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ABSTRACT 

A comprehensive methodology is developed in this study to assess the scarcity of 

nonrenewable natural resources. The commodities examined in the study are: aluminum, 

copper, lead, zinc, tin, molybdenum, stee~ oil, and coal. Multivariate state space and extensive 

learning model methods are used to project real prices of mineral resource products to the 

year 2011. The methodology is conceived in multivariate dimension to accommodate 

economic theory of price formation; namely price of a commodity is dependent on prices of 

complement and substitute products in equilibrium market conditions of supply and demand. 

Contrary to previous studies which examined each commodity price separately, this study 

employs simultaneous forecasting of economic variables theorized to be determinants of 

commodity prices. The multivariate state space technique uses annual data and thus focuses 

implicitly on disaggregated economic relations. The extensive system of learning models uses 

cumulative data, and thus focuses on major trends and patterns in economic relations. These 

techniques are used to assess economic scarcity of mineral resources by means of "holistic" 

forecasts of commodity price trends. 

On the basis of projected trends to the year 2011, the study found that all commodities 

prices are either declining or flat; thus indicating a general failure to support a claim of 

increasing scarcity of mineral resources. However, observation of the entire price series for 

some commodities reveals increasing trends in prices, and thus increasing economic scarcity. 

Conflicting scarcity signals are examined, interpreted, and qualified in light of 

economic realities of each commodity market, such as the possible influence of market 

structure and non-market forces interferences on price trends. 



CHAPTER ONE 

INTRODUCTION 
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The future availability of exhaustible natural resources has been a concern among 

scholars and decision makers alike. This issue has been mostly discussed from the scarcity 

viewpoint of natural resources. Statements such as running out of oil, or so many years of 

coal left, have been present in the literature on natural resource scarcity for many years. The 

emphasis on the issue seems to be on the future availability of resources. 

Although nonrenewable natural resources are indeed physically bounded to the extent 

of their presence in the earth crust, scarcity is here considered in an economic sense. Thus, 

the concept of physical scarcity is not to be confused with that of economic scarcity, the latter 

being defined by cost or price. When real prices of mineral commodities are used as an index 

of scarcity for natural resources, their trend may, under specific circumstances, be considered 

an indicator offuture scarcity. Although real prices of mineral commodities have been used 

in previous studies to predict future scarcity or availability of natural resources (Barnett and 

Morse, 1963, and Smith, 1978), this study differs from them in some important ways, which 

are described below. 

First, time series of mineral prices exhibit strong cyclical patterns, and these patterns 

compound the delineation of long-term trend. Moreover, trend may be a stochastic instead 

of a deterministic component of the series. Therefore, analytical methods must deal with both 

cyclicality and the presence or absence of trend. Methods of time series analyses used in this 

study are well suited to modeling cyclicality, but trend, particularly nonstochastic trend 

presents complications. On the other hand, pattern recognition methods favorably exploit 

nonstochastic trends, but forecasting is complicated by stochastic trend or strong cyclicality. 

Since these two methodologies differ so greatly, with the strength of one being the weakness 

of the other, price trends will be analyzed by both methods. 

The effect of substitute and complement products on prices dictates a priori a 
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multivariate approach to projecting mineral commodities prices to the future. Thus, prices of 

commodities that are substitutes are forecasted simultaneously to accommodate important 

dependencies. Otherwise, a declining trend may incorrectly be ascribed to increasing 

abundance instead of substitution of a preferred good. 

Basically, this study is devised to forecast mineral commodity real prices by taking 

into account both trend in price series and the economic aspects of their markets, as supply, 

demand, and substitutes and complements products affect their price formations. Implications 

of resources scarcity are then drawn based on price forecasts and economic of commodity 

markets. 

This study is structured in seven chapters as follows. Chapter one provides an 

introduction and states the goal and objective of the study. Review of previous work, 

statement of the problem and the hypothesis to be tested by the study are included in the first 

chapter. The methodology of the study is de-leloped in chapter two. Chapter three covers the 

forecasting of prices by state space methods. Forecasting of prices by extensive learning 

models is presented in chapter four. An overview of the issues of natural resources scarcity 

is covered in chapter five. Chapter six summarizes major trends of mineral commodity prices 

in light of their respective markets and price forecasts. Conclusions and discussions of results 

are presented in chapter seven. 

1.1 Statement of the Problem and Hypothesis 

Given stochastic mineral commodities price series, how can one predict(forecast) 

future availability of natural resources by examination of their price trends? What kind of 

analytical tool should be used to rationally forecast future prices from historic prices of 

mineral commodities? Should market characteristics of price formation and effects of supply, 

demand, and the availability of substitutes and complements products be incorporated in a 

study of future behavior of mineral prices? These are important questions, because their 
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answers influence methodology and the interpretation of results. 

The hypothesis to be tested by the study can be stated as follows. Are mineral 

resources becoming scarcer? This hypothesis is tested based on the trend behavior of 

projected prices to the year 2011. A decreasing trend will definitely not support increased 

scarcity of mineral resources. An increasing trend will signal increasing scarcity of mineral 

resources, everything else being equal, e.g. no monopoly or quasi rents in price. 

The hypothesis is tested in different segments of the study. Each segment is devised 

to either capture specific market characteristics or to allow for the use of a particular 

analytical method. A general conclusion with respect to the hypothesis test can be drawn only 

when all specific and subtle forces affecting mineral price behavior are identified and 

accounted for. 

1.2 Goal, Objective and Limitations of the Study. 

The primary goal of the study is to investigate mineral resource scarcity by forecasting 

real prices of selected mineral products. Multivariate forecasting techniques are applied to 

historic prices to predict their future trends. Scarcity of mineral resources is studied 

analytically in detail to assess future availability of resources. 

The objective of the study is to forecast mineral commodity prices and thus to observe 

their trends and make conclusions about their scarcity. Analytical methods appropriate to the 

nature of price series are used to achieve the objective. Results of the forecast exercise are 

interpreted regarding the availability of mineral resources in light of economic characteristics 

of their markets. If data were to permit, all analyses would be based upon world market 

quantities and prices. But, as requisite data are limited, the focus is on the United States 

although increasing import and export activities has created a more global market since the 

mid 1960's. When data permit, the study is extended to the world at large. Models developed 

for the forecasting of mineral commodity prices are based on economic theory relating to the 
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respective markets of the commodities. Incorporation of mineral economics theory to devise 

multivariate forecast models is important in achieving the objective of the study. 

Limitations of the study are mainly due to availability of data. Everything else being 

equal, extension of the analysis to the entire world in general and to specific regions having 

strong economies and mineral sectors would make the results more general and be a stronger 

test of the scarcity hypothesis in the current study. However, since testing the hypothesis 

requires credible economic and statistical analyses, the choice was made to restrict analysis 

to those circumstances which define a market and for which credible data are available. 

1.3 Review of related work. 

The issue of future availability of exhaustible natural resources has been investigated 

by some scholars from two perspectives. The first perspective looked at past behavior of real 

prices of mineral resources and past trends of the ratio of exhaustible resource prices to 

renewable resources to assess scarcity of resources ( Herfindah11959, Barnett and Morse 

1963, Barnett 1979). The second perspective observed historic real prices of mineral 

resources, modelled them, and then forecasted them to the future (Smith 1978, Slade 1982, 

Berck and Roberts 1991). Forecast trends of price were then interpreted as either declining, 

steady, or increasing; the latter being taken as evidence of scarcity. Studies in both 

perspectives were univariate, meaning each commodity was analyzed separately. 

Herfindahl (1959) studied the behavior of costs and prices in the copper industry from 

1870 to 1957. Prices of copper were deflated by the wholesale price index to yield real prices. 

Overall, the author found a stable trend for real copper prices; thus, he concluded that a threat 

of increasing difficulty in finding natural resources products should not be of imminent 

concern, at least to the copper industry. 

Barnett and Morse (1963) presented a seminal work on the issue of scarcity and 

growth. Their study is a landmark on the inquiry about economic scarcity of natural 



22 

resources. The authors developed some scarcity indexes, such as the unit cost measure of 

mineral resource production, the real price of natural resource-intensive products, and the 

rental rate of natural resources. These indexes were based on available historic data, and their 

trends were observed and interpreted. The authors concluded that for the extractive sector 

there was no evidence of increasing trend of any of the indexes. 

Barnett (1979) reviewed and supplemented earlier findings of the Barnett and Morse 

(B-M) seminal work (1963). He discussed the evidence of non scarcity in the United States 

since 1957. Then, the earlier analysis was extended to some other regions in the world. Finally 

Barnett elaborated on the impact of environment factors on natural resources scarcity. 

Overall, he reiterated his support for earlier findings ofB-M; namely "For the United States 

in the period from the Civil War to 1957, the evidence denies the doctrine of increasing 

economic scarcity in agriculture, minerals, and the aggregate of extractive sectors." 

(Barnett, 1979; page 164). His results were drawn from the same framework of analysis as in 

B-M. One extension he made was to fit linear trend models to real prices. 

Smith (1978) evaluated the B-M methodology for implications of natural resource 

availability. The three scarcity indexes used by B-M were evaluated for their consistency in 

signaling economic scarcity of natural resources. The author fitted a linear regression equation 

to deflated prices of natural resources. The data set used by Smith was from 1900 to 1973. 

In his conclusion he noted there were no discernable trends to support the B-M findings. The 

author cautioned that conclusion on the scarcity of natural resources should not be based on 

empirical evidence only. The entire study was based upon univariate trend analysis. 

Slade (1982) studied the trend of real prices of mineral commodities. Data used in the 

study covered the years 1870 to 1978. The author fitted linear and quadratic equations to the 

data. She concluded that the quadratic equation depicted better the trend of real prices. The 

fitted curves, according to the author, were V-shaped and their minimum was reached in the 

late 1960's. Accordingly, the author concluded that mineral resources have become scarcer. 

Berck and Roberts (1991) examined the price behavior of natural resources. They 
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used a data series covering 1870 to 1991 for nine mineral commodities. Prices were deflated. 

The authors chose a time series method referred to as an autoregressive integrated moving 

average (ARIMA) to model the price process and to forecast it. They concluded that the real 

prices of semi-processed natural resources will increase. In this study commodities prices 

were analyzed individually, in other words univariate analyses were performed on each 

commodity price series. Though these authors used an adequate analytical tool ( time series 

analysis) to deal with the data, they did not consider dependencies between prices of 

commodities groups, which requires a multivariate framework of study. 

All related works to forecasting or interpreting historic trends of mineral commodities 

prices were undertaken in a univariate framework of analysis. None of them extended the 

analysis to take into account the economics of price formation: namely, effects of availability 

of substitutes and complements products, equilibrium of market forces of demand and supply, 

and effects of market structure and nonmarket interferences. Incorporation of such 

considerations necessitates a multivariate analysis of price behavior and forecasting. 

1.4 Data. 

The data used in this study have been compiled from various sources. Given the 

objective of the analysis, consistency of definition of the mineral commodities products is 

essential. That is to say, the product for which price or quantity data are analyzed must be 

standard and uniform. However, as technologies develop, the consistency of the products for 

natural resources has varied slightly over time. Thus commodities are chosen for the study 

to keep the variation in their uniformities to a minimum in order to avoid biased results. Other 

considerations affecting the choice of data in this study are the following: 

1. Availability of data series for a period of at least ninety years from 1900 to 1990; 

2. Inclusion of commodities that according to their geochemical concentration in the earth 

crust range from the relatively more abundant elements, such as aluminum, iron, to the more 
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scarce elements, such as copper, molybdenum and tungsten; 

3. Economic importance of energy commodities, such as crude oil and bituminous coal; 

4. Substitutability and complementarity characteristics of commodities in end uses markets. 

The mineral commodity products chosen for the study are the following: 

1. refined aluminum, as traded on both the London Metal Exchange and by producers; the 

price series for aluminum is annual price of aluminum ingot having a purity of at least 98.0 

percent; 

2. refined copper, as traded on the London Metal Exchange and by the North American 

producers in either wire bars or cathode forms, with purity of almost 99.7 percent; 

3. refined lead, as traded on the London Metal Exchange and by North American producers 

in the form of pig lead of 99.97 percent purity; 

4. refined zinc as traded on the London Metal Exchange and by the North American 

producers in the form of slab zinc of either prime western or high grade forms; 

5. straits tin, as sold by the producers, on the London Metal Exchange, and on the Kuala 

Lumpur Commodity Exchange in either ingot form with 99.75 purity or high grade premium 

of 99.85 percent purity; 

6. tungsten, as sold by producers in concentrate forms of wolframite and scheelite; 

concentrate is traded by the short ton unit of 20 pounds WO J contents; prices are based on 

a content of 60 percent of wo J in the concentrate; 

7. molybdenum, as traded by producers in the form of sulfide, oxide, and ferro-molybdenum; 

prices are quoted by dollar per pound or kilogram of molybdenum content; 

8. steel, traded as Hot-rolled steel bars by US merchants; 

9. oil, traded as crude oil; 

10. coal, traded as bituminous coal in the United States. 

Two types of data are dealt with directly in this study: Real prices of mineral 

commodities, and quantities demanded and supplied of the commodities. Other data, such as 

the Producer Price Index, Gross Domestic Product, Exchange Rate, etc.. are used either 
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indirectly or directly in the study. 

Various sources were used to compile the data set. Publications of the United States 

Bureau of Mines were the primary sources of price and quantity information: namely, 

Mineral Yearbook, Mineral Facts and Problems, and The Minerals Source. Early 

publications of the United States Geological Survey ( Mineral Resources of the United 

States: Part 1; Metals) were used to obtain quantity data from 1900 to 1930. Journals, such 

as the American Bureau of Metal Statistics; Non-Fe"olls Metal Data, and Metal Bulletin 

Handbook were used to construct the data set for world prices. Previous compilations of 

data, such as the work of Robert S. Manthy (Natural Resource Commodities: A Century of 

Statistics), and that of Neal Potter and Francis T. Christy ( Trends in Natural Resource 

Commodities, 1870-1957) were used either directly or as a guide to checking or finding more 

reliable information. Publications of the U.S. Bureau of Labor Statistics were used to compile 

data on Wholesale Price Index and Producer Price Index for Intermediate Products. Gross 

National Product and Gross Domestic Product figures for the United States were compiled 

from various series of the Economic Report of the President and the Wharton Econometrics 

Group publications. 

Historic constant annual prices of the mineral commodities are all deflated by the 

Producer Price Index (PPI) for intermediate or semifinished goods at the base year 1982 

(1982=100). This index is very narrow for crude oil and bituminous coal, and broad for the 

other commodities. Nevertheless, in this study, which employs multivariate methods, the same 

deflator index is used on all commodities. The Producer Price Index measures average 

changes in price in prirruuy markets by producers of commodities in all stages of processing. 

Given the predominance in this study of commodities falling under the category of 

intermediate or semifinished products ( aluminum, copper, lead, molybdenum, steel, tin, 

tungsten, and zinc) compared to those classified as raw materials (crude oil and bituminous 

coal), the Producer Price Index for intermediate products was chosen over the Producer Price 

Index for raw material. Also the PPI for intermediate products was chosen over the 
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Wholesale Price Index because commodity group indexes sometimes produce exaggerated 

or misleading signals of price changes by reflecting the same price movement through various 

stages of processing. Thus, for analysis of general price trends, stage of processing indexes 

are more useful and accurate than commodity group indexes, such as the Wholesale price 

index, the Gross National Product Implicit deflator index, or the Consumer Price Index. 

Unfortunately, the PPI was not available for years 1900-1934~ consequently, the PPI 

index for those years was estimated using the wholesale price index. An ordinary least square 

regression was performed of the producer price index for intermediate products on wholesale 

price index for the period interval 1958-1973 in order to obtain estimates of PPI for the years 

1900 to 1934: 

Where; 

PPI t = 0.193 + 0.3187 WPI t 

R 2.0.99 

PPI t = Producer Price Index in year t; 

WPI t = Wholesale Price Index in year t; 

This study strives to forecast mineral commodities real prices to the year 2011 by 

taking into account some economics of price formation and market and nonmarket factors on 

mineral markets. Analytical tools of multivariate nature are used to perform the analysis. 

Implications offorecast results for exhaustible natural resource scarcity are assessed in light 

of economics of mineral commodities markets. 



Table 1. Regression of Wholesale Price Index (1967=100) on PPI for Intermediate 

product (1982=100). Data from 1958 to 1973 

Year WPI(1967=100) PPI(1982= 1 00) Estimated PPI 

1958 94.6 30.4 30.349 

1959 94.7 30.8 30.381 

1960 94.9 30.8 30.445 

1961 94.5 30.6 30.317 

1962 94.8 30.6 30.413 

1963 94.5 30.7 30.317 

1964 94.7 30.8 30.381 

1965 96.6 31.2 30.986 

1966 99.8 32.0 32.007 

1967 100.0 32.2 32.070 

1968 102.5 33.0 32.867 

1969 106.5 34.1 34.142 

1970 110.4 35.4 35.386 

1971 113.9 36.8 36.501 

1972 119.1 38.2 38.159 

1973 134.7 42.4 43.132 
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The methodology used in this study consists of two very different forecasting 

techniques: State-space model, and Learning curve model. These two techniques are applied 

to price series of mineral commodities in a multivariate setting. The variables forming the 

forecast models in both techniques were selected using economic theory. Equilibrium of 

market forces of supply and demand, and substitution and complementary effect on 

commodity prices are the basic economic considerations upon which variables entering the 

forecast models are determined. The chapter is structured as follows. First, the choice of price 

as an index for resource scarcity is explained based on economics theory of price and cost, 

substitution and technological progress effects on scarcity. Then, the technique of state-space 

is explained, and the learning model approach offorecasting is reviewed. 

2.1 Forecasting or Historic Price Series to Assess Resource Scarcity. 

The rationale for real prices as an index for natural resource scarcity is their 

completeness in that they include almost all of the components of price; i.e. marginal 

extraction costs, processing costs, user costs or resource rents, and quasi rents. The only 

other component of price argued by some scholars not to be present in the price is 

externalities relating to environmental amenities. Therefore, it seems rational to use 

commodity price as an index to economic scarcity. Also, it was observed (Brown and Field; 

1978) that real prices of resource products are forward looking insofar as they reflect 

expected future cost of exploration, discovery, and extraction. However, it is imperative to 

note that estimation of the percent contribution to price of user cost or resource rent and that 

of quasi rent can be quite ambiguous. To the extent that Hotelling's law of increasing 

marginal resource rent at the prevalent rate of interest over time holds, one is tempted to 
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consider the impact of increasing price of natural resources to overall economic growth and 

societal welfare. But, studies and observations of real prices of exhaustible natural resources 

have almost all concluded that while the Hotelling theory is elegant, it is not a useful model 

of the across-time behaviour of marginal rent and price. Real world across-time economics 

of mineral supply and demand depart greatly from Hotelling's simplified world of theory. 

These departures tend to undermine the perception of user cost by owners of natural 

resources, causing them to behave much the same as other economic agents, maximizing 

current period profits. In light of this fact and of the fact that resource rent figures are almost 

nonexistent in the literature, one is left only with price to assess the scarcity of resources. 

Some authors ( Brown and Field; 1978) prefer the use of resource rent or shadow price ( the 

in situ price of the resource) as the index of scarcity. These authors point to another index of 

resource scarcity; the elasticity of substitution between conventional inputs (labor and capital) 

and natural resources. 

The major appeal of the drift in long run average cost as reflected in real price as an 

index of scarcity is that in a strictly competitive environment it does represent only the cost 

incurred to bring the commodity to the market. That is to say, price equals marginal cost of 

production. In such price, economic rent due to market imperfections is non existent. In a non 

competitive market, however, price may include monopoly rents in addition to resource 

scarcity rent. 

Historical price series of mineral commodities do not reflect long run eqUilibrium 

prices. Rather, they portray short-to medium-run prices, which are heavily influenced by 

current market forces of supply and demand, inventories, market structure, Government 

policies of price contro~ and stockpile programs, taxation, etc ... Consequently, a conclusion 

of rising scarcity of natural resources based solely on cases of rising commodities real prices 

may indeed be misleading. As commodity markets become more competitive, Government 

regulations and interferences diminish, and moving averages of market prices tend to reflect 

long run equilibrium clearing prices, trends in real price may be reflective of scarcity or 
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abundance. 

In this study, real prices of mineral commodities are used to assess the scarcity issue 

in a framework that strives to accommodate some considerations, namely: the relevancy of 

scarcity as implied by rising resource rent included in the historical series of commodities 

prices; the effect of quasi rent, as determined by market economic realities, on the historical 

price figures~ and the availability of substitutes and complementary products. Specifically, 

because of the importance of substitutes in perceived scarcity, this study strives to consider 

substitute and complementary commodities prices when forecasting price of a specific 

commodity. This is achieved by a "holistic" forecasting of prices for the substitute

complementary group. Such an approach is unique to this study, as all other studies have 

forecasted single commodity price independently; nevertheless, caution is in order when 

assessing scarcity from projected historical real prices of mineral commodities. 

2.2 State-Space Model 

State space is a technique of time series analysis applied to data series that exhibit 

cyclical behavior. The technique originates from systems and control engineering, where it 

was used as a filtering device to predict the future state of a dynamic stochastic system. It 

rests upon the principle that the probability of an event occurring in a dynamic system is 

related to the previous conditions of the system. The development of the Wiener filter marks 

the beginning of the state space technique; also the development of engineering state vector 

models by Bellman, Pontryagin, Kalman and others during the fifties was an important 

contribution. 

The first state space forecasting was developed by H. Akaike (1974,1976,1977). This 

model was based on engineering state vector models. The Akaike algorithm has been 

improved by other authors, including Goodrich (1983), Larimore (1983), and Aoki (1987). 

The technique used in this study is multivariate state space forecasting, which was mainly 
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developed by Akaike and Goodrich. The software used in the study was developed by 

Goodrich ( Forecast Master Plus) under the aegis of Electric Power Research Institute 

(EPRl). All algorithms in the software are based upon theoretical works of Goodrich and 

Akaike. 

Multivariate state space models are used in cases of a multiple input-multiple output 

system ofstationmy stochastic variables. Ifvariables are not stationary, transformation must 

be applied to them so that their statistical properties remain invariant under translation in time. 

The concept of stationarity is very important in multivariate state space models. Stationarity 

issues arise because the system is built upon statistical laws governing a stochastic process. 

In other words, one may statistically infer about a stochastic phenomenon only if parameters 

of its law are known, and these can be estimated from time series data only if the data are 

compatible with the properties of a stochastic process. 

In general statistical inferences, parameters of the population are derived from a 

sample. In the case of time series analysis, only one realization of the phenomenon is 

available. This makes usual statistical inference impossible in that one cannot compute 

parameters of the population based on one realization. In order to achieve inference, 

assumptions have to be made with respect to the statistical behavior of the stochastic process. 

