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ABSTRACT

This thesis examines the impact of the current Chilean 
tax system and of other possible tax systems on twelve 
selected projects. Analysis of the results indicates 
that a tax system which combines an income tax with a 
resource rent tax (RRT) seems to perform better than one 
which uses an income tax alone.

The use of hypothetical ore deposits makes it 
impossible to quantify the most appropriate tax level or 
the hurdle internal rate of return for a specific company. 
However, the combination of a basic income tax with a RRT 
should perform efficiently, or close to "optimum"; the 
minerals industry will be taxed such that the government 
will participate in the excess rent generated and the 
private sector will retain the incentive to invest in 
mining.

Chile has demonstrated in recent years that it has the 
necessary political power to implement any policy considered 
to be of benefit to the country. If further study of the 
potential of the fiscal regime proposed by this thesis for 
application to multinational corporations (MNC's) operating 
in Chile prove it to be both technically and practically 
optimal, imposition of the regime by the government could 
provide considerable benefit to the country's development.
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CHAPTER ONE 

INTRODUCTION

Chile is one of those developing countries in which 
mining activity provides a substantial part of total export 
revenues. With a potential volume equal to about 25 
percent of the world's reserves, Chile's copper is its 
most important resource for gain in international markets. 
Such natural wealth bears no relationship to territory size, 
to population, or to level of economic development. With 
about 17 percent of world production, Chile exports more 
than one million tons of copper to other parts of the 
world every year. The revenues generated by copper export 
are a source of prosperity for the country, but it is very 
dangerous to depend on one single product for prosperity.

The enormous copper reserves that Chile owns indicate 
that it will continue as a major copper-exporting country 
long into the future. However, Chile faces a great 
challenge in generating sufficient capital to develop new 
reserves and to put them into production. The private 
mining exploration effort in Chile has not been as 
intense as desired, and the projected investment by 
foreign corporations has been just a small percentage of 
the total expected.
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Since the statute for foreign investment was created in 
1977t many aspects of interest to multinational corporations 
(MNC's) have been clarified and the rules of game formalized. 
Since the statute mostly contains conditions desired by 
MNC's,and since the political risk is very low, why has actual 
investment in the mining sector been far below expectations?

Today, many governments are facing the problem of 
giving maximum incentives to the mining industry at minimum 
cost to their treasuries. In most developing countries, 
domestic private capital has no chance to enter a mining 
venture. The amount required is such that, even with 
available loans, there is not enough collateral to cover it.

Chile currently has a new economic system in which 
firms try to maximize profits, and consumers attempt to 
allocate limited money income among available goods and 
services so as to maximize satisfaction. The role of 
government is, as in a mixed economy, to act with the least 
possible intervention in productive activities. In an 
economic system like Chile's, exploitation of natural 
resources should be done by private investors. With 
insufficient existing domestic financial capacity, foreign 
investment should play a very important role in making up 
the capital scarcity.

But capital scarcity is not the only reason the author
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thinks that MNC's should be more involved in the Chilean 
mining industry. Such aspects as skill, risk and 
uncertainty, the oligopolistic type of the market, and 
diligence make the participation of MNC's in the 
development of new ore deposits desirable.

Assuming that the role of the mineral industry is to 
generate revenues, government intervention should be 
minimized. In the case of Chile, the existing economic 
structure could permit efficient resource allocation.
Chile should try to attract foreign capital to develop its 
mineral resources and, through taxation, generate revenues 
for the government to allocate according to the country's 
needs.

Instability in the mineral industry is one of its 
characteristics, and this is reflected in cycles of bust 
and boom. Boom periods are not a problem for the 
producing country since most of its production is exported 
and there are benefits for both the private company as 
profits and the host government as tax revenues. Boom 
periods do cause some problems in developed economies 
where the commodity is not produced or its production does 
not cover demand.

For this research, business depression periods deserve 
attention because they seriously affect the producing
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country's economy. In particular, government revenues are 
diminished, producing serious imbalances in the budget and 
forcing high cost mines to close, thus increasing 
unemployment and causing deterioration of the regional 
economy.

The growing interdependence between developed and 
developing economies, which calls for a new international 
economic order, place Chile in a good position in the 
international mineral market. Although Chile's 
participation in CIPEC is important, arguments in favor of
a cartel formation seems to be neither feasible nor

(convenient for its members. This infeasibility is due to 
the dissimilar political and social characteristics of its 
members, and the fact that the total amount of CIPEC 
production is not sufficient to exercise influence in the 
market. No less important is the increased use of copper 
scrap by the manufacturing sector, and the growing use of 
aluminum and plastic as substitutes that could eventually 
displace copper if its price rises too high or if copper 
supply decreases sharply.

It is the opinion of the author that countries such as 
Chile should not try to exert cartel-type power in the copper 
market through CIPEC. If this were possible, government 
revenues would be increased in the short-run, but this
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would not guarantee economic development. Besides, the 
international relations of Chile would be weakened, and 
unnecessary friction would be created.

More beneficial would be the government's turning its 
efforts toward creating an attractive political-economic 
environment in which foreign corporations see favorable 
conditions for investments in the exploration and development 
of new ore deposits. This should permit the birth of an 
intermediate industry around the mining industry in which 
mainly private domestic enterprises should have primary 
responsibility for the economic complexities of the commodity 
field. Under this condition, the long run benefits for the 
country seem to be larger than those coming from trying to 
handle the market.

Since foreign investment is desirable, the attraction 
of capital will depend on several things. One, of course, 
is the country's potential mineral endowment, something which 
is frequently better known by the MNC's than by the 
nationals. Another, and perhaps the most important, is 
the political stability that the country shows. The final 
one, and the focus of this thesis, is the fiscal regime that 
the country applies to foreign investment.

The quality of mineral resources cannot be changed, 
and Chile's average copper grade is attractive to potential
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investors. But the government has much to do with the 
fiscal framework under which the mining industry will 
operate. The stability of the Chilean government and the 
coherence of its political and economic system have been 
recognized by many distinguished businessmen and world 
economists. Therefore, the aspect that must be discussed 
is the quality of the legal framework for foreign 
investment.

The mining industry is recognized for its special 
features, and some countries are making such special 
concessions as depletion allowances or tax holidays. The 
distinctive characteristics of the mineral industry can be 
accepted or rejected. It cannot be disputed that the 
mineral industry is international and that there is not 
enough private domestic capital in Chile for the development 
of large ore deposits.

The author thinks that Chilean policymakers should 
analyze the fiscal framework of the international arena 
and the fundamental role played by taxation in comparative 
terms. Since large amounts of the capital required to 
find, develop, and produce copper come from foreign sources, 
the fiscal regime would be the key factor for the inflow of 
the necessary capital into the country. The low political
risk of Chile for foreign investment and the large amount
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of copper reserves that the country owns, if joined to a 
competitive tax structure, should permit Chile to develop 
its mineral resources at a faster rate than it has to 
date.

Minerals tax policy is a strong tool in government 
hands and can be used as an incentive or disincentive for 
private investment. Since the government is considered the 
owner of mineral resources (national patrimony), it has the 
power to extract some percentage of the rent generated by 
exploitation of these resources. One of the most difficult 
parts of any minerals tax policy is the determination of the 
proper tax level to apply.

Several alternatives exist for claiming the rent 
generated from resources exploitation. The precise 
definition of rent has been subject to change, from Adam 
Smith to Alfred Marshall, but it is clear that rent is a 
surplus generated by exploitation of a natural resource.
This surplus is measured as that derived income which is 
above the minimum earnings required to stay in business.

In the appropriation of rent by government, some 
questions arise regarding equity and efficiency. One 
important aspect in the taxation area is the method of 
rent collection. The method chosen is related to the 
amount of rent collected. The issue of "efficiency" plays
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a very important role because any collection method will 
create some distortions in the decision-making process, 
resulting in a decrease in the amount of rent available. 
Rent sharing is a trade-off between the private investor, 
who seeks a high rate-of-return with low risk, and the 
government, which wants the highest possible amount of 
revenue. High tax levels will provide high government 
revenues in the short run but will discourage private 
investment in the long run, resulting in no exploitation of 
some deposits and a corresponding loss for society.

The issue of shared revenue between the government and 
the private investor deserves special attention when 
developing countries are involved. There is no unique way 
of sharing revenues. Consideration must be given to the 
capacity for negotiation of the host country, to the level 
of information available regarding its mineral resources, 
to the role government assigns to private investment in the 
economy, and to the degree of certainty shown in the long 
run by the minerals policy.

Considering all the most important variables in any 
tax policy, an "ideal" policy is very difficult to achieve. 
efficiency, equity, neutrality, competitiveness, and risk 
and uncertainty are related in such a way in the real world 
that some must be sacrificed in order to emphasize others.
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For this reason, policy-makers facing real problems should 
try to develop an "optimal" tax policy according to the 
priorities or weights of the government.

Since the mining firm's objective is to maximize 
profits over the mine's life-time, and since trade-offs 
exist between high risk and high expected return, the level 
and structure of the taxation system play very important 
roles in the incentive or disincentive for a potential 
investment project. The private investor wants exploration 
risk to be considered by the taxation policy, and he wants 
to know what the taxation regime will be before development. 
From the government's point of view, the investor must take 
the risk alone, and the taxation level cannot be determined 
before the value of the mineral deposit is known.

It is easy to analyze how rents generated by mineral 
resource exploitation should be shared between government 
and investor in a perfect competitive market. This is so 
because the analysis assumes that both the private investor 
and the government have the same information on which to 
base their negotiations.

In the real world of the minerals industry, investor 
and government are not equal. The investor has access to 
better information than the government on costs of production 
and prices. In negotiations, this gives the company the
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advantage. The existence of risk and uncertainty cause the 
prices of input factors to require knowledge of the future, 
so both investor and government face the same problem of 
determining, ex-ante or ex-post, how rent will be shared.

The profit-maximization objective of the mining firm is 
based partly on the right selection of two physical 
parameters which are always present in the operation of a 
mine. One is the rate at which the ore deposit is depleted 
and the other is the grade of ore mined. In the decision
making process these parameters are affected by the type of 
tax system under which the mine will operate. Changes in 
the cut-off grade and level of output are produced, resulting 
in changes in the amount of reserves and the life-time of 
the mine. This will affect the amount of revenue received 
by the government, since it impacts the amount of rent 
generated.

The objective of this thesis is to evaluate actual and 
hypothetical mining taxation systems in the Chilean copper 
sector in order to analyze their effects on private sector 
investment decisions and on the amount of government 
revenues. In general, the uncertainties experienced by 
both government and MNC’s and the lack of accurate 
information in the government's hands make a type of tax 
interesting which can be assessed under the most realistic



T-2675 11

conditions. Policy makers must take into account the 
sensitivity of the mining sector to tax policy. This 
sensitivity affects the decision-making process in the 
mining firm and, therefore, the efficiency of resource 
exploitation and the amount of government revenue.
Attention should be paid to taxation, keeping in mind that 
for the potential investor the total incidence of taxes 
levied is probably more important than the way they are 
levied.

1.1 ORGANIZATION OF THE THESIS

The thesis is organized into six chapters. The first 
three try to give the reader a general knowledge of the 
mineral industry. Chapter four is an analysis of three 
existing tax systems, in order to provide useful information 
for later discussion of the tax system proposed. The last 
two chapters are related to the cash-flow calculations of the 
examples created as well as the analysis of results, and, 
finally, the conclusions and recommendations.

Chapter two considers some general aspects of the 
copper industry and gives an overview of the significance 
of this commodity in modern civilization. This chapter 
provides a general framework for a better understanding of 
the arena within which taxation policymakers must operate.
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Chapter three explains some characteristics of 
nonrenewable natural resources and their relationship 
with mining activity. General aspects of exhaustion of 
mineral resources and their quality and quantity and 
relationships among them are considered. Topics such as 
resource rent, risk and uncertainty, the meaning of 
depletion, and economies of scale, have been considered 
useful to include and discuss. The last part of the 
chapter includes a review of the theory of the mining firm 
and private behavior in the decision-making process. Some 
comments on the role of the mineral industry in the 
development process are made.

Chapter four provides a general overview regarding 
what a taxation system is, what types exist, the effect on 
the minerals industry, and what the strong and weak points 
of each system are. Important aspects related to the 
design or reform of tax policy, taxation as tool for 
incentives to private investment, and taxation as a source 
of government revenues, are discussed. The last part of 
the chapter describes each type of tax and discusses the 
impact of the system on the rate and level of extraction, 
on investment, on the ability to attract capital from 
other sectors, and on the maintenance of the equity and 
neutrality of the tax burden.
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Chapter five attempts to quantify the effects that the 
Chilean and hypothetical taxation systems have on different 
investment projects. The systems are compared in order to 
provide a starting point for selection of a fiscal regime 
which would encourage private investment in the minerals 
sector and also maximize government revenues.

The same economic and financial conditions were applied 
to six hypothetical ore deposits. Each deposit requires 
different amounts of capital to achieve production, and has 
differing levels of annual output and operating costs.

With the six projects, twelve cases were analyzed 
under many hypothetical fiscal regimes. Five were selected 
as most appropriate for analysis. Discounted cash flow 
techniques were used since in economic analysis they are 
the most widely used today. The measures used were the
discounted net present value and the internal rate of 
return.

Chapter six contains the conclusions obtained from this 
research and makes some recommendations on the results 
obtained, in order to prompt future research on important 
aspects not considered in this thesis.
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CHAPTER TWO 

THE MINERAL INDUSTRY

This chapter considers some general aspects of the 
copper industry and gives an overview of the significance 
of this commodity in modern civilization. A detailed 
study of the extraction and processing methods of copper ore 
deposits will not be made. The purpose is to survey world 
and Chilean copper industries in order to provide a general 
framework for a better understanding of the arena within 
which taxation policy makers must operate.

An overview of the international copper industry 
includes the world market and the main suppliers, which are 
important aspects from which to analyze the competitive 
structure of the industry, commodity price formation, the 
role of the London Metal Exchange, and the establishment of 
the Intergovernmental Council of Copper Exporting Countries 
(CIPEC).

The copper industry in Chile is analyzed from the point 
of view of its role in, and importance for, the Chilean 
economy and the significance of Chile as a copper-exporting 
country in the international arena.
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2.1 OVERVIEW

Natural resources have played a very important role in 
developing the great civilizations, whether imported or not. 
Even today, some developed economies are highly dependent on 
such resources. History shows that the unequal distribution 
of natural resources has been the origin of international 
conflicts and remains significant in many ways in 
international relations.

Minerals are a part of these natural resources and 
through the years have been, and will always remain, an 
important part of international trade. Figures show that 
United States international trade balances have been in 
deficit, and the importation of minerals has become an 
increasingly important factor in this imbalance (James Boyd,
1967) .

