pr‘ov_id.ed price sellers (the
existence of a .fixed gold price pr‘io'r?' to ,the,colla‘psle ,of- the Bretton
_ Wéods System)' reduces uncertainty concer‘nivn}g the price at which

transactions will take place,

Institutional frameworks have been designed to ameliorate the effects
of uncertainty, The existence of certain economic phenomena, notably
the twin evils of unemployment and inflation, is dependent on the v

presence of uncertainty,

For many. years economists attempted to explain these dis-equilibrium
phenomena within a theoretical framework based on certainty (i, e,
based on perfect information and perfect knowledge, both now and in '

the future). What was needed to describe dis-equilibrium phenomena

- was a disequilibrium framework for analysis,



: this'diSequ‘i!vibr‘ium is,' invfact uncer‘tamtz A "study of economic
agents in disequilibrium is, in fact, a study of the behavsour of
economic agents (such as t‘hé mine‘-'owner")‘ facing the kinds of un-

certainties already mentio‘ned.'

.~ 2,5.2°  Uncertainty and the V‘The‘éry of the F-‘u"m :

In Vr‘egar‘d ‘to the the-ér‘y‘of the firm, _tvhé" spertfifvicatio‘n of the firm!s
objective funCtiéh r*erynnaifm‘ énrdnset:tled kissue. Hox»;vever', the majo’r'ity '
of writers mamtam that the ob;ectwe is to maximise pr‘oflts and for
the puyr*pose,s o_f this thes,‘ts, attentmn shalk be confmed to profst

maximisation,

_Ther'eAar'e a vémety’of ways in wh:ch uncer-tamty can and does enter
the ptcture, whereas in the certamtx theory :t is assumed that demand .
‘and supply condut}:ons and the productson function, are all constant
‘and known with certainty - any or ‘a!‘l.'vof these could be uncertain in

practice, . | | |

vThe theory of fhe’ fi‘r‘m isv CQn\)ent“iphaliy divided up into separate
_topiAc’s’ ac,(:or-d_i’ng to the iypé ‘of conditions prevailing in ‘the mérketé -
in thch the fir-mk ss operating. ‘These agr‘e 1) per*fec‘ti’competi'tion,
‘72) oligopoly;_ 3) duoboty Vand 4) -ménapoly. Of theée‘ l) 'anrdv 4)
are tﬁe polér* cases: in perfect competntzon the firm is a g_r;n_g:__g

taker* m that it has no ‘control over the pmce, while in mcnopoly

‘ the firm is a price. _setter and has total control over the product

price, O!igopo!yis an intermediate case (with duopoly being a
' particular 'VeXample)' here the firm has some contr‘ol over pr‘fcé,
‘though it must take into account the behavrour‘ of the other firms

in the mar'ket. The essential feature of the firm inperfec»t competi-
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‘tion is that it is a price taker in its output market, Although, in
‘local terms, the S, A, Chamber_' of Mines may have a monopoly on
exploiting the countryls goid resourcés, it is merely a price taker

v 'on‘ the international w’orldfm'ar‘k'et,'for" gold,

2,6 The general relevance of expectations

T."ra.ditioné_:‘l neo-tlaséiéal economic 'theor;y omits two of the ‘rﬁo_st
i.mpor‘tan't elements ivn .any real world analysis;‘ time and Uncertainty.
All econohic decisions are takéh _fn the light of expeéted variables
rather than act'u‘a‘IIValriébles. " In that's'ense,_ almost all eC'Qnomic
éctivity_ is. speculative, Whenv an asset—transactibn is. affec'_ted,
‘both the buyer and the seller have their‘. own'expectations about
futur‘e incomes an-d future yields on tha'_t particular im)estmént.

o Sim‘ilar‘ly,A consumers and pboducer"s take int'o acé'ant, not .only the
current prfcé, b_uf the spot price in relation to their expectations -

" of future prices,

'Differ'ing, expectat'ion_s can ;‘jr‘ovide' 't.he only e*bilvahati.o_n for thé tradiﬁg
of shares (‘i.f Suyers' and sellers! utility functions r'e'mvainiunc'hanged),
.wﬁen individuals save ‘money .by_ depositing‘it in a bank ’théy havé -‘
some idéa of the expectéd infl_ation‘rate éver the relevént period |
and hence the expectéd real rate of returh on their savings,-
'Ad_aptive and r;ational expectations pr‘o.vivde a means of incor;po'rating

expectations into ecQnomic theory,

2.6, - The _meaning of adaptive and rational expectations

The range of possible adaptive expectations formulae is extremely

large, The crudest and most unrealistic form of adaptive expectations
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is the following formula which is used in the traditional "Cobweb
Model!* which explains the éffeét’ of far‘mefs" .pr‘ice‘,expeéta‘tio’ns on’

the supply ‘and demand of ag’r“icul'tur‘él COmmodi:ies:

ope . a
Y TP
where tP t+ 'S the price that is expected to prevail at time period

t+l, p-at is the actual price that prevails at time period t, In the
Cobweb Model we find that at period t+ eXp6ct_atiohs ‘were iincorrect

and hence

a . e _ a
P+l  tP oy = Py
-and so forth,

_ I'—"\Jr‘vthermore, this mode! assumes that farmers do not learn by their
mistakes and even though the magnitude of their errors v('i. €, _pet_ - pat)
may increase exponentially, they do not adjust their expectations

formulae,’

Howe\)er,__more sophisticated versions of ‘the adaptive expectations

~ formula can be advanced,

For example, expectations could be formed by calculating a weighted
average of past prices;

e _ _.a ,,.a a .
tpt+' '—_ apt +bpt"’| + cp + ooooooo‘..oooooc

where a, b, C ceecese are weights such that a > b7c ceseso

and'a-+'b+c..°.'..°. = |,

The more sophisticated and realistic the formulae, the more difficuit
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they are to ‘f,dr_m'alise'and the less directly testable they become,
Ultimately one arrives at the stage where all economically avail-

- able information is used in forming expectations, This is known as

Rational . Expectations,

No formula can _dir‘écﬂy capture the process by which rational
f‘expectations ‘are derived - all we can do is capture the result of

forming expectations rationally:

pe a ,
. = P
Y Py T E
where E is a random error variable such that for a large number
{n) of time-series observations (t) its mean is ‘zer_o:
n

|
ntéTE = 0

Tﬁis theor'y_d'oes‘not imply that for évér‘y 6bse;~vation t, E = 0,

i.e, that expectatiohs"ar‘re always co_r‘r*ect'. _-The theory admits

that er‘lrfo’rs are an inev_itablle result _of the inherent uncertainty

of the future and_canno.t be aécuﬁatel_y predicted except by chénce,

All that the theory claims is that eﬁror“é will be random, i.e,
c‘msystemat'icv and unbiased, Once mar‘két agents detect systematic |
errors, prbfits_ can be rﬁade by dis'cover'in‘g‘their source énd elimi-
nating them, What remaiﬁs are the r‘andorﬁ'er‘r‘or"s that are 'inher'entkly

unpredictable,

. The expected variable_(p_e) even t.hough it may be a Very bad pre-
dictor of the actual variabte (p?) is nevertheless the best generally

known estimate,



2,6,2 The différencé between adaptive and rational expectations

Adaptive expectations are formed by using past information in a
systematic way.  Some formulae may include a learning process
that takes place through trial and error, Rational expectations

are arrived at by using all economically available information,

In many situations it may be rational to form one!s expectations
'.adaptively since the best available guide to the future may be data

from the past,

‘Ho'we‘ver;_, when the Variébl_e to be pred?éted moves in one direction
ét an acceler‘éting rate, adaptive expectations will yie‘l'd. a biased
,resultv,‘ - For example, 'err the past twenty years adgregate prices
ha\/é beén rising at an- accelerating ra-té.‘ If expectations were
adaptiye», exp.ected inflation would ’h‘ave pe'rs'is‘ten;tly fallen short of

actual rates for the relevant periods, -

'Accos;*ding"t'o the ,"Mvonet'ar*ist—Expec’tational Abbréach'f, the fact thaf _
p_e< pé' would 'héve ‘r‘e._sulted' i"rw_ar‘ti'fi.ciél‘ booms, stimul'ating output
and keeping unembloy'meht, .-be;'_low its "natural rate', : (Moneié_riéts
such as Friedman -imblici.tly a;ssurﬁe that expectations are formed'

adaptively, )

Rational expectationg, however, implies that 'expé_ecte’d variables
are, on avervage, unbiased predictors of'actue\l fUtur‘e variables:

| ' L n
nipet = ”Z_pat

n
t=1 - t=1

"Thus goyérnmehts are unable to either depress or stimulate an
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economy by ”“Stop-l-G'o_" monetahy‘ pdlic‘ie‘s S__ihce at no'ét_age can one
predict with confidence whether pe will be gr'e_ateh or less than pa,

as the error (E) is entirely random,

2,6.3  Some Problems

Several ‘pro‘ble‘ms“ sur‘r;o'und thé f‘atio'n_aliexbec.:t.a‘ti,oh"s‘ épp;*voab'ch.-v
l-.flor‘mal"_r*ational_ expectations theory assumes zero-cast information,
'_Wh_eh]n'ew information erﬁ_erges, the whole market adobts it, Tﬁose
L Who_ do worse than the market over time 'méy be ‘totally w,iped‘out_..
Cn -the. ofher‘ hand, if a minority of well-informed agents use the |
§u§er~iof infor‘mat‘i_or‘\'wl’\.ile”the rest of -tHe m,a'r*k_'et. does ndf_, this
'minor;ity group stands to make a for.tune. in this wa’y, good informa-
tion drives out bad and 'ma’r‘kétv exp'ec_tati‘on'sv are a_IWays. deter‘?nined

by the well-informed o'pef‘atdr‘s at the margin,

In reality, hdwever, | infor‘mation :is costly andzdifficu_lt to test,

Even the best in_for*me‘d' analysté may use different theoretical models
_ which generate different expéctétions._- Thus, these competing models
may sUbvi_ve‘s'ide by side for a long time until the good vm'o_del ‘event-
‘ually drives out the -béd._, |

’Ho-wever‘,‘ these pr‘o.bl'emsv may not be as Serious as -the‘y sound,
Rational expectatidns theory suggests thaf'market agents are not likely
to be systematically s-tupid, and people tend to >be'ha‘ve rationally in
their own inter‘e‘st', The underlyihg aséumption is that rvnarket‘s ténd
to be efficient, Of course,. everybody does not use informétion
»efficiently, but Qn‘ayeragé, people do, .Irr‘atior_\al- behaviogr‘ cannot -
be pr‘.edicted. | It cannot be modei-led, just because it is irr;ational.

Good models have to assume that beop!e act rationally. The economist
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"always has to hope that heurotic'_or irrational behaviour won't
dominate markets, If it does, there is nothing the economist can
. do_ about it, However, it must be remembered that, in competitive

"markeéts, irrational people will go out of business,

'Ev_conom_ists'ar‘e i.ml-ikiély to de{velo‘;..)‘ uséful theories based on specific
in’sté_nces of marke_t. inefficiency, * Rational .e‘xp’ectations provide some
vgood _la'ppr_oxi'matiéns of r-ealits/ whfch is basically all that éCOnomic’s

" can do anyway, It has, t;hereféfé,, ‘been assumed throughout thié
thesis .fhat'ékpecta_tidné about ’fthtu'rje_ prices 'are_ for'med'_rati.onally;’
.."I‘he reason for a_ésuming ration'ali expe_Ctétior{s being, in accordance
with Robert's. Lucas of the University of Chicago, that "a rough
theory r‘that is refinable can catch more truth than an elegant model

that does not fit the real world'_".a

4,  Guzzardi, W,, "The New Down-to-Earth Economics", Fortune,
Dec, 3i, 1978, p.75 '



. CHAPTER 3

-~ RESOURCE CONSERVATION AND -

'OPTIMAL DEPLETION OF A WASTING
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3.1 INTRODUCTION . -

Wasting Assets .ére_ _"!‘h'ose' assets with st.r"j'i'(‘:tly li_mivtéc.j, cf:llth‘oth
_ .ndt ,.necess_ar‘ivlyv _cv'_ié_ter.minat_‘ga"..iliyés, Economic. .:acti\_/ity. irjvol'vesv

the consumption. of two kinds of natu'r‘ally occurring resources; .
1) R'ep'lenishable ,r‘esou’r‘ce__s sucH as _fish, timber, 'et_c;, and

- 2) _-Noh—r_epléhishable resources suéh as petrfoleum,. natui‘él

gas and other minerals,

'lnkiother wc.)r‘ds,:‘v these e'xhaustib_l"e natiur‘él rvesourcesb may be
divided into two grbq‘ps - vr‘e'soUrI‘(:es which have the 'char‘abcter'
"Qf.'a fixed stock vtha’t is -non-rep'lenish.a'b_lé in it.s existing form
a'n‘d' the flow‘r‘e‘so_ur,'ces wh‘ich‘ are self-generating, albeit with
difficulty and delay shbul.d.impr'udent fnanagerhent’ at any“ stage
weaken or destroy the self-generating mechanisr'n.v Into tﬁe
f.i‘r'_st ca;eg’ofy fall the worid's extractive mineral dep'os'it.s,
,especiall.y the mineral fuels, The second category .includes
forests, fisheries, wild life and soil 'whéfe cdmmon property

ownership may lead to market failure and inefficiency,

" The lives of 'wasti:ng'ass‘ets are not necessarily determinate as
_fu_tur‘e demand and co‘s_t conditions are not khown'; there is

' imperfeét knowledge about the size 6f the stock of the resource
due to the high cost involved in discovering" the magnitude of the
total stock, The present stock _of‘-a'wast_ing asset includes only
~known reserves which may be worked prof‘itably undér‘ existing
ecohorﬁic and technological c'ohditions. Deb_letion _méy occur either
when physical stocks are literally exhausted or when the marginal
cost of extracting the asset vexceeds the marginal révenue from

sale,



-~ 3,2 The fundamental nature of mineral resources,

‘As with all '-Was.t'ihg assets, the ké'y to a sound conception of ﬂthe‘
cbhser‘\}atit)n :°ff minerals liesr in the recognition of their repfé-'-' f
senting part of the nation's capital, A cbnééi‘"h for the optimal
.’depletuon of exhaustlbte resources becomes a concern for the.
optlmal rate of investment -and capltal formation in the ecénomy
riat iarge. o clearly makes’ n‘o economic dafference w‘hether we
'save resources fcr tomorrow by not usmg them today, oﬁ instead,’

_use them today in a process that does’ not y;e!d dcrecz satisfaction,

but ereates capital goods which. yield them services tomorrow. “l

The principle that determines the rate of inveéstment - the rate
of return on capitval ‘- must thus be used to govern the extraction

of mineral resources,

The‘latter part of this chapter will deal more f,uAl!y with the principle
 of the conservation of minerals for future gener‘atxons. Howevei“,
it is to the opnma! depletion of wastmg assets that attention will

now be turned,

3.3 The optimal depletion_of exhaustible .resources in theory,

Before continuing with the discussion it must be pointed out that ,
the wasting assets referrﬁed_to'from now on relate solely to the
first category mentioned above, i,e, the world's extractive mineral

deposits - resources which have a fixed character and are non- .

replenish able in their existing form,

1, Gordon, S,, "Economics and the Conservation Question!,
. Journal of Law and Economics, Voi, |, 1958

.
.

A Y%



The ob;ectlve functuoﬁ .to soive the problem of the optimum r'avtev
of depletlon is to_ mamm:se zhe net present va!ue of the stock,

In parttal equmbmum market theory, there wnN be stock equni:t;-‘
rium in an asset market wilen atl assets of a given risk class yueld :

the same rate of return, partly as cur'rent dividends and partly

2
as capital gams.

Resource deposits yield no current dividend as long as they remain
"in situt so that the rate of return is purely 'in terms of capital

appreciation,

A ‘besource‘ depositl draws its markét value mtimately from the
" "p‘r*ospect of 'e‘xtractian af\d r‘sa’lé. The ‘ohly way a hesource deposit
left in the ground can produce & current r;eturﬁ for its owner, is
by appreciating in value, The pr-eser;xt‘ value of a résoixr‘ce deposit
is the net present vatue of fumfe’ sales from it, after‘déduction of
" extraction’ costs, So, in equilibrium, net ‘prficeior scarcity rent
must be increasing at the market rate of kinterest. Under pure
‘competition, net price or. scarcity rent us market' price hr"inus
mar‘ginal extr-ac‘tiobn cost, and in ‘monopoli‘stic ccndit,ions‘ it kis the
marginal profit - mafgina! revenue less marginal cost -‘thaf has
to be growing propor‘tionavlly, like the interest rate, |
Hotelling considers this "fundan;enta‘l prin’cipie of the economics of
exhaustible reSources'**:’ as a condition for flow equilibriummin the

market for ore - if net price is increasing like compound interest,

2, Solow R., "The Economics of Resources or Resources of
: Economics!t, American Economic Revaew P+ P,
1974 (pp. 1-2) ‘

3. Hotelling, H,, "The Economics of Exhaustible Resources',
Journal of Pollttcal Economy, Vol, 30, April 1931
p. 139 .
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owners of oberatmg mmes wm be mdnffer‘ent at the _margin between
f'extractmg and ho!dmg at every mstaﬂt m tume. | One can envxsage
Aproduction Just equai to demand at the current’ pmce and the ore

‘market clears, VNlo,other‘ .ume prof:te f_orAkpmces_c_an ehcstk posmve

production in every period of time.#‘

. 1 net pmee mses at less than the r‘ate of interest, the 'r‘etern on.

' -mvestment Vm conser‘vatson of a resource is less than the return on
‘other' mvestment 'so the rate of extr*actlon wa be cncr‘eased and,,the‘
: reSO‘U[‘CG wa! be -exhausted mo‘rfe"_quilckly_, | If net price EISes‘ faster .
than the rate‘:o‘f viht_erest, owners of mines delay'pred,uycti‘on while
they enjoy sﬁpernobmal capfte‘l: »Qaiheg;s | - |

'Accor‘dmg to the “fundamen!al p"»ncap!e" "!f we'.’observe the 'rﬁér‘ket
~ for a wastmg asset near. equmbmum, ‘we should see the net pmce
- or margmat brof:t - rising "exponentially. ‘This is not quite theA
same thmg as seeing the market. pmce ‘to users of the resource |
msmg exponentzally. "6 "The .pmce :o'consumer*s is the net price
 plus extr-actson c‘os’ts.‘, or the analogy for menop“oty. The market
prfce cén fall .or e:ay consta‘nt whiie' the‘}‘net price 'is”krising' if
"k‘ektractie‘n‘ costs er'e, fal!in‘g‘th‘r‘oQgh iirﬁe, and if the‘he‘.tyi 'p'r“ice orr
scar‘city r*en/t.jis' ’hot tao‘ !‘arge a‘v’pr*'opor‘fien;o‘f the margket,.~erice. ‘V
That is presumably what has been happening in the market for most

‘exhaustible resources in the past,

T

4, See Solow, R, (p.3) | : o
5., See Adelman, M., The. World Petroleum Market, (p.40) for an.
alternative approach using "User cost" as the cmtemon.

6, ASee Soiow, R, (p. 3)
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Eventually, as the extraction cost falls and net price rises, the -
SCarc‘ity rent must come to dominate the movemeént of market price, -
so the market price will eventually rise, although, according to

Solow, this 'vm’ay ‘take a lbhg time' to happen. B

Whatever the ;.ya.tte.rrvn, market pb'ice _anq. r*af'e of extraction a.re'.
cc)nnected‘rbyv the dema‘ﬁdv.cu'rve_ fd_r‘the re.so'_u.r*ce.: Sd, U'Itirr;ateIY, )
when the market price rises the current rate of production must
“fall along the _demaﬁd ,c_urvé'.’b Sooner or later, the fﬁarket price
'v__vil'l beé_ome _'higvh_.enou‘:gh_ to choke off_'the demand ent'ir‘ély ‘an_'d,v at

that moment, production falls to zero,

Under ‘cbndit'ions‘_ of perfect kn‘éwledge .about future price and cost'
conditions, "taking ithe' interest rate as _I.<.nown,' the thebry éllbws ,ah k
6ptimall f‘a_te of depletfon so t‘hat, _at infinity, the refsource"woru_l.'d

be exhausted andAtHe demand for the r"evs_ou_r*ce would be zero at the
high marfke't price, How'e',v.ér*," the mining indﬁstr‘; operates under uh;-
qer#tafnt_y ab_éq.it vtechnolc_v)gical ..change and the tpt_cv-,,lv _l.e_\)el of v‘r~eser~ves '

"due to the lenhgth of the. time horizon involved,

At 4tvhe rﬁvar*gin, extr'aé:ti_on cc}sf‘ in known fields includes the E;oSt‘ of
.finding ngw fields ahd‘ a EetUrn on capi_t.al. equipment“invested in
éxthaétion. : Costs are increasing_ over. time for 'tvyo reaéons:-f

- Low cost depvosits will be‘explo_ited,fir*st‘,_ followed by ‘sqc}cevssi've_ly'
_higher.cost depos'its.._ As .res._eirves decline, nét pr*ici_-:- rises exbonent-
ially and market price increases, |

.Se’éondly, the discover‘y'of new fields is 'subjec_t to diminishing E_eturns,
given'fixéd total reéerves, =l the marginal_,cost 6f f'i‘nvding new fields |

must increase, -
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Proven re'.seﬁrj_vve‘s‘do nbt’ é'cjuai the total ‘resource a.vavilable.. As
 market price ihéréases or cost of "exp.l'oi‘téti'orv‘\ decreases, p'-ro'ven‘
reserves incr‘ea’se”witﬁout additional disc’erry'as it -bec‘or'nes.
eco_nomicalIyiprofitable to 'recbver pr'e'vivc'msl,'y uneConomic marginal
reserves, New disCo}Ver-iesiaIsd increase pEOVen reserves, An
increase iin proven r‘evserves in time period t + | meahé fhét an
invesfment decision based on tbhé expected net price has resul'ted
in_ov_émconservation compared to the ex post optimum, | a._s__futUr'e
price will ﬁow not’ ‘rfis'e ‘as'.'f'ast as aht_icipatéd. Since there are
costs involved iri"obtaining‘ihformatiov_n abdui total reserves, it
does vnot pay to ob_téin this'infOrmat.ion unless thé' cost éf this
inférmati‘on 'is less than the'capital loss rthat reéults from 'over—.

conservation in period t,

Technélogical change may affect the vOptimalldecision in .two_ways:'
"Elirstly, it may lead to a lower cdst technology for exploiting
-reserves. (ahd thus increased pnox)en V'r'eserves) whic'h will result

in increaséd exploitation ‘so that the market price__yvi'll rise less
than exp'e'c_tbed in the flAJture,-v leading to a capit_al loss for the over-
conserving mine owner, | |
Secoridl!l , technological advancementv may result in the deve:lppment_'
of substitut‘es for the “resource - either low cost or non-exhaustible,
Consequeﬁtly, existing reserves _6f the resource will become worth-
less ‘as future sales will _be' zero and the return frorﬁ investment in
conservation will be .zer‘o.v An example is the development of a
gener‘ator‘rus‘ing wind power or wave power to gener‘éte electricity
at a low cost -~ neither wind now waves are exhaustible and thus -
have no scarcity _Eent. Therefore, the cost of a wave-powered

generator would be the upper limit to the price of coal,’
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From the albdve, discus’si_oh"we'_can' deduce ttwat .th.e' "_".fu'_n_da_rhental =
princtple of t'he.e‘cono'mics qf e#havqstiblé' resource‘s" _is' s-imultan»eously'.
a t::c_indition o_f_' _f'lt)w equjilibﬁ'i‘um_ir’t the _tnar*ket for ore (-H_o.t_el'l‘ing.)
artd"of asset équili_brium in the ‘market for deposits (Solow) as”we.ll

aé stock. equilibr‘ivqm_v inv the atsse_t' market, ~ When these conditions
holtd, they‘ provide a relative-{y .a_dequat_e expl‘anation of the pr".obvabll_é ,

pattern of resource exploitation, -

'However‘,i What we nve‘ved to kno.w ris ‘how this explanatory t)élue_ ié
affected, if and wtte_t'het"th_es'evi_conditiohé do not hold; The ‘analysi.s .
is complicated by the factv that the flow market that has to be' cleared
s nt)t’ju_st_one market but a sequence of futures mérkets for heéour‘ce
products from now until the date .of éxhaustion.v Ho:wever',‘ although 3
we might accept the idea that the equi"libt'ium‘v Vpath of. sucrt'_ma'r_‘kets
'.‘(if they exiétefd) ‘is stable, we do not have a full set of ftttures'
markets. Markets ft)P natural’ resources work with r‘elétively short-
sighted flow t'r'ansact'iot'ts and more far-sighted a"‘sset_tr‘ansactictns.v‘
Thus, thé bone of contention remains. whether obsérved resouhce
'pr.icés" are'-gc')od qpprdXimations to ,_eq_uilibr‘ium prices or .whether

the equilibrium iAs." so .unstat:‘le that monetary price‘sv are n6t only a
bad indicator o_-f'e'_qui‘libr'ium.' rélrationship‘s, but also é bad guide to

resource allocation,

The answer to this depends upon the nature of flow and stock con-

siderations, which work in opposite directions, Flow markets, by
themselves, may be unstable; however, asset markets can provide

a corrective force,

The flow equilibrium condition is that net price grows like compound
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_i‘nte_r‘est‘," at 'thg p'ﬁevailxi_‘ns‘;' rét‘e.'.': :‘lf'pr‘oduc_':_e'r“s 'expe”ct that nét
prices _ér_‘e_ rising too s'loyvly,‘ then r‘e_s‘ource d'ef)o;s,‘its "ar‘e'  a bad wéy ‘
- to hdldv'vyéalt'h._' -l.f rﬁir_fe owners think only in f-ldw'- téf‘rﬁé,' they will
try io get out o'f"v-t‘he Ees_Ou_rce Vbusiness' 'by incr"e_ésl;hg: .cur"r*ent"prfb—.
duction and »conv‘er‘tivng the ore ‘té fﬁoney. If current "pr"oc.luuciivo‘h

increases, the current price moves down the demand curve,

disequilibrium

(prices rising too fast)
e equilibrium
o . _ y price path
" Rate of .
Interest. g . L
i B

disequilibrium
. (prices rising "
too slowly)

Al Praducti
| _Q(t) Production

Fig 3.1 -

So,..initially', jpes_simAis_tic price eXbect'at}ions on ‘the part -o'f'pr‘odu_cers
have led to mdr‘e pr-e_ssurfev' on the 'cur‘r-ent pr'_icé. If exp'ecfations_
' 'aboUt futul_"e_ price cha.:_nges; ‘,a_r‘e responsive tovcu'rrent.events, ‘the
'cons"eque'nceic’an only'be that pessimism is reinforced and deepened.‘
Thus, the initial disequilibrium is worsened by this chain of events,

i.e, this market mechanism is unstable, (See Fig. 3.1)

Cawversely, if prices are initially eXpectbed to be rising too fast,-
the withholding of supplies will lead to a speculative increase of

prices which is self-reinforcing,



Dependlng on WhICh way we start the productlon schedule is tllted

either toward excesswe current dumping or speculatlve wuthholdung

_-of supply. o

Howev’er; t_his'_inst‘ability.v in sp’ot markets can be arnen:de_d lfwe .take
the asset marke't into acc':oum and allow the .longer run orosp'ect to
have an influence on c'urrent. eve"nts; If producers do expect that '
'the resource ‘does have a future value determlned by technological
and demand cons:deratlons, not merely by speculation, then lf pr»ice_s
are rising towards this at too slow a rate,-'»owning deposits vi/ould'.
be bad business. Ho_wlever; this will lead to capital losses on

' ‘existing stocks, not to dumping of current production.'

On_ce existing stocks have been written down in val,ue', the net price
ca-n rise towards its' future price at more or less the correct 'r'ate.
As wel| as being destablllsed by flow reactions, the market can be
Stablllsed by capltallsation reactions, | The reduction 'in flow price
coming from increased c'ur'rent production, (Q(t)_), lcan be read as a
Signal and Capit'alised into losses on asset"values,' after" 4which near-

equilibrium is re-establ ished.

So far,' the economic j’he_ory of ex'haustible_ r_eso‘urc'es has _been di;_
‘cussed as a bartial equilibrium market 'theory.. The interest rate

is taken as given to the r_nining industry by the rest of‘ t_hev.e(:onom_y,
as was the demand__curve for the resource itself. When .'mlarket' price
hasrisen up’ the demand curve to the point where quantity dernanded
falls to zero, the theory -inaintains that the re.sour_ce has,‘ been

_-exhausted. - Let us look at this contention in more detail,

8. See Solow, R, (p.7)
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‘We d‘e'_'f-ine’ Ri to be equal to the "pric‘:e' of the metal (Pt) minus tvhe_
current cost (c) of exfréction and processing, Now R; which is
_V.t,he priée of _.the_me,te;l (price per unit metal r_e‘cb:‘ove’red)' m the gr"dund,
, fnust rise va-‘t_ the r‘a_.‘te of .ihte_rest, or. discouﬁt, re F’t does notv. rise
at the rate of r per' unit _t.ime. :The -relaffve rate of increase of P,
does approach r as a limit_, how_éver‘, as Pt bec;omes 1arge in relation

to c,

We know that net price (R) must rise at the rate of interest, But

at what level is the initial price?

a) Price over time = - b) Demand function applicable
, : ’ to each point in time,
: K
Price and;
.cost per L §
unit of Price of Price o
processed metal in' glce it A
metal Ce _ground_j pf rouni |
recovered vf of metal: R
| R i..
Cost of
mining and ‘ ‘
processing . ' i
. ‘ i .
| _ I Lo
&~ T . 0 f
“time o , Quantity of metal p. a.
Fig. 30 2.

If the market participants foresee the future correctly, an initial
price of OA will yield production and sales of OB per year, As
price increases, pr‘odchtion and sales will decrease - the metal will

no longer be used in less important uses - until finally at PT = QK

nothing will be produced or demanded,
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L_e__{ us calt T the period of exPleitatien. “If the initial price is.

t oo 'Iovw) the deposfts wil'li be 'Qsed up befof‘e briee has reaéhedb

OK, the ‘maximum that buyers are wullmg to pay. And ‘to'o'-high an :
initial price wall result in the mammum pmce bemg reached before

t he deposits are exhausted,

F rom this simplistic situation We_ observe several import_an‘t.pointé.
'Although they may not be very realistic, they are, nevebtheless,

~instructive,

Firstly, production aﬁd consumption in any on.e .p_eniod depend on
what happens in all other parts of‘ theperi.o_d of exbloitation. .I_f
cons‘umevrs feel that .a deposit should be USed up later rather t,hanv
earlier, as mdncated by the price that they are wullmg to pay for
~metal in the ground bemg hugher for the Iater than for the earlier.
pemod (with both pmces dlscounted to the same point in tame) | the

time of explontatlon will be shifted,

Also, the determination of the rate of use of the mineral deposits
is integrated with the whole investment process in the economy by
virtue of the fact thet holding a mineral deposit is an al'tsernative to

'holdihg _ether' forms of capital and to consumption,

Hence, e diecouﬁting pf‘ocess is necessary to perform the compariéon,
simply because of the existence of the option to invest and secure a:
net return over time, That is, - there ié a poss_ibility that by usihg
the serVices_ of a minera! deposit now, the outlay on other. current -
productive services to produc‘:e the same amount of product '(as‘

measured by market value) can be reduced, This ‘saving can be
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used to pr'"odu_ce eifher _cap‘ital .g:oods"br cansumptibn géodé;‘_ The“
equation of the value of thesé opporturi_ities ét_fhé margin is auto- '

.- maticall-yb 'sécurfe'd by‘ the br‘ofit SQekér'making hivsv choices on the

b_as?s of pre‘sent ,va'vldes cal_culated_ by using -thé market rate of \r‘;e_t‘ur‘n_
én investment, ‘Th‘e 'pr‘ivc_e of metal in the gr‘ot._mc_l w,ill‘ be 5u¢h as t.o "
bring equilibrium -in'v the mar‘.ket for mihef‘al_ pr‘bperties to enable
‘min'e‘r*al depbsits» to play the'irv role in the. -fnéximisétiqh of income over
time. From thé point of view of svoc.-iety or the ffr‘m, a mineral |
deposit is best viewed -as"a pie‘cé of capital ihqt can‘_vyield a flow

of service§ whic‘h represent ?t§ con’s‘umptvi‘on,"just.as_ With a machine

which eventually wears out,

Furthermore, it is interesting to consider what the effect of a lower

rate of interest would be (Fig. 3,3),

P rice and
cost per unit

" of metal

[ FUUNTRIENIE N

time

Fig, 3.3

As in Fig, 3.2, the initial solution with ro is represented by the
solid curve, with the time of exhaustion at To when the maximum

price of OK is reached,

“If a lower interest rate, r, were associated with the same initial
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" price, A, 'thev‘co'ur"s‘e' of pir“ice th'r"pugb time wOuId ._b.e t.h'e dashed
curve below»_c'j'ur‘_ve .-'_‘,‘o', éUt, if'.pr‘ice'is. lower at each point in fime
than in the' othér‘_s‘ituatiOn.,_ the qu‘éntity purchased at each point .in
time would be larger, .and the deposits Would .be exha_dst_ed b.efor‘.e

t he mvaxir'num price is reache_d,.‘ say at‘,"l"l’. 'Thus, t.he new solution

| must start 'at_ a highér‘, price, H,  But, if eér‘lier‘ pr‘icés are highe‘r,
later prices must be lone’r-if the maximum price, OK, is not to be
reaché'd_ before exhaustion. Hence, the ﬁew pricé curve must cross
.the first and the befiod of eprAoitét»'ior_n is ilengthened_, as indicated by

the curve, r“ .

With a lower rate of interest ‘it is no longer so ‘ur‘gent-to use the
ser;\)ices'of the deposits early - the cost of not using therﬁ is IoWer‘.'
Cr, think of the effect of the decrease‘ i.n the interest rate, r, on |
the present value of the .ﬁet price, R, For e'ar‘-ly't's there is little
effect, but the increase is more for. later t's, Henée, it pays io

shift production and consumption to the future, 3

As préviously _indicéted,"'t’hese ‘simplistic models of wasting assets .
are not very realistic, although nevertheless USefu,I.‘ As gold is: the -
particular wasting asset to be considered |n this thesis, it is

relevant to consider Mow well this standard modél of vwast'ing assets

can explain observed movements in the gold price,

3,4 Inability of Stan.dar‘d Model of Wasting Assets to Explain

Observed Movements in Gold Price (1968-74)

- Between March 1968, when central banks stopped their pegging .
operations and December 1974, when the U,S, government announced

its first gold auction, the path of the real gold price (see Fig, 3.4)



" Real Gold. Price (1968 - 1976)

revlative price of gbl_d
March 1968 = 100
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Monthly index of the- doflar price of'gold relative to the U, S,
Consumer Pricé -Index, . 1, First explicit reports_ that the
United States and the M~ were considering gold éales. 2.
Reports of imbending agreement to ber‘mit,central bank sales,
- 3. Announcement of first U, S.-: ba_ucti'on. 4, Announéement
of second U, S, auction, 5, Agreement reached in Jamaica

on IMF gold sales,

Fig, 3.4

Source; International Monetary Fund, International Financial
‘ Statisti_cs, Washington: |,M,F,, Nov, 1977
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ékhib’ited two étr‘iking ‘feétures; Firét!y, the price r"o"se”}a’t‘vAé rate’

: Amuc;h‘ greate‘h than the real 'bafé' 6f 'inte;ﬁéét'v for intervals ias' ‘long

as e’ig’htv mon"tvhs;’ - Sec&hd!y; veéci'h‘ ‘Upwar‘,_cilh sﬁrgé was interrupted by
a sha‘r'fp setfback;' During tha‘t‘S'i‘xv-'yea‘r" pebri'od,‘ little or no gold
was ,aCt'gaHy' decumulated 'ff?‘om 'the’n‘::a‘ssi\ke s’to‘ckpilés controlled by
WOr!d ;qo'\}emment‘é.;‘ Bu‘t,: since the ‘ro!é bf g§ld in tﬁe ”in’terriationai‘
mdhétér"y system had'be'e'n reduced, the boszbHity persisted that -

‘sign‘ifiéant sales to the ‘priVa’Ie market m'ight‘ some day occur,

Because of cts prdfpund"cénseqc.ienv‘ceé,f thAisA éo‘Ssibility could r‘x'o‘tv be
disregarded by market paf‘tici‘pkan'ts' owﬁiﬁg gdldt Government stocks

- are abouf'25 times as large as global annu'a! prA‘oductio‘h at its peak .
"--'ané are roughly equal to estimates of ‘the entire stock remaining

‘ undergjrodnd :on eaur*tﬁ.B Ohé possible explanation .is that market -

y' anticipations that goVernments ‘w_omd séu a p'or*tio"nibf these stocks

‘ aty“an unpredictable time, exerted a sigﬁfffcant iknfluence‘ on the gold

_price during this period,

3.4,1,  Shortcomings of the Standard Model,
, ‘fo review the simplest model of"an extractidn industry; suppose a
" collection of competitive firms with zero extraction costs and fixed

"

stocks of known size, sell to consumers whose demand at any time
depends oniy on the ‘pr‘ice then prevailing in the market, Under
' such circumstances, only one sequence of prices will make the optimal

decisions of extractors and consumers consistant at all times, The

ei:;uilibr‘iurh price path must begin at a specified level and rise at

8. Meadows, D. and D., The Limits to Growth, Earth Island,
: London, 1972, . o o
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'the rate of mterest dumng all pemods of posmve sales.r 'lf the price' -
‘1d|d not rise at that rate‘ some pmces would have lower dlscoumed
‘values than others. Mme owners max:mtsmg the present value of
them pr‘of:ts would seH nothmg in those pemods, and excess deménd

' woutd resuit, Sumitarly, if the initial price were set too low (high},
the cumutatwe amount demanded by consumers would exceed {fall :
short of) the cumulattve supply, an inducatnon that some of ‘the inter-

‘ temporal sequence of markets would fail to c!ear.