Some type of stationarity is then invoked to assert that the phenomenon has been repeating 

itself across time, and that its probabilistic laws remain unchanged. This would define strong 

stationarity of the phenomenon. On the other hand, one may invoke weaker or wider sense 

stationarity of the phenomenon in terms of its first two probabilistic law parameters: that is 

the mean and the variance. In this definition of stationarity, one is assuming that the 

phenomenon has constant mean and variance across the time span of the data. This fact is 

referred to in the statistical jargon as ergodicity and homoscedasticity. In time series analysis 

in general and in state space models in particular the weak stationarity issue raises the need 

for transformation of the sample data by means of either mathematical transformation or 

differencing to render the data stationmy in its variance and mean. Once this is accomplished, 
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then the mean, variance and correlation parameters of the process are independent of time, 

being dependent only on time lag. Therefore, statistical inference is possible and projection 

of past behavior of the time series to the future can be achieved through auto and cross

correlation of the series. The mathematical statement of stationarity is given below: 

Let Xt be a stochastic process, then it is said to be weakly stationary if for all 

realizations Xl , X, , ... X t : 

(2.1) 

Cov( X,,x t- It) = C(k) (2.2) 

A stationary time senes fluctuates more or less uniformly around its mean. The 

autocorrelation spectra of stationary time series decay rapidly as time lags are increased. 

Once a time series is stationary, or has been made so by transformation or 

differencing, then state space modeling can be applied to it for prediction of future behavior. 

In a multivariate setting, state space can represent a multivariate time series through auxiliary 

variables, some of which can not be directly observable. These auxiliary variables are past or 

future values of the primary variables and together with the primary variables constitute the 

state vector. A state vector contains all the information from the current and past values of 

the time series relevant to the prediction offuture values of the series. A linear combination 

of the state variables represents the original time series. The state space model is referred to 

as the Markovian or canonical representation of a multivariate time series process. The state 

space model is composed of two equations: the state transition equation (2.4) and the state 

observation equation (2.5). 

The transition equation describes the change in the state of the system or the 
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propagation of the state vector in time. It allows updating of the state model as new 

information becomes available and exogenous inputs and forecast errors are fed back into the 

state vector. As the system evolves through time, old information is disposed of, and new 

relevant information is incorporated in the state model. 

The observation equation relates the state vector to the measurement of the predicted 

variables. Measurement of the endogenous variable is obtained via this equation and the 

predictor variables in the state vector. 

The predictors in the vector space are identified and estimated by the technique of 

canonical correlation. In this study, implementation of the state space model from given data 

sets is accomplished via the Goodrich algorithm, which is explained below. 

Let: 

Xt and Xt.1 be two state vectors of dimension sx1 including s>r predictors at base 

time t and 1+ 1, 

Zt is an Ilx1 input vector of exogenous variables, 

EM is an rx1 error vector ( white noise) of normally and independently distributed 

forecast errors with zero mean and constant variance, 

Yt is an rx1 vector of observed endogenous variables, 

Then the state space model is 

X'+l = FX,of- GZ,of- KEt (2.4) 

Where F is an sxs state-transition matrix 

G is an 1lX11 exogenous -effects matrix 

K is an sxr innovation matrix 

H y is an rxs measurement matrix. 



34 

This version of the state space model is known as the Kalman filter. The principal 

characteristic of the Kalman filter is that the error term occurring in both equations is the 

same. When The equations of the filter are used to model data, then the forecasting error E, 

is substituted for the first error term. The error terms in the two equations adapted to state 

space forecasting model are distinct and uncorrelated. The error in the updating equation 

(2.4) is called process error, and that in the observation equation (2.5) is referred to as 

measurement error. In order to prepare forecasts by such a model, a Kalman filter must be 

fitted to the model. There exist some realization algorithms for identification and estimation 

of a state space innovations system. The Akaike algorithm was the first one developed. New 

canonical forms were developed by Goodrich, Larimore, and Aoki as an improvement of the 

Akaike algorithm. The Goodrich algorithm is the one used in this study. All known realization 

algorithms apply canonical correlation analysis between past and future domains of stochastic 

processes to build a minimum realization state vector. The pivotal elements of the realization 

algorithm are the building of the predictors space and the truncation of the covariance 

matrices. These are performed in canonical correlation analysis and by use of an information 

criteria. In general the state space procedure consists of four steps: 

1. Checking for time series data stationarity, and transformation if necessary to satisfY 

joint stationarity requirements of variables. 

2. Determination of optimum lag and lead lengths for data series 

3. Identification, estimation and verification of state model via canonical correlation 

analysis 

4. Forecasting of time series to the future. 

2.2.1 The Goodrich Realization Algorithm. 

This is adopted from Goodrich (1992). The essential of the Goodrich algorithm is to 

compute the predictor space by the method of canonical correlation as developed by HoteIling 
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(1936). 

Let Yt and Zt be zero-mean endogenous and exogenous stochastic processes of 

dimension p and q respectively. Assume that these stochastic processes are jointly stationary. 

Three infinite vectors involving these processes can be defined as: the past of the endogenous 

variables, U I..Y); the past of the exogenous variables, U,(Z); and the future of the 

endogenous variables, VII'. 

Up) = (2.6) U,(Z)= (2.7) 

~ 
y. 

VP)= t.l (2.8) 

~.l 

Each of these vectors generates the space of all the possible realizations of the multiple time 

series. The vectors of the past include only terms of the past whereas the vector of the future 

does include terms from the present and the future. 

Like in ordinary regression analysis where a dependent variable is projected on the 

explanatory variables, the endogenous variable Y is projected on a space generated by the 

variablesZ. The least squares predictor of ~.II is its projection ~.IIIUm U U,(Z) on the 

past. The predictor space P, consists of the space spanned by the infinite sequence of 

predictors, i.e. 

P, = V,rolU,roU u,(Z) (2.9) 

The canonical correlation has thus two domains: the future of the endogenous variables 
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v, ro, and the past-present of endogenous and exogenous variables Ut ro U Ut (Z). These 

two vectors of variables are entered into the canonical correlation as follows: 

~-l 
Zt_l 

Yt 
Yt-2 

~-l Ut = Z,-1 (2.10) v,= (2.11) 

Yt-~ 
~""l 

Zt_~ 

These vectors are truncated after d time periods. The canonical correlation analysis ( see 

appendix A) projects V, onto Ut so as to construct the predictor space for the endogenous 

variables. The actual computation is made up of four steps. 

1. Estimation of the sample covariance of the past, the sample covariance of the 

future, and the sample crosscovariance of the past and the future, whose theoretical values 

are respectively: 

Luu = E(U:Ut ), (2.12) 

LJ'" = E (V:~), (2.13) 

E VI' = E( U:v,), (2.14). 

The auto co variances that make up the blocks of each matrix are estimated from the sample 

data, relying on stationarity, and the covariance matrices are assembled from these 

autocovariances. 
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2. Implementation of canonical correlation analysis. The three matrices defined above 

are submitted to a conventional canonical correlation algorithm. The only difference of this 

procedure from cross-sectional multivariate statistics is that the covariance matrices above 

are constructed from longitudinal data assumed to have same stationary statistical properties. 

The canonical correlation algorithm is implemented via jingular valut} decomposition (SVD). 

The SVD is performed on the normalized matrix E J, E uv E ;~" which is the auto and 

crosscorrelation matrices of the past and present-future of the variables. An eigenvalue 

decomposition solves for the characteristics roots of the correlation matrix. The output of the 

SVD consists of the factorization: 

Where: 

1 1 

E-k EUJ'E-~ = Il/Ab (2.15) 

a is an orthogonal matrix of dimension p + q, 

b is an orthogonal. matrix of dimension p 

A is a rectangular matrix taking the following form. 

Al 0 0 ... 0 

0 A, 0 ... 0 

0 0 A3 ... 0 

A= 
... 
0 ... 0 0 Am 
0 ... 0 0 0 

. .. . .. . .. 
0 ... 0 0 0 

The diagonal of the matrix A consists of the canonical correlations AI' A" .... , Am in 

descending order of size. The maximum number of canonical correlations m is equal to the 

dimension of the matrix E ''J'' i.e. dp. 
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The coefficients of the canonical correlation matrices ex and p are obtained from the 

orthogonal matrices a and b via the equations: 

(2.16) 

(2.17) 

The columns of the matrix (2.16) consist of the coefficient vectors for the canonical 

correlates from the past. Thus a state vector of maximum order is defined as: 

(2.18) 

Equation (2.18) is a transformation of Ut to the canonical coordinates X,. Given the 

orthogonality of ex, the inverse transformation is determined as: 

(2.19) 

Likewise, canonical variates X, of the future can be defined as: 

(2.20) 

(2.21) 

The covariance of Xt is the identity matrix, therefore each of its components is orthogonal 

to the others. The predictive power of each component is given by the magnitude of its 

associated canonical correlation. The state vector of order n consists of the first n components 

of X,. These n components are correlationally weaker by descending order. After 
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determination of l1, all but the first n components are discarded. Thus the reduced order 

system is nested within the full order system. 

3. Construction of the updating equation for Xt. The state vector at time t+ 1 is 

~ 

Zt 

Yt-l 

X,.1 = a I U,.1 = a I Zt-l (2.21 ) 

t-d.l 

At time t the new part of U,.1 consists of the observations of the p endogenous variables ~ 

and the q exogenous variables Zt. By picking out these components of U,.1' we obtain: 

(2.22) 

where a~ consists of the firstp columns of aI, a~ consists of the next q columns, and Sis 

the downwards shift matrix 

0 0 ... 0 

1 0 ... 0 

0 1 ... 0 

... ... ... .. . 
0 ... 1 0 
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Using equation (2.19) and plugging it into (2.22) gives; 

This equation is an updating equation of a state space system in the autoregressive fonn 

having the fonn: 

Where: 

(2.23). 

(2.24 ) 

k = a~ , g = a~ , fa = alSP-fE uu a by comparison to equation 

4. Estimation of the full order observation equation. This is accomplished by 

expressing the expected value of the canonical variate of the future; X"~ Following basic 

principles of canonical correlation, the optimum estimate of ~ is AXt . Applying the inverse 

canonical transfonnation of the future, one obtains: 

E(V) = E J'J' PAXt (2.24 ) 

Thus one derives the observation equation: 

Y, = hy X t + E t (2.25) 

where hy = ~ J",pA (2.26) 

After obtaining the state space model of maximum size, the reduced order model nested 

within it is selected by choosing the order that minimizes the Bayes lnfonnation Criterion 

(BIC). The order minimizing the BIC trades off increased accuracy obtained by including 
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additional components of X, against increase model complexity. 

In the automated Goodrich algorithm, Forecast Master Plus, two options are available 

in terms of defining exogenous and endogenous variables forecasts. The first option allows 

to forecast the endogenous variables as dependent on forecasted values of the exogenous 

variables; thus in this scenario external forecasts of the exogenous variables must be provided 

in order to predict the endogenous variable using the state space model. The second option 

permits to model the state space using endogenous and exogenous variables, and forecasts 

the endogenous variables as function of the internally forecasted values of the exogenous 

variables. Diagnostics statistics are embedded in FMP to allow the forecaster to judge the 

efficiency of the models. Those diagnostic tests are outlined in every model in the following 

chapter. They also are assessed in tenns of goodness of fit and accuracy of modelling. 

2.3 Learning Curve Model. 

Learning curve methodology came about as the result of observations in management 

of firms that a natural improvement of a given system perfonnance is related to a learning 

factor or acquired experience within the system. In fact this translates, following Belkaoui 

(1986), to a description of an empirical relationship between output quantities and amount 

of certain inputs where improvement by learning is present. 

Define't to be the response of a system at activity level & t in period t. Then the ratio 

of the cumulated system response i, to the cumulated activity (experience) of the system 

x, is a learning measure i,. 
I 

x,. E SJ (2.3.1) 
Jol 

I 

i,. E 'J (2.3.2) 
Jol 

- z (2.3.3) y • -!. , -x, 
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The learning measure of a given system has been used in several studies for different 

purposes. In both the micro and macro economic levels the learning curve method has been 

used as a tool to help explain or predict particular economic phenomenon. As pointed out 

by Harris (1989), when a measure of performance of a country's economy as a whole, or that 

of a specific industry, shows regular improvement with some measure of experience or 

activity, that measure of performance may be well described by a learning model. Thus, 

Harris (1989), Harris and Jeon (1987), Harris and Suslick (1990), and Harris and Wilson 

(1992) applied the concept of learning measure to devise long range forecasting models for 

diverse commodities demand and supply. Cheng (1994) used learning methods to forecast 

gross domestic product, total energy consumption and petroleum consumption of the United 

States. Until Harris (1989) introduced the learning curve method as a long term forecasting 

tool, the concept had been used in general for managerial purposes within manufacturing 

plants or firms, or occasionally for explanation of particular economic facts. Following Harris 

and Jeon (1987), three related propositions make learning curve methods appealing as a tool 

for economic forecasting: 1. Long term forecasting may be performed better if applied to 

integral series than its derivative (annual), because projections reflect more the overall 

patterns and relations and less the short and intermediate cyclical and erratic variations; 

2. there are some "economic", as distinguished from "technological" relations, that exhibit 

earning patterns; 3. these learning relations may be linked with other relations to form a 

learning system with communications and links from price to market determinants, e.g., 

income. 

With respect to this study, the learning method is very appropriate. This statement is 

on the ground that long historical price series are to be projected to the future by way of 

taking advantage of their interrelations with other economic variables. Also, as this technique 

relies on pattern recognition, it contrasts markedly with state space, and comparison of 

estimates of the two methods is of value conceptually. 

In this study the learning method is investigated for four mineral commodities' price 
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and consumption. Within each commodity market, the operating system, learning patterns are 

investigated with respect to pairs of economic variables that conceptually relate to the 

market. The effects of substitutes and complements, the production of consumer goods, and 

the gross domestic product are important factors influencing the procedure to be followed. 

An indirect use of learning models is chosen so as to accommodate the lengthy time series, 

the multivariate aspect of the approach, and the coss-correlations and nonlinear relationship 

in the variables. The methodology thus used in this dissertation is referred to as forecasting 

by a system of learning models. The entire procedure is cast in a top to bottom structure 

following a hierarchical open end loop that culminates in predicting price and consumption 

of the commodities. 

2.3.1 System of Learning Models 

Two sets of commodities were chosen to be modelled as learning systems: Refined 

copper and aluminum, and crude oil and bituminous coal. The two sets were chosen because 

of the presence of some substitution between their respective commodities. In each case 

forecasting by system oflearning models entails: 

1. Conceptual definition of the economic setting and the different segments likely to 

affect behavior of specific commodity market. 

2. Cumulating of data and the search for stable learning relations. 

3. Statistical modelling of identified learning relations. 

4. Implementation and/or evaluation of the system oflearning models. 

Given the highly erratic behavior of mineral commodities prices through time, the 

system oflearning models was chosen to identifY stable trends and patterns and at the same 

time to link together hierarchical effects within the economy. At the top of the system is the 

economy, as defined by gross domestic product. This drives the entire procedure, as it is 

linked to intermediate segments or industries. This linking culminates in price estimation. 
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The system oflearning models differs from the classica1leaming methodology in some 

regards, namely: First, contrary to classical learning model the system oflearning models is 

built based on identified direct relation between cumulated system response and cumulated 

system activity level or experience. Second, the statistical modelling of learning does allow 

inclusion of lagged values of the system response variable as explanatory variables. This is 

advocated on the ground that it helps account for the slight non linearity of the learning 

relation as well as serial autocorrelation. 

The general form of the extensive learning model for each stage of the system can be 

defined as follows: 

where: 

Zt = 111 ( ~, ~-11) (2.3.1.1) 

Zt = Variable representing cumulated system response at time 1 ; 

111 (.) = Learning relation: arithmetic, double or semi log form, etc. 

X t = Variable representing cumulated experience of system at time I; 
- -

Zt-1I = Lagged variable of Zt at time 1-11; 

Forecasting by a system of learning curve models is implemented in chapter four of 

this study. 

2.4 Summary Statement. 

The methodology of this study is conceived to assess economic scarcity of selected 

natural resources. The forecasted real price of mineral commodities is used as an index of 

scarcity. Two different methods are used to make price forecasts: multivariate state space and 

a system of extensive learning models. These methods will be used selectively to account for 

commodity substitution and complementarity. 

The technique of state space predicts the future real prices based on auto- and cross

correlation of commodities prices and quantities ( including substitutes and complements ). 
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Annual price, consumption, and supply are used for the forecast. 

The system of learning curve models uses a learning measure of the market system 

in relation to a set of response variables derived from economic theory to predict the future 

behavior of commodities and their real prices. 

Besides the use of cumulative time series to reveal trends and long-run patterns, an 

important feature of the system of extensive learning models is its hierarchical structure. 

Gross domestic product drives product (class); product (class) drives value of combined 

consumption of substitute minerals; and value of combined materials and price drives 

consumption of each substitute and their prices. 



CHAPTER THREE 

FORECASTING MINERAL COMMODITIES PRICES AND 

QUANTITIES BY MULTIVARIATE STATE-SPACE MODELS 
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The objective of this chapter is the forecasting of mineral commodities prices and 

quantities. An increasing trend of forecast prices would suggest future scarcity of natural 

resources in the extractive sector. Given that the nature of many mineral price time series is 

that they are highly volatile and cyclical, trend is difficult to delineate. Moreover, trend may 

be stochastic, rather than deterministic; consequently forecasting will be made by time series 

methods that provide the necessary tools. Because of the need to consider prices of substitute 

commodities, the time series methodology selected is multivariate state space. The method 

of multivariate state-space was explained in the preceding chapter. As in any forecast 

endeavor, a good model fit to the data is important. Interpretation of the forecast results must 

take into account theories underlying the process under scrutiny. Three different forecasting 

exercises are performed: 

First, commodity exchange prices are projected into the future by means of auto and 

cross-correlations among a set of commodities prices. Commodities are chosen to reflect 

economic theory on price effects of substitution and complement. The results are used to 

assess resources availability relative to the world, as market clearing prices involve the world 

market. 

Second, US producer prices are analyzed following the same reasoning as for those 

of the organized market. Scarcity of resources is assessed for the US and North America in 

particular and extended to the world. 

Third, US producer prices are forecasted based on their respective relations with 

economic variables theorized to have an effect on their trends: Quantities, such as apparent 

demand and supply, and substitute and complement commodities prices. In all three steps, 

forecasts of historic prices series are interpreted with respect to the scarcity issue in light of 
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economic considerations, as mentioned in the preceding chapters. 

Market imperfections and interferences that impact historic prices and their forecasted 

values are of the main concerns in the interpretation of the forecast results. Real prices are 

forecasted for 20 years to the year 2011 for all commodities except for tungsten. A 

comparative analysis is made of the outcomes of the three steps. 

. 
3.1 State-Space Forecasts of World Market Commodities Prices. 

The assumption regarding the use of market prices is that they are determined in 

organized markets whereby most of the worldwide infonnation about the commodities are 

internalized and thus reflected in the price setting mechanism. Thus, these prices are 

indicative offree market clearing prices as determined by pure market equilibrium of supply 

and demand. In this study LME ( London Metal Exchange) prices are used. One should note 

that LME price is more restrictive than NYMEX (New York Mercantile Exchange) and 

COMEX (Commodity Exchange), and therefore is less indicative of free market prices. 

Given this assumption, forecasts of real price are infonnative about economic scarcity. 

Therefore, if consistent price increase is observed in forecasted values, then one may 

conjecture the existence of short supply, or of correspondingly increasing difficulty in finding 

and bringing mineral commodities to the market: scarcity. 

One of the themes of this dissertation is that forecasts of future metal prices should 

take into account the dependencies that exist among prices. These dependencies come about 

because of either substitutability or complimentarity among two or more commodities. Such 

dependencies require that prices of the dependent commodities be forecasted simultaneously 

as a price system, as contrasted with the customary one-by-one forecasts. Accordingly, the 

price system defined for the forecasting of world market commodity prices consists of prices 

for the following commodities: 



copper 

aluminum 

lead 

zmc 

tin 
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However, aluminum price was deleted from this system because of unavailability of 

world exchange prices. Prices are forecasted by first estimating the State Space model for this 

multivariate time series system: 

Where 

Zt+l= FZt + KE t 
Xt = HZt+E t 

111 hl ... h", 

F= 
111 111 ... 11m 

1111 1112 ... I"", 

k11 

K= 
kl1 

k1l1 

kl1 ... kl", 

kll ... k1m 

kn2 .. , k"", 

With respect to the above canonical form of the SS model, the vector xt consists of 

the four prices. The state vector, Zt' consists of xt plus those lagged or leading values of the 

four prices that are required to forecast Zt.l' the state vector in the next period. Estimation 

of the SS model involves identifying the elements of Zt and estimating the numerical 

coefficients that comprise matrices F and K. 

Once the SS model has been estimated, future prices of all four commodities are 

forecasted simultaneously by recursively forecasting ztol for as many periods ahead as are 

desired. Thus, all variables, meaning the prices of the four mineral commodities, are 

considered to be endogenous. In this system, there are no drivers, meaning that the forecasts 
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are not conditional upon the states of any predetermined variables. 

The description of the price forecasts that follows is by commodity. The equation that 

is presented for each commodity has been extracted from the forecast system shown below. 

Accordingly, it is important for the reader to remember that the actual forecasts were made 

by forecasting the system of prices simultaneously and that the equation given for a specific 

commodity is only one equation of that system. 

The following state-space model was found for the system of the four commodities 

prices: 

= F 

WCUP t.l 0.910745 0 0 0 WCUP t 

WZNP t.l 0 0.614967 0 0 WZNP t 

• 
WLEADP t.l 0 0 0.910745 0 WLEADP t 

WTINP tol 
0 0 0 0.910745 WTINP t 

+ K 

E 
0.00505519 -0.0313328 -0.00937581 0.000902037 ~, 

-0.0482505 0.541291 -0.289328 0.042917 E 
W%IIiP, 

+ • 
0.00156221 -0.00968282 -0.00289742 0.000278757 """*, 
-0.00287599 0.0178258 0.00533408 -0.000513185 

EwItnp, 

Where, WCUP t.l = Stationary LME Copper Price in year t+ J ; 

WZNP t.l = Stationary LME Zinc Price in year t+ J ; 



WLEADP t.l = Stationary LME Lead Price in 1+ J ; 

WTINP t.l = Stationary LME & Kuala Lumpur Tin Price in year 1+ J ; 

WCUP t = Stationary LME Copper Price in year 1 ; 

WZNP t = Stationary LME Zinc Price in year 1 ; 

WLEADP t = Stationary LME Lead Price in year 1 ; 

WTINP t = Stationary LME & Kuala Lumpur Price in year t ; 

E = Process error due to LME Copper price in year t ; 
II'CIq't 

E = Process error due to LME Zinc price in year t ; 
M'mpt 

E.,ullllpt = Process error due to LME Lead price in year t ; 

Ewtinpt = Process error due to LME & Kuala Lumpur price in year t ; 
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Stationary prices are used in the state space system equations. The prices are either 

originally stationary, in which case a constant (mean) is deducted from original prices before 

input in state space equations, or rendered stationary by differencing. These two processes 

are carried following the relations: 

SS stationary Variable = (I-B)* Original nonstationary Variable; 

SS stationary Variable = Original stationary Variable - Constant; 

This operation is perfonned in every state space system equation, and applied to 

system variables according to their original stationarity status. In every state space system 

in this study the two types of variables will be indicated. In the above system, copper, lead, 

and tin prices are rendered stationary by differencing. Zinc prices are originally stationary. 

