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ABSTRACT 

The price of refined copper metal is the most important input 

variable to the evaluation of new copper mining projects. Therefore, 

the estimation of approximate future price levels for copper is a critical 

aspect of such analyses. Econometric modelling, although appropriate 

for short-term forecasting, is invalid for the long-run price forecasts 

needed for new mine evaluations. 

Even though actual equilibrium prices cannot be accurately-

forecast several years in the future, likely lower bounds to such prices 

can be estimated by projecting production costs. Additionally, if the 

economist's definition of costs is used, which includes a required re

turn on invested capital, long-run average prices can be predicted with 

improved confidence. 

Four large domestic copper mining and milling operations rep

resenting a wide spectrum of production costs were selected as the 

basis for projecting production costs. Actual costs were available for 

two of these operations, and detailed cost estimates were prepared for 

the others. Costs were categorized by production unit operation and by 

element (labor, repair parts, etc.) within each unit operation. These 

costs were then projected into the future based on a number of assump

tions. One outcome simulated was the continuation of historical cost 

and productivity trends that were first delineated with least-squares 

regression analysis. A second possible outcome tested was subjective 

estimation of labor cost and productivity trends by mining industry 

xi 



executives and engineers. Sensitivity analyses were also performed on 

labor cost growth rates and power and fuel costs. 

It appears that Ae long-run average price for copper in 1982 

should be approximately 85<r/lb, based on the sample of mining proper

ties used and on the assumptions made. This price could drop as low as 

70$/lb under unusually favorable operating conditions at the four mines 

studied. Short-run fluctuations may well deviate considerably from this 

average, but the investment process in a competitive market will not 

permit either excessive or insufficient profits on a continuing basis. 

Minimum future price levels were changed by less than 5 per

cent in response to relatively large changes in labor cost growth rates 

and power and fuel prices. This insensitivity is primarily due to the 

high level of fixed costs in mining operations. 

As the 70£/lb price represents a likely lower limit for the long-

run average price of copper ten years hence, this price is advocated for 

use in financial analyses of new copper mining investments. If 1972 

costs are used in the analyses, the 70C/lb price must first be discounted 

ten years at some inflation rate to be selected by the user. 

Although quantitative estimates of costs and prices rapidly be

come obsolete, a well-conceived production cost projection model is a 

valuable aid to decision making if a current file of input data is main

tained . 



CHAPTER 1 

INTRODUCTION 

Financial analysis of proposed new capital investments occu

pies a position of major importance in the mining industry. This impor

tance is greater than in many other industries due to the highly capital 

intensive nature of new mining projects relative to most other industrial 

sectors. Although the need is great, evaluation of mining ventures is a 

complex matter. The mining engineer must handle not only the problems 

of capital cost, operating cost, and product price estimation that are 

inherent to most capital budgeting questions, but he must additionally 

deal with the uniqueness of every ore body. This study offers a method 

designed to produce more reliable estimates of the profitability of new 

mining investments. 

Objective of the Study 

This study seeks to develop better evaluations of copper mining 

projects by removing some of the uncertainty surrounding future prices of 

copper metal. The approach used is to develop probable lower bounds on 

the long-run price of copper by preparing detailed estimates of future 

production costs for a broad segment of the domestic copper industry. 

An economist's definition of production costs is used which includes a 

required return on invested capital. 

An important aspect of the selection of the above procedure is 

the rejection of econometric modelling as a valid technique for 

1 



2 

forecasting prices over the long run. These models appear to be useful 

for anticipating short-run fluctuations, but long preproduction periods 

for most mining investments minimize the value of such short-run esti

mates. Also, in addition to the normal political, social, and techno

logical unknowns that confound all long-term statistical forecasts, 

administered prices and a poor data base further limit the value of 

econometric models for copper price forecasting. 

Applicability of Results 

In the area of econometrics and operations research it is often 

excessively expensive or impossible to verify mathematical models of 

systems. Consequently, the development of theoretically sophisticated 

models has, at least in the minerals industry, far outdistanced the ap

plication of such models. This has caused a widening credibility gap 

between researchers and managers . 

In the estimation of minimum future copper price levels, the 

objective here is to provide information which will be used by manage

ment in weighing multi-million-dollar investments decisions. Therefore, 

credibility of the model is essential, and every step in the development 

of the cost trend model was examined from this viewpoint. Hence, not 

only is the method advocated in this research judged to be superior to 

more sophisticated econometric models, but it also stands a better 

chance of being implemented. 

Organization 

This study is composed of eight chapters covering the impor

tance of the research, characteristics of the industry, previous research, 
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methods used, and results obtained. Chapter two provides more detailed 

information on the value of improved capital budgeting to the primary-

copper industry. The most critical parameter in financial analyses of 

copper mining ventures is shown in chapter 3 to be the price of the re

fined metal. This again emphasizes the value of the study. Chapter 4 

outlines the many unique characteristics of copper marketing and des

cribes the chaotic history of copper prices. The relationship of copper 

pricing to classical price theory is also discussed in this chapter. A 

comprehensive review of forecasting techniques along with a discussion 

of previous research in the general area is the subject of chapter 5. 

Chapter 6 contains a detailed description of the production cost trend 

model developed for this study and sets forth the several possible future 

outcomes that were simulated with the model. Results of these analyses 

are discussed in chapter 7, with conclusions and a summary being pre-

ented in chapter 8. 



CHAPTER 2 

THE NEED FOR IMPROVED FINANCIAL 

ANALYSIS IN THE MINING INDUSTRY 

Accurate investment analysis is often cited as one of the most 

crucial tasks faced by the corporation in the maintenance of its fiscal 

well-being. Investment policy is responsible for allocating the firm's 

limited capital resources to projects that will provide the future earn

ings of the firm. Good investment decision making is imperative under 

the competitive market system in the United States. 

Extending the above discussion, it is easily seen that sound 

investment analysis can be of extreme importance in the capital inten

sive industries—those business enterprises requiring relatively large 

capital expenditures for a given level of cash flow and labor utilization. 

The mining industry, as typified by nonferrous metal mining and particu

larly by copper ore mining, is an outstanding example of such an 

industry. 

Capital Intensity in Mining 

In the copper mining sector, capital intensity is manifested in 

both the exploration and production phases. 

Increased Finding Costs 

In exploration there has been a drastic escalation in the cost 

of finding ore, particularly in regard to large porphyry-type copper 

4 
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deposits. The main reasons for this increase are obvious and well docu

mented. Easily discovered near-surface ore bodies have nearly all been 

found—particularly in North America—and the business of locating deep 

deposits or those concealed by post-ore alluvium or volcanic cover is 

extremely costly. Bailly (1972, p. 32) noted that the value of "conven

tional prospecting," which is credited for the discovery of 90 percent 

of the ore produced to date, is declining in favor the more expensive 

"scientific" ore finding. He also pointed out the smaller metal content 

of the more recently discovered porphyry coppers, which attests to the 

well-publicized declining ore grades of copper deposits. Brant (1968) 

also emphasized the increasing cost of exploration, noting that corporate 

expenditures for exploration in the United States and Canada were rising 

at about 10% per year and, more significantly (p. 3) "exploration costs 

as a fraction of gross mining revenue have been increasing at 5% per 

annum." MacGregor (1971) supported these views for metallic mineral 

exploration in general by pointing out that annual exploration expendi

tures in the western United States have tripled since 1955 and that, on 

the average, one dollar spent in exploration found only $46.00 worth of 

metallic ore in 1971, down from $87.00 in 1955. He (p. 6 2) further esti

mated that chances are "over 10,000 to 1 against finding a good ore 

body" at the prospect examination stage. 

While any attempt to quantify the average exploration cost in 

locating and defining a medium-size porphyry copper must be accom

panied by numerous qualifications and disclaimers, Lacy (1971) has 

placed this cost at about $60 million. Even at half this amount, por

phyry copper exploration costs are obviously extremely high. 
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Increased Production Costs 

Once the ore body is discovered and the development decision 

is made, further evidence is encountered relative to the high capital 

intensity of mining enterprises. This aspect is demonstrated graphically 

in Fortune's (1972) "Annual Review Issue" which showed that for 1971 

mining ranked second of 25 industrial groupings in assets per employee 

($83,885) and a low twenty-fourth in annual sales per dollar of invested 

capital ($0.90 as compared to $4.35 in the food industry). While spiral

ling labor costs have imposed greater capital intensiveness on most 

industries, mining has surpassed even this general trend. Again the 

reason is obvious—declining ore grades have compounded the serious 

effects of labor cost increases. Mining must pay higher and higher 

wages for handling a poorer and poorer "quality" product. Average 

grades of copper ore mined in the United States for the period 1947-69 

are shown below in Figure 1. 

Preproduction Period 

In addition to the increased expenditures required to bring new 

mines on-stream, another unfortunate characteristic of the mining indus

try—a long preproduction period—makes good investment planning ever 

more critical. Peters (1966) discussed this aspect of new mine develop

ment in detail, showing that preproduction periods of four to five years 

are quite common. Table 1 contains a selected list of recent nonferrous-

metal mining investments (primarily copper) that illustrates both the 

huge expenditures and the sizable lead times involved before production 

commences. 
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Figure 1. Average Copper Ore Grades Mined in the United 
States 

Source: Minerals Yearbook (U.S. Bureau of Mines, 1 9 5 1 ,  
1954, 1959, 1964, 1969, 1970). 



Table 1. Investment and Preproduction Period for Selected Metal Mining Operations 

Mine Ore 
Initial 

Production Location 
Ore 

(tons/day) 
Investment 
($ million) 

Lead Time 
(years) 

Selebi-Pikwe Cu-Ni 1975 Botswana 4,000 $133 4 

Anvil Pb-Zn 1969 Yukon 6,600 $120 4 

Lake shore Copper 1973 Arizona 8,000 $100 4 

Sacaton Copper 1974 Arizona 9,000 $ 36 2.5 

Brenda Cu-Mo 1970 British Columbia 24,000 $ 62 3 

Tyrone Copper 1969 New Mexico 25,000 $100 3 

Henderson Molybdenum 1975 Colorado 30,000 $250 7 

Twin Buttes Copper 1969 Arizona 30,000 $200 5 

Palabora Copper 1966 South Africa 35,000 $112 5 

Lornex Copper 1972 British Columbia 38,000 $123 4 

Sierrita Cu-Mo 1970 Arizona 72,000 $165 3 

Bougainville Copper 1972 New Guinea 90,000 $400 5 
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Preproduction period is defined here as the interval from the 

time the mineral deposit is recognized as an ore deposit and exploita

tion begins to the time final product is produced on a regular basis. 

This is invariably shorter than the time from initial exploration drilling 

to production which Prain (1970) estimated to be a minimum of five years. 

San Manuel, Sacaton, and Tyrone are a few relatively new mines where 

a decade or more passed from the time the mineral discovery was made 

until the producing mine came on-stream. 

Increased Capital Cost 

Many writers have discussed the increased capital requirements 

of the mining industry. West (1971) calculated that investment funds 

needed by the Free World mining industry in the period 1971-76 will be 

about $45 billion, including new projects, project expansions, and 

replacement plant and equipment. He also pointed out that at least $10 

billion of this must come in the form of debt financing inasmuch as in

ternally generated funds are inadequate for expenditures of this magni

tude. While the major copper firms have pursued conservative financial 

policies in the past, avoiding long-term debt, many, including Kenne-

cott, Anaconda, and Phelps Dodge, have been forced to turn to the debt 

markets in recent years to finance new mining ventures. Shorr (1971) 

stated that long-term debt of the six largest United States copper com

panies increased from $136 million in 1966 to $782 million in 1970. 

Driver (1971) offered similar evidence of capital cost escala

tion at individual mines. He separated investment in mining and con

centrating ($2000/ton of annual copper capacity) from smelting and 
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refining ($1000) and pointed out that while construction costs for the 

former have risen 25 percent in two years, cost escalation for the latter 

have been even higher. Driver (p. 6) further pointed out that "sharply 

rising costs now require a copper price well over 50$ per pound to justify 

investment in a typical North American capital intensive open pit opera

tion ." 

The future seems to promise more of the same. Prain (1970) 

showed that the capital cost per unit of refined copper production in

creased 65 percent in the preceding ten years and that capital expendi

tures for new copper mines alone will amount to over $5 billion in the 

next five years. He also saw continuation of the trends which show 

open-pit mining accounting for 58 percent of world copper production 

in 1969 (47 percent in 1960) and ore grade declining from 1.5% Cu to 

1.25% Cu over the same period (worldwide). These increased investment 

costs and declining ore grades, as well as rising interest rates, have 

added appreciably to the production costs of copper as shown in Table 2. 

One of the fundamental points this dissertation will emphasize is that 

long-run copper prices must be high enough to cover costs of production 

plus sufficient profit to attract new investment monies. Table 2 shows 

that for new mines commencing production in the early 1970's deprecia

tion and interest charges alone will amount to nearly 20<r per pound of 

copper. 

Thus, copper mining investments typically demand extraordi

narily large amounts of capital—sums which may not be recovered for 

many years due to the lengthy preproduction period. Furthermore, these 

investments are primarily made in low-grade, open-pit, porphyry-type 
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Table 2. New Refined Copper Production—Estimated Capital Investment 
per Annual Ton of Refined Copper, Depreciation, and Interest Costs.— 

After Schorr (1971, p. 27) 

Cost per Pound 

Year 

Capital Cost 
(per annual ton 
refined copper) Depreciation 

Average 
Interest Total 

1961 $1700 5.7$ 1.9$ 7.6$ 

1962 1770 5.9 2.0 7.9 

1963 1830 6.1 2.1 8 . 2  

1964 1900 6 . 3  2.4 8 . 7  

1965 1980 6 . 6  2 . 5  9 . 1  

1966 2080 6 . 9  3.1 10.0 

1967 2200 7 . 3  3.0 10.3 

1968 2350 7 . 8  3 . 5  11.3 

1969 2550 8 . 5  4 . 5  13.0 

1970 2800 9 . 3  6 . 3  15.6 

1971 3000 10.2 6 . 7  16.9 
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deposits. These operations represent mining's analogue to the high 

volume, low-margin mass production philosophies developed by American 

automobile manufacturers. Economies of scale offered by large open-pit 

mining and milling machinery have turned many submarginal mineral de

posits into mines. With smaller profit margins, the importance of good 

capital budgeting again is underscored. 

Uncertainty of Environmental Factors 

Two other factors should be noted briefly as contributing to the 

increasing difficulty in evaluating mining ventures. First, the level of 

fixed costs in the production phase has been inexorably increasing as 

direct or indirect state participation and social cost factors have grown 

rapidly and interest rates have remained high. Prain (1971) noted that 

while in 1960 only 2.5 percent of worldwide primary copper production 

outside of the Communist Bloc nations was in direct partnership with 

the state, governments in 1971 had interest in 38 percent of such capac

ity. This trend appears likely to continue in the developing nations of 

the world, thereby further shaving profit margins of private investors. 

Secondly, copper mining companies are faced with mounting environ

mental costs that range from emission control expenses at copper smelt

ers to abatement of asesthetic "pollution" by cultivating mine dumps and 

tailings dams. Many of these costs must be treated as fixed costs of 

production, as they must be met regardless of the profit position of the 

mine. Future environmental costs are very uncertain, but there is nearly 

unanimous agreement that they will be high. 
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Summary 

In summary, accurate financial analysis of new investments is 

essential in a competitive economy. In the domestic copper mining in

dustry it is exceptionally crucial because of the following characteris

tics of the industry. 

1. Copper mining is highly capital intensive. 

2. A long preproduction period is normally associated with new 

copper mines. 

3. Lower ore grades require larger mines and mass production and 

result in narrower profit margins. 

4. Fixed costs of production are escalating rapidly. 

Copper Prices—A Brief History 

For copper mining, as will be demonstrated in the following 

chapter, the price of refined metal is the most critical input variable in 

investment analyses. Unfortunately, the price of copper is also the one 

input variable about which future estimates are most uncertain. 

Copper pricing was little short of chaotic in the 1960's, al

though history shows that many earlier periods were scarcely better. 

For the period 1947-70, the high domestic producers' price was 265 per

cent greater than the low. For the most recent ten-year period, domestic 

producers prices ranged from 28.6£ per pound to 59.7£ per pound, a 

startling 109 percent increase. On the London Metal Exchange (LME), 

the price dropped over 44 percent over the short span of 8 weeks during 

1968. Even defining the "price of copper" results in a confusing snarl. 

There are at least nine copper quotations published covering virgin and 
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secondary metal, administered and negotiated prices, and individual and 

averaged prices. To make matters worse, a customer may purchase at 

more than one price, so his "price" is some unique weighted average of 

the above quotations. During periods of excess demand (for example, 

late 1960's), most domestic production is rationed to traditional cus

tomers at lower domestic producers prices, whereas the remainder of 

the customer's needs must be met on the open market, presumably at the 

much higher LME price. 

Metals Week (1970, p. 21) noted that "the copper market is 

notoriously unstable." McCuiston, Battison, and Lago (1970) reported 

that copper, lead, and zinc not only have more frequent price changes 

but also the average percentage change (absolute value) is greater than 

for steel, iron, and aluminum. Blackett (1970, p. 3) found a "chaotic 

and confused price system involving a mixture of free market and ad

ministered prices" in the copper industry as a chief contributor to "in

stabilities" in the industry. Perhaps the most persuasive evidence 

relevant to the turbulance of copper prices is the fact that the two-

tiered pricing system, where United States domestic producers prices 

differ from the LME price, has prompted a federal investigation by the 

President's Committee on Economic Policy. This investigation began in 

1969 and was still in progress in the summer of 1972. 

Without examining this situation in depth here, it is clear that 

the price of copper—whatever index is used—has fluctuated consider

ably at times, with the wild gyrations of the late 1960's being a par

ticularly severe episode. The complexities of copper pricing and 

marketing are discussed in more detail in chapter 3. 
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Other Economic Considerations 

Aside from the unique aspects of copper pricing, contemporary 

economic conditions in the United States are distinct liabilities to the 

commodity price forecaster. While perhaps not of the runaway variety, 

inflation of the late 1960's progressed at a steady trot as the cost of 

living rose even more rapidly than the unprecendented wage increases 

that became the rule rather than the exception. The Department of 

Labor's wholesale commodity price index remained nearly unchanged from 

1957 to 1964 but has been increasing at about 5 percent annually since 

1967. More critical are construction costs which have recently been in

creasing at an annual rate of 8 to 9 percent according Engineering News-

Record's "Construction Cost Index" (as summarized in Handbook of Labor 

Statistics —1970 . U.S. Bureau of Labor Statistics, 1971b) . At the present 

time, even the informational value derived from open market trading has 

been seriously diluted by wage and price controls. 

Two other conditions place additional constraints on copper 

price forecasting. Rising consumption and declining ore grades in this 

country along with growing environmental pressures indicate that copper 

imports for consumption will rise in the future. This increase in inter

national trade is occurring at the very time that the United States dollar 

is under attack, and future commodity values, as measured by the dollar, 

are considerably uncertain. 

There are, then, a variety of reasons why the difficulty in ac

curately estimating future copper prices, and the importance of such 

estimates are increasingly simultaneously. Thus, improved methods and 

procedures directed toward a partial resolution of the uncertainty of 
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future copper prices would have tremendous value in that segment of the 

mining engineering profession dealing with the evaluation of proposed 

mining ventures. 



CHAPTER 3 

THE PRICE OF COPPER IN THE NEW 

MINE INVESTMENT DECISION 

As previously discussed, new low-margin, high-volume por

phyry copper mining investments place increasing importance on sound 

financial planning. Owing to the enormous investments involved, a 

greater share of individual corporate resources are committed to these 

projects than is normally the case in other industries. Thus, the con

sequences of failure are extremely grave and a close examination of all 

inputs to the evaluation equation is clearly indicated. 

Effect of Input Parameters on Profitability 

Although the internal rate of return (DCFROI) has some inherent 

misleading features (Hrebar, 1971; Berry, 1970; Quirin, 1967), it none

theless seems to be the most widely used evaluation criterion in the 

mining industry where discounted cash flows are considered. Briefly, 

the internal rate of return is that discount rate which equates the present 

value of the cash outflows (investments) with the present value of the 

cash inflows (including salvage value, if any) over the entire life of the 

project under consideration. Cash inflows normally are post-tax operat

ing results determined on an annual basis, although more frequent— 

even continuous — inflows and discounting may be assumed. For a 

domestic copper mining and milling operation, the general calculation 

for determining annual cash flows follows. 
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Gross revenue 
less: Royalties 

Gross operating income 
less: Operatinq costs 

Net operating income 
less: Fixed charges 
less: Depreciation 

Net income before tax and depletion 
less: Depletion 

Pre-tax net income 
less: Federal income tax 

Net profit 
add back: Depreciation 
add back: Depletion 

Cash Flow 

in the evaluation of a proposed copper mining venture many of 

the variables that have considerable importance in the cash flow calcu

lation are clouded in uncertainty. Although mining and milling rates are 

under management's control, and tax structures, depletion rates, and 

fixed charges can be estimated quite accurately, grade, tonnage, operat

ing costs, and product prices are far less certain. 

Grade 

Ore grade and mineralogy for the deposit are inevitably esti

mated from a sampling program. The true values can only be determined 

when the deposit has been mined out, and the pre-mining estimates may 

deviate considerably from true values, depending on the accuracy and 

extensiveness of the sampling program, type of mineralization, and 

depositional features of the ore body. 

Tonnage 

Tonnage is also estimated from relatively small samples and 

is likewise subject to significant uncertainties. In addition to the 



above-cited sources of errors in estimating, ore discontinuity can cause 

serious problems in tonnage estimation. 

Operating Costs 

These expense can frequently be estimated quite closely, par

ticularly if the operators have experience with similar mining systems. 

However, many examples can be cited where unanticipated rock or water 

conditions led to sizable, and sometimes prohibitive, mining costs. 

Major surprises are less common in the concentration phase due mainly 

to extensive bulk metallurgical testing that normally precedes plant con

struction. Even here, there have been major unanticipated problems. 

Product Prices 

Product prices obviously exert a strong influence on gross 

revenue. Whereas product prices are important variables in any mining 

investment, some commodities are sold mainly on long-term contracts 

or administered prices, and future values can be estimated reasonably 

well. Aluminum is a good example here, as the range of prices for 

the metal over the period 1955-70 was about 6.1«r per pound, from a low 

of 22.6$ to a high of 28.7<r per pound. Over the same period, the LME 

copper price ranged from 24.8$ to 81.5$ per pound. Brown and Butler 

(1968) attributed the stability of aluminum prices to the concentration 

of aluminum production where 80 percent of Free World production is 

controlled by six firms, Alcan, Alcoa, Reynolds, Kaiser, Pechiney, and 

Alusuisse —65 percent of the world total by the four North American 

companies in this group. Stable pricing enables these producers to 

maximize aluminum's penetration into the metals market and at the 
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same time assure adequate returns on the enormous investment required 

in the production of aluminum. 

Other metals—notably copper—experience much more turbulent 

price movements, so that estimation of future copper prices is subject 

to large errors. 