The growing interdependence between developed and
developing economies, which calls for a new international
economic order, is analyzed by Todaro (1981), who says:

For Third World countries, dependence on rich 
nations is and has always been a stark fact of 
their economic lives. It is the principal reason 
for their heightened interest in promoting greater 
individual and collective self-reliance. At the 
same time, the developed world, which once prided 
itself on its apparent economic self-sufficiency, 
has come to realize that in an age of 
increasingly scarce natural and mineral resources 
it too is growing economically more dependent on



T-2675 16

the policies of the developing world. Rich- 
nation dependence is not confined solely to 
sources of energy and raw material supplies. It 
is also manifested in the growing trend toward 
dependency on Third World markets for its export 
products. For the first time in recent history, 
the economic progress of developing countries has 
a direct impact on the economic performance of the 
industrialized nations, and this "reverse" 
economic dependence will continue to grow in the 
1980s.
Mining is pre-eminently an international industry, and 

since economics is concerned with the production, 
distribution, and consumption of goods, the basic extractive 
industry of mining, which produces raw materials for 
society, must be treated as an economic problem in the 
international arena.

Copper is one of the commodities which is traded in 
the international market and has played a very important 
role in the development of modern economies in past years.
In industrialized countries this growth in importance was 
the direct result of use of the commodity in industrial 
and manufacturing activities. Some of the physical 
properties of this commodity, such as high electrical and 
thermal conductivity, corrosion resistance, low melting 
point, and high strength, are responsible for its commercial 
demand. Because copper is the best known conductor of 
electricity, most of it is used in fabricating such 
electrical goods as generators, motors, wires, cables, etc.
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Other uses can be found in the automobile and construction 
industries (see table 2-l).

Industrial uses of copper have assisted the manufac
turing sector in developing and becoming important, as is 
characteristic of developed countries. This has a very 
strong positive effect on employment, income distribution, 
tax revenue, and, finally, on the GNP.

In some developing countries rich in mineral resources, 
the significance of copper has been manifested in a very 
different way from that in the developed economies. 
Traditionally, due to the low capacity of consumption in 
developing countries, copper has been an export commodity 
and a major source of government revenue. An important 
part of the economic growth of these countries is based on 
export revenues, and the exploitation of ore deposits 
located in rural areas has permitted the growth of small 
towns and created some collateral activities which absorb 
additional unemployed labor.

Campsites at what had been major mines are found 
totally abandoned once the ore deposit was completely 
depleted, or when a change in technology left the commodity 
without worth. Due to the instability in copper prices 
and the difficulty in forecasting its trends, planning 
cannot be carried out with accuracy, and low prices normally
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cause serious losses to the country.
Instability in the mineral industry is one of its 

characteristics, and this is reflected in cycles of busts 
and booms. The boom period is not a problem for the 
producing country because most of its production is exported 
and there are benefits for both the private company as 
profit, and the host government as tax revenue. The boom 
periods cause some problems in developed economies where 
the commodity is not produced or its production does not 
cover the demand.

For the purposes of this research, business depression 
periods deserve more attention because they seriously affect 
the producing country's economy. Government revenues are 
diminished, producing serious unbalances in the budget, and 
high cost mines are forced to close, augmenting unemployment 
and deteriorating the regional economy.

2.2 rtORLD COPPER RESOURCES

According to Schroeder (1977)* world copper reserves 
are 457 million metric tons, considering as reserves that 
part of the identified resources that can be mined with 
profit. The world distribution of copper resources is 
shown in table 2-2 .

Reserves are located mainly in the United States, Chile,
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Table 2-2. World Copper Resources (million metric
tons of copper)

Reserve' Other Total

North America
United States
Canada
Other

Total

South America 
Chile 
Peru 
Other

Europe

Africa
Zaire
Zambia
Other

Total

Total

Asia

Oceania

Total

Total

Total

85
31
30

146

85
32
20

137

6

25
29
9

63

27

18

291
109
27

427

118
36
64
218

36

27
64
18

109

64

55

376
141
57

574

203
68
84

355

42

53
93
27

173

91

73
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Continuation Table 2-2.

Reserve3- Other13 Total

Centrally planned 
economies Total 60 173 233

Sea nodules0 - 692 692

WORLD TOTAL 457 1,774 2,234

Source: Raymond F. Mikesell, 1979* The World Conner Industry.
Structure and Economic Analysis, published for 
Resources for the Future by The Johns Hopkins 
University Press, Baltimore and London, p. 12.

a. Of the listed reserves, approximately one-third of 
the copper contained in the United States and 
market economy country totals is located in 
undeveloped deposits. These deposits can move 
between reserve and resource classifications, 
depending on prevailing legal and economic 
conditions.

b. Includes undiscovered (hypothetical and speculative) 
deposits.

c. Estimate based on average of 1 percent copper per 
dry ton of nodules.
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Peru, Canada, Zambia, and Zaire. These constitute only 
about 20 percent of world copper resources of about 2,234 
million metric tons (Mikesell, 1979). These figures 
undoubtedly are not fixed and will change with new 
exploration efforts, prices, and technology, but they give 
a very good picture of the volume of this commodity in the 
earth.

2.3 MARKET STRUCTURE

Since development of a profitable method for the 
exploitation of large low-grade porphyry copper deposits, 
numerous deposits have been brought into production. In 
addition, changes in copper processing technology made

/

extraction possible from minerals with less than 0.8 percent 
of metal.

The magnitude of ore deposits and the new extraction 
methodology created the need for large equipment, huge 
amounts of capital, and skilled managers and technicians.
These requirements gave birth to large vertically-integrated 
firms that, seeking high-grade and cheaper mineral resources, 
went into developing countries to exploit large mineral 
deposits. This became a new type of international 
enterprise, known today as Multinational Corporations (MNCs), 
or Transnational Mineral Enterprises (TMEs). During the
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1960s and 1970s, nationalization of these foreign companies 
in such countries as Peru, Zambia, and Chile created large 
state-held corporations, some of which have become the 
world's largest copper producers.

In spite of the large amount of copper traded in the 
international market, the number of participants is 
relatively small. A good possible listing of these 
participants is given by Labys (1980), as follows:

1 . Independent or nonintegrated producers, 
providing their own capital, management, and 
so forth;

2. Integrated producers, including downstream 
marketing and processing;

3 . Government-managed production and marketing 
enterprises;

4. Producer cooperatives or state trading 
enterprises, serving as a producer's agent to 
obtain remunerative prices;

5. Government marketing boards performing credit, 
collection, storage, shipping, and other 
marketing functions;

6 . Private intermediate traders, brokers, and 
merchant firms specializing in international 
importing and exporting activities;

7. Independent intermediate processors in 
exporting or importing countries;

8 . Multinational mining companies of a separate 
nonintegrated or conglomerate-integrated type;

9. Specialized trading organizations such as 
exchanges dealing in spot, forward, and 
futures trading;

10. Financial companies such as banks and 
insurance companies providing finance for 
mining projects; and

11. Governments of the producing and consuming 
countries in question.

Copper is traded in the world market in concentrated,
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unrefined, and refined forms; most transactions are made in 
the refined form. Such multiple-form transactions make it 
difficult to assign metal values to each country. Due to 
the very complex trade relationship between fabricators and 
producers, competitiveness of the copper industry is unclear.

The copper market in the U.S. has been characterized 
by a fairly high degree of concentration, where a small 
number of large primary producers are vertically integrated. 
This concentration has been declining, mainly with the 
emergence of new mine producers.

According to Herfindahl (1959)» in 194? four mining 
firms were responsible for 60 percent of world production; 
in 1956 this declined to 49 percent. Most were U.S. and 
Canadian companies. Figures given by Labys (1980) show 
that from 194? through the Korean War only three U.S. 
companies were responsible for 80 percent of U.S. production. 
In I960 this percentage fell to 69 percent and in 1970 to 6l 
percent.

Table 2-3 shows the main eight copper companies which 
are responsible for nearly 52 percent of world production,
45 percent of smelting capacity, and 48 percent of refining 
capacity. Previous calculations made by Labys indicated 
that for 1975 eight firms were responsible for 50 percent 
of mining capacity and for 44 percent of total refining
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Table 2-3 . Concentration in the World Copper Industry, 1979• 

Conner Producers

Comnanv Shares Production
{%) (OOO MT)

USSR (State Co.) 14.4 1,140
C0D3LC0 - Chile (State Co.) 11.6 914
Nchanga & Roan Con. Mines (Zambia) 7*7 609
Cecamines (Zaire) 4.7 370
Kennecott Copper Corporation (U.S.) 4.4 352
Phelps Dodge Corporation (U.S.) 3*9 311
Southern Peru Copper Corporation 3*8 299
Bougainville Copper Ltd. (PNG) 2.2 171

Conner Smelters

Comnanv Shares Annual Canacitv
(fo) (000 MT)

Nchanga & Roan Con. Mines (Zambia) 8.7 2,310
Phelps Dodge Corporation 8.5 2,258
CODfCLCO - Chile 7.3 1,945
ASARCO - Incorporated 7•3 1,937
USSR (State Co.) (a) 4.4 1,171
Kennecott Copper Corporation 3.4 908
Southern Peru Copper Corporation 3*4 907
Magma Copper Company 2.7 726
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Continuation Table 2-3

Copper Refiners
Company Shares
Métallurgie Hoboken-Overpelt
S.A. (Bel.)
Nchanga & Roan Con. Mines (Zambia)
CODELCO - Chile 
ASARCO Incorporated 
Kennecott Corporation 
Phelps Dodge Refining Corporation 
Canadian Copper Refiners 
Cecamines (Zaire)

W ) (000 MT)
8.7 780
8.6 770
6.5 585
5-8 522
5-7 517
5-4 487
4.8 435
2.8 250

Source: Calculations based on figures given by the American
Bureau of Metal Statistics Inc. Non-ferrous Metal 
Data, 1979.

(a) Smelter production. Smelting Capacity no available



T-2675 27

capacity.
These figures are subject to some duplication due to the 

difficulty in defining exactly the amount and stage of copper 
traded, but they are a good approximation. They show the 
relatively high concentration of the industry, which can 
properly be defined as oligopolistic.

Reduction in concentration does not appear to be easy, 
and if it occurs, it will be very small since mining is 
very capital-intensive and low-grade ore deposits require 
huge amounts of capital to exploit. Capital requirements 
increase when the company moves to more advanced processing 
stages such as smelting or refining. One of the 
characteristics of the mineral industry is the need for 
large capital expenditures in high-risk exploration 
activities. This is a strong barrier to entry and 
sometimes discourages firms from continuing in business.

2.4 COPPER CONSUMPTION

World copper consumption grew at a very high rate 
during the period 1900-1970 due to the introduction of a 
new extraction method, developed by the U.S. engineer 
Daniel C. Jackling, and to increased industrial usage of 
copper. The main contribution of Jackling was to develop 
an operational system which permitted an increased
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operational scale and, at the same time, a sharp decrease in 
costs. It was then possible to economically mine new ore 
deposits averaging 2% Cu or less. Large porphyry copper 
ore deposits were discovered and large and sophisticated 
mining equipment was fabricated to handle the movement of 
enormous quantities of material.

Many authors agree that copper consumption has been 
generally stagnant and decreasing in some developed 
countries. Among the main causes for this recession in 
copper consumption, they say, are changes in the composition 
of industrial output, strong competition from substitutes, 
and changes in technologies that involve its use.

Mikesell (1979)» in his analysis of world copper 
consumption, found that per capita consumption in the 
United States rose by some 47 percent between 1927 and 1929» 
rose by only 30 percent between 1929 and 1950, and declined 
between 1950 and I960. Between I960 and 1970 it rose again 
to the 1950 level. In 1960-1964, U.S. average annual per 
capita consumption of copper was 17.1 pounds; in 1970-74, 
average annual consumption was 20.8 pounds.

British and German per capita consumption of copper was 
higher than in the United States during the 1960s, but 
Japanese per capita consumption, which was less than half 
of U.S. consumption in 1963» rose to an annual average of
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20.5 pounds in 1972-74. Mikesell says:
"Declining intensity of use of copper may reflect 
one or more of the following developments: (l) the 
substitution of other materials either because of 
a rise in the relative price of copper in relation 
to prices of substitutes, or because substitute 
materials have more desirable properties, for 
example, lower weight; (2 ) technological changes 
resulting in greater economy in use of copper;
(3) or changes in product composition in favor of 
commodities requiring less copper or copper 
substitutes. Of the three factors, substitution 
of other materials, mainly aluminum and plastics, 
has been the most important in explaining the 
reduction in the intensity of copper use” .
As shown in table 2-4, between 1970 and 1979» world

consumption of refined copper did not increase appreciably
in absolute terms. U.S. consumption of refined copper in
1957 was 32 percent and in 1979 was just 23 percent, largest
in the world. The case of Japan is surprising because in
1957 its copper consumption was just 5 percent, increasing
to 13 percent in 1979.

If increases in population are considered, most
countries have been decreasing their per capita refined
copper consumption. Developed countries consume about 90
percent of the refined copper produced in the world. Chile's
consumption is about 0.5 percent, remarkable since it was the
second largest producer in the free world and the owner of
about 25 percent of world copper reserves. This situation
is almost the same for the other copper-producing developing
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countries where the manufacturing sector or the intermediate 
industry is negligible.

2.5 DEMAND AND SUPPLY

Copper demand, as for most mineral commodities, is very 
inelastic in the short-run, and this inelasticity decreases 
when considered in the long-run. However, the degree of 
elasticity in the long-run will depend on several financial 
and technical factors which are characteristic of each 
c ompany.

As Mikesell (1979) argues, demand for copper cannot be 
easily determined since demand, as an economic concept, 
refers to the quantities of copper buyers who are willing to 
purchase at different prices, other things being equal.
The problem encountered in demand analysis therefore is to 
move from consumption data to a data base that more 
accurately approximates actual market conditions. In 
Mikesell* study of U.S. copper demand, data on copper flows 
in terms of production, consumption, and inventories, are 
used to estimate demand by adjusting either overall 
production or consumption figures for changes in inventories 
and/or net exports.

Another complication in determining true copper demand 
is the fact that it is derived, and there is a strong
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interdependency among the producing sectors. Since the 
copper industry is usually vertically integrated, sometimes 
up to the fabricating stage, it is very difficult to 
determine the demand for a specific kind of copper at 
different levels of processing.

Although the quantity demanded for copper is inversely 
related to price, in the short-run this relationship is very 
inelastic. Demand is not reduced significantly when prices 
increase. However, the copper demand is directly related 
to the price of substitute goods. In the short-run this 
substitution can lead to possible changes in the 
percentages of copper alloys. If capital fixity of 
processing plants is considered, this substitution is not so 
clear.

From an economic standpoint, Labys considers 
demand for refined copper as a function of macroeconomic 
activity, the price of refined copper, and the price of 
substitute goods. Changes in demand can be affected by 
changes in income, changes in energy price, and changes in 
technology. Figure 2-1 shows the mineral demand process 
outlined by Labys.

Mikesell summarizes some short-run and long-run demand 
elasticities that he and others derived from econometric 
studies of the copper industry. The analysis focuses on
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Figure 2-1. The Mineral Demand Process.
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aluminum as a potential substitute for copper. These 
results are shown in table 2-5 where the short-run 
elasticity shows considerable inelasticity with respect 
to price and activity. The long-run elasticity figures 
confirm the fact that time permits industry adjustment to 
changes in price and activity.

The interpretation of these figures indicates a one 
percent increase in copper price would decrease demand for 
copper by 0.4? and 0.64 percent in the short-run and long- 
run, respectively. If aluminum price decreased by one 
percent, demand for copper will decrease by 0 .6l and 0.84 
percent, respectively. The activity variable should be 
interpreted as an income elasticity where with a one 
percent increase in durable goods production, demand for 
copper should increase by 1.30 and 1.78 percent in the 
short-run and long-run, respectively.