The above discussion is intended to keep the reader infonned of the way joint 

stationarity of the variables is obtained and how state space uses the stationary variables in 

the forecasting process . 

3.1.1 Multivariate State-Space forecast of Copper Price. 

Copper prices are forecasted to the year 2011. The multivariate state-space model 
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for copper is obtained from the world prices system of copper, zinc, lead, and tin. The choice 

ofthe state space system variables in the model is based on economic theory of the effect on 

product price of substitute and complementary goods. Historic real price series from 1900 

to 1991 are used in the model. 

Zinc and tin are considered both complementary to copper in the brass and bronze 

industries and their end use markets. Some zinc- and tin- alloys compete with copper in 

construction and electronic equipment sectors. Lead substitutes for zinc in solder. lead is 

complementary to copper as lead-sheating in underground and underwater cables. Substitute 

commodity prices are expected to be inversely related to the price of copper, whereas prices 

of complementary products are expected to be proportionally related to copper. 

The multivariate state-space forecast model for copper is as follows: 

EWCIIp, 

EWDIP, 

WcuPt.1 = 0.91071 • WCUPt + [0.00506 -0.03133 -0.00938 0.00090]. 

Note that the F matrix consists of the scalar 0.91071 and the K matrix consists ofa vector. 

All SS equations in this study will be presented similarly to the one above. 

In order to obtain joint stationarity in the variables of the model, Wcup, Wleadp, and 

Wtinp were differenced once. Wznp is originally stationary. The requirement of joint 

stationarity is automatically met by the software Forecast Master Plus, which is used in this 

study. An optimal model is chosen based on diagnostics tests of statistics imbedded in the 

software. Thus the Durbin-Watson and Ljung- Box ( chi-square equivalent) statistics are 

assessed to determine the robustness of the model. According to Goodrich the Ljung-Box 
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statistic must be around zero for a good model, and the Durbin-watson should be about 2.00. 

Other measures of an optimum state-space model based on model complexity are assessed. 

These measures are the Aikaike information criterion (A.l.C.) and the Schwarz criterion 

(B.I.C.). All diagnostics measures are reported automatically by the software as displayed 

below. 

Number of observations 90 

Mean Wcup 104.32 Standard deviation Wcup 38.1 

Standard forecast error 23.8 RMS error 22.7 

R-squared Adjusted 0.609 R-square (corrected for mean) 0.64 

Durbin-Watson 1.76 Ljung-Box chi-square (18) = 38.6 (0.98) 

A.lC. 24.85 B.I.C. 27.77 

Historic and model predicted prices are displayed and graphed in figure 1 and table 

2. The state-space modeling was performed on 90 years of price series, and world copper 

prices were forecasted for 20 years. Results obtained from the forecast show a declining 

trend: from 90.7 cents per pound of refined copper in 1992 to 73.32 cents in 2011. 



Figure 1. Historic and SS Model Fitted and Predicted World Prices of Copper 

1900 - 2011 
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Source of Data: 1. Metal BuIIetin Handbook; Metal Bulletin Ltd. 

2. Non-Ferrous Metal Data; American Bureau of Metal Statistics Inc. 

Nominal Prices are deflated by the Producer Price Index: for Intennediate Goods (1982=100); 

Prices are expressed in U.S. currency by using the exchange rate of the doIIar to the British 
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Table 2. Forecasted World Prices of Copper 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 90.75 

1993 88.87 

1994 87.17 

1995 85.62 

1996 84.20 

1997 82.92 

1998 81.74 

1999 80.67 

2000 79.7 

2001 78.82 

2002 78.01 

2003 77.27 

2004 76.61 

2005 75.99 

2006 75.44 

2007 74.94 

2008 74.48 

2009 74.06 

2010 73.67 

2011 73.32 
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3.1.2 Multivariate State-Space Forecast of Lead Price. 

Lead prices are forecasted to the year 2011. A multivariate SS model for lead price 

is taken from the SS system of prices for copper, lead, zinc, and tin. Zinc is a substitute of 

lead in the solder business. Lead is complementary to copper in the cable sector (lead

sheating). 

The multivariate state space equation for lead is: 

EWCIIp, 

E~ 
Wleadpt.r 0.910745. Wletulpt+ [0.001562 -0.00968 -0.002897 0.0002788]. ' 

ttWq, 

Etttillpl 

Basic statistic values and diagnostic statistics are given below. 

Number of observations 90 

Mean Wleadp 34.24 Standard deviation Wleadp 11.94 

Standard forecast error 8.42 RMS error 8.04 

Adjusted R-square 0.50 R-square corrected for mean 0.54 

Durbin-Watson statistic 1.91 Ljung-Box: Chisq(18) = 31 0.97 

Akaike criterion (AlC) 8.79 Schwarz criterion (BIC) 9.83 

Forecast results for lead prices are given in table 3. Figure 2 shows historic versus SS model 

fitted and forecasted values for lead. Forecast results show a declining trend of real price of 

lead ranging from 21.46 cents per pound of refined lead in 1992 to 16.08 cents per pound in 

2011. 



Figure 2. Historic and SS model Fitted and Forecasted World Prices of Lead 

1900 - 2011 
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Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982=100); 

Prices are expressed in U.S. currency by using the exchange rate between the Dollar and the 

British Sterling Pound. 



Table 3. Forecasted World Prices of Lead 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 21.46 

1993 20.88 

1994 20.36 

1995 19.88 

1996 19.44 

1997 19.04 

1998 18.68 

1999 18.35 

2000 18.05 

2001 17.78 

2002 17.53 

2003 17.3 

2004 17.09 

2005 16.91 

2006 16.74 

2007 16.58 

2008 16.44 

2009 16.31 

2010 16.19 

2011 16.08 
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3.1.3 Multivariate State Space Forecast of Tin 

Tin prices are projected to the year 2011. A multivariate state space model is fitted 

to the historic price series of refined tin, copper, zinc, and lead . Copper and zinc compete 

with tin in the construction sector. 

The estimated multivariate state space model for tin is : 

EWCIIpI 

EWDIPI 
Wtinpt.l = 0.910745 * Wtinpt + [-0.002875 0.01783 0.005334 -0.0005132] * 

Summary statistics associated with the SS model are given below. 

Number of observations 90 

Mean ofWtinp 378.54 Standard deviation ofWtinp 145.85 

Standard forecast error 70.97 RMS error 67.74 

Adjusted R-square 0.76 R-square corrected for mean 0.78 

Durbin-Watson statistic 1.80 Ljung-Box: Chisq(l8) = 19.6 0.64 

Akaike criterion (AlC) 74.04 Schwarz criterion 82.74 

Forecast results are shown in table 4. Figure 3 portrays the historic and model fitted 

and forecasted tin prices for the years 1900 to 2011. Results of the forecast show a slight 

upward trend ofrea1 prices of tin. Prices increase from 218.07 cents per pound of tin in 1992 

to 227.97 cents per pound in 2011. 
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Figure 3. Historic and SS model Fitted and Forecasted World Prices of Tin 1900 - 2011. 
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Source of Data: 1. Metal Bulletin Handbook; Metal Bulletin Ltd. 

2. Non-Ferrous Metal Data; American Bureau of Metal Statistics Inc. 

Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982= 100). 

Prices are expressed in U.S. currency by using the exchange rate between the Dollar and the 

British Sterling Pound. 



Table 4. Forecasted World Prices of Tin 1992 - 2011 

( Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 218.07 

1993 219.13 

1994 220.10 

1995 220.99 

1996 221.79 

1997 222.52 

1998 223.19 

1999 223.79 

2000 224.35 

2001 224.85 

2002 225.31 

2003 225.73 

2004 226.11 

2005 226.46 

2006 226.78 

2007 227.06 

2008 227.33 

2009 227.56 

2010 227.78 

2011 227.98 
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3.1.4 Multivariate State Space Forecast of Zinc 

Real prices of refined zinc are forecasted to the year 2011. Historic price figures of 

refined zinc, copper, tin, and lead are used to fit a multivariate state space model. Future lead 

price is the predicted variable~ prices of copper, tin, lead and zinc are the predictor variables. 

Copper is a complementary commodity to zinc in brass and bronze products. Zinc coated 

products compete with tin in the construction sector. 

The multivariate state space model for world zinc price is as follows: 

Ewt:IIJ', 

Wznpt.l = 0.61496 * Wznpt + [-0.04825 0.5413 -0.28933 
Eworp, 

0.04292] * 

Summary statistics are given below. 

Number of observations 

MeanWznp 

Standard forecast error 

Adjusted R-square 

Durbin-Watson statistic 

Akaike criterion (Ale) 

90 

44.72 

16.86 

0.37 

1.21 

17.58 

..v.q, 

EMtbrp, 

Standard deviation Wznp 21.27 

RMS error 16.09 

R-square corrected for mean 0.42 

Ljung-Box: Chisq(18) = 27.4 0.92 

Schwarz criterion (BIC) 19.65 

Results of the forecast from 1992 to 2011 are shown in table 5. Figure 4 depicts 

historic prices oflead and those of the SS model fitted and forecasted. The forecast results 

indicate decreasing real price of zinc, ranging from 66.99 cents per pound in 1992 to 44.66 

cents per pound in 2011. However forecast trend level is above average price levels since the 

1920's. This fact alone seems to support existence of scarcity of zinc. 
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Figure 4. Historic and SS Model Fitted and Forecasted World Prices of Zinc 1900 - 2011 
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Table 5. -Forecasted World Prices of Zinc 1992 - 2011 

(Constant 1982 U.S. Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 66.99 

1993 58.39 

1994 53.11 

1995 49.85 

1996 47.86 

1997 46.62 

1998 45.87 

1999 45.41 

2000 45.12 

2001 44.94 

2002 44.83 

2003 44.76 

2004 44.73 

2005 44.70 

2006 44.69 

2007 44.68 

2008 44.67 

2009 44.66 

2010 44.66 

2011 44.66 
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Forecast results for the four commodities' world prices indicate that there is no ground 

to claim increasing economic scarcity of these exhaustible resources.· Except for tin all price 

trends are downward sloping at different rates. Tin prices increase at a very low rate, which 

does not warrant concern about rising scarcity of the commodity based on further 

considerations of the industry. A seemingly opposite indication of non-scarcity is the fact 

that price trend levels for zinc and copper in the 1920's are below their forecast trend levels. 

This issue will be discussed in a future chapter, whereby historical economic aspects of the 

commodity markets are rationalized to explain these complexities. Substitution effects are 

directly taken into account in assessing scarcities as they relate to real prices of commodities. 

Considering the fact that prices of these commodities could contain economic rents due to 

noncompetitive conditions, one may conclude that theses resources generally are not and have 

not been scarce. 

3.2 State Space Forecast of Producers Prices of Commodities. 

Producers prices are set by producers and thus might reflect more the objective 

function of the firms than the mere realities of the market. It is assumed that producer prices 

are prices above marginal cost of production. The economic profit incurred by a producer 

pricing system depends on the structure of the market and the price elasticities of demand and 

supply and cross elasticities of substitution. Thus, the percent contribution of quasi rent to 

producer price can be larger than the resource rent. Real prices of mineral commodities are 

forecasted to the year 2011, and the results are interpreted taking into account these 

considerations. 

Prices used in this study apply mostly to the United States of America, and to Canada 

to a certain extent. This allows comparison of scarcity assessment on a regional basis, where 

North America and the World are seen as geographical entities that could display slightly 

different pricing patterns. 
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Nme commodities are chosen for the analysis. Substitutability among the products and 

their relative physical scarcities were considered for the choice. The commodities used are : 

Aluminum, copper, lead, zinc, steel, molybdenum, tungsten, crude oil, and bituminous coal. 

However, tungsten was finally excluded due to the short price series obtained for the 

commodity. From the set of nine commodities, three price systems are defined for 

simultaneous state space forecasting: 

1. US copper, US aluminum, US zinc, and US lead; 

2. US steel, and US molybdenum; 

3. US oil, and coal; 

3.2.1 State Space Forecast of US Copper, Aluminum, Zinc, and Lead Prices System. 

The state space price system is defined based on economic considerations, namely 

substitution and complementary product price effect among the four commodities. Aluminum 

is a substitute for copper in the electrical end-use market. It has been calculated that 

conduction of an equal amount of electricity by aluminum is four times more expensive than 

the same by copper. Although aluminum has only about sixty percent of the electrical and 

thermal capacity of copper, its weight advantage (one third of copper) has been effective in 

increasing its share in the electrical market. Tin substitutes for aluminum in the container and 

packaging industry. Aluminum competes with die-casting alloys of zinc in transport and 

construction. Zinc and tin are complementary to copper in the brass and bronze industries and 

their end use markets. Zinc is a substitute oflead in solder. The state space model for this 

multivariate price series is as follows: 



Zt+l = F * Zt 

USCUPt+l 0.935345 0 0 0 USCUPt 

USALPt+1 0 0.935345 0 0 USALPt 
* USZNPt+1 0 0 0.424268 0 USZNPt 

USLEADPt+1 
0 0 0 0.935345 USLEADPt 

+ K 

-0.000356 0.000700 -0.012856 0.001304 

-0.001059 0.002086 -0.038284 0.003884 

0.021003 0.045747 0.399001 0.029599 

-0.000009 0.000195 -0.003582 0.000363 

* 

Where, USCUPt•1 = Statioinary US Producer Copper Price in year t+ 1 ; 

USALPt.1 = Statioinary US Producer Aluminum Price in year t+ 1 ; 

USZNPt•1 = Statioinary US Producer Zinc Price in year t+ 1 ; 

USLEADPt•1 = Statioinary US Producer Lead Price in year t+ 1 ; 

USCUPt = Stationary US Producer Copper Price in year t ; 

USALPt = Stationary US Producer Aluminum Price in year t ; 

USZNPt = Stationary US Producer Zinc Price in year t ; 

USLEADPt = Stationary US Producer Lead Price in year t ; 

EIIM!IIp, = Process Error due to US Copper Price in year t ; 
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+ 

+ 



EII&IIlp, = Process Error due to US Aluminum Price in year t; 

E
IaUIP

, = Process Error due to US Zinc Price in year t; 

EIIIIIeUp, = Process Error due to US Lead Price in year t; 
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Note that the stationary prices of copper, aluminum, and lead are the first differences 

of the original prices. Also, a constant scalar (mean) was subtracted from the original 

stationary price of zinc before input in the state space procedure. The following forecasts are 

explained, one commodity at a time, understanding that procedure of forecasting is carried 

out simultaneously for all commodities within the state space model for the prices system. 

3.2.1.1 Multivariate State Space Forecast of Aluminum Price 

Aluminum producer prices are forecasted to the year 2011. Price of aluminum is the 

predicted variable, and the predictor variables are the prices of aluminum, copper, lead, and 

zinc. 

The multivariate state space model for US producer price of aluminum is as follows. 

EUCIIp, 

E~ 
USALPt•1=0.935345.USALPt +[-0.001059 0.002086 -0.03828 0.003883]. E ' 

IUZIIP, 

Summary statistics of the model are given below. 

Number of observations 90 

Mean of USALP 

Standard forecast error 

132.7 Standard deviation USALP 86.83 

38.02 RMS error 36.28 



Adjusted R-square 

Durbin-Watson statistic 

Akaike criterion (AlC) 

0.81 R-square corrected for mean 0.82 

1.78 Ljung-Box: Chisq(18) = 37.6 0.99 

39.6 Schwarz criterion (BIC) 44.3 
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Results of the model forecast are displayed in table 6. Figure 5 depicts historic and model 

fitted and forecasted US producer prices of aluminum. The forecast result shows a declining 

price trend for aluminum, ranging from 50.57 cents per pound in 1992 to 35.72 cents per 

pound in 2011. 
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Figure 5. Historic and SS Model Fitted and Forecasted US Producer Prices of Aluminum 

1900 - 2011 
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Source of Data: Metal Prices in the United States Through 1991; U.S. Bureau of Mines. 

Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982= 100). 



Table 6. Forecasted US Producer Prices of Aluminum 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 50.57 

1993 49.24 

1994 47.99 

1995 46.82 

1996 45.73 

1997 44.71 

1998 43.75 

1999 42.86 

2000 42.02 

2001 41.24 

2002 40.51 

2003 39.82 

2004 39.18 

2005 38.58 

2006 38.02 

2007 37.50 

2008 37.01 

2009 36.55 

2010 36.12 

2011 35.72 

70 



71 

3.2.1.2 Multivariate State Space Forecast of US Producer Price of Copper. 

US producer prices of refined copper are projected to the year 2011. The state space 

price system includes prices of copper, aluminum, lead, and zinc. 

The multivariate state space equation for the US producer price of copper is: 

EIIUIp, 
USCUPt•1=0.935345.USCUPt +[-0.000356 0.0007 -0.012856 0.001304]. E ' 

1&IZIfP, 

Summary of the statistics are given below. 

Number of observations 90 

Mean of USCUP 102.78 

Standard forecast error 21.18 

Adjusted R-square 0.51 

Durbin-Watson statistic 1.75 

Akaike criterion (AlC) 22.10 

Standard deviation of USCUP 30.13 

RMS error 20.22 

R-square corrected for mean 0.54 

Ljung-Box: Chisq(18) = 26.26 0.91 

Schwarz criterion (BIC) 24.69 

The model forecasts are shown in table 7. Figure 6 graphs the historic and model fitted 

and forecasted US producer prices of copper. The forecast result shows a decreasing trend 

of US producer price of copper, decreasing from 95.12 cents per pound in 1992 to 90.13 

cents per pound in 2011. Thus, forecasted US producer price declines, but much less so than 

the forecast of world copper price using commodity exchange prices: 90.74 cents per pound 

in 1992 to 73.33 cents per pound in 2011 



Figure 6. Historic and SS Model Fitted and Forecasted US Producer Price of Copper 

1900 - 2011 
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Source of Data: Metal Prices in the United States Through 1991; U.S. Bureau of Mines. 

Nominal Prices are deflated by the Producer Price Index for Intennediate Goods (1982=100). 



Table 7. Forecasted US Producer Prices of Copper 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 Dollar) 

1992 95.12 

1993 94.67 

1994 94.25 

1995 93.86 

1996 93.49 

1997 93.15 

1998 92.83 

1999 92.53 

2000 92.25 

2001 91.99 

2002 91.74 

2003 91.51 

2004 91.29 

2005 91.09 

2006 90.90 

2007 90.73 

2008 90.57 

2009 90.41 

2010 90.27 

2011 90.13 
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3.2.1.3 Multivariate State Space Forecast of US Producer Price of Lead 

US producer prices of lead are projected to the year 2011. The state space price 

system includes prices of lead, copper, aluminum, and zinc. 

The multivariate state space model of US producer price of lead is: 

EIIIaIp, 

E~ 
USLEADPI+1=0.935.USLEADPt+[-0.000009 0.000195 -0.0036 0.00036]. E ' 

IIIZIIP, 

Summary statistics of the model are given below. 

Number of observations 90 

Mean ofUSLEADP 41.09 

Standard forecast error 6.79 

Adjusted R-square 0.48 

Durbin-Watson statistic 1.79 

Akaike criterion (AlC) 7.09 

.... , 

Standard deviation of USLEADP 9.46 

RMS error 6.48 

R-square corrected for mean 0.52 

Ljung-Box; Chisq(18) = 27.71 0.93 

Schwarz criterion (BIC) 7.92 

Table 8 shows results of the forecast. Figure 7 depicts historic and model fitted and 

forecasted US producer prices of lead. Forecast results show a decreasing pattern of US 

producer prices of lead. From 29.17 cents per pound oflead in 1992, the price falls to 27.78 

cents per pound in 2011. Forecasted US producer prices are higher than forecast prices of 

exchange commodity: 21.46 cents per pound in 1992 to 16.08 cents per pound in 2011. 
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Figure 7. Historic and SS Model Fitted and Forecasted US Producer Price of Lead 
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Table 8. Forecasted US Producer Prices of Lead 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 29.17 

1993 29.04 

1994 28.92 

1995 28.82 

1996 28.71 

1997 28.62 

1998 28.53 

1999 28.44 

2000 28.37 

2001 28.29 

2002 28.22 

2003 28.16 

2004 28.10 

2005 28.04 

2006 27.99 

2007 27.94 

2008 27.90 

2009 27.85 

2010 27.81 

2011 20.11 
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3.2.1.4 Multivariate State Space Forecast of US Producer Price of Zinc 

Real US producer prices of refined zinc are projected to the year 2011. The state 

space price system includes US prices for zinc, copper, aluminum, and lead. 

The multivariate state space model for US producer price of zinc is: 

EUCIIp, 

EII&IIIp 
USZNPt•1 = 0.424268 * USZNPt + [0.021 0.045747 0.399 0.0296] * ' 

EIIIDIP, 

1181aJ1p, 

Summary statistics for the model are represented below. 

Number of observations 90 

Mean ofUSZNP 46.31 Standard deviation of USZNP 13.25 

Standard forecast error 11.64 RMS error 11.11 

Adjusted R-square 0.22 R-square corrected for mean 0.29 

Durbin-Watson statistic 1.56 Ljung-Box: Chisq(18)= 19.97 0.66 

Akaike criterion (AlC) 12.14 Schwarz criterion (BIC) 13.57 

Results of the model forecasts are shown in table 10. Figure 9 depicts historic real 

US producer prices and model fitted and forecasted prices of zinc. The model forecast results 

show a slightly upward trend of US producer prices of zinc to the year 2011. Forecasted 

prices increase slightly from 45.16 cents per pound of zinc in 1992 to 46.28 cents per pound 

in 2011. These differ considerably from projected LME prices, which declined from 66.99 

cents to 44.66 cents per pound. The low R-square for the US producer price state space 

system seems to indicate a poorer fit and thus less reliable results than those of world price. 



Figure 8. Historic and SS Model Fitted and Forecasted US Producer Prices of Zinc 

1900 - 2011 
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Table 9. Forecasted US Producer Prices of Zinc 1992 - 2011 

( Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 45.16 

1993 45.80 

1994 46.08 

1995 46.20 

1996 46.25 

1997 46.27 

1998 46.28 

1999 46.28 

2000 46.29 

2001 46.29 

2002 46.29 

2003 46.29 

2004 46.29 

2005 46.29 

2006 46.29 

2007 46.29 

2008 46.29 

2009 46.29 

2010 46.29 

2011 46.29 
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3.2.2 State Space Forecasting of US Steel and Molybdenum Prices System. 

Molybdenum is a complementary product to steel. Tungsten was considered in this 

price system as a substitute of molybdenum and a complement to steel. Unfortunately due to 

a short time series and to a poor state space model, the decision was made to discard 

tungsten form the price system. Thus, the steel-moly prices system is used to forecast prices. 