A number of studies have been performed to determine the sen

sitivity of project profitability to fluctuation in individual input param

eters for various types of mining operations. Beasley and Pfleider (1972) 

analyzed a copper-nickel mining prospect and reported that when all in

put variables were varied by the same percentage, the internal rate of 

return of the project was most sensitive to product prices. In the ensu

ing discussion at the oral presentation of the above paper, Lane (1972) 

verified Beasley and Pfleider's conclusions for porphyry-type copper 

deposits. O'Brian (1969) studied a medium-size porphyry copper de

posit and showed that the internal rate of return for the project could 

range from 6% to 27% for an average net smelter return if the copper 

price is changed by+ 10% from the current level. Chelini (1971) reported 

similar results from sensitivity analyses of two low-grade silver pros

pects, a porphyry copper, and a proposed uranium mining venture. Only 

with one of the low-grade silver deposits was market value (that is, 

product price) not the most critical input variable. 

To summarize the above sections, of the many variables that 

affect the outcome of a new mining venture, product prices usually 

exercise the greatest influence on profitability and are often the most 

difficult to predict. For porphyry coppers, both statements can be under

scored . 
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In the above discussion, copper deposits and porphyry coppers 

have been used nearly interchangeably. This is obviously an oversimpli

fication, since approximately 25 percent of the Free World primary pro

duction comes from vein or stratiform type deposits. However, in the 

United States about 90 percent of newly mined copper comes from low-

grade disseminated deposits. Copper production economics is therefore 

clearly dominated by the porphyries. Furthermore, it is with these low 

profit margin operations that, as Lacy (1972) showed, economic factors 

(mainly metal price) are most important. The remainder of this treatise, 

then, applies primarily to the porphyry coppers, although the qualifying 

adjective is sometimes omitted. 

Accounting for Uncertainty 

Because there is widespread agreement on both the importance 

of and the difficulty in predicting the price of copper for the financial 

analysis of proposed investments, a number of methods of compensating 

for this uncertainty have evolved. Much has been written on techniques 

available for handling risk and uncertainty in investment projects. The 

reader is directed to Quirin (1967), Van Home (1968), or Hertz (1964) 

for details. Hrebar (1971) provides a good discussion of the virtues and 

shortcoming of these methods as applied to mining ventures. 

With specific reference to uncertainty in copper prices, one or 

more of the following methods is frequently used by domestic mining 

companies. 



High Discount Rate 

While the appropriate discount rate to use is the firm's mar

ginal weighted average cost of capital (see Van Home, 1968), many 

companies use higher rates to reflect future risk created by fluctuating 

copper prices. Unfortunately, this prevents explicit consideration of 

uncertainty caused by other variables (grade, tonnage, etc.). Also, 

quantification of the rate becomes arbitrary, as the analyst must estab

lish a risk increment to the cost of capital based purely on someone's 

qualitative judgment. 

Low Copper Prices 

In comparison to prevailing prices, a low price of copper is 

often used in evaluation of new mining proposals. Thirty-cent copper 

was commonly used for evaluation in the mid I960's, while prices from 

40£ to 45C per pound are used today. Historically, the industry seems 

to prefer using prices that are 6<r to 10£ per pound lower than the con

temporary domestic producers prices—again to hedge against the un

known . 

Risk Analysis 

This technique (see Hertz, 1964) enables the analyst to handle 

each uncertain variable explicitly by establishing a probability distri

bution of possible future values of each variable and then sampling 

these distributions randomly to determine annual cash flows. Repeated 

trials of this process can then produce a distribution of outcomes for the 

project where the probability of achieving or exceeding some minimum 

return on investment is calculated. 



Compounded Conservatism 

When two or more methods for accounting for uncertainty are 

combined, the result is excessive conservatism. It is not uncommon to 

see, for example, a high discount rate, low copper price, and high 

operating costs employed simultaneously in the evaluation of a new mine. 

Nearly any prospect can be rejected when saddled with such compounded 

caution. This procedure often leads to one of several undesirable re

sults. First, the purpose of financial analysis can be subverted, as 

some managers like to manipulate the inputs to verify their predetermined 

conclusions. Rejecting a new mining prospect is, in many respects, a 

much easier decision for an executive than proceeding with its develop

ment—particularly if the company involved has a large production from 

existing mines. This leads to the second bad outcome of compounded 

conservatism which is obvious—missed opportunities. The four largest 

primary domestic copper producers in the United States have seen their 

share of this market slip from about 77 percent in 1960 to about 68 per

cent in 19'69. A major part of this change can be attributed to aggres

siveness demonstrated by smaller producers, such as Duval, Pima, and 

Copper Range, in opening or expanding mines on ore bodies that the 

larger domestic producers apparently felt were uneconomic. Many mines 

recently brought into production or scheduled to begin production in the 

near future were controlled at one time by Anaconda, Kennecott, or 

Phelps Dodge. This situation also has provided an incentive for many 

new entries in the copper exploration business by oil companies and 

metal fabricators. 
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Finally, compounded conservatism must shoulder some of the 

blame for the industry's chronic insufficient production capacity. Prain 

(1970) pointed out that historically the Free World copper industry has 

operated at a remarkably constant 93 percent of capacity. This provides 

very little excess capacity for sudden increases in demand. Because 

the new mine lead time is so long, this minimal reserve capacity is a 

chief cause of the price instability that is an anathema to producers and 

consumers alike. Parkinson (1970) and Prain (1971) are therefore among 

a sizable group that see the greater excess capacity of the early 1970's 

as desirable for stabilizing prices. Prain noted that a drop from 93 per

cent of capacity utilization to 86 percent will eliminate the projected 

excess supply for the next few years. 

Summary 

The evidence is overwhelming that the price of copper is a vital 

parameter in evaluating new copper mining ventures. Any method that 

can resolve at least some of the uncertainty in regard to future price 

levels for the metal is therefore extremely desirable. In evaluating 

such methods, the aspect of credibility should be emphasized here. 

At the 10th International Symposium on the Application of Com

puter Methods in the Mineral Industries in April 1972, industrial repre

sentatives repeatedly lamented the fact that the gap between theory and 

applications in that field continues to widen. In his keynote address, 

Lane (1972) attributed part of this problem in economic modelling to the 

lack of credibility—analysts failing to formulate the problem or verify

ing the results in a believable fashion to the decision makers. The 
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thrust here is riot that mathematical or economic theory should be ignored 

or abandoned but that unnecessary complexity should be avoided. Prod

ucts should always be developed with the consumer in mind, and the 

market for economic models is usually corporate managers who must 

have confidence in the model before they will use the output in a deci

sion involving many millions of dollars. 



CHAPTER 4 

COPPER MARKETING 

Although the need for accurately estimating future copper prices 

for new mine investment decisions can be clearly demonstrated, the ana

lyst first faces the nontrivial problem of determining what is the price of 

copper and, even more fundamental, what is copper. Copper is sold in 

many different forms at many different prices, prices that are often wide

ly divergent. One of the greatest obstacles to building an equilibrium 

copper price forecasting model is the absence of a truly definitive free 

market price for copper. 

Copper Shapes and Grades 

The world copper supply is composed of 60 percent newly mined, 

or virgin, copper and 40 percent scrap, and these percentages have re

mained remarkably constant over time (Prain, 1970). In the United States, 

where product obsolescence is most rapid and scrap collection most effi

cient, the contribution of scrap copper is often as high as 50 percent of 

the total supply. Figure 2, adapted from Metal Statistics —1970 (The 

American Metal Market Co., 1971), is a flow chart for copper from mine 

to market. However, all of the above statistics include both so-called 

new and old scrap. New scrap is material generated in the manufacturing 

processes and is generally recycled directly back to the fabricator or 

the refiner without ever appearing in a final product. Old scrap is mate

rial collected by junk dealers and comprises equipment and products 
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whose service lives have expired. As Charles River Associates (1970) 

pointed out, new scrap is really in-process inventory and makes no net 

addition to current supply. Therefore, considering only old scrap, the 

supply of scrap copper in the United States equals about 25 percent of 

the virgin copper supply. Because very little copper is consumed in the 

sense that it is unrecoverable, old scrap supplies will continue to rise. 

Gruen (1966) estimated that 75 percent of the copper in use will even

tually be recycled as scrap. However, most copper goes into capital 

equipment with long service lives so that the "pipeline" is large (an 

estimated 34 million tons of copper was in use in 1966). 

The distinction between primary and secondary copper is com

plex and need not be discussed here. The complications arise since 

both primary and secondary refiners can produce either primary or sec

ondary copper, or both. Charles River Associates (1970) provide an 

understandable account of this situation. 

Before the price structure of copper is discussed, product 

grades and shapes should be understood. Commercial copper shapes, 

as outlined by Vuillequez (1966) are shown in table 3. Ninety-five per

cent of refined copper production goes to wire mills (40.6%) and brass 

mills (54.2%) (Charles River Associates, 19 70). Foundries consume a 

significant portion of the annual copper supply but rely heavily on non-

refined scrap, using relatively little refined copper. 

Commercial Refined Copper Shapes 

The wirebar is the most important cast copper shape, account

ing for nearly 60 percent of refined production (Metals Week, 19 71). 
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Table 3. Commercial Shapes and Grades of Copper.—From Vuillequez 
(1966, p. 74, 75) 

Form Description 

Commercial Shapes 

Wire bar 3 1/2-5 in. square, 38-54 in. long, weighing 135-420 
lb; tapered ends when used for wire drawing 

Cake Various size rectangles weighing 140-4,000 lb or more; 
for rolling 

Billet Circular, usually 3-10 in. diameter, up to 52 in. long, 
weighing 100-1,500 lb; for tube makers 

Ingot, ingot Ingots 20-35 lb, ingot bars 50-70 lb; generally 
bar notched for easy breaking; for alloy makers 

Cathode Electrorefined flat plate; 3 ft sq, 1/2-7/8 in. thick, 
weighing up to 280 lb; run down to wire bars 

Anodes 2 ft by 3 ft by 1 1/2 in., weighing 250 lb; crude metal 
used by electrorefiners 

Powder Finely divided particles produced by electrode position 

Commercial Grades 

Electrolytic Min. 99.9% Cu & Ag; max. resistivity-electrical use 
0.15328 ohm; nonelectrical 0 .15694 

Lake Low resistance: min. 99.9% Cu & Ag; max. resistivity-
electrical 0.15328; nonelectrical 0.15694. High resis
tance: min. 99% Cu & Ag & As; resistivity above 
0.15694 

Fire refined Wrought: min. 99.88% Cu & Ag; nonelectrical wrought 
product and alloy uses. Cast: 99.50-99.75% Cu & Ag; 
casting uses 

Oxygen-free Min. 99.95% Cu & Ag; max. resistivity 0. 15328. Free 
electrolytic from cuprous oxide 

Best selected 99.75% Cu fine; British, brass making 

Tough 99.25% Cu, British; casting, rolling, drawing 

Chile bars 95-99% Cu; Chilean produced 

Standard Min. 99.7% electro or H.C. fire-refined, traded on 
LME, Comex 

Matte 25-55% Cu; intermediate between ore and metal 



In the past, the wirebar has been the price standard with other shapes 

selling at premiums or discounts with respect to this base. Electrolytic 

cathodes, not having sustained the additional remelting and casting 

costs, sell at a lower price and are becoming more popular with fabrica

tors. Anaconda, for example, quotes a wirebar base with a 3/4$ per 

pound discount for cathodes. Fifteen percent of refined copper in 1970 

was traded in cathodes, up from 6.5 percent in 1965. Because of this 

popularity, other major producers have moved to a cathode pricing base, 

quoting wirebars and other cast shapes at a premium. Kennecott asks a 

1 1/4<r per pound premium for wirebars, while Phelps Dodge lists a pre

mium of only 3/8£ per pound. However, because Kennecott prices its 

cathodes slightly lower than Phelps Dodge, the wirebar prices are iden

tical. An example of the above pricing situation for February 1971 is 

shown below. 

Cathode Copper Wirebars 
Company (<r/lb) (£/lb) 

Anaconda 49 5/8 50 3/8 
Kennecott 49 1/8 50 3/8 
Phelps Dodge 50 ~ 50 3/8 

Cakes presently sell at a premium of 0.75$ to 0.85$ per pound, 

and billets demand 1.725$ to 1.875$ per pound above the wirebar price 

(Eng. Mining Jour., 1972). 

Commercial Grades of Copper 

Commercial grades of copper are also shown in table 3; only 

electrolytic, Lake, and fire-refined play major roles in copper market

ing. Refined copper usually means electrolytically refined metal, where

as fire-refined copper is produced at smelters and still contains 

excessive impurities for electrical uses. Lake copper contains a small 

amount of silver and is produced in the Upper Pensinsula of Michigan. 
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White Pine Copper Company is the only significant producer of Lake 

copper today and obtains a price premium of 4<r to 8<£ per pound over 

electrolytic copper for its product due to its reputed superior electrical 

properties. Oxygen-free electrolytic copper sells at a premium of about 

6$ per pound to the electronics industry and is only produced by Ameri

can Metal Climax, Inc. 

Copper Pricing 

Domestic Producer Price 

In the above discussion, the prices used in comparing forms 

and grades were the U.S. domestic producer prices. These are prices 

quoted by the various domestic copper producers for domestic delivery. 

Wirebar quotes for these firms are usually identical, but, as was shown 

above, prices of other shapes may vary by nearly one cent per pound 

among the producers. Therefore, there is, in general, no one domestic 

producer price, but a variety of prices depending on the company and 

the commercial shape involved. 

Historically, most of the copper traded domestically has done 

so at domestic producer prices . Charles River Associates (1970) stated 

that 75 percent of domestic refined copper is sold at either domestic 

producer prices or the customer smelter price. The customer smelter 

price, as listed in Metals Week, is really ASARCO's domestic price and 

may be higher and lower than the domestic producer prices, depending 

on a variety of market conditions. 

The domestic producer prices and the custom smelter price are 

administered prices insofar as they are not continuously altered to 
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reflect supply and demand pressures in the market. Rather, producers in 

this country have attempted to improve stability in copper prices by mak

ing periodic adjustments in their prices only when they feel market pres

sures are of a long-term and not an ephemeral nature. Producers draw 

upon many sources of information in making these judgments, and two 

of the most important indicators are the open-market London Metal Ex

change and merchant prices. 

London Metal Exchange Price (LME Price) 

The London Metal Exchange (LME) price is the most important 

free-market copper price in the world. A substantial portion of the Free 

World's refined copper production—excluding North America—is sold 

based on the LME price. 

The London Metal Exchange deals in five commodities: tin, 

lead, zinc, silver, and copper. Trading occurs in only a single grade 

of the first four metals but in three types of copper: electrolytic wire-

bars and cathodes and fire-refined copper. Any of the commodities can 

be purchased for current or three-month forward delivery. Size of trad

ing units, delivery location, and grade are fixed for LME transactions; 

the buyer and seller negotiate only price and delivery date. Trading 

rules for the LME are shown in table 4. 

The LME operates in a typical, time-honored British fashion. 

Two trading sessions are conducted daily with only 20 minutes of each 

session devoted to each metal. Sales are negotiated between buyer and 

seller in the "ring," a circle of benches where official business is con

ducted. Producers and consumers, as well as metal merchants, may 

a 



Table 4. Trading Rules on the London Metal Exchange .—After Metals Week (1967, P. 15) 

Copper 
Wlrebars 

Copper 
Cathodes 

Copper 
Fire refined Lead Zinc Tin 

Market hours 

12:00-12:05 
12:30-12:35 
3:45- 3:50 
4:10- 4:15 

12:00-12:05 
12:35-12:40 

3:45- 3:50 
4:15- 4:20 

12:00-12:05 ' 
12:35-12:40 
3:45- 3:50 
4:15- 4:20 

12:10-12:15 
12:45-12:50 
3:55- 4:00 

. 4:25- 4:30 

12:15-12:20 
12:50-12:55 

4:00- 4:05 
4:30- 4:35 

12:05-12:10 
12:40-12:45 
3:50- 3:55 
4:20- 4:25 

Contract units 25 It 25 It 25 It 25 It 25 It 5 it 

Quotations 
£ and quarters 
(5s) per It 

£and quarters 
per It 

land quarters 
per It 

£and eighths 
(2 s 6d) per It 

£and eighths 
per It 

£and quarters 
per it 

Minimum 
fluctuations 5s per It 5s per It 5s per It 2s 6d per It 2s 6d per It 5s per It 

Trading limits •none none none none none none 

Contract 
positions 

cash and 
3 months 

cash and 
3 months 

cash and 
3 months 

cash and 
3 months 

cash and 
3 months 

cash and 
3 months 

Deliverable 
grades 

Electrolytic copper 
wlrebars of 200-
*75 lb, High oon-
tlvtty fire refined 
wlrebars may be 
delivered at t 20 
lc discount. 

Electrolytic copper 
in cathode form 
assaying not leu 
than 99.90% Cu 
(sliver counted 
as copper). 

Class A: High grade 
fire refined copper 
assaying nut toil 
than 99.88% Cu 
(silver counted 
as copper) In 
Ingot form, or 
Class B: file re
fined assaying not 
less than 99.70% 
Cu (silver counted 
as coppur) In (orm 
of Ingots or Ingot 
bars at contract 
price less i 7 per 
It. 

Refined pig lead 
assaying not less 
than 99.97% in 
pigs wulghing 
not more than 
112 lb each. 

Virgin zinc assay
ing not Jess than 
90%, produced by 
distillation or 
electrolysis 
either In slabs, 
plates or Ingots 
weighing not mora 
than 112 lb each< 

Refined tin assaying 
not less than 99.75% 
In ingots or Hl&bi 
each weighing not 
less than 28 lb or 
more than 112 lb. 

CO 
CO 
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operate on the LME, although the number of ring dealers is limited to 

thirty. The last trade of each metal in the morning session provides the 

official LME price for the day. The afternoon session is therefore known 

as the unofficial session, although it is a regular session controlled by 

official rules. Truly unofficial trading is conducted after each regular 

session in "kerb" trading where purchases are made that could not be 

completed during the regular sessions due mainly to time limitations . 

Historically, the LME has been primarily a hedging market 

rather than a physical delivery market. This presents one of the promi

nent disadvantages with the LME as a copper-price-determining organi

zation. While a vast amount of copper is sold based on LME price, a 

much smaller amount is involved in LME transactions, and a still small

er amount is physically delivered. A great many of the hedging transac

tions, as described in Appendix A, cancel out with no metal actually 

changing hands. One source (Barron's, 1970) reported that of two million 

tons of wirebars traded on the LME in 1969, only 160,000 tons, or 8 

percent, were actually delivered. Thus, while only 2 percent of the 

world supply is delivered over the LME, the LME price is the sole basis 

for over 20 percent of the supply. In addition to hedgers, speculators 

are also active on the LME, and because the volume of metal actually 

delivered on the exchange is small, prices can be manipulated to a cer

tain degree. In this respect, the LME copper price is analogous to a 

thinly traded common stock where small trading volumes can affect the 

value of a relatively large number of shares. Barron's (1970) reported 

that one or two speculators^ can easily influence the price of copper on 

the LME by 1 1/4$ per pound in a single session. Political turmoil in the 



underdeveloped copper-producing nations has marked effects on the 

LME price also, and when compounded by normal speculative activity, 

this uncertainty can alter the short-term price considerably. In sum

mary, the LME is "a very thin market and quite volatile. It responds 

excessively to temporary and speculative influences" (Blackett, 1970, 

P. 7). 

From the above, one can easily infer correctly that the LME 

copper price is subject to fairly violent swings from time to time. This 

was demonstrated graphically in the mid and late 1960's when the LME 

price moved as much as 15$ per pound (25% or more) over the period of 

one month, and weekly movements of 5<r to 7$ per pound occurred several 

times. Figure 3 shows the LME cash and average domestic producer 

prices for the period 1947-70, and figure 4 shows the high and low 

monthly averages from 1963-70. Note that during the years 1947-55 

and 1964-70 the LME price exceeded the domestic producer price, often 

by a large margin. This two-tiered price system has been under heavy 

fire in recent years from the President's special subcommittee on copper 

of the Cabinet Committee on Economic Policy, directed by Dr. Hendrick 

Houthakker. Houthakker's (President's Council of Economic Advisors, 

1970) reports claim that the large price discounts offered by domestic 

copper producers in the late 1960's were harmful to the nation because, 

with excess demand existing, these producers allocated their scarce 

supplies to select customers, placing the remaining copper fabricators 

at a serious competitive disadvantage. In essence, the producers were 

criticized for maintaining their copper prices too low. This is in marked 
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contrast to the previous administration's stand, where increased copper 

prices were vehemently denounced as detrimental to the nation's econ

omy (Blattberg and McGuire, 1967). 

In any event, there is far less interest in the two-tiered price 

system today, mainly because the gap between the two prices has near

ly disappeared. In mid-1971, for the first time in five years the LME 

price dropped below the average domestic producer price. Producers 

who felt that the runaway LME price in the late 1960's did not portray 

an accurate supply-demand picture were, in a sense, vindicated. The 

two prices have remained fairly close since that time, although the LME 

price has dropped as much as 4<r per pound below the average domestic 

producer price. Apparently, the adequate supplies of the early 19 70's 

brought about by many new mines and expansion programs at existing 

mines have succeeded fairly well in stabilizing the copper price that had 

reacted so violently to excess demand in the late 1960's. However, 

there is no indication that the copper industry will not suffer again in 

the future from its "chaotic and confused" price system (Blackett, 1970, 

P. 3). 

The Commodity Exchange Price (COMEX Price) 

The Commodity Exchange price is a second, although much less 

widely used, free-market price. In a sense, the Commodity Exchange 

(COMEX) is the American analogue of the LME. However, trading opera

tions and rules differ considerably for the two exchanges. While the 

LME is primarily a hedging market, the speculator maintains a stronger 

position on the COMEX. The COMEX handles more commodities, has 



longer trading sessions, and deals in contracts that are less well de

fined than does the LME. While the buyer on the COMEX may want wire-

bars in Baltimore in 90 days, he may receive fire-refined copper in 

Tacoma in 77 days in fulfillment of his COMEX contract. Also LME con

tracts carry no force majeure clauses, while suppliers do have such an 

escape on the COMEX. However, one of the most important differences 

between the exchanges is that the COMEX deals in futures beyond three 

months—up to one year, in fact. Thus, speculators can claim capital 

gains tax advantages from profits on the COMEX, while earnings from 

speculative activity on the LME would be ordinary income in the United 

States. The COMEX, therefore, is even more of a speculative market 

and less of a physical delivery market than the LME, and the main ob

jections to LME price as a basis for copper sales are thus much stronger 

in the case of the COMEX. 

Merchant Price 

The merchant price (or outside price) is the price charged by 

the many metals dealers in the United States and Europe. Since this is 

a negotiated price between buyer and seller, there can be as many mer

chant prices as there are transactions. A New York firm, Philipp Brothers, 

does compile an average of weekly merchant price quotes, and this aver

age follows the LME cash price fairly well. 

Copper merchants are middlemen who obtain their copper from 

a number of sources. Most merchants deal in production from small 

miners—ores and concentrates, which are subsequently treated on a 

toll basis, and even refined metal. For example, Ranchers Exploration 



40 

and Development Company markets primary electrolytic copper from its 

Bluebird mine through a merchant. A second source of copper is in scrap, 

which is refined, when necessary, on a toll basis by secondary refin

eries. Finally, metal dealers are also active on the LME and COMEX, 

although Chender (1966) noted that the exchanges provide only a small 

share of the merchants' supply. 

Since a large number of merchants operate independently, it is 

difficult to determine the amount of metal traded in this fashion. Chender 

(1966) estimated that 20 percent of all copper, primary plus secondary, 

consumed in the United States involves merchant transactions but offered 

no such estimate for the European market. As noted above, however, 

dealers appear to rely on the LME price as a guide to their pricing, and 

the merchant price is therefore generally not of major importance in over

all economics of the industry. 