The supply schedule has the same characteristics of 
any mineral commodity and shows changes in the amount 
produced when changes in price occur. The slope of this 
curve, therefore, is positive, indicating that if price 
increases, producers will increase their output.

The special features of the mining industry make the 
supply process a very inelastic one, b o m  in the short-run 
and in the long-run. When copper price declines, reduction
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Table 2-5. Price and Activity Elasticity Estimates from
Various Studies.

Own-price (SMJ price)
Cross-price (aluminum)
Activity variable (FRB index 
of durable manufacturers)

Own-price (SMJ price)
Cross-price (aluminum)
Activity variable (FRB index 
of industrial production) ■

Own-price (SMJ price)
Cross-price (aluminum)
Activity variable (U.S. index 
of construction materials)

Own-price (SMJ price)
Cross-price (aluminum)
Activity variable FRB index 
of durable manufacturers)

Own-price (SMJ price)
Cross-price (aluminum)
Activity variable (FRB index 
of durable manufacturers)

Elasticities 
(at the mean)

Period of
Short-run Long-run Analysis
- 0.4? - 0.64 1950-73

0.61 0.84

1.30 1.78

- 0.21 
0.24

- 0.90 
1.01

1950-58
1962-66

0.33 1.40

- 0.17 
0.20

— 0.82 
0.98

1957-58
1962-66

0.15 0.73

- 0.21 - 2.88 1950-67
0.46 6.30

0.26 3.56

- 0.33 - 0.77 1949-66
0.66 1.57

0.44 1.06
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Continuation Table 2-4.

Elasticities 
(at the mean)

Short-run Long-run
Own-price (EMJ price) - 0.12 - 0.39
Cross-price (aluminum) 0.35 1.13
Activity variable (FRB index
of durable manufacturers) 0.32 1.05

Period of 
Analysis
1949-66

Source: Raymond F , Mikesell (1979)» "The World Copper
Industry", Structure and Economic Analysis (p. 155)•
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in output is not always possible considering the high cost 
of maintaining unoccupied mine facilities. Increases in 
fixed costs are considerable, and continuing with idle 
capacity can result in complete shutdown of an operation.

If price increases, many factors make increases in 
production very difficult to achieve. One factor is that 
new discoveries must be made in order to develop new ore 
deposits. But the long lag time between the exploration 
phase and production makes it very difficult to match supply 
and demand at the right time. Another factor contributing 
to supply inelasticity is the need for huge amounts of 
capital in order to expand processing plant capacity.

The above-mentioned factors must be considered in 
different periods of time. Adjustment of production to 
market signals will depend on the time that producers have 
to make changes. If price increases in the short-run, 
there is no possibility of adjustment.

Some authors draw distinctions in the long-run, 
including the very long-run. The long-run would allow 
adjustments, in order to increase production and processing 
capacity. The very long-run would allow for an exploration 
stage in order to make new discoveries.

Considering the instability of the mineral market, the 
relative difficulty of entry for new firms, the high
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concentration of producers, and the risk and uncertainty in 
the exploration stage, the inelasticity of supply seems 
evident.

A more detailed analysis of the characteristics of 
mineral supply necessarily should include such aspects as: 
the type of market in which trading is done, the role of LME 
and COMEX, the impacts of substitution and technology, 
depletion, geologic conditions, and the relationship 
between developed and developing exporting countries. The 
mineral supply process sketched by Labys is included as 
Figure 2-2 .

The demand and supply of copper play very important 
roles in market instability. Since instability in metal
markets occurs in the short-run, Tilton (1981) analyzed 
this phenomenon for the two existing types of metal markets- 
competitive markets and producer markets.

In his analysis he concludes that there are three main 
features of metals demand and supply which cause cyclical 
market instability:

a) inelastic supply with respect to changes in price,
b) inelastic demand with respect to changes in price, and
c) highly elastic demand with respect to changes in 

national income.
These three aspects are considered in the short-run,



T-2675 39
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Figure 2-2. The Mineral Supply Process.
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which means that the installed capacity of production cannot 
be augmented.

In a competitive market, the supply curve is assumed to 
remain fixed and is considered to be price elastic until 
installed capacity is reached. The curve then becomes very 
inelastic. Since demand curve is considered to be price 
inelastic, the slope will become steep.

Analysis of the three stages of the business cycle i.e., 
placing the demand curve at the trough, the middle, and the 
peak, leads to the conclusion that the instability in 
competitive markets is manifest through changing or volatile 
prices, output, and profits.

In a producer market, the situation is analyzed under 
the same general assumptions, but, in this case, the 
producer price makes a firm sell all its production at 
that price, implying a horizontal supply curve.

Here the price is stable and instability is manifest 
through changes in output, which are stronger than in a 
competitive market. For this reason, as price remains more 
or less stable, profits and revenues will change according 
to changes in output.

2.6 PRICE FORMATION

Since copper is traded in the international market and
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the copper industry has been considered to be oligopolistic, 
it has not been possible to formulate an unique theory of 
commodity price. The complex relationship between copper 
producers and consumers, the international nature of the 
market, and the exhaustibility of mineral resources prevent 
application of traditional microeconomic theory. Bosson 
and Varon (1977) say that perceptions of the role and 
determinants of price formation are presently undergoing 
a process of réévaluation and transformation.

In copper price formation, the short-run and long-run 
must be analyzed separately and distinctions should be made 
between the types of markets. The short-run is subject 
to cyclical fluctuations associated with market instability. 
The long-run price is considered the equilibrium price. On 
the market side, there are two market types which are most 
important in the mineral industry. One is the competitive 
market in which there are a large number of suppliers, and 
price fluctuates according to supply and demand forces.
This market is characterized by the London Metal Exchange 
(LME). The other one is the producer market, where the 
number of suppliers is small, and price is relatively more 
stable.

The copper industry in general is divided into two 
groups called primary and secondary supply. In the primary

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL pf MINES 
GOLDEN, COLORADO 80401

CLOSED RESERVE
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copper industry, firms exploit their own deposits and are 
vertically integrated up to the refining stage. The 
secondary copper industry consists of those firms which use 
scrap as input in order to produce refined copper.

The difficulty in clarifying the competitiveness of 
this industry arises because large corporations are 
involved as both primary and secondary industries, and 
sometimes» in the manufacturing sector as copper users,act 
as price makers and price takers. This is further 
aggravated if U.S. producers are considered, because, in 
the short-run, some degree of power can be exercised by the 
primery sector by setting copper prices at levels different 
from those in the international market.

There are several world price systems for copper, the 
most important of which are the London Metal Exchange (LME), 
the New York Commodity Exchange (COMEX), and, though less 
useful today, the U.S. producer's price. The LME was 
established in 1877 for trade in copper, lead, zinc, tin, 
silver, and iron; later, iron was excluded. In general, 
the buying and selling of copper is made on a future 
delivery basis that can be either 30 or 90 days.

The copper traded in the LME can be of two types : 
electrolytic wirebar and electrolytic cathode. These two 
types of copper come in different shapes and qualities, and
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the amount traded is in units of 25 tons, with larger amounts 
in multiples of this.

The importance of the LME is not due to the amount of 
copper transactions, because most refined copper in the 
world is traded directly between producers and fabricators. 
The role of the LME is mostly as a regulator or as a means 
of protection against price fluctuations, and it is used by 
independent producers and consumers in their particular 
contracts.

The COMEX pricing systems follow the standards provided 
by the American Society for Testing Materials for copper 
transactions in electrolytic wirebar, high-conductivity, 
fire-refined, electrolytic cathodes and fire-refined copper.

The system under which COMEX operates does not permit 
its use in dealings outside the market, and the role of 
protection against price fluctuations that the LME plays is 
clearly diminished. The most important limitations are 
that trading is made in seven selected months and that the 
price fluctuation has a daily limit of 2 cents per pound.
As in the LME, the COMEX pricing system operates under the 
premise that demand and supply determine the prices of 
copper bought and sold, resulting in a constant price 
fluctuation.

A less competitive price system is the U.S. producer's
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price, which was structured by the main primary copper 
producers. The primary copper industry had almost a 
monopolistic power over refined copper, which was the 
fundamental input used by fabricators in the manufacturing 
sector. For this reason there was a very strong dependence 
of fabricators on the primary copper producers. Thus U.S. 
producers were able to change the copper price according to 
their expectations, and this price, being more stable than 
the outside market price, can be greater or less than the 
LME or COMEX price.

Copper price is very sensitive to changes in the world 
economic situation. Due to inelasticity of supply, which is 
characteristic of the minerals industry, changes in demand 
for copper are immediately reflected in its price. The 
slow reaction of the minerals industry to supplying the 
amount of copper required at the right time, is the origin 
of the continuous fluctuations or instability in the copper 
market.

Instability in copper price has been the main concern 
of the copper-exporting countries because, copper 
production being the main source of government revenues and 
an important portion of total foreign exchange earnings, 
changes in price have a very strong impact on their 
economies. Continuous fluctuations make it very difficult
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to forecast market conditions with some degree of accuracy, 
which damages the planning activity.

2.7 GIPEG

Nationalization of foreign companies in Zaire, Zambia, 
Peru, and Chile and the significant decline in copper price 
during the 1960*3, accelerated the process of creation of an 
organization of copper exporting-countries, able to promote 
some type of relationship between consumers and producers in 
order to obtain some advantages.

In June 1967, the Intergovernmental Council of Copper 
Exporting Countries (CIPEC), was created with the 
participation of Zaire, Zambia, Peru, and Chile. In 1975» 
Indonesia joined as a new permanent member, and later 
Australia, Papua New Guinea, Yugoslavia, and Mauritania 
joined CIPEC as associate members. The copper production 
of CIPEC*s members is about 50 percent of free-world 
production.

Among the main objectives of CIPEC are the economic 
and social development of its members and the creation of 
solidarity among them; encouragement of the growth of the 
copper industry in order to increase revenues; improvement 
of information, production, and trading systems; and 
improvement in actual unilateral price determination.



t -2675 46

CIPEC does not pretend to be a cartel since this is 
neither feasible nor convenient for its members. Several 
arguments have been given for the impossibility of cartel 
formation. Among the most important are the dissimilar 
political and social characteristics of its members, and 
the fact that the total amount of CIPEC production is not 
sufficient to exercise influence in the market. No less 
important is the increased use of copper scrap by the 
manufacturing sector, and the growing use of aluminum and 
plastic as substitutes that could eventually displace copper 
if its price rises too high or if copper supply decreases 
sharply.

It is the opinion of the author that countries such as 
Chile should not try to exert cartel-type power in the 
copper market through CIPEC. If this were possible, 
government revenues would be increased, but this would not 
guarantee economic development. Besides, the international 
relations of Chile would be weakened, and unnecessary 
friction would be created.

More beneficial would be the government's turning its 
efforts toward creating an attractive politico-economic 
environment in which foreign corporations see favorable 
conditions for investments in the exploration and 
development of new ore deposits. This should permit the
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birth of an intermediate industry around the mining industry 
in which mainly private domestic enterprises should be 
primarily responsible for the economic complexities of the 
commodity field.

Under this situation, the benefits for the country seem 
to be larger than those coming from trying to handle the 
market.

2.8 THE COPPER INDUSTRY IN CHILE

Mining activity in Chile has been traditionally the 
main source of government revenues and a way of life for 
many people. It is well-known that the Chilean economy has 
been dependent on copper since 1920, and that large-scale 
mining was fundamental to the economic process.

A vast literature exists regarding the contribution 
of copper to Chilean economic development, and many opinions 
in the subject are contradictory. All agree that frequent 
changes in tax rules and an "excessive" tax rate had 
important negative effects on the volume and stability of 
tax revenues as well as on the amount of new investment in 
the mineral industry.

But this is not true just in Chile. Archibald (1978)
says that new legislation changing the tax structure faced 
by mining has been the principal concern of the industry for
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some time. Different governments have tended to take widely 
divergent approaches to taxation, thus creating a climate of 
instability which threatens the planned course of business. 
Changes in tax laws have altered the entire pattern of 
mineral investment in Canada. Many examples of negative 
effects exist in the world mining industry.

However, Chile today has a new economic system where 
firms try to maximize profits, and consumers attempt to 
allocate limited money income among available goods and 
services so as to maximize satisfaction. The role of 
government is as in a mixed economy, with the least possible 
intervention in productive activities. Under this scheme, 
the strong new diversity of Chilean non-traditional export 
activity has been diminishing the importance of copper in 
the Chilean total export picture.

In spite of the improvement in non-traditional exports, 
copper continues to contribute a large percentage of total 
export. For example, CODELCO-CHILE, the largest copper 
company in the world, yielded a net profit of $46? million 
for 1979.

Chile is one of the developing countries where mining 
activity provides a substantial portion of total export 
revenues. With a potential volume equal to about 25 
percent of world's reserves, Chile has in copper its most
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important resource for gain in the international market.
Such natural wealth bears no relation to the size of its 
territory, population, or level of economic development.
Every year Chile exports more than one million tons, of 
the red metal to other parts of the world, totaling about 
13 percent of world production.

Revenues generated by copper, therefore, appear to be 
a source of development and prosperity for the country, but 
it would be very dangerous to depend on this single product.

The enormous copper reserves that Chile owns indicates 
that it will continue as a copper exporting country long 
into the future. However, Chile faces a great challenge in 
generating sufficient capital to develop new reserves and 
putting them into production. The Chilean government 
removed almost all the legal obstacles that in the past had 
restrained efficient utilization of all available resources, 
land and labor as well as capital. However, many aspects 
of the mineral industry continue to be ignored by 
legislators.

Today, many governments are facing the problem of 
giving maximum incentives to the mining industry at minimum 
cost to the treasury. The mining industry is recognized for 
its special features, and some countries are making special 
concessions such as depletion allowances or tax holidays.
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The distinctive characteristics of the mineral industry 
can be discussed, and even rejected as not important, but 
something that cannot be disputed is the fact that the 
mineral industry is international, and there is not enough 
private domestic capital in Chile for the development of 
large ore deposits. The author thinks that Chilean 
policymakers should analyze the fiscal framework of the 
international arena and the fundamental role played by 
taxation. Since the large amount of capital required to 
find, develop, and produce copper comes from foreign 
sources, the fiscal regime would be the key factor for 
the inflow of the necessary capital into the country. The 
low political risk of Chile for foreign investment and the 
large amount of copper reserves that the country owns, 
joined to a competitive tax structure, should permit Chile 
to develop its mineral resources at a faster rate than it 
has done to date.
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CHAPTER THREE

SOME ISSUES IN THE ECONOMICS OF MINERAL RESOURCES

The issue of natural resources has been the concern of 
many people from early times. Important subjects relate to 
their exhaustibility, rates of use, scarcity, role in 
development, environment, management, and others, have been 
the motivation for much research, the formulation of many 
theories and models, and the writing of many books.

Through the years, natural resource issues have become 
more and more important in every country. The use of such 
resources requires responsible management such that present 
and future generations can achieve growth and development 
from their rational and efficient use. Consumption must 
generate wealth and technology capable of reducing the 
uncertainties that future generations will face.