Although steel can be an alloy of iron and carbon in addition to other enhancer materials, 

molybdenum is not readily substituted by other additive materials. The state space model for 

the price system is as follows: 

Z,+l = F * Zt + K * Et 

[
USSTP'+l] [-0.12659 0] r USSTPt ] [000521 -0.00088] rEautpt ] 
USMOPt+1 = 0 -0.12659 *lUSMOPt + 3.0973 -0.05253 *~lI.UIUpt 

Where USSTP'+l = Stationary US Steel Price in Year t+ 1; 

USMOP'+l= Stationary US Molybdenum Price in Year t+ 1; 

USSTP, = Stationary US Steel Price in Year t; 

USMOPt = Stationary US Molybdenum Price in Year t; 

EIIIIIIp, = Process Error due to US Steel Price in Year t+ 1; 

EIIIInDp, = Process Error due to US Molybdenum Price in Year t+ 1; 

Note that the stationary prices of both steel and molybdenum were formed as first 

differences of original prices. 

The following forecast report is for each commodity separately. But one has to keep 

in mind that all prices are forecasted simultaneously using the above system. 
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3.2.2.1 Multivariate State Space Forecast of Molybdenum Prices 

Producer prices of molybdenum are projected to the year 2011. The state space price 

system consists of US prices of molybdenum and steel. 

The state space model for the US producer price of molybdenum is as follows: 

USMOPM = -9.116587 • USMOP, + [3.09733 -9.0515167]. ~:.l 

Summary statistics of the model are given below. 

Number of observations 78 

Mean of US MOP 459.53 

Standard forecast error 139.37 

Adjusted R-square 0.30 

Durbin-Watson statistic 1.89 

Akaike criterion (AlC) 142.90 

Standard deviation USMOP 166.87 

RMS error 135.75 

R-square corrected for mean 0.33 

Ljung-Box: Chisq(l8) = 31.11 0.97 

Schwarz criterion (BIC) 151.80 

Results of the model forecasts are shown in table 10. Figure 9 shows a graph of historic and 

model fitted and forecasted real US producer prices of molybdenum from 1900 to 2011. The 

fit is not very good as seen by the low R-square. The model forecast results show a slightly 

downward trend in Molybdenum prices. Prices range from 188.41 cents per pound in 1992 

to 188.14 cents per pound in 2011. 
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Figure 9. Historic and SS Model Fitted and Forecasted US Producer Prices of Molybdenum 

1900 - 2011 
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Table 10. Forecasted US Producer Prices of Molybdenum 1992-2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 Dollar) 

1992 188.413 

1993 188.107 

1994 188.146 

1995 188.141 

1996 188.142 

1997 188.141 

1998 188.141 

1999 188.141 

2000 188.141 

2001 188.141 

2002 188.141 

2003 188.141 

2004 188.141 

2005 188.141 

2006 188.141 

2007 188.141 

2008 188.141 

2009 188.141 

2010 188.141 

2011 188.141 
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3.2.2.2 Multivariate State Space Forecast of Steel Price. 

Producer prices of hot-rolled steel are projected to the year 2011. The state space 

price system consists of US prices for steel and molybdenum. 

The multivariate state space model for steel price is: 

USSTP tJ • -0.126587 • USSTP, + [0.0521003 -0.00088]. ~:J 

Summary statistics for the model are given below. 

Number of observations 78 

Mean ofUSSTP 15.97 Standard deviation ofUSSTP 3.33 

Standard forecast error 1.66 RMS error 1.62 

Adjusted R-square 0.75 R-square corrected for mean 0.76 

Durbin-Watson statistic 1.78 Ljung-Box: Chisq(18) = 27.43 0.92 

Akaike criterion (AlC) 1.71 Schwarz criterion (BIC) 1.81 

Results of the model forecast are shown in table 11. Figure 10 depicts historic and 

model fitted and forecasted prices of hot-rolled steel from 1912 to 2011. The model forecast 

results show a basically constant steel price from 1992 (18.04 cents per pound) to 2011 

(18.03 cents per pound). However the price trend level from 1960 to 2011 is higher than the 

price trend from 1900 to 1960. This fact seems to support existence of scarcity. This will be 

examined further in a following chapter that reviews some major economic issues of the 

commodity market. 
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Figure 10. Historic and SS Model Fitted and Forecasted US Producer Prices of Hot-rolled 

Steel ( 1900 - 2011 ) 
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Source of Data: Metal Prices in the United States through 1991; U.S. Bureau of Mines. 

Nominal Prices are Deflated by the Producer Price Index for Intennediate Goods (1982=100). 



Table 11. Forecasted Real Prices of Steel 1992 - 2011. 

( Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 18.040 

1993 18.035 

1994 18.036 

1995 18.036 

1996 18.036 

1997 18.036 

1998 18.036 

1999 18.036 

2000 18.036 

2001 18.036 

2002 18.036 

2003 18.036 

2004 18.036 

2005 18.036 

2006 18.036 

2007 18.036 

2008 18.036 

2009 18.036 

2010 18.036 

2011 18.036 
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3.2.3 State Space Forecasting of Energy Commodities Prices. 

Prices of crude oil and bituminous coal are forecasted in one state space price system. 

The two commodities substitute in some energy production industries, such as electricity 

generation. The inclusion of these commodities in the study is very important, given their 

wide spread use in all sectors of the economy. Thus, their scarcity is of prime importance to 

societal welfare. The state space model for the price system of oil and coal is as follows: 

Z,+1 = K * Zt + K * Et 

[
COALPt+l] [0.74099 0 1 [COALPt] [0.0545 0.000005] ~~t] 
OILPt+l = 0 0.74099 * OILPt + 283.47 0.0911 *lEDi.tJt 

Where COALPt•1 = Stationary Bituminous Coal Price in Year t+ 1; 

OILPt•1 = Stationary Crude Oil Price in Year t+ 1; 

COALPt = Stationary Bituminous Coal Price in Year t+ 1; 

OILPt = Stationary Crude Oil Price in Year t+ 1; 

ECHIp, = Process Error due to Bituminous Coal Price in Year t; 

EoUp, = Process Error due to Crude Oil Price in Year t,' 

Note that stationary coal prices are the first differences of the natural logarithm of original 

coal prices. Oil prices are the first differences of original oil prices. These transformation were 

necessary to meet the joint stationarity requirement of the state space procedure. 
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3.2.3.1 Multivariate State Space Forecast of Crude Oil Prices. 

Crude oil prices are forecasted to the year 2011. The state space price system consists 

of prices of crude oil and bituminous coal. 

The multivariate state space model for crude oil price is: 

OILPM • 0.140987. OILPt + [183.47 -0.091091]. ~-.] lE .. , 

Summary of the model statistics are given below. 

Number of observations 90 

Mean ofOILP 1033.09 Standard deviation OILP 

Standard forecast error 224.86 RMS error 

Adjusted R-square 0.80 R-square corrected for mean 

500.49 

219.81 

0.81 

Durbin-Watson statistic 1.81 Ljung-Box: Chisq(18) = 11.65 0.14 

Akaike criterion (AlC) 229.8 Schwarz criterion (BIC) 242.9 

Table 12 shows results of the model forecast from 1992 to 2011. Historic and model 

fitted and forecasted real prices of crude oil are graphed in figure 11. The model forecasts 

indicate a decreasing trend of real crude oil prices. The decline ranges from 1430 cents per 

barrel of oil in 1992 to 1385 cents per barrel in 2011. However, crude oil price trend level 

from 1905 to 1970 is lower than that of 1970 to 2011. This fact seems to indicate scarcity of 

oil. The issue will be elaborated upon in a following chapter where economics of the oil 

market is fully integrated to conclude on scarcity status of the commodity. 



Figure 11. Historic and Model Fitted and Forecasted Crude Oil Prices 1900 - 2011 
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Nominal Prices are Deflated by the Producer Price Index for Intermediate Goods (1982= 100). 



Table 12. Forecasted Crude Oil Prices 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 1430.22 

1993 1418.68 

1994 1410.13 

1995 1403.79 

1996 1399.09 

1997 1395.61 

1998 1393.04 

1999 1391.13 

2000 1389.71 

2001 1388.66 

2002 1387.88 

2003 1387.31 

2004 1386.88 

2005 1386.56 

2006 1386.33 

2007 1386.16 

2008 1386.03 

2009 1385.93 

2010 1385.86 

2011 1385.81 
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3.2.3.2 Multivariate State Space Forecast of Bituminous Coal Price. 

Bituminous coal prices are projected to the year 2011. The state space price system 

consists of prices of crude oil and bituminous coal. 

The multivariate state space model for bituminous coal is: 

COALP'.I" O. 740987 • COALP,+[0.0544921 -0. 0000054]. ~-.] lEoq" 

Summary statistics of the model are given below. 

Number of observations 90 

Mean ofLog(COALP) 7.35 Standard deviation 0.32 

Standard forecast error 0.084 RMS 0.082 

Adjusted R-square 

Durbin-Watson 

0.93 

1.55 

R-square corrected for mean 0.94 

Ljung-Box: Chisq(l8) = 25.3 (0.88) 

Akaike criterion (AlC) 135.31 Schwarz criterion (BIC) 143.04 

Table 13 shows results of the model forecast from 1992 to 2011. Historic and model 

fitted and forecasted real prices of bituminous coal are graphed in figure 12. The model 

forecasts indicate a slight decreasing trend in forecasted bituminous coal price. The decline 

ranges from 1895.54 cents per short ton of coal in 1992 to 1879.42 cents per short ton in 

2011. On the other hand, the overall bituminous price trend is increasing from 1900 to 2011. 

This suggests scarcity of coal. Coal scarcity will be re-examined in a following chapter that 

reviews some economics characteristics of the bituminous coal market. 
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Figure 12. Historic and SS Model Fitted and Forecasted Bituminous Coal Prices 1900 - 2011 
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Sources of Data: 1. Statistics of the United States from Colonial Times to 1970. 

2. Statistical Abstracts of the United States. 

Nominal Prices are Deflated by the Producer Price Index for Intermediate Goods (1982= 100). 



Table 13. Forecasted Prices of Bituminous Coal 1992 - 2011. 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 1895.53 

1993 1891.33 

1994 1888.23 

1995 1885.92 

1996 1884.23 

1997 1882.97 

1998 1882.03 

1999 1881.34 

2000 1880.83 

2001 1880.45 

2002 1880.17 

2003 1879.96 

2004 1879.81 

2005 1879.69 

2006 1879.61 

2007 1879.55 

2008 1879.50 

2009 1879.47 

2010 1879.44 

2011 1879.42 

93 



94 

Analysis of US Producer prices, as per their forecast, fails to support the hypothesis 

of increasing scarcity of any mineral commodity, except zinc for the US. The results may be 

extended to the entire North American region, given the importance of the US market in 

terms of both consumption and supply on one hand and that of the high volume of trade with 

Canada on the other. However queries exist about the overall relevancy of non-scarcity as 

indicated by whole or truncated trends of some commodity prices. For instance the overall 

trend of bituminous coal prices point to increasing scarcity. Crude oil prices show two distinct 

trend levels: trend level from 1905 to 1970 is lower than that from 1970 to 2011. Hot-rolled 

steel prices have two contrasting trend levels: trend level from 1900 to 1960 is lower than that 

from 1960 to 2011. These facts suggest the existence of scarcity when one focuses on 

observation of the entire price series. Analysis of results along with rationalization based on 

respective economics of commmodity markets is performed in a following chapter to finalize 

conclusions on economic scarcity status of the non-renewable natural resources. 

With exception to US zinc and World tin, both market-determined and producer-set 

forecast prices for the commodities analyzed fail to support an hypothesis of increasing 

scarcity of exhaustible natural resources. This result applies to the world at large, as implied 

by exchange market price behavior, and to the United States in particular, as demonstrated 

by US producer prices forecasted trends. 
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3.3 Economic State Space Forecast of Mineral Commodities Prices and Quantities. 

From the economic viewpoint, commodities traded in competitive markets are 

exchanged at market clearing prices that equilibrate supply and demand. In other words 

equilibrium levels of supply and demand set the prices of commodities in the markets. Thus, 

an obvious and useful criticism of the forecasting of price systems is that the prices are not 

"attached" to their determinants, specifically supply and demand quantities. Two very 

relevant questions are: 

1. What are the price forecasts when not only prices but commodity quantities are 

included in the state space system and both quantities and prices are simultaneously 

forecasted? 

2. What are the forecasted quantities? 

Given the availability of data, along with the proper definition of supply and demand 

in this study, three commodities will be analyzed: Copper, lead, and zinc. Attempts at finding 

world figures of supply and demand were unsuccessful, so the analysis focuses only on the 

US. 

Demand is defined as the apparent consumption of the commodities in the United 

States. Data on apparent consumption were compiled from various publications of the United 

States Bureau of Mines ( Mineral Facts and Problems and Mineral Yearbook), and the United 

Sates Geological Survey (Mineral Resources of the United States). 

Supply is defined as the sum of domestic production, the imported quantities, the 

processed secondary materials, minus the exported quantities of the commodities respectively. 

Supply data were obtained from the same publications above. 



96 

3.3.1 Economic Multivariate State Space Forecast of Refined Copper. 

Real prices of refined copper and their market supply and demand quantities are 

projected to the year 2011. Two State space models are fitted: The first system consists of 

price of refined copper, and market supply and demand of refined copper. The second 

consists of the price of refined copper, the market supply and demand of refined copper, 

and the real price of refined aluminum as a substitute. 

Aluminum competes with copper in electrical end use market. Only the first state 

space system model is reported here. Results of the second system are not significantly 

different than those of the first one, although it is more complete as economic theory would 

suggest. The state space model for the first system is as follows: 

Where 

Zt+l = F * Zt + 

USCUPt•1 0.210949 0 0 USCUPt 

CUCONSt+1 = 0 0.210949 0 * CUCONSt + 

CUSUPt+l 0 0 0.210949 CUSUPt 

+ K * E t 

-0.0321251 0.00848641 -0.0151553 EIUCIIJ't 

+ -0.17118 0.0452202 -0.0807554 * au:t1fUt 

-0.0473272 0.0125023 -0.022327 
EamlJlt 

USCUPt.l = Stationary US Price of Refined Copper in Year t+ 1; 

CUCONSt•1 = Stationary US Consumption of Refined Copper in Year t+ 1; 
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CUSUPt+1 = Stationary US Supply of Refined Copper in Year t+ 1; 

USCUPt = Stationary US Price of Refined Copper in Year t; 

CUCONSt = Stationary US Consumption of Refined Copper in Year t; 

CUSUPt = Stationary US Supply of Refined Copper in Year t; 

EII6CIIJ!, =Process Error due to US Copper Price of Refined Copper in Year t; 

ECIII:f11I8 = Process Error due to US Copper Consumption in Year t; , 
E

CII8IIJI
, = Process Error due US Copper Supply in Year t; 

Note that all three stationary variables, US copper price, US copper consumption, and US 

copper supply are first differences of the original price series. 

3.3.1.1 Economic State Space Forecasting of US Copper Price. 

US copper prices are forecasted to the year 2011. The state space system consists of 

US copper price, copper consumption, and copper supply. The state space model for US 

copper price is as follows: 

USCUPt+1 = 0.210949 * USCUPt + [-0.0321251 0.00848641 -0.0151553] * ~, 

ECIIIIIp, 

Summaries statistics for the model is given below. 

Number of Observations 90 

Mean USCUP 102.78 

Standard Forecast Error 20.39 

Adjusted R-square 0.54 

Durbin-Watson statistic l.70 

Akaike Criterion (AlC) 2l.05 

Standard Deviation of USC UP 30.13 

RMSError 19.69 

R-square corrected for mean 0.57 

Ljung-Box: Chisq(I8)=24.94 0.87 

Schwarz Criterion (BIC) 22.89 



98 

Figure 13 shows the historic and model fitted and forecasted prices of refined copper 

for both models. Table 14 contains price forecasts. The forecasts show a steady, stable trend 

offorecasted refined copper price to the year 2011. Prices fluctuate slightly around 95.94 

cents per pound of copper. The trend does not show an increase of copper prices. This fact 

compares favorably with previous results for both the market-determined and producer-set 

prices trends, with the exception that obvious declining trends are observed in the last two 

and that they show slightly lower price figures. 



Figure 13. Historic and SS Models Fitted and Forecasted Copper Prices 1900 - 2011. 
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Source of Data: Metal Prices in the United States Through 1991; U.S. Bureau of Mines. 

Nominal Prices are deBated by the Producer Price Index for Intennediate Goods (1982= 1 00) 



Table 14. Forecasted Prices of Refined Copper 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant !982 US Dollar) 

1992 95.886 

1993 95.946 

1994 95.959 

1995 95.961 

1996 95.962 

1997 95.962 

1998 95.962 

1999 95.962 

2000 95.962 

2001 95.962 

2002 95.962 

2003 95.962 

2004 95.962 

2005 95.962 

2006 95.962 

2007 95.962 

2008 95.962 

2009 95.962 

2010 95.962 

2011 95.962 

100 
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3.3.1.2 Economic State Space Forecasting of US Consumption of Copper 

Consumption of copper in the US is forecasted to the year 2011. The state space 

system of variables includes; US copper consumption, US copper prices, and US copper 

supply. 

The state space model for US copper consumption is as follows: 

EUCIIp, 

CUCONSt•1 = 0.210949 * CUCONSt + [-0.1711B 0.0452202 -0.OB07554] * ~, 

ECIIIIIIp, 

Summary statistics for the model are shown below. 

Number of Observations 90 

Mean ofCUCONS 1469.04 

Standard forecast error 232.75 

Adjusted R-square 0.90 

Durbin-Watson statistic 2.14 

Akaike criterion (AlC) 240.36 

Standard deviation 732.44 

RMS error 224.S6 

R-square (corrected for mean) 0.91 

Ljung-Box: Chisq(IS)=IS.54 (0.5S) 

Schwarz criterion (BIC) 261.25 

Figure 15 depicts historic versus model fitted and forecasted consumption of copper 

in the US. Table 16 shows results of the forecast. Forecasts of copper consumption show a 

slight upward trend. Consumption rises slightly from 2321.2239 thousand short tons in 1992 

to 2321.6314 thousand short tons in 2011. 



Figure 14. Historic and SS Model Fitted and Forecasted US Consumption of Copper 

1992-2011 
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Table 15. Forecasted consumption of Refined Copper 1992-2011 

( Thousand of Short Tons) 

103 

Year Consumption of Copper (Thousand S.T) 

1992 2321.2239 

1993 2321.5454 

1994 2321.6132 

1995 2321.6275 

1996 2321.6306 

1997 2321.6312 

1998 2321.6313 

1999 2321.6314 

2000 2321.6314 

2001 2321.6314 

2002 2321.6314 

2003 2321.6314 

2004 2321.6314 

2005 2321.6314 

2006 2321.6314 

2007 2321.6314 

2008 2321.6314 

2009 2321.6314 

2010 2321.6314 

2011 2321.6314 
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3.3.1.3 Economic State Space Forecasting of US Copper Supply. 

US supply of refined copper is forecasted to the year 2011. The state space system 

variables includes; US copper prices, US consumption of copper, and US supply of copper. 

The state space model for US supply of copper is as follows: 

CUSUPt•1 = 0.210949 * CUSUPt + [-0.0473272 0.0125023 -0.022327] * 

Summary of model statistics are given below. 

Number of Observations 90 

Mean ofCUSUP 1736.30 

Standard forecast error 331.86 

Adjusted R-square 0.86 

Durbin-Watson statistic 2.20 

Akaike criterion (AlC) 342.71 

Standard deviation 873.58 

RMS error 320.61 

R-square (corrected for mean) 0.86 

Ljung-Box: Chisq(l8) = 25.08 (0.88) 

Schwarz criterion (BIC) 372.49 

Figure 15 shows historic versus model fitted and forecasted supply of copper in the 

US. Table 16 shows forecasted supply of copper in the US. Model forecasts show a flat trend 

of copper supply in the US. Supply of copper ranges from 2372.6213 thousand short tons in 

1992 to 2372.7339 short tons in 2011. Forecasted trends of both US supply and consumption 

of copper are relatively consistent with forecasted trend of US copper prices in regard to 

market equilibrium clearing price levels. 
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Figure 15. Historic and SS Model Fitted and Forecasted Supply of Copper 1992-2011 
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Table 16. Forecasted Supply of Copper in the US 1992-2011 

( Thousand Short Tons) 
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Year Supply Refined Copper (Thousand S.T.) 

1992 2372.6213 

1993 2372.7102 

1994 2372.7289 

1995 2372.7329 

1996 2372.7337 

1997 2372.7339 

1998 2372.7339 

1999 2372.7339 

2000 2372.7339 

2001 2372.7339 

2002 2372.7339 

2003 2372.7339 

2004 2372.7339 

2005 2372.7339 

2006 2372.7339 

2007 2372.7339 

2008 2372.7339 

2009 2372.7339 

2010 2372.7339 

2011 2372.7339 
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3.3.2 Economic Multivariate State Space Forecasting of Refined Zinc 

Real prices of refined zinc and supply and demand quantities of zinc are forecasted 

to the year 2011. Two multivariate state space models were fitted to the data. However, the 

first state space system, which includes zinc real price, zinc supply, and zinc demand was 

chosen over the second model. The second state space model includes the variables: real price 

of zinc, supply and demand of zinc, and price of aluminum as a substitute. Results of the 

second model are less reliable (given the diagnostic statistics) than those of the first model 

although, in terms of economic theory, the second model seems to be more complete as it 

includes price of aluminum. The state space model for the first system is as follows: 

Z,.1 = F * 

USZNPt•1 0.339241 0 0 

'NCONSt•1 = 0 0.957488 0 

ZNSUPt •1 0 0 0.957488 

+ K * 

0.708243 0.0125608 0.00232814 

+ 0.116058 0.00321812 -0.00166487 * 

0.243315 0.00674676 -0.00349038 

* 

Z, 

USZNPt 

7VCONSt 

ZNSUPt 

Et 

Where USZNPt•1 = Stationary US Price of Zinc in Year t+ 1; 

ZNCONSt•1 = Stationary US Consumption of Zinc in Year t+ 1; 

+ 

+ 



ZNSUPt•1 = Stationary US Supply of Zinc in Year t+ /; 

USZNPt = Stationary US Price of Zinc in Year t; 

ZNCONSt = Stationary US Consumption of Zinc in Year t; 

ZNSUPt = Stationary US Supply of Zinc in Year t; 

EII/J%1IP. = Process Error due to US Price of Zinc in Year t; 

E~. = Process Error due to US Consumption of Zinc in Year t; 

E'lII8IIP. = Process Error due to US Supply of Zinc in Year t; 
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Note that the stationary variables for zinc consumption and supply are first differences of the 

original series. The original price series for zinc is stationary; therefore stationary zinc price 

was formed by subtracting its mean value to give, the stationary series a zero mean. The 

following equations describe each component of the system; however all the forecasts were 

obtained through simultaneous forecasting of the entire system. 