Of the three market-determined prices discussed above, the 

LME price is by far the most widely used and the most prestigious. 

Copper from two of the most important producing regions in the world— 

Africa and South America—is currently traded based on LME prices. 

This has not always been true, as the producing companies in these 

areas attempted to stabilize prices in the 1950's and again in the mid-

1960's much as United States domestic producers do today. These ex

periments (Charles River Associates, 1970) failed due to continued high 

demand. Today most of the major copper mines in these areas have ex

perienced varying degrees of governmental participation, and price for

mation is subject to a somewhat different set of pressures than in.the 

past. 
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In general, the governments of Zambia, Chile, and Peru will 

probably continue to elect to price at the highest possible levels (usual

ly the LME price) rather than the more stable, but generally lower, 

United States producer prices. Since copper production is such a critical 

factor in the economics of these countries, the governments are more 

willing than the companies to exploit the short-run inelastic demand for 

copper. 

Other Price Quotations 

Canadian primary copper has usually been sold at United States 

domestic producer prices in the United States and at the LME price else

where. Most of the recently opened copper mines that are supplying the 

Japanese market appear to have contracts based on the LME price. Ac

cording to Mining Tournal (1970b), Bougainville's revenues are based on 

the LME price, with an absolute floor of 30$ per pound guaranteed. Free-

port Minerals' new Ertsberg mine is financed on a contract that calls for 

repayment in copper concentrates based on "the average European sell

ing price of Zambia and Chile" (Mining Tournal. 1970a, p. 589). 

Price Averages 

In addition to the price quotations discussed above, there are 

three copper price averages that are published. These reflect a large 

number of transactions and therefore have a leveling effect over indi

vidual quotes. 

Metals Week Average. The Metals Week averages, formerly 

called the "E&MJ Metals and Mineral Market Averages," are weighted 

price averages of sales made by all major producers, except 



Anglo-American Corporation. These producers report all sales—quantity 

and price—to Metals Week, and average prices are then computed, 

weighted by the tonnage exchanged at each price. Two averages are 

computed: a United States domestic average and an export average. The 

domestic average naturally strongly reflects the United States domestic 

producer prices. It is determined on both f.o.b. refinery and a delivered 

basis, the difference, due to freight, is currently estimated to average 

0.625£ per pound. The export average is calculated on two bases: 

Atlantic seaboard refinery and c.i.f. Europe. Currently (August 1972), 

there is a difference of 2.036$ per pound between the two export indexes 

composed of: 

lighterage 0.263<r/lb 

insurance 0.080 

ocean freight 1.693 

total 2.036<r/lb 

Even though many of the sales contained in the export average do not 

involve American buyers or sellers, these transactions are "reduced to 

the f.o.b. refinery equivalent, Atlantic seaboard" (Eng. Mining Tour.. 

1972), thereby giving a standardized base of comparison for the domes

tic industry. 

The Metals Week averages are the most accurate and widely 

used copper price indexes. 

American Metal Market Average. A second price index is cal

culated by American Metal Market Company. This price is just for domes 

tic copper deliveries and is not weighted by the tonnages traded. For 
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these reasons, the American Metal Market price is not as widely used as 

Metals Week prices. 

Metal Bulletin Average. The Metal Bulletin in London publishes 

a copper price index that is very similar to the Metals Week price, al

though only foreign deliveries are used. It was started at a later date, 

however, so that the older Metals Week price series is more authorita

tive . 

The Role of Market Characteristics in 
Forecasting the Price of Copper 

The entire previous discussion on copper marketing—shapes, 

grades, and prices—emphasizes the complexity of the operation and the 

difficulty in predicting a price for copper. From an economics standpoint, 

a free, market-clearing price for a commodity is required to permit reli

able quantitative statements about price movements in response to supply 

and demand pressures. Unfortunately, the closest to a free-market price 

for copper is the LME price, but, as noted above, this price can be 

manipulated by speculators to an undesirable degree. There is general 

agreement among most major producers (see Barron's. 19 70) that trading 

a greater volume of metal on the LME would enhance its claim to being 

"the" price of copper. It is doubtful, however, that producers and con

sumers will voluntarily abandon the close working relationships de

veloped over the years in favor of impersonal open-market operations. 

Thus, the problem of predicting the future price of copper by 

analyzing the price formation mechanisms of the past is confounded by a 

poor data base. Herfindahl (1959), in his study on copper costs and 
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prices, found a normal functioning copper market in only 10 years of the 

entire period from 1918 to 1957. During the remaining 30 years, price 

controls imposed by the mining firms or administered by various govern

ments prevented market-clearing prices from developing and thus pre

cluded the determination of actual demand. Certainly, normalcy since 

1957 has been similarly limited, and the analyst is left groping with a 

number of qualitative administrative factors that went into the pricing 

decision. 

Other Complications in Forecasting 
the Price of Copper 

The foregoing discussion of the many copper prices quoted in 

the Free-world engenders appreciation for the difficulty in forecasting 

"the" price of copper. One must first identify which price is being fore

cast. The objective here is to produce a more accurate estimate of future 

price levels to remove some of the uncertainty from the new mine invest

ment decision. Therefore, the important price is that which the mine 

owners will receive for the new mine's production. If the mine operators 

are not one of the major United States producers, they may be most in

terested in the merchant price. However, nearly all newly mined copper 

is affected, directly or indirectly, by either the LME price or the United 

States domestic producer prices. Even the merchant price, as Chender 

(1966) showed, follows the LME or COMEX prices quite closely. 

Unfortunately, as discussed above, the LME price can be ma

nipulated by speculators since little metal is actually delivered on the 

exchange, and the United States domestic producer prices are adminis

tered prices which occasionally deviate quite widely from free-market 
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prices. Therefore, short-run forecasts of either price must have rather 

wide confidence limits, while long-run forecasts additionally must cope 

with the possibility of major structural shifts in the industry. 

In the recent past, copper pricing in the United States has been 

subjected not only to producer controls but also to government controls; 

first, in the form of price guidelines (see Blattberg and McGuire, 1967) 

and, more recently, by legislative action. Hence, the already limited 

value of classical price theory in price forecasting has been further 

undermined. 

Inflation 

Another thorny problem to handle in price forecasting is infla

tion. In the financial analysis of investment proposals, current expendi

tures are usually returned to the investors from a stream of future net 

cash flows over the life of the project, and in an inflationary economy 

the current costs of unit factor inputs can be expected to rise over time. 

If production from the project is sold on a long-term, fixed-price con

tract, annual net cash flows will therefore decline with time. Under 

such conditions, inflation must be considered explicitly, and Quirin 

(1967) offered one method for doing so. However, the same author 

(p. 90) acknowledged that "on the average, real value benefits and real 

value costs may be expected to increase in monetary value with an in

crease in the /overall7 price level at the same rate as prices generally." 

In other words, as long as costs and prices are quoted for the 

same year, inflation effects tend to cancel out. Not all costs and prices 

rise at the same rate, however, particularly in rapidly obsolescent 
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consumer products. Cyclic trends may prevail also where, as in the 

recent past, cost increases—particularly labor—have exceeded price 

rises. In general, then, inflation has a complicating effect on both 

price forecasts and project evaluations. 

Technologic and Social Trends 

This area represents perhaps the most difficult problem to the 

prediction of future economic conditions within an industry. On the 

supply side, new technology can reduce production costs significantly 

and, in a competitive environment, a lower price will result.. Societal 

changes can have similar effects on the demand side—again assuming 

market determined pricing. 

Technology. Although revolutionary technologic changes are 

rare, rapid changes can occur, and some currently unknown technology 

could be the backbone of the copper industry ten years hence. In fairly 

recent time, ammonium nitrate-fuel oil explosives is a good example of 

rapidly assimilated new technology that has had a significant impact on 

mining costs. On the other hand, many more innovations have disap

peared into the frustratingly long development pipeline resulting in 

evolutionary improvements. In a supporting view, Hill (1969) stated 

that new developments in the basic industries are usually known about 

long before their economic impact becomes significant. In mining, the 

tunnel borrer is a good example, where even after over 15 years of de

velopment the machine is economically competitive with conventional 

tunneling only under limited conditions. 
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On a long-run basis, technological forecasting has made im

portant contributions in industries which market advanced technology. 

Some of these applications are discussed by Hill (1969), although he 

acknowledged that it is impossible to foresee individual inventions. 

Another application of technology analysis and prediction is 

described by Smith (1957), who reported on a study in the trucking in

dustry. While his objective was to develop an optimum vehicle-

replacement program, an extensive study of previous innovations in 

truck design along with the resulting cost savings was the procedure 

used to anticipate future improvements. A minimum cost replacement 

cycle was then designed. 

Performing a similarly detailed analysis of an entire mining 

operation staggers the imagination, although significant engineering 

breakthroughs seem likely, particularly in smelting operations. 

Copper mining and extraction technology will likely undergo 

significant change in the next ten years. Economic forces will dictate 

important innovations in smelting technology due to pollutant emission 

standards being enacted. Smelting and refining charges in the copper 

industry have risen from about 9£ to 12$ per pound of copper in the past 

three years—a 33 1/3 percent increase. Driver (1971) sees this cost 

rising to 16<r per pound in the near future with conventional smelting. 

Copper production from leaching operations has increased from 4 percent 

of domestic production in 1955 to 13 percent in 1971 (D. D. Rabb, per

sonal communication, 19 72), and this percentage may well increase. 

Hydrometallurgical extraction, in general, promises important new tech

nology that will alter copper economics considerably. 



In mining, the increasing public concern with land use and 

reclamation will spur changes in mining methods and mineral recycling. 

Underground mining that causes less disruption of land area will receive 

renewed interest, and mineral recycling methods will become more effi

cient due to governmental research efforts. 

While any or all of these critical areas may contribute to sig

nificant changes in copper prices in the_jfuture, timing is another matter. 

The best road for the price forecaster to follow is not apparent, although 

it is clear that changing technology makes his job more difficult. 

Social Attitudes. Changing social mores affecting the consump

tion of copper may also render price forecasts inaccurate. It is likely, 

however, that social changes will, more so than technology, be grad

ual—smooth rather than lumpy. 

The range of social attitudes in regard to minerals consumption 

that has been estimated for the future is enormously wide. On one end 

of the spectrum, the U.S. Bureau of Mines (1970) extrapolated recent 

economic growth rates to the year 2000 and tied mineral consumption 

forecasts to this exponentially rising base. Not surprisingly, the quan

tities of minerals thus demanded in 2000 is fantastically large. For 

example, the median United States demand for refined copper is seen to 

be about 9 million tons in the terminal year, over three times the 1968 

demand. Lowell (1970) preferred much lower consumption growth rates, 

disputing the enormous expansion envisioned by the U.S. Bureau of 

Mines. 

Vogely (1971), who appears to be at the other end of the scale 

from his colleagues at the U.S. Bureau of Mines, felt that present-day 
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society in the United States is undergoing a radical change away from 

materialism. While he does not attempt to quantify mineral consumption 

in the future, he does make some remarkably predictions about the year 

2000: 

1. By the year A.D. 2000 per capita mineral consumption will be 

declining and at a lower level than it is today. 

2. There will be virtually no mining in the United States as we 

know it today. 

3. Mineral supply will be primarily a recycling industry. 

Drucker (1971) has a somewhat opposing point of view, regard

ing current social .changes with a much more skeptical eye. His argument 

is that the radical changes voiced by the young will be considerably 

moderated in the next few years as these same people assume the finan

cial responsibilities of marriage and family. 

In the past century, forecasters who have seen a tapering off 

of economic growth curves have invariably been proved wrong. However, 

this may be a matter of timing more than anything else. As Brant (1968) 

noted, growth curves do not rise forever but tend to flatten or even turn 

downward. One of the most important determinants of metal consump

tion—population growth—has recently shown evidence of declining in 

the United States so this adds some support to Vogely's (1971) views. 

Domestically at least, environmental and conservation concerns will 

probably continue to grow and place stress on the supply side of copper. 

This will put upward pressure on prices resulting in a lower growth in 

demand. 
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It is not important that an assessment of the likelihood of de

clining growth in copper demand due to sociological changes be made 

here—although there is much evidence indicating such a change—but 

the point is that social upheaval is creating an obstacle of unprecedent

ed proportions to quantitative forecasts of future metal prices in general, 

and copper prices in particular. 

Price Theory 

While no attempt will be made here to treat this subject in a 

comprehensive manner, a discussion of pricing fundamentals and their 

relation to copper is appropriate. This section draws much of its con

tents from Leftwich (1970), Bohm (1968), and Watson (1968). 

Pure Competition 

Although some economists use pure competition and perfect 

competition synonymously, a distinction between the two is usually 

made (Watson, 1968). The requirements for pure competition are (1) and 

(2) below, whereas (3) and (4) are additional conditions necessary for 

perfect competition. 

1. Product homogeneiety. All sellers manufacture identical prod

ucts that are completely interchangeable to the user. 

2. Smallness of buyer and seller in relation to the market. Trans

actions of individual buyers and sellers are so small in 

comparison to the market size that they have no effect on 

prices. The market determines the price, and action or inac

tion by individual traders does not change that price. 



3. Perfect information and mobility. All buyers and sellers pos

sess equal and complete information on the economy and are 

able to move freely to take advantage of the most favorable 

market conditions. 

4. Absence of artificial restraints. No outside influence (for ex

ample, governmental) imposes artificial pricing policies. 

Prices must be entirely free to respond immediately to chang

ing supply-demand relationships. 

Under pure competition the equilibrium price for a particular 

product is determined by the intersection of the prevailing supply and 

demand curves on a standard price-quantity graph. The positions of the 

supply and demand curves are determined by many technologic, socio-

logic, and financial factors. Suffice to say that the curves represent 

only one set of such factors, and changing any of the factors can shift 

one or both of the curves up or down and, therefore, change the equi

librium price. 

Figure 6 shows a common price determination graph where D-D 

and S-S represent the original demand and supply curves resulting in a 

market-clearing price, p, and sales quantity, q. If demand shifts up

ward to D'-D', note that both the equilibrium price and the quantity in

crease . 

Elasticity is the slope of either the supply or demand curve at 

a given point and measures the degree of change in the amount supplied 

or demanded due to a price change of a certain magnitude. It has been 

shown by some investigators (for example, Charles River Associates, 
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1970; Bohm, 1968) that the short-run elasticity of the demand for copper 

is quite low or inelastic, that is, price increases or decreases of several 

cents per pound produce very little change in the amount of copper de

manded, at least over the short run. 

Oligopolistic Pricing 

It is obvious that the United States copper industry deviates 

from pure competition by a wide margin. Copper approximates an oli

gopolistic industry, where the number of sellers is small and the quan

tity produced and price charged by each affects the marketing policies 

of the others. Charles River Associates (1970) point out that about 91 

percent of the copper refinery capacity in the United States is owned by 

five companies, so the industry can be considered an oligopoly. Rowe 

(1965) extended this conclusion to the copper industry for the entire 

world. Even a casual examination of price changes by major United 

States producers reveals that while collusion may not have occurred, 

these changes are remarkably similar in magnitude and timing. Bohm 

(1968, p. 18) said that informal "cooperation" has been exhibited by 

the major copper producers and that "it is well known that on a market 

where a few dominating sellers cooperate with each other, the supply 

tends to be smaller and the market price higher than if no cooperation 

had occurred." 

Oligopolies can operate with market-determined pricing, but 

there are strong incentives for collusion to maximize each firm's profits. 

In the last half of the 1960's, there was substantial excess demand in 

the copper market as evidence by the wide gap between producers' 
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prices and the LME. Clearly the producers' prices were not market 

clearing and "cooperation," if not collusion, was indicated. The motive 

of the producers was not increased profits but market stability by soften

ing the impact of LME price gyrations . 

There is no general theory of the oligopoly. Individual firm's 

actions are weighed against its judgments of the competitors' reactions. 

Price-quantity relationships are very imprecise since increased prices 

by one producer may precipitate any one of several responses by the 

competition. 

Whatever form the market takes, free pricing has many advan

tages over administered prices. The most important of these are: 

1. Buyers and sellers are free to control the extent of their 

transactions. Additional product can always be sold or pur

chased, albeit at a lower or higher price, respectively. 

2. The informational content of a varying price is extremely valu

able. Rising prices will choke off excess demand and at the 

same time stimulate new production. The reverse is true for 

falling prices, and the system is therefore self-regulating to 
J 

a certain degree. 

3. Particularly with perfect competition, free pricing provides 

for an efficient allocation of scarce resources. This is be

cause as long as price exceeds cost, production will increase. 

If there are many small producers and entry into the market is 

not obstructed, new production will be added until marginal 

cost equals marginal revenue, the point of maximum efficiency 

in resource utilization. 
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Copper's two-tiered pricing system still achieves the first two 

advantages above because of the open LME and COMEX markets. How

ever, due to the thin nature of these markets, the true demand signal 

may be obscured by speculation "noise." On the other hand, efficient 

allocation of resources is unlikely to be maximized in the copper indus

try where large volumes of metal are sold under administered pricing. 

Primary Commodity Prices 

Relatively recently there have been objections raised in regard 

to applicability of the above classical price theory to bulk primary com

modities. Many of these commodities are notorious in their price in

stabilities—particularly in the short run, but also to a somewhat lesser 

degree over the long run. Both Rowe (1965) and Labys and Granger (1970) 

found a strong similarity between commodity pricing and common stock 

pricing. Although these publications are mainly concerned with agricul

tural commodity prices, both specifically mentioned the analogous be

havior of copper. 

Labys and Granger (1970) attribute the failure of traditional 

market theory largely to the impact of futures trading in the commodity 

markets. These authors stated that a clear definition of buyers and 

sellers is absent in commodity markets, that, in addition to manufac

turers and producers, speculators, hedgers, and stockholders are active 

—"all of whom are constantly reversing their position in the market" 

(p. 266). Rowe (1965) gave two other causes of commodity price insta

bility. First is the uncertainty in supply, climatic factors being impor

tant in agriculture, whereas political uncertainty surrounds that large 
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portion of the world's copper production in the developing nations. Real 

or imagined, this supply uncertainty spawns considerable speculative 

market activity. The second destabilizing factor is inelasticity of both 

demand and supply over the short run. Disruptions in supply and spurts 

in demand can rapidly drive prices to exceptionally high levels, since 

both producers and fabricators have relatively fixed levels of throughput. 

Labys and Granger (1970) concluded that highly interrelated price and 

quantity are not applicable to short-term commodity trading. Over longer 

periods, supply and demand obviously assume more important roles in 

price determination as the influence of futures trading diminishes. Un

fortunately, quantification of supply and demand also becomes more 

difficult over the long run. 



CHAPTER 5 

FORECASTING METHODOLOGY 

While everyone forms subjective opinions of what the future will 

hold, successful applications of quantitative forecasting methods are 

much less numerous. 

A forecaster's lot is not an easy one. The difficulties in pre

dicting a future state of affairs are immense, and the forecaster, like 

the social scientist, must heavily constrain his forecasts. If the pre

diction is wildly inaccurate, he can always show that the constraints 

were violated, that all other things did not remain the same. Also, if a 

major commitment of resources hangs in the balance, two opposing fore

casts of the future derived from the same basic facts can nearly always 

be generated. This underscores the importance of credibility discussed 

previously. In addition to being astute the forecast must be believable 

to management, for a good forecast that is ignored is of little value. 

Another annoying property of many forecasts is that they tend 

to be self-fulfilling or self-defeating. In the first category, stock mar

ket speculation and the "bigger fool theory" are based partly on the fact 

that enthusiastic forecasts of a rising price of a certain stock creates 

a demand for that issue which does indeed drive up its price. Even in 

areas where the speculative element is missing, aggressive advertising 

often has the disturbing ability to create demand, thereby making sales 

forecasts "accurate ." 

57 



58 

On the other hand, forecasts of copper prices tend to be self-

defeating, for the purpose of such forecasts is to encourage management 

to take opposing action; that is, if a high price is seen for the future, 

management will likely expand production which will put downward pres

sure on prices. What then can be said about the accuracy of the fore

cast? If a driver forecasts that his auto, based on its present path, will 

strike a tree several hundred yards ahead and he therefore makes a 

steering correction, was his forecast bad? In a previous section, the 

oligopolistic nature of the copper industry was shown which indicates 

that action by individual companies might very well affect future copper 

prices—at least to a limited degree. This interrelationship between 

forecast and outcome might therefore be an important feature in copper 

price forecasting. Coyle (1970) is one analyst who feels this influence 

is significant. 

In spite of the many problems cited above, a number of quan

titative techniques have evolved for estimating future values of decision 

variables. While most of these methods involve short-range forecasts, 

some have been applied over a longer term, albeit with marginal success. 

Forecasting Procedures 

In a survey of forecasting methods used in marketing, Randall 

(1970) listed the following desirable properties of a forecasting model. 

1. The model should provide information on the variable of inter

est. Often models are based on easily available data rather 

than designed with an end use in mind. 

2 . The model should provide accurate forecasts . 



3. The model and its forecasts should be believable. 

4. The model should predict turning points rather than just trend 

expectations. 

5. The model should provide information on the magnitude of fluc

tuations to be expected. 

6. The model should provide an estimate of the forecasting error. 

7. The model should be satisfying to the model builder as an 

accurate representation of the system portrayed. 

Because of the previously mentioned self-defeating nature of 

certain types of forecasts, a definition of "accurate forecast" is re

quired in (2). This definition must exclude the effects of abrupt market 

changes, usually on the supply side, created by the forecast itself. 

The first two items in the list are fairly obvious, and the third 

point brings up the issue of credibility again. Item (4) may be fully as 

important as the forecast accuracy, but is difficult to achieve. Points 

(5) and (6) are also valuable and underscore the value of statistical 

models. While point (7) seems to repeat point (3), the model could be 

structured according to the decision makers view of the system (and 

therefore be believable) but still not be an accurate analogue of the 

real system. 

With these desirable properties in mind, the most common 

forecasting methods are discussed below. 

Naive Methods 

In this category are a wide variety of unsophisticated methods 

that usually involve the projection of some simple or weighted average 



of recent values of the decision variable into the future. While these 

methods are all inexpensive and quick, their disadvantages are many. 

The most obvious drawbacks are the subjective selections of the weight

ing factors, the selection of a time series length to be projected, and 

the implicit assumption that underlying economic forces will follow his

torical patterns. As previously mentioned, the U.S. Bureau of Mines 

(1970) has forecast copper consumption to the year 2000 by simple ex

trapolation of recent consumption trends, although it has attempted to 

attain a little more respectability by also estimating a range of possible 

values around the best estimate. 

Labys and Granger (1970) discussed two classes of naive fore

casting models, the "no change" models and the "same change" models. 

The former assumes that the current value of the forecast variable is the 

best estimate of future values, while the latter assumes that recent 

changes in the variable's value will be recurrent in the future. It is in

teresting to note that the "no change" models result in the same predic

tion as the random walk hypothesis, that is, no change in the variable's 

value, and for short-term price forecasting—either for common stocks or 

commodities—no other models have demonstrated consistent superiority 

over random walk models. 

Considering the desirable properties of a forecasting model, 

naive methods are relevant (point 1) but score low in other respects. 

However, it is not uncommon that the "cheap and dirty" method pro

duces results as good as the expensive, sophisticated technique. 