The purpose of this chapter is to explain some 
characteristics of nonrenewable natural resources and their 
relationship with mining activity in order to facilitate 
understanding, for later chapters, by people who have 
little training in economic theory as applied to mineral 
resources. This chapter will be useful to those who deal 
with policies and whose ignorance of the unique characteris
tics of the mineral industry might lead to decisions harmful
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to the economy.
The first two sections of the chapter deal with general 

aspects of exhaustion of mineral resources , their quality 
and quantity, and the relationships among them. A summary 
of the literature available on the uniqueness of the mineral 
industry will be made and used to analyze such topics as 
the resource rent concept, risk and uncertainty, the meaning 
of depletion, and economies of scale.

The last section will review the theory of the mining 
firm and private behavior in the decision-making process. 
Implications of the theory for realizing profit-maximization 
objectives in the private sector, and the relationship of 
the theory to exploration stages, risk and uncertainties, 
development and production, will be analyzed.

Finally, the chapter will end with a discussion of the 
role of the mineral industry in the development process. 
Special mention will be given to the goals of taxation for 
foreign and domestic private corporations and to state 
prospectives and government objectives for the copper 
industry in Chile in the long-run.

3.1 NONRgNEWABLE NATURAL RESOURCES

In general, natural resources refer to things occurring 
naturally, that can be used directly by man or may be used
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as an input in a production process. The concept of 
resources is a dynamic one because changes in relative 
scarcity or technology can transform a free good into a 
resource.

Mineral fuels and nonfuels are considered nonrenewable 
and exhaustible resources because they are found in fixed 
amounts or quantities which decrease as used by man.

As with all natural resources, minerals have 
characteristics related to quality, quantity, space, and 
time. The mineral content or physical structure of an 
ore is normally a measure of mineral quality. Quantity 
is usually measured in terms of volume which, in economic 
terms, is directly related to quality. The space dimension 
is the place where the ore deposit is located. Finally, 
the time aspect is directly related to the mineral 
exhaustibility; that is, mineral stocks will change through 
time due to extraction.

Using the concepts of quality and quantity and the 
economic and technological situation, the concept of 
"reserve" can be defined. The most generally accepted and 
clearest definition is the one developed by the U.S. Bureau 
of Mines/U.S. Geological Survey (Mikesell, 1979)• reserves 
are the sum of all geologically identified ore deposits 
whose recovery are economically feasible. This definition
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comes from the broader concept of "resources", which include 
all deposits geologically identified or speculated to exist 
that can (or cannot) presently be economically exploited.
The amount of the reserves thus can change through time 
because exploration efforts can improve the information 
available about a specific ore deposit, or because of the 
development of a new recovery process making some portion 
of resources become reserves. Theoretically, the forces 
of demand and supply will determine a commodity's price 
which will provide a line between what is considered a 
reserve and what is merely a resource, given costs and 
technology.

A fundamental relationship exists between metal price 
and reserve amounts in an ore deposit. The relationship 
generated by these two variables is called the "cut-off 
grade" of the "mining cut-off", an important concept in the 
mining investment process.

Lacy (1969) defines a "cut-off value" as that level 
of contained value in the rock at which the cost of 
winning a saleable product from the rock is equal to the 
value of the product won. It is the "break-even" grade or 
value. He says that any change which affects either the 
cost of winning a product or the value of the product will 
influence the cut-off.
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The third and final term derived from the resource 
classification, is the "resource base" which includes all 
deposits which are geologically identified or speculated 
to exist, with exploitation cost considered irrelevant and 
recovery feasible now or at some future time.

From an economic point of view, the most remarkable
characteristic of the mineral resource is its
exhaustibility. The fact that the mineral stock can be
augmented by discovery and diminished by exploitation 
raised the question of scarcity and creates some interesting 
relationships between mineral stock, exploration activity, 
extraction rates, consumption, and policy formulation.

3.2 CHARACTERISTICS OF THE MINERAL INDUSTRY

The mineral investment process in general can be 
considered as an economic problem, similar to an investment 
project in the agricultural or manufacturing sectors. When 
important aspects of the mineral investment process appear, 
such as exploration stage and ore exhaustibility, new 
economic principles and skills must be developed in order 
to achieve the best solution to mineral industry problems.

In discussing the uniqueness of the mineral industry, 
Mason (1958) pointed out that:

If a prospective manufacturer is willing to lay
out an adequate sum of money there is little doubt
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he will be able to build, equip, and staff a 
producing plant. Whether he will be able to sell 
the goods is another question. But to all the 
ordinary business risks of manufacture there are 
added, for the prospective mineral producer, the 
risks first, that with a given outlay he will not 
be in business at all; and second, that if he is 
in business, he will be able to continue in 
business when his present ore body or oil field is 
exhausted.
The existence of a resource rent, the need for 

additional exploration effort for survival purposes, the 
unusually high risk and uncertainty, and the international 
nature of its trade, seem to be the most remarkable 
distinguishing features of the mineral industry.

The concept of resource rent derives from the fact 
that minerals are considered a gift from nature, and their 
exploitation generates a return on investment sufficient 
to pay the costs of the input factors used in their 
exploration and extraction. Resource rent is considered 
as a surplus that appears just from the fact of ownership 
of a scarce factor of production.

No two ore deposits have the same locations, grades, 
tonnage, and extraction costs. This implies that 
exploitation of such deposits will produce different 
returns on investment. This type of return is known as 
"differential resource rent". It is similar to the 
classical economic analysis of agricultural land which 
states the higher the quality of the land, the higher the
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differential rent that a parcel commands (Gillis, 1978).
Ricardo (1917) captures with great accuracy the rent

concept in the mineral industry:
Mines, as well as land, generally pay a rent to 
their owner. The metal produced from the poorest 
mine that is worked must at least have an 
exchangeable value, not only sufficient to procure 
all the clothes, food, and other necessaries 
consumed by those employed in working it, and 
bringing the produce to market, but also to afford 
the common and ordinary profits to him who 
advances the stock necessary to carry on the 
undertaking. This mine is supposed to yield 
the usual profits of stocks. All that the other 
mines produce more than this will necessarily be 
paid to the owners for rent.
With respect to mineral exploration, it can be said 

that this is a basic stage in the mine development decision, 
where the required information is generated through a 
sequential process. The necessary information includes 
the location of the ore deposit and its shape, size, 
quality, and metallurgical characteristics. The information 
gathering process can be considered to be iterative, with 
each stage requiring more detail until the information 
collected permits a feasibility study with positive results.

In the broadest sense, exploration in mining is 
composed of several stages which start from regional choice 
and the selection of favorable areas, determination of 
several prospects, to finally, choice of a drilling program 
in the most promising mineral occurrences. This necessary
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first step is always present in a new mining firm in order 
to make a development decision, or in an operating firm 
which needs to replace its ore deposits for survival purposes.

The uncertain exploration environment requires large 
amounts of capital in order to assure a successful 
discovery. Even though expenses are large, there is a 
high risk of complete economic loss after five or ten years 
when the exploration activity is finished. Experience 
indicates that, after selection of many favorable areas, very 
few become prospects. There is only a small probability 
that one of the prospects will be an economic discovery, 
and, even after discovery, the true value of the deposit 
cannot be known.

Another feature of the mineral industry is the long 
lead time from geological discovery to the stage where 
valuable products are supplied to the market. This time 
depends on several factors, but normally in ore deposits 
of relative importance this time is often ten years or 
longer. This is sketched in figure 3-1 where it is 
represented as an approximation to the percentage investment 
required at different stages.

Many other peculiar characteristics of the mineral 
industry are mentioned in the literature. Among the most 
important are the heterogeneity and nonrenewability of
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mineral resources and uncertain social and political 
environments where foreign companies are vulnerable to 
changes in contractual conditions and the risk of 
nationalization (Cordes, 1980).

3.3 THE MINING FIRM

The primary functions of the mining firm are directly 
related to the exploitation of mineral resources. The 
environment in which the mining firm must operate - 
exploration, marketing, and government policy - adds some 
extra considerations which warrant study separate from the 
study of the firm in conventional economic theory.

According to the existing literature on the behavior of 
the mining firm, two theories have been developed. One is 
based on conventional economic theory; the other is based 
on decision-making theory. The concept of the firm in 
conventional economic theory can be applied to the mining 
firm when it is considered part of an industry with particular 
market conditions resource allocations. The whole analysis 
is based on macroeconomic concepts and is useful to the 
government where policy makers deal with the behavior of 
firms in an aggregate manner.

The decision-making theory of the mining firm, discussed 
by Mackenzie (1973)» was intended to provide a more realistic
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representation of the decision-making process and the mining 
firm's objectives as an individual unit. The study tries 
to fill an important gap, since the relationship between 
firm resources, capital, skill, and exploration conditions 
is not well explained by conventional economic theory.

According to this theory, one of the most important and 
distinctives objectives of the mining firm is survival, the 
main problem that managers must face and solve. The 
survival objective implies that a new deposit must be 
found and developed in order to continue in business. Firms 
know with certainty that their asset, or mineral deposit, 
will eventually be exhausted, and they are not certain 
about the possibility of discovery of a new deposit.

The profit and growth objectives are strongly related 
to survival and will be dependent on success at the 
exploration stage. If the exploration activity has been 
completed successfully, several alternatives for mine 
development are possible.

No matter how detailed the exploration of each ore 
deposit, the information generated is uncertain, and the 
true value of the deposit cannot be known until it is 
completely extracted. The huge amount of capital required 
for a minimum production scale, much higher than in most 
other industries, and the inelasticity of supply to changes
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in price or demand add extra risks. The decision-making 
process, therefore, is based on limited and uncertain 
information on future output and revenues, subject to some 
degree of probability.

Under conditions of uncertainty, and due to the 
private investor's aversion to risk, the profit-maximization 
objective will require that the higher the risk, the higher 
the required rate of return. This is true in any 
investment project but deserves special attention in the 
mineral industry because the main benefits to the government 
are the tax revenues. These will depend on the rent 
generated by the exploitation of mineral resources. The 
amount of revenue will depend on the amount of profit 
remaining after the mining firm deducts its necessary 
minimum expected rate of return in order to remain in the 
mining business. The following discussion focuses on the 
environment in which the mining firm operates and an 
understanding of which is necessary for policy formulation. 
This environment is composed of the exploration factor, the 
market factor, and finally, but no less important, the 
govemment-policy factor.

3.3*1 Exploration Environment

Every mining firm, to a greater or less degree,
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understands that the life of its mineral resources is limited. 
This reality gives rise to the need for mine replacement, 
which is directly related to the uncertainties of the 
exploration stage. Unfortunately, good copper deposits are 
scarce, and large and effective exploration programs have 
become absolutely necessary, they are subject to the same 
economic analysis as other investments. The exploration 
phase has become very expensive for the mining firm since 
a group of well-trained professionals with sophisticated 
equipment, must be maintained.

The need to invest large amounts of capital in a very 
risky activity, and the fact that the probability of 
success depends in great measure on the amount invested, 
means that corporations must be involved in exploration 
activity. Through the years, mining firms have adopted 
different strategies in the allocation of resources to 
exploration. The dependence of success on the size of 
the capital budget, has lead to mining firms to undertake 
large exploration programs in order to reach the expected 
return with a good probability of success, and to spread 
the risk over several targets. The presence of skilled 
professionals who have the necessary experience and know
how has been a vital complement to the success of exploration 
programs.
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On the one hand, the large amounts of capital, skilled
geologists and engineers, and advanced exploration
technologies have given birth to economies of scale in the
exploration stage. On the other hand, introduction of new
technologies for the exploitation of large, low-grade copper
deposits, has created the need for huge amounts of capital
for extraction, resulting in the vertical integration of
mining firms and reinforcing concentration in the minerals
industry. As Cordes (1980) observed:

Squally as important to the creation of large, 
vertically integrated mining enterprises were 
the economies of scale made possible by new, 
large scale, capital intensive technologies for 
mining, milling, smelting, and refining. In a 
few instances, a concentration was strengthened 
by the monopoly protection granted by patent 
rights for sophisticated new production processes.
More generally, however, concentration was the 
result of limited capacity to absorb the enormous 
capital expenditures involved to secure and 
operationalize advanced technologies and the 
competitive advantages which exist once incurred.
In extraction and ore concentration, new 
technologies not only permitted larger scale 
operation, often at much deeper open-pit levels, 
they also made possible the exploitation of 
lower grade ores. In smelting and refining, 
technological advances significantly improved 
recovery ratios and the capacity to process more 
complex and lower grades ores, all on a larger, 
more automated scale.

From the perspective of efficient, profit 
enhancing private calculations, the scale 
economies associated with these new technologies 
were vital components of large scale, high risk 
levels of production.
The long-run growth strategy of the mining firm and the
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goal of decreased risk and increased profits through vertical 
integration have produced an oligopolistic market that favors 
the domain of international trade.

3.3.2 Market Environment

The strategies of large corporations to enter more 
advanced stages of vertical integration in order to spread 
the risks of capital investment and the uncertainties 
associated with future commodity prices and market 
instabilities have resulted in the replacement of corporate 
planning by an openly competitive market. Alejandro (1979) 
argues :

For commodities with high fixed and low variable 
costs, and where information is imperfect, badly 
diffused, or asymmetrically located, it is 
reasonable to expect a nonmarket institution to 
replace the market. Furthermore, incentives 
for vertical integration become large when 
uncertainty regarding the supply price of the 
upstream good pressures the informational needs 
of downstream firms.
Market control, research capability, high technology 

patent rights, and corporate expertise, among others, have 
created strong barriers to market entry, thus maintaining 
the level of concentration. For some commodities, such 
as oil, concentration has been increasing. In the case 
of copper there is a distinctive share of the market with 
the appearance of state enterprises in developing countries,
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but this does not mean that free competition exists.
In most LDG’s domestic private capital has no chance to 

enter a mining venture because the amount required is such 
that, even with available loans, there is not enough 
collateral to cover it.

Labys (1980) gives some figures related to the magnitude 
of needed investment in the copper industry. During the 
period 197^-1976, copper ventures with annual capacities 
between 20,000 and 50,000 tons of copper content per year 
required an investment of between $50 million (for producing 
concentrates) and $200 million (for producing refined copper). 
At capacity rates between 100,000 and 200,000 tons of copper 
content, capital requirements easily reach and surpass the 
$500 million level. Undoubtedly, such capital amounts 
are a barrier to entry for a potential entrant. The 
advantage perceived by large corporations in keeping the 
market under their control indicates that strategies will 
continue in that direction.

However, large private mining enterprises have been 
experiencing a decrease in the number of sources for their 
raw materials. On the one hand, increased "nationalism" in 
developing countries resulted in nationalization of foreign 
companies, and on the other hand, some politically unstable 
developing countries provide an insecure place for
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investments. In addition, many developed consuming 
countries which today depend strongly on foreign raw 
materials are looking for new secure sources of supply.

This whole picture generates a competitive environment 
for mineral resources that leads large corporations to 
develop new strategies in order to continue in business. 
These strategies can be seen in the way mining companies 
negotiate with governments in developing countries and in 
the effort expended in the search for new substitutes.