3.2.3.1 Economic State Space Forecasting of US Price of Zinc. 

Real prices of refined zinc are projected to the year 2011. The state space system of 

variable includes; price of zinc, consumption of zinc, and supply of zinc. 

The multivariate state space model for zinc price is as follows: 

USZNPt+l=0.339241 * USZNPt+[0.70824 0.01256 0.00233]* VICOlUt 

E'lIUIlpt 

Summary statistics of the model is given below. 
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Number of observations 90 

Mean ofUSZNP 46.31 Standard Deviation ofUSZNP 13.25 

Standard Forecast Error 10.53 RMSError 10.17 

Adjusted R-square 0.37 R-square Corrected for mean 0.40 

Durbin-Watson Statistic 1.S4 Ljung-Box:Chisq( IS)= 10.31 O.OS 

Akaike Criterion (AlC) 10.S7 Schwarz Criterion (BIC) I1.S1 

Results of the model forecast are shown in tables 17. Figure 16 depicts historic real 

prices of refined zinc and We model fitted and forecasted prices of zinc. The model forecasts 

show a slightly increasing trend of forecasted refined zinc prices to the year 2011. Price 

increases from 43.01 cents per pound of refined zinc in 1992 to 46.29 cents per pound in 

2011. Contrary to forecasts of world zinc prices, where trend is decreasing, the current 

forecast compares well with that of the US producer prices, where trend is slightly increasing. 

Though this fact may hint to increasing scarcity of resources, further considerations must be 

taken into account before concluding on the scarcity status of zinc resources. 
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Figure 16. Historic and SS Model fitted and forecasted Prices of Refined Zinc; 1900-2011. 
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Table 17 . Forecasted Prices of Refined Zinc 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 43.01 

1993 45.17 

1994 45.91 

1995 46.16 

1996 46.24 

1997 46.27 

1998 46.28 

1999 46.28 

2000 46.28 

2001 46.28 

2002 46.28 

2003 46.28 

2004 46.28 

2005 46.28 

2006 46.28 

2007 46.28 

2008 46.28 

2009 46.28 

2010 46.28 

2011 46.28 
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3.3.2.2 Economic State Space Forecasting of US Consumption of Zinc. 

US consumption of zinc is forecasted to the year 2011. A state space model is fitted 

to the system of variables including: US consumption of zinc, US supply of zinc, and price 

of zinc. 

The state space model for US consumption of zinc is as follows: 

ElIS%IIP
t 

ZNCONS,.1=0.957488*ZNCONS,+[0.11606 0.00322 -0.00166]* %IICOl&ft 

E'lIUIIPt 

Summary statistics for the model is given below. 

Number of Observations 90 

Mean of ZNCONS 759.44 

Standard forecast error 108.87 

Adjusted R-square 0.92 

Durbin-Watson statistic 2.23 

Akaike criterion (AlC) 112.42 

Standard deviation 373.49 

RMS error 105.17 

R-square (corrected for mean) 0.93 

Ljung-Box: Chisq(18)=17.57 (0.52) 

Schwarz criterion (BIC) 122.19 

Figure 17 depicts historic versus model fitted and forecasted consumption of zinc in 

the US. Table 18 shows forecasts of zinc consumption in the US. Model forecasts show an 

increasing trend in forecast of zinc consumption: from 1033.2963 thousand short tons in 1992 

to 1097.7974 thousand short tons in 2011. 



Figure 17. Historic and SS Model Fitted and Forecasted Consumption of Zinc in US 

1992 - 2011 
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Table 18. Forecasted Consumption of Zinc in the US 1992-2011 

( Thousand Short Tons) 

Year Consumption of Zinc (Thousand S.T.) 

1992 1033.2963 

1993 1038.1759 

1994 1042.8482 

1995 1047.3217 

1996 1051.6052 

1997 1055.7065 

1998 1059.6334 

1999 1063.3934 

2000 1066.9936 

2001 1070.4407 

2002 1073.7413 

2003 1076.9015 

2004 1079.9274 

2005 1082.8247 

2006 1085.5988 

2007 1088.2550 

2008 1090.7982 

2009 1093.2334 

2010 1095.5650 

2011 1097.7974 
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3.3.2.3 Economic State Space Forecasting of US Zinc Supply. 

US supply of refined zinc is forecasted to the year 2011. The state space system 

includes US supply of zinc, US consumption of zinc, and US price of zinc. 

The state space model for US zinc supply is as follows: 

ElI$'lIIpt 

ZNSUPt+1=O.957488*ZNSUPt+[0.243315 0.006747 -0.003490] * 

Summary of model statistics is given below. 

Number of Observations 90 

Mean of ZNSUP 814.1661 Standard deviation 366.27 

Standard forecast error 133.29 RMS error 128.78 

Adjusted R-square 0.87 R-square (corrected for mean) 0.87 

Durbin-Watson statistic 2.56 Ljung-Box:Chisq(18)=28.6 (0.9) 

Akaike criterion (AlC) 137.65 Schwarz criterion (BIC) 149.62 

Figure 18 shows the historic and model fitted and forecasted supply of zinc in the US. 

Table 19 shows forecast of zinc supply to the year 2011. Forecasts of the model show an 

increasing trend in forecast of US supply of refined zinc: from 1046.3843 thousand short tons 

in 1992 to 1181.6106 thousand short tons in 2011. 
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Figure 18. Historic and SS Model Fitted and Forecasted US Supply of Zinc 1992-2011 
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Table 19. Forecasted US Supply of refined Zinc 1992 - 2011 

( Thousand of Short Tons) 
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Year Supply of Refined Zinc (Thousand S.T.) 

1992 1046.3843 

1993 1056.6145 

1994 1066.4098 

1995 1075.7886 

1996 1084.7688 

1997 1093.3671 

1998 1101.6000 

1999 1109.4828 

2000 1117.0305 

2001 1124.2574 

2002 1131.1770 

2003 1137.8025 

2004 1144.1462 

2005 1150.2204 

2006 1156.0362 

2007 1161.6049 

2008 1166.9368 

2009 1172.0420 

2010 1176.9302 

2011 1181.6106 
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3.3.3 Economic Multivariate State Space Forecasting of Refined Lead. 

Real price, demand, and supply of refined lead are forecasted to the year 2011. The 

state space system includes real prices oflead, quantities of supply and demand of refined lead 

in the US lead market. The state space model for this system is as follows: 

Z,+l = F * 

USLEADPt+1 0.0870975 0 0 

PBCONSt+1 = 0 0.0870975 0 * 
PBSUPt+1 

0 0 0.0870975 

+ K 

0.552785 0.00347628 -0.00353872 

of- -3.1476 

4.00423 

-0.197942 

0.251812 

0.201497 

-0.256335 

* Et 

Zt + 

USLEADPt 

PBCONSt of-

PBSUPt 

Where USLEADPt•1 = Stationary US Price of Lead in Year t+ 1; 

PBCONSt•1 = Stationary US Consumption of Lead in Year t+ 1; 

PBSUPt•1 = Stationary US Supply of Lead in Year t+ 1; 

USLEADPt = Stationary US Price of Lead in Year t; 

PBCONSt = Stationary US Consumption of Lead in Year t; 

PBSUPt = Stationary US Supply of Lead in Year t; 

EIIIIIaJIp, = Process Error due to US Price of Lead in Year t; 

Ep/H:tIIf6, = Process Error due to US Consumption of Lead in Year t; 

EpIJap, = Process Error due to US Supply of Lead in Year t; 
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Note that all three stationary variables comprising the state space vector are first differences 

of the original series. The following forecast reports are individual forecast of the system 

variable, but all forecasts were obtained via simultaneous evaluation of the state space system 

above. 

3.3.3.1 Economic State Space Forecasting of US Lead Price. 

US lead prices are forecasted to the year 2011. The state space system includes US 

lead price, US lead consumption, and US lead supply. 

The state space model for US lead price is as follows: 

EarleUpt 

USLEADPt+1=0.0871 * USLEADPt +[0.5528 0.0035 -0.0035]* -pbcoftSt 

Epbapt 

Summary statistics of model is given below. 

Number of Observations 90 

Mean ofUSLEADP 41.08 

Standard Forecast Error 6.65 

Adjusted R-square 0.51 

Durbin-Watson Statistic 1.88 

Akaike Criterion (AlC) 6.87 

Standard Deviation 9.46 

RMS Error 6.43 

R-square Corrected for mean 0.53 

Ljung-Box:Chisq(18)=25.14 0.88 

Schwarz Criterion (BIC) 7.46 

Table 20 shows results of the forecast. Figure 19 depicts historic and model fitted and 

forecast prices oflead. Model forecasts show a very slight decrease in lead prices. Forecast 

price oflead decreased from 28.93 cents per pound in 1992 to 28.89 cents per pound in 2011. 

These results compare favorably well with both world and US producer lead price forecasts. 



Figure 19. Historic and SS Model Fitted and Forecasted Prices of Lead. 1900 -2011 
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Source of Data: Metal Prices in the United States Through 1991; U.S. Bureau of Mines. 

Nominal Prices are deflated by the Producer Price Index for Intennediate Goods. (1982=100) 



Table 20. Forecasted Prices of Lead 1992 - 2011 

(Constant 1982 US Dollar) 

Year Real Price (Constant 1982 US Dollar) 

1992 28.9259 

1993 28.8933 

1994 28.8905 

1995 28.8903 

1996 28.8902 

1997 28.8902 

1998 28.8902 

1999 28.8902 

2000 28.8902 

2001 28.8902 

2002 28.8902 

2003 28.8902 

2004 28.8902 

2005 28.8902 

2006 28.8902 

2007 28.8902 

2008 28.8902 

2009 28.8902 

2010 28.8902 

2011 28.8902 
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3.3.3.2 Economic State Space Forecasting of US Lead Consumption. 

US consumption of lead is forecasted to the year 2011. The state space system 

includes: Us consumption oflead, US supply oflead, and US price oflead. 

The state space model for US consumption of lead is as follows: 

II3la4pt 

PBCONSt+1=0.0871.PBCONSt +[-3.1476 -0.1979 0.2015]. EpbctJu
t 

Summary statistics of the model are given below. 

Number of Observations 90 

Mean ofPBCONS 953.90 

Standard forecast error 99.58 

Adjusted R-square 0.93 

Durbin-Watson statistic 1.94 

Akaike criterion (AlC) 102.83 

Epbsupt 

Standard deviation 375.24 

RMS error 96.20 

R-square (corrected for mean) 0.93 

Ljung-Box: Chisq(18)=14.26 0.28 

Schwarz criterion (BIC) 111.77 

Figure 20 depicts historic and model fitted and forecasted US consumption oflead. 

Table 21 shows forecast results for lead consumption form 1992 to 2011. Forecasts of US 

consumption oflead shows a slight increase, ranging from 1394.80 thousand short tons in 

1992 to 1396.8325 thousand short tons in 2011. 
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Table 21. Forecasted Consumption of Lead 1992 - 2011 

( Thousand Short Tons) 
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Year Consumption Lead (Thousand Short Ton) 

1992 1394.8003 

1993 1396.6555 

1994 1396.8171 

1995 1396.8312 

1996 1396.8324 

1997 1396.8325 

1998 1396.8325 

1999 1396.8325 

2000 1396.8325 

2001 1396.8325 

2002 1396.8325 

2003 1396.8325 

2004 1396.8325 

2005 1396.8325 

2006 1396.8325 

2007 1396.8325 

2008 1396.8325 

2009 1396.8325 

2010 1396.8325 

2011 1396.8325 
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3.3.3.3 Economic State Space Forecasting of US Supply of Lead. 

US supply oflead is forecasted to the year 2011. The state space system includes: Us 

supply oflead, US consumption oflead, and price oflead. 

The state space model for US supply of lead is as follows: 

uslelUlpt 

PBSUPt+1 = 0.0871 * PBSUPt + [4.0042 0.2518 -0.2563] * EpbcoIut 

Summary of model statistics is given below. 

Number of Observations 90 

Mean of PBSUP 1068.02 

Standard forecast error 117.25 

Adjusted R-square 0.93 

Durbin-Watson statistic 2.03 

Akaike criterion (AlC) 121.08 

Eplmlpt 

Standard deviation 456.09 

RMS error 113.27 

R-square (corrected for mean) 0.94 

Ljung-Box: Chisq(18)=24.44 0.86 

Schwarz criterion (BIC) 131.60 

Figure 21 depicts historic and model fitted and forecasted supply oflead in the US. 

Table 22 shows forecasts oflead supply to the year 2011. Forecasts oflead supply show a 

slightly declining trend, decreasing from 1471.4027 thousand short tons in 1992 to 1468.8174 

thousand short tons in 2011. 



Figure 21. Historic and SS Model Fitted and Forecasted Supply of Lead 
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Table 22. Forecasted Supply of Lead in the US 1992 - 2001 

( Thousand of Short Tons) 
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Year Supply of Lead (Thousand Short Tons) 

1992 1471.4027 

1993 1469.0426 

1994 1468.8370 

1995 1468.8191 

1996 1468.8176 

1997 1468.8174 

1998 1468.8174 

1999 1468.8174 

2000 1468.8174 

2001 1468.8174 

2002 1468.8174 

2003 1468.8174 

2004 1468.8174 

2005 1468.8174 

2006 1468.8174 

2007 1468.8174 

2008 1468.8174 

2009 1468.8174 

2010 1468.8174 

2011 1468.8174 
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3.4 Conclusion. 

Overall forecasts of commodities prices in all settings ( World prices, US Producer 

prices, and Economic prices) point to decreasing trends, with a few exceptions such as world 

price of tin, US producer price of zinc, and market equilibrium price of zinc in the US. These 

results generally fail to support the theory of increasing scarcity of mineral commodity 

resources both in the world and in the United States. Forecasts o~ commodities consumption 

and supply behave well relative to the trends of co-forecasted prices. 

Given the conflicting signals of scarcity for some commodities when their entire price 

series is observed, results of forecasting by state space methodology will be better interpreted 

when consideration is given to relevant economic characteristics of mineral commodities 

markets. Only then, will a rational conclusion be drawn regarding the economic scarcity status 

of mineral resources. 



CHAPTER FOUR 

FORECASTING MINERAL COMMODITIES 

PRICES BY A SYSTEM OF LEARNING MODELS 
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Real prices of four mineral commodities are forecasted to the year 2011. A system of 

learning models is used in a hierarchical procedure to predict prices and consumption 

quantities. Cumulative data of variables included in the procedure are used to identifY learning 

relations between set of two variables. A scatterplot of the arithmetic and/or logarithmic 

values of each pair of variables in the procedure is investigated in order to find a straight or 

near-straight line in the plot, which indicates th~ presence of a learning relation. Such an 

identification occurring in the last years of the cumulative data series is modelled by 

regression analysis. The accuracy of the learning model forecast is contingent upon the 

strength of the relation and the strong assumption that identified learning patterns persist over 

the forecast period. Although cumulative quantities, e.g. consumption, have meaning, 

cumulative price does not, as it is a cumulate of ratios. Thus, price must be modelled 

indirectly through cumulative value. This relatively indirect, non classical learning method is 

used because annual prices are hard to predict directly because of strong cyclical patterns and 

vague trends in annual data series. 

Price forecasting using a system of learning models differs considerably from the 

conventional use of learning curves. Whereas in the conventional method a ratio of the 

cumulative system response to the system activity level is modelled as a learning relation, the 

non classicalleaming models relate cumulative system response to cumulative activity level. 

Also, in the non conventional method lagged values of the dependent variables may be used 

as additional explanatory variables. This is rationalized on statistical grounds as well as a 

means to capturing nonlinearities in the learning relation. 

This chapter is divided into three major sections. The first section is an overview of 

how the system operates.Estimated models and their statistical properties are shown and 
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reviewed. A numerical example demonstrates the mechanics of forecasting. In the second 

part, consumption and prices of copper and aluminum are forecasted and illustrated 

graphically. The third section describes the forecasting system for oil and coal, as well as 

forecasted consumptions and prices. 



Figure 22. Flow Chart of Forecasting by System of Learning Models 

(Copper & Aluminum) 

CVeA, = Cumulative Value ojCopper and Aluminum in Year t 
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CVC,. CVA, = Cumulative Value ojCopper, and oj Aluminum in Year t 

CCC,. CCA, =Cumulative Consumption oj Copper, and oj Aluminum in Year t 

CGDP, = Cumulative Gross Domestic Product in Year t 

LCGDP, = Natural Logarithm Cumulative Gross Domestic Product in Year t 

CCDG, = Cumulative Expenditure on Consumer Durable Goods in Year t 

LCCDG, = Natural Logarithm oj CCDG in Year t 

LCCDGt = F(LCGDP,. LCCDG,_I' LCCDGt-2) 

~ 1 (-1) t (-2) 

r 
CVCA. t = F( LCCDG t' CVCA. 1-1 ) 

I t (-1) 

~ 
CCDG, = EXP(LCCDG) 

~ \Lt-
~--CVC t = F( CVCA. t ' CVC t-l ) 

! (-1) 1 E:---CVA t = F( CVCA. t ' CVA t-3 ) 

! 
ecc t = F(CVC t-l' CCDG t) 

(-1) 

ee t = CCC ,- CCC '-1 

~(-1) 
eve t- eve t-l 

PCt·-~-"";;";' 
CC t '"-----, 

(-3) 

(-1) (-4) 

CCA. t = F( CVA t-l ' CVA t-4 ,CCDG t) 

(-1) 

CA. t = CCA. t - CCA t-l 

(-1) 

CVA t- CVA t-l 
PA t· --=---....;;..;. 

C4t~ _____ ... 



4.1 Schematic Overview of Forecasting by System of Learning Models. 

(Copper and Aluminum) 
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The procedure for forecasting by the system of learning models shown in figure 22, 

is carried out in a sequential hierarchical fashion in seven stages. 

Cumulative gross domestic product in year t (CGDP t) is used to drive the system 

from the top. This stage represents the entire economy as measured by CGDP t. External 

forecasts of gross domestic product for the years 1993 through 2011 were obtained from 

Wharton Economic Group. 

The next stage models the relationship of the logarithm of consumer expenditures on 

durable goods in year t to the logarithm of cumulative gross domestic product. This sector 

is used because of the presence of copper and aluminum in different physical proportions in 

many consumer durable goods. The learning relation between natural logarithm of cumulative 

consumer expenditures on durable goods (LCCDG t) and LCGDP t is modelled as: 

LCCDG t = F(LCGDP t' LCCDG t-l' LCCDG t-2) , where, (4.1) 

LCCDG t = Logarithm cumulative consumer expenditures on durable goods in year t~ 

LCGDP t = Logarithm cumulative gross domestic product in year t; 

LCCDG t-l • LCCDG t-2 are respectively one and two years lag of LCCDG t ~ 

The next stage models the learning relationship of cumulative combined value of 

copper and aluminum (CVCA t) to LCCDG t. This services the notion that consumer durables 

are manufactured from both aluminum and copper, as well as other materials. This is 

rationalized on the ground that a simultaneous forecasting of prices and consumption of 

substitutes products is more reliable than their individual prediction, given the nature of their 

competition in almost all end use markets. In this stage the learning relation between 

cumulative value of copper and aluminum in year t and LCCDG t is modelled as follows: 
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CVCA t = F( LCCDG t' CVCA t-l ), where, (4.2) 

CJ!CA t = Cumulative value of copper and aluminum in year t; 

CVCA t-l = Cumulative value of copper and aluminum lagged one year; 

LCCDG t = Logarithm cumulative consumer expenditures on durable goods in year t. 

The next stage involves two models. The first model describes the value of copper 

consumption, and the second portrays the value of aluminum consumption. Together, these 

models express the substitution between copper and aluminum in the production of consumer 

durables. This substitution is both technological and price induced. The learning relation for 

copper is modelled as: 

eve t • F( CVAC t. eve t-l)' where, 

eve t = Cumulative value of copper in year I; 

CJ!CA t = Cumulative value of copper and aluminum in year I; 

CVC t-l = Cumulative value of copper lagged for one year. 

The learning relation for aluminum is modelled as follows: 

CVA t • F( CVCA t' CVA t-3) , where, 

CVA t = Cumulative value of aluminum in year I; 

CVCA t = Cumulative value of copper and aluminum in year t; 

CVA t-l = Cumulative value of aluminum lagged for one year. 

(4.3) 

(4.4) 

The next stage models the relations of cumulative consumption of copper and 

aluminum respectively ( CCC t , CCA t ) and cumulative values of copper and aluminum eve t' 

andCVA t respectively. These models relate cumulative consumption in year 1 to cumulative 

value of consumption in year 1-J. The primary reason for this is that it enables the forecasting 
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of price. Moreover, this seems acceptable on conceptual grounds as well because some 

econometric models also have used lagged price. Finally, when the time series are long, there 

is little difference in the cumulative values of consumptions in year t and 1-1. The two models 

are as follow: 

CCC t· F( evc t-l' CCOO t); 

CCA t • F( evA t-l • evA t-4 • CCOO t); where; 

CCC t = Cumulative consumption of copper in year t, 

CCDG t = Cumulative consumer expenditures on durable goods in year t, 

CCA t = Cumulative consumption of aluminum in year t, 

(4.5) 

(4.6) 

CVA t-l • evA t-4 = Cumulative value of aluminum lagged by one and four years. 

The last two stages create forecasts of annual aluminum and copper consumptions, 

the values of these consumption, and prices. Here, projected annual price is the ratio of annual 

consumption value to annual consumption. This is achieved through the following equations: 

where; 

evc t - eve t-l 
PC t • ----'---....;,..;;.. 

cC t 

evA t- evA t-l 
PA t • ---=-----::..:.. 

CAt 

PC t = Real price of copper in year t; 

PA t = Real price of aluminum in year t; 

CC t • CCC t- CCC t-l = Consumption of copper in year t; 

CA t • CCA t - CCA t-l = Consumption of aluminum in year t; 

CCC t-l = Cumulative consumption of copper lagged for one year; 

CCA t-l = Cumulative consumption of aluminum lagged for one year. 
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4.1.1 Estimated Learning Models 

Least squares regression is used to estimate parameters of the learning models. In 

almost all of the models estimated in this study, estimated parameters are statistically 

significant. Given the smoothing effect of cumulative data on the overall relational patterns, 

it is important that a high R-square be obtained in the modelling process. This will increase 

the accuracy of the model predictions. Caution was taken during the regression analysis 

regarding violation of the non serial correlation assumption of least square analysis. This is 

due to the time series nature of the data. Thus the estimated Durbin-Watson statistic for each 

model was checked against the critical region values at both the one and five percent 

confidence levels. This ensures that the models are not distorted by the existence of serial 

correlation. Six models were estimated for the forecasting of aluminum and copper prices and 

consumption. From top to bottom of the system the first estimated model is for LCCDG t: 

LCCDG t· - 0.934692 + 0.350943 LCGDP t+ 1.321962 LCCDG t-l- 0.666021 LCCDG t-2; (4.11) 

(-2.906) (3.101 ) (7.316) (-4.733 ) 

R2. 0.9999 Durbin -Wat.son D. 1.206 lor II • 19 k'. 3 

In equation 4.11 all coefficients are statistically significant, the R-square is close to 1.0, and 

the Durbin-Watson D statistic indicates that serial correlation is not statistically significant 

at the 1 percent level. Figure 23 shows the learning relation between consumer expenditures 

on durable goods and gross domestic product. Figure 24 shows model predicted versus 

historical natura1logarithm of cumulative consumer expenditures on durable goods, and figure 

25 shows the estimated and actual annual values of consumer expenditures on durable goods. 
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The estimated model for cumulative value of copper and aluminum consumption, 

CVCA t' is the following: 

CVCA t· - 861116 + 113469 LCCDG + 0.620965 CVCA t-J (4.12) 

( - 2.491) (2.534) (4.231 ) 

R2· 0.9987 Durbin -WaJ.ron D. 1.133 for n· 20 k' .2 

Equation 4.12 shows statistically significant coefficients for all estimated parameters. Also 

the R-square indicates a good fit, and the computed Durbin-Watson D statistic is significant 

at the 1 percent level. Figures 26,27, and 28 show respectively the learning relation between 

value of copper and aluminum and consumer expenditures on durable goods, the model 

predicted versus historical cumulative, and the predicted and actual annual values of copper 

and aluminum consumption. 