: When specu!a!ors with neather costs of storage nor initial mventomles ‘
are added to thls mode!. the equmbmum pmce path does not change,
Extpacnon in a period wherg speculator‘s,_buyA (seﬂ), exceeds (faN.s
short kbf) ‘go!dk ch'sumptibri,” ‘the différence going into (comihé from)
speculative in‘ven’tories; While'competitive exiraétors make profits
‘because of the rents on the scarce resource they own, compet:twe

specutators make no proﬂ!s.

"rfln thi‘s"simpie._ fVorf‘mj,' thev'exha,usﬁb‘le resourcé» model 'fafis to ‘Capture_

© the most sé! ient ‘char*ac':teristyics Qf .the‘péth of the Qold price sinc'eb
1'9'68.' it does éof plr,e‘di'c’t persistent increases in'tbérp‘r“ic:e' ‘at_ gréate.r
thaﬁ the rate of ',in‘t‘ebes‘t,‘v nOP‘¢Can it explain, either the exisfence

6?‘ timing of "rﬁo‘stidro‘bs in the pﬁice'.g Hb\}vever“, since 'the assukép-
tions of thié simple model do 'hot,reflect se\_/‘er;al important features

of the gold market -the omi.ssion of SOme pertinent characteristics

may account for the poor predachve power* of the model.

9, It does suggest that gold extraction might fall as price rises,
a phenomenon which has occurred, to the puzziement of somé;

‘analysts, '
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~There are three char‘act&mst:cs of go!d which dtstmgulsh it from |
klhe exhausttble resource of the sfmple modei

f_'_.f.'.%b extractlon costs fn the gold mdustr‘y are not neghgsble and
have risen,

-Second, the gold >mar‘k'et i’s “n'o‘t cqmpéti:tive, but is dominated by one
seller, the South African Re,s‘em}e Bank, ‘The' Reservé Bank acquires
- and marketé_ all South African nproduction, an amount equ;a!' to three-
quartéfs of the world totja}.m ’ | |

- Third, goid holdebs',(:anno_tk know with cértaimy the size of the stock
whit:h will 6e a’\iaitab‘!e for private use, since the possibility alwayS‘
 exists thatfgdvernment‘s may sell to thé; 'pri‘Vate market some of their

enormous holdings,

Of thése three di‘s‘tin‘guishing‘ featurés of the go!d ma'rke‘t, only the
third could account for :he basiccha.ra‘c!e‘ristics;of the o‘bserved gotd
'pricé bath FOr, whnle the presence of mcreaslng extraction costs
or of monopolistac behavnour could concewably give rise to the
observed pattern of pmces in the absence of speculators, ne:ther
factor‘ couid explam the observed pattern m a wor‘ld ‘where compets-—

' u,ve speculators can enter and do operate,

Since éompetitiVe gd!t; speculators have no extraction costs and

negligible storége' costs, they prevent the price from bersistently
rising in percentage terms faster than the raté vof i»nte}rest. F-’or,
if speculators_ came to foresee a more rapid increase, they would

ét'temp! to make unlimited profits by borrowing, buying gold in one

period and selling it in the next - thereby carrying cheaper or-e'

10, Chamber of Mines Annual Report Tvl, Chamber of Mines,
i980 p.iz _
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into a period In which it would have been more expensive, Such
~actions would cause the price path to change until all foreseeable
opportunities for profitable arbitrage were eliminated (efficient

markets hypothesis),

Since cqmpetlti_ve spééulat’bhs 'plac_e.' an upper bound on the rate of
increase of the gold p'f'ice,. under the circumstances cOnsi‘deréd SO
fa,." a ‘model which purports to explai_n» m_o_v‘ements In th’oée prices
must explain why Speculatérs di_d not fl.ood the gold m.arke_t wheh'
persistently faced wi_th_ apparen._tly unekbloited profit opportu_nifies.
fhe key ingrediéni to sucﬁ an,eXplanatiOn' is the persistenf antici-
pgtion' of g.o-ld holders that a portibn of the l'arge_' s_tocﬁks held by
the worldls government would be sold on the private mérket at an

unpredictable time,

Th_e current discéunted revenue which a mine owner or speculator
can expect from the sa_l.évof a given amount of gold at any time in
the future, is equal vto; its current market value, When .thevo_dds
of government sales increase, the market value of exiéting stock

~ falls, " This serves -_to remind us that while the better prospect of
additional ."s‘upplies may be soclally beneficial, the increased like-
lihood does injure owhers of the existing stock, . A country like
South Africa, for example, would be injured by actions or announce-
ment of world governments Which substéntia”.y depre#s the gold
price - just as it hac.i benefitted substantially from prévious inter-
nationavl ‘payments arrangements aniong nations which, in effect,

constituted a commodity support’programine for gold,

w
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3,5: Divergeh,ce bétmeh.pri.\}ate an’d social '."cosvt:s;‘and 'be'nef'its. ‘
Wha't'has:'be.en Lcalled "the fundarﬁental principle of the ec&nomics of
exhaustib!e‘respurces", is amon‘g’ ot.he‘rf;things, a CO'r:\Adi,tvion'vvqf' competi-
tive «equiiiibri'um in the sequehcé of _futUreﬁ myar'k‘éts for de!viverfes‘ of
th'ek natural -r‘es_our‘cé; L in per‘fec{ <‘:<'>mpevtitkion, né‘tk br'ice risirig at

_the market rate of interest will rest.ilt_ in Pareto optfmél?ty‘ no
'par‘ticu!ar',, és Hotelling pointed out the combetitive 'equitib‘r;ium
maxlmsses the sum of the dtscounted consumer—plus-producer sur‘pluses‘
from the natur‘*a! resource - gr.o.v_ided that society wishes to d:scopnt
fqture consumer surpluse_s at zhe 'sarr":e rate that mine owners choose

to discobnt their own future proﬁts.lz

The quesuon arises whether’ society ought to discoum utlllty and
consumptlon at the same rate as reﬂectwe Indnv;duals would dascount
their own future utmty and consumptoon. This is an lmpor'tant |
. question, as tl;«e discount r‘éte determines the whole tilt of the equi-
tibrium pboduciion schedule, If the mérfket rate of iﬁterest exceeds
the social rate of time lpfeference, then scarcity rents and market 3
price‘s_win' rise faster than they 'tought to" and production will have
to fall COrreSpOndingly faster along the demand curve..’ Thus, the

- resource wiM'v be exploited too fast and exhausted 'tovc)'s_o'on.

~‘0n the one hand Hotelling stafes: Ncapital ‘is productive, future
p!easures are uncertaih in a degree increasing with their remoteness

in time, thus discounting is acceptablet, !2 On the other hand, Rawls

Il. T he resources price would reflect- marginal social cost in terms
of discounted consumer plus producer surplus,

12, Hotelling, p. 142

13, Ibid, p,143
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extends 'the; argument <;.~f the new ‘welfare écénémists‘ that intér-
personal compamsons of utmty are not justlfxed - "from a moral
pomt of view there are no gr'ounds for' d:scountmg future well bemg '
on the basus of pure tlme preference essees this calculus of advant—
‘ages V\h;ch bal_an;es !hevtosses Qf some agams,t‘the benefns tor

| ‘others appe.arks‘ eveﬁv !ess just i’fiéd‘ m Athe_ case of gene'ratiions than |
améﬁg Vcontempdf‘abies.k“mu, | | |

If the sd(’;ial‘ ibﬁte of dvisc‘ount,'ma'y éxce‘ed zero, the hi_a‘rkét rate is
uniikely to 'ékceed itv, 6ecause the r.isks k:facing indivi'duéls or firms
may not be social: r‘isks,' m¢‘re!‘y risks of .t‘cansfer, 15 Aand, because’
of the existence of taxes on VIthme“fAr‘om capital - ‘individuals ‘cark'e‘
about Vaf'tezr tax returns on investment and society, the before tax

returns,

Other classes of reasons for expecting that private discount rates

are too high and will distort intertemporal decis:ons aWay from

soc;al optimality demes that private time preference is the right

: basisfbr intértemporal decisions, ,A Frank Ramsey argued that it

' | was ’éthically 'indefens?_ble]for' society tb discount future utit’ivties. V
'!ndi'v.‘iduals might do so, either because they lack iniaginatioh (Pigbu's‘
ndefective telescopic iaculty") or becaus'e they'aré all too conscious -
that Iife’ is short. Moreover, in social decision makinyg, time horizoné

should be very long,

14, ‘ Rawis, l.’} A_Theory of Justice, LO. U, P., Londbn, 1972, p.287.

15, Hanson, D;A., nSecond Best Pricing Policies for an Exhaust-
‘ible Resource!, AER (P + P), Februar‘y l977. Pe 354
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Probecty‘ rights may lead to ex:e,mél'_ities in the case of minerals

to the‘ extebt 'that _ "pwnérship is a Virust i‘n‘a‘ long‘ sgéuence‘ of oMeEQ
ships from gen'eba'tfi'on“ to,genebé:ign Afor fhé good of the whole 'r"a'cve
for all ﬁmell.ts Since the r'esourfc'és‘ are relatively divisible into
independent ‘product'ive' un"it‘s, Maere fﬁiﬁeréi ‘rig'hts ‘are' the b‘roperty
of the state and are leased to the mining compames, ; the full Aocia!‘

cost can be covered by !easmg to the h:ghest budder.

In conclusion, we know that, in general, e\kén well-functioning o
CQmpetltivé ma‘r'k,éts‘ may fa'i‘l‘to_ allocate Vre'sources:prope‘rl‘y’«ove‘r
time, ‘The reason is because, in the natyré of ihe case, “the future
br!hgs no endowment of its‘,own"tor,whate\;eh marfkjetsr actually exist,
The Interg‘eneratfbna’t'fdis:ribution of in?:ome or 'we]f"ar*g‘ depends on
 the provisibﬁ that each Qenehation makes for its successors, The
choice of a‘_ social diécount rate is, in effect, ‘a policy‘decision about
that intergenerational distribution, It is to the questioh of inter-

‘ geheratiohal equity and the pbinciple‘ of conservation that attention -

will now be turned,

3,6 The Principles of intergehergtiongt' equity and conservation of

resources,

-~

3,6, " Introduction

s

Eventual exhaustion of natural resources is often regarded as a
serious problem but the theoretical basis for this pr‘edict!on remains
somewhat snadequa!e. Eiver‘y act of consumptton of stock resources

‘means that ther‘e is less remammg for future use, The potent:al

16, P arkins & Whitaker, Our Natural Resources é'nd their Conser-—
vation, John Wiley, London 1936, p,434
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depletion of,‘thesé resources giVes rise to the need to consider‘ ,
whether mar‘ket forces ar‘e leading to too r‘ap:d exp!ortatton of these
resources for the good of future generatuons and whether there is

a need for - government intervention to make greater prov:snon for

‘the future,

: Econom‘ic‘:‘ef'ficﬁi'ency both in the present generation and over time
must be considered, Conservation does not imply fack of use, merely
rwise'ané careful use so that the utility derived from a resource may

be maximised over time,

'3, 6,2 | The Pure Theory of Wasting Assets
B The pure théoby of Wasﬁng a’ssets‘(disc@ssed earlier) %:ons‘idAer?s the
,possibiliAty .that' it is prof_itable to limit the current 'output,bf a hatura:
- resource so that greatér suppﬁes 'ére a\;ailable. to future generations,
Marshall showed awareness of the theory in his Prmcng!es, but only
hinted at the results (1920 pp. 438-39), A pioneering article by |
L.C. Gray (19]4) presented the basic prepositions relating to the
‘individual fivrm, he relied on an intuitive argument supplemented by
~numerfcal 'e,’xampie's. HotéllAing"S‘!QSI article, however, érovidéd
the fullest t‘reiatr'nent;v ’h‘é gave a more precise def'ini:ion of wasting
.assets, developed 'a r;xathematical; analytical framework, and out!iﬁed
the analysis of Vs‘everal 'basi'c‘ cases, |
Subseqﬁem work has concemr*ated on explammg portuons of the
'ear‘l:er‘ work, Herf:ndah! (1958) showed how cost curves coutd be
used to simplify Gray's analys:s. Scott (1965) developed a more
general geometmc approach that could dea! with comphcatlons pro-

" duced by forces suc:h as sh!fts of costs and pmces over tcme.



_ Herfinda‘hl' (1965) presented a graphi¢al analysis of Hotelling's simple
‘constant cost industry case, The comparative statics of the model |
were discussed, and the effect of differences among firms in costs

was evaluated,

Wasting Asséts.theor)./ is also closely related to tWo quite distinct
‘broader areas - COnserVa't'iori and user costs, | Ciearv‘lyi the pure
'the'ory of wasting assets deals with the problerﬁ us'ualfy considered
central to cthérQatioh po‘li¢$/. Yet, the direct cohtact betWeen.the
. theory and ,COnsePVatiohiSI writ‘i'ngs has been limited, Baf‘hétt and
_‘Mor‘se"s (1963) review of natural resource sca'r‘ci'_ty assumes .thaf the
rate of exhadstion Is exogen_oﬁsly ,determi.ne_a. The role of the pure
" theory of wasting assets in expla’ining_hdw the rate is selected is
ignbred, wWe »do,‘ however, bbtain valuable insights into the crucial
| role technology must be givenvin any empirically relevant theory of

exhaustion,

The autofnatic assumption tha; the pure theory of waStin'g assets is
applicable to natural resour‘c‘e commoditie.s involves a complete mis-
.under“standing. Exhaustion is not -necesSarily desirable, Just as
machines caﬁ become .obsolevte before they wear out, ,éxtract_ion of
minerals can become Gnne:cesv,sa»ry’befor_e thé supply is <Vieple‘ted.' |
Scrap availability rﬁight make miniﬁg undesirable, (e,g, copper),

' solar energy might displace fninéral fuels, T-he‘ pure theory only .
provides a test of wh;:ther- exhaustion is profitable, If it were,

the theory indicates that we would observe firms sacr‘ifvicing éurrent
p_rofits to increase future supplies, Since mineral industries

‘ generally dov maximise future profits, i,e, present values, the theory

actuaily seems to suggest that exhaustion of minerals is unlikely,



57
Thus, instead of providing rules of conservation policy, the theory
suggesAts: thatVCOn‘seryatjdnists are worried about a hqn-—‘exis!ent

~problem,

3,6,3,  What is Conserva!‘ionr? |

"Contemplation of the WOr!d'é disappéaring sbs‘uppli'es of minerals,
forests and. othe.r?, éxhaustible asééts has !,ed.to demands for regula-
“tion o;’ their exploitation, 'Thev feel'ingbthat these products are ﬁow
too cheap fof the good of 'Mure”gen'erations, that they are béing‘ '
selfishly ?xploi{ed aIt too ‘ﬁépid, a rate, and that, in consequence of ‘
‘vthei‘r‘ excessive cheapness', the‘y are being producied and consuméd
Wastefuliy has inen rise to the conservation mdvement. u17 These

 sentences appeared at the beginning of an article by the late Harold

Hotelling, as far back as April, 1931,

Before Qo,ing' any further, it is riecesséry to clarify what is meant

.- by Nconservation!! as it forms a central part df this discussion, " |
The ec‘onomist‘, Gordon, maintains that it clearly n.')akeé no economic
diffé’renca whether' we save resources for tomorrow by not Qsing -
them tbday in a proc‘ekss ;hat does notk yield direct satisféction, bqt

creates capital goods which yield their services tomorrow, ul8

Thus, the principle that determines the rate of investment, the rate
of return on capital, must be used to govern the extraction of mineral

resources,

Furthermore, Gordon points out that to conserve or postpone the use

17, HoteliingA,V H., "The Economics of Exhautible Resources!, JPE
Vol, 39, No, 2, 193l, p,137 :

18, Gordon, S.,"Economics and the Conservation Question}! JLE,
‘stesl 1 IOEB n Ita
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- of one resource usga'liy in;(olves the. depleting or accelerating the
use of anothef. it s meaningless té conserve all resobré:es._ To
fhis the Pe'trick Co'rﬁmi's’sion.int'o the coal resources bf South Africa
feplies,_ "C‘bhsér"va'tlon of a natural resource does not imp'l_y that

' recovery fnv)'r'nvit shoqld'be c’omp!etely.' discontinued, but rather means
'husbandirfg the fesc‘)vurce,l controlling its depletion by avoiding waste
in both recovery'and ﬁtilisation and generally manéging_‘it with
ecohbmy, !9 Conservation should thus be seen as the optimum uée
of resources from whic’hl yﬁll flovy' the maximum benefits for this |

and succeeding generations,

' 3, 6.4 lntergenve,vr‘ationaI‘Equit'l

. The queétion is whether current generations shouild invest more in

' conservation for the good of its deécendants, in other wor'vds, to
specify an optimal, intertemporal distribution of welfare to the extent
~that wasting assets contribute to this welfare, The appropriate
_considera_tion is whether every meimber_ of society over time has an
equal claim to a quantity of a particular natﬁral resource, or a
right to equal satisfactions - qual gratifications of desire and not
the objects -that yield specific satis.fa_cti'on. With some natural |
'hesour‘ces, such as deposits of miner‘als,v their'exploita_tion necessar-
ily means that they a;e gradually used up, while others, e.g.
‘fisheries, soil,‘ can be made to bring a continuous retufri for an
indefinite period, The qual compl'aint of the conservationists is
that the farmer - the 'stock resources", are used up too rapidly
whilé the latter, the "flow resources! are not used so és to _give

as high a permanent return as they would be capabie_ of, These

19,  Report of Commission of Inquiry into Coal Resources of RSA
(Petrick), R,P, 63/1975, p,2, para. 9.
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céhtber.\t'iohs' are be;sed par‘tl& 6an the 'bbelivef"”-that'the p'r“ivateu expl_ditef :
'bdoés not. ta‘ke'a_ 'I:ohg'en'ot;ngﬁ view or .'does_'v’not_ ‘have’ és -mgch fore-
know‘lvedge'éf ':fq.tqr'-é"b developments as the goyehhmeh; and partly, on
a s'imple fallacy whlchwe sh'all sée" invalid‘a‘tes. a great part of the

usual conservationist argument,

fher*e abéses in !hns éo,r‘in'ecﬁonv the pr‘obl’e_m.'of the nei‘ghbblurfhood '
‘effect:s, thiéh'may in"‘c‘ef‘ta.in -ihs’tances jead té wasi_efyl rﬁethods -to '
'ex'ploitatidn beéa‘us'e' ‘of the COmmoh‘pr‘Qper"ty' nature of the re’_sou‘r'.ce, _
'(e‘.g.' ﬁshe’r‘iés), in thesé'cva‘se's the market fails to alvl‘ocate .
resources efficiently and it is.' Undes'ir'able that whér;e, for such
technological r‘éas_o‘ns,_ we cannbt ha_\_)e ‘exclusive cOntrf‘ol:pf partfcu;
. lar resources vby .ind‘i_v,idual Qwher;s; we must resor‘t.-t'o‘ éltérnative

forms of regulation or government intervention, 20

Most ICOnsum'ption of irre'placea.'able rj'ésour‘ces rests on an .act of

f_aith; "We are generally c'onfi_denf that, Iby.the"time the r'esburce

_is exhausted, Vs.omething new will _havé lbeén discovered wr‘ﬁ’cvh Will o
either satisfy_ thé same need or at least cbmpensate us for what we
no longer have, so that"we are, on the whole, as well off as’befor‘_e.__
We ’are constantly usihg up resources on the baéi_s of the probability
that our kriowlédée' of- available r"esOufces will increase indefinitely

- and this knowledg'e’ does increase in part because we are using - 'v
up what is available at such a fast rate,

ConServatiénis‘ts_ ték_e for granted that there .is something barti'cularly -
desirable about the flow of services that a gaven resource can

provide at any one time, and that this rate of output should be

20, Hayek, The Constitution of Liberty, Gat'e_way, Chic'ago 1960
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permanently maintained, They do, 'however, recognise that this is

impossible with regard to_.stock,_--althodgb not to flow, res_ources.'

Manerals and snmllar resources share wnth some of socnety's capntal
the property of being exhausttble and if we want to maintain or
'lnCrease our mcome, we.must be able to repiace each resource o
‘that is belng used up wnth a new one that wall make at Ieast an
equal contrubutlon to future income, Th_lsmees- not mean,_ .howeve'r,-
~ that if shOuid t}_)e_pres_e_rved__ m_kmd, or relplaced by another of the
{same kind, - or even that the 'tot__al' stock of na't'uralr resoorces should
be kept infa’Ct. From a ’soc‘_i'val ‘as weII as an individual point of
.Qiew, any natural res(wrc'e ‘represents jUst one.-itern 'of our natUra!
. endowment of natural resources and our problem is not to preserve
thlS stock in its exustmg form, -uut a.ways to maintain it in a form
'that will make the most desirable contribution to anticipated total

.income,

Gaven the fundamental nature of msneral resources and the |Ike|lh00d
of the discovery of new deposus and of technologlcal innovation, the
principle of mtergeneratlonal equny merely demands that "socuety |
channels its lnvestmen!_ in such a manner that its aggregate mcome

: : . - . S : .. M21
is made as great as the funds avallable for investment can make it, 2

Since all capital is exhaustible and must be replaced, investment in
the conservation of non-reproducible capital should not be seen as
more desirable than in produced means of production, knowledge,

technology and economic institutions,

21, Hayek; F., The Constitution of Liberty, 'Gatewa'y, Chicago,iQGO
Pe 374 : . '
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As Hay_ek st‘été‘év:jt "'To" extend Vi}n'ves'ﬂimen,t”in Cénsei‘\zatﬁibh‘.of a
parhcular naturat r‘esource to a pomt where !he return is iower

; than the cap:tal it uses would bemg elsewhere, would reduce
rfuture mcome below what it would otherwzse be, fhe‘cohservation-
ist who urges ‘us to make greater provnsnon for the future :s in fact

‘urgmg a Iesseh provrsuon for poste;‘xthy.,n"22

| Resém;*ce convér"siation,‘ ifwnbtv eéonomticai’ly, meritous, wii‘! reduce the
econorﬁic va!ue_cf;ogtput over.llirﬁe‘-énd may, by {:Qrbing‘ .‘rese‘érch
and capital formation, have a perverse effect on the future,
nbE:mphasis von‘Veconom,;‘ic and social pr'ogr?e,ss m the ﬁresent ts a
'.‘mu.ch fim‘proved =a§ter'native to ‘preoccupation with an fndgfinitev and ’
non-operational mqbal'obligation to reserve natural hesources for
the economic benefit of future geheraiiohs. n23 Since each genera-—‘
tion cares, for its lmmedsate descendants, a series of short-term

"'just-savings"za schedules will tend to produce the lcng' run optimum,

3.6.5, = Divergence between Optimal and Actual Depietion Rates ‘

<If' prices 'ar‘e' ﬁorrettly "pfedicted we may conclude that resources
~are being explbited at an optimél rate, A brief out.lin‘e‘ of this
argument is given here, |
Resource conservaiion ’isv an ihvestmeht | in the futvure. !t_requir‘es‘
us ';o give up presenf consumption for the sake of future benefits,
it thus resémbles other >fo'rms,‘of investment which are undertaken fn '

-the economy (e.Ag. in plant or myachinery). Efficiency requires that

22, Hayek, F., p,374
23, Hayek, F., pe 374
24, A notlon mtroduced by J, Rawls, A Theorg of Jusuce, Pe 284-293
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th¢ ,retur".ns" on all _thesvev 'fof.*ms” of iﬁvestment should bé the same;
' _.ot.her'wise we could fncrease' consumption bot_h now 'aﬁd :in,‘the future
- by expénding one type of inveétment and contracting others, A com-
vpet'itive firm will make the same sort of -cvalcula.t.ion.' It will c'ombar‘e
the f-etu'rns from r-esour-.ce 'cohservatioh and other investment -oppor-
tuniﬁes, and adjust.the volume of each it undertakes, so that the

' returns 'fr'o_n'z each are the same, |If ﬁot, it could increase its
pr‘ofifs by devoting more of its funds to the highe_r:yielding _in\/est- 1
ment, C‘bnsequently,‘ the calculations made by a firm in deciding
how rapidly to exploit an exhaustible resource wili ‘be_vthe‘ 'same as
the one -socie'ty would make if it were choosihg an optimal depletion
rate on the firm's behalf, Héwever, in r"eél,ity, actual and optimal
depletion rates will diverge and it remains to consider the possible

reasons for this bias,

i) Neglect of future generations

- This issue has_ alr'eady been dealt .with in some _de_ta’i'l.' It is a
.r.ﬁistake' to suggest that leaving resource exploitation to the market
"neglects the inter‘es.-ts of future societies, If prices are correctly
,rpr‘ediéted, the demands of our children, gr‘andchildtfen etc,, are
being ta.ken into account by resource owners, who. are .saving up
resources to seli to~them when the time comes, However, there
may be a general bias in the ec'on_omy to consume now and leave too
little to future generations, This w_oQId be reflected in high rates

of interest and consequently a more rapid depletion of resources,

Conservationists take this view, pointing out that interest rates
have been too high as a result of society's'defective telescopic

facultyt (Pigou), as mentioned earlier, However, if this were true,
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it ‘impi‘iesz that we are 't.mdgrf!a"kinvg too Ht!lé investrﬁént 6fy all kinds,
R As a: result Vecvo'n'Orni‘c growth must be too ldw; a':.nd‘ we must increase
the investment ratio in _an"a't_tempt_ to raise it, No doubt those who
“worry about excessively rapid resource depletfon_ would be di‘.sinclin'e‘d_

.t o accept the latter conclusion,

ii) Incorrect price predictions, |

.'Tﬁer'_‘é is no guarantee that resource owﬁer'_s will correctly predict
.resour;ce prices. If ‘oQVner'fs,’ on average, 0ver+e5timate future ,
.pri'Ces (as comp'ar'éd to equi_llibbiﬁm__prices) they will supvbly less
}_than_ the equilibrium amount now, while plannhing to supply more in.
the futurfe. ‘This will raise éurr*ent prices, Since the extent to
| which resource owners want to deliver the resource curhentl_)-/‘
depehds on their 'priée expectations (which cannot be very firmly
‘b'ased_), there vis scope fér a wide divergence between éctual ahd
'equilibrfiur:n prices, Although there may be forces ‘causihg ‘a con-
\)erfgence' of:_actual prices towards eq.uilib_r*iiUm, this ‘a'djustment need
hbt be rapid, - Oversupply may.exist for many years before the
~drying up .of major 'sour}'ces gives prices the upward push needed
to bring about a revision of expectations,

“What is ‘impor‘tant. is to considef ‘whether this bias in expectations
wiil be upwards or downwards, This requfr;es a more detailed )
examination of resource prices, Consider the owner of a stock of
resources of total amount, R, “and suppose that he believes the

price for this resource at time, t, to be P He has to incur ex-

t.
ploitation costs c(x,t) -at time, t, if he is then extracting resources
at the rate, x, Assuming that he wants to maximise the discounted _

sum of his profits, his fate of interest being i, he will relate the
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mabgihal co.s‘t of extraction at t to -the"pr'icévat t by the equation

. P, = c (x,1) +>‘Qe'i‘t | |
cx(xt,.t) = marginal cost of extraction,
’Qeit = imputed cost of df"a.wi'ng on the stock of the resource, This
cost rises at.a'ra_te_ equal to the rate _6f intere_st.(the oppor-t(..mity
cost of holding money) beca_uSe he has the option _(at the margin)
of Iending'_at inte’reét, i, instead of keeping thé resource in stock,
,AQ'is ihe value, to the _own'er',__of a unit of the resourf(_ﬁe' (not yet
ex_tracted) at tirhe O. its level is suéh that he plans to just exhaust
his stock, HoWe‘yer‘, if P, _is.;_"too low, the owner w'fll n,ot‘ plan to
extract any'of the resource at t and it is thus possible tﬁat
. .Pt'\<Qev“_.v 'For'f example, he may plan t_d exhaust his stock at some
date T, becausé thereafter Qeit is 56 large that it._ exceeds the
difference between the pr_fce obtainable and the marginél cost of

extraction,

Note that the form of the relationship expre-s"s_ed in the above equa- .
tion is a very general one and does not incorporate all the impor-
tant aspects of resource exploitation (fob example, extraction_‘ costs,

in general, depend upon the stock remaining),

Returning to the question of ekpecta‘tlons'- the term, ’Qen, will not
be impér‘tantv when the total stock of the'resou_f‘ce is still large; that
is to. s'ay,b the equilibrium price wiill not be much greéter than the
marginal cost, - It 'se.ems unlikely that an 'actual_price‘ below the
extraction cost could persist for very long, Therefore, if there

is a bias, it ‘must be in the upward direction, This would keep

t he price higher than it should be and thus bring about under—exploit-

ation of the resource,
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Howeverf,v at a later stage, th’e‘ price‘_mig'ht be -too.low,." As the’
stock dimi.ni'shes, “the té'rm, Q'e“‘_‘bevcvomes important a.nd_v the equilib-
rium price, 'haVing' previously been constant or falling, -sho'q_ld begin
.to' rise, The rise would accelerate untﬁ the price 'is,even;uélly
growing at a rate vapproachingv-i (if the ‘resourc_e has not already
ceased to be used), It is‘prSiblé thvat people w'ill‘ tend to under-
‘esfimate 'di'sv‘!ant 'br_ices‘ if, in fact, the rate of ‘price r"ivsﬁe’ is going
to ac‘celérate. In that case, therev will be a bias !owar"ds__over_—

exploitation,
However, it seems that, on balance, the likelihood is for price
_extectations to be upwards, causing under-exploitation, rather than

downwards,

iii) Risk aversion,

Uncertainty exists (as mentioned in Chapter 2) about future prices,
resource supplies, etc, Consequently, a .re_s;)ur‘ce' owner will be
_more uncert.ain about the price he can e‘xpect to obtain for his
r.esourc.e' in the fthre, than about the price he can expect to
obtain now, If he is risk-averse, ‘he will tend to dis:coupt'future'
pr‘i'ces‘ (as he .sees_t_he.[n) and deliver more of the resource now than
.~ he would h‘av'e"don‘e if he had known for certain that future prices
w ould be what he expects, It may, thus, be argued that the pr-iyate
omer's risk 'aver'sion.-imblies an undesirable bias towa_ir‘ds present
depletion, However, a good deal of research needs to be dohe |
beforé one can be sure of the direction in which uncertainty biases

depletion, far less its quantitative importance,
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‘iv) Ownership uncertainty, E

- Untgrt:aint',y‘ iis 'impor‘l‘ant' whén the owner is 'unce_r‘t'ain :about the
future security of his rights to the rf‘esour'ce'.‘or' .the -pr{ofits frqm
ity If he exbects that ‘thbe’gover*nment' n'iay_exprop'riate the resource
from him with imperfect compensation, he has an incentive to
.d_ep‘ilete his stocks sooner rather than later, 'How_ever‘,' although
political 'inst_ébility co'uld' !hus; : | lead to over-exploitation, the
_transfér_‘ of ownership to the resouhce's natfon might eliminate any"- |

bias to exploit the resource too rapidly,

v) Wnogolz.

vThel_‘e" is strong eyid‘énce of mohopbly_ in resource exploitatbion.,
Which may, of course, be exércisécj_ by impl}icitnbconusion’or“ local
governn.went taxes, Thus, in cases ‘Wher’e_ a natural resource,
_subject to explicit or implicit cdllusion, has a ratheb inelastic
vder‘nand, there is a str".o‘ng bias.tovsards under-exploitation of the

resource, as compared at any rate to the competitive outcome,

vi) Taxation,

Tax treatrﬁent_ of resource extractive industrié‘s' is typically rather
compii‘cated, and as 'it'forms the main section of a later chapter,
discussion here will be ‘Iimitéd, | |
Needless to say, ’.the effect of taxation on the rate of resource

' depletion rmay be "substantial. The simpleét case is th'atjin_ whic.h
resource owners are sQ_bject to a profits tax on receipts less
operating expenditures, 'Iike other br‘dducers. In that c'ase. the tax

.will not affect the rate of depletion if it is expectéd' to be applied
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at a coﬁsta_nf ‘rate over time, But a pr-ofité' tax will Eeduce_ the
rate of return a firm obtains from its othér"inveétments' and hence
Ie_vad it to invest’fl too much in ;:ans'ervatio_n relative to other forms
of productive investment, Since rates of b'hofits tax are usually

high, this effect mavy' be substantial,

"The_.tax,i while"not a'ff_ectirig' thé time ;pr‘ofil.e of r‘eceipts,r will.'. reducé
its size, and this will have a disincentive effect on ‘expldratio’n and
development expenditure_; Thus the existénée of a profits tax may
lead to a ‘str‘o'ng"bi_.as 'towardé insufficiently rapid reéoqrce.dep'le-
tion: less of the resource will be discovered, less of what is
dfséovéréd wili be developed, and what is déveiope’d will be -produ;ed

too slowly,

Governments of phoducing or consuming countries often impose
fevehue-raising .t.axes on the use of exhaustible resources, The
effect of this 'isv essentially equivé;lent to incﬁéasing the. degree of
monopoly m r"e'sourée exir‘action, and as argued aboVe, thi§ will

tend to lead to insufficiently rapid depletion, |

3'.7 Government Intervention - Regulation and Pricing '

The cdncern of the conservationists has been that the free market
is exploiting resources too fast and that the price has been too fow
so that full social costs have not been b_orne_by producers and

consumers in the current generation,

The chief arguments that have persuaded people of the neces'sity for
central direétion of the conservation of natural resources are that

the community has a greater interest in and a greater fore-knowledge
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of the future than the individuals, and that the preservation of
_particular resources raises problems different from those of the

provision for the future in general, -

It is also often 'cl'éimed thai future néeds should be vaiued more
highly (or discounted at a lower .rate of 'ihter_‘est) Sy the community
than is done by individuals, If valid, this contention Would
defiﬁitely justify central planning of most econorﬁic vactivity.- How-.
éver,_ there ié,vv as 1 shall explain, li_ttlév or nothing fo‘suppért this

view,

There is no more justifi'cation in a free socviety for relieving the.
individuals of the responsibility for the future than there is for
claiming that past generations ought to have made more provision

for us than they did,

The argument that gov’ernfhent is in.é betfer position to take care

of future needs because it is able to borrow at cheaper rates is
élsb a false one, The advan;age. that governments have fn this
respect rests 'solely on the faqt that the»ris'k of f'ailQre in its invest-
ments is not borne by them, but by the taxpayer; in fact, the Eiék

is no less, so far as judgement of the worthwhileness of the |
particular investment is conceirned, But, since governments that

Caﬁ recoup themselves by taxation, if the investment does novt bring
the ex_pécted retur‘n,‘. usually count only the interest they actually

pay as costs of the capital they are using, the argumént 6perates, .

in fact, against, rather than in favour of, government investment,

While individual mine owners may be criticised for not taking a long

enough view of the future, there is no reason to suggest that the
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péiiﬁ_cal _proCes§ cah be 'r*'e_liéd upo‘n‘ to be _m'o};e .flutUre“"oriembate__d
vthan {he ave.ragé corpqré'ti'o‘n. ' The'clai_fh'.tha"t' goﬁv,er-nment bdss_e_sses
.superidr ,knowled'ge_:rais'es a'r'é'thé_rv éompléx prb’blerﬁ. it c_:an.nvot be

- 'denied that there are some facts concerhing_ pro‘ba&e future deS/el'opf
m_eﬁ!s whic’hA the government is more l-iké_ly to know’ than most of

N . . )
the individual owners of natural resources,

Thefé will alvways e'x'i,s-!,, _ howéQer, an e\)eri .gréaterr store of know-
ledge of special circumstances .th'at .opght to be taken into account in
deéis'ions about 'specffic resou'rces> which orﬂy the'individual owners__
will _p.oss'ess"andv which canv'néver ‘bje concentrated with'ih a single’
_'authohity. This abpears more 'cleafl'y where the problem bconcerns
the _’rate_at‘\.fvhich stock resources, such as mineral deposits, ought
to be used up. An in;elligent dec>isi.o'n p;;esupposes a rational -
estimate of the future cop?‘se of prices 6f the materials" in question -
and this, in turn, de.pend__s on fo_recaﬁts 'o_f ~_futuqe_t.echnologi.<:"al' and
économicf-deveiopments which the small individua_l ownef_'is L‘:suavlly‘
not in a position.to maké intelligently, This does not mean, however,"
that the market will not'vinducevindividvua':l owners to act as it they
took these considerationsv explicitly into account, 6r that ‘such'
decisions should not be _l'eft to them, Who alone may kﬁow many of .
the circumstances which dvete'rmivne the present usefulnéss of a

particular deposit,

They will be influenéed in their d‘ec’iSiohs by the knowledge. of--others
who made it their concern to estimate such pr"obabi!itiés and who
w.ill be prepared tc.).offer for the resources, prices _whiéh vare_detér-
minved by these estimates, - i the -owner can get' a highef return by