3.3-3 Government Policy Environment

Since nationalizations have taken place and the 
negotiating capabilities of developing countries have been 
strengthened, MNC’s face a new challenge in order to 
maintain, at least to some degree, their control over the 
copper market. An analysis carried out by Alejandro 
(1979) points out the greater number of key actors in 
world mineral resources markets, indicating that greater 
competition could exist with more choices for actual and 
potential consumers. But, he says, there is little to 
assure us that this new competition will lead to reasonably 
efficient and stable world markets. Some attempts were 
made at the international level to create commodity- 
stabilization agreements. History shows that such
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agreements died because of the lack of effective international
law and because of the intervention of MNC's.

Many authors have investigated an alternative scenario 
where developing countries and MNC's are in collusion. This 
new possibility for cooperation is called the new order in 
international markets and is seen by many economists as the 
solution to reaching the desired stability.

The new attitude of MNC's represents a great challenge 
for developing exporting countries because good bargaining 
capacities are required and they need to learn all the 
intricacies of the international market. An adequate 
fiscal policy, in international comparative terms, as well 
as a complete and useful information system, are fundamentals 
needed to take advantage of the actual and future situation.

3.4 ROLE OF THE MINERAL INDUSTRY IN DEVELOPMENT

The quotation of professor Paul P. Streeten from Boston
University, and used by Todaro (1981), reflects the author's
thoughts on the meaning of development.

Development must be redefined as an attack on the 
chief evils of the world today; malnutrition, 
disease, illiteracy, slums, unemployment and 
inequality. Measured in terms of aggregate 
growth rates, development has been a great 
success. But measured in terms of jobs, 
justice and elimination of poverty, it has been a 
failure or only a partial success.
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Most governments in developing countries, include a 
development goal in their program. Many of them have failed 
to reach their objectives because the process has been 
thought of only as an improvement in some socio-economic 
indicators. Development, in this thesis, is taken to be 
that process occurring in a society by which old schemes 
of economic and social organization are replaced by new 
systems in accordance with the world situation, resulting 
in an improvement in the way of life of the people.

Many developed countries, based on the presence of 
natural resources, have reached a degree of growth that 
puts them among the most advanced countries. Obviously, 
development is due not only to the presence of some natural 
resources, domestic or imported, but also to the quality 
of the people and the implementation of correct policies.

Japan and Taiwan are two good examples of how countries, 
poor in domestic natural resources and using imported raw 
materials, have developed their economies faster than many 
countries rich in natural resources. Developing countries, 
which own a large portion of the world's natural resources, 
should use them in an intelligent way in favor of their own 
poorly developed economies.

James Boyd,president of Copper Range Company and 
recipient of the 196? Jackling Award pointed out:
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Raw materials are the basis for the entire 
economic process, and this economic process is 
the foundation for our organized society. These 
materials are available naturally in excessive 
quantity, and in general, the workings of the 
market place have allowed these minerals to be 
economically produced in, sufficient quantity 
to fill man's needs. Society has, however, 
often hampered the growth in raw material supply 
it requires for its own growth.

(Boyd, 1967)
Although metals are essential for industrial 

development, and in some countries mining is a major 
industry which provides revenues, foreign exchange earnings, 
and employment, the desired backward and forward linkages 
in developing exporting countries have not been achieved.
One of the reasons for this failure has been the absence 
of a domestic intermediate industry, capable of supplying 
products of good quality at low cost. Another reason is 
the lack of solid technical services the MNC's can contract 
for from outside the country. An economic factor is that 
MNC's locate their processing plants near consumers.

Many studies exist on the issue of the real impact 
that the mining industry has on development. Most of them 
conclude that the linkage effects are minimal and located 
in a very small area, but the intelligent use of the 
enormous amount of revenues generated can be the starting 
point for development.

In the case of Chile, for example, the economic
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structure that could permit efficient resource allocation 
actually exists. Chile should try to attract foreign 
capital to develop its mineral resources and through 
taxation, generate revenues for the government to allocate 
according to the country's needs.

In an economic system like Chile's, exploitation of 
natural resources should be done by private investors, 
without sufficient existing domestic financial capacity, 
foreign investment should play a very important role in 
making up for this capital scarcity.

Chile's largest copper corporation, CODELCO, is in 
state hands. This does not mean, however, that in the 
long-run when the Chilean economy is less dependent on 
copper, large-scale state mine enterprises should continue 
to be in state hands. The government continues to operate 
two smelters which are administered by the state enterprise, 
ENAMI. Perhaps eventually these smelters should go to the 
private sector, but at present there is not enough 
information to decide in favor of private ownership.

If the role of the mineral industry is to generate 
revenues, the intervention of the government should be 
minimized. Many nationalized industries have been disasters. 
Normally, government machinery is too cumbersome and puts 
heavy pressure on the company. There are too many
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competitive interests, and political changes produce 
discontinuities in company planning. Decisions are too 
centralized and the state enterprise loses flexibility. 
People have poor incentives, and inventiveness and 
innovation are relegated to second place. Peters (1969), 
in his paper "Mining, Taxation, and Profits: The Soviet 
Experience", investigated how central planned economies 
restrain mineral development. He says that fifty years 
of industrialization under rigid control and central 
planning have provided the Soviet Union with some lessons 
which are being taken into account in current economic 
reforms. Since such words as "profits", "interest", 
"rent", and "market price" are finding a place in the 
USSR, it provides sufficient motive for taking a look at 
Soviet experience. This experience has shown the Soviets 
that efficiency and productivity cannot be maintained 
under an excessive burden of central overhead costs.

Since foreign investment is desirable, the attraction 
of capital will depend on several things. One, of course 
is the country's potential mineral endowment, something 
which is frequently better known by the MNC's than by 
the nationals. Another, and perhaps the most important, 
is the political stability that the country shows. The 
final one, and the focus of this thesis, is the fiscal
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regime that the country applies to foreign investment.
The quality of the mineral resources cannot be changed, 

and Chile's average copper grade is attractive to any 
potential investor. But the government has much to do 
with the stability of the country and with the fiscal 
framework under which the mining industry will operate.
The stability of the Chilean government and the coherence 
of its political system have been recognized by many 
distinguished businessmen and world economists. Therefore, 
the aspect that must be discussed is the quality of the 
legal framework for foreign investment.

Since the statute for foreign investment was created, 
many aspects of interest to MNC's has been clarified and 
the rules of game legalized. Since the statute contains 
almost all those conditions considered good by the MNC's 
and since the political risk is very low, why is the 
actual investment in the mining sector far below 
expectations?

Many reasons can be considered. Very low copper 
prices are one of them, but the reactivation of the 
international economy will undoubtly result in price 
normalization. In order to be in production at that time, 
investments should be made now. Another reason is 
perhaps the desire of MNC's to put their investments in
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safer places. Many statistics show that MNC's investments 
in developing countries have been decreasing, with increased 
investments going to such countries as Australia and Canada. 
But Chile is actually considered one of the safe places in 
the third world.

It cannot be argued that Chile lacks skilled labor, 
technicians and workers, since the Chilean people have a 
strong mining tradition. One of the largest state-owned 
copper mines in the world, Chuquicamata, has one of the 
lowest production costs in the world, therefore lack of 
skill cannot be discussed.

Perhaps more attention should be paid to taxation, 
keeping in mind that for the potential investor the total 
incidence of taxes levied is probably more important than 
the way of they are levied.

It is very difficult to make an accurate study of the 
competitiveness of the Chilean taxation system in the 
world. The intent of any tax proposal should be 
considered in comparative terms, such that it provides 
incentives for foreign investment to come into the country 
and, at the same time it provides sufficient revenues for 
achieving national objectives.

The contribution of copper to the Chilean economy has 
been analyzed by many authors, all of whom have concluded
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that a key element in the structure of the Chilean economy 
has been the large-scale copper sector. Although the side 
effects have not been as desired, the amount of tax 
revenues produced has been large. However, the economic 
system impeded the allocation of these revenues for the 
benefit of the society. Mamalakis (1967) observes that 
large-scale copper mines in Chile were the country's most 
important source of foreign exchange. They had generated 
a resource surplus, a large proportion of which had accrued 
to Chile; and they had contributed to economic growth in 
numerous other ways. Nevertheless, the use of this 
surplus for maximum economic growth was impeded by lack of 
a proper allocation policy and, in particular, by an 
inappropriate import policy. Thus no matter how 
successful the government might be in raising the sector's 
foreign exchange and/or government revenue contribution, 
it cannot succeed in promoting growth unless it pursues a 
correct allocation policy.

3.5 ORGANIZATION OF THE MINING SECTOR

The objectives assigned to the minerals industry 
cannot be fully reached if the public sector is not well 
organized. As was said, intervention of the public sector 
in productive activities results in losses of effectiveness
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and continuity.
The public mining sector should be managed by the 

Minister of Mines, who has independent support which will 
advise him on policy formulation and on the administration 
of the sector. The policy formulation team necessarily 
should be composed of a multifaceted group of skilled 
professionals responsible for the development of policies 
which will encourage or constrain the investment decisions 
of the mining firm. Responsibility in policy formulation 
should include the establishment of criteria for evaluation 
and the implementation of programs to develop these policies.

Of first importance is the Geological Service, which is 
in charge of supplying all necessary knowledge of the 
mineral resources. This information should be freely 
available to the private sector and, in specific cases, be very 
accurate, in order to support negotiations between the 
government and the MNG•s .

Another fundamental office is the Bureau of Mines, 
which has very specific responsibilities at the regional level, 
orienting and supervising the private sector, as well as 
responsibility for handling ownership rights of natural 
resources.

Experience indicates that these two fundamental services, 
although they exist in most developing countries, do not
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function very well.
The main failure is that governments usually assign 

well oriented tasks but do not provide the necessary tools 
to do this work. Due to the lack of appropriate budgets 
to hire skilled personnel and acquire material necessities, 
these services fall into a routine, dedicated only to 
administrative functions.

The lack of definition of the tasks of these services 
will create duplication of activities. The most common 
mistake is that generated information is kept as 
"confidential" and archived without use. This obviously 
will result in a serious constraint on mineral resource 
development by the private sector and a net loss to 
society.



T-2675 78

CHAPTER FOUR 

TAXATION IN THE MINERAL INDUSTRY

This chapter provides a general overview regarding 
what a taxation system is, what types exist, the effect on 
the minerals industry, and what the strong and weak point 
of each system are. The first section summarizes the 
existing literature on the taxation issue, extracting the 
most important aspects related to the design or reform of 
tax policy, taxation as tool for incentives to private 
investment, and taxation as a source of government revenues. 
The second section includes a discussion on the 
relationship between the mining firm and the government 
and the behavior of the firm within the legal framework 
under which it operates. The review of the selection of 
Royalty, Income Tax, and Rate-of-Return mining taxation 
systems will be left for later discussion.

The remainder of the chapter describes each type of 
tax, and discusses the impact of the system on the rate and 
level of extraction, on investment, on the ability to attract 
capital from other sectors, and on the maintenance of the 
equity and neutrality of the tax burden.

Finally, some comments are made on depreciation 
allowances - their importance in feasibility studies and
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their relationship to the design of a tax system.
How should extractive industries be taxed?
This question is, of course, merely a part of 
the more fundamental question regarding the 
general problem of taxing all economic agents 
in such a way as to implement a wide range of 
public policy goals. These goals presumably 
include concern for neutrality in resource 
allocation and equity in income distribution, 
but may also extend to partially conflicting 
goals such as economic growth, conservation, 
and security. But certain of the 
characteristics of extractive industries are 
such as to warrant particular study of the 
probable consequences of various tax policies. 
(Steele, 196?).
From the above quotation, we might deduce first, that 

it is impossible to find a minerals tax policy capable of 
meeting all the requirements of an "optimal" tax system. 
Second, design of a new minerals tax policy or the 
evaluation of an existing one must consider the whole tax 
system because the optimization of the minerals tax policy 
may not be optimum for the entire economic system.

4.1 GENERAL OVERVIEW

Due to the complexity of taxation in the minerals 
industry, many specialists in government agencies, 
universities, and industry, are doing research in this 
area. They have produced interesting and realistic results 
which are accepted and applied by some governments which are 
now successfully taxing the minerals industry in new ways.
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A policy maker must take into account the sensitivity 
of the mining sector to tax policy. This sensitivity 
affects the decision-making process in the mining firm and, 
therefore, the efficiency of resource exploitation and the 
amount of government revenue.

Minerals tax policy is a strong tool in the government's 
hands and can be used as an incentive or disincentive for 
private investment. It can be used to create 
diversification in mining activity, to encourage intermediate 
industry and thus increasing the added value of raw materials, 
and promote earnings reinvestment. Since the government 
is considered the owner of mineral resources (national 
patrimony), it has the power to extract some percentage of 
the rent generated by exploitation of these resources. One 
of the most difficult parts of any minerals tax policy is 
the determination of the proper tax level to apply.

Several alternatives exist for claiming the rent 
generated from resources exploitation. The definition of 
rent has been subject to change, from Adam Smith to 
Alfred Marshall, but it is clear that rent is a surplus 
generated by exploitation of a natural resource. This 
surplus is measured as the income derived which is above 
the minimum earnings required to stay in business.

In the appropriation of rent by government, some
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questions arise regarding equity and efficiency. Crommelin 
(1977) in his notes on "Economic Rent and Government 
Objectives", provides a detailed discussion of such 
important issues as the opportunity cost involved in 
alternative uses of land, the importance of rent 
identification, the method used for its collection, 
and the importance of distinguishing the concept of rent 
from that of taxation.

According to Crommelin, the behavior of MNC’s is 
influenced more by marginal returns and costs than by total 
returns and costs. That private operators obtain an 
additional rent above their costs is not a necessary 
condition for them to invest. Since they make their 
calculations in order to set production at a profitable 
level, extra rent earnings will not induce more investment.
A clear distinction should be made in government studies on 
the appropriation of rent when considering convenience 
in the development of an ore deposit. The appropriation 
of rent should be based on private calculations which do 
not include the opportunity cost of potential revenues 
from the use of land for other activities. Obviously, 
social rent will be less than private rent.

With respect to the convenience in the operation of a 
mine, social benefits and costs are relevant. As Crommelin



T-2675 82

argues: "For mining to be allowed, there should be a net 
social benefit. The opportunity cost of land is an 
important element in this calculation".

This means that when two possible uses of land exist, 
the one with the higher social rent should be chosen, and 
the social cost considered should take into account the 
social opoortunity cost of the rejected use of the land.

For this thesis, the most relevant aspect of 
Crommelin's discussion is related to the method of rent 
collection. The method chosen is related to the amount 
of rent collected. The issue of "efficiency" plays a 
very important role because any collection method will 
create some distortions in the decision-making process, 
resulting in a decrease in the amount of rent available.

The government should be more concerned with the long- 
run amount of revenues since a large percentage of the 
share rent obtained in the short-run will not equal the 
total amount received in the long-run with a lower share 
percentage. In general, most countries have some tax policy 
for the mining sector under which tax reform is constrained 
by the current situation. However, some governmental 
budgets depend heavily on revenues generated from mining 
activity, which makes the situation more delicate.

Rent sharing is a trade-off between the private investor,
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who is seeking a high rate-of-return with low risk, and the 
government, which wants the highest possible amount of 
revenue. High tax levels will provide high government 
revenues in the short-run, but will discourage private 
investment in the long-run, resulting in no exploitation 
of some deposits and a corresponding loss for society.