The estimated learning models for cumulative copper value, eve t' and cumulative 

aluminum value, evA I' are as follows: 

eve I • 31038 + 0.202803 CVCA I + 0.447130 eve I-J ; (4.13) 

(10.729 ) (8.036 ) (6.764 ) 

R 2 • 0.9996 Durbin -WaJ.ron D. 1.062 for II .20 k'. 2 

evA t· - 52162 .0 + 0.622144 CVCA t + 0.023194 evA t-3 ; (4.14) 

(- 19.456 ) (30.721) (0.715 ) 

R2.0.9998 Durbin -WaJ.ron D. 0.80 for n • 17 k'. 2 

All estimated parameters coefficients of equation 4.13 are statistically significant at the 1 

percent level. The R-square indicates a good fit. The Durbin-Watson D statistic is significant 

at the 1 percent confidence level. Figures 29, 30, and 31 show respectively the learning 
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relation between value of copper and the combined value of copper and aluminum, the 

historical versus model predicted cumulative and annual values of copper consumption. 

Equation 4.14 has a good fit of data with a high R-square. With the exception of the third 

parameter, all other estimated parameters coefficients are statistically significant at the 1 

percent level. The computed Durbin-Watson D statistic indicates no serial correlation at the 

1 percent statistical significance level. Figures 32,33, and 34 show respectively the learning 

relation between value of aluminum and value of copper and aluminum, the historical versus 

model predicted cumulative and annual values of aluminum consumption. 

The estimated learning models for cumulative copper consumption, CCC t' and 

cumulative aluminum consumption, CCA t' are as follows: 

CCC t· 40292 + 0.037404 evc t + 6.382324 CCDG t (4.15) 

(11.354 ) (0.74S ) (8.469 ) 

R 2. 0.9999 Durbi" -Watron D. 2.329 /01''' • 5 k'.2. 

CCA t· - 5778 .730806 + 0.200455 evA t-l + 0.240831 evA t-4 + 7.409060 CCDG t ; (4.16) 

(-5.222 ) (4.60S ) (7.002 ) (7.806 ) 

R 2 .0.9997 Durbi" -Watron D. 0.891/01'''. 17 k'. 3 . 

All estimated parameters in equation 4.15 are statistically significant except for the second 

parameter. The R-square is almost 1.0, thus indicating a good model fit. Although the sample 

size for this model is small, the Durbin-Watson D statistic is statistically significant at the 1 

percent level. Figures 35, 36, and 37 show respectively the learning relation between 

consumption of copper and value of copper, historical versus model predicted cumulative and 

annual consumption of copper. Equation 4.16 shows a very good fit of the data with a high 

R-square. All estimated parameters coefficients are statistically significant at the 1 percent 

level. The Durbin-Watson D statistic is significant at the 1 percent confidence level. Figures 
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38, 39, and 40 show respectively the learning relation between consumption of aluminum and 

value of aluminum, the historical versus model predicted cumulative and annual consumption 

of aluminum. 

All estimated models are statistically significant in that they almost all have significant 

coefficients, high R-square, and significant Durbin-Watson D statistic. These models are used 

in the procedure of forecasting by a system of learning models as explained in the schematic 

overview to predict consumption and prices of copper and aluminum. An example of the 

mechanics offorecasting by a system oflearning models is given for the years 1996 and 1997 

as follows. 
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4.1.2 Numerical Example of Forecasting by System of Learning Models. 

This numerical example of forecasting by system of learning models applies to the 

case of copper and aluminum for the years 1996 and 1997. 

Given LCGDP t for the years 1995, 1996, and 1997 the natural logarithm of 

cumulative consumer expenditures on durable goods is computed for 1995, 1996, and 1997 

following equation 4.11: 

LCCDG 1995 - - 0.934692 + 0.350943 LCGDP 1995 + 1.321962 LCCDG 1994 - 0.666021 LCCDG 1993 - 9.37684 

LCCDG 1996 - - 0.934692 + 0.350943 LCGDP 1996 + 1.321962 LCCDG 1995 - 0.666021 LCCDG 1994 - 9.41159 

LCCDG 1997 - - 0.934692 + 0.350943 LCGDP 1997 + 1.321962 LCCDG 1996 - 0.666021 LCCDG 1995 - 9.44598 

Results of above computation are fed into equation 4.12 to evaluate cumulative value 

of copper and aluminum for the years 1995, 1996, and 1997 as follows: 

CVCA 1995--861116 +113469LCCDG 1995+0.620965 CVCA 1994-519096.24 

CVCA 1996- -861116 + 113469 LCCDG 1996+ 0.620965 CVCA 1995- 529148 .54 

CVCA 1997- -861116 +113469 LCCDG 1997+ 0.620965 CVCA 1996- 539293 .13 

Equation 4.13 is used next to compute cumulative value of copper for the years 1995, 

1996, and 1997. Results of the previous step are used in the current step: 

CVC 1995 - 31038 + 0.202803 CVCA 1995 + 0.447130 eve 1994 - 243682 .68 
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cve l996 -31038 +0.202803 CVCA 1996+0.447130 eve 1995-247308 .75 

eve 1997 - 31038 + 0.202803 CVCA 1997 + 0.447130 eve 1996 - 250987 .43 

Results of evaluation of equation 4.12 are used to compute cumulative value of 

aluminum for each of the years 1995, 1996, and 1997 according to equation 4.14, as follows. 

CVA 1995 - -52162 + 0.622144 CVCA 1995 + 0.023194 CVA 1992 - 276787 .71 

CVA 1996 - -52162 + 0.622144 CVCA 1996 + 0.023194 CVA 1993 - 283178 .29 

CVA 1997 - -52162 + 0.622144 CVCA 1997 + 0.023194 CVA 1994 - 289630 .34 

Cumulative consumption of copper for each of the years 1995, 1996, and 1997 is 

computed based on equation 4.15 using results of evaluation of equation 4.13 above as 

follows: 

eee 1995 - 40292 + 0.037404 cve 1995 + 6.382324 eeDG 1995 - 124659 .54 

eee 1996 - 40292 + 0.037404 eve 1996 + 6.382324 CCDG 1996 - 127458 .23 

cce 1997- 40292 + 0.037404 eve 1997+ 6.382324 CCDG 1997-130324 .92 

Cumulative consumption of aluminum for the years 1995, 1996, and 1997 are 

computed according to equation 4.16 using results of evaluation of equation 4.14 above as 

follows: 
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CCA 1995 - -5778 .7 + 0.200455 evA 1994 + 0.240831 O~ 1991 + 7.40906 CCDG 1995 - 196665 .78 

CCA 1996 - -5778 .7 + 0.200455 evA 1995 + 0.240831 CVA 1992 + 7.40906 CCDG 1996 - 202582 .4 

CCA 1997- -5778.7 + 0.200455 evA 1996+ 0.240831 evA 1993 + 7.40906 CCDG 1997- 208452 .2 

Annual consumption of copper and annual consumption of aluminum are computed 

respectively as the differencing between consecutive computed cumulative consumptions of 

copper and computed cumulative consumptions of aluminum. Results are as follows: 

CC 1996 - CCC 1996 - CCC 1995 - 2798 .69 

CC 1997 - CCC 1997 - CCC 1996 - 2866 .69 

CA 1996 - CCA 1996 - CCA 1995 - 5916 .62 

CA 1997 - CCA 1997 - CCA 1996 - 5869 .8 

Real prices of copper and real prices of aluminum for the years 1996 and 1997 are 

computed respectively as the ratio of their corresponding difference of consecutive cumulative 

values and respective annual consumption as follows (for arithmetical purpose the 

denominator is multiplied by 2 in order to obtain price in cents per pound) : 

evc 1996 - evc 1995 
PC 1996 - .100 - 64.78 Cents per Pound 

2. CC 1996 

evc 1997 - evc 1996 
PC 1997 - .100 - 64 .16 Cents per Pound 

2. CC 1997 
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evA 1996 - evA 1995 
PA 1996 - • 100 - 54.0 Cents per Pound 

2. CA 1996 

evA 1997 - CVA 1996 
PA 1m- .100 .54.95 CentsperPound 

2. CA 1997 

All other forecasting procedures in this chapter are carried out similarly to the example 

given above with respect to copper and aluminum price and consumption for the years 1996 

and 1997. 

4.2 Forecast of Real Prices and Consumptions of Copper and Aluminum. 

The system of learning models, explained above, is used to predict real prices and 

consumption of refined copper and aluminum. The procedure is similar to the example given 

above, and proceeds in a hierarchical fashion as explained earlier. Only results and graphs 

of the forecasted prices and consumptions are discussed here. 

Consumption of refined aluminum is predicted by evaluation of equation 4. 15. The 

model fit against historical cumulative consumption of aluminum is shown in figure 39. 

Forecasts of annual consumption of aluminum is graphed in figure 40. Table 23 shows 

forecasts of annual aluminum consumption to the year 2011. The model replicates well the 

historical trend of aluminum consumption. Forecasted consumption of aluminum grows from 

6557.14 thousand short tons in 1992 to 6906.43 thousand short tons in 2011. Forecasted 

consumption decreases slightly from 1992 to 1995, and then increases to 6906.43 thousand 

short tons in 2011. The overall growth rate of aluminum consumption is about 0.27 percent 

per year. 

Evaluation of equation 4.16 to the year 2011 allows computation of cumulative 

consumption of copper. Figure 36 shows historical versus model predicted cumulative 

consumption of copper. Although the sample size for the learning period is small, the model 

offers a good fit to the data. Forecast annual consumption of copper is graphed in figure 37. 
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Also the historical consumption of copper for the modelling period is shown. Overall the 

model performs well. Table 23 shows forecasts of annual consumption of copper. Forecast 

annual consumption of copper grows from 2290.91 thousand short tons in 1992 to 3824.23 

thousand short tons in 2011. The average growth rate of copper consumption is about 2.69 

percent. Consumption of copper grows much faster than that of aluminum. 

Real prices of copper and aluminum are computed as respective ratios of consecutive 

differencing of their respective annual values over their corresponding annual consumption. 

Figure 41 shows forecasted price trend of copper against historical prices for the modelling 

years. The forecasted price trend replicate well the historical price trend for the modelling 

period. Table 23 shows forecasts of copper prices to the year 2011. Copper price decreases 

from 82.39 cents per pound in 1992 to 43.94 cents per pound in 2011. The overall rate of 

decline is about 3.30 percent per year. 

Forecasted real price of aluminum is graphed in figure 42. Real price of aluminum 

increases slightly from 1992 to 1995 and then decreases continuously to the year 2011. From 

1995 to 2011 real prices decrease from 56.21 cents per pound to 41.97 cents per pound. The 

graph shows a very good approximation of the historical price trend by the forecasted price 

curve for the modelling years. Table 23 shows forecasts of aluminum prices to the year 2011. 

The overall decline rate of real aluminum prices is about 1.82 percent per year. The results 

show real prices of copper to be decreasing a little faster than those of aluminum. 
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FIgure 41. Historical Va. Model Pradlcled &: Forecast of 
Annual Price of Retlned Copper In 1982 Dollar; Cents per Pound 
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Table 23. Forecasts of Prices and Consumption of Copper and Aluminum 1992 - 2011 

(Constant 1982 US Dollar Cents per Pound; Thousand Short Tons) 

Year Price Copper Price Alumin. Cons. Copper Cons. Alumin. 

1992 82.39 43.42 2290.91 6557.14 

1993 72.20 49.17 2392.69 5988.41 

1994 68.33 52.37 2544.96 5789.92 

1995 66.01 56.21 2689.02 5578.10 

1996 64.78 54.00 2798.69 5916.62 

1997 64.16 54.95 2866.69 5869.80 

1998 63.69 53.99 2901.83 5962.81 

1999 62.96 52.79 2923.95 6035.03 

2000 61.70 51.60 2953.26 6084.87 

2001 59.93 50.41 3002.22 6139.67 

2002 57.83 49.31 3073.78 6203.69 

2003 55.65 48.34 3163.47 6279.10 

2004 53.60 47.48 3262.59 6363.96 

2005 51.78 46.69 3362.11 6453.25 

2006 50.21 45.93 3455.10 6541.21 

2007 48.84 45.17 3538.52 6623.75 

2008 47.60 44.39 3613.17 6699.40 

2009 46.39 43.60 3682.74 6769.64 

2010 45.18 42.79 3751.76 6837.49 

2011 43.94 41.97 3824.23 6906.43 

Note: Price is in US 1982 Dollar cents per pound; Consumption is in thousand short tons. 



151 

Table 23. Forecasts of Prices and Consumption of Copper and Aluminum 1992 - 2011 

(Constant 1982 US Dollar Cents per Pound; Thousand Short Tons) 

Year Price Copper Price Alumin. Cons. Copper Cons. Alumin. 

1992 82.39 43.42 2290.91 6557.14 

1993 72.20 49.17 2392.69 5988.41 

1994 68.33 52.37 2544.96 5789.92 

1995 66.01 56.21 2689.02 5578.10 

1996 64.78 54.00 2798.69 5916.62 

1997 64.16 54.95 2866.69 5869.80 

1998 63.69 53.99 2901.83 5962.81 

1999 62.96 52.79 2923.95 6035.03 

2000 61.70 51.60 2953.26 6084.87 

2001 59.93 50.41 3002.22 6139.67 

2002 57.83 49.31 3073.78 6203.69 

2003 55.65 48.34 3163.47 6279.10 

2004 53.60 47.48 3262.59 6363.96 

2005 51.78 46.69 3362.11 6453.25 

2006 50.21 45.93 3455.10 6541.21 

2007 48.84 45.17 3538.52 6623.75 

2008 47.60 44.39 3613.17 6699.40 

2009 46.39 43.60 3682.74 6769.64 

2010 45.18 42.79 3751.76 6837.49 

2011 43.94 41.97 3824.23 6906.43 

Note: Price is in US 1982 Dollar cents per pound; Consumption is in thousand short tons. 



152 

Figure 43. Flow Chart of Forecasting by System of Learning Models (Oil & Coal) 

LCE, = Natural Logarithm o/Cumulative Consumption 0/ Energy ill Year t 

LCVOC,=Natliral Logarithm o/Cumulative Value o/Oil and Coal Consumption ill Year t 
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4.3 Schematic Overview of Forecasting by System of Learning Models 

(Coal and Oil) 
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In the schematic overview of the forecasting procedure, as shown in figure 43, seven 

stages are indicated. All variables included in the system are cumulated from 1947. 

At the top of the system gross domestic product for year I (GDP t) is cumulated from 

1947 to 2011. Forecasted gross domestic product form the years 1992 to 2011 are obtained 

from the Wharton Econometrics Group publications. In this stage the natural logarithm of 

cumulative gross domestic product for year I (LCGDP t) is computed for each year. 

Stage two identifies a learning relation between cumulative value of total energy 

consumption and cumulative gross domestic product. Theoretically this stage represents the 

relation between the energy section of the entire economy and the economy itself, as 

represented by gross domestic product. Crude oil and bituminous coal account for a 

considerable share of energy consumed in the US. The learning relation between the natural 

logarithm of cumulative energy consumption (LCE t) and LCGDP t is modelled as follows: 

LCE t • F(LCGDP t. LCE t-}, where (4.17) 

LCE t = Natural logarithm of cumulative consumption of energy in year I 

LCGDP t = Natural logarithm of cumulative gross domestic product in year I 

LCE t-l = Natural logarithm of cumulative energy consumption in year 1-1. 

The next stage models the learning relation between natural logarithm of cumulative 

combined values of oil and coal consumption and natural logarithm of energy consumption. 

This model captures the substitution between oil and coal as sources of electric energy in the 

economy. The learning relation is modelled as follows. 

LCVOC t· F(LCE t. LCVOC t-l) , where (4.18) 

LCVOC t = Natural logarithm of cumulative value of oil and coal in year I 
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LCVOC t-I = Natural logarithm of cumulative value of oil and coal in year 1-1 

The next stage involves two models of learning relations. The first model describes 

a learning relation between the natural logarithm of cumulative value of coal and cumulative 

combined value of oil and coal. The second model captures the learning relation between the 

natural logarithm of cumulative value of oil and cumulative combined value of oil and coal. 

The two relations are modelled respectively as follows. 

LCVO t· F(LCVOC t' CJlOC t-;, where 

LCVC t = Natural logarithm of cumulative value of coal in year t 

CJlOC t = Cumulative value of oil and coal in year t 

CJlOC t-3 = Cumulative value of oil and coal in year 1-3 

LCVO t = Natural logarithm of cumulative value of oil in yei . 1 

(4.19) 

(4.20) 

The following stage involves two models. The first model describes the learning 

relation between the natural logarithm of cumulative consumption of coal and the natural 

logarithm of cumulative value of coal. The second model portrays the learning relation 

between natural logarithm of cumulative value of oil and natural logarithm of cumulative 

combined value of oil and coal. The two learning relations are modelled respectively as 

follow: 

LCCC t· F(LCVC t_-pLCVc t_3.,LCCC t_I.,LCCC t_2.,LCCC t-3) (4.21) 

LCCO t· F(CVO t_I.,LCCO t_I.,LCCO t-2)' where (4.22) 

LCce t = Natural logarithm of.cumulative consumption of copper in year 1 
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LCee t-ll = Natural logarithm of cumulative consumption of copper in year 1-11; 11= 1, 2, 3 

LCeo t = Natural logarithm of cumulative consumption of oil in year 1 

LCeo t-ll = Natural logarithm of cumulative consumption of oil in year 1-11; 11=1,2. 

The last two stages create forecasts of annual oil and coal consumptions, the value of 

these consumptions, and prices. Here, projected price is the ratio of annual consumption value 

to annual consumption. These two stages are achieved through the following equations: 

where 

eve t - eve t-l 
PCt·-~-~ 

ee t 

evo t - evo t-l 
PO t· --"--~ 

COt 

PC t = Real price of coal in year I~ 

PO t = Real price of oil in year t~ 

ee t· eee t- eee t-l = Consumption of coal in year I; 

co t· ceo t - ceo t-l = Consumption of oil in year t, 

4.3.1 Estimated Learning Models. 

Least square analysis is used to estimate all learning model parameters. The sample 

data used in the regression covers period oflearning relation only. From top to bottom of the 

system, seven models are estimated. The reported estimated models follow the hierarchical 

structure of the system. 

The first estimated model is for LCE t: 

LCE t = - 0.599155 + 0.382035 LCGDP t+ 0.516283 LCE t-l (4.23) 

(-9.393 ) (12.855 ) (14.426 ) 
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Durbin -Watson D. 2.059 for n • 12 

All coefficients in equation 4.23 are statistically significant. The model fit is perfect with a 

R-square of 1.0. The Durbin-Watson D statistic indicates no presence of serial correlation at 

the 1 percent statistical level. Figures 44, 45, and 46 show learning relation between energy 

and gross domestic product, historical versus model predicted and forecasts of natural 

logarithm of cumulative consumption of energy, and annual consumption of energy. Forecast 

of annual consumption of energy is obtained by first exponentiating the evaluation of 

equation 4.23. Then, differencing of consecutive cumulative values of energy consumption 

yields the annual consumption of energy. The annual growth rate of energy consumption is 

about 

The estimated model for LCVOC tis: 

LCVOC t= 6.937288 .. 1.0S327 LCE t- 0.012717 LCVOC t-l (4.24) 

( 1.904 ) ( 1.882 ) (-0.024 ) 

Durbin -Wauon D. 2.305 for PI .6 

In equation 4.24 none of the estimated coefficients is statistically significant at the 99 or 95 

percent confidence level. Although these coefficients are not statistically significant the model 

does have a high R-square and a statistically significant Durbin-Watson D statistic. The 

nonsignificance of the coefficients is due to the very small sample size of the data and to the 

fact of limited substitution between oil and bituminous coal in energy production. However, 

contrary to structural-analysis-oriented regression modelling, for forecasting purposes the 

most important requirement is a model that replicates the historical trends with a high level 

of accuracy. This is so, because the essential of forecasting is the projection of historical 

trends characteristics to the future. The estimated model satisfies this requirement reasonably 

well. Therefore, model 4.24 was evaluated to the year 2011 to allow forecasting of annual 
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value of oil and coal. Figures 47, 48, and 49 show respectively the learning relation between 

combined value of oil and coal and energy consumption, historical versus model predicted and 

forecasts of natural logarithm of cumulative combined value of oil and coal, and annual 

combined value of oil and coal to the year 2011. 
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The forecasted trend shows an increasing growth of annual value of oil and coal. Overall the 

model is reasonable. 

The estimated learning models for the natural logarithm of cumulative value of coal, 

LCVC t' and the natural logarithm of cumulative value of oil, LCVO t' are as follow: 

Lcve t = 12.2161 + 0.000000144 cvoe t + 0.000000155 cvoe t-3 (4.25) 

(286 .382 ) (3.246 ) (4.396 ) 

R2.0.9992 Durbin -WatsOfJ D .1.021 for n· 10 k. 2 

LCVO t =-2.4635 +1.1614LCVOe -0.0000000432 cvoe t_3 
(4.26) 

(- 4.969 ) (33.244 ) (- 4.48 ) 

R2.0.9999 Durbin-Wat.rOfJ D. 0.731forn.l0,k.2 

All estimated parameters coefficients are statistically significant in both equations. Also they 

both have very high R-squares. Their respective Durbin-Watson D statistics are also 

statistically significant at the 1 percent level. 

Figures 50, 51, and 52 show, respectively, the learning relation between the logarithm 

of value of coal and the logarithm of total value of oil and coal, historical versus model 

predicted and forecasts of natural logarithm of cumulative value of coal, and annual value of 

coal. 

Figures 53, 54, and 55 show respectively the learning relation between the logarithm 

of the value of oil and the logarithm of combined value of oil and coal, historical versus 

model predicted and forecasts of natural logarithm of cumulative value of oil, and annual 

value of oil. 