'selling to those who want to conserve than by exploiting the resource
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himself, he will do so,

Th'er‘e will normally e_kist a pb;ent'ial sale price of the reseerce
which will reflect opinion abou,t. all (he_'faciors likely to 'affe.ct its
future value, 'end a decision based on the comparison of its value
as a saleable asset with what it would 'b_r'in_vg' if exploited now, will
‘probab_ly take intq account .more of ali the available "releva'ntv know-~

~ ledge than could any decision of a c_entrél authority,

.. Thus, the criticism mét, rﬁine owners do not take a long enough

view of the vfut_ur'e‘ is also ihcorreé‘t, give‘n the capital nature of
minefals uﬁless mine owners consume ;h_eir"pbdfits ahd_do not re-
invest. sufficient in .tvhe' stock of reproducible capital, A tax on
profite wouid serve the purpose of increasing investment and thus
-cerrecting any divergence between private and social interests,

ohly if the government earmarked this revenue for investment, ‘lvn
the taxétion of South Africa extr'active' industries thie has not
occurred, This prfnciple_ is explained more fully in a later chapterﬂ

on taxation in the South African gold mining industry, (Chapter 6) '

In t'heoey, perfectly competvit'ive mar;'kets support socfally ebtimal ex-
traction batterns. In practice, capital .mar'kets are asymmetric and
mineral .mar‘k‘ets are predominanily monopolistic or oligopolistiec, The |
theory of monoboly suggests vthat a monopolist will teﬁd to restrict
>output and charge a‘ price higher than the perfectly ‘competitive price,’
If this is the case, we ironically find that the conservationist would

be a supporter of monOpolvistic practices, Hotelling25 and Sweeney

‘25. Hotelling, p,{52

26, Sweeney, J., "Economics of Depletable Resources, Market
Forces and Intertemporal Bias", R,E,S,, Vol.44, No,l, 1977
. Pe 136, . o ‘ .
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have shoiwn that, in _gévner'al,. a rﬁonopolist will '_undér'sup‘ply the
»depletabje.re_so_urce unljess the .ma_qu_et determined quantity ié r‘isrir'\g
-very.r'apidly during sor_hé period _ih_timé. Weinstein and Zeckhauser
| coﬁclude that "there wouid seem to be no implication that in the
secbnd best situation, ’the inip_erfect market procéséesllead to too
rapfd a rate qf resource constptién, or that governmenf r_‘egulation
~ would brfng about a more efficient rate of utilisation, '327
~The view is given thgt, ih the case of rare natural r'e'sour'c:e's, ex-
ploitation by a monopoly is likely té extend their use over a lénger
pefiod ahd that this is p'ér'hap‘s; Vthe'only instance where such rﬁonb-
po-liesvare Iikefy to be formed and to persist in a free economy.
Howeve_r‘, '} feel that it is a debatable pofnt whether the greater
degree of éonsePVation which a monopoly would practice would be
desirable from a social point: of viéw. BUt‘ for those. who want more
cpnservation bgcause théy bel.ieve that the market'habitually under-
estimates future needs, the monopolies that are likely’to develop

spontaneously in such instances may provide the answer,

3.8 Conclusion,

One of the most impor‘tan_t'.‘points in the p‘r'evidus section is that fhe
price of a resource aught to be little more than the‘mavrginal cost

of extracting and transporting it, unless the resource i.s rather close
to exhaustion, Therefore, rﬁodeis which have used zero extraction

costs are likely tb bé misleading,

In conclusion, the policy implicat‘ions of the above arguments will

be outlined,

27, Weinstein & Zeckhauser, nUse patterns for Depletable and
Recycleable Resources", R,E, S, Symposium 1974, Pe 87
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~a) 1t has been implied th_ét»re_s.oqrce dep.letik'on may take-piace' too
slowly because o.f' in'onoboly powe_r'éxert_ed by réserce _6wn_ers.’_
Because of demand inelasticity It is Tikely that..the losses varis>ihg
from monopoly are very large, alvt'hc‘>u'gh it must be',remer"nbere'd that
they are sustained chiefly by the 'industr.’i_a'l‘i‘sed c'ountr-ies,v and _thos’e’v
who méke’ considerable use'-o'f resource;intensive préducts; The |

usual measures against monopoly are presumably desirable,

’-b)v In many caée_s it is de#ir‘able to impose taxes on exhaustible
,ipes>ou_rc_:es', nét beCaQse’ they are'be'ing.”deple.ted, too rapidly, but as "
a ‘means of taxing pure _pro_'fi_ts" generated‘ by the resource, Thése
policies, if broperly carried »c':u_t,v_ would riot_‘i::h‘anvge rates of depletion,
o _ _ o
c) Since mosf of the value of resource stocks _is.in the last few
decades of their life, these taxes on resource use do not becéfn’e;
significant until only a few decades of résOurcé life _rerﬁain (at_ then -
Eurr;en; rates of depletion), There is no‘parf‘ki'cular'argument in
favour of -tax_-i‘ng' the_ use of na_turél resour'ces. as such when hundreds
of years of reSeh'\)es exist.v (This is not to say .ther'é may not be
other reasons for impoéing commodi(y takes on sales of‘exhaustib|e
r‘*esour?:es and comrﬁodities madé' onm them,' reasons of the same'kfnd

which lead one to favour taxes on jewellery, cars and cigarettes, )

d) Since there may be reasons for inadequate amounts to be spent
‘on research into r'esc;ur'ce's reserves (or methods of exploiting them),
‘there is a case for governmental and intergovernmental subsidy of

surveys and research in this area,

e) Since it is difficult fior‘ participants in resource markets to
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predict resource prices correctly, governments and intérgovernmental

agencies can contribute to opt-ima‘t‘jr‘esource use by gathering the

information - about existing, proved and probable reserves, demand,

including substitution possibilities, development of substitute sources,

etc, - and,devel'opin'g econometric modeis to predict reésource prices,

- e L
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4,1 INTRODUCTION
Societies have often regarded some exhaustible natural resources
_as ''criticall, "essen’_tial" br'!'vi_-ta~l" to their development and hence

their welfare,

In South Africa the resobrce that apparent.ly fulfils‘these' r_equir"é}
ments’ ts gold, | For manyv yéars the gold price was detérmined_by
the jriternationat MohétarybAuthorities, ($'35 pér oz, for the period
19.34-1‘968). It was 'beliveved that a fixed gold price was necessary

for the conduct of the International Monetary System,

Ever since 1968, and the breakdown of the International Monetary
‘Systom (1.M.S.), the price of gold has fluctuated considerably in

response not only to economic but also to socio-political factors,

~ Unprecedented volatility has been experienced since mid 1979, The 3
L ' . , ' - =k
price rose from . U, S. # 227,61 per ounce (p,0,) in January 1979 2

‘to $875 p,o, in January 1980, it then declined and main!a_ined a
- level of between #600 p,o, and $ 640 p,o, At the time of writing,
(April, 1982), the price is fluctuating around the # 330 mark, and -

sti'li falling (see figure 4,1), | | ‘

South Africa, as the ‘largest producer of gold in the world, benefited
directly from the 'ri_se in the average gold price, Thus she hés

been one éf the most. concer'ne‘d parties in the volatiie mar‘_ket. Such
volatvility‘is evidenced by the fact that each $I0' increas_e in the p‘r.ice

of gold raises the total earnings of South Africa by RI70 m (given -

the present level of production),
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- Before discussing the demand fér_an_d supply of gold and the deter-

minat_ion of its price, a br‘ief"histor'y'of the evolution of the Inter-

national MOne’tar'y System will be presented,

1934:

1944:

1945, 1946:

4,2 Chronology _of _the International Mohé,tar_‘y System and Gold o
Prices, o
President Réosevelt devalued the dotlar 'by' 6’0%. and

increased the price of gold from #20,67 p.o, to 35 p,o.

A new l'.'M.S."waS‘ devised at the Bretton Woods cohfer-

-ence, According to _'th'_ivs' system the dollar was the 'kéy

- currency which was convertible into gold and thus inter-

national .payments could be made using the dollar, At

this conference, two new international bodies were

established, the Internationa! Bank of Reconstruction
and Development, the International Monetary Fund (1.M.F.).

The price of gold remained the same (£35 p.o.)e

The process of financial aid in time of peace began soon

after the end of the War, with the large billion pound

loan to Britain, whic'h was granted on the condition that

sterling was to be made convertible for foreign holders

of sterling balances, Considering that in 1946 the world

- w as starving for dollars and had a surfeit of unwanted

sterling, the inevitable conseqUence 6f this arrangement
was that the U,S,A. was really financing the purchase
of American goods by the five continents - under British

guarantee, This "aid not trade" move was followed later

'by the Marshall Aid, which was much more generous and

"much less business like, But it reduced the incentive
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for beneficiary countries to make an adequate effort to

work out théir own salvation,

1949: All ma,'io'rf'.Europ‘e‘an curr"encie.s wérjé. dévalued'a'gain'.st‘
the dollar, The B‘r‘itvi_sh pound was most affected, breing
deva.luevd from $4,00 to 2. 80. u, S. gold étbcks con=
tinued to g.rowyovér" the next three years and reached |

#25 billion,

1950-1958; In this peridd, ‘world trade increased and the dollar was
in 'great 'demand. Very few_ offigial goid transactions

took place,

1958: For the first time the u, S experienced a balance of
. payments defnc:t., Accordnngly, there was_increasfng
~ international liquidity in dollars and a relative decline

in U, S, gold stock,

1960-1961: For the first time the demand for gold exceeded the
.' supply, which created pr‘essur‘e to increase the price,
To avoid any mcrease the international gold pooI was

'estab!tshed whtch was centred in London,

- 1967: F oréign exchange 'mahkets were in disorder, Britain

devalued the pound from #2,80 to #2,40,

] 968: '_ VIA major crisis in the foreign exchang-;e.vmar‘kets d_eveloped
in Mar"ch.," and_ the‘gold'pool members were forced to
abandon their -informal st"abilising‘pr‘icevpolicy. ‘. A new
i nternational monetary order was intr_*oduce'd, termed
‘the two-tier gold system, 'Acc'ording to this éystém,

gold could be sold on the free market, where the price



1969:

1971

1972:

1974:

78
was dvet‘er"r‘n'ined by demand and supply,

South ‘Africa and the’ U, S. reacﬁe.d an agreement accord-
ing to théh South Africa was allowed to sell gold to
the 1. M,F, whenever the price was l‘dwer‘ than €35 D, O.
Thus a floor price of #35 was introduced, This__ agree-

ment lasted for only 1} years. In this year Special

' Drawing Rights (S.D.R.s) were introduced as a new

reserve asset by the I,M,F, This was believed to

mitigate the problems caused by an international trade
system which suffered a shortage of liquidity, It was
also the beginning of the so-called gold demonetisation

carr_!paign., .

A large balance of payments deficit was bec_orded in the

.U. S. The continuous heavy influx of the dollar into

Europe forced the central banks of Ger‘mahy, Switzerland,
Belgi.um, Austria and the'Netherlahds to suspend their
dollar support, On the other hand, t‘o prevent a run

on the gold stocks, U,S, President Nixon suspended

the convertibility of the dollar to gold on i5th August,

" The price of gold was increased to #38 four months -

‘later, A new order for the I.M.S, was _devi‘séd by the

Smithsonian agreement,

- T he floating of the pound and other pressures on the

dollar made !Khe‘ Smithsonian agreement ineffective,

In June, for the first time, the U,S, congress passed
a law éccording to which U,S, citizens were allowed

to own gold and participate in the gold trade, This
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79

~ liberalisation became effective in January 1975, The

step was taken by American officials in an attempt to

demonetise gold and to make it "just another commodity",

In doing so, the U, S. Treasury announced on 3rd

December 1974, that the Trea's_ury‘wou'ld'a‘uCti_on some

of its own gold in order_to_meet the p.oten‘tial inc_rease
in the demand for gold in the free market, Two ‘auctions
were held in 1975 and a total of‘-lv,_3' million ounces of

~ gold _were sold, In 1978 a number of auctions were held,

The last auction by the U, S, Treasury was ennounced

in November 'AI"9779, ‘and brought total eales since 1975 to

17,5 million ounces, This amount of gold would now be

worth #10,6 billion at a price of 600 p,o,

In April l978 under the 2nd Amendmem of the Artocles

‘of Agreement of the I M, F., gold became formally demone-

tised, The Article reads: "Members are no Ionger

requnred to pay gold to the Fund in connecuon with any

transactaon or o_per_auon ..,-,."' In the second half of

that year, a new proposal was 'orov‘ided by the then M,D,

‘of the I,M.F, In this proposal a so-called Substitution’

Account vg_és_ envisaged and all the official hovlder_s of the

U.S. dollar outside the U, S, could invest their surplus

. dollars in exchange fo_r‘._ s.D.R. s, Thus th_e temptation
_for_ holders of dollars to dump them on an already over-

burdened market,' with the resulting adverse effects on

exchange rates would be 'avoided.

Quoted from Dr, C,L, Stals, "The international monetary role
" of gold", Address by Deputy Governor, S.A,R,B., Cape Town
l4th February 1980, . :
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1979: : on 13th Marc’:ﬁ 1979, 'fhe' EQropean 'Moneta‘r;y System

(E.M. S.) became éperative._ "~ The main objective of the
| _ vn:ew 'sys'tem'_i‘s a"v closer mohetéry c'o;O,pér'atiOn t-)e‘tween"

. the mémbers of the European Ec.o_nom-ic. Commu'nity. (E.E.C.).
| The part.icip'at’i.ng -c»ouvn'.tr‘i‘es are Beigiun_j, Denmark, France, =
West Germany, Ireland, Italy and the Netherlands, It
‘was envisaged that other rﬁe_rﬁbers of the E.E,C,, for
instance Br‘i’tain, would join the. sys_tem'later“. " The new
c_urréncy was a ’c-omposite‘ of membef‘s' chre’ncfés.
‘Furthermore, the "E,ur‘op_ean‘ Curren_’cy Unit. (the new éurr-
ency) plays a central role in the system, as it is the
rfefet?ence[forj éxchange rates and a _commbn'denominator

for E,E,C, currencies,

In the new vsysterﬁ, é European Moi.'\eta‘r..'y Fund was estab-
lished (E.M.F,). All the Central Banks of the member
countries were teqqir‘ed_to sell 20% of their gold -hbl_dings
and 20% of their dollar holdings to the and;  The E,M.F,
issued a total of 23 billion E.C,U.s. About 80 million

ounces of gold were transferred to the fund,

' The principal use of E,C,U,s is in settlements between
£ ,E.C. Central banks, This was the first formal step
taken for re-monetisation of gold in the international

context,

1980: I the last quarter of 1979 and first half of 1980, it was
sUggeétéd that in order to strengthen the Substitution
Account, a part of the I.M.F,!'s gold 'assets‘shoul.d be
tr‘ansfer‘r'védv to the Account to provide further support

for the S,D.R,s, Thus the new sS.D.R,s, just like the
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E,C,U,S, will be back by gold, ~Such a step, if taken,
will be the first major official action on the r,o,ad_to_ the

- re-monetisation of gold since 1971,

4,3 The Demand for_Gold

In attemptiﬁé to analyse the future demand for gold, total bdemand’hra's
‘been divide'd‘ intq 10 differfe.nt ma:‘kef segments.‘ The first ‘three are
'Apr‘ivate ihVestment; ‘viz, large central bank 'inves'tmentv, pr’*ivaie invés’t-—_ E
hent_ and smaivler central bank inVestment; Together these constitqte

The remaining seven segments comprise

"investment demand!,
industrial demand: there are four categ‘oriesﬂ for jewellery (Nor‘th"
- America, Europe, Japan and the rest of the world) and one each

for electronics, dental and "other industrial",

4,3, 1, A Investment Demand

A, Private Investment Demand

"Private investment demand" embraces the demand for official and
'fake! '_coins and medallions, as we!l as gold bullion bought by private
~citizens, . The rationale behind the marketing of gold coins and

medallions is worthy of examination,

i) The Marketing of Gold Coins

In the event that gold is completely demonefised and no longer acts
as a base for the manetary system, the price of gold, as a commodity,
would be det’er‘mirie_d,'in the market by the rules offsupp!y and demand,

This pbice, ho(Wevér*,A would be highly unpredictable'due to the fact

2, In most historically-orientated studies, central banks are
regarded as supplying rather than demanding gold, In future,
central banks are likely to be net purchasers of gold,
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, vthat there ‘iis' an voVet_‘hat"\_gv in Qovef‘nment stocks of 'mér“e than 30
-’year's‘annua'l vpr‘o_duction of_. g'o'ld. This St..lbstaht'ial amoﬁnt can at
anytime be _du‘mpied on the ma_r‘ket,. causing a shabp decl iné'.in' brice.
If expectations about the occurrence of a cémp.1eie vdemonetis;ation_ of
go.'ld' are probable, then the mar‘ketivng policies of t_he main gold pro-
ducet;s will play a cruéial role in the life of the ihdustry itself.

in other wbr‘ds, the iidentification of aliernativé markets for gold

becomes vital and imperative, -

In the context_ éf mériketi‘ng o'ﬁly, the S.A. Chamber'- of Mines estab-
lished a mai‘keting or"ganisatio’h, the International Gold C‘o'rporation
Ltd, (lnter‘g'qld) in |97l‘.v'_ It concentrated ma.i-nl'y' on the industrial
‘and jiewellery markets for gold, unt_fl October 1973 when it took on

the reSponsibiIity for the marketing and promotion of the Krugerrand,

Table 4,1 shows the performance of lnt'er'gold‘b'etween' 1970 and 1197'9.
It must be remembered, however, that the main ma‘r‘ket'i‘ng organisa"..
_ tion for 'S.‘A.A's gold output is the S, A, Ré.ser've Bank which .is
responsible for builion sales, Nevertheless, the> table illustrates'_
the relative importance of Intergold with respect to is share iﬁ

¢

gold sales,

In 1980, -Inteﬁgold diver‘sifiéd its éoins and announced its" intention.
of providing, half, quarter' and 1/10th ounce coins as well as the
original o'ne-ounce'K.r‘vuger‘r‘ands. This policyiaimed. at spreading

: vowner‘s'hip to encompé_ss small investors,  Furthermore, the-poli.cy
is intended to offsét combetitidn in the mar‘ket._' However, the |
Krugefrand's rivals are increasing, In 1981, Mexicanr authorities

launched a #3 million marketing package in the United States where
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KRUGERRAND'SALES AND ITS RELATIVE SIGNIFICANCE

Source: #inancial Mail, special.Repor‘t, Aprit 25, 1980, p.li

Year ' Krugerrand  Krugerrand Bullion ~ Total
Sales Revenue Rm Rey}enue _Rm _ Re_venue Rm

t97o 211018 64 6 824, 6 8312
1971 550200 6.6 882 4 899, 0
1972 543700 24, 6  1135,3 1159, 9
1973 859300 53,8 1235, 5 1789,3
74 3203675 362.6 2257, 2 2619,8
1975 4803925 589, 3 1971, 1 2560, 4
1976 3004945 342,9 2037, 3 2380, 2
1977 - 3331344 451,2 23638 | 28.1‘5.0
1978 6012293 1044, 6 2818, 4 38630
1979 4940755 1330, 3 4456, 9 57872
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the Krugerrand ‘W_aS perfqrming' identically weil. The Canadian
Maple L.eaf, the British Sove'reign; the Russian chervonets, and

‘the newly minted American medallions are other competitors,

ii) Determinants of Investment Demand

There are six critical 'determina'nts‘of investment demand_ for gold |

-' which c¢an be identified':

- the price of gold,

; real infefes’t rates, in. par’;ti'cv:u.llar‘ those in Europe aﬁd'
fhe-Unifed Statés,' o N

- real écgnomic_grovﬁh rates, par‘ti.cdlarly in the United

._ ‘States, Europe, Japan and th'e_. Associétion of South

East Asian Nations (Asean),

- the ievel of political ‘tension,.

- the rate of inflation in non-communist industrialised
countrfes,

- the relative 'streng_thvo,f' the U, S, dollar,

-~ Two other recent developments, i,e, the beginnings of a move in
Japan toward private investment in gold and the possible advent of

large scale institutional demand in thé u., S, should also be noted,

One can define two 'polar scenarios! ’fr*om fhe above infofr})ation.
The first of these is. the t'good-for-gold' scenario, and depicts the
. set of coh’ditiohs under which exper‘ts- Qvould expect demand to be
str_oﬁg: vh.igh. real ec_oﬁomic gﬁowth (iﬁvestor‘s are richer), low real
'in.ter‘est rates, high levels of political tension, high inflation ahd a
weak U,S, dollar, The second is the '"bad-for-gold" s.cenar‘io, '

conditions under which investment demand would be very low; low
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- real economic growth, high real interest rates, low levels of

political tension, low inflation, and a strong U,S, dollar,

8. Large Central Bank Investment

Atfention_ is now turned to investment demand from the_ ‘large central
banks - those of Europe and the United States - and the Saudi
"Arabian Monetéry_ Agency (S. A'..M._A.) whfch is big ‘enough io be
'co_fnpaf‘abie in certain ways to.the Européah and Ameriéan.central '
‘bénks, and which is increa.s'ihgly gxpecvztedv to béhaye’ in the same .

way as those institutions,

While the future role of the Central banks with regard to gold is
uncertain, there are shared beliefs concerning some of the forces

that will affect'gold demand,

- The first belief |s that on aﬁ)erage, large central banks will
be neither net buyers, nor net selleréj they will hold on to the
gvold they h’éve, Ausing the open market to augment or decr‘ease their
~ gold holdings only'.if cirCumstanées forcé th‘em,’ or the price 6f gold

encourages them to do so,

- _ 'Seéondlz, thosé nations under pressure to mobilise their gold
reserves will try to do this off the open market, for example through
the use of gold as collateral for foreign loans, or through gold swopé

of the kind used by South Africa,

- Thirdlx, while the U.S, treasury méy, from time to time,
résume sales of gold, it is very unlikely that they would be any-

“where near as significant as those of the 1970s,



- ‘Fourthly, if ahd when large cehtr‘é‘l‘ banks _vvbuy or sell on the
obéh market, vpr‘ice.' will be the paramount éonsiderat.ion. V-C_entral
banks are conSerVat’ivel.y run, and it would be deemed i’r‘re_s,po.rf\Sible‘
‘,in‘prinvcipvle to sell the'!rb‘vhat'ioh's'gol:d Qn"léss the price was con-

- ‘sidered relatively high, or buy unless it was low,

-  Eifthly, central bankers now have an incént'ivé to subpbrt a '
high_'gold price, . oE ét Ieast pr_‘event ‘a com'pléte prirce' collapse.‘ '
Thié is partic;;lar!y .frue of that .majority._ ‘of co.unt.r'i‘és tha.t valué_
their gold reserves at someth.ing _'appr‘oximating_ market value, for a
significant fail_ in fhe ‘gold price,could._ca'_use.their central banks to
re;v_a"I(Je their gold reserve§ .dqmwa;d.s._. Thig implies. in prac‘ti_ce_
fhat certain ba'nks, -indfvidually or in collusion with other‘é, méy be
expect_ed to subp_ort the gold price through open market purchases

if the price falls too far,

- . Finally, there is 'avr‘ea‘sonable chance that as the new decade

unfolds, S,A.M.A, will officially begin to acquire gold reserves,

C, Small Central Banks,

When considering the smaller central banks, it becomes still more

difficult to generalise about future investment demand,

Havever, there is reason to believe that, like all investment demand,

'smaller central bank" net demand will be very price sensitive,

. Secondly, it is likely that on average there will be net buying by
these bénks, as long as the price is not too high, There are
several reasons for this view, Firstly, gold affords the secrecy

' ‘that some Third Wortd and O. FP.E.C, governménts value in their
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official and qUas_i—'official fi_nanC‘ial transactions, Additionally, Vth_e -
sma‘uér central bahks include those of nations such as Indonesia,
Abu Dhabi andeuw‘a'it'IWhic'hvwiH have the surplus'f_dnds.to acquiée

gold,

4,3, 2,' - Jewellery Demand . ‘

A.  Eurcpean Jewellery,

Overall growth in E'utfopeanv jeweilery demand for gold will_'_ depénd
on such factors as rising real income, changes in fashion and

prbmotioh'al activities., “The determinants of jewellery demand growth,

like those of future investmeht'demand, are 'hi_ghlyv uncertain,

Nevértheless, préspec-tvs’ do not, appeah to be very good for"the
next five yéérs or so, Europe has been suffering from "stagflétion", A
high oil bills (paid for in U,S, dollars that will continue to be
'expen.sive), exceédingly co'sﬂ‘y .social :wdfare-schemés, ,high' interest‘ '
rates and excessive deficit spending. Fuf‘thermoré, theEe is little

indication that these probiems will disappear in the near future,

B, United States Jewellery,

"The ber capita conSu:nption of gold in jewel[ery in the United Statés
is very ldw'at present, waeveb; projectioﬁs show that"a Combina— :
- tion of sfrong promotional actiQities, dramaffc changes in retailing,
~and the iﬁflue‘nce of America's :affluent‘ vy‘o'unger' ge’ne'ration could

give rise to much higher burcha_ses of gold jewellery,

C. Japanese Jewellery,

Certain differences of interpretation are called for in analysing

Japanese jewellery "demand. It is unnecessary to talk vaguely about
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"future promotional efforts", it is possible to focus on definite
plans for pr*o'motion of gold \jewejl"lerfy in Japan, due to start in

1982,

Mobeove'r, in discussing fashion "trends one is lélk?ng of the
'pos.sibi.l'ity 6f. a completely new t__radi'lt-ion of gold -pur¢hases for’
both fashion and investment iﬁ Japan. The ehhanced_awérgﬁe’_ss’
~of gold in Japan haé been’ due_.in part to the succe'ssfu’_l"pr"omotior'\'
of the Krugerrand, legal and institutional changes, ma_ki'ng‘ it

. _possible for Japanese"cit‘izens .td buy and sell bg'old and évidénce
of increased concern about 'thé ,i_’mplicatio'ns of;"inflati'on for

Japanése family retirement plans; '
Consumption of gold jewellery by the Japanese has always been low,
so there is the chance of a very sighificant per‘centage_ increase‘

over the next few years,

D. ‘Rest of World Jewellery Deménd

This region consists of .Asiav , thevMiddl‘e.East,» Afﬁica aﬁd Latin

, Afneric’a.~ Some portion of_jewéllery démand in Cer“t'ai.h areas of

the wbrl'd, riotab'iy the Middle East, is commbﬁ'ly vieWéd as fall'ihg'_
'into.the pr‘i\)ate investment demand sector, In the absence _of any
d'etai'léd ‘analysis of consumer motivation in this regard, it is
~almost impo.ss'_ible to make any predictions regar‘ding'f.ut'u'r;e.je_welllery

‘demand in these areas,

4, 3, 3, Electronics _Demand

The determinants of eleétronics gold demand growth rate are respec-

tively:
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- the rate of gr"o-wt.h of real iﬁcoﬁae in the non-communist world,
- tﬁe add'ition;a'_l'gro'v\nh,ﬁate‘ of the vellectronics _induétr'y aone
that of real income, - | |

- | ahd.vthe grbv’vth i‘é_te_ of substitutes for gold in electronics .

manufacture,

it _mu'st' be borne in mind that in the short'run at least, ‘electronics

gol'd'dema'nd is not nearly so price elastic as jewellery demand,

At pre_Serﬁ there are -fofces ét work ih the »mar_ke,t', some of which
favour, other§ “which diScourage the continued use of gold in eleét- :
roniés combcﬁeht,s. Among the forces favout'}ng goid consumption
Sre tf\e very‘ high reliability of gold-based components," the propor-
‘tionately low cost (quallf lesé than ten per cént) of gold in vthe

t ypical connector component, and the extraordinarily high gf‘owth

prospects for the eléctrbnics industry throughout the 1980s,

Offsetting these favourable trends is the fiervcelyv comp.et‘itive hat_ur'e'
of thé component fndustry which’ hés led to cost-éuiting, hence
attempts to substitute other materials for gold, and the trend
towards miniaturisation of componehts. |

4,3, 4, Dental Demand

There are several factors working towards a continuing reduction
~of demand for dental gold; indeed there are few which favour in-

creased - or even sustained - demand,

Among the latter is the prospect of a defensive strategy by the

manufacturers of gold alloys, ©On the negative side, however,
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v..go'\'/eq"nme'nt-backéd_ r_nédical %néﬁh@nce schemes lack.‘- the funds nécés—-.
sary to p'é‘ay"v't_h'é_pric}e' commanded by gold, par‘ticqlar'ly v_yh'e‘n'. 'IOWé_r_ |
cost aliioys“ are available as alternatives, Ev_én' in V@St‘Gérmany;'
.‘_.wher‘,é fn 1975 exéenditur‘e on gold dental work Was c_,o_v‘er"e:_"d’iﬁ its

: _yenti'r‘e‘ty" by such a ’gdve'r'hﬁient'écheme; cbver‘age has n.olw béenv-,

reduced to 80 per cent,

In addition, it is reported't'hat' once customers have learned to use

"~ non-gold allo‘y‘s:,- they"'do not return to goid even if the p‘r‘ic"e drops,

4, 3.5. - Other Industrial,

The 'deter_m'inan;s' of demand in this category are similar to those
ihf‘luencing e_l_éctronics demand, \)iz; the -price" of gold, rate of growth
of real income, additional rate of growth of the particular industry

above that of real income and the growth rate of substitutes,

4,4, The Supply of -Gol.d.‘. -

For the purposes .of, this section, gold is r‘egard_ed as "c‘oming from
three sources: "South African", "Communist!" and "Other Western!

- countries,

beligly: South African Sales,

_As far és South Africa is co‘nce'rnéd,- the fo;l.u‘- most impor‘tantﬁeter-'
. minénts‘v of future sales ‘.wou'ld appear to .be;. o
. 'pr‘ice,‘
- vquant'vit'y‘ of gold pf‘o’duée'd (w‘.hich depends on the former),
- the .Sal_es‘ policy fOIloyved by tﬁe S, A. Reser‘ve Bank

{through which all S. A, sales of bullion are made),



the prospect of higher wages for blaCk mine workers,

4,4,2, . Communist_Sales,

Sales from the communist bloc are cdmplete'ly dominated by the output
of the Soviet Union, hence the following refere_nc‘es" to "Russian!

sales and production,

,Any,acco'unt of future Russian sales must begin with conside.ration

of the undérlying philosophy that goVérn_s' Russia'_s_ activities ‘in the
gqld market, The strong coﬁs’ensUs is that in the long run, Russia '
wi!l. sell only the. amoun‘t. of gold néceséafry to earn fec‘_uisite foreign

exchange,

There is evidence that this is the officfal policy, For example, in
"'Kommunist" No, 8 of May, 1980, V, Al.himov, Chairman of the

- Soviet Bank, Gbsbaink‘, Writeé that hisyvgovernmen't is committed t_é
t.he preservation and growth of .its gold stocks and claims that gold
wil_be sold only when‘. it is_'necessary to acquire foreign exchange,
if 'this view is accepted, then any forecast of future Russian sales
will hinge on two fa‘c_tors,‘producti_on levels and foreign e&ccharigey

‘requ-iremen_ts, both of which are kept secret,

It is believed that Russian annual production currently runs at about
260 tons and that it will rise to approximat'ely 290 tons in 5 years!

‘time, (See Table 4,2 for past Soviet Gold Statistics,)

In considering future foreign exchange requirements, it is important
to comment upon the circumstances of natural gas, oil and agriculture,

Perhaps the most important prospective development for Russia's
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SOVIET GOLD STATISTICS

| 1970 1971 1972 1973 1974 1975
Production (t) 347 360 379 398 421 . 407

Sales () | - =3 s4 23 275 220 149
 Average Price # * 35,9 40,8 58,1 97,2 159,1 16,1
Value of sales £ m - 70 400 860  N25 770

S.A, production (t) 1000 977 - 909 = 852 759 708
* Based on London daily fixings

Table 4,2,

Source; #Gold Survey': Supplement to Financial Mail, 13th August -

1976
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: 1for~eign exchahge_p_os_i_iibn cbnc':(.éhn"s. "thé proposed 'cc-mst'ruction of
.avn'atu'r‘él gas p_ipel.iné to Eur,o’p'e‘..' Thé imp!ic_atiohs.of tﬁis. ¢ould
_be significant for the”go‘ldlmarl’{gt., "RUs_sia, presumably _would Have
to'ée‘ll less gold, - beéauSe [th'e‘ p'_ipe(i-he, wduld‘e‘ar‘n billi_ons 'of" dollars
in hard currency or credi._ts' every )ll'éar‘.. | HoWever, i.t is not clear
‘whether Russia would in fact See any net benefits to> it-s'fOréig.n
exc'hange,_ position'during ,vthe first few yeérs of .the project due to
the néed_ to repvay construction a_nd"equipme'nt loans, 'man'y of which

would be incurred in western countries,

'O_.il ..‘expor'_ts. have been very impbr"tan’t to RQ_ssian .fovreig’n exéhange
e.abnings in recent years, It was betlieved wthat .the"S_Oviet Union
would become a net exporter of o‘il.by. l985, but this opinioﬁ has
been révised, and the pe_'biod extended, 'Indeed, '.t'he expected
_décre_ase in Sovief oil expovrt_s, taken with the l-_ik.elihood' of ‘sl.uggish"
oil price_s; implies a wobsenirig of the count_ry's foreign exchange

posit ‘ion.

Aér‘iculturall pfoSpéc‘ts iﬁ Russiva ére véry'vpoor. The govehnment's‘
| programme of"expénding livéstock herds .to produce moreb meat_.
revquir.*e's a shift from grass to grain-fed animals.v' 'fhe required
increase in grain suppiie's must be imported, given the poor produc-
tivity of Sovfet domestic resources, All in all, annual imports of
’befween 20 and 40,millioﬁ tons are_expecfed in the mid-1980s, - Here

again, Russia will facé a serious shortage of foreign exchange,

4,4, 3, - Other non-communist nations,

There seems to be a very small chance that a major gold deposit

will be discovered within the next five years, Furthermore, if the
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 GOLD BULLION SUPPLY AND DEMAND 1949 - 1979

Year Free world Net Trade Total  Official Net -
Mine Pro-  with Com-  Supplied PRurchases Private
duction . munist bloc or Sales® Purchases

949 733 - 733 396 337

1950 755 - 755 388 467

1951 733 733 235 498

1952 755 : - : 755 205 - 550

1953 755 - 67 822 404 418

1954 795 . 67 - 862 505 . 267

1955 835 67 - . 92 591 31

1956 871 133 1004 435 : _569

1957 906 231 1137 614 : 523
1958 933 = 196 1129 605 524
1959 1000 266 1266 - 671 595
1960 1049 177 1226 262 964
- 1961 1080 266 . . |346' ,538 ' 808

1962 1155 178 1333 - 329 , - 1004

1963 1204 . 489 1693 729 964

1964 1249 o 400 . 1649 631 : 1018 -

1965 1280 . 355 C 1635 196 1439

1966 {285 ' -67 12148 =40 1258

1967 1250 -5 1245 1404 2649

1968 =~ 1245 ' -29° 1216 -620 1836

1969 1252 - - =15 : 1237 90 1147

1970 . 1274 3 -3 - 1271 . 236 1035

1971 4236 ‘ 54 1290 -96 _ 1386

1972 1184 - 213 1397 151 - 1246

1973 12y 2?5 1396 RPN ) 1402

1974 1007 B 220 1227 - =20 1247

1975 954 - 149 v {103 -9 12

- 1976 ‘969 412 138 1 " . -58 : 1439
- 1977 - 972 - 401 1373 ~-269 1642

1978 980 410 1390 - =362 1752

1979 962 . 229 i 191 -574 1765

* Definition of official sales has been extended from 1974 to.

include activitiee of Government controlled investment and -
monetary agencies in addition to central bank operations,
This category also includes |,M,F, disposals,

Table 4,3

Source: Chamber of Mines 90th Annual Report, 1979, p.73
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gold price remams fau‘ly Iow, the Iack of mcentwe for prospectmg '
.along with the closure or exhaustaon of existlng mmes,’ wull reduce

, -p roduct con,.