Low tax levels can have an adverse effect on private 
decisions because too generous conditions lead to a high 
rate-of-return which encourages governments to insist on 
later renegotiations. A tax rate below the competitive 
level in the world will lead to an unnecessary loss to 
society.

The risk and uncertain conditions in the real world do 
not permit welfare maximization; that is the appropriation 
of the whole rent which exceeds the supply price. According 
to Palmer (1980) "under conditions of uncertainty, expected 
rent charges should be set to equate the expected return on 
investment with the supply price of investment." Whatever 
tax policy is implemented, it is of prime importance that 
the impact on the economy be measured in terms of the net 
benefits generated by the potential policy change.

The issue of shared revenue between the government and 
the private investor deserves special attention when 
developing countries are involved. There is no unique way
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of sharing revenues. Consideration must be given to the
capacity for negotiating of the host country, to the level
of information available regarding its mineral resources,
the role government assigns to private investment in the
economy, and the degree of certainty shown in the long-run
by the mineral policy.

One of the most important of these is the degree of
certainty perceived by the private investor. Many
examples exist in the literature about the serious damage
that changing tax laws can cause to the industry and the
economy as a whole. Mackenzie and Bilodeau (1979) pointed
out that "the mining industry has called for a return in
Canada's mining taxation system to a position of
"stability" and "uniformity". Bosson and Varon (197?) say:

Over time, countries have sought to increase their 
revenues. The first step has often been a change 
in tax laws, which could frequently be achieved 
without violating the original concession 
agreement. Increased tax and retroactive
taxation tend to create a climate of uncertainty, 
however, which reduces the level of production 
and the volume of investment. The copper 
industry in Chile offers a good example: the
government share of pretax profits increased 
from 16 percent in 1930 to 28 percent in 1940,
58 percent in 1950, and 69 percent in 1965•
During the period 1944 to 1955* Chilean copper 
production dropped from 5^0,000 tons per year 
to 400,000 tons per year, while over the same 
period world copper production increased by 20 
percent. In constant prices, government 
receipts declined, although they rose in 
current values because of the increase in 
copper prices. Virtually all profits from the
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U.S. affiliates in Chile and other Latin 
American countries were repatriated in the 
late 1 9 6 0 s , whereas in Canada, where a high 
degree of tax certainty and political 
stability prevailed, almost 50 percent of 
earnings were reinvested.
The benefits for society derived from the correct 

selection and use of an "optimal" tax policy are so 
numerous that any effort made by a country to improve 
its taxation policy will be repaid in full. However, 
the problem is not simple to solve and many variables 
must be considered. A multidisciplinary group, f

consisting of skilled professionals, is required.
Many authors agree on the basic requirements that 

must be present to develop an "ideal" tax policy. The 
principal requirements can be summarized as follows:

1. The tax policy should be unbiased and cause 
minimum distortion in resource allocation.

2. No tax burden discrimination should exist among 
members of the mining sector nor between the mining 
sector and other sectors.

3 . The tax system should be easily understandable 
and allow for efficient administration.

4. The tax system should have sufficient flexibility 
to adjust to changes in economic conditions.

5 . The tax policy should provide a stable level 
and structure through time.
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All these requirements should take into account that 
the mining sector is only one element of the economic system, 
and analysis must consider the whole system and expectations 
from application of a specific tax policy. Based on these 
expectations, the analysis should include political 
stability, world market conditions, level and tax structure 
in other countries, availability of infrastructure, and 
domestic expertise.

Considering all the most important variables in any 
tax policy, an "ideal" policy is very difficult to achieve. 
Efficiency, equity, neutrality, competitiveness, and risk 
and uncertainty are related in such a way in the real world 
that many must be sacrificed in order to emphasize others.
For this reason, policy makers facing real problems should 
try to develop an "optimal" tax policy according to the 
priorities or weights of the government.

Since the mining firm's objective is to maximize 
profits over the mine's lifetime and since trade-offs 
exist between high risk and high expected return, the level 
and structure of the taxation system play very important 
roles in the incentive or disincentive of a potential 
investment project. The private investor wants the 
exploration risk to be considered by the taxation policy, 
and he wants to know what the taxation regime will be
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before development. From the government * s point of view 
the investor must take the risk alone, and the taxation level 
cannot be determined before the value of the mineral deposit 
is known. Palmer (1980).

It is easy to analyze how rents generated by mineral 
resource exploitation should be shared between government 
and investor in a perfect competitive market. This is so 
because the analysis assumes that both the private investor 
and the government have the same information on which to 
base their negotiations. This information consists of 
costs of production and prices of input factors and of 
output. Assuming perfect competition, where prices are 
generated through supply and demand forces only, the 
problem is simple to solve.

In the real world of the minerals industry, investor 
and government are not equal. The investor has access to 
better information than the government on costs of 
production and prices, so, in negotiations, the company 
has the advantage.

The existence of risk and uncertainty cause the prices 
of input factors to be higher than in a world of perfect 
knowledge of the future so both investor and government 
face the same problem of determining, ex-ante or ex-post, 
how rent will be shared.
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The issue of how rent should be shared in a world of
market distortions and uncertainties is very complex. Use
of the taxation mechanism to achieve appropriation of
generated rent makes the issue more complex because other
distortions are introduced into the economy as a whole.

In a world of more or less perfect, or at least 
balanced, information and highly competitive 
market structures with numerous options and 
choices, the appropriation of rents would be 
relatively simple. However, in the imperfect 
world of the mining industry and minerals 
transnationalism, the real world issues are 
very complex and subject to numerous overt and 
covert distortions. An important ingredient 
in successful Less Developed Country fiscal 
regimes is an awareness of the sources and 
implications of these possible distortions.
Only then can policies be adjusted or formulated 
in the national interest. Some of these 
informational issues are susceptible to 
theoretical and empirical investigation such as 
the potential direction and magnitude of impacts 
on policy objectives under alternative fiscal 
regimes. Others, including the valuation and 
categorization of variables such as costs, debts, 
taxable income, and depreciation, are subject to 
negotiation and Less Developed Country monitoring. 
(Cordes, 1980) .
The question of how the minerals industry should be 

taxed has been the concern of many experts, and, in general, 
they agree that taxation policy can be a powerful tool to 
encourage mineral development. No "typical" level and 
structure of taxation exists that works "best". Each 
country, according to its owns objectives for the minerals 
industry, must develop tax schemes that are harmonious with
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the taxation system in the economy as a whole and that drive 
private efforts toward achievement of national goals.

Chile's enormous copper reserves are its most important 
resource for gain in the international market. With its 
social and political stability, multinational corporations 
consider exploration and development of medium and large 
copper ore deposits both attractive and profitable. Its 
reserves and the interest of large corporations indicate 
that it will continue to be a copper-exporting country long 
into the future.

In order to generate sufficient capital to develop 
and put into production new reserves, Chile must seriously 
consider the effects of the present taxation system on 
mineral development.

Three types of taxation systems have been selected for 
this study, in order to extract the most remarkable features 
of each. They are Royalty, Income Tax, and Rate-of-Retum 
tax systems. The selection of these three was the product 
of research in the area of taxation. Throughout the 
history of taxation in the minerals industry, they have 
played an important role, and great importance has been 
given to them by many experts.

At this point in the analysis, it is useful to point 
out that, although the minerals industry is characterized
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by market instability, high risk, large capital expenditure 
before production, exhaustibles mining assets, and others, 
the author is interested mainly in the international nature 
of the industry.

This interest arises because MNC's are considered 
desirable for exploitation of mineral resources in 
developing countries. Through them, the necessary capital 
will flow from consuming to producing countries. For this 
reason, the special features of the mining industry are 
considered as valid in the international arena. Governments 
should consider these features in order to create the 
appropriate tax climate to encourage foreign capitalists to 
develop potential ore deposits.

4.2 ROYALTY

This is one of the simplest forms of levy for the right 
to exploit a mineral deposit and is a payment that the 
developer makes to the owner. It is directly related to 
output and may be either specific, which is a fixed amount 
of dollars per unit of output, or ad-valorem, which is a 
percentage or progressive rate applied to the sale value 
of output. The relationship with output is reflected in 
the rate and level of extraction. Due to the way investors 
make decisions under this tax, the government can use it for
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different purposes.
The profit-maximization objective of the mining firm 

is based partly on the right selection of two physical 
parameters, which are always present in the operation of a 
mine. One is the rate at which the ore deposit is depleted; 
the other is the grade of ore mined. These parameters are 
affected by the imposition of a royalty, which is added to 
the variable costs and results in a change in the amount of 
reserves.

Figure 4-1 shows the effect of a royalty on increasing 
costs and on an increase in the cut-off grade from A to B.

When a royalty is added to variable costs, so that no 
profit remains, the mining firm has two alternatives 
depending on the quality of the ore deposit. If the ore 
deposit will not permit an increase in the cut-off grade, 
the operation will be stopped. If the ore deposit is 
rich, or at least permits higher-grade extraction without 
a significant increase in costs, the operator can raise the 
cut-off grade in order to reduce the royalty's impact.

Raising the cut-off grade from A to B maintains profits 
at the same level as before the imposition of the tax.
Usually, however, an increase in cut-off grade is 
accompanied by a decrease in output. As a direct result of 
this, the amount of reserves will be diminished (from x to y).
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Figure 4-1. Graphs Illustrating the Effects of Royalty 
in Increasing Costs and Necessitating an 
Increase in Cut-Off Grade from A to B 
(Lacy, 1969)•
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The variation in the amount of reserves will depend on the 
shape of the curve of tonnage-grade for each deposit, 
assuming the same technology is used and economic 
conditions remain the same.

Specific royalties are considered economically 
inefficient because they do not consider the quality of the 
output, thus resulting in a fixed burden with the same 
weight for production of low- or high-grade minerals. The 
direct effect of this inability to discriminate between low- 
and high-grade output is a decrease in both investment and 
production, increasing the time required for physical 
depletion.

If these considerations are applied to further stages 
of mineral production, for example, to the processing stage, 
it is clear that specific royalties discourage the 
reprocessing of waste because this adds an extra cost to 
the normal operating costs that can turn a positive 
profitability into a negative one. Thus specific 
royalties reduce the amount that the owner can appropriate 
from the exploitation of its ore deposit, with a 
corresponding loss to society.

The ad-valorem royalty, being a percentage of output 
value, does not discriminate against low- or high-grade ore 
deposits. This type of tax encourages exploitation of
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minerals with lower mining costs. The return on investment 
will depend mainly on the capacity of operators to take 
advantage of ore deposits having the same grade, allowing 
cheaper operating costs. Since progressive rates are 
used,unexpected gains due to inflation or commodity monopoly 
are possible.

Although royalties distort the decision-making process, 
many countries use them because of their special features. 
First, they are very easy to administer both government 
agencies and taxpayers have no trouble understanding them. 
Second, when levied on exports, collection is simple and 
easy due to the small number of shipment points. Third, 
royalty may be used as an effective tool in fiscal policy. 
Varying tax rates can be used to encourage development of 
certain regions or to diversify existing production. Many 
authors favor ad-valorem royalty because it provides an 
economic tool for conservation purposes and permits 
appropriation of windfall profits.

4.3 INCOME TAX

This is one of the most common tax system used in the 
minerals industry. It is a tax levied on profits, after 
costs and all other deductions are made. The deduction 
includes depreciation in most countries and a depletion
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allowance where such exists.
Several features of this tax system make it preferable 

to other types and recent discussions its appropriateness 
compared with more modern types have appeared. One 
distinctive feature is that the income tax does not take 
into account quality of output when levied. Operators can 
make decisions with many choices of level and rate of 
outputs in order to maximize profits.

Figure 4-2 shows that the Income Tax does not alter ore 
reserves. Since it is applied to income after the critical 
rate is reached, it has little effect on variable costs.

The advantage of the income tax is that, depending on 
the tax levels, any decrease in costs will result in a lower 
cut-off grade. As a result, the amount of reserves will 
increase. This could encourage the operator to increase 
his production capacity. If increased production capacity 
is possible, the income tax system can encourage new 
exploration and development of ore deposits.

With regard to neutrality, this tax is considered 
discriminatory because it does not take into account 
investment risk. Any increase in the tax rate will shift 
capital resources from the minerals industry to other 
sectors where less risk will permit a higher return on 
investment. Most developed countries allow large
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corporations to take some tax deductions when operating in 
foreign countries. This opens the opportunity for 
developing countries to tax foreign corporations at a 
higher rate than domestic ones without creating disincentives 
to foreign investment.

Many problems are encountered in the administration of 
this system. Its accounting methodology is not able to 
consider accuracy in measuring costs. The presence of only 
a few large corporations results in some reduction in tax 
evasion because of the small number of firms to be 
controlled, but with a more diversified mining activity, 
the problem could be greater. Although the income tax 
does not strongly affect profits of MNC's during poor 
economic conditions, this is a disadvantage to governments 
due to the lack of certainty in revenues receipts.

4.4 THE RESOURCE RENT TAX (RRT)

This type of tax on natural resource projects was 
proposed by Gamaut and Clunies-Ross in 1975 • It is 
related to the rate-of-return (ROR), and two assumptions 
were made. One is that MNC’s will decide whether to invest 
or not based on projected ROR after taxes on total cash flow, 
determining a minimum ROR before investing. The second is 
that MNC's are risk averse, at least more averse than
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governments. This means that the perceived risk of
uncertainty in a potential project would be reflected in
the minimum required expected ROR.

The basic idea of the RRT is to tax the economic
surplus generated by a project. This economic surplus,
or rent, is any return received before taxes in excess of
the supply price of investment. The supply price of
investment is defined by the authors as the minimum
expected value of the after-tax ROR. From these
definitions, the RRT can be considered a tax on
profitability, and, therefore, the amount of tax revenue
generated will vary from one project to another.

Since mineral resources are considered a national
patrimony, the rent generated by exploitation of an ore
deposit should accrue to the public.

The role of the government should be to implement a
tax regime that maximizes revenues from the share of the
rent generated. Gamaut and Clunies-Ross ( 1975) argue :

Furthermore, industries based on cheap sources 
of energy or producing minerals or fuels are 
typically capital intensive, and in a 
developing country often have limited scope 
for local purchase of supplies. They may also 
have undesirable external effects. They may 
be held to damage the environment and, without 
compensating expenditure by the government, 
may contribute to inequality of income between 
individuals and of facilities between regions.
Thus, particularly in developing countries, any 
benefit from them must come mainly through
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public access to their profits, and the central 
task of economic management in these industries 
is to maximize their contribution to government 
revenue.
As noted earlier discussions on the "optimal" tax 

system always turn on the question of a tax ex-ante or a 
tax ex-post. If government want to ensure extraction 
of the right amount of revenue from a project, the tax 
level should be assessed ex-post. This will obviously 
increase the risk perceived by MNC’s, resulting in a 
decrease in tax revenues. However, a tax level assessed 
ex-ante, though good for MNC’s, raises the high possibility 
of losses in government revenues.

In general, the uncertainties experienced by both 
government and MNC's and the lack of accurate information 
in the government’s hands, makes a type of tax interesting 
which can be assessed under more realistics conditions, 
such as is in the RRT system.