Moving Trend Models 

Moving trend models are somewhat more sophisticated methods 

for analyzing historic values of the decision variables and extrapolating 

previous trends into the future. Since continuation of historic trends is 

assumed, moving trend analysis may produce reliable forecasts only for 

the short run. Randall (1970) said that a 6-month maximum horizon 

should be used and within that constraint, moving average models are 

useful in keeping production and inventories in balance with sales. 

This type of forecasting involves (1) a definition of the data 

smoothing method to be used and (2) specification and estimation of the 

forecasting equation. 

Data smoothing techniques can range from simple arithmetic 

averages, in which case moving trend analysis trends to overlap the 

"naive methods" class, to fairly complex exponentially smoothed series. 

Exponential smoothing assigns greater weights to the most recent obser

vations in the time series, the weights declining geometrically with 

earlier values. For example, the smoothed average value of X at time t, 

St(X), is commonly calculated asfollows. 

St(X) = « Xt = (1 - «* )Xt _ x + (1 - )2Xt _ 2 + 

. . . + (L-"< )nXQ 

where o < <x < 1, is the weighting factor. 

However, 

St _ i(X) = Xt . j = (1 - -< )Xt _ 2 + (1 ~ * )Xt - 3 + 

fo . . . + (1 - «< )n" XXC 

c l (y* - stP0 - Xt_ 
bt - 1W " (1 -«) (1 -<*) 



therefore, St(X) = »< Xt + (1 - °<)St _ i(X). 

Thus, the current smoothed average value is a function of only the cur

rent observation and the smoothed average value for the previous period, 

which provides computational simplicity. 

The weighted moving average must then, in the general case, 

be transformed into estimates of coefficients in the forecasting equation. 

As Randall (1970) noted, three possible forecasting equations might be: 

1. Xt = C 

2. Xt = Bt + C 

3. Xt = At2 + Bt + C 

where Xt = the forecast value of X in time, t. 

In the first case, the forecast quantity is assumed to be con

stant, so only one moving average is required. Thus, C is assumed 

equal to St(X). Future estimates of X(Xt) are then equal to C, and the 

estimate of C is revised as each period's actual value becomes avail

able. If a linear or higher order polynomial trend forecasting model is 

assumed, estimation of equation coefficients with exponentially smoothed 

data is analogous to least squares curve fitting. With a linear model, 

moving averages for two successive periods are necessary, and with a 

quadratic model, three such averages are required. One of the most 

detailed studies of exponential smoothing and forecasting is by Brown 

(1963), who discussed the important problems of selecting forecasting 

equations and weighting constants . 

While moving trend analysis finds many applications in short-

term forecasting, it often is difficult to strike an acceptable balance 

between stability and response with the technique. The greater the 



interval used in generating the moving average, the more stable the 

average will be. However, turning points are always obscured with 

moving trend analysis, and with long averaging intervals recognition 

of a true shift in values is greatly postponed. 

For long-term forecasts, particularly of an erratic variable like 

the price of copper, moving trend analysis, like other methods that as

sume continuation of past trends, is severely limited. 

Correlation and Regression Analysis 

Correlation and regression analysis are widely used techniques 

for determining how closely movements of the dependent variable are 

related to one or more independent variables. A description of this 

technique can be obtained in nearly any statistics textbook, a good 

reference being Miller and Freund (1965). 

The most common regression procedure is to find the trend line 

about which the squared deviations of the individual observations are 

minimized. Deviations are usually measured in the vertical direction, 

although any consistent direction is satisfactory. The trend line can be 

linear, a polynomial, or in the case of more than one independent vari

able, a trend surface. 

Following the computation of the regression coefficients, sta

tistical tests can be applied to assess the significance of each included 

independent variable according to predetermined Type I error levels. 

Closeness of fit of the regression equation to the actual data is mea

sured by the correlation coefficient, which can also be tested for sig

nificance assuming the data come from a bivariate normal population. 
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Regression and correlation models can be formulated as a simple 

time series but are usually more reliable for forecasting when more direct 

causation links the endogenous and exogenous variables; that is, time 

itself obviously does not cause price changes, but time may be strongly 

collinear with—and therefore act as a proxy for—more basic underlying 

economic activities. These underlying activities, then, provide more a 

logical explanation of price behavior and are more useful from a fore

casting standpoint. 

While regression and correlation analyses are powerful tools 

in analyzing relationships among variables, there are few statistical 

methods that are as widely abused and indiscriminately applied. Some 

of the common abuses of regression models are listed below. 

Spurious Correlation. There is a tendency on the part of many 

analysts to consider causality only superficially in selecting explana

tory variables and to strive simply for the highest by adding nearly 

any variable that will give a better fit. If one searched long enough, it 

is likely that a vast number of data series could be uncovered that move 

in step with the variable of interest. From an analysis standpoint, how

ever, the only series of interest are those for which a true cause and 

effect relationship appears logical. As Miller and Freund (1965, p. 258) 

pointed out, although there is probably a high positive correlation be

tween annual chewing gum sales and the incidence of crime in the 

United States (because both are tied to population growth), "one can 

not conclude that crime might be reduced by prohibiting the sale of chew

ing gum." Although this example is absurd, the danger of hunting 
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indiscriminately for the best fit is real and can be seen frequently in the 

literature. 

Multicollinearity. With multiple regression models, multicol

linearity, or dependence among the exogenous variables, is often pres

ent to an undesirable degree, making it very difficult to measure their 

separate influences on the independent variable. With perfect correla

tion between any two explanatory variables, the least-squares method 

breaks down as the regression coefficients are undefined. With strong, 

but not perfect, correlation the variances of the regression coefficients 

are high, resulting in poor estimation efficiency. Multicollinearity is 

particularly troublesome with economic regression models because most 

variables seem to respond similarly to major national economic develop

ments . 

Serial Correlation. Serial correlation, or autocorrelation, is 

present when residuals exhibit correlation among themselves. This 

usually arises from the omission of significant explanatory variables 

and violates the least-squares assumption of zero expected values for 

products of residuals. A somewhat similar problem, heteroscedasticity, 

occurs when error terms do not have constant variances. In both of the 

above situations, inefficient estimations of the regression coefficients 

result. 

Trends in Explanatory Variables. From a forecasting standpoint, 

the independent variables used must be easier to forecast than the de

pendent variable itself or effort expended in the regression analysis is 

unjustified. While this statement may appear trivial, abuses of this 

nature are common. The source of the problem seems to be confusion 



regarding the application of the regression model. With a controlled 

scientific environment it is entirely appropriate to study the effect of 

several variables on a process and to adjust the process based on the 

results. With economic models, the analysis is done in an uncontrolled 

environment and while one may be able to show the determinants of some 

past activity, future values of the determinants are rarely known with 

certainty and often are just as uncertain as the level of the activity it

self. Labys and Granger (1970) drew the distinction between explana

tory and predictive models by noting that unlagged values of exogenous 

variables are acceptable for explaining prices but lagged values must be 

used to predict prices. Unfortunately, if several period lags are used 

the probability of attaining statistically significant regression coeffi

cients declines also. 

Continuation of Past Trends. As with other extrapolation models, 

regression and correlation forecasting models assume stability in the un

derlying process—that it is unlikely that the process will change sub

stantially over the time horizon of the forecast. Even if this assumption 

is valid, the desired predicted values normally lie outside the range of 

values used during the estimation of the model. In this case, the stan

dard deviation of estimated dependent variable grows quite large, often 

prohibitively so. The procedure of extrapolating past trends many years 

into the future is an inherent problem with long-term statistical fore

casting techniques. However, certain variables that have exhibited 

fairly stable trend patterns over several years and about which no fun

damental changes are anticipated might safely be assumed to follow 

those trends into the future. Commodity prices—particularly copper—are 
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not members of this group, and there are many writers who believe that 

methods that use historical behavior as a basis for projection are in

applicable to copper price forecasting. Frey (1970) is strongly critical 

of price forecasts that are rooted in the past rather than based on the 

competitive economics of tomorrow. Blackett (1970) found regression 

techniques of questionable value even for demand forecasting. Driver 

(1971) pointed out that if we reflect upon the 1960's, it is obvious that 

many of the major economic events of that period were unpredictable in 

1960, and it is unreasonable to think that the next ten years will be 

greatly different from the standpoint of forecasting. Boyd (1971, p. 1) 

also does not believe that "current econometrics can derive the answers 

to questions in copper economics," and cites extrapolations of recent 

marketing statistics as being particularly fallacious. Rogers (1969), 

Rowe (1965), and others have voiced similar views. 

On balance, regression and correlation analysis presents some 

formidable problems to the forecaster, the magnitude of which increase 

rapidly with the forecast horizon. Randall (1970) ranked these methods 

high on believability and estimating forecast errors but low in spotting 

turning points and estimating fluctuations. He also found regression 

and correlation models useful over a several-year horizon, but there are 

many opponents to this view, particularly in view of the stable underly

ing process requirement. 

Input-output Analysis 

Another technique that has been used in forecasting-related 

problems is input-output analysis, although most models developed to 

date are not amenable to forecasting per se. 
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Input-output analysis is based on the preparation of transaction 

tables representing the interdependencies of selected sectors in the 

economic unit under consideration. Table entries consist of purchases 

by one sector from another such that the final rim conditions are bal

anced (that is, the quantity sold equals the quantity purchased). 

The input-output model is composed of a set of equations for 

an n-sector economy of the form: 

n 

x i  = Z  ! i i+  F i  
j = l 

where Xj = production of i^1 industry 

Ijj = intermediate consumption by sector from i^ industry 

Fi = final demand consumption of i^ industry. 

If intermediate consumption is a linear function of the output of 

the consuming sector, this equation can be revised as follows: 

n 

xi=  H a i j x j +  F i  
1 = 1  

where the ay's are called technological coefficients. Input-output 

tables are prepared infrequently by the Federal Government for the na

tional economy, the most recent table—issued in 1970—being for 1963. 

These tables show actual transactions among the many sectors and the 

composition of final demand. This allows the a^'s to be determined for 

the base year, although these coefficients may be modified when anal

yses of future periods are made (Faucett, 1969). With a given ay set 

and an estimated Fj vector, the solution of n simultaneous equations 
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in n variables yields output levels for each sector. Interdependencies 

are completely defined so that the production level of, say, the metal 

container industry is determined not only by final demand for its own 

products, but final demand in every other sector by virtue of intermediate 

demand. Thus, the greatest value of input-output models is in their 

ability to trace developments in remote parts of the economy to the in

dustrial sector of particular interest. 

As powerful as input-output analysis is in theory, it poses 

some staggering data collection problems as reflected by the long lead 

time required by the government to issue new base-year transactions. 

Faced with a base year so far in the past, the coarse nature of the orig

inal data, and the difficulty in estimating final demand for future periods, 

most analysts find input-output models severely limited for forecasting. 

Input-output, however, can generate interesting simulation results 

from "what-if" types of questions. Faucett (1969) shows, for example, 

that a reduction in national defense expenditures would actually cause 

an Increase in mineral industry production if other final demand expen

ditures were increased correspondingly. Conversely, the construction 

industry is shown to exercise considerable leverage on mineral produc

tion. 

Input-output analysis then is, in general, a poor forecasting 

technique. For price forecasting it has even less value as one still 

would have to face the problem of determining price from the resulting 

demand projections. 



Simulation Methods 

Various types of simulation models have been applied to fore

casting problems to discern the effects of possible economic develop

ments on the system of interest. Input-output models, discussed above, 

are actually simulators when used in a forecasting context. Simulation 

models stress the structure and behavior of the system when subjected 

to various stimuli, rather than producing a discrete forecast of what the 

future will be. This has the distinct advantage of avoiding the numerous 

disclaimers and qualifications that of necessity must accompany actual 

forecasts. These constraints are often so restrictive that the model in

spires little confidence on the part of the user (again, the credibility 

problem). 

Simulation models, on the other hand, are more compatible 

with historical management decision making. Managers faced with plan

ning decisions invariably develop subjective opinions of future develop

ments within their fields, and with some prompting, they often can state 

subjective probabilities of occurrence for these developments. These 

views can then be evaluated with the simulator to determine the sensi

tivity of the system to such developments, and by using the estimated 

probabilities, risk analysis can show the chances of the various out

comes in the system. Obviously, simulation receives very high marks 

in credibility because the analyst makes no claim to be a prophet and 

only shows the results if a certain development occurs. 

One type of simulation model that has proved particularly use

ful in analyzing marketing problems is the industrial dynamics approach. 

This term was coined by Forrester (1961), who was intrigued by the 



analogy of electronic feedback problems to industrial production sys

tems . He shows how relatively small oscillations in final demand can 

be amplified by a faulty or untimely information network to produce wide 

swings in company operating results. This type of model permits the 

analyst to simulate alternative responses to hypothetical demand fluc

tuations to smooth the resulting cyclic corporate fortunes due to pos

sible future events. Such contingency planning is readily performed 

with simulation models. 

Formulation of a reliable simulation model can become very 

difficult. Mathematical relationships are needed to link the stimuli with 

the decision variable, and this is where pricing models again run into 

trouble. The basic problem lies in the inability to define accurately the 

position and shape of the supply and demand curves for future periods 

so that changes in quantities can be related to changes in prices. This 

is, however, not a problem unique to simulation models and is common 

to many forecasting methods . 

In summary, the biggest apparent drawback to simulation models 

is that no definitive forecast is produced. However, since the other 

methods often produce forecasts that are not very good, the many other 

virtues of simulation models seem to neutralize this one disadvantage. 

In fact, there is much more evidence in the literature pointing to suc

cessfully applied simulation models (for example, Lane, 1972; Harris 

and Euresty, 1972) than the more rigorous predictive methods. 
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Copper Price Forecasting—Previous Studies 

Due to the previously emphasized enormous economic incentives 

there have been many attempts to forecast copper prices in recent years. 

Some have been reported in the literature, and others remain proprietary 

for intracompany use—due mainly to the confidential data employed 

rather than the success of the model. 

Security analysts Olsen and Blaney (1967, 1970) have built 

several forecasting models for various segments of the primary metals 

industry. The earlier study cited above dealt with copper, while the 

later one analyzed the steel industry. Nickel and molybdenum are cov

ered in other reports. In the first publication the authors' objective is 

to forecast future earnings for various copper companies for investors' 

use, and their procedure involved forecasting supply and demand, trans

lating this information to future price levels and finally to individual 

company earnings. While no statistics are given, the authors claimed 

to have developed an accurate copper demand forecasting regression 

equation, the output from which is compared to production capacity. 

They correctly forecast excess demand for 1969 (although the magnitude 

of the excess was underestimated) which meant an upward pressure on 

prices. However, the actual predicted price change was a subjective 

estimate. Thus, while over 3,800 alternatives were simulated to yield 

a probability distribution of future demands which was compared to de

tailed estimates of supply, the actual quantitative price forecast was 

based on personal judgment. Olsen and Blaney were somewhat victim

ized by the times in that their forecast was prepared in 1967 just before 

one of the most unstable market episodes in recent copper pricing 



73 

history. Consequently, their predicted company earnings proved quite 

inaccurate. The long domestic labor stoppage in 1967-68, the unusual

ly severe inflation, and nationalization of copper properties in Latin 

America simply could not be foreseen. This is a good example of the 

perils of forecasting future events based on past trends. 

Olsen and Blaney's (1970) later study on the steel industry is 

similar, although volume of production rather than price (which is quite 

stable for steel) is the critical factor here. Also, much more detailed 

financial models of the companies were prepared. Unfortunately, fore

cast accuracy cannot be judged for the steel model since individual 

company's earnings projections are not presented. 

Probably the most extensive study of the economics of the 

domestic copper industry is the one prepared by Charles River Associates 

(1970). As stated in the opening sentence (p. 1), one of the major goals 

of that report is to develop an econometric model of the domestic copper 

industry "which can be used for forecasting price, consumption, and 

supply." At a later point in the report (p. 256), the authors make the 

more plausible claim that the model constructed is primarily to " explain 

domestic copper consumption, the supply of copper, and 'the' price of 

copper." (Emphasis added.) 

The report notes that the long-run producer's price for copper 

is influenced by three basic factors: 

1. The level of demand for copper, 

2. The cost of production, and 

3. The rate of production capacity expansion (supply). 



Various quantitative measures of these factors were then tested for sig

nificance in a complex multiple linear regression model. 

The final model contains 12 equations with nine endogenous 

variables. Two of the variables, price of refined copper and primary-

copper production, are determined directly while equations for the re

maining variables each contain at least one other endogenous variable. 

These equations are then solved simultaneously using a two-stage, 

least-squares technique to eliminate the inherent serial correlation 

problems. 

Conceptually, the equation for the price of refined copper ap

pears as follows: 

P = (1 " & ) P (" 1) + 

where, P = domestic producer price for refined copper 

^ = price adjustment factor 

P* = equilibrium price = f(D, C) 

P(- 1) = price in the previous period 

D = level of demand 

C = costs of production. 

This formulation contains the realistic feature that domestic producer 

prices do not adjust fully in the short run to changes in the free-market 

price. 

Two assumptions were made in estimating, the actual equation. 

First, the E&MJ price from Metals Week was assumed to be representa

tive of the domestic producer prices, and second, this price was deflated 

by using the United States wholesale price index with the assumption 

that the production cost parameter could thus be removed from the 



equation. The rationale here is that the real costs of copper production 

have been relatively constant. While the first assumption is defensible, 

both Herfindahl (1959) and, more recently, Lowell (1970) have shown 

that the real price for copper has changed significantly over time. Also, 

since long-run prices do reflect underlying costs, it can be realistically 

inferred that real copper production costs have not remained constant 

over time. This disagreement may be academic, however, since the 

final copper price forecasting equation, shown below, has one period 

lagged prices of copper and aluminum as explanatory variables, and pro

duction costs between any two periods might very well be nearly con

stant. 

The Charles River Associates' (1970) price prediction equation 

is: 

RPEMJ = 0.580RPE M I(-  1)  + 0.072RPA Tr i(-1)  
(6.6170) (4.0280) 

+ 0.245 x 153  Qt  (-  1)  -  0.120 A SM D  (-  1) 
(1.4322) (4.4737) 

-  0.184IR 
(7.4048) 

(- 1) notation refers to the value of the variable indicated in 
the preceding time period 

Numbers in parentheses are t statistics 

R2  = 0.992 

Durban-Watson statistic = 2.0717. 

<r =  0 . 0 2 1  

where, RpEMJ = E&MJ copper price 

RpALG = German price of virgin aluminum ingot 

Qt = total domestic copper consumption 
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A Sme) = change in stocks of manufacturer's durables 

IR = ratio of domestic producer's inventories of refined 
copper to domestic refined capacity 

& = standard error of estimate 

This is a very satisfactory explanation of copper prices for the 

base period, 1946-67. Annual data were used, and a one-year forecast 

of the E&MJ price seems plausible under normal market conditions. How

ever, the major drawback to the above equation relevant to the new mine 

investment decision is the time horizon involved. Management is con

cerned with long-run prices when evaluating such investments and the 

preceding model is simply not—nor was it intended to be—applicable 

to such problems. 

A third effort in copper price forecasting was reported by Perl-

man (1972). The author heads a firm that markets its forecasting service 

to industrial customers and therefore has not released details of the model 

to the public, although a simultaneous equation model similar to the 

Charles River Associate's model is alluded to. He claims, however, 95 

percent "accuracy" in forecasting yearly LME copper prices, and while 

a critical analysis of this work is not possible at this time, the claim 

does not seem overly extravagant in view of the success of the Charles 

River Associates. Additionally, Perlman claims a long-term copper fore

casting model which is a combination of econometric and industrial 

dynamic techniques. It supposedly produces copper price estimates for 

a 5- to 25-year periods, although "general price movements" and not 

"accuracy" is claimed. Until details of the model are revealed skepti

cism must prevail in regard to the long-term model. This is particularly 
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true as the author offers a lengthy discussion of the many imponderables 

involved in such a long-range forecast. 

Other Copper Forecasting Studies 

Copper pricing is the focal point of this dissertation, but a 

brief mention of some related studies is in order here for completeness. 

Coyle (1970) was intrigued by the extreme instability of base 

metal prices and sought to analyze this behavior for copper. He recog

nized that while short-term price forecasts based on statistical projec

tions might be valid, inadequacies in the data preclude accurate long 

term predictions. For the long run, Coyle, therefore, adopted the indus

trial dynamics approach to the study of price instabilities. He shows 

how overreaction to market signals can amplify price swings and tenta

tively suggests some possible decision rules to modulate these swings. 

This is an interesting approach to a well-known problem, but implemen

tation would require concerted industry-wide action which is unlikely. 

Also, no forecasts are produced since industrial dynamics is a simula

tion technique. 

A number of investigators have constructed demand forecasting 

models for copper. Kennecott Copper Corporation has apparently con

structed a detailed model (Y. C. Kim, personal communications, 1971), 

and Robert R. Nathan Associates, Inc. (1968) has formulated a relatively 

simple model. The Nathan model consists of two simple linear regres

sion models for wire mill consumption and for all other demand. The 

explanatory variable in the first case is the Federal Reserve Board's 

index of industrial production (R^ = . 83), and in the second case, the 
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Federal Reserve Board's index of durable goods production (R2 = .23). 

These results appear to be of little value in forecasting. 

Bohm (1968) deals with the copper price instability problem 

from an economics standpoint. He presents a persuasive argument that 

the producers' cure for instable prices (administered prices) is worse 

than the problem and offers the fascinating suggestion of producer fi

nanced speculation specialists each of whom would operate indepen

dently to maximize profits. These groups would tend to buy when prices 

drop and sell when prices rise and thus aid in price stabilization. 

Y. C. Kim (personal communication, 1971) suggests that in 

view of the vast number of unknown in attempting long-range forecasts 

a more profitable way to attack the problem might be to use decision 

theory to help management cope with inherent uncertainty rather than 

attempting to resolve that uncertainty. Contingency planning based on 

various possible futures is indeed an important consideration in a se

quential investment situation. The price level estimation procedure 

advocated in this report produces a range of values and could be easily 

combined with a decision theory approach. 

Production Cost Projections 

Long-run price-cost equality is the general method favored in 

this work, and while there appear to be no previous attempts to formalize 

this process with commodity prices, there are many references to the 

attractiveness of the technique. 

The basic reasoning behind this method is that in a competitive 

market the long-run price of a product tends to equal long-run costs of 



79 

production if a broad definition of costs is used to include a minimum 

acceptable return on investors' capital. If price rises above this level 

over the short run, additional capital is attracted into the industry, 

productive capacity expands, and the larger supply drives the price 

downward until the minimum acceptable return on investment is again 

established. If price drops below this level, the reverse happens— 

investment capital is not attracted to the industry, production declines 

(relative to demand), which tends to drive the price upward. Prain (1970) 

quotes Horace Steven's much more elegant statement of the same mech

anism made in 1903 (p. 12). 

There will be seasons when demand will follow so closely 
upon the heels of supply that prices will go skyward, and the 
fool will say in his heart that the market must forever advance. 
There will also be periods when the supply will far exceed de
mand, and the faint of heart will say that copper mining is 
overdone, but in the aggregate the great law of averages, im
mutable as the law of gravitation, will give to the world the 
copper for its imperative requirements, at prices not prohibi
tory to the consumer, yet sufficiently high to provide for the 
well-managed mine profits beyond the dreams of avarice. 