4,5 Causes of Changes in the._"Supply of Gold,

The rel‘at_ionship of the various factors determining the supply of
gold is an exceedingly complex one, = The treatment of this subject
is not. meant to be exhaustive, but is primarily designed to' provide

a lmk between the theorettcal section on wasting assets and a Iater

‘ '_ chapter on taxation of gold mines (Chapter 6).

|n the Nmeteenth Centur‘y, changes in the supply of gold were
"Iargely due to fortuatous discoveries of new ore resources and

their exhaustlon. Cost factor_s, other. than expl‘oratuon ‘costs, were
' relvat‘iv'el_y‘vunimportant as_the' b’asic capital eqt:ipment was often |_itt|e
. ntore than a shallow pan or '-machine'r.y 'of the sinplest kind. F‘or‘-
-v_the tast fifty to six'ty' year‘s, accsdent has ceased to play a very
ftmportant part in changes in the supply of gold Gold mlmng,has'_
come to ‘be undertaken by Iarge umts, mlnmg at deep Ievels with

- 'expens:ve c_ap:talv equnpment. lmproved techntques have reduced the
.risk. factor in gold mining and prospecting," ln short, it has become
an industry which is just as sensitive to costs and‘prices as any
o.ther _industry.v | |

The existence of nat_Ural .resourfces and t_h.e'ir. extent are ‘of cot:rse
Vimportant in. determining the supply of gold, No amount of.pres- }.
.pecting on a scientific basis will produce gotd if it ‘is not there.>

But economic factors can accelerate or delay the exhaustion of known



- deposits. of dr*e gnd"pr‘ovmo_te‘ or discourage new disCoVe-rieé.' l_r'u"
 the a'bsénce bf né\:ov}dvis_céver‘iés'__ar_\d any 'qhar_\ge_in,'t'he_'eéonomic‘_
data, the supply of 9<(>|,d‘i‘Wi|| g'.r“adu.ally decline as the main resou'rces'.
of ..o-'re b‘ecbnrﬁe"e‘xhaus.ted Exhaustnon also has the effect of raising
costs as the scale of operatnon declmes and so accelerates the

decline in output,

. The _ﬁeiét'ion:ship betwe_e_ﬁ a change _in.t.hev,coét:'pf rﬁihing v'gold‘.or itvs‘
price_'.anvd the ‘s’upply' of gold is n,otv,_v ‘hoWeyér, a vsim_p'le"‘ ‘o'ne, -.I't: is
_ compliéated by the faci that ‘the .supply_ of gold.' is not only:a fghcti_on
of the'tonsv.of' ore milled, but of the gradé of or‘e..m‘ine'd as v.vellv.. .
‘.Because.the gr-ade of ore in a mine is not constant, a change in
the tonnage milled need not Iead to an equlvalent change in the out-

: _pu_t of 'gold.

‘When looking at' the effect of a change in costs (or price) -bn_output,
therefore, we must examine its influencé both on the tonnage milled

and the grade ..ofv»-orie niine_d.v

- Changes in"c_'osts can take’ tWo forms:-

le 1t may take th'e”form of a change ‘invthe amount '_ or Va!ue_ of the
yield of gold from each ton of‘ ore of a given grade and at a constant
~cost per ton, due to a change in the rate éf recovery or price of

go‘ld,v or : .

2) it may take the form of a change in the cost of mining and

milling a ton of ore,

‘The first will lead to an automatic change  in the'dua_ntity or value
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of gold produced, in addition to any iridi.rféc‘t":effeét it r'.nayyv have via’
an ihduce’d change in the quantity or grade of ore milled, The
se‘c‘onden"l affeci the ot{ibut' of gold only through its kinrfl'uence on ‘

| ;thé] quantity or grade of qré'mined,

n has been the policy of the VSouth‘ African go\!d mining industry to
mb‘ibne ore of the average gréde of]payablé or‘é in a mine, In most |
mines the grade of ore varies: ycons‘iderably.v ‘The:c.q‘mpqsyi,tion of the
6re_ of the ‘W‘i:wétersrand tﬂak‘es ‘the fdrm of a pyramid with a vast
quanmy of high gradg' ore at ‘the apex. Tﬁe quantity of payable |
ore (pay-sktreak)__depénds’A on tﬁe cost of -mini‘pgf and ther price of »
‘gold, if costs fall or :'ﬁe price of goid incééaées, the qu‘a‘n‘tity {)lfA

: jpayablelore ih¢reases’ so that average grade‘falls. This will cause
| vtlrf\e‘ quantiiy -of gbtd per 'tcjh to fall ‘but it will V'induce‘ an increase

m ‘the tonnage 6f orﬂei milled, The grade of ore mined is nbt an
ﬂiundependent v’ar‘fabl‘e .in the determination of the supbly of gold, It
,,Adepends direct!? on changes inlcosts and pr‘i{;e “but it works ih the<v
opposite direction to a éhangé m the tonnage milled indu‘;ed by the

cost and price changes;

The hét effect 6n thev, supbly of goid’ of thése épposing"tendendes
depends on the bropoétion of bhighb to low gi*ade ore m .ka',lymin,,e, ‘the,k
elasticity of supplybof Iébéurf and capital, and the g‘éstatién’ period
of mi'ningv iﬁvest'meﬁt. | |

-

4,6 Determinants of the Gold Price

It is generally agreed that there is an important link between infla-

tion rates in the 4, S.A.' and fluctuations in the world gold pr‘ice._3

3. | am indebted to Dr, D, J. Rees and Prof, B, Kantor for providing
-a lot of the information for this section, The theory of gold price
movements offered here is, however, a rather tentative one,
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B kSmce 1971, when the Umted States coe!d no !onger rﬁaintain' conert«- :
nb;hty of dollars into gold at $3S P.O., the pmce of go!d has risen
six or‘ seven t:mes more f‘ap:dly than do!lar pmces genera!ly. ,\l_t" "
is, therefpre,v cleab that “the world .go‘ld price is hot simply’ deter-

mined by United ‘S!a:es infiat‘ion rates, Other variables are involved, -

‘It has been observed that a close ratio has been maintained between -
the gold price and the price of ‘oil', silver, platinum and other non-

perishable commodities, -

An attetﬁpt ,Wili be made te ex;:léih WBy‘the’ étability of these belatiOn;
shtps ha'svivmpor'tant impli'catioﬁs .’f‘o‘r' the demand vfor gofd rather ‘th'a‘n
‘do!'iars; -and thenefOr'e, for the ’dete’r“mi,natid‘ri of the gold pr'ice.'
ConSider*atioh will also be given to ~influence of Vcﬁanges in nftataonary‘

expectattons on mterest t‘ates and on the demand for dollars and gold

4,6.,1, Interest Kates ‘varfsd‘the Future Price of Gold.

V»Wheri a cu-r‘r‘enCy' |s vexpvected to lo”se purchasing pos;wer; refatiQe to:
othenchirrencies, then ’-fo‘r any _kgi’ven, inter‘est rate, borrowers will

be more willing ‘to borrow tﬁatleuhrency '(since they can repay thé
'Vloiar'w" in'devalued money) and lenders wilvl:be‘ cor"respon'dingly' less

-

willing to lend,

Aceobdi.t;ngly,' iﬁte.ffes.t_'rates in a curbehcy that is expvect‘ed to"lose:
purchasing p‘ow'er*v will rise, The increase in imerestvr*ates effec,tivelyvve
‘compensates the lender for the énticibated rate -okfv vinfl'at'ion. The"r_‘eai
interest r‘ate, whiéh is the difference bexween' the nominal " ihtet‘est

»rate ‘and the realised rate of mflat:on over the pemod of the ccntract

- wili r‘emvaln the same,
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‘One can observe the'simatiqn in South Africa at present (March 1982)

- as far as inflation, interest rates and the Rand/U, S, dollar exchange

- - 4
rate are concerned,

le

2,

lnflAation '(a_is' indicated by the consumer price index, C.P,1.)

Quarterly change . Annual change

Date. o (Annualised) ~  (year-on-year)
 October 1981 - S T A 6

December 1981 = . | . 14

" Short term Interest Rates (90 day acceptances)

: » Current " Week agc' » Year ago
2i.12, 81 . 15,25 "14, 85 ‘ 7, 00

3,382 17, 25 | i9, 50 9,25

Long Term Interest Rates .(Long term Gilvts)b

- Current ; \Aéek ago Year ago.
21,12,81 - 13,29 13,28 11,60
- 3,3,82 14,18 14, 28 12, 80

uS, $/ S.A. Rand'Exch_ange‘Raie

3,3,62  .Current 1,015 Year ago |,275

‘The C,P, |, observations for Octobér, November and'December‘ .

1981 all indicate that’_the inflation rate is rising slightly, Prices

“are rising at an accelerating rate as, for each observation, the

quarterly variable exceeds the year-on-year variable, This has been

caused by the falling value of the Rand (inrter‘ms’ of U. S, dollars)

~over the period from January 1981, This phenomenon would have'

4, ~ Figures have been taken from the Financial Mail, 3.3.1982,
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tended to push our inflation rate above the ‘U_'.S_.'ifigur‘e. - On the
other hand, U, s, inflation itself has drbpped sha.r~p"ly, ‘which could

account for the very ‘slight'-i_ncr-e'ase in our inflation rate,

2, C learly, short term ‘interest rates have been rising v"ery )

Stéeb'ly._ ‘Given ah_ ex‘changé' rate which is more fixed than float'ing,v .

this probably has little to do with increases -in the anticipated rate

of inflation and more to do with the unexpected t.ighteriing‘ of

liquidity (a'r'is,in'g fhom_balance_of payments developments) as well as

“the high demand for credit arising from the gold-led boom, ‘in South

Africa,

3,"“ Long term Eates_have be'én dr‘iftingv upwards very cautiously,

' This eh-tai;-}_.-,v either a hi,gh'er .r'ate of _éhticipated: ;inflat}ion' (irn the long
‘term), or a higher expec;t_ed._ real rate vof return, However, it is
very difficult for market a'génts tdtake a view on inflation and

growth for the next 20 years,

4, ~ C learly the Rand has fallen against the U,S, dollar, both
becaus_e of the weakening price of gold and the rise in the Dollar
itself against most other 'curr*encies during the course of 1981,
' _These'observations' clearly suppdrt the assertion made above that
interest rates in a currency lthat is expected to lose purchasing

" power will rise,

- In a competitive market, all assets, including bank deposits_denom;
inated in different currehcies and comm'oditie_é like gold or gold
futures, compete for a place in the weaith portfolios of investors

at each moment in time, Expected real returns in the form of

-
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capital :ap‘pr‘eci'atio‘n'_'plus expected income from _a_'ny"_asse"t _'must,'
therefore, be equal to the expected returns® from all other assets
. simultaneously, = The expected return is the nominal return agreed

upon, multiptied by the probability of receiving that return,

vAnfy_ real asset {e,g, gol,d)‘_is _'on'ly" worth_ho_l'ding' at any moment in
'-;imé if it is expected to yield a rate of return équa_l to the r'et'u‘r'nj
on c'o:mpetin.g 'asséts. The,_._ Eetur.n on holding go'l_d comeé entirely
in the form of an_.i_n.cr’*ea_é,e in.the price of gold, ‘This is easily
Vef‘ffi_ed by -ob,vser‘vi'ng the pattern of _fut,ure‘v gold priéesv on the gold
_'futur-,es market, At ah‘y. ﬁo‘ment_in time the price of 'go'ld. is"aiWays
éxpected to._incr-eas'e by the -preyéiling dOI'Iar '”intere'st rates, (attow-~
ing a small charge for sté_r’age_ and arbitrage), Buying or sellivng
of gold for delivery or acceptance bf‘ deli\_/‘e'r'yv at différent points
in time, while simulfaneously borr_oWing or lending dollars ‘a_t ‘the
same rate of int.er‘est maintains the relationship betv;/e"en the spot

‘and future prices of gold and market interest rates,

#3863
r = dollar
~rate of
interest
- , - Rr r =109
o N ' . ' , ~ months -
‘ #330 t < ' — o Tt + 12

1In 'Mar‘c":bh 1982 (t) the spot price of gold is, say $330._, The future

(t + Iz)'price is #330 plus the rate of interest plus storage, Thus

the slope o‘f_th_e line is approximately the dollar rate of interest,

S, By specifying éxpected ‘returns, the problem of different risks
is taken into account, :



103

4,6, 2, Changes in nominal interest rates

If dollar rates of i__niérés!’ incEevasve‘ in ‘re'sp‘onse,to an increase in
the expected rate of inflation in the United States, .then‘th_é' éxp‘ected
f\;ature value of any dollar denominated asset must be higher. n
other vyords, the slob’e of.the line in Fig, 4,1 will ‘get steeper‘; |
“Consilder‘ for; example, a United States go'vernrriént bond wfth a
‘nor.ninal value of 100, due to be redeemed in I2 months time, i _
the[iriterest.‘r‘ate is 10% per annum, thé_n_om’inal 'value' of the bond
is 90, - When the interest rate rises to 15% per annum, -the yalué
éf the bond fa’l.ls to 85, However, would this s"'ame>_réasojning'appbly

to an ounce of gold?

If the increase in interest rat_es_reflected_only an increase in the
“expected rate of inflation, the prices of real assets (gold, copper
etc,) on commodity exchanges would rise in line with the higher

interest rate,

N Future Value
: Preseht Value = T+ )

V_Vhile, the futu_r‘.e valué woﬁld be higher due to inflatién, thevi’ncr,ease
in -the‘ interest rate would exactly compensate fo_vr". this increase and
the present value wééld rerﬁain the .same. ‘The rate of Iappreci_ation
would e'qual the _rate of disédunt and the cur‘rehi pi‘icé of'vgol'd (unlike
the price of the gover‘nrﬁ_ent bond) would remain the same, - Cnly the

slope of the triangle . (Fig. 4.3) would change,

4,6,3  Changes in real interest rates

¢

-In practiée,- however, we observe that when dollar interest rates
' change,‘ both the future and the spot prices of gold and 'othervreé‘l

assets change, This must imply that inflationary expectations are



nét he'l'd Vwiith éertaiﬁty and that ,e}ipectea_real ,ih";tekrfe‘st r"ate's, ’i. e,
1He’differénce betweén 'ihe,ex_éek;t_éd r;a{té of ihﬂatioh and the market
:<(60mina” rate of ’int‘eres‘t éhéhge wheh' tﬁe e'xpei:t‘ed ‘rat‘e‘ of inflat‘ioﬁ
fchanges. : There is muc:h recent evidence to suggest that observed
’kreai interest rates do dechne when mflat:on accelerates and increases -
‘kwhen mflatmn’de_chnes,.fA (The reasons for thls will be cons:dered ‘

later,) .

‘;fhe :relatki‘oﬁshi‘pube‘t‘weén infiafibn rétes, aﬁd the ‘r*e’al" r‘bet‘t.zrr'\vkonk
capnal has been exhaustively lnvest«gated by Feldstem.sv ‘fhis' |
ilter‘atur‘e suggested that in the United States the nommal mterest
rate rffs,es by apprfoxtmatery the rate of inflation, so the realk interest
irat‘es remain constant, This 'fincviing ‘was consisteﬁt with the earlier
work of Fama (ly9?5)'.7‘ -kMoré recent. wor-'k of_l-"-“ama!s,\(IQ"A?G)e, finds a
negétive reiat‘iorjship bet’t'wee‘nv expe,cted'kr-e'al‘ returns and expectéd ‘
iknfvl‘ation‘rates. . 1t would bé; i‘ecogrniSed that the 39505 and 1960s in
the United States wére‘ ’chara’cterised by low'and rath’er s_tablé rates
 of inflation,  The 1970s ~br6u‘ght ‘chh’high‘er and more variable rates

of inflation,

Let us consider firstly, the consequences of a change in the real
interest rate for .the“_spop price of gold or any other non-perishable

‘ 'commodi;y;

6  Feldstein, "M.,, “"The fundamental déterinin'ants of the rate of :
interest", Review of Economics & Statistics 52, 1970, pp, 363-375

"nflation, income taxes and rate of interest: A theoretical
analysis’ American Economic Review 66, 1976, pp,809-820

7.  Fama, E, "Short-term interest rates as predictors of inflation!
- American Economic Review 65, 1975, pp, 269-282,

8. Fama, E,, "Inflation, u;ncerta‘inty and expected returns on

treasury bills!, Journal of Political Economy 84(3), 1976,
pPp. 427 - 448 , . ‘ '
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CQ'n,si_d_er'..a situatioﬁ with nov.‘infl’étidn_, wh.ich ié_e'xpect_ed with perfeét
_ 'cvébt'ainty.“ The ihterest “r“'at"e" is 4% per’a‘nnum and the -;imé"hor'i_io'h
: |s ten ._yéars._ N_ow compare the b'r;ice' behaviouc of one ton of Vc'on-.‘.
'-sumable‘ goods‘.,(e_v.,g'. apples) Qvit-'h the p‘riée of a vre.al asset' (eegs
- gold), With no inflation vth_'e':price of apples wili'be'fhe_Same_ in
ten yéa_rsf timé as it -isv today, whei‘eas the -lprice,jof an ._ounce of

gold will be rising at 4% per annum,

If the gold price were not expected to rise at 4% per annum, wealth
owners would sell gold until the price had fallen to such a level

that it would provide a 4% per annu_m'yie'd. .

I at present | ton of apples cost £400, then in 10 years time the

following equation holds true -

lozgold _ {ozgold —#400
! ton apples #400 1 ton apples

In ten years time | ton of apples still costs $400 as required by our

zero inflagion assumption, " The gold price will have increased__ by
4% per annum to $400 per oz,, so that gold today must be $400
di_scountéd by the bate" of fnterest bver 10 years, i.e.‘ the current

gold price is $270, 23,

Alternatively, $270,23 accumulating at 4% will be worth #400 in

10 years!' time,

Suppose we continue to assume no inflation but increase the rate of
interest from 4% per annum to 5% per annum, The solution in
10 years time remains as be’fore but the current gold price falls’

from #270,23 to $245,57, This is necessary if the gold price is
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‘to increase at 5% per annum and if gold is to preserve its real
purchasing power in terms of other commodities, An increase in
the real interest rate is, therefore, associated with a fall in the

B cu'r'r-é_.nt market price of gold as of all -ot‘her'_assets.'-v
Consider the effect off_ introducing a IS% per annum inflation rate,

" Real interest rates are  4% per annum, so nominal rates are approxi-

maté-_ly 19,6% per 'an‘hurﬁ.g Then in 10 years! time we have

l oz gold ~ _ { oz gold X 41 618, 22
| ton apples Freis, 22 | ton apples

_Apples“néw' cost #1618,22 per ton, the effect of a 15% inflation rate,

Gold which has been increasing in price at 19,69 per annum from a

‘base price of $270,23, now costs #1618, 22,

~ Changes in the.-spot priée _'of Qold afe, therefOre;' aésocfated with
changeé in expected real interest rates,  Changes in inflation in

itself, thilst they'_affect the future price of _gbld aEe neutral with
resﬁe(’:t to today's price, ‘it remains to consider 'why an increase

“in inflation is associated with a fall in the real interest rate,

4,6,4, Why real interest rates fall when inflation rises

.-

Since it is reasonable to suppose that both borrowers and lenders
share the same expectations regarding future inflation rates, one
would expect inflation to be discounted at the same rate by both

parties and that interest rates remain mehanged._

For any given market interest rate, borrowers would wish to

borrow more and lenders would wish to lend less if they expected

9. As a result of compounded growth rates,

st
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_‘ the rate of inflation to inc,fjea"s_e.‘

S, 1
Suppose with zéro in"fla'!i‘on theisavings and -in.ve.stment curves Weré

at 'S and 1, lntevrestv,Rate_' is 4%, Ndw introduce a 15% inflation

rate, Savings shift frorﬁ S to S lnves’_tfnent,'up ftjofn 1tolt, The

nvewr interest rate’ is‘ now approximately 199 hb_ininal but remains at

4% (i.e, 19% - 15%) real, The real interest rate is, therefore,
unchanged under .inﬁationary conditions as long va.s' savings and invest-

ment curves _shif-t_ in equal proportions, |

There are, .hOWev:er-, strong reasons for believing that thé real

demand for.loanable_.funds‘ énd .r.~ea| investmér';t :is likely to. dec-l'ine

with -i.ncreases. in expe'cte‘d' infla_tiob.  From th_eTnVe_éforls perspéctiye,

the problem with inf'lati_on is not that prices rise but thvat different y:
prices may rise a‘t veh_y differe.ntvrates‘. A higher averagé brate,’of |
infl.e.nion' conceals a rhuch greaie't‘ degree of variab'i‘li-ty of individual

prices, The lénder _is concgrned.about the_ baverage rate of inflation,

" The borrower, who plans to invest in a clothing factory, is concerned
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- about the price of dresses relative to the price of material as well

as of textile workers and this is usually more difficult to predict,

-Hduseholds save in order to C.cvns'ume‘a wide range of consumer ,
goods in future, ‘The fact that relavtivé pfices' of ‘consumab'_les m‘a.y
c‘lﬁange; is not 'ne'arfly as impq_rtant to tHem as to the_pr’odgcer of
‘pa'r'ti'c'ular g_oodé. _Thus.-even though borrowers and ienders may
agrféé in their views on thé 'anticib_avted averaée rat:e ‘of inflation,
the invés‘trﬁent curve may shift less than the .sayings ‘curve and _
‘ré’él‘ intéreét rates may 'fall._' .As argued ab‘.o've, when real interest

rates fall, the current prices of assets such as gold,v 'r'is'e'.

A ‘r'is“k avvers'eb investor anticipating an inflation rate of 15% may act
é_s__i_f_ the an‘t'icipate‘d '.infl'atic.m rate was 18%; i€, as if the nominal
‘intérfest rate was 19.6‘% - 3%’= 16,6%, This is e_quivale_nt to a
real in’;érest rate of {,6% (i.e, 16,6% - 15%),

+ .

Thé antici'pated_'o_utcome in -IO'years't_ime will be

] ton apples I ton apples

') oz gold _ 1 oz gold ._ #2093, 53
= ﬂzogai.vs"‘:s_ |

In order for | oz of gold to increase in price at 16,6% per annum
and be worth $2093,3 in 10 years time, the current price must be
#450, 71 per oz,

An increase in inflation rates if this is associated with increased

uncertainty about the relative value of dollars is, thehefore; likely
to cause the cu'rr'ent gold price to rise because the real interest

rate falls,
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‘In order‘t’o'expla?n the inverse relatibhship between the spot gold
price and real interest rates, it must be hypothesised ‘that each
investor allocates his budget between go'id_' and other capital assets

and consumables so as to maximise his'util_ity'ﬂthrough time,

- Thus, given a certain stock of ‘wealth, W,

p'A' . P2A2 _____ . PNAN :

W = PoAo + -l_-i-_r A (I T+ N
wher-e‘P' = price of apples in time period I, o
A = 'cb’hsump_tibn of apples in time period e

r = rate of interest,

Utility maximisation requires that

PA, = PyA, ——-mmmo- = PAAN
as long as P, = vP2' — ------ - = Py, lie€s we assume no
' inflaiidn. ‘If we posit an infinite tim'ev horizon, this reduces to

- However, the choice at present is not between consumption goods

now and later, but between consumption now and gold or other assets,

~Hence

PA = pe

= 9
where Pg =. gold price

G = quantity of gdld held.‘

If we sum this over all consumers we can assume G to be constant
(i,e. supply of gold is inelastic)

Hence P_ = PIA = K where K (a constant) = "1,
. 2] ) rG r . )
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Thus, one would expect an inverse r"elation’shib between the 'gol'd
price and the real interest rate, In other words, low inflation
rates would result in high expected real rates of réturn, or,
conversely high inflation rates would result in low expected real

rates of return,
'This can be illustrated diagramatically.

gold

Fig. 4.5

Assume we have neutral inflation, The spot pricev of gold in
pe'r‘ibd t is ,St'and the ekp'ectéd'future price of gold in period
t+j is St+j' We also have

NR = Rre® 4+ p®

nominal rate of interest

Rr~ = real expected rate of interest

5
(4
3
m.
A
Py
|

p = expected inflation, _ o
» 3 . Y -3 " .
Assume now that NR increases while Rr~ remains constant, This

results in anv, upward revi_sioh of inflationary e'xpecvt'at'ions'with no

effect on the current spot price, However, the path of the expected
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futur‘évp'r'ice, becomes steeper resulting in an éxpected 'fdture price
L e ' '
in period t+j of Pg
t+] o S :
rate of inter‘gst which has increased since the slope of the'_line, has

« The slope of this line reflects the nominal
‘become steepeh.

Alter'nativély, we may have the following situation

P90|d Time
horizon
t I+) IN
time
Fig, 4,6

Here we do away with the neutr‘alv inflation aSsumption._

‘We assume NR increases with inflationary expectations constant,
Consequently, Rr'e, ‘real ‘expected rate of interest increases,

o€, NRT = Rr‘ef + pe'

We must postulate a time horizon at some _time in the future, e
This is a purely arbitrary choice as the time horizon can only be
discovered empir'ical'ly. The time horizon might just as well exist

at t+j, Nevertheless, as a result of introducing the time horizon,

"
NS

the expeéted price path is revised downwards, along the dotted

line, and results in a fall in the current (spot) price to Siye
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4, 6,’ 5, Consumption .Gbovds’ and Capital Goods

‘ _This‘ ggpfahation of comr%)‘odi‘tylﬁfices is entirely cmsss:’eni w"iyth the '
éxblénation of the’ béal bate of ihté‘r’est‘ é‘n‘di the prqd;s,t:tivity of

capital, Theré’ are .‘two kind{s of feai' gpods in an e(:ohoﬁxy - con-
.suﬁptiqn"QOods ‘ah,d c'ap‘fta'l ggods.' ACVapi'ta‘l_goéds are ’éreated‘ RV
bef'rjaini‘ng from current consumption, C_‘a_piAta‘ltbgo'qd'sj enable the
 society to pbodﬁce mofe godds,i'h‘ tbe th,ure.'_‘ if tﬁé ‘préciiuct"i\)it:y’

6}‘ capitét «incr‘é'éées," i.e, 'thev rate of ,tra'zri)sffbrm‘a'tion of cufre‘nt' com-
modities «Vi‘n‘to future 'cbmmbdities rises, Thié_means_that future con- d
, suﬁp'tion has ‘b‘é,come felati\)ely chéapéh; AA L;e‘ss:: needs be ‘gacrifin‘ced
6ow in order ‘to.c”c;nsvume ihe samei amount %&iér, By the same to’ken,k
‘&:urrent‘(:ons'umpt‘ior.\ ‘has b‘éfct‘)me.r‘e!at‘ivety more costly, _F‘u_r-’cha_si'n,g
capital assets, e,g. Qoid, is equivalent té pﬁrchaSing‘ .fuvtvur‘ev consump- |
tion goods.r A rise in the real rate of inierest, ’theref\obr‘e, implies
;tha‘tlthese‘ capi)taf goods must fall in 'pri'éesfheiat,iVe to ‘curt‘ent con-

éQmpt ion goods,

‘E-'."xamgfle: '

~ Suppose we assume a 5 ye‘ar"time pe'rspectik\’/e‘. A bcuf'r‘ent gqld’ price
of £3l$ P"?'f‘ oz, is cbﬁéistent with a real interestk :r;e::;e of about 5%
andAa_ price “in‘l9_8'7 of $402 vpé’n ‘oz, Subpost now that the real |
"intérvevst rate changes, due »to‘e‘ither’ a ¢h§ng'e’ in the productivity of

- capitél cr‘ayvchange' in the infl‘at‘ion f‘ate.~ ther (dif'fe‘rjent‘ interest

rate assumptions, theg effect on the current gold price can be ‘shown."

' Real Interest Rate - Current Gold Price (# per oz,)
| 5 year (1987) . 10 year (1992) 20 year (200:
6% 30 287 28l
59 | 315 - 315 315
4% 3% 37 382

3% . 37 382 463
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U.S._Inflation and Gold Price*

%

$100

So‘,ubce: "The Hard Asset ‘lhvestors Chronicle!t, Sdpplemen't to
' - the Sunday Times, 14 Feb, 1982, p.3

* Nominal values,
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,_célu_mns (,3‘),_'an¢.:ll (4) show thé effeét of c;"ha'ng'es'_ in thé' real interest
ir'ate' ‘if .the .m.arfket.i iévvwd_r'k'ing to al0 .’and 2(})"Vyéar“ .tir'ne- hor‘izbn and”
a gold price of #513 per oz, in'.}l99‘2' and $#836 ;;er 0z, in 2002
heSpéctively. “.C-l"earl'y ‘char.'mges in :r'e_al._ interest. rates have a -mu¢h
| -nﬁore'dhamatic effect 'on.tl'.té current gold ,-pr"iée' as the time horizon

- increases,

‘4.7 : Conclusion -

it would seem apparent that during the 1970s, inflation and low real
" interest rates have not resulted in high rates of economic growth, Low .
real interest rates and lower rates of growth are caused by lower levels
of real investment which can be attributed to inflation augmented

uncertainties,

- ,Weélth owners may have alternatives to undertaking real - investment
in the form of gold or other assets which possess a'high degree of

real value certainty, even dur*ingv inflations,

This problem could be solved'byb reducing the risks’ a's_soci'at'eyd with

real investment (e,g. by_ypr‘ovidi‘ng ‘a 'non-inflatiOnary environment),



 CHAPTER 5

 THE_HISTORY AND ROLE OF GOLD

. IN_THE SOUTH AFRICAN ECONOMY -
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'5,1 Introduction

The dtscovery of gotd on the thwater*sr‘and m I886 changed the
‘cour‘se of htstory of the peopie of Southern Africa, f The gotd msnes‘
'Aptoneered the economtc development of the country, setting tne petc:e'
and providing the sttmulus for the fuller growth of South Afmca as |
- a whole. Commumcatton systems with thetr networks of road and
rail, civic development and mdustrial and commerctal advancement
‘followed the expansnon of gold mining acttv:ttes along the thwater‘s;
,_Af*and.‘ Johannesbur'g became the hub of the country*s transport |
’systéms. | Secondary mdustr‘y mushr‘oo‘med to serve the ever~tnct~easmg
“demands of the gold-mmm’g tndustr‘y and the~countr~y's‘ ports steadily
enlarged their capacity to handie the c‘onsvumer' goods .anfd the heavy
mrachinery‘c‘oming‘ into the ~countr~y as Weltas the growing ‘tonnage

Vovf exponts. Thé gold mines earn a‘cons'ider‘ablev :amount ot foreign
exchange and in addttton the lndustry pays the government a sub-
stantial sum ever(y year (Rl 708 000 OOO in l9?9 ~some QB% ‘of total
‘profits énd“az% up on 3978)' in.tax'a_tion,anctt iease payments, In
1979, SoUth Africa p‘r‘odnc'e'd 73,1% of the world's gold (excluding
'Rku‘ssia). « _Next'came.Canéda WItn 5,11%,ﬂthé'U. S.A. with 2,9% and
‘Brazil with 2.7% 2 (See Table 5,1) |

-~

5.2 South 'Afric_an Gpld :

5.2,  Discovery and Location

'An examination of the various events which cuiminated in the discovery
of the rich gold bearing cohglomerates of the Witwatersrand indicates

‘conclusively that it was no fortuitous chance which led to their dis-=

i« T he Economist, March 29, 1980, p,82
2. Chamber of Mines 90th Annual Report, 1979, p.7I
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'PROPORTION OF ESTIMATED WORLD GOLD PRODUCTION
' ~ PRODUCED BY S,A, 1887-1979

 Year S, A. % ' vear S.A. % - vear S.A.%
1887 08 . lo18 45,4 1949 45, 2
1888 4,2 1919 - 48,0 1950 43,9
1889 5,9 | | 1920 50,7 195l 44,5
tgg0 7,7 12t 51,0 1952 44,6
81 - 1,3 1922 45,5 " * 953 - 48,7
1892 . 15,1 1923 51,5 1954 51,1
1893 5,7 1924 51,0 1955 . 53,7
1894 20,6 - 1925 51,2 1956 56,2
1895 21,0 1926 52,0 1957 57,7
1896 20,7 C.o1927 - 52,9 1958 57,7
1897 24,0 ‘ 1928 54,6 1959 61,2
|898 22,6 1929 53,9 . 1960 62,3
1899 24,2 1930 54,3 1961 64,6
1900 2,8 g 193 48,6 1962 67,8
1901 2,0 | war 1932 47,6 1963 70,3
1902 11,9 § Peried. 1933 43,5 1964 72,6
1903 18,7 1934 38,4 1965 74,1
1904 - 22,4 . 1935 ~ . 36,4 | 1966 74,8
1905 26,7 | 1936 3,2 1967 76,7
1906 29,8 - - 1937 33,5 1968 77,5
1907 32,3 1938 32,5 1969 - 77,6
1908 32,9 © 1939 32,5 1970 79,0
1909 32,2 1940 33,6 .. 1971 79,1
1910 34,2 1941 34,9 1972 77,6
1911 36,7 . 1942 . 36,5 : 1973 76,8
912 40,3 | 1943 48,0 1974 75,6
1913 39,0 1944 - 51,3 1975 74,6
1914 38,9 : 1945 53, 1 1976 73,6
1915 - 39,9 . 1946 50,7 1977 72,2
1916 42,3 - 1947 46,9 o 1978 72,4
o7 44,9 1948 46,4 1979 73,1

* As “from 1953, figures exclude U,S,S,R,

So_ubce: Cha_r_nber' of Mines 90th Annual Report 1979, p,72
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‘covery, but waS'only‘ t'he"fi'nal link in a long connected' chain of
circvumstanCes. These events were not of any great lmportance or
value and it would not be unreasonable to say that they merlt

attention only'from the 'historical point_'_of view,

The history of mlmng on the Witwatersrand may.be said to have
commenced in or about 1853, 3_ Alluvaal_ gold-mmmg was carried on

in the Pilgri‘m"s Rest - Lydenburg area in the early 1870s. The
dlscovery of payable gold fields in other parts of the Transvaal

»had resulted in. a Iarge lnflux of newcomers from all parts of South y
Africa as weII as overseas, to the district. of l_ydenburg, Pslgrlm's

: .Rest and other places where favourable lndlcatlons of gold- bearmg p
formation had been found. . 8ut __lt was_‘not_ until the end of 1874 that
‘a report reached Pretoria of the disco\"/ery. of alluvial goid on the

'~ farm Blaauwbank, Rus'tenburg,' about 43 m'iles West of Johannesburg.
,From that time on there is no lack of.'reliable evidence that the
s’e_arch for payable-éo_ld on the Witwatersrand was carried on without

interruption, and with more or less i‘ntensit_y,v until 1886 when the

d-iscovery of the Main 'Reef:'v Series was made,

bln m'agnitude this n’eyv gold field surpassed all others. "The Kimberley
dia‘mond miners, who_se‘dis‘coveries‘ in 1870 and 1871 had drawn the
attention of the world, now looked towards the ‘"Ra.nd." as the new

- area was called, In January 'IGG?,' Rhodes wrote to his partner,
Rudd, that _"the opinion', is steadily growing that the Rand is the ..

big'gest‘ thing the world has seen, "l_‘

‘3. Gray, J. Payable Gold, (C.N.A., S.A. 1937), p,15

4, Letcher, O,, The Gold Mines of Southern Africa, (Waterlaw
& Sons, London, 1937), p.67 .



18
Extensions to the west and e'an of the 'o'r*ig‘inah_l' discovery were soon
found and today the ."wAi'twatersr-and gold field Stretchésvaboutfymo km
running "géner‘a'u'y,east and west of Johannesbdr‘g, Subse’quently,‘" the

. Klerksdorp gold field was de'v‘el‘oped 160 km southwest of thanhesburg.

L Vis‘interesting‘ to note ’theiv‘a‘r'ious divisions bof the :g‘oldei’el‘ds. ‘ The'
"Céhtr‘alv Rand extends ‘fron‘x Fﬁoodepbort‘to Bokﬁbdrg; L!h this area .
were laid dyéwn’ the ‘foundaﬁons'__’ofy, $o‘uzh’ Afric-a"é prinéipai industry,

| but today .ther*evar‘e 6nly five producihg mines and these account for

a .me’r*e.v.'i%' of the'c‘:’odntry's’omput.’ ‘_The Eést Rand mines ar"é grouped

, around the tow‘ns‘ of 'Behong, "i'\ligei, Springs and Brakpan, ,w'ith an
.exténsi'on sOuthwé‘rds t‘okHe'idel‘berg.'b The "‘West Rand‘ rﬁinés aEe thosé
near ‘Kr‘ugersclo'rp‘ ;cmd Randfontein, The exténsion of the field in a

| Vsduthwes't]erly direction towards Potchefstroom is known as the West .
Wits A!ibne or Fa'rf West Rand,: it coniinues to the Viéinity of Klerks—

_ dorp where there is anothér rich‘ gold» mining area, In 1947, VAthe :
Free State Goldfields were added to fhe map and thé towns of Welkom,
Allanﬁidge and k‘Virginia,grew up to the north and south of Od‘endaais_rus..
Another.development has taken placekin t’he WEnkelhaak—Kinross district
to ~the'ieast §f'Springs where the townéﬁip of Evander has been estab-
lishéd,’ ‘AlfOQetV'h‘er iher'e". are about 50 major gold mines ir;”the 5(}0 km

of South Africa's "golden arch (see F‘ig. S.1). o

"'At present (1980/81), Anglo _A’meric:an’ is considering a new mine to

ihe ‘south and west bf ‘S‘.' A. Lands and in the E"r‘,fdeel-Dankbaay\r“heid’
block north of Welkom in'tkhe O.?. S, Observers guess ‘that Gold

| Ff‘elds of Soufh Africa (CFSA) _Wiﬂ soon announce Cohstr‘uction of the

‘North Driefontein rhine adjoining East and West Driefontein. ,

Anglovaalls Rand L.eases, which Stopped prdduction in 1971 is thinking
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' of re-opemng, while Unuon Corpor‘atton has a!r‘eady started work on
the new Beatr‘rx mme south of Welkom. All this comes on top of
the three new mines wh;ch started productton in 1979 - Umcor‘p's

: Umse’! Anglo*s Elandsrand and GF’SA's Deetkr‘aa!.:S

5.2, 2; Development

Certain factors encouraged the rapid initial .developmem' and consid-
- erable subsequent expansion of the gold mining industry in South

Africa.s The most important factors were connected with

1) | A‘The,'vgéovl'ogical formation of the depdsft.