Since the RRT begins to be applied when a certain 
minimum ROR is reached, and the ROR is based on discounted 
cash flow techniques, special attention must be given to 
delimit what are considered costs and what receipts. 
According to the authors, assessable receipts include all 
gross receipts coming from the sale of the product and all 
receipts from the sale of assets purchased by the MNC’s.

Receipts arising from repayment of capital, interest,
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or loans are excluded. Assessable expenses include all 
payments made by the MNC's in operating the company in 
development and exploration and all other taxes.

Payments made for provision of capital, repayment of 
capital, or past payments of RRT are excluded.

Table 4-1 shows an example of how this tax operates.
In column 1 are net assessable receipts, which are the 
assessable receipts less the assessable expenses, that is 
net annual income. Column 2 shows the accumulated present 
value of column 1 for each year. When a value in column 2 
is positive, it is taxed at 50 percent, and in each year 
thereafter, whenever a positive value appear, it is also 
taxed at 50 percent. These values are shown in column 3• 
Column 4 shows the accumulated present value of column 1 at 
20 percent. Again when a positive value is reached, it is 
taxed at 25 percent; the amount is shown in column 5* 
Finally, the total amount of tax levied is shown in 
column 6, the sum columns 3 and 5«

The RRT encourages investment since its assessment is 
based on profitability; any increase in investment would be 
a potential source of government revenues. It does not 
influence the decision to develop or not develop a specific 
ore deposit. All decisions will be based on the geological 
characteristics, location, size of deposit, and the existing
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price of the commodity. This allows development of some
low-grade ore deposits because, in the limit, there is no
profit to be taxed. The capital's owner still receives
some return on funds invested, which result in absorption
of unemployed labor with a local impact in remote areas
where government assistance is not available.

The problem of the introduction of distortions in
resource allocation is reduced when this tax system is
applied in developing countries, where capital investment
is totally foreign owned. Neutrality considerations will
affect those economies where all investment projects are
domestic as in developed countries.

Many authors are in favor of the RRT, but many feel
that more research under specific conditions is needed in
order to determine the appropriateness of the RRT in such
environments. Palmer (1980) in his work "Mineral Taxation
in Developing Countries", pointed out:

"... the superiority of the resource rent tax 
over the available alternatives under conditions 
of uncertainty arises from the fact that it does 
not depend on "ex-ante" forecasts of expected 
tax liability but responds automatically and 
progressively to a wide range of outcomes; by 
more efficient risk sharing it maximizes expected 
rent charges consistent with a decision to invest; 
and it is more neutral than equal-yield 
alternatives with respect to investment (and 
reinvestment) decisions".
Among the advantages of this tax system, Mackenzie
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and Bilodeau (197?) in their work "Assessing the Direct 
Effects of Mining Taxation: The Case of Base Metal
Investment in Canada", emphasize:
i) - It automatically adjusts to unexpected changes in

economic conditions.
ii) - The system works on a cash-flow basis and therefore

is administratively simple.
iii) - It would extend the "common ground" at the

government-industry interface by placing the tax 
base on the same rate-of-retum criterion that is 
used by industry to support its investments 
decisions.

iv) - The averaging effect of the hypothetical system
would minimize the tax consequences of metal price 
cycles.

v) - Finally, for theoreticians, such a rate-of-retum
system is totally consistent with the concept of 
economic rent.

One problem associated with the RRT is that related 
to the integration of the firm. Application of this tax 
system is relatively easy when the economic entity is the 
mine. When the entity to be taxed is a more vertical 
integrated firm, administrative problems and opportunities 
for evasion increase.
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For developing exporting-countries this pure form of 
RRT system is inconvenient because the flow of revenues is 
not predictable and long delays may exist before revenues 
are in government hands. If the mining activity is the 
main source of revenues for a country, the RRT could be 
very dangerous.

As in any tax system, the main problem is finding the 
level of taxation. In the RRT, the most delicate aspect 
is the determination of the threshold rate-of-retum on 
funds invested. This arises because of the ignorance of 
the government on the supply price of investment. However, 
this difficulty is present only in the RRT in its pure form 
which is inapplicable in any country. Several alternative 
combinations of the RRT with royalty, income tax, bidding 
system, depreciation, etc., have been proposed in order 
to decrease government risk of revenues losses.

Regarding administration, the RRT has the same 
complications as the income tax. That these complications 
increase for RRT needs to be very clear in the determination 
of the entity to be taxed. The records needed for 
administration and control are less complicated that those 
needed for the income tax system, but the addition of a new 
type of tax (RRT) will create some extra administrative 
problems.
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4.5 DEPRECIATION

Since depreciation is the process by which the 
capitalized cost of a fixed asset is recovered over its 
estimated useful life, it can have a great influence on 
taxes. The investor always is concerned with tax savings 
coming from the recovery of capital and with the net present 
value of these taxes.

The method of depreciation allowed by a country will 
therefore be of special concern to MNC evaluations. Since 
depreciation reduces the amount of taxes to be paid and 
since the MNC’s recover their investment, the rate-of- 
r e t u m  on funds invested will rise. This effect on rate- - 
of-retum should be utilized by governments when low-ore 
deposits cannot go into production due to low profitability.

As will be shown in the next example, a convenient 
depreciation method can be beneficial to both governments 
and MNC’s, since an unprofitable investment can be turned 
into a profitable one. Figure 4-3 shows how a potential 
investment project on a low-grade ore deposit can go from 
7 to 15 percent IRR, just from application of a depreciation 
allowance. How IRR varies under a seven and ten years 
depreciation is almost evident. Undoubtedly, an 
accelerated method like the double-declining balance 
switching to straight line will increase this difference.
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PRESENT VALUE OF TAX PAYMENTS (x 106)

1. No Depreciation
2. Ten Years Depreciations Straight Line Method
3 . Seven Years Depreciation: Straight Line Method

Figure 4-3• Comparisons of the Effects of Depreciation 
Allowance on the IRR to an Investor.
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The loss of government revenues is relative. In the 
example in Figure 4-3, at a 7 percent IRR the project is 
not feasible, and, therefore, revenues do not exist. On 
the other hand, although the straight-line method produces 
lower government revenue, a 15 percent IRR can be reached 
which makes the project feasible, resulting in generation 
of revenues that otherwise would not exist. With an 
appropriate depreciation method, projects start to be 
profitable at earliest times than without one. Governments 
can then begin to receive revenues as soon as the project 
generates profits.
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CHAPTER FIVE

EVALUATION OF THE EFFECTS OF ACTUAL AND 
HYPOTHETICAL MINING TAXATION SYSTEM

The purpose of this chapter is to quantify the effects 
that the Chilean and hypothetical taxation systems have on 
different investment projects. The systems will be 
compared in order to provide a starting point for selection 
of a fiscal regime which will encourage private investment in 
the minerals sector and also maximize government revenues.

The same economic and financial conditions were applied 
to six hypothetical ore deposits. Each will require a 
different amount of capital to achieve production, and will 
have a different level of annual output and operating costs. 
Different operating costs are used because in some way the 
quality of a mine is represented by its costs, and mine 
quality is a very important characteristic to a fiscal 
regime.

Different amounts of capital can be acquired in the 
real world in several ways, and the percentage of borrowed 
capital has different impacts on the internal rate of 
return (IRR) as well as on loan interest. Application of 
the same economic and financial conditions to all of the 
projects will not seriously distort conclusions regarding
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the most important variables. With the six projects, 
twelve cases were analyzed under many hypothetical fiscal 
regimes. Five were selected as most appropriate for 
analysis. Since it is difficult to make accurate price 
forecasts for a commodity such as copper, three prices were 
chosen under which all cases were analyzed.

The model used for comparison of alternative taxation 
systems was derived from a simple one described by 
Johnson (1980) in his paper "Taking The Take But Not The 
Risk", with some modifications introduced. The model for 
taxing excess profit comes from the one proposed by Gamaut 
and Clunies-Ross (1975), described in chapter four.

An important feature of this model is that it is 
based on the same calculation criterion used by most MNC's 
in the evaluation of their investment decisions. Discounted 
cash flow techniques were used since in economic analysis, 
they are the most widely used today. The measures used 
were the discounted net present value (NPV) and the 
internal rate of return (IRR). An example of how the model 
works is given in Appendix A.

5.1 OVERVIEW

Most developing country governments, when faced with 
deficits in their budgets, usually raise taxes as a partial
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solution. This causes many problems when dealing with 
mineral resources. On the one hand, these adjustments 
through time create a situation with the tax system, that 
finally results in its being unable to reach the objectives 
for which it was created. On the other hand, during boom 
times of "bonanzas", or high prices for the commodity, the 
systems are incapable of capturing the excess profits 
unexpectedly generated.

Ore deposits which have no by-products with high 
market value, will not go into production when the commodity 
price is low, thus delaying their development into the future, 
and resulting in a net loss for the society.

The problem in selecting the "best" fiscal regime for 
the minerals industry has several aspects. Among which 
the most important for this research are recognition that 
the mining industry is mainly international, and that clear 
objectives for the taxation system, must be set so that 
reasonable expectations from the regime's application will 
be realized. No less important are those problems related 
to the implementation and administration of such a system, 
mainly when it is the basic tax regime being used by the 
country.

The most common objectives cited in the literature are: 
improvement in resource allocation, long-run economic
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stability, improved equity in income distribution, 
generation of adequated government revenue, encouragement 
of domestic processing, and accelerated regional development.

For the purposes of this analysis, two government 
objectives have been considered: l) creation of an 
appropriate fiscal climate in order to provide the private 
sector with incentives to invest in the minerals industry 
and 2) adequate "enough" revenues from exploitation of its 
mineral resources. The term "enough" must be understood 
as the amount of revenue resulting from some kind of trade
off between government and private sector claims. Some 
percentage of the current amount of revenue received by 
the government could be sacrificed in order to permit the 
development of low-grade ore deposits, turning some short
term loss into potential net gains in the long-run. New 
ore deposits could get into production, and existing ones 
could expand their actual production capacity.

5.2 THE CHILEAN TAX SYSTEM

The foreign investor in Chile has two choices of 
taxation system under which to operate. One option is 
the normal tax regime applied to any domestic enterprise.
Here profits are taxed at three different rates, named as 
follows :



T-2675 112

a) Housing tax
b) First category tax
c) Additional tax

5#
10%
40%

The tax burden of these three taxes is 48.57% on 
income. Analysis of how they are applied is outside the 
scope of this thesis. A complete, well-detailed study can 
be found in an article written by the Comision Chilena del 
Cobre, working paper D.J.T. 401/81.

The second option for MNC's it is contained in the 
"Statute of Foreign Investment". Article seven says that 
the total tax burden will be at a rate of 49.5 percent on 
income and will be invariable for a ten years period measured 
from the start of operations. This thesis assumes that the 
MNC's have chosen the latter option, so all calculations 
made on the base case considers 49.5 percent as the tax 
burden.

From the point of view of the Chilean Rent Tax Law, 
the mineral industry is in the same situation as all other 
economic activities. The large-scale mining activity 
(Gran Mineria del Cobre), whose proprietor is C0DELC0, is 
affected by an extra tax burden which is applied only to 
exports. Some authors claim that this type of tax is 
discriminatory against the minerals industry.

Actually, since the Gran Mineria del Cobre is in
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government hands, this type of tax is of no importance 
because the money is going from one pocket to another.
It is important to know what will be the tax regime under 
which new large-scale mines (75»000 tm/yr of copper, or 
more), will operate in the future. For now, a tax rate 
of 49.5 percent will be used, and no other consideration 
will be made relative to the tax system.

5.3 HYPOTHETICAL TAX SYSTEMS

Three basic tax regimes were selected: royalty, income 
tax, and RRT. Many fiscal alternatives can be created from 
combinations of them.

A system which includes royalties was rejected for 
several reasons. First, the history of taxation in the 
world mining industry shows how this type of tax has been 
replaced by the more efficient income tax system. Second 
as was noted earlier, royalty-based systems directly affect 
the costs of production, which results in a rise in the cut
off grade and eventually in a decrease in the amount of 
reserves. This high-grading is harmful to society since 
large amounts of low-grade ore will be abandoned for 
economic reasons. In some cases, this abandonment will be 
forever, due to technical and economical factors. Third, 
the contribution that royalties make to government revenues
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is considered to be very low in relation to the negative 
effects produced on the decision-making process.

RRT alone was considered inappropriate for two main 
reasons. First, the large variability in government 
revenues that this type of tax produces in its pure form is 
considered to be too risky for a country which depends 
heavily on the revenues produced by copper exploitation. 
Second, introduction of pure RRT would require a change 
from one system to a completely different one. The 
disorder this would create, makes it an impossible 
administrative problem.

Finally, from the above discussion it is fairly 
obvious that a system based on a combination of the royalty 
and RRT systems is also not desirable.

The combination of income tax and RRT was thought of 
as the most desirable fiscal alternative for Chilean 
conditions, since the country uses the income tax system 
as a basic tax regime, with the possibility that the RRT 
could be superimposed on the current system. Many 
combinations were made between income tax and RRT, varying 
the basic tax rate and the hurdle RRT for the investor.
Four alternatives were finally considered to be most 
appropriate for discussion and analysis. They are as 
follows :
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A T/PFRNA T T V
TAX STRUCTURE

riJUX ÎZ/Aliri J. J» V jUiO INCOME TAX 
(Rate in

+ HURDLE IRR 
percent)

ALTERNATIVE 1 40% + 20%

ALTERNATIVE 2 40% + 10%

ALTERNATIVE 3 35# + 20%

ALTERNATIVE 4 30% + 20%

The selection of an appropriate rate for taxing excess 
profits over the hurdle RRT expected by the MNC's was made 
assuming that if the investor reaches the hurdle RRT and 
the excess is appropriated in full (100%) by the government, 
no incentive will remain to continue mining. The same IRR 
in a less risky activity will cause a shift of resources 
from mining. Another influence on the selection of the 
percentage of share between government and MNC's was that 
given by Johnson (1980). He states that the majority of 
the excess profits should go to government due to the many 
externalities produced by MNC's operations. According to 
this, the percentage considered was ?0 percent, applied to 
all alternatives analyzed.

5.4 TECHNICAL AND ECONOMICAL ASPECTS OF THE PROJECTS 
SELECTED

With the six hypothetical ore deposits selected, two
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sets of cases, differentiated only by their investments, 
were considered. The first set of six cases is structured 
in terms of one ore deposit analyzed under six different 
operating costs. The amount of capital required, the 
financial conditions, and the annual production are the 
same for each case. The second set of six cases is 
structured in terms of six ore deposits having different 
operating costs, annual production, and amount of investment. 
All other economic and financial conditions remain the same 
for each ore deposit.

Although commodity prices in the real world are 
subject to continuous changes, in this analysis it has been 
assumed that changes in average copper prices are offset by 
changes in average operating costs in the long-run.
Therefore, total revenues and total operating costs are 
held constant throughout the life of a project. All 
variables used, as well as the results, are in constant 
terms, without inflation.

Given the instability of the copper market and the 
constant changes in commodity prices, no copper price 
forecasts were attempted. For this research, the analysis 
was made under three different copper prices each of which 
was considered to have equal validity in the analysis 
of the results. Copper prices used were 0.?0, 0.90, and
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1.10 $/lt>.