Long-run cost-price equality requires two conditions to be 

fulfilled (Herfindahl, 1959). First, it must be sufficiently clear that a 

systematic investment process is operative in the copper industry; that 

is, investment must respond to economic incentives in the manner de

picted above. Herfindahl shows that for copper production to 1957, 

investment in the industry responded reasonably well to operating profit 

and loss signals. Since 1957, additional evidence leads to the same 

conclusion. High copper prices in the mid and late 1960's led to an 

unprecedented copper exploration boom with resulting discoveries and 

development of many new deposits (for example, Lakeshore, Red 
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Mountain, Kalamazoo, Brenda, Lornex, Bougainville), and caused many 

new firms ( for example, Humble Oil Company, Continental Oil Company, 

and Essex Wire and Cable) to enter the copper industry. This expansion 

has been largely responsible for the current excess capacity and weak 

prices in the industry. As suggested by theory, the current price situa

tion is discouraging new investment, as development of some known 

deposits is being postponed and exploration programs have been reduced 

considerably by such firms as Kennecott, Anaconda, Copper Range, and 

others. Blackett (1970) also observed that exploration expenditures fluc

tuate widely with sales and earnings. 

The second requirement for long-run costs to be an approxima

tion of prices is competitiveness in the industry. Prices must be market 

determined rather than administered if prices are to be an accurate repre

sentation of underlying costs. As discussed earlier, administered prices 

are certainly present over the short run in copper markets and may be a 

factor over longer periods. However, firms having some ability to fix 

prices would logically do so at a level above, rather than below, long-

run average costs. Thus, long-run costs still represent a floor below 

which the long-run price will not remain. Herfindahl (1959) felt that 

long-run effects of administered prices are minimal and that the industry 

is sufficiently competitive to indicate that overall costs and prices tend 

to become identical over time. 

Foremost among the advocates of using cost trends to derive 

estimates of future copper prices is Prain (1968, 1970, 1971). In these 

articles the author repeatedly bases his estimates of future copper prices 

on operating costs throughout the world. He noted the average cost of 
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production appears to have risen from about 18.3£/lb in 1955 to 24.1^/lb 

in 1965 and to 32<?/lb in 1971. Deflated, or real, costs have also in

creased, although obviously at a lesser rate. After noting that all of 

the costs that go into the production of a pound of copper must be ulti

mately met out of the price, Prain (1971) has applied the "Notman for

mula" to generate an estimate of industry's acceptable profit level which 

when added to production costs gives an estimate of future price. The 

Notman formula, as Prain pointed out, is an unscientific equation based 

on Notman's (1935) observations of copper production economics over 

several decades. Notman observed that the one element of copper pro

duction economics that has remained remarkably constant over time is 

that portion of the selling price available for distribution to creditors 

and owners. For domestic production, this portion has been about 25 

percent after taxes over a period of several decades. Prain (1968) as

sumed an average tax rate of 40 percent and therefore said that the price 

of copper must equal 1.7143 times the direction production costs if his

torical average profits are to be maintained. In his most recent article, 

Prain (1971) projected his estimates of production cost growth rates ten 

years into the future, applied the Notman equation, and suggested that 

96^/lb copper is not wholly improbable in 1981. 

Frey (1970) also strongly endorsed this method for estimating 

future commodity price levels. He stated that the key to future prices 

lies in the competitors' relative economic positions, not in historical 

operating results. Rowe (1965) is also in agreement with this view, and 

within the copper industry, S. D. Michaelson (personal communication, 

1971) reported that Kennecott maintains a comprehensive list of operating 



costs of competitors' mines to measure the risk involved in proposed 

new mining ventures. Other mining firms apparently perform similar 

analyses. 

Production cost projections, then, is the method selected for 

use in this work for estimating future copper market conditions that are 

so vital in the new mine investment decision. The specific method used, 

as discussed in the next chapter, does not produce an estimate of the 

price of copper ten years hence but provides an estimate of a likely 

range of prices under various economic assumptions. One of the impor

tant results of this study, however, is the general philosophy of handling 

uncertainty in the new mine investment decision created by price insta

bilities. This research indicates that chances are quite remote that a 

statistical model, regardless of the mathematical complexity involved, 

can be developed to generate reliable and credible estimates of copper 

prices ten years in the future. The probability of success increases as 

the forecast horizon declines, but due to the long lead time of new min

ing projects the value of the forecast would decline simultaneously. 

Thus, management would be wise to reject major expenditures for long-

term price forecasting in favor of detailed production cost comparisons 

with the competition. These comparisons can lead to more enlightened 

judgments about minimum price levels in the future, although actual 

prices might be quite different, at least over the short run. 



CHAPTER 6 

A PRODUCTION COST TREND MODEL 

The general approach employed herein to estimate future copper 

production economics is that of production cost analysis and projection. 

No unconstrained forecasts of future states of the copper industry are 

made; only the probable outcomes under certain given assumptions are 

demonstrated. The user can then estimate the likelihood of these various 

assumptions being fulfilled and plan his course of action according to 

his own utility curve. The model developed is a simulator rather than 

a forecaster. A useful procedure in discussing the production cost 

simulator is to separate the model into the four stages shown in Figure 6. 

Selecting the Base 

A study devoted to projecting a set of values into the future 

must first establish a base from which the values can be projected. 

Furthermore, the establishment of a base must begin by defining the 

scope of the study. 

Type of Production Considered 

The simulator is designed to consider conventional open-pit 

mining, forth-flotation concentration operations. Recognizing that a 

trade off between resolution and generalization is required in nearly all 

model building, the analyst must try to accommodate the most important 

domains in the area of study, omitting segments that have a minor effect 
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P R O J E C T I O N  B A S I S  

I N T E R P R E T A T I O N  

C O S T  E S T I M A T E S  

F O R  B A S E  Y E A R  S E L E C T I N G  T H E  B A S I S  

H I S T O R I C A L  

T R E N D S  

S E N S I T I V I T Y ;  

P O W E R  A N D  F U E L  

P R I C E S  

S E N S I T I V I T Y .  

L A B O R  C O S T  A N D  

P R O D U C T I V I T Y  

S U B J E C T I V E  

M A N A G E M E N T  

E S T I M A T E S  

O V E R A L L  

B R E A K - E V E N  

A V E R A G E  U N I T  

P R O F I T  

C A S H  

B R E A K  -  E V E N  

M I N I N G  A N D  

M I L L I N G  C O S T S  

F O R  1 9 7 1 - 1 9 7 2  

O P E N  P I T  O P E R A 
T I O N S  E N C O M P A S S 
I N G  F U L L  R A N G E  

O F  C O P P E R  P R O 

D U C T I O N  C O S T S  

Figure 6. Procedure Used in Simulating Possible Outcomes with the Production Cost 
Trend Model 



on overall trends. Open-pit mining is responsible for about 85 percent 

of virgin copper in the United States, and over 85 percent of this com

modity is produced from conventional flotation operations. Thus, the 

model easily accommodates the vast majority of domestic primary copper 

production. The method used for projecting costs is actually amenable 

to any mining and processing method, but the computer program input 

and output formats would need revision to handle underground or leach 

copper production. 

Production Phases Studied 

Detailed cost analyses were made for the mining and concen

tration phases of the production cycle, with smelting and refining costs 

being estimated only in a very general manner. Since future smelting 

costs seem to be particularly uncertain at the present time due to un

known costs of complying with recent environmental legislation, the 

above assumption may appear to be suspect. However, nearly all con

ventional copper mining and milling operations in the United States will 

face very similar smelting and refining changes—whatever they may 

be—so that the variability in copper cost structures (and therefore in 

the competitive position of new mining ventures) will continue to lie in 

the mining and concentration stages. Also, on the average for every 

dollar of operating cost in the smelting and refining phases, over three 

dollars is sustained in mining and concentrating (Chilton and Crowther, 

1966). Finally, the very uncertain nature of future smelting costs indi

cates that future values of this variable are best left to subjective esti

mation by the individual user. 
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Since post-concentrating costs comprise a small portion of total 

cost, are very similar for most producers, and are very difficult to es

timate for the future, the model's usefulness does not appear to be 

seriously diminished by failing to analyze these costs in detail. 

Projection Basis 

To make truly authoritative estimates of future copper prices in 

the United States by projecting operating costs, the analyst should use 

costs from all domestic producers (or possibly all producers on a world

wide basis, if foreign trade is considered). This would present a monu

mental data collection problem for any large international industry; for 

copper, where producers are notoriously reticent about cost information, 

a sampling of producers rather than comprehensive inclusion was clearly 

necessary. 

Selection of individual mining properties to comprise the pro

jection base was determined by the following factors. 

1. Spectrum of Costs. Since the objective is to estimate possible 

ranges of future costs, the projection base should contain low-

cost as well as high-cost producers. 

2. Significant Production. Trends of major producers are much 

more meaningful than those of small mines, so that only proper

ties that will be significant economic factors throughout the 

planning horizon should be included. Thus, ASARCO's San 

Xavier mine is excluded (too small) as are Phelps Dodge's 

Lavender Pit and Duval's Mineral Park mine (limited lives). 
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3. Availability of Cost Information. Properties should be selected 

for which sound cost estimates can be made or for which actual 

cost information is available. 

Using the above criteria, four domestic copper mining and mill

ing operations were selected to comprise the basis for cost projections. 

These properties have a combined ore production rate of over 200,000 

tons per day and yield over 330,000 tons of copper metal per year—over 

20 percent of total United States primary production. Certainly the re

quirement of significant production is satisfied. The mines also repre

sent a wide range of production costs, ore grades, and stripping ratios. 

Furthermore, there is general agreement in the industry that each of the 

four mines has at least 20 years of ore reserves left. All four mines re

ceive precious metal credits from their concentrates, and three of the 

four have significant molybdenum production. Overall economic trends 

from these operations can be assumed to be representative of the domes

tic copper industry in general. 

Cost Estimates for the Base Year 

The economist views costs of any production process as the 

prices of resource inputs necessary to produce the desired product out

put. This definition of costs includes not only explicit expenditures 

(that is, wages, raw materials, capital expenditures, etc.) but also the 

implicit opportunity costs of any self-owned resources employed in the 

production process. For example, the cost of capital utilized in the 

production operation may be viewed as the profit that could be earned if 

the capital were to be invested elsewhere. Thus, in this broader concept, 
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costs of production include cash expenses, a return of invested capital, 

and a sufficient return on invested capital to cover the opportunity costs 

of the capital employed. While treated differently for income taxation, 

mining exploration should be included with capital investment. The rea

son for this is that, although most exploration prospects do not result 

in ore finds, in the aggregate, exploration does "create" ore bodies quite 

systematically (Herfindahl, 1959). 

It is this view of costs that permits the assumption of long-run 

price-cost equality utilized in this study. Unfortunately, this general

ized view sheds little light on the practical problem of estimating a given 

mine's costs of production. The cost analysis procedure used here in

volves the breakdown of costs by mining and milling unit operations, and 

then within each unit operation costs are classified into groups generally 

compatible with the U.S. Bureau of Labor Statistics cost index series. 

Operating Costs 

Broadly speaking, operating costs are all plant-level costs, 

both direct and indirect. Table 5 from Black (1970) is a good cost clas

sification reference and was used in this study when questions on defi

nitions arose. The unit operations of mining and milling into which all 

operating costs were ultimately placed are listed in table 6. 

Actual Costs. Actual operating costs were available for two of 

the mines and for one of the mills studied. The most difficult aspects of 

analyzing industrial cost data are trying to determine what costs are in

cluded in a given category and what represents normal costs for a given 



Table 5. Production Cost Components.—From Black (1970, p. 339) 

I. Operating cost or manufacturing cost 

A. Direct production costs 
. 1. Materials 

a. Raw materials 
b.  Processing materials 
c. By-product and scrap credit 
d.  Utilities 
e. Maintenance materials 
f .  Operating supplies 
g. Royalties and rentals 

2. Labor 
a. Direct operating labor 
b.  Operating supervision 
c. Direct maintenance labor 
d.  Maintenance supervision 
e. Payroll burden on all labor charges 

(1) FICA tax 
(2) Workmen's compensation coverage 
(3) Contributions to pensions, life insurance, etc. 
(4) Vacations, holidays, sick leave, overtime premium 
(5) Company contribution of profit sharing 

B. Indirect production costs 
1. Plant overhead or burden 

a. Administration 
b.  Indirect labor 

(1) Laboratory 
(2) Technical service and engineering 
(3) Shops and repair facilities 
(4) Shipping department 

c. Purchasing, receiving, and warehousing 
d.  Personnel and industrial relations 
e. Inspection, safety, and fire protection 
f .  Automotive and rail switching 
g. Accounting, clerical, and stenographic 
h.  Plant custodial and plant protective 
i. Plant hospital and dispensary 
f. Cafeteria and clubrooms 
k.  Recreational activities 
1. Local contributions and memberships 
m. Taxes on property and operating licenses 
n. Insurance—property, liability 
o. Nuisance elimination—waste disposal 

2. Depreciation 

C. Contingencies 



Table 5. Production Cost Components—Continued 
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D. Distribution costs 
1. Containers and packages 
2. Freight 
3. Operation of terminals and warehouses 

a. Wages and salaries—plus payroll burden 
b. Operating materials and utilities 
c. Rental or depreciation 

II. General expense 

A. Marketing or sales costs 
1. Direct 

a. Salesmen salaries and commissions 
b. Advertising and promotional literature 
c. Technical sales service 
d. Samples and displays 

2. Indirect 
a. Sales supervision 
b. Travel and entertainment 
c. Market research and sales analysis 
d. District office expenses 

B. Administrative expense 
1. Salaries and expenses of officers and staff 
2. General accounting, clerical, and auditing 
3. Central engineering and technical 
4. Legal and patent 

a. Within company 
b. Outside company 
c. Payment and collection of royalites 

5. Research and development 
a. Own operations 
b. Sponsored, consultant, and contract work 

6. Contributions and dues to associations 
7. Public relations 
8. Financial 

a. Debt management 
b. Maintenance of working capital 
c. Credit functions 

9 . Communications and traffic management 
10. Central purchasing activities 
11. Taxes and insurance 
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Table 6. Unit Operations for Cost Breakdown 

Mining Unit Operations 

Drilling—including secondary drilling 
Blasting—including secondary blasting 
Loading—including dozer clean-up at shovels and loading from 

stockpile, if any 
Hauling—includes road and dump maintenance 
Mine general expense 
Corporate general expense 

Milling Unit Operations 

Crushing and conveying 
Grinding and classifying 
Flotation 
Thickening and filtration 
Tailings disposal 
Mill general expense 
Corporate general expense 
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operation. Accounting systems vary considerably, and extraordinary 

expenses and credits often seem to be the rule rather than the exception. 

It is particularly ironic that mining costs, which are so closely guarded 

by many companies, have very little meaning unless an individual has 

some knowledge of the accounting system used and can recognize the 

inevitable aberrations in the data. An extreme example of this situation 

was encountered when during one month, one mine actually reported 

negative costs for a milling operation due to credits from suppliers re

sulting from faulty equipment. 

In developing base year cost estimates here, the above prob

lems were minimized because the cost data used were yearly averages 

and were listed in considerable detail. 

Estimated Costs. For the remaining two mines and three mills, 

detailed cost estimates were prepared. 

Operating costs for open-pit copper mines are, in essence, the 

sum of many individual machine-shift costs plus indirect charges. To 

achieve a given tons-per-day production level at a particular mine re

quires, on the average, a certain number of drill shifts, shovel shifts, 

truck shifts, etc. Cost estimating then begins with a determination of 

various machine shift costs, which consists of operating labor and sup

plies, maintenance labor and supplies, and supervision. A sample cal

culation for a Bucyrus Erie 60-R rotary drill, the most common blast-

hole drill in open-pit copper mining, is shown in Figure 7. 

The most difficult item to estimate accurately is repair cost 

per shift for large mining machinery. Maintenance costs are inherently 

"lumpy," and average costs are seldom realized. Also, so many 



OPERATING COST/HE. 

BIT &. ROD COST/HR 

1. Labor: Driller,,,, 
Helper 

2. Fuel: in Gal/Hr @ $0.14 
3. Power: KWH @ $0. 

Engine Lube 
Compressor Lube. 

/Gal., 
/KWH 

4 
5 
6. Drill Lube 
7. Maintenance Labor & Supplies 
6. Total (Item 1 thru Item 7) 

9. Hit Size 
10. Bit Life 
11. Bit Cost « 
12. Recondition Cost/Life of Bit 
13. Total Bit Cost (Item 11 + Item 12) 
14. Bit Cost/Ft (Item 13 -s- Item 10) 
15. Rod Cost/Ft.... 
16. Shank Piece & Coupling Cost/Ft 
17. Total (Items 14, 15, 16) 
18. Overall Drilling Speed (Ft/Hr) 
19. Bit and Rod Cost/Hr(Item 17 x Item 18) 

rOTAL COST/HR (Item 8 + Item 19). 
TOTAL COST/SHIFT 

u^Ill  l t i lornnitlon 

B-E 60-R B-E 60-R 
rnctc 

54.24 
3.86 

l An 

rt.tn 
.  0 .25 

14.00 

24.25 

12 1//1 
4000' 

$1500.  
--

1500.  
$0,375 
0.030 
--

9.405 
41 

9.405 

S16.61 

$40.86 

$326.88 

Figure 7. Hypothetical Operating Cost per Shift for a 
Bucyrus Erie 60-R Rotary Drill 
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unquantifiable operating characteristics affect repair costs that the out

sider is at a distinct disadvantage in estimating such items. To resolve 

this problem, a number of experienced mine operators and consultants 

were questioned about ranges of repair costs for various pieces of equip

ment. Table 7 shows the results of this effort. When values within 

these ranges were selected for a particular mine, severity of mining con

ditions, climatic conditions, and age of equipment were considered. 

Repair costs were assumed to be 50% labor and 50% materials, as sug

gested by the individuals consulted in the above survey. This differs 

from the 60-40 labor-material split advocated by Black (1970) and reflects 

the large, costly components frequently involved in mine equipment 

repairs. 

Milling cost estimating is not as amenable to the machine-

shift procedure. There are several reasons for this, the most important 

one being that milling costs have simply not been tabulated historically 

in such a manner. Initial milling cost estimates in this study were pre

pared by comparing the flow sheets and operating parameters of the three 

operations being estimated with the mill for which costs were known. 

Using Weiss's (1962) excellent article as a guide, costs for the three 

mills were then adjusted up or down, depending on a number of factors 

including, but not restricted to, the following: 

mill capacity, 
age of the mill, 
complexity of molybdenum circuit, if applicable, 
hardness of ore (Bond's Work Index), 
fineness of grind, 
degree of ore contamination (for example, oxide content), and 
reagent and grinding steel consumption, if available. 
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Table 7. Repair Costs per Shift for Major Mining Equipment 

Cost/Shift 
(8 hours) 

Blast Hole Drills (6"-9") 
(9"-12 1/4") 

$ 80-$128 
$104-$160 

Loading Shovels (9 yd^) 
(9 yd^—17 yd^) 

$104-$200 
$136—$216 

Crawler Dozers $56-$120 

Wheel Dozers $36-$60 

Graders $16-$36 

Haulage Trucks (65 T-85 T) 
(100 T-150 T) 

$68-$112 
$84-$144 



This procedure of estimating unknown costs incrementally from known 

costs is advocated by Rogers (1969). 

Following the preparation of these initial estimates, individuals 

having intimate knowledge of actual costs for these operations were 

asked to review the estimates and give some indication as to their ac

curacy. In each case, the reviewer was very helpful in indicating an 

approximate percentage deviation from actual costs, and the estimates 

were revised to incorporate thse changes. 

Taxes Other than Income Taxes. While most indirect operating 

costs were included in the cost determination procedures of the preced

ing two sections, property and privilege taxes were computed separately 

for each of the four properties. This was done because (1) these costs 

have a significant impact on production economics and should therefore 

be considered carefully and (2) none of the actual costs used contained 

any tax expenses. 

For Arizona mines, estimates were prepared for property taxes, 

privilege sales (severance) taxes, and educational excise taxes. Proper

ty tax liabilities are merely the product of assessed valuations and tax 

rates, both of which are public information. The other two taxes are 

based on gross production receipts and were estimated using Hazelett's 

(1969) article as a guide. 

For non-Arizona producers, it was necessary to consult the 

applicable state and local tax codes. Property tax liabilities based on 

gross or net proceeds (see Kearns, 1971) require the estimation of unit 

sales prices and are therefore subject to a larger estimation error than 
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are ad valorem taxes in Arizona. However, in the absolute, these errors 

are not judged to be large. 

General Expense 

In addition to direct and indirect operating costs, the operating 

divisions of a corporation must bear a share of the general business ex

pense of the corporation. These costs are generally minor in comparison 

to operating costs but are nonetheless significant. The method of alloca

tion of these overhead costs can vary significantly, so the analyst must 

not only determine the total amount of these costs but must also develop 

a logical method to allocate these costs to the particular mine of 

interest. 

General expenses were separated into three categories: sales 

and administrative expense (S & A), research and exploration, and inter

est expenses. Corporate totals for these activities were obtained from 

annual reports, and allocations were made to individual mines according 

to that mine's share of total operating expenses for the corporation. 

Some company annual reports did not show total research and exploration 

expenditures. For these mines, known amounts spent by mining firms of 

similar size and operating philosophy were used as a guide. 

Interest expense, being one of the costs of capital, was not 

handled separately for the final Notman average profit calculation (see 

Prain, 1968) but was allocated in the same manner as other general 

expenses when determining overall break-even levels. This point will 

become clearer when interpretation of the model's output is discussed. 



Depreciation 

Consistent with the economist's view of cost is depreciation 

cost, or the decline in the value of capital assets due to wear and tear, 

obsolescence, or a combination of the two. Thus, for an on-going firm, 

the price of a capital asset must be returned to the purchaser by the time 

the asset's useful life has expired. This is clearly a cost of production 

just as real as operating costs. 

Because federal income tax law permits accelerated deprecia

tion of certain items, depreciation allowances shown on a firm's finan

cial books (and annual report) may differ markedly from depreciation 

claimed for income tax purposes. Investment decision analysis should 

consider all tax advantages associated with a given course of action, 

but total depreciation (and therefore the annual average) for a particular 

asset is unchanged by rapid write offs. Therefore, using accounting 

depreciation as a cost of production is a conservative procedure for this 

research. 

Corporate annual reports show total accounting depreciation for 

the firm, but allocating this to individual plants is another matter. Two 

methods were used for the four properties studied. If estimates of the 

capitalized original investment plus subsequent expansions for the 

property could be made, the ratio of this amount to gross fixed assets 

was used to allocate depreciation. Otherwise, the mine's proportion of 

direct corporate expenses was used. In this latter method, this ratio 

was adjusted upward somewhat for integrated producers to reflect greater 

capital intensity in mining and milling than in fabricating and manufac

turing divisions. 



Technological Parameters 

In open-pit copper mining there are three other operating char

acteristics—in addition to the costs of excavating and processing a ton 

of ore—that have a significant effect on the final cost per pound of re

covered copper. These are ore grade, mill recovery, and stripping ratio. 

For the most part, no serious problems were encountered in 

determining these values for the four mining operations studied. Ore 

grades and stripping ratios were determined from company annual reports, 

the U.S. Bureau of Mines Minerals Yearbooks, and personal knowledge 

of the operations. Mill recoveries are usually not publically available 

and therefore presented a slightly more difficult problem. However, 

quite accurate estimates can be made by comparing ore grade and tons 

of ore processed on one hand with tons of metal produced on the other. 