'_ 2) vTechhoiqgical advances; in t’h‘ek mining _a'"nd extraction of gold,
” ,3). Tﬁé proximity‘ and Vche‘apness‘ of a.power“ suppi}. |

| 4) The avatlabthty of "cheap" unsktl!ed !abour.

5} - The ability to ralse large amounts cf for‘eagn capital,

A, Geoglogical formation | ' .

The gold on which the prosperity of South Aft‘iCa_deperids occurs

as tiny p‘arficleé in a rock called céngiémerate. " In the e'arly geo-
‘:fogical history of the country a sea cbvérjed what we now call the
Witwatersrand, The. rif./'eafs flow?n‘gk into the sea deposited mud, sand
| and coarse gr‘avél oh“ the sea floor, These were cénsoli‘datéd into
shale, sandstone and conglomerate. The layers of sedirﬁentary rock
‘were then covered by younger' sedxmentary rocks. in part’_s the rim

- of the saucer has be;an re-exposed by erosion, It was in one of

these outcrops of metamorphosed congiomehate to the west of the

present city of Johannesburg that the reef was discovered,

5. The Economist, March 29, 1980, p,82

6, ' These factors are listed in Dr. M H, de Kock’s The Economic
: Hlstory of S.A, (P.S. King & Son, London 1936), Ch, 7
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‘Gold occurs in the matmx m very fme partlcles‘usualiy not vasnble" '
to the eye. The great wea!th of ‘the’ Rand’s ore cannot therefore,
be -attmbuted to the mchness of the deposot The ore is re!atnvely'f
‘.l’?w gf*aide. yl‘tvs“extéjnt umformlty and contmuaty |s, however,‘ un-—
paralletied elsewhere in the world, Mmmg has been s1mphf%ed by '
‘the sur‘pmsmg umfor‘mlty of the conglomerate but its hardness and
the microscopic nature of the goid parfucles wathm _!tj mqke the

extréction of gold an expensive process, In fact, about 3-4 tons

of ore ‘have to bé mined for every ‘fine‘ ounce (28 grams) of goid‘,‘

extracted ffbm th,e COnglcmerate.7 | | |

The g‘_old'bea‘r"i’ng ree'fs have been likened .toAt‘he pagés in a book8 -
"eaéh page fr‘bm a'few inches to a few/ feet th‘ick"» - To extend

“’the analogy, the book is not only bumed and tilted (dipping the

-.reefs) but pages ar'e crumpled or torn (faultmg the reef), F’malrly%
‘pages vary in quahty {richness of gold content).v The overall bicture‘jf

, is a very consnstent one, promptmg some, perhaps over‘—optlmistlc,/

mvestors to hken the deposuts to proven oil reserves,

B, Technological Advances

The great wealth of the Rand, and thé- subsequently discv:oveyc;ed fields,
were ﬁot easily at:céssible‘. Except fof“‘ a very few nlxkines, the aver'agé

~ grade 6f the dre, is low, ‘A(A mine lS regarded as high grade if it
recerr*s 3 an ounce of gold from ‘every t‘o‘n’ of gold-bearing ore, For
‘ever'y ton of gold bearmg ore it removes the mine wnll probably have
to remove another % a ton of waste rock,) Securmg a ‘hlgh extraction
from such ore is a difficult process, The ordinar? a‘ma‘lgama'tion

A process originally used extracted 50-60% of the gold, It was not

7. Nichoison, J, & Mo’bton, Jo, Man's Environment, Shuter & Shooter
‘ ' B Paeter‘mamtzburg, 1975, p. 250 '

8. ‘ Sutherland, ‘C. M. V., Gold, Thames & Hudson L.ondon 1959, p. 167
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until the introduction of the MacArthur Forrest ‘cyanide process in,
_l8909 that the problem was solved and -r-éc'over-y of,95% ‘and more

T——

was achieved,

‘The reefs occur at gfeét dépths; Iﬁ ihe.Frée'State the reefs,
~which are all c'onCéaled; are badly faUlted in places and a_r'ev_wor-'ked
at depbths var'y_ing‘ from about 23(‘). metres to '2000"m‘etr-e‘s. - A factor
that permits mining to such great depths is the hahdﬁess of 'the,roék

w hich lessens th‘e" danger of 'Collapse. The deepest mine in the'_‘

~—

world i§ theﬁWester_‘n' Deep L.evels, in the'Trahs\/aal".' _ This has
reaqhed a depth of 3618 metres, The deeper the shafts go, the
greatér vbecomes'the thr_eat of rock walls ersting under pressuré, -‘
and to minirﬁise such dangers and imptové methods of mining gener-
ally, a targe research organisation has been established, To r;ed0ce
the _nurﬁbe_r of 'ro,ck ‘bursts, much f’ear"‘ed by. miners, engineers event-
ually developéd a power'ful hydr‘aullic prop which, while yielding
Eapidly to the tremendous pressuréj exerted by a rocl:k.bur;st, contihues

to give strong support to the roof surface of the mine,

‘Ano‘ther advantageous factor is the rate of temperature increase

with depth, which is _le'ss than that experienced in most other palrts

of the worid, This gentle géothe'r‘mic gradient help.s keep working
conditions reasohéble at great depths, but even with this slow temper-
ature increase a reéding of 43°C is reached af about 2750 metres in

the Transvaal and at about 1700 metres in the O,F.S,

Large volumes of air are circulated (as much as 10 tons of air may

'be‘circulated through the mine fdr every ton of reef mined) and

9, I_etcher,' p. 100
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underground air refrigeration plants are used,

In the mines where water is found, powerful pumps lift it to the
'sur“fa'ce" where it forms small lakes, Some of this water is used to

Saf'e’g'uar‘d‘ miners against the lung disease known as minerts phthisis, -

Successful ‘solutions to these and many other problems have enabled

the industry to survive and flourish over an extended period of time,

C. Power Supply

- A most important‘ factor in the’nldévelv'o'p_men_t. of"golc.l min:i'ng 'i_nv .Southv
Africa has been the availability of c.o"a"l‘ bes;u'r‘ces in the TEan‘svaal
and Nat’él; Most'of_'v' the coal is low gr‘ade‘_ but suitable qu’r generating
electric power or for converting into oil -and gésol'ine. In South .Af‘rv‘ica'. '
.the ncheap! 'e'n_e.r-gy'policy Ieadihg‘io South Africa ,ha\('ing éome of thle'

. "cheapéSt" co'alv:_'in the world_,' has been a result 'of ‘the 'gover‘nm'ent |

" regulation of internal prices,

‘D, .l_a‘bour' S"u'pply_. _

" The exi_étence of a large supply of labour ‘-drawr_\ fr‘vom‘Sou;h A'fr-i.ca‘
ana its neiéhbouring’ terr.itories h;a's”beer'\ é crucial f.a_ctor in the
development of th}e‘n.gol'.d min_ing indus»tr"y.‘_ ..The position "_of thev gold
'>mininglindustryv aé .the only 'aite"f‘hativé to the agr‘icultdr‘al activities
in eafly days heis diminiéhed dué to the _expansion of the industrial

sector,

The absolute number of workers in the industr"ya'ghas been increasing
. ] . - W :
_ S : 5
but there has been a negative rate of relative growth, In 1910, there

10

were 220 000 workers, in 1975, 370 000'° and in 1979, 542 000

10 Hobart ’Houg'hton,, D., -The S, A. _Economy, Oxford U, P., Cape
Town, 4th ed,, 1976, p.l10 _ '
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labourers were recruited for work on the gold mines, !!
In 1974, President Hastings Banda of Malawi, put a stop “to the
recruiting of labour .i'h_ »his'c‘;o'untr‘y for the S,A, mines, Malawians
had made up over a char;er of the total black work force, And in
1975, the advent of a left wing government in Mozaﬁabiqu'e‘ made the
mining_ ‘industry fearful that it might lose access to Mozambican {abour,
The. number of black workers dr‘opped alarmingly from 386 000 in 1973
to 333 000 in 1975, At one stage the industry was functioning on

only 78% of its labour requirements,

" The result was a r'ecr‘.u_i_tment' drive am-ongst South African blacks

withv the airﬁ of pushing their proportion up‘from a quartér to Half

the total work force, To make mining attractive, the industry had

to increase its wages, Out of 5i1 000 bla_c_:ks nbw empldyed,_ 298 000

- were recruited .in S.omh' Africa, The bi'gg‘est foreigﬂnv-supplier‘s’ar‘e
Lesotho (110 000), Mo'zambique'(39‘ 000) and Malawi (22 000 - Dr, Banda

lifted the ban in 1978),

The wage ratio betwéén4"white wageé" and "black wages! is now

, 7. to | {as .oppvosed to I8 to | in the eariy 1970s). The minimum

wagé for surface workers in th'e‘erar‘ly 1970s was RI4, 30 per month,
It is now RI3, 50 a week, The average black wage is now RI155 per
month, Blacks also get free ‘accon‘-xmodation, 'food aﬁd other services
worth, about R80 per month, 12

In spite of the recent gold price upsurge, it seemed unlikgly' that
mine vwo'r_‘kAer"s would reap large beneﬁts. The mining éompanies'_

. advocate that wage increases depend upon productivity and not

H The Economist, March 29, 1980, p,83
12 The Economist, p, 83 ' '
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,“prqfit‘abil'i‘ty. ‘ ‘Th,ey :als_c‘e insist that the p(ay‘ inérease should ",’,0" V
_exceed the cost of living increase (+ 149 in 1981),  This new

' pr‘oducﬁvity 'ar‘vgt;irr'ie‘n"t ) is mbst li:keiy_ due to thé 'excesé éupély of
tabour, Accobding’:tb the pu’blisrhed: da’ta" thé industryl!s u’ndevr‘gro,und‘
| tabour r‘quuir'emeVnts in jQSO/Bi weré'en_tirél'y met and surface occupa-

tions were over-employed by ‘2%.’,3

E, . Ability tov,rais‘e féreign capital

' The factors men’tion'ed ‘above - the geoiogica! ‘formation, t‘he‘solutions
t‘o ‘tec':hnical obstécles, and the abundant supphes of both power and

| abour - coincided with the commencement of a unique pemod in
international finance, "'From 1870 to VIQM, Europe and in particu!‘ah.“

Great Britaih,' played the role of the Worldls fim-mcier".,;4

The
great accumulated wealth in Europe as well as many other more
complex factors, resulted in a new pohcy of "constructnve Imperlahsm"

- the deliberate economic deveiopment of the Colonial E‘.mp;re by the

mvestment of capltal. Cecnl Rhodes defmed this lmpemaixsm as

-

"philanthropy plus. 5%".___

[r——

5.2.3, Expansion of the lndustry,

In a speech to some visiting financial editors from Switzerland,

the Chairman of one Mining Finance House made the following state-

ment;

‘MThis industry of our.f*s,‘ which is the spinal cord or our country's
~ economy, is based upon a thin strata of gold carrying rock, which

lies at depths varying to 3 300 metres below the surface and which -

13, - Rand Daily Mail, 17.1. 1980

14, Frankel, S,H,, Capital Investment in Ai’r*u:aL {Oxford Unlver'sety :
Press, l938), PPe 1617,
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c'ontai_r'vus goldf iﬁ s_anh mingté,fquarit_ities: that we frequently only g’etv"
6 grams of gold from eveEy 1 000 kg of rock we élm.:sh, but these

, quantitiés occl:urj so consistently, and with such r*e'lvia‘bi'l ify, that our
ober‘afibh could be deséribed as gold r‘n'anufact’ur_‘_ir.?\gv when compared

. . . 15
to mining operations elsewhere,"

Once the thin ‘strata of rock has been r'evmcvn./e»d (down to depthsv where
rﬁining‘ remains eéohofri'ic) ihé mine ceases to manufacture gold, pays
back the shareholders! capital and ''diest, ~The .ihdustr‘y', at any one
given iime, is madé' up of units in var;ying stages of flife,‘ 'aIIA certain
of _ultimate déath. And yet, Becaus'é of tuhe 'gree.xt_ <‘:=.->r<t_er'\tvof the
présent gold fields and .'the ikn?néns'e .ac'ti_vﬁity Qf (he industry in
_explc;ration for new fields, this industr;y has never, since ‘i.t's incep- -
tion in 1886, 'decreasevd its annual output of gold except durmg and
immediately after the three wars (Anglo-Boer and two World Wars)

and aﬂer‘ 1970,

The spatel of new shafts and mines might suggest vthat’ South African
gold production is inc.reas‘i:ng. Instead it is falling. From a peak
of |000 tonnes m 1970, output has sllpped down to 702,8 tonnes in

1979, desplte a 16% increase in the tonnage of rock milled, In 1980

‘.productlon was as low as 680 tonnes.

Mr, Dennis Etheredge, past president of the Chamber of Mines pre-

dicted that production will _rerﬁain at around 700 tonnes a year until

17

|9e7. After that, it may fall to around 350 tonnes at the end of

15, Menell, S.G., Speech to Swiss Financial Editors, Johannesburg,
" 2nd January, 1959, .

- 16, 4 other exceptions to this statement occurred in 1933, 1934, 1950
and 1951, :

17. Chamber of Mines 90th Annual Repor‘t 1979, p.3
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‘the century, Thes_ejpr‘_e'di:c'tiori_s" were based on what seerﬁed in 1980
‘very conservative prices - $450' an ounce rising to $#554 in 1984 and .

're'm'aihihg constant until the y.e'a'r* 2000.

South ‘Afr'icv:als mines. are éxpectéd. t'ovdig ;abou-t ' 20 000 tonnes of gold out .

_ of the ér‘ou.nd_between" 1982 and 2030, to follow the 36 370 t‘onne.s mined since
_'productiori sfar‘ted 97 yéar‘s aQo. Outht is falllng desplte mcreased
capacnty because the mmes are explomng lower ore grades - in

vother‘ .wor‘ds, having to dtg up more rock to produce a given quantity'.

of gold Average grades declmed from 12, 79/t in !972 to 8, Zg/t in

I979 a dr‘op of 40%.

The higher gold price made worthwhile the exploitatioh ‘of low grade
ores which would otherwise have been left in the ground, "An aver‘age'
“ bullion_price of $450 an _6unce makes 'gr“ades as low as 7,99/t

economic,

This has comé as a result 6fv South _Afh‘ican Gold minihg lva‘w which
'o‘biig'es a company 't_o' mine_as close as is reasonably possible to the
average grade of ‘its économic resérvés. g Be_cause this averagé grade
is dr‘bpping sharply in direct inverse ratio to the'-'r‘is_e in bthe gold,-
br‘ice ._(a_fter‘ .an adjustment for rising costs), as large areas of pre-
viously sz-eéohdmic (non-payable) ore become economic, the mines
~are dropping their mill grade, The cut-off grade or bay_ limit (the
‘point below which it |s ndt_ economic to mihé ore) has fallen tdabout '
2. Sg/t cémpar‘ed with more than Gg/i beforv‘e'ithe collapse of the Gold

Pool in 1971,

18, Economist, p,83
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The 'ef'fe,ct: éf thesé‘ tW’Q faCtot’*s"ijs/kto‘ beduce‘pr“bf‘it's}'(throug‘h :l'o;{ver‘ ‘

7 grades) and ie's$én‘di\kidénd.dvistr‘*/ibutiéﬁr’xs {through bigéér diy‘ér‘signs
into éapitét é)kpéhaiture);'whigle‘_extending ébnéiderabtkyl the life of the |
Qoldvl mining mdustry and‘maintakinihg \ lts _éfospebity: at higher; A'l‘eve:ls :
fc;r a long‘eb‘period. AThkislvas‘p'ec't “will be "dealt Vv:vi‘zh'mcre"‘fuil‘y in
“the next chapter and is yb,a"sedv‘ on fhe' theoretical foundations !afd i

down in the chapter on Wasting Assets.

5, 3 Organisation of the Industry - The ‘MAining F’i'na'n‘ce"HouSes '

The South African Mining Finance House is a,lu_nique ihst'imtio'n.‘
- Some knowledge of its size and functions. is of relevance to this
.thesis, It should be mentioned at the outset that certain fmpor*tant

" information in this field is not available to the public,

‘Initially, gold was worked by many individuals and small syndicates,
Mining, Finance, _EXple'r‘a'tion and L_and—~owning companies sprang _up.,vj A
396 such companies existed in South Africa (6 years before gold was
| 19

actually diScovere’d) in 1880, By 1889 the figure had risen to 642,

B Wheri the large scale nature of this new indust"r;yv became apparent

,thé successful ’rétiona‘lisatioh .,of'the:diAamond industry was used as a
baSis for the gold mining indust'r‘y. By ISQ?, ; ‘the genera‘l_or'gaini;sation

: éf the -indus‘t'r'y had t;keh a Vfomvn which, though comparatively small,‘ in
"'scvaﬂe and imperfect in its Vw‘orkinés,)‘ bore a r‘esemblaﬁc’:e to the so-

- called "Group System" of today,

There are 55 gold-producing companies in South,Afbi'ca." Each of
these companies is a separate _ehti!y with its own body of shareholders’

electing its own Board of Directors, But the administrative control

19. »Fbankeh SeHa, pp. 80-81
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of all ‘the compames (w:th one or two mmcr exceptsons) is in the
hands of one of ‘a few targe corporatsons possessmg strong fmanc*al‘
resources, !ong and mtumate expemence of mmmg enterpmses, and

efficient technical and_admmcstra_tnve staffs,

VT he mihing group ‘has'been !ikened t.c‘} U, S,~'cohﬁqr‘a‘tiqns such as |
: Geher‘é! Motors “and General Electric, But what in the United States
is ,6r‘ganised as a rdivis?oh‘ is in South .A'fr‘icab organiéed as a corporate
’en’tity.’ In Professoﬁ F'rémkel's;, vs)ords,' the rﬁihin‘g finance house, .or
"Group" acts as ‘"a'cOmbir'\e‘ationvof ,Cohtréllfng and Holdiﬁg Compény,

Investment Trust, and Issuing and Promoting House, "2p'

The Group holds a share mterest in each subs:dtar’y company under :

- its aegis, ThlS is seldom anything approachmg a maJomty mterest. :

It may, in certam cases, be a very small mtei*est. - Thus control .

VisA maintained without majbr*i‘ty‘_ ownership.

,A This bather‘ uniq@e Asystem evolyed in avtjhique_ si‘tukation.‘i' The\ nétur‘e
quf the product, »t‘heyconsistenéy and wealth of the gold depésits on

‘the, Witwatersrand and the ksyst‘em' :iriher'ited’ from the diamond mines
"at’ Kimber!ey, ‘combined to create an ihdustry strucmr‘e.which has

| rerﬁakined ,unchanged for half a ‘cenfury. ,Ther"e has 'néver been com-
i petitvion in the sélé of gold bullion, Consequéntly, ihe Mining Groups
in the industry have :génerl‘aily cb’-—operated very closely on every
- sphere excépt fhe irﬂtial acquisition of a ’m‘ine.y‘ This Qerjy strong
,oiy‘i'_c";opoty has made it possibler fob ‘a Gr‘oup to exercise actual contf‘ol

‘ withoﬁt ""lega"l c‘ontrol".-A In addition, when ,}nining' appfoaches ’"under'v-,

-ground manufacturing'; when it becomes not a gold-chasing but a

20, Frankel, p.93



cos:-minimiéing o’per‘atioh; it is then pvo‘ssi‘bie to erhpléyv very large
expert technical, -legal and accounting staffs in a Mining Housel's
head office 'to, service syevef“ai findividualj mines with h:esuft‘ant'

economies of scale, -

The seven S. A, Mining Groups ;rey' fisted below (w'ith‘ the a_sbbrevia..

tions to be used when referring to them in the text):

AAngllobAme-ri:cah C-or‘poﬁzitién of S, A, L-td. (Ang]lo’ A'rnerican) .
Anglb—TranSV&al ConsolidateakanéstmenfCé. Ltd, (Anglovaal)
o 'Goldr—'zeuds of S.A., Ltd, (GFSA) | o .
Rand Mines Ltd, (Rand Mines)

‘U‘r'\ibn' Corpo‘ratioﬁ Ltd.k" (U‘niébrp) A

General Min’fn‘g_ and. Fvinan'c‘e‘ Cror‘bor‘atio_n ‘L'.td. (Gene‘rél Mining)

Johannesburg Consolidated Investment Co, Ltd, (J.C.L) -

Anglo American _and its ,kstabl‘emaAte,k bé ‘.Beeré, alEeady own 49;9%
of J‘.»C. I. and their strggegié holding of 25% of Consolidated Gold
Fields will give them a,powAerf’U! presénce in GF"SA.V ‘Consolidated
,Gdld F‘ields‘ itself owns 46% of GFVYSA._ In addition, Anglo American
has 3.5% of GFSA and its offshoot Amgold has another 11%. |
Between' them they hold 23%: in ,Hartébeestfon;ein, one Aof Aﬁglovaal"s.v

two mines,

As table 5,3 shows,® Anglo American is by far the biggest mining
hduée in terms of\" profit and production even though its share of
total output (inéluding surface“ treatment operations) has declined

from 41% in 1969 to 37% in 1979, %!

- 2l, Chamber of Mines 9ist Annual Report, 1980, p,65



B RS Jo | :
General Mining is catching up fast, If it succeeds in taking up the
outstanding 48% minority interest in UniCorp_ it will be a close

| second to Anglo American,

Had Geneba’l Mining geine'dico'm_‘ro_l of GFSA, es".many;suepeef it
‘would haye. liked to dd, it ‘would ha'ye ove'rftake_n Anglo American’ -
- as .indus'try leader, Gene_ra‘l Mining also has a 249 vstavnke in
Angldvaa_l's_holding company but has so fer made no atiempt to

v incre'as'e ite

'Rand Mines is part of the Barlow Rand Conglomerate in which
- Anglo American has a . 7,2% stake, Rand mines may remain the

.one mining house _outside Anglo American and General Mining

 spheres,

- Several of the houses have interests in each other's mmes. GFSA-
holds 15% of Anglo Amemcan's Elandsrand mine and a sizeable
amount of Rand Mine"s Blyvoo'ruitzicht. Although Anglovaal admnm-
sters’ Harte-beestfqnte-ih, it owns only 6, 7% of the stock while Anglo .
American has 23%. Anglo Amer'icah also has 16, 4% of GFSA's

- East Driéfontein, M 2% of West Driefontein and 23, 6% of General

Mmmg's Buffelsfontem.

All the Gold Mining Houses have fingers in: ether mining pies and,

- with the exception of GFSA, large industrial interests, Almost l/Sth
of'AegIo Americari"s iinves_tm'entv ineome. c.ame-_‘fr"om ‘industry Iést year
and'36% fr'orh gold, General Mininé derived almost half its invest-
o ment revenue from gold and uramum, 14 % fr"om.base'met'als vand 12%

from commerce and mdustry.



Mining Houses share of gold profits and production

'Anglo American

. GFSA

' Rand Mines

Union Corporation

J.c. l. :
Genefal “Mining
- Anglovaal

Independent’

Total

: |979, fig'ur_'_es

Output

tonnes .tqco)t:lf R'.°'°° - . gr?c:‘r;?””;:g

'of‘total

262,0 38,2 1274352 4.1
627 23.7 951957 = 30,7
69,4 ._ 10, 1 ) nsvz‘m' 3.7
60,2 8,8 304 487 9.8
| 46,6 6.8 i60 854 5.2
6.8 6.‘8    '1;3.557 4,3
3%.9 | 5.5 159 003 5.1
.2 0,1 | .'134»7  0. |
1000 3 100 69'8  - 100, 0

Table 5, 3

Source: Business Brief, The Economist, March 29, (980, p, 82
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' Because -éf thé"_abéence‘ of ‘competition ,-_i.h. the 'sale 6f gold, it is to
- the _Gr‘oup."sr ‘mutpal advantqge, thfqug_h 4t,he Cham_ber‘ ‘of Mines {an -
’ industry a_'ss‘oci_e':t,i_on) to pool tHeir‘ knowledge;’ to for'rriulate ‘cor‘ﬁmonb
boli'cies whér‘e neceéSaEy, and to shar‘e services and facnlmes. . |

The Chamber of Mines is most active in the followmg spheres~

a) Labour recruitment and transport,

'b) ~ Refining of thev i»ndiViduaI_‘m'_iné'_s. gold .ba'r"s._

c) vRecove_r'y' of"tr‘aces of precious rﬁetalé from mines' gold plants,
d) Workmens! .Compensatioh Insurance scheme for all mines; :

e)‘ Matehials teéting and buying policies,

) _ ,.Dietar‘y_ standards,

a) A?:cident‘ preve’_ntion.'

h) Treatment of Pthisis,

and in otherv spheres of mutual interest,

" Functions performed by the Groups,

The Mining Finance House'!s functions can be summarised as follows:

a) The Group's prospectors locate a likely area and carry out a
dr‘illling programme, 'sub'_se_quently applying for a mining lease

(if the results justify it).

b) The Gr‘ouﬁ arranges a syndlcate that guar‘antees to subscribe
‘or fmd subscmbers for the entire capltal to reach productuon.
The Group t'hen takes a par‘hc-npavtlvon in this syndac_ate, in
additibn to its ven_dor"s considefation which repays the Group

for its pre~floatation expenses,

c) " The Group assumes technical and administrative control Qf the

mine; and subsequently takes care of any financial requirements,



makivng, temboi’arf:y‘ loans where hécéssary, ‘or érranging long‘ )
"itet‘m toAan's} to br‘i‘ngv"th‘ve fniné to vpr-‘qdu‘c'tjion-ahd tb’ensure“
o operattonsdurmg its 1life, | B o
Finally,
| | d) ‘The Group may fihéxnce and‘manage othér' types of mines
, _a.ndv a),varfiety‘ of f‘hdUstr’*iés,' ranging from’papeh manufacﬁuring -

to food process ing.

5.4 The Role of Go_id and itA‘sv importance to the S.. . Economy.

As a major' industry, gold mining has had a major impact on the

’South'bAfr*ican economy as a whole,

‘;The industby is in fact an integral p#r; of thef ec;s‘nom)} and !ts
direct: StbQCtural «'im'p'ortanc‘e Vcanbést be measured by tﬁe 'i.rvwdustry'sv
net conlribution‘,to national income re!ativé to other sectors kof' the
economy 'anc.! tﬁat proporﬁon of the"_total :wt;rkih‘g populatfon ‘em‘ployed,
in ihe :ir')dust,r'y. Acéording tov-thevlatest‘pub!‘ishe'd input-output table

~ of the S.A, economy (1975), 38 out of a total 51 sectors in the
kecbnomy were'kin‘ some way in\'fo‘héed in,pnoyiding inté‘ﬁﬁwédiavy inputs

- for the gold mi_hihg’ industry, . The rﬁOsvt important of these were:
,electr*icity; gas and steam"l'?.‘?‘%} mechanical machinery %&2%§

“metal products ll’,"?%: yag‘ricu{’ture. fof;eStry and fishing 9. 2%; paint
and chemical products 7.]!%.22' |
The analyéis of the role Aofrgold will be divided into two sections,
namely the period 1886-1978 and the period 1976-1982, This has been
done in orrde’rf’ tq"'p‘inéoint the monetaAr'y‘ role of gold and its var‘ying‘

effects under a system of fixed exchange rates v(prich to 1978) and

22, Nedbank Economic Round-up, March 1980



the effects of the _ma‘ssiVe_invc'rf‘ease _inf the price of gold and the

'exchange'rbfe prf'éposalsr of the De Kock Commission23. (pdst v|978).

To tkhi‘s e>‘<’t__ent,‘ ) 'h‘av'e’ not considered sanh 'is_s_ue’s aé the i.ﬁpoftanc_e'
of gold as a source of goverhment revenue; és an e.'arhevr of for}éign
exchan’ge and as a supbliér of jobs, | ﬁav_e rather v'c'oncéntravte.d' on
one Speéific aspect in detail, although the role of gold a.'sv an earner
of for‘eigllrnve'xchang'e' is i‘mplici‘f in the analysis, F'urth_erm'or‘e, the
role of>g'o|d as a source of ‘gbver_hment reyenue_via ‘ta‘xes and leases

is disCu'ssed at length in the next chapter,

5.4,1,  The Period 1886-1978

B8 efore 1870, South Africa had been almbs_t entirely an agricultural
country, Farming, particularly in the interior, was largely of a

subsistence character,

.~ The discovery of diambn'ds at Kimberley in IBGS began the 'transforma-v
tion of the beconomy .f'rom one that "was predominantly ‘base.d on subsis-
tence agricutture to a.'cépité'listic agriculture - mining ecoﬁomy. By
the !880Q0s diﬁambon‘ds equalled agricultural products in thé countryfs
.exp_orts.' This process was greatly accelerated by the discovery of

the Main Reef of golt;'on the 'Witwdté'rsrar;ud in 1886, Six years later,
‘the outpuf of gold had already excee‘dve'd the’"oﬁtbut of diambnds m Qalue;
The period 1886~1910 has under's'tahd'ably come to be known.a‘s‘ the
."Go!dvEra" because of the 'pr'of'ound dynamic .‘ef.fect ihe discovery of
.gold and rapid development’of the indQstry had on the grvothh and

the determination of the economic structure of the country,

23.  Commission of lnquiry' into Exchange Rates (De Kock Commission)
- 1978, : :
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it greatly accelerated the rate of immigration into the country,

which reached its peak just before and after the Boer War‘.'_;

V_Gold mtmng deterrnlned the locatton of many .new cities, chnef of
,wh|ch,|s_ Johanne.sbur‘_g.' At also deter‘mnned the pattern of South |
"Afnican nailtfvay, trans,port', ‘which in its early _sta'ges of development‘
v\tvas designed to link the Wltwa_tér‘srand with the sea, . Without the |
‘discovery of gt:_‘ld it is unlikely that the Iargest centré af industry
’ and:-pnpulati'on_ wo>uldv have been situated in the Fnterior of South

‘ 'Afr ica,

Gold soon became South Afmca's most 'mportant export and gold
mmmg acted like a magnet Wthh attracted for‘engn capntal to South
Afmca. ; Ever' smce its |ncept|on in |886 the industry had been a
major force in the South Afmcan economy, but amongst all its
'contr"i_bution to the economy"as a striong stabilising factor was the
most c'onsider"_a'b_le.. '-Because'vof its _fixed-;price nature at the time
it acted as._va c.cn'trac.yc'ii.ca'l force in_times.'of declintng business

T activity,

24

'S,4,1.1 Gold Mining and the Trade Cycle,

Theory' suggests that gold output_ should rnove' anti-c’yélically.' 't'he
.pnice of gold under gold standar'd or semi-gold st_an:dar'dl conditions
is -nor‘_mally ‘consta'nt over long periods of time, Between 1717 and
I9I4V'the priée'of gold in ‘terma of sterling was_' £4.’ 24773 per f_ine_
ounce, or what is the same thing, one gold sovereign contained
'..ll3 '6_|2_5 grains of fine gold, .- Dr. Busschau -knaint.ains that be_fore

1914 gold did not hav‘e a.pr‘ic-e in the stfict e'conom'ic' sense'ofv tne

24, This scenario exists under a system of flxed exchange rates
and a fixed gold prnce.
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- word, He prefers to call ’£4..,24773“'pe_r fine ounce the ‘-."me'as,ure'_'
of goid ;r'_athef‘ in the same way as pints are a measure of water; 25
- While the nominal value of gold is constant its "real" value changes
with movements in the price Ievél.f When the p-r‘iée level falls, ‘the .

"real'' value of gold increases and vice versa,

'.F'luctuatfons_ in the‘l‘evel of activity are hormally ac’combanfed by
movements in ququity'prices, wages vand interest rates, In a
depression, the_refdré_,'vxgith falling prices, Vwag_es and interest rét_es,-
th’e.' pr‘bduction of gold. sbhovuld become more proﬁfa‘ble and so gold

output s'h'ould'eXpand. in é boom the opposite should be the case,

If gdld output moves_in'this ant'i-cyclica‘l manher; the 'go.|d, mining
vindustry' should have a "stab,ili's_ihg effect on fluctuations in a gold
minin.g country; Gold fﬁining-is in a spécial position as a tfade
cycle stabiliser, Un_like'thé cdntin’uoqé demaﬁd ir\d\.lstr?ies?‘6 (vwh_ich .
‘have‘ an abti-cyclical effect on tHe ecbnomy during a depf‘essioh.and
by réising the "floor! beyond which output will not decline, they
accé)erate recovery) it should acf- as a stabiliser in both directions,
Thatvi’s to"say,' | it should nbt only ?:vurb v»the depréss‘ion. but restrain '
an inflationar‘y boom as well._.

1t also differs fromv thoée'industries .thvat_v hqye played a stabilising
role in cycles,. in that anti-cyclical"fluct_uaiions in gold output would
be 'i_ntegbally' related” to fluctuations in the géngr‘al ecohomy via

movements in costs and the price level, and not only due to trend

25, -Bus.schau, W, J,, "Gold Mining Investment! SAJE, March 1937
and The Measure of Gold, C,N,A, Ltd,, S, A, 1949, p.|

26, Industries that have continued to expand in spite of depression
in other sectors of the economy, e,g, the Rayon industiry con-
tinued to expand during the depression of the 1930s, '
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factors and structural changes that persist in spite of, rather than
because of the cycle, The gold mining industry would act as a kind
of "buift-in!! stabiliser, Other things being equal, cycles in a
country with a large gold mining ind_Ustry should be of smaller arﬁpli-

tude than in a couht_r'y without a gold mining industry,

A gold mining industry can act as a stabilising force on the economy
of a gold producing country in two ways, Firstly, via its effect on
income and'e_mploym,ent and secondly, via its effect on the monetary

system,

Wewill first conside.r‘the direct income or r‘éal effect of the gold mining
industry on the country's cycles, The following assumptions will be

made,

1) All prices are flexible in both directions, Only the price of
gold is fixed,
'2) . Gold output is flexible with respect to changes in costs,

3) Factors of production are mobile,

To peg:in 'with, we will consider what happens in the upéwing phase
| of th’e.' Cyc.lel. ln‘ t‘h'e early stages of the upswiﬁg, while there are
still ur.\employedv resc:ur‘cevs in the economy and -pf*iées are constant,
gold pfoduction 'may c_:ontinue to expand, As the economy approaches
- the full emptoyment '.'ceiling" ‘however, commodity prices _an'd wages
begin to rise, . Gold mining costs also rise, .But in the case of
2hé gbld»mining indqstr‘y, a rise in costs can not be c,ompens‘ated by
a bfse in the price of gold, As‘ costs rise, therefore, gold output

is curtailed, Marginal mines are forced to stop production, Workers

are dismissed, less stores are bought by the industry and profits fall,
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In ‘addit__i;)n‘,‘ the dec‘lin_ejiﬁv:he__p'rof‘itabiilvity'_of the indus:ry leads
to a falling off of gdold mining investment. A rise in interest rates
wil.ll fu'-hthér aécentuate th‘is’ ,f_al'l__ih‘minivh.g iﬁvest'mént." ; This vdecliné
in gold-—’mini_ng income, ‘embloyment ' a'r.'\_d‘ investment".fhrough 'the opera-
~ tion <.>f' the mulﬁplie.r;accelerét'oh,'me,c.ha‘ni_sm ‘will tend fo slow down
t_he ‘r*'at’e of growth of incOme in other s'ectb‘r‘s of thé.eéonomyv and

accelerate the coming of the doi)vn—turfn._

In the _downswvin-g," the brocess is.revé_r"'s'ed.'v_'As output ‘a‘md_ priceé ,
.deélihe, gold production is.'stimuvlated. Gold bearing ore rendered
-unpayable in the previous ri'se’-_in_ costs can now be prbfitably' minéd.’
" The fall in costs _arid interest rates and rise '?i'n'pr'ofits will é_lsb
‘l‘e‘ad to.‘incr‘eas.ed investment in gold mining, The greater the fall
in t_ﬁe' pr'_i'ce level, the more ’wi'l'lb -go}ld'p”r‘odu_ctiorv\ and investment

be stimulated, The in’dustr'y ‘_v\./ill_' absorb some of the unem.plo‘yed
workers from oihef’ sectors of tl'.\ev economy and in¢rease i_is voutlavy
~on stores, fhis in_f:rease in employment .an‘d income in gold mihing
will haQe a mu'lt'iplier_effectvor'\ employment aﬁd income in other sectors
aﬁd so ‘.tend to offse‘t_‘the defl'atiqnary forces at onrk in the“economy.

in certain indust.r-ie‘s' vefy closely linked with the gold mining industry,
the increased gold output w.illv 'ndt 6nly offset a fall in demand from . |
other sectors but lead to an ‘i}ricr*eas.e in demand, In this way, some
investménvt will be induced in industrive's other._ than ’tvhe gol»d‘mir.ming
indu#'tr‘y. The net 'effect of the expanding gold minin_g"industr'y_ will

‘be to limit the extent of the decline in income and employment and

accelerate recovery,

The monetary effects of a gold mining industry will tend to work in
the same direction as its "real' effects, If our economy is on a fulil

gold standard, anti-cyclical fluctuations in gold output wili have an
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~ added vszabil‘is'_ing i'nferh_ce, . As gold output declines in the upswing
the supply of new ''real" money will Tc_on.tra‘c't',' Thi‘s will tend to

" cause intérﬁest -rétes fo rise and credit to be curtailed, ' This would
' add to the "real" de’fla'tiona_'ry' effect of the gold mining" industry in

the upswing, The reverse pr‘oces's woul.d_ltake‘ place in the downéwing.