The next two models are estimated respectively for the natural logarithm of 

cumulative consumption of coal, LCCC t' and the natural logarithm of cumulative consumption 

of oil, LCCO t' as follows: 
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LCCC ,1.025 +0.0000011 LCVC t_2-0.00000089 LCVC t_3+0.91LCCC t_I-0.73LCCC t_2+0.716LCCC ti4Z!) 

(1.43) (3.127) (-3.218) (5.241 ) (-3.043) (3.957) 

R 2 _ 1.0 Durbin -Watson D - 2.895 For' PI - 13 k - 5 

LCCO t= 0.39 + 0.00000000098 CVO t-I + 1.93LCCO t-I- 0.97LCCO t-2 (4.28) 

(1.123) (0.907) (3.857 ) (1.931 ) 

Durbin -Watson D - 2.16 For' n.8, k.3 

In equation 4.27 all estimated coefficients are statistically significant. The model has 

a perfect R-square, and its Durbin-Watson D statistic is significant at the 99 percent 

confidence level. Figures 56, 57, and 58 show respectively the learning relation between the 

logarithm of coal consumption and the logarithm of value of coal, historical versus model 

predicted and forecasts of the natural logarithm of cumulative consumption of coal, and 

annual consumption of coal. 

Only one estimated parameter coefficient in equation 4.28 is statistically significant. 

On the other hand the R-square is perfect and the Durbin-Watson statistic is significant thus 

indicating non existence of serial correlation. The non significance of the estimated 

coefficients may be due to the small sample size of the data. The model does capture very well 

the historical data as shown in figures 60 and 61. Figure 59 shows the learning relation 

between consumption of oil and value of oil. 

4.4 Forecast of Prices and Consumptions of Crude Oil and Bituminous Coal. 

This section focuses on the forecasts of real prices and annual consumptions of oil and 

coal. Only results and graphs are discussed here. 

Consumption of coal is predicted based on evaluation of equation 4.27. 

Exponentiation of the previous results gives cumulative consumption of coal. Consecutive 
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differencing of cumulative consumption of coal gives annual consumption of coal. Figures 57, 

and 58 show historical versus model predicted and forecasts of the logarithm of cumulative 

and annual consumption of coal, respectively. The model replicates well the historical trend 

of coal consumption. Table 23 show forecasts of annual consumption of coal. Forecasted 

consumption of coal grows from 916.3 million short tons in 1992 to 3669.82 million short 

tons in 2011. The overall growth rate of coal consumption is about 7.3 percent per year. 

Evaluation of equation 4.28 and subsequent exponentiation of the results followed by 

consecutive differencing of cumulative data give annual consumptions of oil. Figures 60 and 

61 show historical versus model predicted of natural logarithm of cumulative and annual 

consumption of oil, respectively. These graphs show an excellent fit of historical and model 

predicted consumption figures. Annual forecast of oil consumption grows from 5961.05 

million barrels in 1992 to 12914.3 million barrels in 2011. The overall rate of increase of oil 

consumption is about 4.07 percent per year. Table 23 shows forecasts of annual oil 

consumption. 



10.2 

8.4 

11.1 

~ 1o.e 
! 10.7 

B 10.5 

I ~ 1D.3 

! j 10.1 

: -; 8.8 

i 8.7 

lUi 

3500 

3000 

2SOO 

2000 

1500 

1000 

aoo 

FIg .... I&. u.nIng Relllllon bIIlwMn eon..mpUon 01 co.l In 
MIllon Short 'RIn .... vu. 01 Coal In M.Jon 1882 Dol .. 

• 

• 
• • • • 

• 
• 

• 
• 

• 
11m! 

l500O0O 

AsIu"D tn. HIaIIIItaaI VL IIIodeI PI"~'1Ii • Forw:at 01 
fUb.nI LogaiIhm 01 CWnuIldlvw Conaumptlon 01 Coal 

• • • 

1878 1881 11i181 1888 2001 
YEAR 

FIglwe SIL HlaDrtcaI Va. Model Plwdlct8d • Fa ..... of 
Annual car.umptIan of ea.I In MUllan of 8horI '1bn8 

1878 1881 

165 

• 
1II1II1 

55OODO 

2011 

2011 



12.3 

! 12.2 

R 12.1 

a 12.0 

J 11.8 

J 11.8 

11.7 

11.8 

12.8 

! 

~ 
12.8 

§ 12A 

u 
j 12.2 

I 12.0 

Z 
11.8 

Flaw- sa. a.-mIng ~ ~n eot.umpIian of all In 
MDaan BamIIa and 'l1li'" of aD In Milian 1N2 DoIar 

11112 

• 

1000000 1400000 1eooooa 2200000 2OCIOOOO 
CWn. Ylllue 011 MIL 11182 DoL 

fIII'n eo. HIatDftcal V .. Model Predk:tIIcI .. Forecut of 
NIItInI L.ogutIhm 01 CummWltlft Consumption of OD 

• • 

1881 

~ 81. HInxtcIII V .. Madel PrwdlQed .. FoNcaIt of 
AnNal ConeumpClon of 011 In Malian of Ban'IIia 

2001 

• 

166 

1l1li1 

2011 



167 

Forecasts of real prices of oil are shown in table 23. Figure 62 depicts historical versus model 

predicted and forecast of annual real prices of crude oil. The graph shows a good fit of the 

historic and model predicted prices. Table 23 displays forecasts real prices of oil. Forecasted 

prices decrease from 15.66 dollars per barrel in 1992 to 9.27 dollars per barrel in 2011. A 

slight increase of prices is indicated by the graph from 1992 to 1998. The overall declining 

rate of oil prices is about 2.76 percent per year. 

Forecasts of real prices of coal are shown in table 23. Figure 63 portrays historical 

versus model predicted and forecasts of annual real price of bituminous coal. The historic 

price trend is well replicated by the forecasted prices trend. Real price of coal decreased from 

19.29 dollars per short ton in 1992 to 14.41 dollars per short ton in 2011. The overall rate of 

decline offorecasted coal price is about 1.54 percent per year. Coal price seems to decline 

more steadily and less fast than the price of crude oil. 
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Table 24. Forecasts of Prices and Consumptions of Oil and Coal 1992 - 2011 

(Constant 1982 US Dollar per barreVshort ton; Million barrels/Short tons) 

Year Real Price Oil Real Price Coal Cons. Oil Cons. Coal 

1992 15.67 19.29 5961.05 916.3 

1993 16.03 20.99 5882.65 963.81 

1994 17.22 20.43 5762.36 945.48 

1995 17.84 18.96 5657.13 1085.97 

1996 18.34 19.38 5581.96 1130.79 

1997 18.68 20.75 5550.45 1117.77 

1998 18.79 20.47 5574.71 1198.41 

1999 18.69 19.42 5664.57 1335.20 

2000 18.37 19.44 5827.97 1409.91 

2001 17.85 19.87 6071.0 1458.18 

2002 17.14 19.41 6397.82 1579.18 

2003 16.29 18.62 6810.73 1743.73 

2004 15.37 18.36 7310.23 1875.19 

2005 14.40 18.23 7895.14 2004.51 

2006 13.43 17.65 8562.66 2199.94 

2007 12.48 16.91 9308.14 2440.36 

2008 11.57 16.39 10125.15 2676.71 

2009 10.73 15.89 11005.43 2936.62 

2010 9.96 15.18 11939.0 3271.54 

2011 9.27 14.41 12914.3 3669.82 
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4.5 Conclusion 

A system oflearning models method is used to forecast prices and consumptions of 

four mineral commodities: aluminum, copper, oil, and coal. Predicted values by system of 

learning models are very close to historical values of the variables for the training period of 

the models. Inclusion oflagged values of the independent and dependent variables in the least 

square estimation of the models parameters has resulted in improved fits of models to data. 

Overall, the system performs very well in spite of the fact it is applied to highly volatile 

phenomena, such as mineral and fuel comodity prices. 

Forecasted real prices of commodities decline overall to the year 2011 at different 

rates. Forecasted consumption of all four commodities are increasing at different rates. 

Trends of forecasted individual prices fail to support an hypothesis of increasing 

scarcity of the four mineral commodities. This is especially important because scarcity of 

some of these commodities seem to be the ones that worry many researchers. Coal and oil as 

energy commodities affect all sectors of the economy; their scarcity, or lack thereof, has 

strong implications to the future growth of the economy. 
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CHAPTER FIVE 

OVERVIEW OF NATURAL RESOURCES SCARCITY ISSUES 

This chapter is concerned with issues pertaining to availability or scarcity of mineral 

resources. The concepts of economic and physical scarcity are reviewed, and the difference 

between them is higlightened. Previous works on the scarcity issue are cited as well as 

different measures of resource scarcity. The real price measure of natural resource scarcity 

is explored and comments are made on its accuracy and usefulness in terms of signaling 

scarcity of mineral resources. 

5.1 Economic Scarcity Versus Physical Scarcity. 

From the economics viewpoint, scarcity is defined relative to the resources required 

to procure the commodity. If a commodity is not scarce, it has zero exchange value. The 

exchange value of a given commodity becomes positive when more of the commodity is 

needed above what is available at the zero exchange value. In concept, the pareto optimal 

allocation of resources among competing ends assumes a perfectly competitive market pricing 

process. In other words, it assumes market forces are not interfered with and adjustments to 

shocks come quickly where competition is effective. Under these assumptions a limited supply 

of a given commodity is allocated to competing needs by the market clearing price. This 

market-clearing-price process of resource allocation is self adjusting whenever availability 

of a resource varies ( increasing and decreasing supply) and/or competing ends change 

(demand shifts). Real price trends, therefore, indicate direction and amplitude of resource 

scarcity. In general, when the market price of a commodity decreases, this implies that 

consumers of the good have access to increased supply or to substitutes to satisfY their needs. 

The reverse of this would indicate that the supply or availability of the commodity has 

decreased, therefore market price increases in order to allocate the scarce resource to those 
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who can use it best. The price paid for a given commodity thus reflects not only its availability 

on the market, but also the cost incurred to bring it to the market as well as the availability 

of competing substitutes. 

Figure 64 shows the concept of scarcity as defined in an economic setting within a 

static framework. The upward shift of demand while supply remains unchanged signals a 

scarcity of the commodity, which is captured conceptually by an increased market clearing 

price. Thus, the market clearing price is an indicator of economic scarcity when the market 

mechanism is not interfered with. 

Physical scarcity of a commodity is defined by some measure of natural occurrence, 

the endowment. This reflects the finiteness of the earth and its endowment in an element or 

mineral commodity. For example, one measure of physical scarcity is crustal abundance of 

an element. More useful measures would be the endowments of the earth in specific minerals 

or chemical forms. 

A good approach to understanding the differences between economic and physical 

scarcity as expressed by availability of mineral resources is to observe the graph of resources 

as categorized by the United States Geological Survey (Figure 65). Economic scarcity or 

economic availability of mineral commodities is a concept offlow, while physical scarcity or 

endowment of mineral commodities is a concept of finite stock. 

From a practical point of view, scarcity concerns must be economic, for there is 

nothing that can be done about extending the endowment of resources, and if there is no 

demand for a mineral resource, scarcity is of little interest even when the resource is 

physically very limited. 



Figure 64. Economic Rent as Defined by Shear Market Forces of Supply and Demand. 

Note: Price Increase as a result of: 

1. Increased demand and unchanged supply 

2. Slight increase of demand and decreased supply 

3. Increased demand and slight increase of supply 
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1. Price increases from Po to PI as a result of 1 above; 

2. Price increases fromPo tOP2 as a result of2 above; 

3. Price increases fromP 0 to P 3 as a result of 3 above. 
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Figure 65. Classification of mineral resources as adapted by the U.S. Geological Survey 
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5.2 Measures of Natural Resource Scarcity 

Measures of economic scarcity of natural resources have been proposed by Barnett 

and Morse (1963). The consistency of those measures of scarcity was evaluated by Smith 

(1978). Brown and Field (1979) looked at the adequacy of the scarcity measures in terms of 

signaling the scarcity of natural resources. These authors proposed another measure of 

scarcity; the elasticity of substitution. 

The measures of scarcity as developed by Barnett and Morse are the following: 

5.2.1 Unit Costs of Extractive Output. 

This index is the most commonly cited index of scarcity among economists. Following 

Barnett and Morse, this index is defined as the ratio of the sum of labor and reproducible 

capital to the output of extractive industries. The unit cost index of scarcity is defined as 

follows: Unit Cost. (tiL + PK)/(l Where tI, P are weights for aggregating inputs. L is labor, 

K is capital and Q is output. To compute their unit cost index, Barnett and Morse used data 

on L and K derived from Potter and Christy (1960), and the weights were obtained from 

Kendrick. The basic reasoning of Barnett and Morse in devising the unit cost index as an 

index of scarcity can be summarized as follows. As natural resources become more difficult 

to find ( scarce ) through time resources oflower quality are brought into production. Thus, 

more quantities of labor and capital are needed to produce equivalent previous output. As 

a result the unit cost of extractive output rises through time. The unit cost index of scarcity 

has been criticized as being incomplete in that it does not include all resources pertaining to 

the production function of extractive industries. Missing components may include materials, 

the opportunity cost of capital expressed as interest charges, and environmental costs. On the 

other hand, the unit cost index of scarcity is claimed to contain the effect of technological 

change on production costs. So other indexes were devised. 
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5.2.2 Real Price of Natural Resource Products. 

This index is defined as the real price of natural resources products~ that is to say, the 

price of processed and/or semiprocessed natural resources. Barnett and Morse deflated the 

prices of natural resources by the Gross National Product deflator to offset the effect of 

general-economy price fluctuations. The price index is the most readily computed measure 

of natural resource scarcity. Compared to the unit cost index, the real price of natural 

resource products includes all resources used up during the production process, except 

externalities. In addition, the real price index carries some expectations about the future, 

especially discovery costs, i.e. future replacement costs. Thus, it is more accurate in signaling 

scarcity given its inclusiveness than the classical unit cost. The real price index of scarcity has 

been criticized by Brown and Field with respect to the following considerations. Real prices 

are meant to reflect relative costs. This implies uniformity of degree of competition in product 

and factor markets of all sectors considered in the computation of real prices. It was argued 

by the authors that changes in the degree of monopoly, level of unionization, taxes and 

subsidies among firms of the extractive and nonextreactive sectors are likely to increase the 

relative price of extractive output. Therefore, the accuracy of the real price index of scarcity 

must be enhanced by taking into account specific effects on price of changes in market 

structure and government policies. Otherwise, the index may indicate increasing natural 

resource scarcity due to causes fundamentally different from pure economic scarcity. 

Therefore, caution must be used in defining the deflator used to convert nominal price of 

extractive products to their real prices. Also, scarcity should be assessed only in light of 

market structure and government policies specific to the products under study. 
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5.2.3 Rental Rates on Natural Resources. 

The rental rate of a natural resource, or its price in the ground, is the price that a 

rational individual would pay to have available today one more unit of the natural resource 

in question. This price concept includes both static and dynamic considerations of economic 

price theory, in that it is efficient and equitable under certain economic assumptions. 

Everything else being equal the rental price of a natural resource or its in-situ price seems 

conceptually to be a better index of the scarcity of that resource than is the price of refined 

product. For a natural resource, prices will then be higher in one place or in some time 

compared to others where or when the resource becomes scarcer. Consequently, it may stated 

that a resource is said to be growing scarce ifits relative price is rising over time. Barnett and 

Morse found the rental price of natural resource not useful in a world of depletion and 

technological change. The rental price of natural resource is well-founded theoretically, but 

the lack of necessary data on rental rates impedes its use in assessment of natural resource 

scarcity. 

5.2.4 Elasticities of Substitution. 

Owing to conceptual and empirical difficulties with the foregoing measures, Brown 

and Field propose that concern over finding an exact scarcity index be shifted to the 

capability of an economic system to adjust and accommodate increasing scarcity of natural 

resources. In their reasoning, the authors state that the existence of substitutes for a resource 

does limit its scarcity. They suggest that an useful index of scarcity is the elasticity of 

substitution, which indicates the responsiveness of changes in the consumption of natural 

resources and conventional inputs to changes in their prices. It seems that their reasoning 

points to the technological change effect on input proportion in established production 

functions where natural resources, labor, and capital enter to yield processed product. In the 
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current study this reasoning is taken a step further to include substitution among natural 

resource products in different changing technologies. 

All indexes mentioned are devised in the context of finding an indicator of natural 

resource scarcity. Their different accuracies and usefulness are limited by the observations 

mentioned above. It appears that the real price of a natural resource as an index of scarcity 

is as good or better than others given its definition and the availability of data to compute it. 

Additional considerations, such as across-time changes in producer concentration, and 

government market interference, are necessary to increase the usefulness of the index as a 

measure of scarcity. 

5.3 Adequacy of Price as an Index of Economic Scarcity 

The long run market clearing prices of natural resources, exclusive of earned 

economic rent, reflect the ease of availability of the products. But to use natural resources 

prices simply, without enquiring about their market and nonmarket determined components 

may indeed mislead conclusions drawn about their scarcity. 

The real price of a mineral commodity is made up of exploration costs, production 

costs. user cost or rent, normal rent or opportunity cost, and economic or quasi rent. The first 

four components reflect to some extent the willingness of rational consumers to use mineral 

resource products. Economic rent or quasi rent is the extra profit earned by mineral industries 

depending on the structure and short run adjustments of the product and production factors 

markets. Theoretically, this profit is related to the extent of backwardation in the commodity 

market and/or degree of concentration of firms within the specific industry. The higher the 

level of competition is in an industry, the less the economic rent is sustainable over time. 

Tendency of mineral commodity markets to be more competitive draws the market clearing 

prices toward the marginal cost of production of marginal firms. When market price of a 

mineral commodity equals its marginal cost of production including user cost, then one may 
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conjecture that perfect competition exists within that industry, and that all economic rent 

within the market has been competed away. Thus, the adjustments and structure of a mineral 

commodity market are important considerations in interpreting price trends and scarcity. In 

summary, analysis of mineral commodity real prices to assess scarcity of natural resources 

must take into account the effect of market dynamics ( short to medium run adjustments) and 

structure in pricing procedures. 

Non market forces, such as government policies ( Taxation, Subsidy, Price control), 

affect mineral commodity prices. This effect has a tendency to either increase or decrease 

market prices. The implication is that these external effects distort price paths that could 

otherwise have served as an index of economic scarcity. 

The current study focuses on forecasting real prices of a mineral commodity to the 

year 2011. Scarcity implications of the price trends are examined in view of market and 

nonmarket interferences of competitive pricing. It is useful to examine past trends of mineral 

commodity prices with respect to the economic history of the market. Knowledge of non 

competitive market and non market effects on real prices of mineral commodities may indeed 

strengthen or qualify conclusions about mineral resource scarcity. 

Economic scarcity is the issue examined in this study. Summaries of major economic 

aspects of the mineral markets help explain past price trends and to rationalize trends of 

forecasted prices. Comprehensive interpretation of effects of non competitive market and 

nonmarket forces on real prices of mineral commodity products helps shed light on past and 

future scarcity of natural resources. The following chapter selectively examines economic 

considerations of mineral commodity markets relevant to assessment of mineral resource 

scarcity as depicted by real prices of mineral commodities. 
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This chapter focuses on the economic characteristics of the mineral commodities 

markets examined in the study, and specifically on price fonnation of their products. Of prime 

interest are the effects of market structure, price fonnation, and nonmarket regulations on 

price trends of mineral commodities, and the extent to which real prices depart from long run 

competitive levels (i.e. price equals marginal cost of production plus resource shadow price). 

The chapter is structured as follows. First, the nine commodities of this study are 

grouped in three categories: base and light metals, ferrous and iron alloys metals, and energy 

fuels. The base and light metals include: copper, lead, tin, zinc, and aluminum. The ferrous 

and iron alloys metals are steel and molybdenum. The energy fuels are crude oil and 

bituminous coal. Second, brief summaries of commodity market structures are presented. 

Then, major price trends for each commodity are identified chronologically from 1900 to 

1991. This is followed by a brief accounting of major social and governmental events that 

affected each market. Finally commodity scarcity as measured by forecasted real prices is re

examined in view of market characteristics. 

6.1 Base and Light Metals Markets. 

These products are the most widely used among the known metals. The use or 

demand of these metals is determined by their physical attributes and qualities, such as 

strength, ductility, heat and electrical conductivity, resistance to corrosion, etc. Demand for 

these metals depends on the demand for final goods they are used to produce. That is why 

demand for metals is often referred to as a derived demand. Given the diversity of attributes 

and qualities among them, metals of this group substitute among themselves for certain end 

use markets, and substitute for other materials in other sectors. This substitution effect, and 
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its magnitude, play an important role in the price formation of the metals. 

Supply of base and light metals generally comes primarily from refined ores, with few 

exceptions such as copper and lead. Recycled products, byproducts and coproducts 

contributions have been growing over time. Supply of these metals seems to be dependent 

upon their own price, technological progress in mining and ore treatment, market structure, 

social events such as strikes and wars, and governmental activities. Market structure and 

industry concentration seems to be important factors affecting supply of the commodities of 

this group. 

In general, this group of metals has been historically characterized by industry 

concentration, diverse end use markets, limited substitutability, and producer pricing. Also 

most of these metals are traded on organized exchange markets such as the London Metal 

Exchange (LME), and the Commodity Exchange of New York (COMEX). Producer prices 

and commodity dealer prices are related, but the latter is a free market price while the former 

may not be. The dealer price is above the producer price during shortages, and below it 

during surpluses. In any event, the dealer price historically has almost substituted for the old 

producer price. Yet, this does not mean that producers are no longer influencing metal prices. 

Everything else being equal, the high producer concentration suggests that in general base 

and light metals prices have not been equal to their long run marginal costs. Therefore, they 

would not seem to portray long run competitive equilibrium price levels as determined purely 

by competitive supply and demand. However, everything else is not equal. The potential 

market power suggested by high producer concentration has been blunted to some degree by 

competitive recycle markets, unrestricted imports, increasing substitution, and countervailing 

market power. 

Given the importance of these metals to the economy, government interventions are 

quite frequent during times of social and economic disturbances. Price control has often been 

used to curb inflation and to satisfy urgent needs. These actions alter the long run competitive 

path of metal prices. 
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6.1.1 Aluminum Market. 

Aluminum is the most widely distributed metal on the earth. Also, it is one of the more 

versatile of the metal commodities in terms of its end uses. Although its market is the 

youngest of the major metal commodities, aluminum use has been expanding quite rapidly into 

diverse sectors of economies. Production of the metal started in the late 1880s, with the 

advent of the Hall-Heroult electrolytic process. Alumina, a hydroxide of aluminum recovered 

from the aluminum-rich mineral bauxite is refined by electrolysis to produce aluminum metal. 

Once a high-priced metal, the price of aluminum has decreased significantly and continues to 

decrease. This is due in part to the great abundance of its ore, improved technologies of 

production and refining, decreasing producer concentration, and substitutes. In the early 

years, the aluminum industry was a monopoly, which later became an oligopoly. Aluminum 

prices have continued to decrease overall. 