Subsequent review by company personnel revealed that mill recoveries 

estimated in this manner were accurate to within 3 percentage points for 

the properties included in this study. 

Accuracy of Base-year Estimates 

Because these preliminary estimates of costs and operating 

parameters were reviewed with persons having access to actual costs, 

a few statements regarding the accuracy of such estimates can be made. 

Original estimates of mining costs were found to be 5 to 10 

percent lower than actual costs. These estimates were made almost 

exclusively from publically available information—at least information 

that is available for the asking. Final base-year mining cost estimates 
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include revisions suggested by industry personnel and are accurate to 

w i t h i n  +  2 % .  

Original milling cost estimates were also low, this time by as 

much as 20 percent. The main source of error here is the author's lack 

of expertise in milling technology and costs. It is reasonable to assume 

that an experienced mill manager or engineer could achieve the same 

degree of accuracy in estimating milling costs as is shown above for 

mining costs. Following the review by industry personnel, milling costs 

were also revised so that the final base-year estimates are judged to be 

accurate to within+5%. 

Cost Classification for Projection 

Costs classified by unit operation are not directly amenable to 

forecasting. Drilling cost trends, for example, are only the composite 

result of more fundamental trends, such as labor costs, supplies costs, 

stripping ratio, etc. Therefore, costs for each unit operation were fur

ther broken down into basic categories that are more amenable to pro

jection. These categories were designed to (1) separate out unique high 

cost items in mining (for example, explosives, truck tires, reagents) 

and (2) be compatible with various U.S. Bureau of Labor Statistics cost 

and productivity indexes. 

Table 8 shows the final cost breakdown for mining to include 

six unit operations and seventeen cost elements. Milling, shown in 

Table 9 , contains seven unit operations and sixteen cost elements . 

Tables 10 through 14 present the final base-year operating cost esti

mates for all four mining operations studied. 
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Table 9. Final Cost Breakdown for Milling 
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 

Crushing & Conveying 

Grinding & Classifying 

Flotation 

Thickening & 
Filtration 

Tailings Disposal 

Mill General Expense 

Corporate General 
Expense 

None of these cost elements is 
assigned to corporate general 
expense 

These cost elements 
are assigned only to 
corporate general 
expense 



Table 10. Base-year Cost Estimates for Mine A 

MINING COSTS - CENTS PER TON OF MATERIAL 

UNIT OPERATION 
OPER 
LA80R 

MAINT 
LABOR 

SUPER 
VISN FRINGES 

REPAIR 
PARTS 
SUPLVS 

OIL 
LU3E 
FUEL POWER ' 

BLAST 
SUPLY TIRES 

SEV PROP 
TAX TAX 

MINE 
SERV MISC 

TOTAL 
COST/TON 
MATERIAL 

TOTAL 
COST/LB 
COPPER 

DRILLING . 4 4  .32 .07 .28 .63 .02 .03 -0.3C -0.00 -3.00-0.30 -O.CO -0.GG 1.76 . 4 2  

BLASTING .33 -3.00 .08 .14 .07 -0. GO -0.03 1.10 •0. GO -3.03-0.u0 -0. u 3 - o . o c  1.72 .41 

LOADING .96 1.28 . 3 2  .85 2.43 .48 .42 •0.30 -3.00 -3.00-0.30 -0. GO . 5 6  7.39 1.73. 

HAULING 4.60 1.71 1.27 2 . 5 3  3 . 9 8  1.36 -0.00 -0.00 .04 -0.00-0.00 -0.00 .11 15.60 3.71 

MINE GENL .87 -0.03 1.75 .37 .30 -0.00 -0.00 •-0.00 -0.00 •0.00 2.48 -0.00 .28 6.55 1. 5 6  

TOTAL DIRECT 
MIMING COSTS 7.20 3 .,31 3.1.9 <>.67 

HILLING COSTS - CENTS PER TON OF ORE 

OPER MAINT SUPER 

7.3a 1.86 

REPAIR OIL 
PARTS LUBE 

.45 1.10 .G4 0.OS 2.48 C.00 

SEV PROP MILL 
UNIT OPERATION LABOR LABOR VISN FRINGES SUPLY FUEL POWIR REAGENTS TAX TAX SEP.V' MISC 

CRUSHING 

GRINDING 
CLASS 

FLOTATION 

THICKENING 
FILTER 

TAILINGS 
DISPOS 

GEN HILL 

1.60 2.15 .45 1.1.0 3.80 

3.85 2.05 .80 2.23 13.75 

.40 2.92 .90 

.<•0 .90 

.08 1.95 -0.00 -0.00 -0.00 .10 .10 

.16 8.05 -0.00 -0.0'J .20 .50 -3.00 

.0ft 3.50 7.00 -0.03 -0.00 .20 .5.0 

lis 

1.<>1 1.35 

.39 .70 -C.CO .90 •0.00 •C.OO *0.00 -ii.00 *3.09 

.65 .10 .15 .10 

1.40 • .50 2.40 1.43 

.60 -0.00 .10 -0.0C -0.00 -3.00 -0.00 -0.30 

1.10 .14 .15 2.25 13.13 6.9U .80 2.50 

TOTAL DIRECT 
MILLING COSTS 10.82 6.20 It.35 7.12 21.30 

.95 32.93 7.02 

TOTAL TOTAL 
COST/TON C0ST/L3 

ORE LOPPcR 

.<•8 11.25 9.25 13.13 7.1* 1.60 3.10 

11.63 

31.61 

18.26 

2.60 

1.90 

32.7 V 

98.74 

. 8 8  

2.38 

1.38 

. 2 0  

. 1** 
2.47 

7.45 



Table 11. Base-year Cost Estimates for Mine B 

MINING COSTS - CENTS PER TON OF MATERIAL 

UNIT OPERATION 
0PER 
LABOR 

MAINT 
LAHOH 

SUPER 
VISN FRINOFCS 

REPAIR 
PARTS 
SUPLYS 

OIL 
LUHE 
FUEL POWER 

BLAST 
SUPLY TIRES 

SEV PROP 
TAX TAX 

MIME 
SERV MISC 

TOTAL 
COST/TON 
MATERIAL 

TOTAL 
COST/LB 
COPPER 

DRILLIN9 .** .25 .20 .30 .85 .08 -0.00 -0.00 -0.00 -0.00-0.00 -0.00 -0.00 2.11 .65 

8LASMN3 .29 .01 .05 .12 .01 -0.00 -0.00 1.26 -0.00 -0.00-0.00 -0.00 -0.00 1.7* .5* 

LOADING 1.00 .8* .21 .68 1.01 .0* .1* -0.00 -0.00 -0.00-0.00 -0.00 -0.00 3.93 1 .22 

HAULI NO 2.75 2.*5 .21 1.80 2.90 1.55 • 0.00 -0.90 3.15 -0.00-0.00 -0.00 •0.00 1*.81 *.58 

MINE GENL .50 -0.00 .72 .*0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 *.25 .08 .16 6.11 1 .89 

TOTAT. DIBSCT 
MINING COSTS 4.97 3.55 1.39 3,39 

«ILLIN3 COSTS - CENTS PER TON OF OSE 

*.77 1.68 .1* 1.24 3.15 0.00 A.25 .OS 

REPAIR OIL 
OPE" MAINT SUPER PARTS LUBE SEV PROP MILL 

UMT OPERATION LABOR LABOR VISN FRINGES SUPLV FUEL POWER REAGENTS TAX TAX SERV MJSC 

CRUSHING 

6R JFOJK'G 
CLASS 

FLOTATION 

THICKENING 
FILTER 

TAILINGS 
r>!s?ns 

GEN MILL 

1.90 3.15 

*.80 2.35 

3.50 .70 

.50 .50 

.60 

.90 

.*0 

. 20  

1.88 * .*0  .10 2.65 -0.00 -9.00 -0.00 .30 .50 

2.63 15.85 

1.53 1.AO 

.25 10.15 -0.00 -0.00 -0.00 .50 .50 

.10 3.95 6.40 -6.00 -0.00 .60 .10 

.*0  .90 -0.00 

.80  .10  .20  

1.59 -0.00 2.60 

.37 .90 -0.00 

1.37 -0.00 .20 

.75 -0.00 -0.00 -0.00 -0.00 -0.00 

.15 -0.00 -6.00 -0.00 -0.00 -O.OO 

.20 -0.00 13.90 20.20 1.00 3.25 

TOTAL OIRECT 
MILLING COSTS 13.00 6.80 *.90 .8,23 23.*5 .65 17.85 6.*0 13.90 20.20 2.*0 *.35 

.16 28.70 8.S3 

TOTAL TOTAL 
COST/TON COST/LB 

0*E COPPER 

15.*8 

37.98 

18.68 

3.25 

2.52 

*4.22 

1.3* 

3.28 
1.61 

.28 

.22 

3.82 

122.13 10.56 



Table 12. Base-year Cost Estimates for Mine C 

MINING COSTS - CENTS PEH TON OF MATERIAL 

UNIT OPERATION 
OP£P 
LA0OK 

MA INT 
LAOOH 

SUPER 
VLSH FRINGES 

REPAIR 
PARTS 
SUPLTS 

OIL 
LU1E 
FUEL POWER 

BLAST 
SUPLT TIRES 

SEV PROP 
TAX TAX 

MiNE 
SERV MISC 

TOTAL 
COST/TON 
MATERIAL 

TOTAL 
COST/LB 
COPPER 

OFLILLIK'5 .32 .16 .10 .19 1.15 .15 -0,00 -0.00 -0.00 -0.00-0.00 -0.00 -0.00 2.07 .71 

8LASTIM'* .30 .07 .03 .13 .U -0.00 -0.00 2.47 -0.00 -o .no-o .on -0.00 -0.00 3.12 1.07 

LOI'LIN'? .62 .54 .09 .41 1.3» .08 .15 -0.00 .16 -o .6o-n .on -0.00 -0.00 3.39 1.16 

HAULING 2.32 1.70 .09 i  .37  3. '3 1.34 -0.00 -n .oo  2.72 -0 .00-0 .on  -0.00 -0.00 13.27 4.55 

HIWE GENU .38  .19 .30 .29 .19 .04 .08 -0 .00  -0 .00  2.97 4.46 -0 .00  .15 9.03 3.10 

TOTAL DIRECT 
f i n r n o  costs 3.9* 2.65 .60 2.4 0 6.S2 1.61 • 22 2.*7 2.88 2.97 4.46 0.00 .15 30. 88 10.59 

MILL IMG C0ST5 - CF-HTS PEH TON OF ORE 
REPAIR OIL 

OPSA »WIT4T SUPEP PARTS LURE SEW PROP HILI. 
UNIT OPCRATIOM «. *ao«  LAOOH VISN FRINGES SUPLV FUEL POKER REAGENTS TA* TAX SERV MISC 

CUUSHIUS 

n»IHDING 

CL«iSS  

FLOTATION 

TMicttrums 
F I L T E R  

TAILINGS 
D I SPTS 

GEN VII L 

1.6(1 2.05 

2.40 3.20 

1.S1 .55 

.?0 

.40 .10 

1.63  l .ao  

.30 1.32 9.55 

,B0 
.30 

.20 .15 

.15 

2.13 19.30 

.78 .60 

. 16  

.22 
.25 1.28 3.50 

.25 3.20 -0.00 -6.on -O.ftO -0.00 -0.00 

.15 10.40 -0.00 -0.00 -0.00 -0.00 -0.00 

.08 2.50 7.80 -0,01 -0.00 -0.00 .80 

.30 -0.00 .35 -0.00 -O.on -0.00 -0.00 -0.00 

.60  -o .oo  .20  -o .oo  -6 .on  -n .oo  -o .oo  -o .no  

TOTAL DIRECT 
F»ILI.I«'5 COSTS 7.90 7.9o 1.9b 5.91. 33.85 

.10  .45 -o .no  -n .on  u.S2 5.6s  1.25 

.58 17.10 7.80 n.oo 11.82 5.65 2.05 

TOIAL TOTAL 
COST/TON COST/LR 

ORE COPPER 

18.27 

38.38 

14.91 

1.18 

1.67 

27.90 

2.36 

4.97 

1.93 

.18 

.22 
3.61 

102.51 13.26 



Table 13. Base-year Cost Estimates for Mine D 

MINING COSTS - CENTS PER TON OF MATERIAL 

UNJ T OPERATION 
OPFR 
LAUOH 

MA1MT 
LABOR 

SUPER 
VIS'I FRINGES 

REPAIR 
PAPTS 
SUPLYS 

OIL 
LULLE 
FUEL POWER 

BLAST 
SUPLT TIRES 

SEV PR1P 
TAX TAX 

MJLLE 
SERV MISC 

TOTAL 
COST/TON 
MATERIAL 

TOTAL 
COST/LR 
COPPER 

CHILLING .8* .*9 .16 .56 1.2* .07 .11 -0.00 -0.00 -o.oo-o.oo -0.00 .15 3.62 1.69 

0LASTIH3 .30 .02 .0* .13 -0.00 -0.00 -o.ob 1.59 -0.00 -o.oo-o.no -o.oo .06 2.1* 1.00 

LOA'JLNG 1.21 1.6* .33 1.16 2.78 .31 .21 -0.00 .16 -o.oo-o.oo -0.00 .73 8.53 3.99 

HAULING 3.31 3.30 .71 a.*7 3.61 1.30 -o.oo -0.00 3.03 -o.oo-o.oo -0.00 . 1.1* 18.88 8.82 

MINE LIEWL .12 .2* .*8 .27 -Il.oo -0.00 -o.oo -0.00 -o.no -0.00 *.28 -0.00; .IB 5.58 2.61 

TOTAL DIRECT 
HIKING COSTS 5.78 5.69 J,73 *.58 

KILLING COSTS - CE*TS PE« T0« OF ORE 

7.63 1.6B .32 1.59 3.19 0.00 *.28 0.00 2,27 

RtPAIH OIL 
OB£R HAIHT SUPER PARTS LUBE SEV PROP MILL 

UWIT OPERATION LABOR LAHOP VISI4 FRIMOES SUPLY FUEL POWER REAGENTS TftX TAX SERV MISC 

CRUSH!N3 

grinding 
CLASS 
FLOTATION 

Thickening 
FILTER 

TAILINGS 
OISPOS 

O'H HILL 

TOTAL DIRECT 
«ULI*G COSTS 

1.71 2.19 .02 1.63 *.*1 -0.00 1.72 -0.00 -0.00 -0.00 -0.0(1 .97 

1.52 1.83 1.19 

.58 

1.52 11.96 -P.00 *.5* -0 .00  -0.00 -0 .00  -O.Oo 2.75 

1.83 2.19 

.92 1.09 .21  

.92 1.09 .3* 

.3* .86 3.46 

7.2* 9.25 6.59 

1.67 

.77 

.77 

1.21 

1 . 0 0  

.3* 

1.85 

•0.00 2.10 12.** -0.00 -0.00 -0.00 .52 

>0.00 .67 -0.00 -0.00 -0.00 -0.00 -0.00 

•0.00 .67 -0.00 -0.00 -0.00 -0.00 .0* 

1.65 -0.00 -0.00 -0.00 7.51 20.15 -O.Oo 1.65 

7.57 gl ,21 0.00 9.70 12.** 7.51 20.15 0,00 5,93 

38,75 18.11 

TOTAL TOTAL 
COST/TON C0ST/L9 

ORE COPPER 

13.*5 

25.31 

22.33 

*.00 

5,69 

36.62 

1.33 

2.51 

2.22 

.*0 

.56 

3.65 

107,59 10,67 



Table 14. Base-year Cost Estimates—Overall Break-even and Notman Average Profit 

Overall Break-even 
Allocated Corp Expenses 

Indir Cost Total Cost 
Year Cost Center Depre S and A Res, Explor Interest cents/lb cents/lb 

Mine A 1 Mining 8.56 4.98 1.40 1.25 1.22 
Milling 7.55 4.95 1.40 1.24 1.14 28.68 

Mine B 1 Mining 28.93 4.31 2.23 .32 3.09 
Milling 28.80 3.29 1.71 .24 2.94 36.47 

Mine C 1 Mining 12.93 1.01 .65 12.30 3.48 
Milling 16.00 1.00 .65 12.30 3.88 42.21 

Mine D 1 Mining 14.98 5.32 5.75 5.89 3.17 
Milling 14.90 5.34 5.72 8.87 3.46 46.40 

Copper Price with Average Notman Profit 

Year Avg Tx Rate 

Mine A 1 .345 

Mine B 1 .278 

Mine C 1 .250 

Mine D 1 .300 

Cost of Cu 
cents/lb 

28.44 
36.42 

39.02 

44.94 

Inc Tx 
cents/lb 

6 . 0 6  
5.36 

4.88 

7.49 

Avg Notman 
Profit/lb 

11.50 

13.93 

14.63 

17.48 

Est Cu Price 
cents/lb 

45.99 

55.72 

58.54 

69.90 
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Projection Alternatives 

Armed with detailed cost breakdowns for each of the four open-

pit mining and milling operations, one is then prepared to extend these 

costs into the future in some fashion to determine likely future copper 

costs and prices. Thus, the next step is to outline the most likely future 

cost and productivity trends and to determine the effects these trends 

will have on future copper production costs. 

Continuation of Historic Trends 

The most obvious assumption regarding future cost and produc

tivity trends is to assume the continuation of past trends, a procedure 

that was severely criticized earlier in this dissertation. There is an 

important philosophic difference, however, in that trend extrapolation 

is not predicted here but merely considered as one of many possible 

results. Simulating the continuation of historic cost and productivity 

patterns provides a set of reference values for comparison with other 

possible outcomes. 

Cost trends. For each of the cost elements, an index was 

established to relate unit costs in some future period to unit costs in 

the base year. Most of these indexes were based on historical trends, 

but it was necessary to estimate some cost element trends subjectively. 

Listed below are the sources used to develop historic trends for each 

cost element. 

1. Operating labor costs; annual averages for Standard Industrial 

Classification (S.I.C.) 102—Copper Ore Mining, summarized 

in Bulletin 1312-7 (U.S. Bureau of Labor Statistics, 1971a). 
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Maintenance labor costs; same index used as for operating 

labor costs. 

Supervisory costs: trends for front-line supervisory costs were 

assumed to be approximately the same as trends in beginning 

salaries for new Bachelor of Science engineering graduates, 

many of whom fill such supervisory posts. The time series 

used here was taken from Hughson (1971). 

Fringe benefits: an extensive study by the U.S. Bureau of Labor 

Statistics (1963), Employer Expenditures for Selected Supple

mentary Remuneration Practices for Production Workers in Mining 

Industries. showed that the cost of fringe benefits for production 

workers in the mining industry in 1960 as a percentage of direct 

remuneration was as follows: 

paid leave (vacations, holiday, sick pay) 6.2% 

premium pay (overtime, weekend, holi
days, shift differential) 4.9% 

legally required payments (social 
security, unemployment and work
man's compensation) 4.6% 

private welfare plans (health, accident, 
life insurance) 6.6% 

total 22.3% 

Obviously, fringe benefit costs have risen considerably 

since 1960. Actual cost records from two mining firms show 

indirect payroll costs of 32 and 38 percent of direct labor costs 

in 1971, and Black (1970) noted that these figures are rising 

rapidly toward the 50-percent level already reached in some 

European countries. 
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It was assumed in this study that the above 50 percent level 

would be realized in 1982. To achieve this level, an annual 

growth rate of 6 percent over the next ten years is required for 

fringe benefit costs. Although such exponential growth cannot 

continued indefinitely, the recent trends discussed above indi

cate that projecting fringe benefit costs to be 50 percent of 

direct labor costs by 1982 is not unreasonable. 

5. Repair parts and supplies: the assumption was made that parts 

prices are rising at the same rate as whole machine prices. 

Thus, the U.S. Bureau of Labor Statistics' construction ma

chinery and equipment and mining machinery cost indexes were 

the data bases used here (see Appendix B). The former includes 

firms in S.I.C. 3531, companies that manufacture loading 

shovels, haulage trucks, and other heavy earth-moving machin

ery. This, then, is the appropriate index for mining repair parts 

and supplies in the cost projection models. 

The mining machinery cost index covers S.I.C. 3532, in

cluding underground mining equipment, crushers, grinding 

units, and other minerals beneficiation equipment. This series 

was used to determine cost trends for milling repair parts and 

supplies in the model. 

6. Oil, lube, and fuel: U.S. Bureau of Labor Statistics (1971b) 

cost index for refined petroleum products (S.KC. 2911) in the 

Handbook of Labor Statistics . 
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7. Power: electric power cost index in the Handbook of Labor 

Statistics (U.S. Bureau of Labor Statistics, 1971b). 

8. Blasting supplies: Bureau of Labor Statistics' (1971b) cost 

index for explosives (S.I.C. 2892) in the Handbook of Labor 

Statistics. 

9. Tires: Bureau of Labor Statistics' (1971b) wholesale price index 

for rubber products (mainly tires and tubes) (S.I.C. 3011) in 

the Handbook of Labor Statistics. 

10. Reagents: Handbook of Labor Statistics (U.S. Bureau of Labor 

Statistics, 1971b) price index for industrial chemicals. 

Each of these series of cost indexes was regressed on time, 

using the least-squares method to delineate trends. Two regression 

models were used to examine the data: a standard linear model and an 

exponential model. 

Simple least-squares linear regression is a widely used statis

tical technique described in a number of texts. Miller and Freund (1965) 

is a particularly good reference on this subject. The model used here 

was: 

Yi = a + bxi + &i 

where, Yi = cost index in year i 

xj = year i 

= error term. 

In preparing cost estimates, some engineers commonly update 

costs from the recent past by increasing them at a certain annual com

pound rate. Jelen (1970, p. 122) implies such an exponential growth 
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model by noting that if the inflation rate is d, "a cost A now will be-

come a cost A(1 + d) one year from now, A(1 + d) two years from now, 

and so forth." Also, allusions to this procedure are made in public 

statements by government economists who note, for example, that the 

price of some item is increasing at an annual rate of 6 percent or that a 

certain labor union has negotiated an 8 percent wage increase. There

fore, even though exponential growth cannot be expected to hold over 

long periods, there are some indications that such projections might be 

valid in shorter time intervals. Hence, a second regression model, that 

of exponential growth, was used to analyze the production cost data. 

This model has the following general form: 

YA = CXi + i = 1, 2, . . . 

where, Yi = cost index in year i 

Xi = year i 

C = exponential growth factor 

6-i = error term. 

To use conventional least-squares linear regression analysis on this 

second model, the equation was transformed into the following linear 

form: 
logYj = XilogC + 

The results of the regression analyses are shown in Table 15. 

In all cases except the abbreviated labor cost series, the linear model 

provided a slightly better fit to the data than did the exponential model. 