5.4.1 Set Number One

A hypothetical ore deposit was selected with a 
production of 65t000 TM of copper per year, starting in 
year one. The production lifetime of the deposit was 
assumed to be eighteen years.

The investment required to go into production was made 
over a four-year period. For simplicity in the cash flow 
calculations, this investment has been actualized in year 
zero, totaling 350 million dollars. This amount is 80 
percent depreciable by the straight-line method over a 
seven-year period.

The MNC has financed the investment with 105 million 
dollars of its own capital plus 2^5 million dollars 
borrowed at a 15 percent interest rate and an eight-year 
repayment period.

The six cases analyzed have operating costs as follows:
OPERATING COST 

($/lb)
CASE 1 0.20
CASE 2 0.30
CASE 3 0.40
CASE 4 0.45
CASE 5 0.50
CASE 6 0.60
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5.4.2 Set Number Two

As was noted,the six ore deposits that form this set 
require different investments and have different operating 
costs and annual productions. For all cases, 80 percent 
of the investment is depreciable by the straight-line 
method over a seven-year period. The total amount of 
capital required was financed by the MNC with 50 percent 
of its own capital, and 70 percent was borrowed at a 15 
percent interest rate and an eight-year repayment period.

The six cases analyzed have the following 
characteristics :

CAPITAL
REQUIRED
(millions)

ANNUAL
PRODUCTION

(TM)
OPERATING

COST
($/lb)

CASE A 3000 500,000 0.20
CASE B 1500 260,000 0.30
CASE C 1000 170,000 0.25
CASE D 350 65,000 0.35
CASE E 400 80,000 0.43
CASE F 450 75,000 0.55

5.5 ANALYSIS OF RESULTS

The information generated by the economic analysis of 
the twelve cases studied are summarized in tables 1 to 6 
included at the end of this chapter. In order to get a 
better understanding of how the five alternative fiscal
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regimes perform, the results are plotted in Figures 1, 2, 3,
4, 5 and 6, where Present Value of Tax Payments (NPVG) and 
Internal Rate of Return are the two variables represented. 
Each point on the curve represents a specific operating cost, 
with mine quality improving from bottom to top.

The income tax only system, with a rate of 49*5 percent, 
is shown in curve 1. Tax system structured by combination 
of income tax and RRT are shown in curves 2, 3, 4 and 5*

In both sets of cases, the combination tax systems 
always keep the same relative positions, independent of 
copper price (5, 4, 2, 3)* High copper prices produce 
some kinds of parallelism between them (see Figure 5-3)•

The income tax system alone (curve l) is below curves
5, 4, 2 and 3 for low copper prices. At between 15 and 20 
percent of IRR, this curve begins to cross the others as 
copper prices increase. This indicates that the income 
tax system alone represents a heavy tax burden for poor 
mines with high operating costs when commodity prices are 
very low. Such a situation in the real world, assuming 
the technology is unchanged, would produce a reduction in 
the labor employed and eventually in mine closures. The 
curves in Figure 5-1 show that the income tax system alone 
has insufficient flexibility to keep lower-grade mines in 
production.
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In terras of amount of short-run government revenues, 
curve 1 gives the best result because low commodity prices 
have no significant effect on revenues received. For low 
copper prices, this curve is more sensitive to IRR changes, 
leading to increased cut-off grades and reduced output for 
mines with high-grading extraction. Regular lower-grade 
ore deposits will result in the decision to stop production.

The slope of curve 1 shows the low sensitivity to 
changes in copper prices. This indicates that type of 
tax system does not perform very well in capturing,for the 
government,the excess profit produced by unexpected 
increases in commodity prices or improvements in the 
grade of ore deposit. In Figure 5-3, curve 1 crosses 
curves 2, 4 and 5 since these curves become flatter after 
45 percent IRR.

In general, for both sets of cases, curves 2, 3, 4 and 
5 become flatter as the copper price increase. This 
indicates that small changes in the IRR for the MNC1s 
would generate large amounts of revenues for the 
government.

In the extreme, curve 5 in all figures shows that, 
under adverse economic conditions, the government would 
experience large decreases in revenues. However, this 
tax system would permit continuity of operation in poor-
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quality mines. The IRR for the MNC's is the highest in 
all cases and under all three copper prices.

Previous calculations have shown that in an income tax 
only system,an increase in the income tax rate in order to 
capture excess profits produced by unexpected increases in 
the commodity price has a strong negative effect on 
investment incentive.

The calculations support the deduction that a 
combined income tax and RRT system is more appropriate for 
extracting surpluses produced by sudden high copper prices 
without having a great effect on private investment 
incentives.

Figure 5-4 shows the curve from case 2 in set number 
one analyzed under different copper prices and subject to 
two different fiscal regimes: income tax (49.5$) and 
income tax plus RRT (40%+10%). Since the curve for 
income tax plus RRT is flatter than the income tax only 
curve, smaller changes in copper prices will produce 
greater changes in government revenues.

In both systems, each time that copper prices increase, 
the increase in NPVG and IRR are smaller. However, going 
from income tax only to income tax plus RRT, the IRR 
decreases about 5 percent, which means about 3 point less 
in the IRR, and it remains almost constant for each copper
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price. Also, in going from one system to the other, the 
NPVG increases from 18 to 57 percent when the copper price 
increases from 0.70 to 1.40 $/lb.

A final comment about the sensitivity of NPVG and IRR. 
It was found that these two variables are more sensitive to 
changes in the income tax rate than to changes in the 
hurdle rate of return. This is because the income tax 
rate is applied to net profit so that the capital investment 
is partially considered. The base for the internal rate 
of return calculation includes the total amount invested.
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS

From analysis of the results of the twelve cases 
studied, a tax system which combines the income tax and RRT 
systems seems to perform better than a pure income tax 
regime. Using hypothetical ore deposits, it is obviously 
impossible to quantify the most appropriate tax levels or 
the hurdle IRR for a specific company. However, the 
combination of a basic income tax with a RRT should perform 
efficiently or close to "optimum", so that the minerals 
industry is taxed such that the government participates 
in the excess rent generated and the private sector 
retains the incentive to invest in mining.

Although no simulation techniques were used to determine 
the variability of tax revenues, we can say that the 
combination minerals industry tax has less variability 
than a pure RRT system and more than a pure income tax 
system.

It is remarkable that, in some way, the combination 
proposed solves the problem of setting a tax rate ex-ante or 
ex-post. As discussed earlier setting a tax rate ex-ante, 
which might be excessively high, would result in an increase 
in cut-off grade and a decrease in output. Thus, in the
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long-run, the government will lose some revenues due to a 
decrease in production and lower-grade mines never will go 
into production because of an inadequate rate of return.
In either cases, there is a net loss to society. A low 
tax rate, however, could cause a large and unnecessary loss 
to the government if commodity prices increased unexpectedly 
or the quality of the ore deposit was undervalued, resulting 
in high company profits.

Either high or low tax rates will induce changes through 
time because governments will try to set the right tax rate 
according to reality or current economic conditions.
This will create an extra element of uncertainty for the 
investor, who will increase his hurdle IRR and abandon 
projects that otherwise would be profitable.

In the case of Chile, under a tax system structured 
according to the combination proposed, the government need 
not invest any of its own money in new mining ventures. The 
risk would be shared by the government, which would grant a 
low income tax rate to the MNC’s, and the MNC’s which would 
provide the funding. Governments that wished to encourage 
private investment in the mining sector could set that 
income tax rate which would permit the investor to achieve 
the minimum (hurdle) IRR required. If the project is 
successful, the government can achieve more revenues 
through the RRT once the minimum IRR is surpassed.
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Many potential projects need only a few extra points in their 
start-up IRR. For this reason, the right selection of a 
minimum income tax rate is important.

According to the characteristics of the model used in 
the calculations, the combination type of tax system should 
be applied to a specific project rather than to a company.
But even if it is applied to a specific project, the choice 
of application stage could be different for different 
projects. This might cause some complications since 
different risk exist at different stages, from earliest 
exploration to production. The level of risk will depend 
upon the level of knowledge of the ore deposit.

In order to be neutral, different hurdle IRR's should be 
applied at different stages of the mining activity and 
should be changed during the life of the project. This is 
unrealistic. One unique IRR for the life of a project 
would be biased against the very earliest stages of 
exploration but would be advantageous for projects nearer 
production.

In the case of Chile, this problem seems to be easy to 
solve. There are only a few MNCs in the country, and it 
should be easier to negotiate the hurdle IRR ex-ante.

The tax combination proposed makes partial allowance 
for the private sector claim that any tax should be based
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on the ability to pay and not on revenues. From the 
government viewpoint, no long tax holidays are given to the 
MNCs since a minimum income tax is being recovered. This 
avoids the negative effect of a pure RRT where, during tax 
exemptions in the host country, MNCs withdraw funds to 
their parent countries. Thus the combination income tax 
and RRT system provides a trade-off between the conflicting 
claims of governments and MNCs. This is a clear advantage 
over other tax systems which should be reflected in 
increased foreign investment.

Since the tax operates on a cash flow base for the 
calculations of taxable profit, its application would be 
relatively easy since it can be superimposed on existing 
legislation. Negotiation on a specific project can be 
done merely by adjusting the corresponding percentages to 
be applied without making changes in the current law.

In the case of Chile, this system does not create 
capital misallocations in the economy since sufficient 
capital for investment in long,costly, and risky exploration 
campaigns and in development and production will come from 
foreign sources.

Since this research did not intend to find a tax 
system with specific tax rates, nor one to be applied in a 
specific situation, the author thinks that the objective
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was realized because the results show that a 
combination of income tax and RRT perform better than an 
income tax system alone. Although the assumptions made 
in selecting the six hypothetical ore deposits differ 
from reality, the results show certain tendencies which 
indicate that the conclusions are valid in the real world.

Unfortunately, tax systems which incorporate the RRT 
system are too new and only a few countries have accepted 
their challenge. There is therefore no information on 
which to base an objective evaluation of the performance 
of the system. More research is needed, and a country 
interested in improving its current tax system should 
assign its most qualified professionals to work with a 
good set of accurate information to determine the 
quality of such a system. Some recommendations and 
suggestions can be made, however, so that further research 
considers some of the important aspects that were not 
analyzed here due to the lack of information.

The author thinks that Chile should consider seriously 
a fiscal regime for the mining industry which employs a 
basic income tax and a RRT system. Chile is in a very 
good position in the international arena to use an attractive 
fiscal regime to make its resources competitive with those 
of other developing exporting countries. This, coupled
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with the country's political stability, could signify a very 
good contribution to its development.

First, Chile has the world's largest copper producing 
enterprise, CODELCO, which is the main contributor of foreign 
exchange for the economy. Any change in the tax law would 
apply only to foreign companies. There actually are no 
more than three such companies, two in production and one in 
discussion of the size of the project and its financial 
aspects. Potential losses of revenues carry no weight in 
the total amount received by the government. Any 
improvements in the current tax law open a world of 
possibilities since any potential investor looking for new 
opportunities would find it favorable to invest in a country 
with an attractive fiscal regime and political stability.
The benefits from such participation in the domestic economy 
are obvious since,in the long-run.government revenues could 
come mainly from MNCs activity.

Chile has good knowledge of the basic geology throughout 
the country, but there is not enough information to support 
negotiations with the MNCs.

The tax combination proposed covers the government 
against potential losses due to lack of information about 
quality and size of its ore deposits.

The central tax collection office in Chile has been
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improving its mechanism of collection in recent years in 
order to avoid tax evasions. Its success has been shown 
through the amount of tax collected as compared with former 
years. This efficiency improvement would indicate that the 
office is in good condition to create and administer the new 
system at low cost. Obviously the benefits of a new system 
are justified by how large the expenditure on administration 
is.

The mineral resources in Chile are characterized by 
high grades, but this will not continue forever. Every day 
the country becomes aware of discoveries of large, lower- 
grade ore deposits. Such ore deposit will only go into 
production with very high commodity prices or with capital 
at very low interest. Both seem to be improbable under 
present conditions in the world economy. With the current 
tax system, there is not much hope that these lower-grade 
deposits will be exploited. This calls for a look at the 
taxation area where many possibilities exist to convert bad 
projects into good ones.

The main recommendation is related to information. 
Analysis should be done with real information from both the 
revenue and investor sides, in order to determine a realistic 
hurdle IRR. Consideration of the country's existing 
infrastructure, available professional services, roads,
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energy, etc., are also important.
The analysis of a fiscal regime should be done 

considering the international nature of the copper market. 
The Chilean government should make a comparative study of 
the world taxation system in order to set the right 
competitive conditions. Political stability should be 
weighed and expressed in some way in the tax rate.

One important issue not considered in this thesis 
concerns the existence of import taxes in many fiscal 
regimes. It is, however, necessary that any fiscal policy 
which use taxation as a tool for private investment 
incentives, should take into account the impact of such 
taxes on private decisions.

The final recommendation is that adoption or 
rejection of a new tax structure should be based on a 
cost-benefit analysis. In the short-run the change might 
appear to be damaging to the economy. But the author 
suggests that, in the long run, the benefits arising from 
a tax system that permits the mining industry to adjust 
to changing economic conditions are considerable .

In the last two years Chile has experienced a 
period of low copper prices. This has been felt strongly 
in the government's budget. Only a small fraction of the
projected capital investment in the mining sector by foreign
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sources has been realized. The world recession is one 
cause, but even without recession the situation will not 
greatly improve because other countries are moving faster 
than Chile in the area of taxation. Those countries that 
show a better climate for investment will gain the 
available capital resources.

An important aspect not analyzed in the model, which 
should be the subject of further research, is the impact 
that the debt/equity ratio has on a project and ultimately 
on the amount of government revenues. The model used in 
the calculations includes the interest on loans as a cost 
before income tax is applied. If there is a no clear 
definition of expenses, receipts, and sources of financing, 
developing countries could be seriously damaged, and MNCs 
could make considerable extra profits. The impact that 
different percentages of equity have on a project are fairly 
obvious. For developing country governments,it is almost 
impossible to detect what is debt and what is equity in 
MNCs. Interest on debt can be handled easily by a 
corporation, particularly when the MNC is a subsidiary.
This is a point that needs more attention. Solutions 
exist but must be determined for each country and for each 
project.

The final comment is that Chile has the necessary
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political power to implement any policy that is considered 
to be of benefit to the country and has demonstrated this 
in recent years. Therefore, if the proposal made in this 
research to study the potential of a fiscal regime for the 
MNCs based on the current income tax and RRT proves to be 
both technically and practically convenient, the willingness 
of the government to proceed could provide considerable 
benefit to the country and its development.
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APPENDIX A

In order to show how the model used for all the cash
flow calculations works, a specific project has been 
selected and the results are included in Appendix A-l.

The project require an investment of $350 million 
financed with 30 percent of own capital and a loan at 15 
percent of interest rate, with eight years repayment. The 
production estimated is 65»000 MT per year starting in 
year one. The operating costs are .35 $/lb, and 
maintained constant through the eighteen years of production.

The investment required is 80 percent depreciable and 
straight-line method is used on a seven years period. The 
company must pay a 3 percent royalty to the ore deposit's 
owner. The country tax regime consider a 40 percent of 
income tax and a RRT of ?0 percent when a hurdle IRR of 
15 percent is reached.
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