V‘Vhen‘ gold ié a rﬁajor export item, aé in ;he case of South Africa,
‘flv'Jctuva‘tions in its output cah have an important indirect ;monet_ary
effect via the b‘al‘ancv:e‘ of b_ayme'nts situation, . A declliheb in gold |
output and ekpor‘tsv in 5 boom, if it is compensated by an increase
’kin the export of othér- ' vcomrﬁoﬁditié_s‘, can lead té an adverse b'alancevb
of payments situation, This deficit can only be mét'by increased
foreign lending or én oQtf-tow of g'oild'held.in réserve for internatibhal
payr‘nenk!s.' If the economy is on the gold standard, a fall in goid
reserves ‘should lead to a deflatibn#ry monetary policy,  In a ‘depre.s- e
sion, with a fall in the demand"onr imports and an 'inéréas'e in gold
output, a favourable balance of _payménts _'position may' develop; and
~result in an easing of credit conditions, Men, however, the gold
standard is not in operation and flqctuatiohs in the balance of pay-
ments are dealt with by m_eansof movemehts ih the réte bof exchange
or direct import controls rather than by monetary measures,‘ the
indireét monetary effect of fluctuating ‘gold output will be limited,

The income effect, however, will still remain,

While it may not evlirfv_ninate'cycles, ‘an anti—c‘yclical gold mining industry - .
should, nevertheless, narrow the extent of t‘_he fluctﬁatiohs. How
effective it will be will depend on its .size, the length of the time
lags and the strength of.-th‘e destabilising forces in the economy,

The smaller the industry, the longer the time lags and the stronger
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A vést share of the State"s Revenue is supplied by taxation on the gold 'm'ines. This graph Shows th,e_':.
high combination of the gold mines in the past gold boom which enabled South Africa to maintain a high

rate of gr‘o,wth'while,wes't_,er-n economies were in recession, :
' o Fig, 5.3 :
Source: Cape Times, March 25, 1982, p,24
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_the destabilising forces, the less effective will the industry be in

its stabilising role,

Sé far I. ha_\'/e'a'ssume'd 'th_at' gold OUtpr itself moves an_ti-.cyclic.ally.
When',‘ however, the éssumptions on which the avnti‘-cyclfical behaviour
of gold outbut is ba_sed are relaxed and the’féctor‘s that in pr“actice.’
‘modify its inverse relationship with the trade .c}ycle_ are introduced,
its s_t'a;bilii_sing'inf_l'uénc_e ié sti'lllvfurther‘ reduced. n pr‘acti'c'e,_ golyd

: miniﬁg costs tended to vbé fairly bigid and tﬁe price of gc_>|vd has not
remained constant, While gold output vmay be sensitive to changes

in éosts’, the relationship between costs and outbut is not a simple
<>>h'e.‘ It is complicated by t‘he'féct'tha:t 'g;)ld output is ‘not,vonly a
fu'nction‘of the .toﬁnage milled but of the grade of ore _ﬁnined as well.v '
While a fail in costs may lead tbo'an increase in the tons 6f ore

" milled, | it 'al_so leads to a fall in the Qrade of _‘or‘e mined, As a
:r‘esult,_‘gold output may not in_‘crease to the e‘xteht that tonnage :
milled inére’ases; - Similarly, .when costs ir_\crease','an increase in
grade may offset the effect on gold output of a fall in tonnage milled,
There are also lags in the response of gold output to a change‘ in
‘costs due to the imp_er‘fec.t mobility of factors and the long gestation
per‘.iod’(usuall'y 3 to 4 years) of gbld_mining investment, F-'ina!ly,'
tﬁe avé‘ilability of :u,nexploite'd reserves 6f or‘e.is another‘,limiting'

factor,

5.4, 2, The Period*®1978-1982

The scenario which | have diScussed above exists only under a system
of fixed exchange rates and fixed gold,v price, Since the pr‘oposals'
of the De Kock Commission (late 1978) é system of fixed exchange

~rates has ceased to operate in South Africa, The exchange rate
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Fig, 5,4

The time trend of annual growth rates in the contmbutuon of goid mining to domesuc expenditure,
correlated with the trend of the growth rates in total domestic expenditure excliuding the contri-
bution of gold mining, suggests some lagged functional relationship, between expansion in gold
mmmg and expanscon in the rest of the economy.

Source: Based on data obtained from the Quarterly Bulletin of the S,A. Reserve Bank,

VAL
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system now in operataon is one of a _"managed float" rather than
-freely floatmg exchange rates. Under a system of fcxed exchange
rates there exlsts a more or’ Iess automauc Imk between mcr‘eases

in world pmces and increases in rand pmces.

Because South Africa b,uys_a‘n‘d sells as much es 30% of her G.D.P,
on world markets,’ asSUm‘ing’ no change in t'he rand value ‘of. the
dotlar, prlces in South Africa must rise at roughly the same rate if
sellmg to and producmg for the domestcc mar‘ket is to remain competi-
o t_nve with foreign markets, lt is only by means of an apprecsatmg
exchange rate that a countr“y .n-nay avoid the average rate of inflation S
ef its 'treding par‘tnefs. Under fixed excﬁan‘ge' rates, monetary and .
fiscal policy Secome' balance of paymeﬁts_ dependent, i,e, when the
ba.nlance"obf payments is favourable and central banks accumulate

' foreign.exchange reserves and the banks! additional cash reserves,'
'the money si;pply }grQWS at a faster r‘gte._-_ lnte__r‘est rates may’con'"ne
down 'and_the fiscal euthorities may be encouraged to spend more

and tax less,

_ B » _ _
- Under a policy, floating exchange rates, a country can run its
monetary and fiscal policy independent of the balance of payments,
- The supply and demand for foreign exchange is equalised by changes

in the rate of exchange as determined in the foreign exchange markets,

.The Authof‘itie's_sei t’heir‘ monet'ary and fiscal policies and the exchange
markets establish the rate of exchan_ge consistent with these pol.icies,
Until the De Kock Commiséion, South Africa ope-rated a highly ba_lanCe
of payments dependent monetary pelicy. 27 Wha_t has happened since

the recommendations made by the Commission will be briefly described

27, See Kantor, B,, "S,A, Monetary Policy after the De Kock Com- :
mission!!, U,C, T., Cape Town, 1979, PP, |- 5 ' :
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" The gold price and_costs, '597I—1979
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Fig, 5.5 -
On balance the gold mining mdustry was not adversely affected
by the domestic and international inflation of prices and costs’
in the nineteen seventies, Unit cost of gold production in-
.creased much less than the price of gold, Moreover, gold
being the main export commodity of South Africa, its price
explosnon enabled the country as a whole to withstand the
impact of the o#l pmce hikes since 1973, After the first
quarter of 1973 the price of oil increased almost four-fold
in less than a year, The price of gold only caught up with
this rise by the middle of 1978, Since then the rise in the
gold price has been somewhat faster, It should, however,
be noted that the value of gold exports is consuderably larger
than the cost of oil imports,

SoUrce: S.A. Reserve Bank, Quarterly Bulletin, Chamber of Mines
and unpublished data supplied by the Chamber, .
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here,

The pr‘tce of gold declined from ah average of #6!3 ner‘ ounce ln

| 1980 to one of $460 per ounce in l98l and an average so far this
year (1982) of #364 per ounce. In view o_f_ the depreciation of the
r‘and_ln terms' of the U,5, dollar since January 1981, the price of
éold expressed in rands has na‘tur_‘al.ly d_eclined by m'uch less than
the dollar prlce‘over‘vthis per'-iod 'l'hu"s, compared with the decline
'of 25% in the average dollar pmce of gold between 1980 and 198}

‘the rand price declined by only 16 percent,

Similarly, compered with the vfu‘r‘ther‘ decline of 21 perfcent in the
dollar price of gold between the end of 198/ and 19 March I982,1 the
ra_.nd crice_’ declined by only l-’-l% percent. The depreciaticn'of the
rand.has, therefore, Hso_f.tened the imp'act of‘ the goid price decline

on the South African gold mining industry and the economy in general,

 Despite this cushioning effect, however, the rand valiue of South
Africa's net gold output still declined; other exports were adversely -
affected by the stagnant conditions in wcr-‘ld markets and imports, as
a direct result Vof'_buoyanCy in the domestic economy, incr'eas_ed by

28 percent in_ value and 15 percent in volume,

The net effect of these and other changes was that the surplus of
R2,8 billion on the current account of the balance of payments in 1980

was transformed into a deficit of near‘ly R4 billion in (981,

A Ithough South Africals present balance of payments difficulties stem

predominantly from the decline in the gold price and other external



developments, they hust élso be at}t-‘r‘ibuted to the ino.rdinateh.ise

in 'tvo_t’al ‘vfnone'tary_dem:an'd .'duringv’ l980 and _I‘QVB‘I. -L_Jnder the impacf
~of the hﬁge increase in gold vearr’\ihgs, ‘this‘ r'"isbf‘e' in.tur”n was'"fuelled
by aﬂ'éxcé,ésivé ‘_Eate of increase in the broadly defined money svupvply
_(Mz) wﬁich ac.cel’evr"ate_d vf.ro‘m l.an .‘annluya! rate of 17 percent in the first

' quartér of 1980 to 46 pébce’ht in the first quarter of 1981,

The basic cause .of_ this monetary ex"péhs’ion was the co_l—eXis'tvenCe

,6f 5 ;l'arge‘ surplus on the'b‘alance of paymg‘nts c'urr*ent ac'count and
eic’h_ange control, Exchange control measures artifically trap money -
, within. the country's’border;s -.'mqhey which wdul_d: normally _fvlow' to
at_‘e'as' outside the country'rwhere_ it .could egrf-n the highest ,retgrn,-
thus easv:ing' 'intebnal p’robl,em's’ of excess -,liqdidity_.' Furthermore, |

' durihg 1980, since the ‘inauguration of the rﬁana‘ged float, despite

| current ac‘vcoun-t_3ur~plu_s.se's;7 De Jongh,‘ past governor of the Rese_rve
Bank, refu}sed to alldw the rand to appreci'at'e. 'Thus it seeméd
apparent that _the oppo_r-turiity provided by the De Koék C<.>mmiss'ion

to "break the dependence bf the money supply on fhe balance of'bay-—_
“ments was being f‘o’r.Sakven. '_F,urthermoﬁe, th‘ev rise in the bmbney_
supply brought about an increase in the cash feser‘ves and other
liquid assets’-of the banks, which .I’ater enabled them,,t'o create. large

~amounts of money by-~expanding their credit to the pri'vate__'sector.

A further consequence of this situation was the sharp decline of
interest rates during 1979 and throughout the first three-quarters

of 1980,

From October (980, 'howe\)er, foliowing the abolition of credit ceiling_s,
the declining tendency of the gold p'r'ice_ and the downward trend in

the net gold and other foreign reserves, the monetary and interest
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rate is_'f".uetioﬁ‘ b_ege_ﬁ --'to. ch‘enge 'f_und’amen:ta‘l.ly ~ a pf‘oceSé which has
continued up to the present, _‘T"he present Qoyernor of tbe Rééer’ve
-Bua'nk,' De vK'eck,‘,' ‘has been co_nirﬁi’t’ted to a policy .of _sv‘low'ivng‘down the
rafe of bincr;e'a‘se_ m t.he. money"eupply' and has _met with a f.eir‘ a_ﬁiount‘

of success in this endeavour,

5.5, ~ Conclusion

In order tovhelp' stabilise the_ 'econemy,_ when the g_olvd price v.‘rises

we shoc.«ll.d‘av,oidfrfapid accelér‘é‘_ﬁohsj in money 'Sp‘pbly growth, = When
the gold price falls, we'sheuld be able to ;a_void.a'r'.ap'id ,f’a'll in mone:y
'supp_ly gr'ow_th;_ -Howe.veb, we did not aVoiql'a' r'api‘d'.‘increas_e in the
money supply in 1980 and ear‘l,} 1981, S‘inclhe vthen,v‘ mon.ey:, supply growth
‘has slowed down. considerably, although it picked up somewhat in the |

final quarter of 198l,

: Under.the pbeVailing‘monetqry policy, aﬁranéements, :the Reserve Bénk
is madeerespor’\sibl_e for determining the 'sp'ot, and_for‘Wa_r‘_d exchange
. ~ rates -and, vtﬁerefore, by implicatiOn of intere.st. pa;"ity, .t‘he levels of

| short term inteﬁee-t rates in South Africa are a‘lso-Reserve—Bank
determined, For close contr_cl of ;-he money supply‘ as well as |
._ihterest and exchehrge' rates, the Reserve Ba_hk wou‘l‘d'have'to be;
gble ‘to foreeast prec.-isel_y the demands for\credit' at'iheﬁchosen interest
rate, which it is unable to do, |
At present, monetary r.e'fof‘ms bhave enly r"esultedv in a closer relat_ion_—
ship between difvfer'ent short term ivnterest :r'ates_.. ..W.ith,ou_t market
determined exchange rates, inter'est. r'ates cannet be deterhﬁned .by ihe
'r_narket eithér-. ~Without a true ma.r'ket in foreign _exchange and cr*edit.
"Sou‘th Africa will not achieve _-appr*obriate and consistent money supply

‘ objectives,



153

The level p’f short term interest rates m South Africa will, there-
fore, éominue to. d,e_pehd 'U.p‘on the‘Réserve Baﬁk's view of the balance
of payments, South African interest rates will r‘erﬁain h-ig'h relati_\)e
to foreign intéres't r_afés for as long és' th,e ba_laﬁ_ce _of payments

remains in substantial deficit,

During the'cours'e’ Qf 1982, the S_outh' African economy will come to
make adjustments to the lower gold"price, the balance of payments
" deficit and the hi'gh_ interest rates, Slower money supply growth

will cause a decline in real domestic expenditure growth,

the Iowef exchange rate will help relieve the pressure on the gold
-mines, balance of payments.;. and in!eres!v rates, thié does, however,
- imply little r'eli.ef from inflation, vervén though Athe trend -in» World
Inflation ratés ié, at present, downwards, ..



CHAPTER 6

GOVERNMENT INTERVENTION
IN THE

GOLD MINING INDLSTRY
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6,1  {ntroduction

Ex'triac_tiiv.e‘ mineral depds'i-t.s'f‘alb‘l into the cétegory of r’e{sour’*ce‘sﬂ

‘which have the charac.:vte'rl_‘ of a »f3>>.<'-ed' stock that ié noh_—reble’nisha'blé :

in its existing form, The_refbre'; ‘every a’c_t. of‘_consUm-p.t'ioh. of'. these
stock resources means th.;t ‘there .is Iéss‘ remaining for future usé.
"M_ir'_\e'rals_,’ such as ‘gold' and platinum, can be claésif'ied di'fferently. :
'b_y spec_ulatof‘s -and ‘rhin‘e owners;_ From t-he' point of -Qiew of
specm'ators énd other holders of gold, this mineral can be regarded
as an everlastihg aSsét in that it is not 'd_estroye,d in consuhption
(unlike oil and_éoal). However, ‘fvr'or.n th_e pbint of vi_e\‘/vrdf mine
owniers and the stéte,- ‘gd'ld_i"s classified as a wasting ééset which

is non—ren’e'v'va'ble 'in' ‘itS’ existing form, Evetfy" act :of 'extraétion nieans_
that reserves are continuously depleted, Thé poténtiél c_!eplétion,- of
these resources giQes 'Eise td the need to ‘éohsidér‘ whveth‘er market
forces are leading to an exploitation of these resources wﬁich is

too rapid for the good of f&ture generations and whether there is ’

a need for government ,interférence to make. greater provision fbr the

future,

As the :forr'ner pfoblem ha'sA already been dealt with, attention inl'l
now. be »a.c‘id_ressed to the latter isgue,v Vviz, government- _intet;Qenti'on

_in the gold mining induétry. In 'fhis chapter, the various fegulatory
mechanisms édopted by the governmeht (léaSes, subsidies .and taxation)
vwii,ll be examined from both theoretical and pra’cti.cal points of view,
The aims of government intervéntio’n and ifs effect through time on -
optimal resource al'l_ovc_a‘t'ion will also be considéred. The concern

of conservatiohists hés been that the free market is exbloiting re-
svour‘ce’s too fast and that the pbice has beén too low, Tﬁus the

full social costs have not been borne by producers and consumers

- in the current generation,



L in fheéry, ‘pebfect"y cyompetitive m’ar‘keté‘ éuppomv soéiéll)} o‘pvti,rrial
_ extraction patters, | !nrvp‘ractvche’,' ‘:’cap"ital' "bma‘a'*kﬂyets ‘abé asymmetric
'and mineral ~r‘nar‘ke‘ts‘ ‘are' pre_dbm‘inamlyu monopol!stiq or oligopolistic,
T ‘he‘ theory of mon‘ob’oiy' s‘ugge'sts; that a moho;iolist will tend ,‘to‘ :
restr’ictA outbu‘t ‘and cﬁabge a pric‘é higﬁer than the pefrfe‘cti‘y com-

pet'iti‘ve price,' Weinstein and ‘Zeckfhaus'er conclude that 'there

~would seem to be no implication that in the second best situation
the'imper'fect m;a‘r‘kert pr*'ocesses tead to too rapid a rate.of resource
consumption, or that government regulation would bring about a more

efficient rate of uti!isation;!*y';

Whilej‘individual ,mi-ne: ownébs ?ﬁay be’ 'cr‘fticifsed flc‘)f not takingié
long ‘enough v'iéw of the future, theré'is noA-r'eason to sugges't' fhaf
the pb!itiéél process‘ can be.nfelied on to 'be more :futureéobientated‘
than the aVerage corjbOrétion. ‘v Howéver, this crlticﬁ:is}nr is irrefevant
gyiyen thé' capital nature of rr;in'érals, uniess mine ~owners.~‘§:9nsunﬁe
‘their profits énd QO‘nb! reinvest sufficient in the stock of ‘reproduc-
ible capital, A tax on ;‘:orofi‘ts would sebve-thé purpose of fnc’r‘eaéing
."investme'nt ;and thus vcorr’ecting any divefgence between ’pr‘ivaté ‘and
social interests, only if the gpver‘nmem' earm‘arked' this revenue fo‘r‘
investment, In the ‘taxation'_' of South African extractive 'industries'

) this has notk‘OC'cur‘rq_dk. ’VF'um'hermore, a t,éx'oh:dividends may be a .
more direct way of dealing with this divergence between private and
social interests, |

.

6.2 Property Rights and Mineral Resources

Property Rights are undér'stood to be the sanctioned behavioural

le Weinstein & Zeckhauser, "Use Patterns for }Deple'tab"ie ahd
Recyclable Resources", RES Symposium, 1974, p,87
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relations ‘a-mon‘g" men that arise from _t_he ekisAtence of goods and
pertain to their use; What, tﬁen; aré_ the respbec'tive vabllic'and
.pr*iv'a'te claims in regab'd to the economic botentialities of na‘t_buf-bali
resource endowments? _On equity g.r'ounds, there can bé vno" pubely
obje_ctvive'.c’r"i'teria for‘ arriving at conélusions. As a legal -m’atter',
mosi nations separate surface rights and mine’ral_ rights, with the

latter being retained by the nation,

But withi_ri the‘boundar-ieé of an indivi_d.ual nation, the legal arrange-
ments may be of controliing importance, Since the earth!'s crust is:
opaque, exploration of miheralls ,will‘ n‘ot_ occur in those nations which
retain subsurface mineral rights unless it is done by the state
(dir‘ectlyv orv under contract) or LmleSs incentix)es are gi_ven to private
agents, such as discover‘ybbounties, concess_i,ohs co'ndftioned on
royalty payments, or permission to purchase mineral resources

directly,

ln'.nations where su'rfac‘e and subsdr‘face right's; can be purchased
jointly by prévate citizens, iQnora’n_ce of the existence.of mi‘ner‘al
depoéits will_usually result in placing a price near to zero for such
deposits, Subs‘_equént_ discovery of minerals will create windfallg‘.
gains fq_r property 6g_vners, particularly if they'employ none of theiri
own resources in making the discovery, But, if individuals purchaée
_land within whichvthe likelihood of the dischery of minerals is
considered high, part of the land paymenf will ekplicitly or‘vimplicitly
cover mineral rights._‘ In such cases where mineral rights are
purchased at their market value, there may be a _str‘onge'r‘ case in
equity for allowing the land Buyer (no.t the original seller) tb _receive
| the income from minerals exploitation.v But the »positién of landowners

and prospectors is quite different, except in the rare case where the
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‘same individual serves in both capacities,

Property mghts may Iead to externalmes, in the case of rmner'als
5 c\‘r'v,r v e ] Sy LN u\— S NVRTIEN \OS

to the extent that "ownersh:p from generatnon to generation for the

good of the whol_evrac.e' for all time, 2

Since the resources are relatively divisible into independent produc-
“tive units, where mineral rights are the property of the state and
are leased to the mining companies, the full social cost can be

covered by leasing to the highest bidder.

6.3 Natur'al Resource Taxation: Resource Allocation and Distribu-

tion Implications,

How should .extb,éét'ive_ industries be 'tﬂa‘xed‘..’ This queétion is, of
'c‘o’urs‘e, merely a par‘f of tﬁe ‘'more fundamental question regarding
the gen’erél broblem of ..'taxing all economic agents in such a way'as
to implement a .wi,de' range of public policy goals, - These goals
presumably inctude con'cetfn for neptrality in resource allocation

- and equity in income distribution, but ‘may also extend to partially_
conflicting goals such as economic growth, conservation aﬁd security,
But certain of th.evchar'aCtéristics of extractive industries are such
as to Warrant par‘tichar‘ study of the -probable_éonéeqpences of
various tax pol‘icies.‘

On effici'ency gfounds,' there might seem to be a plausible case for.,
confiscatory taxation of all revenues from exploitation of miﬁerals

in excess of the supply price of the necessary productive factors,

2. Parkins & Whitaker: Our Natural Resources and their Con-
- servation, John Wley, London 1936, p.434




And, under highly restrictive conditions, such a case can be made,

Assuming ﬁebfec’t 'Coméetit'ion_, perfect foresight, hoﬁwogen_eous capital,
mineral lands "of. he'téﬁqgenebﬁs '»quality,. and 'comblete knowledge 6f -
the vl_ocat'ion,- éxfent and extraction costs .of all miher"als,’ then vit - |
.fol'lows tﬁat if tastes, teéhno‘log’y and resources are inen _aé of a
point in’ time, the output of én economy can be niakim‘ised by the
eliminat-i-on of rehts and qu'avs.i-.r'ents and the Consequent' payment to
all factors of p’r‘odU(:'tion of no more tha‘n"their c_or"npetitive.'supp»ly_

price,

Rents an'dvquasi rents would be taxed away in full and the proceeds
used by the staté to employ factors at competitive supply prices to’

perform public services,

Assuming that these restrictive assumptions were met with, the
interests of economic efficiency would be served, in that production

from a given set of 'ihputs would be maximised,

- On equity grounds, many welfare economists would prefer an income
.distribution which is not influenced by windfall gains from minera)
discoveries, but instead depends solely upon the amounts of factor

services supplied at competitive rates,

But there is a very great difference between this abstract &:odel and
the world around us, . There are a‘numbér_‘ of féciofs to be *consider“ed:
the distinction between pure Ri_cardian rent and the various retur.ns

to mineral gxploitation,‘ the absence of perfect 'knowled.ge‘ and fore- |
éight, the impehfecti_on’ of cqmpetitién in many mar'ket‘s,v and the fact

that established land tenure systens rhay create situations in which
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economic efficiency may be achieved only at the cost of disruptions

and possible inequities, , , ' , g

6.3.1 " Rents and Returns to mineral exploitation,

When examining the. issue of'mining'tax'atibn ‘it_ is essential to detérﬁ-
mine the tax paying éapacity'of fhe_ various incomes received fr.om
mineral p'r.o_duction (i'.‘é._ VOperat'ing é'ompanyvnet profit__s, le_ase bonuses,
lease rentals and royalties) e.md‘ -how they differ from pure Ricardian
rent.-v. | | |

On one point we may be perfef:tl_y clear: Ricardo himself has em-
phasised that péyments of the for}ner_ type are not .in' the nature of
Riéar‘dian rent, which refers only to‘payments.for‘ the use of the
."or‘.iginal and indestructible powers of the soil", Such powers are
non-depletable and non-augmentable, whereas individual ma‘neﬁal
deposits are by»definitibn deplétébl_e, and the total supply is usually
, augvmentablei or renewable in some degree thr_‘qugh fuht_her exploration

efforts,

From the standpoint of ecfonomic efficiency the fax paying capacity
of pure Ricardian rents is such that they may in principle be confis-
cated in full, although on equity grounds this may discriminate against

current landholders who have paid prices for land which reflect the

capitalised value of expected future rents,

in a world of ignorance, ‘uncertainty and lack of foresight, the tax
péying capacity of mineral deposits must surely be reduced, In fact,
the various elements of net income from mining are more akin to

-Alfred Marshall's definition of "quasi-rent'", These quasi-rents accrue
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to owners of supramar‘gmai factors whenever hrghér‘ cost marginal
factor‘s determme !he equ:l;bmum price, But in contrast to Rscar-—
dtan rent where such incomes may ‘be recenved in per‘petutty by a
factor in absolutely fixed supply, mmera! quasv—rents represent a
sortof per-—umt hquudatmg dcwdend the receapt of each msta{ment
of which reduced the stock of resources wh|ch ultimately yield up ,

the t'otai quasn—rent.

About _50"year'~s ago theEe‘ véas a contfbuersys ‘in,this.far‘ea which is

* of reievahce'here'. The ques‘tion Qas aSked- How much of thé net

. rétur‘n to mmeral extr‘actmn should ‘be regar‘ded as the rent of the

~land and how much as the retur‘n on capital mvested‘? Orthodox

- marginal analysis woutd‘s"ug'g‘est that,‘ given a purely compet’i;ive
o ’capital’mar‘ket (and in the absence of diffebentiél r‘isk), the imputed o
rate of return on capna! mvested in the mine would be equal to the
market interest r‘a:e. Hence a sun_: equal to the product of this rate
ahd' the amount of‘capital inyested would represent ,the‘ e’quni‘bcium' |
refuru_ to capital, ‘ | The sur*ptus ‘of net returns above tbis 'impu;ed

interest return would represent rent,

B'ut“in the short Vrun, atl revenues above current outlays for operations
are qu.’;\si-—r‘énts; ‘whet_hér imputed tovca‘pita!'or“ lahd.‘ If part of tﬁese
quasi-rents are to be imputed to capital in theV mavn'ne‘r* suggested above',’
4th|s treatment wm not produce an 1mputat|on of factor r‘eturns whnch

is consastent wsth lon’g run equzhbmum unless it ts aséumed that the
same‘ amount of' capltal as that-wh:ch forms the basns»for t‘he interest-
Ainégnie,c‘:omputation can bev,readil’y reinvested in such a Way as to
duplicate the original mining uperation when the reserves of the ‘initial

mine are exhausted, However, this may not be true,

3. Gray, L.C.; "Rent under the Assumption of Exhaustibility',
Quarterly Review of Economics, 28 (May 1914), pp, 464-489



lf éXplo_r‘ation risk ivs‘ preseht, sucgh thét‘ mor"e'f‘u.r‘\d‘s ne‘éd be spe_nt. '
.in searching "for' néw mine sifes 'tha n can be’ éttr‘ibuted dir'ercttyv io
tﬁose si‘!'esve.a(:tually' discc.)v.evr'ed‘, "then tﬁe interest return to the total
‘rlvcapital actually nec'essa‘r‘y to insure operation :6'f mining vfac_ilitievs as
going concerns is underst‘atved, and the Eent to land is overstated, ‘
In such é-ircumstanc_és, if depletedv properties aré'to be replaced,_
some of this "renti to land must be uéed_to pf"O\V/ivde thé.needed'

capital,

Tb avoid understating the implicit return to capi_ta'l necessary to .
aécomplisﬁ replacement, the réturn must be co'mputedvei.ther‘ by the -
use of a higﬁer‘ total capital im)estﬁient vcbst, reflécting the costs of
the unsuécessful_ as well as the successful véntur"es "nece,ssar‘y‘ to
discovér a gi‘ven' volq_mé of hesehves or'. ;he actual outlays must be
multiplied by a Higher rate of return, reflecting the risk‘ of mining

investment,

The issue of replacement costs does not seem to have enter‘ed directly
into the controversy, There was, however, v. some feeling that either
capital costs, or the Vaiue_ of the minerals in place,v ought to be
recovéred throug'h_a r‘oyélty which ‘would be an _appropriate reduction
from the to_ta'l surplus. of receipts abdve currént outlays, | These |
royalties would be implfci! royalties to mine -ownér Operétorfs, fhé'
réceipt of which would be necessar.y tb maintain capital intact, Such
implicit royalties -differ in’ nature from the explicit royalties which
may be-r*ece_ived by landowne‘rs. " If a mine op'er‘ator* mer‘ély obtained
his right to wo'rkia given mine by payment of an equilibrium royalty
equfvalent’ to the excess of Qnit revenues _over'_blthe cofnpetiti‘v'e sﬁpply
price for the service he”supplied, the question remains:v What is the

status of the income to the recipient of the royalty (or lease payment)?
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And if the recipient of the royalty bought hts Iand at a prtce re—
vflectmg the capntallsed value’ of mmer‘als in place, what was t-he status'
.of hus payment to the omgmat Iandholder’ It is appar‘ent that at some
pomt a Iandholder‘ has Pecelved a wnndfall gam because of the discovery
-of mmeral deposits, the e‘xtent»of whtc‘h was -capable of a_scertainment_.
S.uct“\ quasi-r‘énts vivhié'h ac_c':r‘ue to w‘holly: passive tandholders who'

make no cantributian to _nftineral_s_ explor‘atit)h or production could, on

_efficiency grounds, be taxed away without resource ‘misallocation,

U hdef cortditiohs of'uricertainty régat‘ding Ivocati.o'n, .efxtrfaction costs
,andﬂ ‘extent,of‘ mineral _deposits,' _r‘ésourc;es are likely' to be located by "
prfospectors and acquired. at lowet' avérage ’.}price‘s,"_’ In many éases,
“h? vpr,os'pec;tor may _s-uffer heavy losses, but a few lucky prospectors
may receive very tar‘ge’_,qt.nasi_—-rénts whtch gt'eatly_ exceed the moder‘ate

receipts of the landholder,

Hov.vv much of ‘the .pr*OSpector‘_'sA -quasiere_nt tnay be taxed away w'ithoqt
adv_e_r‘bs‘é effects ‘<'>n r‘esour_fcé'-allocation? B T'l':ais. depehds on the need
for further exploratory effort,  Paradoxically, if _the-,pros;pector‘ has.
unear‘thed an. absblutety ihexhau.stib'le, deposit, his quasi-rent_s might

be completely conrf'isvcated._ But if the costs and 'difficlul-ties.of explora-
tion _ara very gr‘éat, tand_the’ deposits discovered rélatively few‘.and
soon déple‘ted_, the insuringv of adequa.té supply tnay reqt:ir‘e not only>
.the exémption of _qt.lasi-renté from taxation, but in some cases thé
pay.ment of actual subsidies; ‘ dné cvc'>.uld‘ then agree with Marshall!

that quaai;rents have a -pos:itive effect on 'the-a‘ll,ocation of r‘es()ur‘cea

especially in risky pur‘suits.a

4, | Mar‘shall, A.; Pmnc&le of Economlcs 8t.h' ed,, Macmillan & Co,,
New York, 1920, p,424 ' - ‘



Qgia.si—rent;s' _eavrnév‘d .b'y e.x.few individuals will attract possibly less
competent people into these fiellds. 1t is only neCéssafy that the
size of the ir‘_iduc’erﬁ_e‘nt b'e. édmmensur‘at’_e with the need ‘for'.' additional
supply, and that the receipt of such inducements be limited .io those
. who actually paPtfcipa‘te in effvorts’_-tvo increase supply, Hence, no
genef‘al c‘ase can be made for thevconf’iscator‘y‘ taxation of the quasi-

rents of mineral 'pr‘-OSpector‘s, on the grounds of efficiency,

Even the case for confiScatOry taxation of landowners! r*pyalties is
qua’.lb-ified when the existence bof risk, uhcertaihty anvd_. ignorance are
recogni_sed. Af ‘prospec'tor"s are allqwed to retain the bulk of their.
mineral quaéi-—r‘ent’s, while those of Ianddwn_ér‘s. are taxéd’aWay in
full, it can readily be predicted that |a.ndholder‘s “will ‘soon or‘ganise'
to conduct exploration operations of their own lands, - This may entail‘
some Iovssb .in efficiency, to the extent that it renmoves this function
from experienced specialists and transfers it to .the ihitially 'inexperi—-
»en?:éd. This ar‘g_umen.t applies only if taxation is completely'confisca-—
tory in ihe tradition of Henry George, L.es‘s than confiscatory rates
may pr‘eéent inefficiencies from ar‘ising‘, but this in turn willlcom-

promise the equity basis for such taxation,

6.3, 2 "ldeal"5 Basic Principles in Mining Taxation

i)~ The first basic principle is that all expenditures (capital and
working costs) incurred directly or indirectly for minihg purposes
should be allowed for tax purposes, There is no valid reason why

the cost of necessary surface rights and of mineral rights should not

 be deducted directly or indirectly through allowances, It migh'i be

5. The word "ideal'" is perhaps misleading, The tax system
advocated here may be ideal from the company point of view
and possibly the industry point of view, but it may be less than

~ ideal from a taxpayer or a public-interest point of view,



appropriate to add that this principle does not justify allowance of

anything more than cost,

ii) -A.S';eco'n'd-ly,' it, s}hou_ld'b:é »Pecogﬁiéed that, ih m'ini'n'g', the’ dis’tinc-;

| tion between capital expenditure _(usuaﬂy allowed'\‘/ia_»d'e‘pr'*e-;:i‘é‘t‘ion_ ér
rédemption allow.anc_e's)_ and current WOrking costs (immediately deduct-
ible)‘ is Iargely 'Yar‘tifié-ial..b' A mine, ‘unlike other industrieé, does not
| have an :uh]i&)ited life and,‘ fubthermore,' i‘t‘s Iife ava.:—_:ys’~ remains of
u,ncér‘t'ain dur‘atfon and i‘ts:pr‘of‘it_' expec_f_ations highly -.r'isl‘<y_ and iangély
outside its contfoL Whe_r'eas‘ the Iogfcal ' timé aécodnt fof ‘other indust-
ries can bé accepted as a year'; the only true_tAi'm.e écc'ount fovr a
mi_ne_s,houlld_’ cbvér_‘ its whol.e life and' in su‘ch'an accéunt vthe cost of
V‘all capitai work 'and"equipment would be fter;us of Workin'g exp’ehditvure.
There is justificatfon, tﬁerefore, not only for allowing all mine ‘
capital expendfture'immediéte-ly '_as and when inéurred, but af'so for
the car;rying baﬁkw’ard ofi losses incurrebd in any‘ year, so th"at past
tax payments can be refunded when operations turn QnsuccesszI .