The shortened labor cost series provided better estimates than the full 

1947-71 series for the most recent years and was therefore selected as 

a better base for the model. Consequently, the exponential growth 

approach was used to project labor costs in the final copper production 



Table 15. Regression Analysis Results 

Index Series Linear Model F Test Exponential Model F Test 1 

Average hourly earnings 
Y = wages ($/hr) 
X = year (1962 = 0) 

Supervisory costs 
Y = salary ($/mo) 
X = Year 

Production worker 
productivity 

Y = index (1957-59 
= 100) 

X = year 

Non-production worker 
productivity 

Y = index (1957-59 
= 100) 

X = year 

Construction equipment 
cost index 

Y = index (1957-59 
= 100) 

X = year 

Explosives cost index 
Y = index (1957-59 

= 100) 
X = year 

Y = 2.58 + 0.141X 
R2 = 0.9434 

Accept logY = 0.0162IX 
R2 = 0.9514 

Y = -87930.58 + 45.08X Accept HA 

R2 = 0.9827 

Y = -7601.12+ 3.933X Accept HA 
R2 = 0.9683 

logY = 0.025023X 
R2 = 0.9791 

logY = 0.01731X 
R2 = 0.9559 

Y = -7486.43 + 3.888X Accept H0 logY = 0.00684X 
R2 = 0.5674 R2 = 0.4026 

Y = -6507.97 + 3.373X Accept HA 

R2 = 0.9785 

Y = -2669.71 + 1.415X Accept HA 

R2 = 0.8777 

logY = 0.01670xX 
R2 = 0.9316 

logY = 0.006963X 
R2 = 0.6870 

Accept HA 

Accept HA 

Accept HA 

Accept H0 

Accept HA 

Accept H0 



Table 15. Regression Analysis Results—Continued 

Index Series Linear Model F Test 1 Exponential Model F Test 1 

Mining machinery cost 
index 

Y = index (1957-59 
= 100) 

X = year 

Tires and tubes cost 
index 

Y = index (1957-59 
= 100) 

X = year 

Industrial chemicals cost 
Y = index (1957-59 

= 100) 
X = year 

Electric power cost 
index 

Y = index (1957-59 
= 100) 

X = year 

Refined petroleum prod
ucts cost index 

Y = index (1957-59 
= 100) 

X = year 

Y = -6028.89 + 3.127X 
R2 = 0.9687 

Y = -3487.57 + 1.822X 
R2 = 0.9403 

Y = -722.27 = 0.417X 
R2 = 0.2589 

Y = 55.460 + 0.023X 
R2 = 0.0089 

Y = -802.10 + 0.459X 
R2 = 0.4126 

Accept Ha logY = 0.009760X 
R2 = 0.9333 

Accept logY = 0.008055X 
R2 = 0.9204 

Accept 

Accept HQ 

Accept HQ 

Accept H0 

logY = 0.01416 + 
0.001576X 

R2 = 0.1962 

logY = 0.00547 -
0.000188X 

R 2  =  0 . 0 2 0 0  

logY = 0.03263 + 
0.001663X 

R2 = 0.3323 

Accept 

Accept Hf 

Accept H0 

Accept H0 

1. F Test: = 0.05; Ho:b=0; H^:b^0. 
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cost model, while linear trends were used for the other variables in 

Table 15. 

Again, the use of the exponential growth curve over long periods 

would be invalid. However, for the planning horizon of this study, the 

exponential model is judged to be tenable in view of the better fit and 

because low powers of exponentiation are used. The cost index series 

are listed in entirety in Appendix B. 

Estimates of future growth of several cost elements are required 

without the benefit of historic patterns. The establishment of these es

timates is described below. 

1. Mine services, mill services, and miscellaneous: These ele

ments include a wide variety of items, such as water supply, 

general plant maintenance items, clerical supplies, and so 

forth. For such heterogeneous groupings no standard cost index 

applies, and a subjective estimate of annual cost increases 

was set at 4 percent, which is close to the average annual in

crease in the consumer price index over the past five years. 

2. Property and privilege taxes: Ad valorem, severance, and most 

of the other taxes in this category are a function—either direct

ly or indirectly—of gross revenue generated by the mining 

property. Gross revenue, in turn, depends on product prices, 

the estimation of which is the whole objective of this study. 

This circularity indicates that subjective estimation of future 

tax cost trends is advisable. Hence, costs of non-income taxes 

were projected to increase at an annual rate of 5 percent, the 

approximate growth rate of copper prices in the past decade. 
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3. Depreciation: Barring major expansion programs, depreciation 

charges, from the economist's definition, should increase only 

insofar as (1) replacement equipment prices exceed the original 

prices of the replaced machinery and (2) total capital invest

ment rises due to increased mechanization and automation. 

However, since equipment added in any one year represents a 

minor portion of total capitalized investment, the rate of in

crease in depreciation charges will be less than for new machin

ery prices. In the model, depreciation growth rates were 

projected at 1 1/2 to 2 1/2 percent annually, which is a quarter 

to a third of the recent annual price increases. 

4. Sales and administrative expense: For each of the companies 

analyzed in this study, sales and administrative expense rose 

at nearly the same rate as sales over the past decade. While 

some of this increase was due to acquisitions and should there

fore not affect the amount allocated to preexisting divisions, 

this amount was relatively minor. Future growth rates for sales 

and administrative expense, then, were assumed to range from 

3 to 5 percent annually, similar to past increases. 

5. Research and exploration: The inconsistency of data proved to 

be a problem here, but all evidence points to a growth rate 

much higher than sales growth for most mining companies. Two 

of the firms studied increased research and exploration monies 

over 250 percent in the last 10 years, while sales increased 

from 60 to 100 percent. This is slightly higher than Brant's 

(1968) estimate that exploration expenditures are rising at about 
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10 percent annually in nonferrous metal mining companies. Two 

reasons for such large percentage increases are the small base 

values and the increased costs of ore finding discussed in 

chapter 2. These reasons result in continued large growth rates 

for exploration and research expenses in the future. Growth 

factors used in the cost projection model ranged from 4 to 8 

percent per year, the lower value being for the firm that has 

been reducing its research and exploration effort recently. 

6. Interest expense; Due to the changing attitudes of mining 

companies toward debt financing, historical data are of little 

value in predicting future costs here. Two of the firms are 

presently carrying rather large amounts of long-term debt. It 

was assumed that these companies would maintain their current 

debt ratios and would therefore sustain no growth in interest 

costs allocated to a particular mine. 

The remaining two firms have historically pursued conser

vative financing policies by minimizing long-term debt liabili

ties. One of these companies has never used long-term debt 

in excess of 10 percent of its capitalization, and its current 

(1972) percentage is much lower than this. With a relatively 

large working capital reserve (net current assets exceeded 

$200 million in 1971), this firm was projected to return only 

to the 10 percent level mentioned above by 1982. This repre

sents about a 5 percent annual compound growth rate in interest 

expense. 
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The second company has recently adopted a more progres

sive financing policy, as long-term debt has increased from 

n i l  i n  1 9 6 6  t o  a b o u t  1 8  p e r c e n t  o f  i t s  c a p i t a l  s t r u c t u r e  i n  1 9 7 1 .  

It was assumed that this percentage would rise to about 25 per

cent by 1982, which would require an annual compound growth 

rate of nearly 4 percent. 

While annual growth rates of 4 and 5 percent were used for 

these two firms, actual long-term debt growth is usually a much 

more irregular step function. Consequently, although estimates 

for the terminal year should prove fairly accurate, values for 

the intervening years could be wide of the mark. 

Productivity Trends. From the U.S. Bureau of Labor Statistics 

(1971c) publication, Indexes of Output per Man Hour—Selected Indus

tries. 1939 and 1947-70. historic productivity information on crude cop

per ore was obtained. Productivity indexes are published for both 

production workers and non-production workers in copper ore mining. 

Non-production workers include clerical and technical employees, most 

salaried personnel, and others not directly involved in production ac

tivities. Statistical regression trends (see Table 15) from these data 

were used to project future values under the alternative of continuation 

of historical trends. The production worker series was used for operat

ing and maintenance labor and the non-production worker index for 

supervisory personnel. 

Trends in Operating Parameters. Every mine has some latitude 

in selecting an ore grade and stripping ratio for a particular year. Over a 
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longer period, however, higher metal prices have permitted the economic 

extraction of lower grade ores, and pits do become deeper; that is, ore 

grades have been declining and stripping ratios increasing. Three of the 

four mines studied have indeed milled progressively lower grade ore over 

the past several years. Two of these three also have sustained increas

ing stripping ratios (the stripping ratio at the third mine has remained 

nearly constant). These trends were then projected into the future. The 

fourth mine will experience a slightly increasing ore grade and a con

stant stripping ratio over the next ten years. This information was also 

used in the model. 

Mill recoveries for two of the properties are relatively low and 

may well increase over the ten-year projection horizon. However, his

toric trends do not indicate improvement, so under the alternative of 

continuation of past trends, all mill recoveries were held constant. 

Subjective Estimates 

The most important cost elements in copper mining and milling 

are labor productivities and labor costs, both direct and indirect. Be

cause these items are so important and because management can in

fluence trends in these variables to some extent, mining executives 

commonly develop rather strong opinions on future trends of these items. 

These individuals tend to weight recent history much more heavily than 

earlier values, while regression analysis implicitly assigns equal 

weights to all time series elements. Although neither method is clearly 

superior, subjective estimates of labor costs and productivities by 

knowledgeable copper industry managers represent another possible out

come that can be simulated. 
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To this end, questionnaires were sent to 37 domestic opper 

mining executives, engineers, and administrators, soliciting their 

opinions on trends in labor costs and productivities over the next ten 

years. A copy of this questionnaire and accompanying letter are shown 

in Appendix C. Of the 15 respondents, 6 declined to give quantitative 

information. Data from the 9 remaining answers are tabulated below in 

Table 16. 

Table 16. Annual Future Growth Rates for Labor Costs and Productivities 
as Estimated by Industry Managers and Engineers 

Annual Percentage Increase 

Average Low High 

Productivity % % % 

Mine operating labor 3.2 1.5 6.0 

Mine maintenance labor 2.9 1.0 5.0 

Mill operating labor 1.9 1.0 3.0 

Mill maintenance labor 

00 • 

rH 1.0 3.0 

Costs 

Mine operating labor 5.1 2.5 7.0 

Mine maintenance labor 5.2 2.5 7.0 

Mill operating labor 5.1 2.5 7.0 

Mill maintenance labor 5.2 2.5 7.0 

The second alternative simulated, then, contained the average 

subjective cost and productivity estimates of these experienced industry 

personnel. Values of the remaining input cost elements are the result of 
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economic factors, many of which are not under the control of mine man

agement. It is unlikely that subjective estimates of these additional 

variables by such managers would be unusually perceptive, so that his

toric trends for these items were retained from the first outcome 

simulated. 

Sensitivity Analysis 

A common technique used in analyzing investment opportunities 

is sensitivity analysis, or determining the effect on the decision variable 

by changes in individual independent variables. Four separate sensitiv

ity analyses were performed here. For each, the basis for comparison 

was the alternative employing subjective labor cost and productivity 

estimates by copper industry personnel. 

Capacity Utilization. Prain (1971) pointed out that anticipated 

excess copper production over the next four years would disappear if the 

average level of capacity utilization dropped from 93 to 86 percent. This 

would, however, increase unit operating costs to the extent that fixed 

costs would be allocated to a smaller number of units. The sensitivity 

of the cost of future copper production to capacity utilization was de

termined by simulating he change mentioned by Prain for the four mining 

properties studied. 

Labor Costs. The effects of future copper production costs 

were determined for unusually high or low labor cost increases. With an 

expected annual increase of 5.1 percent for operating labor costs, the 

results of growth rates being 25 percent lower (3.825% per year) and 

25 percent higher (6.375% per year) were determined. Simultaneously, 
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maintenance labor cost growth was varied by + 25 percent from the base 

value of 5.2 percent per year. 

Power and Fuel Prices. One of the basic reasons why copper 

mining firms have been able to maintain a relatively low real price for 

copper metal in the face of declining ore grades has been the utilization 

of vast quantities of cheap energy. However, the widely publicized 

energy shortage forecast by many persons to materialize before the year 

2000 may boost energy costs to mining companies substantially. Power 

and fuel prices have remained very stable over the past decade, so his

toric data may not be relevant for the future. Therefore, the results of a 

50 percent increase in unit power and fuel prices rather than 0.2 and 

4.5 percent increases, respectively, as implied by historic trends, 

were determined. 

Variation in Operating Parameters. There is a significant mar

gin for error in estimating future ore grades, stripping ratios, and mill 

recoveries for three of the four mines studied. Future value for these 

variables are not publically available and are subject to change anyway 

due to new mining plans, metallurgical improvements, and general eco

nomic conditions. As this work is designed to assist managers in making 

sound decisions in regard to new mining investment, one important ques

tion to answer is how bad can things get for this proposed new mine. 

Such an analysis is consistent with the risk-aversion tendency of many 

managers (see Morris, 1964) who are as concerned with potential mini

mum returns on investment as with expected values. In the context of 

this research, the competitive position of the new mine can become 

seriously eroded if operating results become unusually good for existing 
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mining properties from a production cost standpoint. For this reason, 

technological parameters for the four mines were reexamined to see if 

they might take on more favorable values. Changes resulting from this 

examination are shown in Table 17. It is very unlikely that these four 

mines will achieve more favorable engineering parameters than those 

shown over the next ten years. Therefore, operating costs resulting 

from this simulation represent very optimistic conditions. 

Table 17. Changes in Operating Parameters to Reflect Optimistic 
Results at the Four Sample Mines 

Mine Changes 

A Ore grade: decline by only 0.05 percentage points 
rather than 0.10. 

Stripping ratio: decline by 0.15:1 rather than increase 
by 0.35:1. 

Mill recovery: tails loss cut by 18% rather than held 
constant. 

B Ore grade: decline by only 0.07 percentage points 
rather than 0.15. 

Stripping ratio: decline by 0.39:1 rather than held constant. 

C No changes made; operating results for next ten years are 
fairly well fixed. 

D Ore grade: decline by 0.05 percentage points rather 
than 0.09. 

Stripping ratio: decline by 0.56:1 rather than held con
stant. 

Mill recovery: tails loss cut by 29% rather than held 
constant. 
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Interpretation of Results 

The broad division of costs of copper production used in this 

study can be stated in the following relationship: 

price = operating costs + general expense + income taxes 

+ profit. 

Continued stable existence of the domestic primary copper industry re

quires the maintenance of this equality over the long run. However, it 

is entirely possible that an investment based on such long-run averag

ing processes could become a financial diaster due to the existence of 

a trough in the business cycle when the new plant comes on-stream. 

Thus, each of the possible future outcomes simulated were analyzed on 

three bases: cash operating break-even, overall break-even, and long-

run average profits. 

Break-even Analysis 

Conventional break-even analysis is a technique widely used 

by managers and financial analysts to determine the minimum operating 

level necessary for a given production facility to break even. Frequently, 

both overal and cash break-even levels are estimated in this manner. 

Figure 8 demonstrates the concept, and more detail can be obtained from 

Van Home (1968). 

The concept of break-even analysis used in this research dif

fers from the conventional method in two respects. First, allocated cor

porate costs are added to the fixed cost structure so that the two fixed 

cost levels are (1) fixed cash costs of operation, and (2) total fixed 

costs, including depreciation and corporate general expenses. Secondly, 
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Overall 
BreaKEven 

total fixed costs 

Cash Break-Even 

fixed cash costs 

Units Produced 

Figure 8. Conventional Break-even Analysis 
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for each simulation, the operating level is fixed and the revenue curve 

is adjusted to create the various break-even points. This is the reverse 

of the conventional break-even analysis method. This altered break

even procedure is shown in Figure 9. 

It should be noted that the linear revenue and cost relationships 

normally accompanying conventional break-even analyses are conceptual 

simplifications. Actually, these relationships deviate considerably from 

linearity at the upper end, that is, as output increases and production 

facilities become strained. However, these comments do not affect the 

revised break-even procedure used in this study inasmuch as this method 

is only concerned with single points on the cost and revenue curves. 

Cash Operating Break-even 

This is the most pessimistic situation where it is assumed that 

the price of copper will just cover cash operating costs. Actually, since 

the concern here is in estimating minimum copper price levels, this 

statement should be revised to read: what must the price of copper be in 

order for the four sample mines to break even on a cash basis. Below 

this point, the mines would, in theory, shut down, although if future 

prospects for profitable operation were bright, they might continue to 

operate. From time to time major mining operations do cease production 

due to excessive operating costs in relation to the prevailing market 

commodity prices. These occurrences are rare, however, and the prob

ability of this happening over a short period of time to all four of the 

mines analyzed is infinitesimal. 
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Figure 9. Modified Break-even Analysis as Used in the Pro
duction Cost Trend Model 
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Overall Break-even 

Overall break-even is used in this study to refer to the point 

at which revenue equals operating cost plus general expense. In other 

words, the mine would be covering total operating costs but would gen

erate no profit and therefore pay no income tax. As with operating break

even, overall break-even cannot be sustained over the long run on an 

industry-wide basis since the profit incentive for new capital investment 

is absent. 

One problem with overall break-even analysis is that some of 

the general expenses, notably research and exploration, have a tendency 

to drop drastically during low-profit years; that is, "normal" exploration 

and research expenditures would probably not have to be covered at the 

overall break-even level, and the break-even costs are therefore some

what high, as calculated. This is not a serious error, however, since 

allocated research and exploration charges seldom exceed one cent per 

pound of recovered copper. 

Long-run Average Profit 

The Notman method, mentioned earlier, was used to compute 

the costs of income taxes and required profits which, when added to 

operating costs and general expense, result in the economist's defini

tion of total costs of production. 

Borrowed from Notman was the observation that long-run aver

age profit equals 25 percent of the price of copper. While Notman (1935) 

assumed an effective income tax rate of 40 percent (see Prain, 1968), 

this was a worldwide average. In the United States the effective income 
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tax rates on mining companies are lower than 40 percent—due mainly to 

the minerals depletion allowance—and seem to average 25 to 30 percent. 

For the four mining companies studied, 10-year averages of effective tax 

rates were compiled from annual stockholder reports. These averages 

ranged from 25 to 34.5 percent and were subsequently used in the Not-

man average profit calculation. 

Notman (1935) defines profits (that average 25 percent of price) 

as earnings available for distribution to owners and creditors. Interest 

payments, then, are included in this "profit" and must not therefore be 

included in costs as they were for the overall break-even calculations. 

This adjustment was made for all Notman calculations performed in this 

study. 

The following summarizes the Notman method for determining 

i average copper prices. 

Let t = income tax rate and P = price of copper, 

then costs + income tax + net profit = P, 

but net profit = .25P, 

and net profit = gross profit x (1 - t) 

income tax = gross profit x (t) 

so net profit _ income tax 
(1 - t) t 

t 

income tax = (yrf) net Pro*it 

income tax = ( * ) (.25P) 

costs + = . 75P 

costs = P(.75 - [2^\) 
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p - costs (1 - t) 
(.75 - t) 

At the average tax rate of 40 percent used by Notman (1935) and Prain 

(1968), the long-run price of copper must equal approximately 1.71 times 

the production costs for the industry to satisfy investors and yet disallow 

extravagant profits. This approximates the equilibrium point in the free 

market system and includes the economist's definition of "normal profit." 

Computational Procedures 

A computer program was written for use on the University of 

Arizona's CDC 6400 to permit rapid simulation of each cost and produc

tivity trend alternative. In essence, the program computes each cost 

element, Cy, at time t + 1 from the corresponding value at time t in the 

following fashion. 

c« ( t+ " " c« ( t )  

where ^ij^t+ ^ = cost trend index for unit operation i and cost 
element j for year t+1, and 

Pij^t+ ^ = productivity trend index for unit operation i and 
cost element j for year t+ 1. 

Cost per ton of material moved or processed is then converted to cost per 

pound of recovered copper by considering stripping ratio, ore grade, and 

mill recovery for the mine in question and the year for which the calcu

lations apply. 

While over the long run all costs are variable, practical reali

ties of copper mining indicate that for a 10-year planning horizon some 

costs are nearly fixed and will not vary as a function of production rate. 

For mining, it was assumed that cost elements (13) through (17) (Table 8) 



are fixed, as are elements (12) through (16) for milling (Table 9). The 

total dollar amounts of these elements are not changed by variations in 

plant operating levels, so if a mine operates at a lower percentage of 

capacity, its cost per ton for these elements will increase. 



CHAPTER 7 

SIMULATION RESULTS 

Each of the possible future outcomes outlined in the preceding 

chapter was simulated with the copper cost projection computer program, 

and the various minimum copper price levels were determined. 

Continuation of Historic Trends 

Results of this alternative are shown in figures 10-12. Cash 

operating break-even points for the four mines currently range from 

26.32<r/lb of copper to 39.78£/lb. These limits would increase to 

38.63£/lb and 58.23<r/lb in ten years if the cost and productivity trends 

used are accurate. If depreciation and allocated corporate expenses are 

also considered, the range of break-even copper prices in ten years 

would be 42.04£/lb to 67.41<r/lb. When total costs of production are 

considered—including a required profit margin calculated by the Notman 

method—the required copper price ranges from 67.99^/lb all the way to 

$1.025/lb. If one uses the range midpoint as a very coarse measure of 

future copper prices, a copper price of 85<r/lb appears reasonable for 

ten years' time under the assumptions used in this alternative. This 

appears to be compatible with the 96£/lb worldwide average computed by 

Prain (1971) which includes many high-cost foreign producers. 

132 
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Subjective Estimates of Labor Cost 
and Productivity Trends 

Copper industry managers, engineers, and consultants—the 

source of the subjective estimates used here—feel that recent unusually 

large labor cost increases will continue over the next ten years. Copper 

production costs will therefore be greater than if the longer run historical 

cost trends used in the first alternative are repeated. Figures 13 through 

15 show that likely copper prices in ten years for this alternative are one 

to two cents per pound higher than in the first case. Even if an addition

al one cent per pound is added for higher labor costs in post-

concentrator operations, this difference is quite small, and a long-run 

average copper price of 85<r/lb again appears to be needed in 1982 to 

maintain stability in the domestic copper industry. 

Improved Operating Parameters 

This alternative assumed very optimistic ore grades, stripping 

ratios, and mill recoveries for three of the four mines studied. These 

changes produced significantly lower copper production costs, as shown 

in figures 16 through 18. Even here, however, the average equilibrium 

price for copper (midpoint of Notman range in ten years) is nearly 75<r/lb, 

53 percent higher than the current (August 1972) producer price of 49<r/lb. 

Sensitivity Analysis 

Operating Levels 

As shown in figure 19, a 7.5 percent reduction in mine and plant 

capacity utilization—equivalent to the 93 to 86 percent utilization change 

suggested by Prain (1971) to stabilize copper prices—results in about 
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a one-cent-per-pound increase (approximately 2 percent) in production 

costs. When required profit margins are included (figure 20), the long-

run average price of copper would be forced to increased by about 

1.5^/lb. With a combined annual production of over 600 million pounds 

of copper, the four mines would thus sustain an extra $6 million in costs 

by producing at the reduced level. 

Labor Costs 

The annual labor cost increase rate for mining and milling was 

varied by + 25 percent from the best estimates of industry personnel. For 

example, operating labor cost increases of 3.825 and 6.375 percent 

annually were simulated as well as the best estimate value of 5.1 per

cent. Table 18 shows the effects of such changes on the long-run aver

age copper price levels. A 25 percent change in growth rate for this cost 

element evidently produces about a 2 percent change in the required price 

of copper. 

Table 18. Results of Sensitivity Analysis with Labor Cost Growth Rate 
and Power and Fuel Costs 

Change in Long-run Average Copper Price 

25% Lower 25% Higher 50% Higher 
Labor Cost Growth Labor Cost Growth Power and Fuel 

Mine Rate Rate Cost 

A -1.35$/lb 1.52$/lb 1.60$/lb 

B -1.63<t/lb 1.79<r/lb 2.08<?/lb 

C -1,02^/lb 1.15<r/lb 1.88^/lb 

D - 2.36^/lb 2.60$/lb 2.11$/lb 
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Power and Fuel Costs 

The same illustration (table 18) shows that a 50 percent increase 

in fuel costs raised total production costs (and therefore required prices) 

by about 2$/lb (approximately 2.5 percent). This excludes (1) any sec

ondary effects of rising fuel costs that would appear in increased prices 

of supplies and (2) power and fuel cost increases in post-milling opera

tions. As a consequence, the above analysis underestimates the true 

importance of fuel costs in open-pit copper mining. 