. Any loss not used' up in this way will then be carried fdrwar‘d as -

. allbwed,as preseﬁt.- (This might 'be__ c_:ou'ple'd_with similar carry back-
ward-and-forWabr'd-, provisions fcb.pr‘ofits‘ 'just to_keép »the.taxp.ayer'
and tax colleétor on ‘an equal footing). -

v,'i_ii)  Thirdly, in Qiew of the v‘dir*e_c:t and_ indirect ‘benefits of mining

to th.e State (economic and strategic), the State should ensure that,
as faf‘ as possible, taxation does Anvot' raise the 'cur'r"en.t .cost' of
production and hence ‘the operating mine cu‘t'-off "grade;. if thvi'.s is

not done, the exploitatidh of.vores or new mines will be .rendered

uneconomic,

It is often confended that these requirements, together with those



en‘sur‘ing the enc‘our‘agement of ne.\‘N,’invéstm'entin fa sector subject to
| high r?iék, ~can best be Vmet' by \s'peciai‘i-a”owancv:es on gross revenue
{e.g. the U.S. A, 'dep"i‘eti;.)n ,allo’yﬁances éh‘d,‘the VSoQﬁth. Afhfiéanvtax
fo‘r‘mdla) ‘énd on fcapital expenaitﬁur*e‘ “(e. g. investment atiowahc_és’ on
néw,cagﬁital expenditdre,. or é_ccrhpound-interést allowance on unre-

deemed capital expenditure, as for new So’gth African ‘goid mines),

However, | see no way of ;de‘rivving froni the legitimate 5ssebf‘10n that
operating ¢05ts chould]. not be‘ raised by taxatioh, the dubious con-

- clusion that thkiks princviple_can best be met byv speéfal allowancés on
gross ‘r_*eve»nue.' »Percentage,depietion allowances niay 'cdvmpensate

for r’is‘k,: but it.is aEgQa‘ble 'thatf‘in_ S0 dqing they.er‘r“ in the opposit'e
di’rect_ion; that is, they kun,duly lm‘vevr‘ margihal costs a_nd,b “ther‘efor‘e‘,‘

encourage inefficient investment and production,

iv')‘ Finally, the tax rate for rﬁines Shéuld not exceed that of other
" industries (at least éxtr;a"ctivev industrieé). In teﬁms of effective
kra,tes (taxes ’pa‘id in ‘reyl.ation rtoi income), 'fhis -priknci'ple‘ is sound,
"th neither should effective rates rbe_yldwer“, “and the‘r’*e ére indica~-
tion’s,t‘hat‘ this is inAfac't' the case in some coﬁngries today, 6‘ MOre
attentiéh is devoted to this c‘onitentiouts issue in the next section,

6.4 Taxation of South African Gold Mines

6.4.1  The_ Aims of the State

6, See Bucovetsky, M,W,; "The Taxation of Mineral Extraction,
No, 8 in the Studies of the Royal Commission on Taxation,
Queen's Printer, Ottawa, 1966, See also the considerable .
"testimony concerning oil and gas presented at the Hearings of
the Antitrust and Monopoly Subcommittee of the United States
Senate in the Spring of 1970,




The co.nCer‘n.abo‘ut the future ofvv gola in South Africa lies in the facf
that the industry provides émployment for a. large number of Workers -
ana that gold is a yaluable source of fo'r‘éign exchange. The price
of géld has also become increasingly affecté'd by p_o‘litical- as well as

economic factors,

The government has thus under‘takeﬁ a duty to ensQr‘e tihat' the life
of mines is extended as far as possible and that seéondary industry
is developed to take the place of gold mines in providing employment
on tﬁe decline of the‘gol_d' mines, The Holloway Committee (1946)
déscr‘ibed the principle of govér.*n'mént intervention as follows: #As
,repr‘esentati've of the community, the State has 'the duty’_.of ensuring
that the natural endowment in a wasting assét’ is not,exploited in
- such a way that the community >is left inv an impowverished condition
.when the mineral resources have been exhausteid. 1t s tﬁe duty.

of the State to prevent the dissipation of the country's patr‘imony."7

Furthermore, the Committee stated that "any action which depresses
gold deposits below ;he pay limit deprives the country of its natural
assets, reduces its capaci‘ty for employment and has the same effect
as living on capit.a_l_."

With regarfd to taxation, the Holloway Cqmmittee explafned: "We are
coricerned With the .question of the shaf‘e of the tax burden which
can reasonably be imposed bon thé wealth ~phoducing capacity of the
country's gold endowment Without, | in an almost literal sense, Killing

the goose that lays the golden e€ggs ..... we are, therefore, of the

7 Report of the Committee on Gold Mining Taxataon (Holloway)
UG 16/1946, para, 125{c).

8, Holloway Report, p,3, para, 8,
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opihion that -'wher‘ejve"r possib"le, taxes w‘hich increas’e costs should
"~ be r‘epealed ‘and where it is neceSSary to recover the same amount

of revenue this should be r‘alsed from taxes falhng on pr‘of:ts. "9

The wastingv assets theory is more forcibly stated andvrb.ecdmes' a

a matter of principle in par‘ag'r.aph 129 of the Réport whic_':.h states
Mthat it wou'ld_be wrong in printiple for ti’\e Stéte to limit its taxation
of the surplus product of a wast;i'ng asset to the same 'level as it |
extracts from induétr-fe’s with a more or less indefinite life," Thus
the Inter-departmental Committee c’oncluded that the'fu.nda.menta'l con-
sfdér‘ation' gover‘nving specia'l_ téxatién is whether'aﬁ'aCtivity is-a

Hwasting" activity,

Up until'l946,_ the maiﬁ arguments supporting the special rate of tax -
forvthe gold mines dealt either with the "une_ar‘néd" char‘actér of
nathal resources or With a fortuitous happening, It was signfficant
.tha‘t both the lnter—dépar_‘tmental Committee and the Soci_al and Economic'
Plahning Cancil rejected'_these gr"guments' in their entirety, The
lnter—departmentél Cofnmittee, however, ‘réplaced these with a new

argument - the wasting asset theory, c

However, the Commitiee made no real. attempt.'to define a "wasting
-asset-". and in paragraph 13i of its Repo'rf, b.it shifted the argument
in a direction which served fuf‘ther to confuse rather than clarify
tHe position, In this' paragraph, the Committee attempted to jusiify
an abnormal tax rate, not on the grounds that mining income is
derived from a "wasting asset! but on the grounds that such income

is a "'residue over the necessary costs in the wider sense,!'

9,  Holloway Report, p.3, para., 9
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Pe‘r‘baps the Commvittee"s'conceptiyon of ‘théf Wasting‘ésset theér‘y can

be stated thus:-

If a country is largely dépende’ntvpn‘ é‘minerv*‘al dep&si"t for its existing
- prosper‘it} then’,’ L;m‘l‘eVSS it |s pr‘fepa‘r'e’d to face a c»at_aclysmic:fallyrin ;
~its standard of tiving when that 'miner‘al,lri‘s exhausted, ut must kestablish
_alternative sources of {iving. ~ South Africa musf; therefore, trans-
muterits gold reSoUr‘cés into capital wérké like dams,’ lrjoads,' educa-
tibnal faé'ilities and the !i!.<e.. “These ar‘\gumen’tsk do not apply to f’arfmAing
because that goes on indefinitely‘;i nor do they apply in such force to .
- coal and diamonds bec'a,'usé the ,cdu‘r_itry is not so dependent on them as
it is on gold, If gold extraction 'is'deé»;it with on t‘hé same }byasis as -
k’_fether aé,tivities and ’m‘erje|y s‘ubjected to the or‘dinar'-y ’tax rate, when
the gold mines are worked out, there will be nothing to show for

" them but some holes in the ground,

There is force ,inf this argument, It is, in fact, the basis of the

| Gold I_a‘w under which the State expropriates 75 per»cent of all
pr‘oﬁlaimed land and ’places the‘ proceeds to thé Loah Account through
Which capital works are f'i.nanced.v‘ \Taxa’t‘ion of the induézry has  in-
creased so gr’ea’t!‘y that the yield from this 75 per cent expropriation
- and henée the vémoums which’ haQe .been‘made available for capital
works - is’frac‘tiénalﬁc‘.ompared with the tax yield whiéh is utilised -
for the ordinary.adminisfration of the country, |
In 1945, of a total revenue of £I8, 4:2, 000 fr‘ovm‘gold minin‘g,"aess
‘than £2, 4|5;000, was placed to L.oan Accouht.lo In other words', the

transmutation of gold resources into capital works was, and still is

to an extent, theoretical,

10, -Holloway Report, p.4, para 4,



From.this stan'dpoi'nt therf the Was‘ting.'assets,theor.)/ is.-in direct _
.:confhct with a hlgh rate of gold mlmng taxatlon because high taxat;on.
may result in. the dlversnon of gold mmmg profits from the L_oan
Account to curr_ent expendlture. Furthermore hogh ta‘xatl'on has |

the effect o'f causing prospécts which would otherwise be payable: ’

to be written off; so that from thlS aspect too, _the wasting assets

vtheory supports low taxatlon.

“The argument t‘ha'textrata*'ation is __iué_ti'fied on the grounde that'

, gold isi a wastin'g asset and _ythat t_he'natienal eap.ital _should be.

maintained would onlyv be .valid‘if"it could beshown that the _sh.areholderfs
b__of the gold ‘r.nining‘t_:ompvanies were_ ‘netf fn ‘fact mair'itaining the country's

' Capital intact ahd_ if ‘the proceeds o_fb»the extra ta‘xati.o‘n ~.werevv'used_ for |
eapital' fvnvestment'..--cv)n thes_e conditions, d_iscr‘imi‘na-t.ory taxatior) may

‘be justified but it is -doubtfulv whether an ine._qui‘tab!e tax should be‘
-based on s‘.ucbh' ques_tionablelb.a‘s,s'umptions. F’urthermore, the effect of
.'discriminatory t'axati'on o_n"the fufure v"o!.ume of‘ new ihveetment from

abroad should not be forgotten,

Whiie"t‘.he "C_omvmittee's_ »cv:.on’tentioin rr1ay be‘tru'e.' provided that the
reVenue is ehannelled into the developme.nt' of‘indu.s.try, the differeni
rates bof_. taxation on geld' 'n.'nines and on other extr‘active industries
cannot be jusvtifiec_l..-r In the taxatio,n.‘ of South'African,extractive
industries the former has not occurred - taxes paidvin.exeess of
.‘tr.\e rates of company ‘tax have not been placed in a separate fund
for inves‘tmem. p'u‘rposes-. They'have been plaeed‘ in a general re-‘-v

" venue fund,

Furthermore, the State has undertaken to ensure that mine owners

do not "pic‘k the eyes of the mines" by extracting only the high-grade
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ores nearer the surf'ace,. and t_hen' ctosing the }lmine_ leaving‘ the
. ‘high-oost ores .be'hi'nd. - Once a gold"mine"vis' closed .. it ‘cannot be
readliy re-opened The regulatory mechamsms that have been adopted

by the Government have been the terms on whuch mlneral leases are’

- | granted and the taxatlon‘of gold mining profits,

.-.6. 4,2,1 Structure b.of' Lease and Tax Payments

A vgold mnne's dlrect‘contrtbutaon to-the State is determmed in two
~ ways, 1.e. Iease and tax.' The‘ Iease formula which is the State's
farst parttCtpatuon in proflts tS determuned when the entrepreneur

mmally applnes for a Iease ‘area,  The tax formula determlnes the
. Statels second parttcnpatton in pl"OfltS. (For reVenusfrom S.A.

'Gold Mining Taxation, see Table 6,1 and Fig, 6,1!)

By the Mlmng Taxatuon Act No, 6 of 1910, mmeral Ieases and taxa-

tnon were governed by the ratio of proflt to recovery, The,-lower
_the grade of ore extracted, the |ower.the rate of recovery of goid

from the ore and the lower the payment to the. government,

Mineral leases - - y = a-b
. . . ) X -
Income Tax ' oy = c-d
: X
' where’ y = % profits payabte to government'

x.
B

ratto of profit to average recovery expressed as a
percentage .

a, b, ¢ and d are constants, a and b vary from mine to mine,

a and b were fixed in the leasing agreements 'such that the lessor was

the highest bidder in terms of sharing profits with the state,



Year : Gold Mining . o Total G_old Mining Re‘vénue‘s

Tax & Lease Payment : Revenue , ~ as % of Total Revenues
_— R m, . _ R mg . :
1973-74 | 456 . 4162 1,0
1974-75 s  asie . 15,4
l975-76 . 64l - 5626 R I, 4
i976-77 w8 el 6,6
1977-78 . - S - 7084 | 6,4
|97aQ79 862 | | 8181 . 10,5
1979-80 1501 S Cese2z 15,2
1980-81 . 3633 o 13388 | . 27, 1
igsi-az* -  2400% S 15858 | i 15, 1*

. * estimated,

Table 6,

- Source: Chamber of Mines Annual Reports, S. A.YR-eser‘ve Bank Quarterly Bulletins

12
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. Government Revenue from Gold Mmlng

. 1971~ 19?9
‘Rm A
1400 55
12005 5 percentage 50
' of working
_ profits of ‘gold ‘
{000 |mines - six 45
months 1
- |lagged—
800 - 40
600 ‘ _ i5
4d0 As a percentage \ | 1 T 10
of total ‘ \ /
exchequer r\ - /
200|receipt \,/ ' 5
0 1971 1972 1973 1974 1975 976 1977 1978 1979 - 0

- Flige 641

Source: Based on data supplned by the Department
of Inland Revenue, the S, A, Reserve Bank
and the Chamber of Mmes.
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Since 1936, gold mining tax has been ,detertmihed by a sliding scale’ |

formula, Up to 1945, the basic tax was 15% plus the formula of )

'y = 40 -~ 500
X

~In 1946, following the Holloway Report, the basic tax was discontinued
and total tax was determined by the formula

y = 70 - 420

X became thé ratio of pr-.o_'fivt to gross' revenue éxpressed_ as a
'-péréentage;' The minimum ratio of profit Eo‘ récovery was fixed at
6% so that each mine was forced to work its avér‘age grade by law.
c and d weré' fixed such 'tha.tv the tax paya’blé by Qold m'ines.far
-exceeded tax payable by ot'her-"companies ~ this persists today (S‘ee -.

" Table 6. 2).

. The form of thisvfor;mula vha's basically remaibned the same but has

been changed as follows:-

'1947 Y = 63 - 378
1948/50 Ay .= 60 - - :_s_@
|95|/55 'y = 63 :- 378
11956/65 y = 60 - 360

l{966/82 y = 60 - 360 + Sper‘ cent surcharge

and y = 60 - 480 for post 1966 mines



Changes in 'the S. A, t'ax system ha've placed minesv'int‘o 4__c‘:atvegor~i.es.
) Old mines prior to February 28th 1946 |
2)  Mines between !st March 1946 and lst August 1956.

3) | ‘_N ew mines post A-ugvus_tv, 1966, | |

4) '~ State Assisted hines. |

F ormulae in operation as of February, I982.” ,

1) Lease . y = 15 90/x,
2)  Income Tax y = 60 - 360/x, (Pre 1967)
x, = ratio of profit (|ess redemptzon allowance) to

revenue as percentage,

x, = ratio of profit (less lease payment and less
redemption allowance) to revenue,

There is also a 5% surcharge added to income tax.'z_
'Additional no_n-mining income i_s taxed at the company rate of 40

+ 5% surcharge, 13

Cther Categories

I, O Id Mines: unless classed as a deep level mine or receiving
S tate aid, thesé mines are now treated on the same basis as
the lncome Tax example above as a result of changes in the

1973 budget,

t, Mining Journal, Quarterly Review of S, A, Gotd Shares,
February 1982, Vol, 25, No, 4,

12, Thns has been increased to a surcharge of 15% as a result of
the 1982/83 Budget proposals (March 1982),

13, A lso included in the 1982/83 Budget proposals was an increase
in company taxes to a basic rate of 42% + 5% surcharge + 10%
- loan levy, thus increasing the effectave tax rate from 42% to
46,2%. (See Table 6, 2)




1o

- COMPANY TAX 1974 - 1983

Loan Levy .

Total

Table 6.2

Source: Cape Times, April 3rd, 1982, p, 22

Finanéia! Years ‘Basic Tax Surcharge

Sear ended % % % %
31.3';74 - N 40 B ' 2 43
313,75 - w0 R 1 42
_-3'{.3._76 S : _40_-‘_ o P 43
a7z 4 3 6 49
_3';3.73 - . 40 | 3 6 49
,3|.3.79. S 40 —_— 2 6 48
31.3.80 AR | 40 | 2 4 46
3I.3.8|. _ ' | 40 | 2 o 42
31.3.82 | 40 2 0 42
31,3,83 . 42 - | 4,2 0 46, 2



2, New Mines: For any post 19_66 mine, taxation is based on
y = 60 - igq + 5% surcharge. -
(viz, East Drfie'fohte.ivn, 'Réndfontein, Deelkraal, Elandsrand,

U nisel and Ergo.)

3. State Assisted Mines:

y = 68 - 601/x
If x is less than 8, 847 then y becomes negative and assistance’

'is payable to the mine, = There is no surcharge,

in all the above cases the 10% loan levy has been done away with,
{For a wérked_example of lease ‘and tax payments according to the
formulae;' see Appendix A, For taxation and lease formulae for

individual mines, see Abperidix a)

6.4.2.2 Basis for Gold Mine Taxation

1) Taxable Income (gold mining)

Taxable ‘Income for gold mining is income derived from gold mining
‘less the following deductions:

~

a) Expenditure actually incurred in the production of income
(Working costs including lease payments),

b) - Capital Expenditure Redemption Allowance,

2. Capital Expenditure Redemption Allowance

In the case of gold mines which were granted leases or were

established -prior to 28th February 1946, ‘the capital.redemption



allowance was calculated by either dividing the unredeemed balance
.of:capitalvexpendimré by the life of the mine or by taking 26,5%
of the balance, whiChevejr‘_gave the greater ‘amount, This méant _

that there was always an unredeemed balance,

Acc':ording to _Act 65 of 1973, a "tr‘ans‘ition'yearf" was defined as the
first tax year ending after 3ist December 1973, Where a mine
cor'nmencv:le‘d productioh before the beginning of the transition yéar*,
the 'balan‘ce was fo be -r‘edeémed in equal amounts over the life of
the mine or five years, or four -years ‘in the case of a 'gold mine,

whichever was the shorter period, respectively,

In the case of .d_iamond mines and ''new gold mines' (after 1946),
all capital expenditure up to the close of the first year of produc- -
tion was allowed to be deducted from income in that yéar and

thereafter the expenditure incurred during each succeeding year,

These deductions are in lieu of wear and tear of machinery etc,
and payments for the use of patents, land, buildings, expertise,

machinery etc,

The sum of any amounts received from the sale of assets, the cost
of which has previously been recognised as capital expenditure,
must be deducted from the capital expenditure incurred in the year

in which the sale takes place,

6.5 A qualitative Analysis of the Effects of South African gold mining

taxation and leasing policies on optimal extraction patterns,

"South African governments, early on in the life of the gold mining



~ industry, developed a specialised leasing system of considerable -
“economic significance, The system was establlshed under the
Transvaal Act No, 35 of |9oe and by Act No. 30 of 1918 the mineral

leases board was made a Statutory Body,

. ThlS _system .ﬁ is in. etfec,t a method ot" leasing the right -'to._eXploit gold ) ,.
reso'urces to the highest bidder, Under',’this system the state assumes
the’ rlghts of a shareholder in sharmg in proflts, but rhakes nvo con-
trlbutlon to’ capltal expendlture for developmg mines or for new

exploration .a,nd prospectin‘g.

The objectives of:the system which were apparently intended' to’
obtain for the state the inherent rental value of the mlneral depossts,
were based on confusion as to the econom:c nature of this "rent"‘
The'system failed to dnstlngunsh betWeen‘ "pure" Ricardian rents and
ouasi—rehts, .a questioh_which | have already discussed lsee ‘Section
6.3.l.)e The system, therefore, did not take sgfficient .ac"count.of

the effects on the supply.of capital for new exploration activities.”

With .the |mposmon of much hlgher rates of mcome taxatlon on gold
mines than were envusaged when the system was first maugurated
and with the inc_reasihg costs and risvks of developing new mines at
inoreased depths,._ the share of profits which bidders ‘c.ould' afford
.to pay to the state for new leases has ‘shown an overall decline - as

the proportion of prdfits-taken by the state has increased.

The general form of sliding scale adopted in these mining leases is’

Y = a__Q'

= where y is the percentage of profits -

payable to the government;'x_ is the ratio of profit to recovery ex-

pressed as a percentage and a and b are constants agreed to in the



lease, This type of formula has remained in force since then with

“only slight variations as discussed previously,

Oﬁe‘vof the .geﬁér?a'l .effects of this type of fér‘mula .is to induce the

_pr‘éducer' to lower the gr‘ad‘e of or'e.-‘ per ton whic»h is milled, This .
is re.gar'ded as vdes’,ir‘vabble_ by South African 'govverr'-\n.qents in order to
“lengthen the Iives.‘ of the mines, - The following section exarﬁ_ines the

effect of suchﬂslidi_ng scales in detail,

6.5,1 The»,effec‘ts_-of ,.a sli_ding scale formula,

The influence of Government participation in profits may be seen

more clearly with the usé_ of the following_diagr‘am (Fig. 6. 2)

y
yields
and
costs

0 -~ \k -~ - ‘ . x

TNMP, ~ MP
! 2.

AR = Average Revenue |

AC = Average Cost

MC = Marginal Cost

- MR = Marginal Revenue
'MP = Marginal Profit

Fig, 6,2 -



:Si‘.:ppos_e"al‘_l ‘g_o'l‘d'_' ’be'a"r‘ing' r'o'ck"co'hsists of X tons of a certain’
average grade and that annually o;;er;'_ati.on_s _.ar‘ev’di_r*é'cte_d to ‘a

block of oré of x toﬁs_ (i.e, the ore V"a'b‘ctual'ly':mvilled, ple thét
di.sc‘ar"dec‘i b'y sor‘t.ihg or -Ie‘f‘t_' unmiﬁed = x)e Life is eqﬁal to X -tons,
As life ;s fixed, the: a’nnual ’a'mobunt to .bc'e ‘pr‘ovi.de.d for depreé-iétion .

is constant for any rate of output,

Where the government has no share in the profits, the MC and MR
curves inters_ect at T, Itis desirable, therefore, to work tonnage

OK with a 'gold co‘nteht bér» toh gi\)ing a vield of RK per ton,
Total profit = OK x RS,

if government participation is introduced ‘and this is"‘"bas;ed' on t,hé
usual _f'ormula,' theh if such ‘Govérn’ment share adds to costs, one
obtains a new mar‘ginal p_r‘o_fif curve, The old mar"gi.‘nal profit curve
cuts the X axi_s’-a:t’-.K. The new mar‘gin_al profit cur\)e_ will cut 'the‘,

X axis at a point to the right of K, Let this be point M,

v The. producer ‘dée's not 'cér‘r‘)./ on his .bus"iness to maximise his share =
‘an'd' the ’Goy‘e.rfnme_ntis_togethe_r*. He will, therefore, now fvind it |
desirable-to mine a tonnage of ore witﬁ a gold content eqUal.to‘a
yield per ton of NM, This fheans.' that ’it' will now be desirable to
iower the vave.rage grade of ore worked, and where capac'ity remains

unchanged, life will be lengthened,

Thesé twin object'iv_es, viz, lowering the grade of ore and increasing
~life, have always been regarded by South Africans as desirable,

One must take into account, however, the effect of such a policy on

the country!s economy as a whole.
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Firstly, it is clear that the to'tall profit {the c0mpanyis 'share, plus
the government!s share) diminishes, Total profit prior to Goverh-
ment participation is equ'a"l' to a rectangle of the's-ize OK X RS;

with Government participation the réc‘tangle of total profit is OM X NC,

This means, on the assumption of a fixed life, that the annual profits

are diminished in total,
The value of any mine to the country at any moment is its value as
capital, where t':a‘p'i»tal_ equals the present discounted value of the total

profits,

The effect of Government participation with a sliding scale formula

of the, type examined is to reduce the series of annual profits over

the fixed lifé, “i,e, to reduce the PV of future profits, "and so to
cause a diminution in the amount of capital, i.e.the real ‘wealth, that

the leased mines represent at any moment,

Removing the assumption of fixed life one can see that with a given

cap‘avcity’ a lower average g'r‘ad_e of ore is desirable, The total profit
6Vér~ life, i,e, the sum of annual pfof'its is reduced, a_nd thé spread
of this totél profit iéuover a longer time, In thé discanting process, .
tlen‘, ithe PV of future profits is reduced by .virtue  of both these
chan_ges. . |

The fact that the formula makes a lower average grade desirable

~means that the producer will'now include ore he would otherwise

have discarded, since without Government participation the marginal
yields of this additional ore are below its marginal costs, .In the

diagram this is represented by the inclusion of tons lying between K



l\f‘l
and M, and these, in terms of the diagram, 'womd,_- in the absence of
. Government participation, have a total yield less than total costs,
giving a loss equal to the d'i'ffer‘_encé between the rectangles OK X RS

and OM X NC,

However, once the Government participates, it is in the gold pro-
ducer’s own interests to make the loss on additional fow grade ores,
' He does so because the reduction in profit will lower the Government's

share while on balance increase his own share,
An algebraic example may also serve to prove this point,

If, in pr;édUCing"OR 'téns, the total yfeildv (CKX RK) is R20 000 and
the total costs (OK X SK) are R8 000, then total profit is RI2 000,
tf, in producing OM'tons,.the total yield (OM X MN) is R22 000 va.nd
the total costs (OM X MC) are RI2 000, then total profit is RIO 000,
If the ‘Govérnment‘s shar*e'in_ the former case if R6 000 and, 'in'_the_
Jatter cése, R2 006,' the figures o,n:whf'c.h the‘ pr'oducer béses his

choices are’

B ‘Case | Case 2
Total yield " R20 000  R22 000
Total cost 8000 12000
Total profit R12 000 R10 000

~ Government!s share 6 000 ' 2 000
Producer's share "R 6000 v R 8 000

It is .ini the"pr‘o_‘ducer's special interest to make the loss on the
‘additional ore of R2 000 (additional yield = R2 000, additional cost
R4 000) because the saving on payment to the Government is R4 000

and on balance the producer gains R2 000,
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If the Government!s shar‘vef of _.profit, Whethen unden é lease‘ or |
'under‘ taxation, is determined on a shdlng scale fallmg with the
prof:t/r*ecover'y (P/R) r‘atuo, it encourages producers to perform |
uneconor\mc actaons» Wthh pr-oduce a confhct between individual and -

social interest, - This tends to be the case with the _S_outh Afbr*ican‘

taxation system for gold mines,

..'F'ur'ther‘morfe, as -previouély discussed, it has never been‘ made clear
w hy Qold-mining should be .s'ingled out for special _taxat'ion. - Granted,
the income"that ~accrues from gold rn‘i'nes"comes from én‘ extracttve'
'ndust'r‘y or wasting asset, - HoWever ‘there is no reason why the
‘same taxation pmnccples'should not apply to a!l extractive mdustmes

such as coal and‘diamond mining,

>Why gold mining income should be taxed at a 'greater rate t'han other
‘income has been explamed by South ‘African governments on the

gr‘ounds that this daffer‘ent:at:on has exnsted since the time of Unlon.

it is also possible that a hise_in the .vpr‘of'it/r‘ecover‘y ratio need not
. necess'_arril& mean a r‘ise'in orofitability; rTwo mi'nes'vma_y earn the
same pr‘iofit on the sem'e capital, working w~ith the same t.onnage.
-There would be the same ‘pr*ofitability'-, ‘but if the one had a high
yield pent‘on and a hjgh cost oer' ton, and:::;ther‘ a low yield per ton
and a. low cost per ton, .the profit per ton .would be the same, but
the rate of taxation dn profits with the sliding scale v.for'mula woultd .

vary greatly,

In the course of my research | often posed the time-honoured question:
tWhy should gold mines be taxed at a higher rate than other companies?" -

T he responses this illicited were numerous and varied,



| 'lﬁ sorﬁe i'ns't'ances ‘it‘ was 'fe_lt‘.' f-hat greater rates '_6f tax‘ati_on were
nb} hecessavr"ily due to greater préfits in the gold rnining. industr‘y_ !
but ra.ther“ &hét gol»d_'m_i'ninvg income accrues in iar‘_ge amounts .du'ring'
.pr-oduct'ion a‘nd hence  the miﬁes ‘hav'e large amounts éf cash available,
Hence they are more eaSiiy" ac'cessible';tvc'v v'hig‘h tax r‘e.nes'. It is
inter‘.es.ting to nvo_te, Howe\)ér; that gold mines, over the years, have
not made éxces‘s'p>r"ofits_. S.H. Frankel has f'll_ust'rate_d thi_s point,
He showed that in 1963, t'he: aver‘ége rate of r"'etburn on in\;estment

in gold mines was 4.3% as opposed to 7% in U, K. equities.'

Other avr.‘guments have :centr‘e.d ‘around the' high degree of risk and
speculation involved in gold mining. Thié is c‘onside.r‘ed ‘to be
"jus"tificati_on for the hequvtaxatidh'-.of_ gold mivnes.' 'High degr‘e_es of
risk may resglt in larger returns and pr‘.ofits, in which case the

" argument for é higher rate would be justified, However, the specu-

lative element can be no reason for increasing taxation,

The»formerf is én argument for incr‘eésing the rate of tax with .
.increases in income whatever the gourée 6f income. It provide§ no
justification for.taxing two com'panies'_ (engaged _inv‘d-i.ffervent industries)
at different rates whatever the relative size of theirv_income.s, or the
relative profitability of their Operatiohs. Fu‘rthefmore', the fact that
mining ope.rations' are specuiative doés not justi‘fy a higher rate on
vb'oth' the Eelatively successful and the relatively unSQcc;essful g‘o_ld

mining companies,

An American tax authority actually used this "speculative! or '"risk"

14, Frankel, S.H.: Investment and the Return to Equity Capital
in the South African gold mining industry (1887-1965)
Basil Blackwell, Oxford 1967, p.l12
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ar‘gument;fr‘om the __opposate angle, He conc!uded that un'less mines .

received recogmtton of the risks involved in mlmng mvestment

mmmg Oper‘atlons mlght diminish,

It seems to me that the argument of risk is invalid when used for
either higher or lower taxation, As the tax is on income there .
'seems to be no reason to consider the risks of the operations from

“which this income was derived,

It has _al#o beeh ngges;ed'théf' fhe ‘r‘ela't'.io'nship of the State to
mining gives it some ju'st-ificét’ién for taxih‘g such income at & higher
rate, This wc}uld, at ,least, not svebe'mxvto_‘ac,co'u'nt for ‘thé _dif_fe.renc.:e
:between the —rafes on coal, diamond and gold ‘rr‘uin.ihg.'. Whatever
>att'itude a Govér_‘nment‘ adopts t_oWards the 6Wnehship of 'g.'olvd .minés,
_theré does ‘not appeér‘ to arise out of this attitude any ’reason‘for‘

a differential _r‘_até' of tax. - Although many arguments have been
advanced from time to time in justification of‘.«the principle _that_
».mining_‘should occupy a relatively favourable poéition in a coqntrfy's
taxation str‘ucf_ur‘e vis-a-vis other éectc’:r's, it is also true that just
as many arguments have been ‘.adv_anced in jgs_tific’ation -of the‘ principle

‘that mining should bear a higher tax burden than other industries, '®

.The question of the State'!s interest in the exhaUstion' of minerals

‘generally is a complex one, often involving purely nationalistic motives,

IS, Graton, L.C,; iiFederal Taxation of Mines!" in Transactions of
the American Institute of Mining and Metailurgical Engmeers"
vol, for 1919,

16, An interesting example can be found in the Garnsey Lentz con-
troversy: M,E, Garnsey, 'Fair Taxes for Mining'!, The Colorado
Q uarterly, vol, 7 (Winter, 1959) pp,229-240; O.H, Lentz, '
-~ "Mineral Economics and the Principle of Equitable Taxation'",
~ Quarterly of the Colorado School of Mines, vol,. 55 (April 1960).
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" Whether there is a good case for State interference in increasing
“or decreasing the supply of an exhaust_ibie.resource, and what form
this intervention should take will be discussed in the concluding

chapter,

6.6 Quantitative ,Analys_is of the effects of Taxation and L_ease

policies on the extraction of'gold.

6.6, G eneral Expression for the Tax Formula
y = a'(l —.Q.!__) ......'.....5...0....9.0."...._.. (')
. > °
where
x! = ratio expressed as a percentage which the taxable

income from gold mining bears to iAcome F“ON\ Sdnd m‘.mns :
al = 60 (typical current value)

bt 8 (typical current value for post 1966 mines)

I

70 |
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F.atio of Taxable Income to Income as Per‘cent‘age

Fig, 6.3 . y = 60 (I -8
9 -

Also applied to the tax is a surcharge percentage s', currently



equal to 5%, 17

The abdve formula has been ‘used in the gold mining industry for
well over 30 'year*s.".. its selection was governed by the purely
_'mathemétical concept of a suitably shaped‘cur‘ve to satisfy the

following conditions,

i) The richer the mine (as reflected by its x! value) the higher
the taxation,
i) The tax rate should approach a m_axi_rnum.-

jii) The tax rate should hot be the cause of inefficient mining,

It is evident from Fig, 6,4 that"objectives_ i) and ii) are met, Whether
objective iii) is met, however, is more difficult to ascertain, This’

question will be examined later,

To intefpre.t the implications of the tax formglas, ‘we define the .
, fol!owin_g symbols:

,L= lncome  deriveq from gbld mining,

E = Expenditure used in producing the gold,

R = Tvaxable income (i,e, R =1 - E) |

R*= Net Inco@e (after tax has been deductéd) ’

- T.= Tax payable, -

s = P+ s!
100
a= a'
100
b= b
100
x = x! (ratio of taxable income to income)
100 : '
y = __Y;_ (fractional tax rate)
100 '

17, 15% surcharge as a result of I982/83 Budget proposais



Using the above definitions and (1) we have:

T = Syé

N f'sa’ “__ % .
= sa (R - 8D | ; ‘(?‘,)
= SaLI(' b) - Ej . (3

| R*;I E - T

= T- E—saET(l b)-E],

= 1 (I - Sa + Sab) - E (| - S_a) ce o’o.o"o o‘.o‘ o (4)
= (1 -sa) - E) + 5abT veverenpuense  (5)
- = (l - sa t Sab) - (l - Sa) ?— seo000sse0 . (6)

For the post 1966 case (pre 1966 in brackets) -

al. = 60 o€ a = 6
bt = 8(6) . ie. b = ,08,(,06)
s = 5 i;e. . s = 1,05 v. _
_We have
. T= 063 (R - -OB.T)- vo'_oq‘ oooooooo oo (?:') »

(.63 (R - .o0€D)
T = ..63'<.9_ZI—, = ey
- ‘(.,63 (,94i- £)) | | -
R* = ,4202T- .37E e eeeeraaaaas e
(940751-'.."375) | o - |
.R*=';37‘(I E)‘+>0504I_ -

(37 IL - E) + 037833},.,,..,,..'.'.. (s)



% =  04204—037 g_ R R A I A A A W A A A N WA ') (6')
I
. 6.6,2 °  Interpretation of the Effects of the Tax formula
i) Condition for no taxation

Using équation (3), ‘we have for T)O.

that sa EI'. (1 - ) - E] 7y o |
'vi.e_..:[;(l—.b)7E” .
or (C - E)"7 BT veeenneconnnnn (2)

For post 1966 mines b = ,08,.hence the mine will not

pay tax if the taxable income R ='| - E is less than ,0871,

‘For pre 1966 mines, b = ,06, hence such a mine will be

free of tax provided RS 0.6 L

bii) Special variable allowance and bfixe,d_ tax rate
Using 'equat'ion (3) we can interpret the tax formula as one
giving a fixed tax rate of sa x 100% on an adjusted taxable
: income (R - b1), where the true taxablé income, R, s

r‘e.duc'ed by b x 100% of the in‘come,I‘ '

Currently, - then, using (2!'), we have that there is a fixed
taxation rate of 63% on the taxable income reduced by 8%

of ‘the income (6% in the case of pre-1966 mines),

Example: Income '~ 4 000 000
Expenditure ‘ ' 3 000 000
Tax. Income - 1 000 000
8% of Income (Allowance) 80 000

.Adjusted Tax Income (A, T.l.) 920 000
T ax (63% of A.T.1, 579 600
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Net Income per unit Income

Net Income per unit of Income as a function of Expenditure

per unit of Income is given by equation (6)

— = -“ ;.sa + sab)‘—'U —'Sa)'.E

~ This relationship is plotted in Fig, 6.5 for the following

cases:

a) In respect of taxable 'ihc_or'n‘e derived from mining for

igold, the percent tax rate (Y) is determined by

Y = 60 - 360
.[ x
) = 0 -
or Y © (' . g) 0oeeevo0e0eo0 (8)

where x represents the ratio expressed as a percentage
which the taxable income from gold mining bears to the .

income from gold mining,

T he rate Y is, however, limited to
Y = (20 + W) (l - g) ® 20000 (9)

‘where w represents the number of completed times
R 2 500 is contained in the taxable income less R40 000,
Note w = 0 if taxable income is less or equal to

R42 499,

A surcharge of 5% must be added to the tax as determined

above,
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" In the case of an assisted gold mine the rate of tax is

limited to
Y = 68 - 60l seeieeneoes (10)
. X ' :
and where this formula _applies; the 5% surcharge

is not added;

For post 1966 gold mines the same provisions apply as

" in a) except that formula (8) is replaced by

Y = 60 - 480

x
or Y = 60 (I -8, v .
. - . X) eecs0scv00000 (H)
and formula (9) is replaced by '

X

The relationship R* expressed by equation (6) is

I

~ plotted in Fig, 6,5 for the normal case as well as for
- the special cases where taxation is limited by formulae

(9) and (12). Also plotted on Fig. 6.l is the R* ratio

T

for a non<mining company.

This shows that_B__’f‘_ is greater for a gold mining company

provided that E ? .84, Hence if a mine uses more than
I |

R84 in expenditure in producing RI0O0 worth of gold, it

receives a more favourable treatment "than a non-mining

company.,

Because of formula (9), this favourable treatment also



193 -

applies to all mines whose taxable income is less thah_

R92 499 per. annum,

'Exé'mining“th'e R* cufvés, it is evident th.at if ‘inc.:ome, I
is cohstant, ‘theﬁ_the_n'et_ profit will always be improved
if expenditure E is r‘gduced. ) Morf'e pr‘ec':is'el_y, using
formula (6), if a mine Whicﬁ is taxed acvcordingv to factors
a, b and s has ‘an incéme of':t and an expénditure"'of E,

-we have that

(I - sa +sab) - (I - sa) E

H

R*
X

If the mine decreases its E ratio by & (g), then the
o ' _ T T '
increase in its net profit income r‘atio,A(B_f) will be as
follows:
AEY CAE - s, 13
) @0 - sal e 03)
which currently for a normal tax mine
=37 AE (131)
hence, if E- was 0,5 and R* "= 0,22 and A E ‘
= A . ‘ =) = .05
R < T 2 -
then A (-R——) = .37 x ,05
" C = .o0185
and so the new R* = 0,22 + . 0185
T | ,
= 0,2385

hence a 10 per cent decrease in expenditure per unit
income results in-a 8,5 per cent increase in net profit

per unit income,

Looking at the tax formula from the a‘bov»e point of view,

in
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we see that the tax formula does discourage inefficiencies,

at least in expenditure,

" Mining of unpayable ore |

1 we examine a mine v_whose R* is given by formula (4), i.e,
R* = T (I - sa + sab) - E (I - sa)

and decide to spend an additional expenditure ofA E fo,_
increase T by AT, then we will increase P* by A P*, we

will then have

- (P* +YA‘P*)‘ = C[+VA:‘D (1 - sa + sab) - (E + AN E) (1 - s

or AP* = AT -sa+sab) - AE (I - sa)

for A P*> 0, ise., an increase in net income, we have to have

AT 0 -sa+ éab) -AE - sé)) 0

or - AVE > | - sa -{—s’,ab
O | | - sa
_v “'s'ab . o '
." (' +| - sa») o.ooooonooooo (IL")

For a pre 1966 mine with the normal tax formula v

A E N L4078
Al > 037

_ Hence, provided We spend less than RII0 for every RI00 of

additional income produced, we will increase our net income,

[f AI = A E (i.e, costs = income), we have



A R* = A E '('Sab).

= - 0378 AE (for the normal tax mine)

hence if A E

' AI = RI00
A R* ' ’

R3, 78

In this situation we have mined gold worth RI|00, spent RI00

to mine it, and received a net income for _the effort of R3. 78,

This shows that fhére is an incentive to 'mivx payable aﬁd_ |
urnpayable ore in the overall production plan, |
Considéring that mining.costs are rising by about 15 per cent
per annuh and that moﬁey has a'time. value asééciatéd with it
of I.7 per cent (nominal shlo‘rt term intercst 'r‘a.te as _df' Mar‘cﬁ
I982).per‘ annum, the rich oré, if left unmined for somé ;ime

depreciates in value,

For example, if the RI00 was 'spent to produce an income of

RI50 by mining rich ore instead of unpayable ore, ‘we would have

0 AR® = 150 (1 - .63 + .0378) - 100 (I - .63)
| - = 150 (,4078) - 100 (,37)
= R24,17

If that same ore was mined a year later, then

150 (I - .63 + .,0378) - 115 (1 - ,63)

(A RS
| RIS, 62

However, to take into account the time value of money, we have



v)

to divide (Ar® by (1.17)

e,  RIB62
17

= KI15,91
hence the val'uve” of the. gol'd, has dépr‘eci_ated by

 R(24.17 - RI5.91) = R8,26

~ In the above eXampIe, it might then be p’r"ofitalble to spend

the RIO0 to mine the unpayable ore rather than spending the
sarﬁe amount for mining the richer ore, provided that there

were no effects other than a one year _de'lay on mining the

same amount of the richer ore, This is unlikely as this "

action would usually set in motion a chain reaction of delays

in mining rich ore down the life of the mine,

In general, the best decisions can only be obtained by
balancing over the life of the mine factors such as taxation,

time value of money and yields from low and high grade ores.

Certain misconceptions

It is sometimes thought that better financial results can be

obtained (particularly for marginal and semi-marginal mines)

if the mine restricts operations so that no tax will be payable,

1t is shown below that if working costs can be expressed as

E(z)

S +Cy2z C,>0, C,»0

or

E(z) = AZ >0, o<n<

(where 2z = tons mined per annum)
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then there is no better vmining policy than to mine to maximum

‘mine capacity, and incur maximum tax,

Case () Linear Working Costs

"Assumptions: '

i) working Costs E(z) = Cl

+szva_ooooco‘ (Is)
where C,, C, > o

= annual overhead costs,

= marginal cost/ton,

T2

C
C
C C are.-not.functionslof '_vt'ime.'
Z = tons mined,

'ii) - Total available ore = T tons,

iii) Income from mining z tons is

I(Z) = P(Z) 'a..pu.uoo.oo-';o.o_.ooco'o. (16)
where r > O

iv)  There is no capital expenditure allowance,

v) a tax formula Y = al(_— b, applies where
' x
ola, b 00
1 |
i a_ . = b
< = o0 b 100

A poli'cy such that the mine will not pay tax restricts by '

(7) the value of T and E and 2, such that -

z) - E(z) b T(2)
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'i.e.. »r\Z - (Cl + C2 Z) é b‘r‘Z .o-o‘o'o'o-oo_-.o' (l7) .
_ Cl'
lhee 2R TImE) S
‘ 2
. | | c, S -
) Suppose v r4 =m_z .“...‘...v.. (|8)

then a maximum annual tonnag‘e' will be produced subject to

the provvis‘,ion of no tax,

"Annually we shall have a net profit of

R(z) - E(2) = rz-(C, +C,2)

(f;‘v—Cz).'z - cfl'

(r-C Z)L'l - C

|
r{i-b) - (»22
= 'brcl
r‘('_b) -Cz .ooooococ_oo . (lg)
.The mine will go on for
T (’ N o

6 r‘(l—'b)—c )yEaf‘S . 00 c000se0v00oe (20)

hence the Total Profit is equal _to"
pr oaooooo.co.oo-ocao'uoco-ooooocooo'. (2|)

(note: if b = ,06, then Total Profit = ,06rT)

If tax is paid, we have
o

Z.> I B . ..0'.;.....’..;...'. (22)
r(l-b) - C ‘ ' "

2
and 'ife - % ....I..l.l...GOIv.vOCOIIQD‘COOIOO (23)



' Total net profit will then be, using (4) with's = |

[I(z)(l - a + ab) - E(z)(l ._-a)j _;_ :

(¢ tcaz) - o
| - a)J I

o+ o - C |
TD“,— a+‘ab) - _Z_' (|_§) - C,0 - a)] cevosas (24)

-[r‘z(l - a + ab) -

[}

We would like to show ' ‘
Tor > T [‘"(' - a+ab) - =0 -a) - Cz(l-a):l veos(25)

i.e, that the non tax policy is better than some tax policy,

However (25) implies that

c

_br‘_)r"(l - a + ab) -_.-z-l-(l - a) —'C-z(l - a)
i e. br(l = a) 2rll - a) = C1(1- a) -~ C.(i - a)
. T o Z “ ‘
. : C
e €, br> r - —Z—I- - C2
fo €0 C. . -
. o c o -
i,e. Z | seees0ss0e0cose (26)
<r‘(|—b)-C2' - ’

which is in contradiction to (22)

. . . C
ie €y Z |
‘ _ > r{l - b) - C,

. Hence, every tax paying policy produces a greater total net
return than the maximum annual tonnage policy which does not

pay tax,

We further need to know if there exists a policy where the .



La\J \d

rh_ine will pay tax but will prolong its life without _decr‘easing'.
~its total net profit,

Suppose that under: policy |, the annual milling rate is ZI
and under policy 2, the annual milling rate '-is 2'2 with’
Zl< Zz CO..O.........o..a......O...G;......OOQIOIO. (27)

ie €4 ~ policy | Ieads_ to a longer life,

Using -expression (24), the Total Net Profit for

policy (I) P, =T E(I - a + ab) - CI ' o :
y . ( E v R ’ Z—l (l ,- a) - Cz(l - a):].o'..(ze
for policy (2) Pz = TE(I - é + ab) - ‘_Z—z(l.~-a) - _C2(| - {3]..-(21

we r‘quir‘e Pl>/ ‘F’z

1o €4 — C -C
S -a2 = (-a
| 2
i.eo' ZZSZI ‘..0.0.9.90090.00.900000...0.0...'. (30)

which is a contradiction to (27)

Hence, under the assumption of linear costs, there is no better

policy than to mine maximum tonnage,

In the second part of the .pr‘oof we have not considered the
case where the taxable income under the two policies is less
than R140 000 and tax formula (9) Wfth different vélues of ta!
for the two policies may apply., In such cases it may be
prfofitable to .r‘es'tr‘ict mining - this, however, is doubtful
par‘t‘icular‘ly if we also take. into consider‘atioh the timve value

of money (interest rate) and rising costs,
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Case (2) - Curvilenear Working Costs
If we change assumption i) in the previous case to

Working costs = E(z_)_ =0(_Zn cesevsencon (t5')

A > c
C~<n<l

(i,e, costs per ton gradually deCrease with tonnage)

- then for the mine not to pay tax we require

2(!—!’1)(_/' E (7<‘

\\ . p(' - b) b‘ooono..-ooooooov . (1'7') ,

If we than assume annual production at
Z(.l -n) . e S | (181)
r‘(l - b) Oooo‘oon_,o-.oooonoon .

we will obtain Total Profit over the life of the mine equal to

pr ) o.ooooooo;oooao‘é | (2“)

If tax is paid, then

2(I—n) > r7</

p(| _b) 0008000008600 000CEC (22’)

and total net profit is N . ‘ _
_ - _ L
T Lf‘(' - a + ab) —ﬁ<— (t - a) Z(n ,I)] eoccoo (247)

We want to show that the non-tax policy is better than some tax
policy, i,e, ,
Tor> T[rl - a+ab) ~A b -a) 20~ V] 0 (s

i e. Z’(n - I)> r‘(l»-v b)

X
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- - L
or Z < r{l -.b)

- which is in contradiction to (221),

'Hence, again there is no better policy than to mine maximum tonnage

and incidentally. to incur maximum tax,

" 6,603 Cbjectives

It is generally accepted that the main objective of a company's
‘nanagement ‘is to maximise the profité of the. owners, the equity
shareholders, That this principle is well accepted within the gold

min'ing companies in South Africa is doubtful,

Other objectives are frequently used to determine the p'olicy of a

gold mine, For example:

i) . the selection of a policy which maximises the life of a mine
w ithin the constraint of "adequate! annual profits or fixed -

“annual profits;

ii)k " the selection of a 'policy'which maximises the total amount of
gold produced, also within corsirainis specifying "adequate!'' -

annual profits or fixed annijal profits;

iii) the selection of a policy' which mnaximises the life or the
"~ profits of a mine, subject t_o'const_r‘ai’nts‘specifying that the

mine will avoid paying tax,-

The above objectives reflect in a confused and imprecise way the
true objective of maximising the profits of the 'shar‘_eholder‘so Con-

fusion arises from improper identification of objectives and from



the confusion of .ovbjjectives”,'w.ith consfraints. For exanple, besides
;. seeking.‘ maximum profits, :nanagemeﬁt rﬁay. also have other’ ot“)jectvive.s .
such as maint_ainving" a stable (vconstant') __policy.: This, in fact, }s
néf an objective in. the sense that it car be m.a“ximised, but rather.
a corlwstr*a:int on the policy which :hax’i_rnisvesv ’proffts;

L)
It is current pr‘actice"to' assess the» overall economics of a mining
venture of :ﬁining'policy on the pr“eseﬁt _value of futl..me net pirbfi.ts.
This .pr‘ac’tice is reasonable, as it is neCessar‘vy to_. take discounting
'assumptions int}c.)’ account, bécause' préSent .noney is at ‘a.:_pr‘e;ﬁi_um.

compar‘ed with future money,

The above practi'cé is only correct if there are no decisiohs of

capital expenditure. involved,

In his papér‘ on ”’Analys‘isv.of 'vﬁnev Ope‘f‘ating aﬁd Capital Expenditurett
Ewing states ,.thati "The mining engineef‘, when deciding upon the
nétur‘e of pér‘manent installations to be. selected as preliminary to
valuiﬁg or initiating a new venture, ‘will wish tb select the instal-
_Iat‘_ior_\s'that will make the p_f‘esent value of the estimated stream of

: pr_*o.fits va rnaximum for the whole process of wihn'ing'the wholte »
a\(ailablé me.tal present in the ore deposits to be eb><p'loited‘,“I7 This
objective. is falsé, The ‘argument for the. falsity ‘of the above claim

is as follows:

i) Ewing has shown that the Present Value of sums ‘received
(Profits) of a mine can be expressed as a function of the

capital spent on establishing the mine, 'This function is

17, Ewing,  S,, "Analysis of Mine Operating and Capital Expendi-
turety C,l, M. I, Special Valume No, 10, 1970,



Present VValue of

fi‘i)' ,

iii)

Future Profits (V)
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roughly parabolic in shape (Fig. 6.5)

Tahgent to curve VI(E)

7 — | ) | |
' ' Capital -Expenditure (E)

Present VValue as a function of Capital Expenditure, V(E)

Fig. 6.5

Maximum preseht value, -V, occurs at a point A in Fig, 6.5,
If, at this point, we invest an additional amount, the present

value of .the mine will not be increased,

. At point A, the marginal increase in the present value, V,

"is zero for an increase in capital expenditure, E, i.€,

%\Ei = O, At this point, the marginal productivity of capital

is zero and it is inconsistent with general principles of invest-

ment to operate in this state, Effectively, it means that an

investment of AE produces an increase of AV = Q in the

value of the enterprise,

The optimum policy will occur where /A E, the additional invest-
ment, produces an increase in the value of the enterprise equal

to AV andAV)/ AE.

dE
(i.e, the Slope of the tangent to the curve V(E)/'> 1,0).

This will be at some point, B, in Fig. 6.5 such that 3% 71,



We assufne that the br‘e_cisé point B cén be detérmiﬁed fvr‘om
considering the r‘elatior‘jship‘_bet.ween th‘e:.pr‘esent value.," Vv, of
the rni,ne, ‘and the average value, M, of the s'hérﬁes of the mihing
company. - In gener‘al,' MLV beééuse of risk favctors.r If

V = ,9M, then we ,coujld say that there is a pbobabili_ty of .9
’that the mine will pr‘oduce profits such tﬁat the value of vthese

profits is M,

If the additional investment does not alter ‘the risk factors, then
an additional investment 'ofAE should produce an increase of

A\ V in the present value of the mine, such that ,9AV‘=AE

av _
dE

hence the optimum ‘investment policy will occur where

av .
dE

or lo H

lo 1

To arrive at the optimum policy we have to establish the present
value curve as a function of capital expenditure and then, in
order to determine the optimum capital expenditure decision,

e . L . dv. Vv
find a point B on this curve such that daE = o

In practice, to determine the curve V(E) we would maximise
V(E), the Pr_‘yevseht V.alue,‘ with the capita! expenditure not
constrained and then maximisé V(E),' subject to restrictions on
E until the tangent at point B had the required value,
In the above discussion we have  not distinguished various sour‘cesvof
capital such as - equity capital
short term (overdrafts, etc,)

medium and long term loans



Rights issues
New issues
Preference shares

~ Retained profits, etc,

The real (after tax)‘ cost of some of those sources of finance is

often sub‘stvah_ti_ally less .-than the cost of Equity finance (w;wich would '
be normally used in est.ab.l_vish.ing a mine), This r‘educt‘ion iﬁ ‘a
company's cost of capital ‘de'cr\e'ases the marginal productivity requbire—'-

ments of capital éxpenditure in establishing the optimum policy,

6,6,4 Influence of Government on optimium Policies

There is a conflict of interests insofar as shareholders are interested
in maximum profits, and the contention that it is to South Africa's

advantage to produce maximum gold over the life of the mines,

In criticism of thé influence of state planning on thé gold mine.s, it
has been pointed out that, although governmental assiétaﬁce policies
to marginal gold mines may be of benefif to the couht-r‘y, they are of
no benefit to‘ the éhar‘eholder‘s of mining companiesr. | Aséistance to
Qold mines (loans, etc,) can actually cause losses tb shareholders

both in actual returns and potential mine break up value,

The problem is complicated by the fact that shareholders have both
an interest in éar‘ning maximum profits and in the welfare of the

national economy,



CHAPTER 7

CONCLUSIONS



Until Sou_th Africa man_ag'ebs‘ to free- Her‘self of her h‘istor‘ic jand '

' erstwhi{lev dépe_ndéncé on gold, .lectuations fn the pr‘i_cé_ of éold.
will ;cont‘inue to have a marked effect on the state of the South
_Afrjican economy'.‘ At pr‘ese‘nt_the dr‘ob iﬁ the ggid p_rice tovwar*ds
the $300 mark has br‘o'longed the d‘ay when 'economic recoyefy will

be attained,

. ln. additfon .to this, .th,e. gold mining ‘i'ndL'JStr‘y>WaS fuvr‘the‘r 5ur‘dened -
by an increase :in the surcharge on tax bayable,» to lS_%,' .followi.ng '
tHe 1982/83 Budget Svpeech. Howe"ver‘,‘ the fall in thé Rand against
the U, S, .doll'ar‘ has‘ser‘ved to c'ushion the impact of the fall in the

gold price on the gold mines, . a

Given the above information ‘it is not difficult to see why a correct
policy, with regard to the extraction of this resource, is of great

importance to South Africa.

7.1 Gold and Optimal Extraction Patterns

/-\Itﬁough gold has been analysed accordihg to the traditional wasting
ésséts theory, it Hasr been shown th_ét_ it has properties which di’ffer‘
to most _oth’er‘ r‘ésourcés,_which are also claésifiéd as “"wasting
aésets". Alt_hcmgh gold >is a "wastingv asset! in the sénse that it is
a non-;r‘en'eWable resour‘.ce which hés the char"acter of a fixed__stock
which is non-replenishable in its evxisti'ng.for‘m, it is also a resource
which is not destroyed in consumption - once it has been mined,
unlike oil, it is an "everlasting éSséf“.I Fur‘thermore; gold is a
financial asset, Gold differs, say, from ene_r‘gyv sources because,

as the price of gold increases, there is no incentive tov develop

substitutes for gold as a hedge commodity/inves-tment. Generally,



" as the price of a wasting asset finc’:_r‘ea'ses‘, there exists every
incentive to develop subs‘t-itUteS, -Gold usage in industry follows
the latter hypothesis.‘ "Despite its attractive properties; at a

' _,pr‘ice'v there exist substitutes,’

Every»acn:tv_i of conéumptfon of stock. reSquhceé n'.jea.vr.ws' that there .is-
less t;'emaini.ng for‘_fufur‘e u.se.' " The potentié.l depletiqn of these
resources gives: r‘.i's'e to the need to consider whether_r‘nar‘ket'bfor‘cesv
éi"e Iéad.ing to a vtocv)'- rapid exp'loitatibn of these resourCes Ffo'r‘ the
gqod of future ge.nef;ations‘ a‘nd‘ whether‘ the.re is a need for gOve}r-n._
"ment intervention to'n.wake gvr‘éater‘ pfovisioh fo_r‘ the f’ut.ur‘e,. THe
conservation ‘of.r‘esour‘.ces' does. not (and should not) imply tack of»
use, mere'ly. wisé a"nd 'car‘eful. vuse, so that the utility derived from

a resource may be maximised over time,

" As with all wasting assets, the key tO'Ia sound conce.ption. of the.
‘conser‘vati’on of minerv‘alvs Iies' m the recognition of their beprjesenting
part of the national éapita-l. A concern for the optimal devp|etion of
e‘xhaustibléf, resources becomes a concern for the optimal rate of
investment and ca_.pital for‘mation' in the economy at Iér‘ge._ From an
economic point. of view, it rﬁakes no difference whether we save |
'regources fof. tomorrow by not using them today, or instead‘ use
them today in é pr‘ocesé that does not yield direct satisfaction, but
creates Capital goods which yield theitv"rs‘er‘vices tomorrow, The
prihciple that _deter‘m'ines the rate of \i.nvestment - the rate of return
on capital, must thué be used t‘o' govern the extr‘actionbof mineral

resources,

The objective function to solve the problem of the optimum rate of
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d‘epletion is to méxibmi_.se ‘th_e ‘r.vet.pre'sent'. Q_a_lue of th_e‘ stgck,- ‘l‘n
partial équijibrium market theor‘y,' there yviﬂ be stock equiiibriuﬁ
in én asset market when aH‘ bassets of a _gi\‘/‘_e.n ‘r"isl.< c-lass_yféld

: t.he samé rate of return, par‘tvly. as current »div‘idend and _part!y'as
capital g’éin. Resource depoéits vyield‘ no _cUrreht _dfvidend_as" long
as they remain '"in si‘-'tu", so the rate of return is purely in térms__
of capital' appr‘eciétion. The present value of a reéource deposit‘
is the r‘i‘et present v'alQe of futu_r‘e sal_e-s fr‘_bm kit,- after deduct'i‘on :
of extr_aé.tiqn costs, So, in equilibhium, r_\ét pr-iée or 'scarcity'
rent must Be increasing ét the market r_‘;éte of interest,

If net price rises at less than the Eate of".‘intelv"_es-t, the return on
i.nves_trnvent in'conservatfon of a_r‘esour‘ce is less than the .petufn on
other investment, so therr‘a;te of extraction will be increased and
the r‘esburce will be exhauéted ‘more quickly, If net price rises
faster than the rate of intereSt, owhers of mines_délay_ pr‘oduction‘_

while they enjoy supernormal capital gains,

Differing 'expectations affeét the extr‘vaction' r“ate of resources, such
é’s gold, If the iﬁterest rate, Wh_ich the mine owner uses, diverges
from the market rate of interest, (i.e, if ‘it is greate-r), mine owners
will extract the ore more quickly, | This may occur becausé'the'
mnine owner discounts the futuﬁe at a highér rate than the market,

If -the.mar‘két rate of interest is greater _than the "“social rate of
discount®, ‘inte_r‘ven‘t‘io.n in ihe market to slow down the r‘éte of
extraction would be justified, However, t'hié is unlikely to be the'
case, as the social rate of discount would be determined by po.liti—

cians who are generally quite old, so in fact they might discount

the future at a higher rate of interest than the market, Within the



time ho_r‘i‘zo'n_, the market works ‘impeCCably and v‘o‘p.timal vextr‘avction
.péttér‘hs w'iH"r‘e'su-lvt.if r_"éso’ur*ce's ;ar‘be xextr‘actéd at a r‘atevequal to
the mar‘k.e‘t .Pa.\t'e: of interest, ‘(T'he only questioﬁ is whé!her informa- -
tion is good or bad,) Although ‘this doés not provide for;. generations
beyond the timebhor‘izo‘n, theré is ind,r“easio_n to believé that t»he .
government!s time horizon is longer than that of the market, Fur-
thermore, there is no evidence that the gqverﬁment ,hés acéess to

npetter information than individual or collective market participants.

' The possibility also exists that, far from being exploited too quickly,
mineral resources may have been exploited too slowly because, inter

alia, of the monopoly power exerted by resource owners,

-_While\ individual mine owners may be criticised for not taking a iong v
enough view bf tHe_ future, theré- is no r“easoh t§ suggést that.-t'he‘
political process can be relied upon'to,be more future br‘ientated
~than the ave_r‘égé c0rpdration, This criticism is; moreover, irrele-
'van't, given the capital nature of :miner‘als - unless mine owners
consume their profits and do not reinvest iﬁ explor;at’ioﬁ or in the

stock of repoducible capital,

'.G-i_ven_.ihe fundamental nature of _mi‘n'er‘al resources, and the likeli-;
hood of the discovery :of new deposits and of technological innovation,
the principle of intergenérational equity demands iny that society

~ channels its investménts in such a manner that i;s -aggregate income
ié madev' as great as the funds available‘for‘ investn‘1entb can make it,

- Since all capital _is‘exhaustible and must be replaced, investment in
the conservation of non—r‘epoducible capital should not be seen as
more desir‘abl.e‘than in pr*oduced. means of production, knoWIedge,

technology and economic institutions, . In general, | believe that the



interests of future generations wo'uld be better served if we left

them capital equipment rather V-than minerals  in the ground,

7.2 Gold and Gover‘nmént intervention

In South Africa the government has undertaken to ensure that the
life of the gold mines is extended as far as possible and that
secondary industry is developed to take the place of gold mines

in providing émployment on the decline of the gold mines,

- The _le'ase and t'axa't’i‘on formulae, intEQduced by the Mining Taxation
Act No, 6 of {310 sought to rectify the dl;ver‘gence between thé
private and social _inte.r‘ests by ensuring‘ that the lowest economicallyv_
possible ores were mined and thus thé 'léngth of the lives of the
m_iﬁes extended, with the funﬁds available for- the development ’of

other industries,

The diéédvaﬁtage of these r‘egulétions are, t.hat_ ‘once the governmeht
regulates with such a formula, it will pay the ‘mine_owne-r‘ from the
narrow point of view of his own interest to déliber‘ately make a

loss on additional low grade ores because the r‘esu}ltént f‘eductio’n woulc
éo lower the government!s share, that on batlance his own share

would be increased, ~Thus the capital 'val_’ue of t.he mine is dimin-

ished,

Frankel 'has'shown that excess profits haQe not been made in the
South Afr‘iéa.n;gold ;hining industry, In I963, the ‘a’\‘/erage rate of‘
return on investment in goid mining was 4,3% as opposed to 7% in
WUnited kingdom equities, The objectives of the system whiéh were

intended to obtain the inherent rental value of the mineral deposits
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fb.rv the 'St'ate.,v seém to have been based on.c';orjf_usion' és' to the
economic nature of '"rent! a.hcj failed to appreciate fully the differ‘—
ence between economic ‘r;vetu'r‘n‘s wh‘i'chv qfe"pUr‘e.iR‘icar"di_an rents and
.those_ which ér‘e qQaSi;rents. The s_ystem._c.ioes' not take suffi.cie.n_t'
kaccbount' .of the effec;ts on the supply df cépi'tal for néw explor‘étibh

,' . .acvti_v‘ities. | The net result is_i that 'Ie.ss‘ capital goes into gold mi.ning '
and more iﬁto ‘othér activifies and tﬁe hafional vbinc'ome is diminished

in the outcome,

So the aim of h»igh taxation is to obtéin'fdr the state, r"elnts from
’g_old mining, so as t<.>‘ prevent the.corAwsump_vtion of these, and also
vfo,‘ prevent the payout of high dividends "tolfér‘eigner‘s. A .tax on
profits discr‘imiﬁateé agai_hst capital intehsive. and r‘isky ventures,
Ffurth,er‘nﬁore, if the return on othe_f* inQeétment in SdutH_'.Afr‘ica is
Suffiéiently attractive, ény fl..lvndS whiich‘ flow fr‘o.m the country i.n

the form of dividends will return,

A tax bon pr‘ofits:‘would ser‘ve thevpur‘pos.,e of i.ncreasin.g investment,
only if the gover‘n_men eavr‘—rhaf“ked this revenue for investment,

While a case exists for tax.i'n'g the surplus br‘oduct of a wasting'

~ asset at a highér leQel Vthan ..indust_ries with indefinite lives, provided
that the revenue is.channelled into the develbop_ment”(.)f industry,  the
diffefént rates of tax on gbld mines and.on other extractive indus-
tries cannot be jL‘JStified, Furthermore, taxe‘s paid by extractive
industries in excess of the rates of compény tax should be placéd

in a'separ‘até fund .e'ar_‘mar‘ked for _investme'nt purposes and not

bour‘ed into the general revenue fund, as .in tlhevcase in' South Africa,

If anything, a tax on dividends would be superior,

With respect to diversification, the government has not in fact



channelled the funds into capital investment (witness the flow in

the 1930s from mining to agriculture).

_Fur‘th‘ermore, it is not ‘clear‘ why profit maximising firms should
not diversify their own portfolios, L.arge mininé fi_nanc.e 'hou'se_s
can pur‘ch.ase skills in other fields .if they do.nof:already have
them, H.owever,_ at this stage‘ it rriay not be optimal to force
diQ_ersification'_— it may be prefebrjed to 'havé greater" investment

I' in exploratioﬁ for gold dép}o’s_its'r What‘ the = goVer‘nmént is eésene

“tially doing is restricting choice,

-F'inally»,. the_reco.gnitio'n, of wasting asset$ as part of our total.
Capital stock results in the fact that no case exists for the
~conscious conservation of mfneral resources, particularly gold,

for future gener‘atidns_.. .Ho‘wever‘,' ‘this does hot imply that waéteful

- extraction shéuld be condoned, As.longbas. the stock of reproduc-
ible 'capital is not run down and is augmented by the present genera-
-ti.on, future satisfact'ién w.ill be served; While _vthé ma.r'ii<et is im-
per‘fect.ther‘e‘ is no reasoﬁ_ to e*pect that government regulation

will lead to a more efficient u'ti_lisation of resources or provide a .

higher rate of investment than would market forces,
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Appendix A

LEASE PAYMVENTS AND TA_XATIQN

Lease Assessment

Thevpr‘of'it assessment 'for‘_ the purpose of estimaiing 'le_ase payménts
iskthe working profit less the capital "expehdiiur‘e. Eedembtion {or

‘amor‘tisation) allowance, No 'Ieas_egpa:yment is 'char‘ged until cumula-
_'tive profits éjxceedvcum'ulative‘ capital expenditure and, the’r‘eafter‘,. |

capital expenditure is treated as an expense as and when incurred,

There is also ‘an additional interest allowance calculated on any
unredeemed balance of capital expenditure, For leases granted
before October 1967 this is calculated at-5% simple interest, f'o'r‘_

‘leases granted after this date at 6% compound interest,

- The lease payments of certain old mines are also subject to special
features, There is an Offset Clause (OC) which gives relief in the
~event of increased income tax, while in some cases a minimum pay-

ment is fixed regardless of formula assessment,

The lease payment is calculated before the tax payment, as it is -
. allowed as a charge against profits for the purpose of tax calcula- .
tions, Each mine has its own lease formula, a typical example

being

Y = 15 - %(Q _where X is the ratio of profit (less redemp-

tion allowance) to revenue expressed as a percentage, and Y
represents the percentage of profits (less redemption allowance

and capital allowance) payable to the"vStat_e,

To illustrate, Assume a mine which has a revenue of R30 million,



~ has incurred costs of RI5 million and spent Rl million on"c'apital-
account through the year, such that the ‘capital allowance .is cal-

culated at R25 000, The lease formula is:

From this .information the ’profit'fo.r X in the tease formula is
equal to R30 million, less RI5 million and less RI! million, or

RI4 million, Substituting in the formUla’, this becomes

e 90
Y = 15 - B4 million x 100
R30 million
= 13,072%

The 'as_Sessable profit for lease purposes is RBOV million, less
RIS million, less RI million, less R25 000 — or RI3 975 000,
Thereforé the full lease péyment will amount to |3.072% of the

. above figure, or Ri 826 812,

Income Tax

As previously indicated, the lease payment ‘is. treated aé an expense
in arriving at liability for taxation, In 'addition, as in the case of
the Iéase, nb taxation is payable qntil éumulative profits exceed

'ﬁcum‘ulative capital .expehdithe, and capital expenditure thereafter is -

treated as an expense, as and when incurred,

The special capital allowénceé for tax pur‘poses fall away in.the
year in which liability -f'or‘ taxation is first incurred, ..Pr‘esent'
capital allowances fér‘ tax purposes are 87, ’pér‘ annum for the
Coéke Section of .Randfontein, and 109 pér‘ aﬁnum,for‘ Unisel, Deel-

"kraal, Elandsrand and Ergo.



The taxation formula for pre 1967 mines is: .

360
Y = -60—. X

wher‘e_,” in this case, ‘)<1 is the ratio of profit ieSs léasé payment
and less redemption allowance (including as much of the redemption
allowance as is attributable to the capital al'lowance_-in'the yeérs
pr‘eceding.that m which taxation is first incurred) to revenue ex—
pressed as'va peréentége. Y is the peréentage of brofits v(Iess
"redemption allowance, Ie.-‘a_se payment and, where applicable, vcapiial

allowance) payable as income tax,

Taking the same theoretical mine as above, the profit less redemp-.

tion_ allowance less lease payment is equal to RI2 173 188, therefore

| 360
Y = 00 - R{3173188 x 100
| R30 000 000
= 51,1287

Tax payable is then equal to 51,128Y% of R!2>I73 188 or R6 223 908,

_In addition to the tax payable under the formula, as calculated above,
there is also a 5% surcharge, Thus, actual tax paid would amount

s

to R6 535 103,

The total tax and lease payments would thus amount to R8 361 915
equivalent to 59,7% of profits, These figures refer to profits
‘resulting from mining precious metals and uranium, Additional non-

“mining income is taxed at the existing company rate,



Appendix B -

VINE_TAXATION* AND LEASE FORMULAS FOR INDIVIDUAL

S.A. MINES'

Blyvooruitzicht (1942) = Lease: Y = 16,3 ~ 2232

Bracken (1962) : Lease: VY = |5 - gxg
' e | S 96
Buffelsfontein (1957) . , Lease: Y = I6 - <
Y iamay S 480
Deelkraal (1979) New mine tax formula: Y = 60 - =
| L . 120
I_‘ease.r Y = |5 i
| . N ) : L '20
Doornfontein (1953) Lease: Y =15 - v
Driefontein Cons, (1952) _
v E. Drie Section CTax: Y = 60 - i)%g
Lease: Y = 15 - %Q
W, Drie Section  Taxi Y = 60 - 322
Lease: Y = ZI.- _2_>Iz0_

Durban Roodepbor't Deep'(|898). Lease: Mainly non Ieése {state-
' o assisted)

Ergo (1981) - New mivne tax formula: Y = 60 - ﬁ*)%g

Lease: No Lease’

East Rand Proprietary (I_908)' Lease: "Ra = |, 4X - 8,4" on 5 286 claim:

¥ where no tax formula is given, it is taken as read that the tax
formula for pre-1967 mines applies, i.e, . 0 360, The date
when milling operations began is given in 6br‘acke;s‘.

correct as of 28 Feb, 1982,



Elandsrand (1983) New mine tax formula: Y = 60 - —22

(_easev: Y =15 - %
| e 165, 6
.Free State Geduld (1956)  Lease: Y = 27,6 - X
o .. 660
Grootvlei Prop. Mines (1938) (ease: Y = 27 - .
' : B o . 75
Harmony (1954) - _ Lease: Y = 12,5 - <
L o K ) _ 102
Hartebeesfontein (1955) Lease: Y = 17 - 5=
L o N 75
Kinross (1967) - _ Lease: Y = 12,5 - 3
Kioof -(1968) . Lease: Y =I5 - X
. ’ » 90
Leslie (1962) o - Lease: Y = 15 < 3
‘Libanon (1949) | Lease: Y =15 - 22
. . - 90
Loraine (1955) - Lease: 'Y =15 - X
o . .y . 406
Marievale Consolidated (1939) Lease: VY = 20,3 - <
President Brand (1954) Lease: VY = 12,5 - >

President Steyn (1954)

Lease: Y =-12,5 - 73 (original mine): Y =10 - &
X , X

o e - 480
(Video - profits taxes on new formula Y = 60 - 7)

Randfontein (1889 (original property), 1974 (Cooke section) )

- 100 . - 60 - 480
Lease: VY = 12,5 - X< : .'.l'ax. Y = 60 - X

St. Helena (195I ' Lease: Y = Il - 1o



S’_t.ilfén‘tein (1976 B Lease: Y = 23 - l_;’aze_ )
| © Tax: Y = 60 - %0
Qnisel (.|9,79) - New_mine"t'ax formula: Y = 66 ..'-4>—£<3-Q
“Lveasve: Y = 10 - BX_O

Vaal Reefs (1956 (Vaal Reefs) and 194! (Western Reefs) )

- 75
Fease. Y— |2.5 -.x |
Venterspost (1939) -  Lease: Non-Lease (state assisted)

West Rand Consolidated (1908) Lease: Non-lease (state assisted)

Western Areas (1961 (W, Areas) and 1968 (Elsburg) )

Lease: Y = 12,5 - ';—5
Western Deep Levels (1962) Lease: Y = 15 - 3
Western Holdings (1951)
Lease: (W.H./W.) Y = 26,82 - '62292
(F- S.S. (E.D) . Y = '5 - ?
e L D - 90
Winkelhaak (1958) . Lease: Y =15 - <=

Witwatersrand Nigel (1939) Lease: Non-lease (state assisted)
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