Discussion of Results 

A number of interesting points arise from the simulation studies 

performed in this research. One surprising result is the relatively small 

leverage that large changes in labor and fuel costs exert on copper 

prices. Even though labor costs (including fringes) comprise from 24 to 

34 percent of mining and milling costs for the four mines, a 50 percent 

swing in the labor cost growth rate resulted in, at most, a 5 percent 

change in total costs. Again, the omission of changes in labor cost 

rates for smelting and refining causes some minor problems, but the fact 

remains that total costs are levered surprisingly little by likely labor 

cost changes. It can be argued that the range of growth rates considered, 

3.825 to 6.375 percent, is still too narrow, but this range encompasses 

seven of the nine questionnaires returned by industrial personnel and 

four of the five most recent actual annual labor cost increase. These 

limits might correspond roughly to 80% confidence limits based on this 

admittedly meager information. 

Fuel price changes also show a smaller influence on copper 

prices than anticipated, although, as noted above, this effect has been 



slightly underestimated. Still, a totally unprecedented 50 percent in

crease in fuel prices over the next ten years would probably not influence 

copper prices by more than 4 percent. Lacy (1971) points out that the 

relatively small leverage displayed by power and fuel prices on copper 

production costs will be a significant advantage to copper in its future 

competition with aluminum, an exceptionally larger consumer of power 

in the extraction phase. 

The main reason that large changes in the variable cost items 

discussed above do not generate substantial percentage changes in total 

copper production costs is the large and growing fixed cost level in open-

pit copper mining and milling. Costs of taxation and depreciation are 

particularly high. 

The importance of fixed costs is demonstrated in the alternative 

where reduced capacity utilization is simulated. A rather small 7.5 per

cent reduction in throughput results in a one- to two-cent-per-pound 

increase in required copper prices. This cost increase is an interesting 

number because it is a quantitative measure of the cost of attempting to 

stabilize copper prices in this fashion as suggested by Prain (1971) and 

Parkinson (1970). Operating at reduced rates would provide the type of 

excess capacity that was unavailable during the late 1960's to meet sud

den surges in demand, surges that drove copper prices to all-time high 

levels during that period. There are many reasons, however, why the 

copper industry will probably not maintain a significantly larger reserve 

capacity in the future. Primary among these is the fact that while the 

costs of such action are very real and tangible, the benefits are much 

more difficult to quantify. Secondly, the industry will not, and cannot, 
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act in concert on such issues, so that firms maintaining larger reserve 

capacity would be adopting a weaker competitive position. Finally, as 

discussed in the first chapter, capital costs of new production facilities 

are rising very rapidly in copper mining, so the costs of maintaining 

spare capacity are experiencing a similar rise. On balance, it appears 

unlikely that the copper industry will plan future operations at a lower 

level of capacity utilization. 

At the present time (August 1972), the domestic copper mining 

industry is experiencing rather weak market conditions as a result of 

overall reduced economic growth in the country in the past eighteen 

months. The domestic producer price for copper was recently reduced 

from about 52<r/lb to 49<r/lb and producers' stocks are at a fairly high 

level. Some large mining operations, including Anaconda's Twin Buttes 

mine and Duval-Sierrita Corporation sustained operating losses during 

1971, and Duval's Esperanza mine was temporarily closed due to weak 

copper and molybdenum prices and to insufficient smelting capacity. 

Referring to figures 11 and 12, it can be seen that all four mining opera

tions analyzed are presently operating above their overall break-even 

points with a copper price of 49£/lb, but only Mine A is earning the re

quired Notman average profit. From these same figures it appears that 

the current long-run average copper price should be about 57^/lb for 

domestic open-pit producers. 

The analogous market position for the industry ten years hence 

would find the price of copper at about 71<r/lb under similarly depressed 

conditions, with the long-run average copper price being at the afore

mentioned 85£/lb level. 
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In selecting a copper price for evaluating new copper mining 

investments, Case III, which has improved operating parameters for the 

four properties studied, presents a most important outcome to risk-

averting managers. Even here the long-run average copper price should 

exceed 70<r/lb in ten years, although temporarily depressed conditions, 

such as exist at the present time, might force the price down to about 

61^/lb. This second situation, however, represents the type of com

pounded conservatism that has resulted in a number of missed oppor

tunities by several mining companies in the past. 

All of the foregoing analyses and discussion indicate that a 

ten-year copper price of at least 70<r/lb would be appropriate for new 

mine profitability studies. This price is moderately conservative in that 

it falls well below the estimated long-run average price for 1982 but is 

not so excessively conservative that virtually all risk is removed. How

ever, if the new property shows acceptable profitability based on 70$ 

copper in ten years, it would require a rapid and unprecedented major 

structural shift in the domestic copper industry to cause continued 

operating losses at that property. 

Finally, it is important to note that the evaluation price of 

70<r/lb for copper is advocated for 1982. If 1972 cost figures are being 

used in the financial analysis, this price must be deflated to be on a 

comparable basis. The estimation of an inflation factor for the next ten 

years is obviously a difficult task and is best left to individual analysts. 



CHAPTER 8 

SUMMARY AND CONCLUSIONS 

Although it was one of the earliest engineering degrees offered 

at the university level, mining engineering has experienced an extensive 

metamorphism from its dominant technical position in the last half of the 

nineteenth century. Progressively fewer areas of technology have re

mained unique to the profession. The increasingly sophisticated tech

nology employed at the mine site now demands specialists where the 

mining engineer once was satisfactory. One traditional area that will 

always lie in the mainstream of mining engineering, however, is the 

valuation of mineral deposits and mining ventures. Rogers (1969, p. 36) 

states: 

Yet the whole business of exploitation comes back eventually 
to fundamental problems in assessment, that is the quantity 
and grade of ore and the revenue obtainable from it, and the 
cost of equipping the mine and working it. Only when answers 
to these problems have been supplied by the mining engineer 
can the enterprise be considered and the whole edifice estab
lished. 

This study is directed to the development of a better approach to this 

basic problem of mine assessment. 

Objective and Procedure 

The objective of this research was to develop a better method 

for handling uncertainty in future mineral prices in the evaluation of 

mining investment proposals. The technique used is to prepare detailed 

future production cost estimates for existing (that it, competitive) mines 
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to determine what future mineral prices are required for these mines to 

maintain various levels of profitability. If the decision maker is willing 

to accept the cost projection assumptions and accept that a radical 

downward shift in demand for the mineral will not occur, these levels 

represent minimum price levels for the commondity considered. The 

specific commodity analyzed in the study is copper, the emphasis being 

on the United States open-pit copper mining industry. 

Results 

Based on a representative sample of four mining operations 

comprising a wide spectrum of operating costs, a refined copper price 

of 70«r per pound ten years in the future is a rational value for use in 

copper mining profitability studies. This value is lower than the long-

run average 1982 price of 85<r/lb required to maintain a stable invest

ment climate in the industry but recognizes that short-run prices 

frequently drop below this average. As such, the 70£/lb price provides 

adequate protection against most unfavorable market disturbances and 

is therefore consistent with the risk-averting nature of many mining in

dustry executives. 

Conclusions 

Any research based on cost analysis runs the risk of having 

only transitory value. Cost data quickly become obsolete and updating 

is often as difficult as preparing completely new estimates. The value 

of this dissertation hopefully goes considerably beyond the estimation 

of minimum copper price levels in 1982. Some points of more lasting 

value are discussed below. 
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Price Forecasting with Econometric Models 

For the ten-year planning horizon selected in this study, econ

ometric models are rejected as a valid procedure for predicting copper 

prices. Accurate one-to two-year price forecasts appear to be achiev

able with such models, but the imponderables totally overwhelm the 

predictables over a ten-year period. For example, a mere four years 

before the beginning of World War II and the following materials short

ages, Notman (1935, p. 35) noted "there is no present shortage of supply 

/of coppei7, and no prospect of one for several decades to come." Simi

larly unpredictable events in recent years include the magnitude of the 

Indo-China war, severe domestic inflation in the late 1960's, and na

tionalization of the Chilean copper mines. 

The important conclusion from this is that large expenditures for 

long-term statistical price forecasting models for primary commodities 

are unjustified. 

Operating Cost Estimation 

Because mine evaluation is such an integral part of mining en

gineering, there is a definite demand for accurate mining costs for var

ious types of operations. Much has been published in the past on this 

topic, but costs have been much more closely guarded by operators in 

recent years. Thus, it is a notable conclusion of this work that open-pit 

mining costs can be estimated quite accurately using only publically 

available information, albeit information that may require a moderate 

amount of searching to uncover. Milling costs are judged to be some

what more difficult, but estimates within + 10 percent of actual costs 

should be achievable by experienced personnel. 
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Long-run Price-cost Equality 

An appreciation for the economists' general concept of the long-

run equality of prices and production costs (including normal profits) 

should be acquired by the reader. In a competitive market, if prices 

exceed this long-run level, profits earned will be exceptionally high 

and new investment capital will be attracted to the industry. The result 

will be expanded production and lower prices—the process continuing 

until long-run average profits (that is, investors' minimum required re

turn on invested capital) are achieved. The reverse of this process is 

set in motion when profits drop below total production costs, with nor

mal profits again tending to be restored over the long run. 

Neither econometric models nor the production cost model used 

in this study can accurately predict short-run price fluctuations several 

years in the future because of the importance of unpredictable external 

effects. These externalities can be in the form of rapid social, tech

nological, or political changes. Thus, in a competitive market the 

analyst has only long-run average prices left to work with, and these 

prices must include the investor's required rate of return—again on the 

average. This view not only gives the analyst a better feel for the long-

run average price at some point in the future, but, when combined with 

break-even analysis, the result is a guide to how low the price might 

drop over the short run. 

Suggested Further Research 

Some related topics that seem to offer fruitful avenues for further 

research in this area are discussed briefly below. 
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Multiple Linear Regression Cost Analysis 

In a detailed paper, Rogers (1969) related his experience with 

cost estimation for South African gold mines. He discusses the remark

able linearity between operating costs and various technical operating 

parameters at some of these mines and suggests the following possible 

cost model: 

C = f(tm, tp/ f, g) 

where C = costs per unit time 

tm = tons mined 

tp = tons of product 

f = feet of development 

g = gallons of water pumped. 

A similar relationship may well exist for copper ore mining and 

milling operations whereby a reasonable estimate of operating costs 

could be made strictly from a few readily available operating parameters. 

A first step in such a project should probably be the develop

ment of more data points (that is, cost estimates for additional mines). 

Refined Input Data 

Two areas that deserve a closer examination from a cost stand

point are post-concentrator costs and depreciation charges. 

The largest components of post-concentrator costs are smelting 

charges, and future smelting charges are very uncertain at the present 

time. Nonetheless, a cost model could be developed for convetional 

smelting that could accommodate added pollution control facilities in the 
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future. This would permit more reliable sensitivity analyses on such 

items as labor and fuel costs. 

While there seems to be no better way to allocate most cor

porate expenses without access to the firms' accounting records, de

preciation expenses might be more accurately determined by examining 

the company's 10K reports on file with the Securities and Exchange 

Commission in Washington, D.C. Among the information contained in 

these reports is a detailed breakdown of depreciation expenses as re

ported in the annual report to stockholders. 

Leach Copper Model 

There is much evidence the hydrometallurgical copper produc

tion will capture a progressively larger share of total production in the 

future. Obviously, the operating and cost structures for such a facility 

are radically different from those for conventional mining and milling 

operations. Among other items, leach copper facilities do not sustain 

high shut-down and start-up costs and may not be as capital intensive 

as the other operations. This is particularly true of in-place leaching 

which is receiving much attention today. 

For the above reasons a cost model of leach copper production 

operations would be interesting to compare with the cost model developed 

in this study. Over the next several decades leach copper production 

could have a major impact on copper prices. 



APPENDIX A 

HEDGING AND SPECULATING 

One of the most valuable services offered by commodity mar

kets throughout the world is futures trading, the buying and selling of 

contracts for forward delivery. Futures trading offers a degree of protec

tion against price fluctuations to the buyer or seller but also facilitates 

the destabilizing activity of speculators. Hedgers take opposite posi

tions in the cash and futures markets, seeking only to minimize risks 

due to oscillating prices. Speculators, however, occupy net long or 

short positions in the futures market and are motivated only by the profit 

potential of their transactions. 

There are two basic types of hedges—the selling, or short 

hedge, and the buying, or long hedge. In the selling hedge, a sale in 

the futures market is used to protect against a price decline of an iden

tical quantity of metal purchased in the cash market. Example 1 demon

strates such a transaction. 

Example 1 

Situation: A London metals merchant has contracted to deliver 
200 tons of copper wirebars to a customer in 60 days at the 
LME cash price prevailing at that time. The merchant, how
ever, has already purchased 200 tons of South American wire-
bars at the current price, so that if the copper price declines 
in the next two months, the merchant may lose money on the 
deal. 

With a forward hedging sale the merchant can acquire some protection 

against such price movements. This can be seen from the following 
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transactions: 

Day 1: Purchased 200 tons of south American wirebars 
at 4420 per ton 

cost: -684,000 

Day 1: Sell 200 tons of wirebars forward 
at 4417 per ton 

receipt: 483,400 

Day 60: Sell 200 tons of wirebars to original customer 
at 4415 per ton 

receipt: £>83,000 

Day 60: Cancel hedge with purchase of 200 tons of 
wirebars at 4415 per ton 

cost: 483,000 

Thus, the merchant lost41,000 on his original transaction but 

made 4400 on his hedge, cutting his net losses to4600. 

The buying hedge works in a similar manner but protects the 

buyer against a price rise. This is illustrated in example 2. 

Example 2 

Situation: A copper fabricator has received an order for 150 tons of 
copper wire for delivery in 90 days based on the copper wirebar 
price prevailing at the time the order was placed. Fabrication 
must begin in 60 days to meet the above delivery, but if the 
fabricator waits 60 days to purchase the raw materials (wire-
bars) he stands to lose money if copper prices rise in the inter
vening period. He can hedge against such an outcome by 
purchasing for forward delivery. 

Assume that the spot price for copper wirebars on Day 1 is 4430 per ton 

(the basis for the ultimate copper wire sales) for the following transac

tions: 

Day 1: Purchase forward 150 tons of copper wirebars 
at 4427 per ton 

cost: 464,050 

Day 60: Cancel hedge with forward sale of 150 tons of 
wirebars at 4430 per ton 

receipt: 464,500 
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Day 60: Purchase 150 tons of wirebars on the cash 
market for 4433 per ton 

cost: 464,950 

Therefore, although the fabricator paid an extra 4450 for the copper ac

tually used, he balanced this with a profit of4450 on his hedge. 

The above examples are idealized situations based on the 

assumption that cash and futures prices will move in the same direction. 

While this must be true over the long run, it is not necessarily so over 

the short run. For this reason, some risk does remain in hedging transac

tions, although it is far less than for unhedged trading. 



APPENDIX B 

HISTORICAL COST AND PRODUCTIVITY TRENDS 

IN COPPER MINING 
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Productivity Productivity 
Production Non-production 
Workers Workers 

Crude Ore Crude Ore Electric Industrial 
Copper Ore Copper Ore Power Chemicals 

Mining Mining Cost Cost 
Year (1957-59=100) (1957-59=100) (1957-59=100) (1957-59=100) 

(1) (2) (3) (4) 

1947 61.8 108.3 
1948 59.5 107.0 
1949 61.0 96.3 
1950 72.9 112.6 84.0 
1951 72.5 107.1 81.8 
1952 76.1 104.1 93.1 
1953 72.0 93.6 95.1 
1954 74.7 84.2 95.1 
1955 84.0 98.2 95.6 
1956 85.4 104.0 98.2 
1957 93.6 101.2 99.9 
1958 103.3 98.9 100.4 99.9 
1959 105.3 99.8 100.8 100.2 
1960 107.9 115.3 101.9 100.5 
1961 110.4 138.6 102.4 98.4 
1962 120.3 156.8 102.8 96.3 
1963 119.7 168.6 102.0 94.8 
1964 131.4 178.7 101.1 94.2 
1965 129.1 188.3 100.8 95.0 
1966 131.1 189.1 100.3 95.7 
1967 123.7 118.4 100.7 97.4 
1968 135.7 146.8 101.6 98.4 
1969 143.9 190.3 102.7 97.7 
1970 150.3 192.7 105.5 98.3 
1971 

Data for (1) and (2) from Indexes of Output per Man Hour— 
Selected Industries 1939 and 1947-70 (U.S. Bureau of Labor Statistics, 
1971c). 

Data for (3) and (4) from Handbook of Labor Statistics —1970 
(U.S. Bureau of Labor Statistics, 1971b). 
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Construction 
Machinery 

Average Hourly and 
Rubber Earnings Equipment 

Explosives Products Production Cost 
Cost Cost Workers Index 

Year (1957-59=100) (1957-59=100) SIC 102 (1957-59=100) 
(5) (6) (7) (8) 

1947 $1.30 
1948 1.43 
1948 1.48 
1950 1.57 67.2 
1951 1.66 74.5 
1952 1.84 75.6 
1953 1.96 77.9 
1954 2.01 79.3 
1955 2.13 82.6 
1956 2.25 89.5 
1957 97.8 2.34 96.3 
1958 99.8 2.39 100.1 
1959 102.5 2.48 103.6 
1960 105.5 2.63 105.8 
1961 108.3 2.73 107.5 
1962 108.5 87.1 2.82 107.8 
1963 112.4 90.1 2.89 109.6 
1964 111.9 89.0 3.04 112.4 
1965 111.5 90.0 3.15 115.3 
1966 109.7 93.3 3.22 118.9 
1967 112.5 96.0 3.26 123.2 
1968 114.6 98.7 3.44 130.2 
1969 118.0 98.2 3.65 135.5 
1970 120.0 104.8 3.93 141.4 
1971 4.16 

Data for (5), (6), and (8) from Handbook of Labor Statistics — 
1970 (U.S. Bureau of Labor Statistics, 1971b). 

Data for (7) from Employment and Earnings —1909-70 (U.S. 
Bureau of Labor Statistics, 1971a) and Employment and Earnings (U.S. 
Bureau of Labor Statistics, 1972). 
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Refined Starting 
Petroleum Mining Copper Salaries 
Products Machinery Ore Grade B.S. Degree 

Cost Cost in U.S. Engineers 
Year (1957-59=100) (1957-59=100) (%) ($/mo) 

(9) (10) ( I D  (12) 

1947 0.90 
1948 0.92 
1949 0.91 
1950 87.0 0.89 
1951 93.8 0.90 
1952 75.6 0.85 
1953 94.6 0.85 
1954 92.2 0.83 
1955 94.0 0.83 
1956 99.3 0.78 
1957 106.4 0.77 
1958 97.0 0.79 
1959 96.5 0.74 
1960 97.6 0.73 
1961 93.3 0.75 
1962 98.2 108.4 0.75 
1963 97.2 109.1 0.74 590 
1964 92.7 If 0.5 0.73 620 
1965 95.9 113.3 0.70 640 
1966 99.5 116.8 0.67 680 
1967 102.2 120.3 0.63 740 
1968 100.3 124.4 0.60 790 
1969 101.8 127.9 0.60 850 
1970 103.2 132.5 0.59 905 
1971 920 

Data for (9) and (10) from Handbook of Labor Statistics—1970 
(U.S. Bureau of Labor Statistics, 1971b). 

Data for (11) from Mineral Yearbook (U.S. Bureau of Mines, 
1951, 1954, 1959, 1964, 1969, 1970). 

Data for (12) from Hughson (1971). 



APPENDIX C 

QUESTIONNAIRE USED IN OBTAINING SUBJECTIVE 

ESTIMATES OF LABOR COSTS AND PRODUCTIVITIES 

Questionnaires were sent to 37 copper mining executives, 

engineers, and administrators soliciting their opinions on trends in 

labor costs and productivities over the next ten years. 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8 5 7 2 1  

COLLEGE OF MINES 

DEPARTMENT OF MINING AND 

GEOLOGICAL ENGINEERING 

Hay 10, 1972 

We are conducting research here in the Department of Mining and 
Geological Engineering on cost trends in copper ore raining and con
centrating in the U. S. Our objective is to resolve some of the 
uncertainty in future metal prices thereby enabling us to make more 
reliable evaluations of new mining ventures. One important source 
of information about cost and productivity trends in the future is 
the subjective estimates of senior managers and engineers in the 
copper industry. It is for this reason that we are soliciting your 
assistance. 

Accompanying this letter is a form listing several cost and 
productivity categories. For each of the items listed we would like 
your best estimate of its future trend over the next 10 years. For 
example, if you feel that mine maintenance labor productivity will 
improve at, say, 2% per year, enter 2% in column one. Alternatively, 
you may feel that a more irregular trend is likely and wish to esti
mate individual years by entering, say, 102 foT 1973, 105 for 1974, 
106 for 1975, and so forth (1972 = 100). Please estimate in current 
costs for the particular year making no allowance for inflation (i.e. 
do not deflate the cost estimates). 

Also listed on the form are some cost and productivity trends for 
similar items as reported by the federal Bureau of Labor Statistics. 
These data may or may not be helpful in estimating future trends. 

Thanks very much for your help in this study. Even though indivi
dual replies should represent industry-wide trends your response will 
be treated confidentially. However, a final report on this research 
will be presented — most likely at the 11th Symposium on Computer 
Applications in Mining in Tucson, during April of 1973. 

Very truly yours 

Thomas J. O'Neil 

TJO f 
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Productivity - Crude ore 
(output/nan !ir.) 
*(production workers) 

(1957-59 • lOfl) 
Productivity - crude ore 
(output/nan hr.) 

••(non-prodnction workers) 
(I!I57-1!»5!» • 100) 

Av^. Hourly naming ^ 
(production workers) 
(currcnt dollars) 

•operations and maintenance 
••salaried 

Productivity • crude ore 
(nine operations labor) 

Productivity - crude ore 
(nine maintenance labor) 

HISTORIC PRODUCTIVITY AND COST TRENDS 
COPPER ORE MINING 

(Source: U. S. Bureau of Labor Statistics) 

1957 10S8 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 

93.6 103.3 105.3 107.9 110.4 120.3 119.7 131.4 129.1 131.1 123.7 13S.7 143.9 

101.2 98.9 99.8 115.3 138.6 156.8 168.6 178.7 188.3 189.1 118.4 146.8 190.3 

' 2.34 2.39 

constant 
annual 
increment 

2.48 2.63 2.73 2.82 2.89 ,3.04 3.IS 3.22 3.26 3.44 3.65 3.93 

FUTURE TRF.N0 ESTIMATES 

(1972 - 100) 

or 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 

Productivity - crude ore 
(concentrator op'ns. labor) 

Productivity - crude oro 
(concentrator naint. labor) 

Labor Cost/nan hr. 
(aininp.-op'ns.) 

Labor Cost/man-hr. 
(nininr.-naint.) 

Labor Cost/nan hr.) 
(conccntrator-op*ns. 

Labor Cost/nan hr. 
(conccntrator-naint.) 
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