Since the start of the aluminum industry, a few companies have controlled aluminum 

supply. The big aluminum companies Aluminum Company of America (Alcoa), Alcan 

Aluminum Limited, Reynolds Metals, Kaiser Metals, Pechiney Ugine Kuhlmann, and 

Aluswisse have produced and priced most of the aluminum marketed to date. The 

concentration of the aluminum industry has decreased over the years due to government 

interventions, an antitrust case in the USA, and new national firms in developing countries. 

Aluminum products have penetrated many end use markets since its discovery. The 

most important sectors using aluminum products are construction, transport, electrical, and 

containers and packaging. In each of these markets, aluminum initially displaced previously 

favored products, such as those of copper, tin, zinc, and steel. Recently however, aluminum 

is increasingly challenged by plastics, particularly in containers market. 

The essentials of marketing and pricing of aluminum products have been set by the 

major producers. The American price is the predominant one in the industry , and most 

companies do follow this price. The price is set for virgin, unwrought ingots with a minimum 
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purity of 99.5 per cent. Forward pricing is the prevalent one due to strong vertical 

integration. A growing free market developed in the London Metal Exchange in the mid 

1970s. Merchants' prices at the exchange market reflect more a competitive price than do 

producers' prices (USA or UK). 

The structure of the aluminum market has changed drastically since its beginning. The 

monopolistic behavior that once ruled all aspects of the industry is being replaced gradually 

by a more competitive one. Two major price trends of aluminum can be identified historically: 

The steep downward sloping trend with strong superimposed cycles beginning in 1900 and 

ending in 1945, and the relatively stable slightly declining price trend from 1946 to today 

(figure 66). 

Historically, aluminum prices have been influenced by monopoly and oligopolistic 

behaviors, price controls during wars, economic recessions, and lately by pure market forces 

of supply and demand along with effects of competing substitutes. Government price controls 

are known for four periods in the United States: world war one -1915-1919; world war two -

1939-1945; Korean war- 1951-1952; oil embargo era 1971-1974. Figure 66 shows an 

historic price series of aluminum and highlights majors trends and events that affected price 

formation. 

From the above mentioned characteristics of the aluminum market, one may surmise 

that overall prices initially were not determined by competitive markets; rather, a producer 

pricing system prevailed historically. Initial monopoly power permitted quasi rent, but price 

has become more competitively set as the industry has become less and less concentrated. In 

regard to assessment of aluminum resources scarcity by means of their prices, it must be 

acknowledged that the decline in forecast price may overstate the economic abundance of 

aluminum because of the across-time decrease in producer concentration. However, given the 

abundance of aluminum resources, increasing aluminum recycle, and the fact that aluminum 

price has continued to decrease since the break up of monopoly power, both economic 

evidence and the trend of forecast prices fail to support increasing scarcity of aluminum. 
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Figure 66. Historical Producer Prices of Refined Aluminum 1900 - 1991 
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6.1.2 Copper Market. 

Copper is one of the oldest metals known to mankind. The copper industry has been 

dominated by a few firms and metal production is confined to a few countries. Before the 

discovery of the Hall-Heroult process for the production of aluminum, copper was the 

prevalent material used in the electrical sector. 

Copper is rarely used as a final product, thus its demand is a derived demand. Copper 

use is due to its versatile characteristics: high electrical conductivity, tensile strength, 

corrosion resistance, and malleability. The main copper consuming sectors are: electrical and 

electronic industries, construction, transportation, industrial machinery and consumer goods. 

In the United States around 28 per cent of copper consumed is in the electrical sector. This 

has been decreasing due to cheaper substitutes, such as aluminum. Copper consumption in 

the construction sector has also decreased because of new substitutes. The main competitors 

of copper are: aluminum, plastics, fiber optics, and zinc. 

Demand growth rate for copper has declined in general. This is attributed partly to the 

increasing number of cheaper substitutes and to a larger extent to a slowing growth in world 

industries. These effects are very important in the behavior of copper prices. 

Copper is produced in only a few countries, such as the USA, Chile, Soviet union, 

Canada, Zambia, Zaire, Peru and Papua New Guinea. The minor producer countries include 

Poland, Philippines, Australia, Mexico, Yugoslavia, the Republic of South Africa, Indonesia, 

Japan, and the Republic of China. Copper production has grown throughout the years. Once 

the dominant producer in the world, the USA has been replaced by Chile. The concentration 

of firms in the industry has decreased since world war two. In 1948, the seven largest 

privately owned copper enterprises shared 70 per cent of the market economies' production. 

This share has dropped to around 25 per cent in the 1980s. This decrease in concentration 

indicates an increasing competition among suppliers in the copper market. 
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Historically, the price of copper has been influenced by cartel actions, speculation, and 

nationalizations. In the late 1800s, cartel actions in the U.S. and in Europe ( France) were 

successful in controlling supplies of copper to keep prices above competitive levels. Major 

copper producers claimed that copper trades in the LME were responsible for excessive price 

fluctuations. In the early 1960s nationaIizations of privately owned copper facilities around 

the world by developing countries were conducted for the sole intent of controlling copper 

prices and their stability. The agreements of the copper cartel were not fully observed by 

member countries, thus the anticipated effect on price did not materialize. In the U. S. major 

producers continued their pricing system before following the market clearing prices. 

Pricing patterns of copper include North-American producer pricing and organized 

exchange market pricing ( London Metal Exchange (LME), and Commodity Exchange of 

New York (COMEX). Though the oldest type of pricing, the producer pricing system, is 

being replaced by organized market pricing. Basically, the LME and COMEX price 

quotations are the leading price references in the world copper market. The exchange markets' 

prices are more indicative of the real free market price as resulting from equilibrium of market 

forces of supply and demand. Although copper producers are few and are usually vertically 

integrated and, reflecting (ceterus paribus) a monopolistic behavior, they all consider price 

quotations from either the LME or COMEX. Moreover, approximately one-half of U.S. 

copper consumption derives from copper scrap recycle, and because of the many scrap 

suppliers, copper scrap prices closely approximate marginal cost. These facts seem to indicate 

that the once highly concentrated and oligopolistic copper market has become competitive. 

This competitive aspect of the copper market is accentuated by the growing number of 

product substitutes in different end-uses historically dominated by copper. In the electrical and 

telecommunication sectors, aluminum and fiber optics are increasingly displacing copper. 

Moreover, U.S. producers have had to face increased competition from other countries with 

large, high grade deposits, e.g. those of Chile. 

The U.S. producer price has the advantage of reducing the volatility of copper prices. 
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Historically this price has had the tendency to be below the exchange market price during 

shortages and above it during period of excess supply. Following the nationalizations of the 

copper industry in Chile (1971) and in Zambia (1967), the U. S. producer prices lost most of 

their importance. Because of its strategic importance, copper prices have been interfered with 

by government by both monetary and strategic policies during wars. For instance copper 

prices were controlled in the U.S. during the two world wars and the Korean and the Vietnam 

wars. Pricing of the product was controlled by the government in England during world war 

two. Cyclical labor strikes in the industry have also had a significant effect on prices. Also, 

government stockpiling and releases have affected the market price of copper. 

Three major trends of copper prices can be identified historically (figure 67). A 

declining trend extending from 1900 to 1935. From 1946 to 1968 there was an upward trend. 

From 1969 to today the trend has been declining. Forecasted copper prices to the year 2011 

show a declining trend. But, the overall trend from 1900 to present is either declining or flat. 

In conclusion, economics of the domestic and world copper markets are consistent 

with the declining trend of forecasted real copper prices and fail to support a theory of 

increasing scarcity of copper resources. Abundant world copper resources, presence of good 

copper substitutes, cost reducing producer technologies, and growing copper recycle support 

the declining trend in copper prices. 

6.1.3. Zinc Market. 

Zinc is generally produced from the mineral sphalerite. This mineral is found often in 

combination with the lead mineral galena. The basic technology of zinc refining consists of 

electrolytic processing of zinc sulphate. The refined product is cast into slabs. 

The most important use of zinc is in the galvanizing of steel, which gives the product 

a protection against corrosion. Another use is in brass and bronze, alloys of zinc and copper. 
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Figure 67. Historic Prices of Refined Copper (LME and US Producer Prices) 1900 - 1991 

Source of Data: 1. U.S. Bureau of Mines (1991).2. Metal Bulletin Ltd. 

Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982= 100). 
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1920 - 1937 Cartel price controls, Great depression 

1939 - 1949 World war 2, Price controls, Labor strikes 
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1965 - 1973 Vietnam war, Stockpile release, Price controls, Chilean strike, Nationalizations 

1967 - 1968 Labor strikes, Formation ofCIPEC; 1973 - 1974 End of price control 
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Zinc is also used in making white paint and pigments and in the rubber industry. Die-casting 

alloys of zinc also compete with aluminum. 

Zinc is mostly consumed in developed countries, where it is also produced. The 

production of the commodity has shifted to other countries though, due to environmental 

regulation regarding the containment of cadmium that is released during the refining of zinc. 

For instance in the U.S. some smelting plants have been closed down. The zinc industry is 

vertically integrated in almost all countries. In the U.S., for instance six companies account 

for the major share of primary slab zinc produced. In Canada, Australia, Western Europe, and 

Central and South America a few firms account for the bulk of zinc supply. Some of these 

firms are multinational corporations. By virtue of concentration in this industry, prices could 

be above marginal cost of production and could contain quasi rent. The availability of 

substitutes in some uses undermines to some extent the market power suggested by this 

concentration. 

Zinc pricing patterns include the US producer price, the European producer price, 

and the London Metal Exchange price. Zinc was traded in the US based on the quotation of 

St. Louis prices, although New York prices were important and quoted simultaneously. 

Quotations from the magazine Metal Week took over the St Louis basic point pricing due to 

producers claims of finding better prices. This led to what is known as the US producers' 

price. Prime western zinc was the base grade metal for all traded zinc in the US. This base 

grade was later replaced by the High Grade zinc. Metal Week devised its weighted average 

price of zinc based on daily sales of high grade. Although the US producer price continues, 

the Metals week pricing is considered to be more accurate. 

In Europe, zinc was priced both by the European producer and the London Metal 

Exchange. Cartel action was taken by the non-US zinc producers to limit adverse effects on 

zinc consumption of high and volatile prices of the London Metal Exchange. This pricing 

system was followed in trading zinc outside the North American market. Dissatisfaction 

about the European producer price led to its demise and to a return to the LME as the 
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principal basis for world zinc pricing. US zinc prices were influenced by European producer 

prices after world war II. Due to stiffer environmental regulations, which led to decreased 

utilization of smelting capacity, US price, as quoted by the Metal Week weighted average, 

was dropped in favor of the LME price. 

Major events affected the prices of zinc. For instance the outbreak of world war I 

brought about the highest prices of zinc. Government stockpiling programs in world war n 
and the Korean war affected prices, as so did the release of stockpile surpluses in the 1950s. 

Despite price control and government stockpiling, zinc prices increased during periods of 

major conflicts, such as world war I and II and the Korean war. 

A steady stable trend of zinc prices is observed historically from 1900 to 1991 

(figure 68). Forecasted real prices of zinc for the world fail to support a theory of increasing 

resource scarcity. However, forecast US producer, and economic price show slight upward 

trends, and the overall price series indicates that forecast prices are higher than those of 

1920 - 1950. Although the evidence is mixed, the author concludes that zinc resources are 

not scarce. 
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Figure 68. Historic Prices of Zinc (LME and Producer Prices) 1900 - 1991 

Source of Data: 1. U.S. Bureau of Mines (1991).2. Metal Bulletin Ltd. 
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Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982=100). 

1901 - 1910 Zinc Convention controls production outside the US 

1913 - 1918 Economic recession, World war 1, Price controls, Trade restrictions 

1919 - 1929 European zinc cartel actions 

1930 - 1938 Great depression, Zinc cartel production allocations, Collapse of cartel 

1939 - 1949 World war 2, Price controls, Stockpile authorization, price controls removed 

1950 -1969 Korean war, Price controls, stockpile buildup, Vietnam conflict, Stockpile release 

1970 - 1974 OPEC oil embargo 

1975 - 1982 Recession, Introduction of zinc penny 

1983 - 1989 Sustained economic growth; Records high imports and prices 

1990 - 1991 LME-based prices and LME warehouses established in the USA 
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6.1.4. Lead Market. 

Lead is a soft, heavy metal, having a high resistance to corrosion characteristics. The 

metal is found in several minerals, but its main common ore mineral is galena. This mineral 

is often found with the zinc-bearing material sphalerite. The roasted lead ore is smelted in 

furnaces with coke to reduce the oxide to lead bullion with a purity of about 97 percent. The 

bullion is further refined by skimming to remove other impurities. 

Lead has been produced in several countries, among which the US has had the largest 

share, followed by Australia. 

Among the nonferrous metals, quantities consumed of lead ranks fourth, after 

aluminum, copper, and zinc. Although the product has been losing some end-use markets due 

to stringent environmental regulations, lead continues to be a low-price-elastic commodity. 

This is mainly due to few available substiMes (cost prohibitive) in major end use markets for 

lead. Except for plastics, galvanized steel, copper and aluminum in construction, and zinc in 

the solder business, very few cases exist where lead is readily substitutable by another 

commodity. The eroding battery end use sector is being replaced by demand for lead in 

electronic applications of large computers. The advent of the electric vehicle and the need for 

electricity load-leveling in some electric devices has increased the demand for lead for storage 

batteries. 

Lead is commonly traded as refined pig lead of99.97 purity. Trade in secondary lead 

is in a grade of99 percent minimum purity. The U.S. producer price is, in general, slightly 

above the L.M.E. price, reflecting primarily the transportation cost differential. Though the 

producer price system is still used for much of the world's trade in lead, it only prevails in 

domestic markets of the producers. In the world market, the L.M.E. price is the main 

reference. Also, the price of lead is influenced by availability of secondary lead and 

government stockpile management policies. It seems accurate to consider the price oflead 

to be a free price set by market forces, as reflected in the organized LME market. 
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Real prices of lead have historically followed a steady flat trend from 1900 to 1991 

(figure 69). Forecasted real prices of lead to the year 2011 show a declining trend. The 

structure and pricing system of the lead market as well as the declining trend offorecasted 

prices strongly deny increasing scarcity of lead resources. 

6.1.5. Tin Market. 

Tin is mainly found in the mineral cassiterite in placer deposits and in granitic vein 

deposits. The ore is concentrated by magnetic or electrostatic means. The concentrate is 

reduced to metal form by means of smelting the ore with coke. 

Tin is produced in at least 35 countries in the world, among which Indonesia, 

Malaysia, Thailand, Bolivia, I Australia, Zaire, Nigeria, China, and Brazil are the major 

producers. The tin industry is characterized by the existence of a cartel and a commodity 

agreement whose main goal was the stabilization of tin prices. The International Tin Council 

(I.T.C.) was an association of leading world tin producer and user countries dedicated to 

stabilizing the tin market. The council was effective from 1956 to 1989. The tin agreement 

focused on reducing tin price fluctuations by either buying or selling the product during 

market oversupply or shortage. The medium used to achieve the market stability was a tin 

buffer stockpile. During the time the International Tin council was operative, tin prices were 

considerably influenced by it. 

The bulk of tin traded in the world market is produced in a relatively fixed geographic 

area: Indonesia, Malaysia, and Thailand. This geographic concentration has allowed the tin 

market to be controlled successfully in the past by the cartel-like organization, the I.T.C .. In 

1983 the Association of Tin Producing Countries was formed with the objective of stabilizing 

tin prices, and supplies. Other relevant aspects of the tin market are the existence of a 

secondary industry and the U.S. government stockpile. 
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Figure 69 . Historic Prices of Lead (LME and Producer Prices) 1900 - 1991 

Source of Data: 1. U.S. Bureau of Mines (1991).2. Metal Bulletin Ltd. 
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Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982= 1 00). 

1915 - 1918 World war 1 

1924 - 1926 Temporary boom 

1930 - 1936 Great depression 

1947 - 1952 Economic boom, Korean war 

1979 End of post-Vietnam boom- highest actual prices ever 

1982 - 1986 Environmental production cost increases, lowest prices since 1930-1936 
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The important end-use markets for tin are cans and containers, transportation, 

machinery, construction, electrical, and chemicals. Of these, the canning industry is the major 

user. The tin alloy used in the container industry, made of steel plated with a thin layer of tin. 

is known as tinplate. Tin is an important constituent of solders and other alloys such as bronze 

and brass. Several substitutes are competing with tin in the container and packaging industry. 

Among them, aluminum, plastics, and glass are acquiring larger shares. In the construction 

sector, nonmetallic materials, copper, aluminum and zinc coated products substitute for tin. 

Only in the solder industry is there no satisfactory substitute for tin. 

Tin is traded in the world market in ingot form with a purity of99.75 percent, or at 

premium for high grade material with a purity of 99.85 percent. Tin is traded on both the 

L.ME. and on the Kuala Lumpur Commodities Exchange. All world tin prices follow these 

organized markets' pricing. The IT.C. does try to influence the price of the commodity in 

these exchange markets. A buffer stock manager buys or sells tin when prices on the markets 

fall bellow or above agreed limits set by the council .. 

Historic tin prices are shown in figure 70; three trends are discemable in this series. 

A flat trend starting in 1900 and ending around 1960, an upward trend from 1960 to around 

1980, and a downward trend from 1980 to today. Forecast tin prices show a slightly 

increasing trend. Given that tin prices have been influenced by noncompetitive pricing, it is 

possible that quasi rent may be the cause of a slight increasing trend of forecast price. The 

most salient feature of the tin price time series is the very high prices during the 1960-1985 

period and that recent prices are as low or lower than pre-1960 prices. The high prices of the 

1960-1985 period were influenced by four important factors: 1) setting of prices by l.T.C., 

2) the scarcity scare attendant to the OPEC oil embargo and high oil prices, 3) a perception 

of limited tin resources, and 4) a perception of limited substitutes for tin. All of these factors 

have been modified significantly in ways that portend low future prices. Discovery of large 

high-grade tin resources in Brazil has expanded significantly the perception of world tin 

resources; tin faces strong competition in the important container market; recycle of tin is an 
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important source of tin supply. Finally, the slight increasing trend in forecast tin prices is 

undoubtedly influenced by the high prices of the 1960-1980 period. Consideration of all 

available evidence does not substantiate a claim of growing economic scarcity of tin. 

6.1. Ferrous and Iron-Alloy Metal Markets. 

This group of metal markets includes molybdenum and steel. Commodities of this 

group are very important in economies, as iron and its derived and additive materials are used 

in many sectors. Steel is so important to economies that some governments subsidize their 

industries. These markets are generally concentrated with forward and backward vertical 

integrations. This fact suggests market power within the industry and the possibility that 

prices depart from competitive levels and, therefore, may be above marginal costs of 

production. This calls for attention in assessing scarcity of iron resources by means of real 

price trends in steel. 

6.2.1 Molybdenum Market. 

Molybdenum is a refractory metallic element used in alloying with other elements, 

mainly iron, to enhance hardenability, strength, toughness, wear and corrosion resistance. 

Molybdenum is recovered from the ore mineral molybdenite. Most primary molybdenite 

deposits are hydrothermal. Also, molybdenum is recovered as a byproduct of copper 

production from porphyry copper deposits. Molybdenum is produced by beneficiation, 

heating and sublimation processes. The ore is concentrated by floatation, and then an oxide 

of molybdenum is obtained by heating the sulfide concentrates. The oxide is finally purified 

by reduction in the presence of hydrogen at high temperatures. 
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Figure 70. Historic Prices of Tin (LME and Producer Prices) 1900 - 1991 

Source of Data: 1. U.S. Bureau of Mines (1991).2. Metal Bulletin Ltd. 
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Nominal Prices are deflated by the Producer Price Index for Intennediate Goods (1982= 1 00). 

1914 -1918 World war 1 

1930 - 1933 Great depression 

1937 - 1940 Development of Electrolytic Tinplate 

1939 - 1945 World war 2 

1948 - 1952 Stockpile purchases 

1956 - 1985 International Tin Agreements 

1981 - 1983 Severe industrial recession 

1985 - 1986 International Tin Council failure to support tin price 
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Molybdenum reserves and production are distributed in few countries in the world. 

The United States, Canada, Chile, China provide about 80 percent of world molybdenum 

production. The fonner Soviet Union produced an estimated 13 percent of world output. 

These countries also possess about 90 percent of world reserves of molybdenum. 

A few companies comprise world molybdenum production. In the U.S. for instance, 

the leading molybdenum producer is Climax Molybdenum Co., a division of AMAX Inc. 

Production of molybdenum increased with the initiation of its recovery as a byproduct of 

copper by the Greene Cananea Copper Co. in 1933. Since then molybdenum, has been 

produced in several copper mines as a byproduct; consequently supply of molybdenum is 

affected by fluctuations in copper production. Consumption of molybdenum increased since 

the 1930's with the expansion of metallurgical materials in which molybdenum is a preferred 

or essential alloy ingredient. 

The major use of molybdenum is in metallurgical applications, which include alloys 

of molybdenum in steels, cast irons, superalloys, and as refractory metal. These steels are used 

in major industries including manufacturing of transportation equipment and vehicles, 

industrial machinery and tools, and equipment used in the oil industry, mining, electrical 

power generation. The substitution of molybdenum by other materials is quite rare. Though 

there exist some materials that can replace molybdenum in some of its alloys, nevertheless it 

is still considered the most efficient or the most economical of them all. For instance boron, 

chromium and manganese can replace molybdenum in alloys where hardenability is the sole 

desired effect. Also nickel and tungsten can substitute for molybdenum in steels and other 

alloys. Molybdenum has substantially replaced tungsten in high-speed tool steels. Also 

nonmetallic materials such as ceramics and plastics can replace steels and alloys containing 

molybdenum in certain applications. As a refractory element molybdenum can be substituted 

by graphite in electric furnaces. 

World trade of molybdenum is in the fonn of sulfide, oxide and ferro-molybdenum. 

Prices are quoted per pound or kilogram of molybdenum content. Pricing of molybdenum is 
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almost entirely by producers. In the U.S. and to a larger extent in the world, the AMAX 

quoted price is the reference. Prior to 1978, other molybdenum producing firms listed prices 

for their products, but those prices did not vary considerably from the AMAX price. During 

shortage periods follower firms often set their own prices above the AMAX price. Prices in 

the industry have been quite stable. The free market pricing of molybdenum is marginal and 

almost nonexistent during market equilibrium times. However, in shortage periods the free 

market becomes very active in hectic trading, and market clearing prices are above producer 

listed ones. 

The molybdenum market is very price inelastic, partly due to the specific properties 

of the metal that make substitution very difficult plus the magnitude of by-product 

molybdenum. Also, the industry is highly concentrated, suggesting that prices may be 

distorted from competitive market levels. The existence of merchants and dealers in the 

market does seem to suggest that at times prices, as set in free trading, reflect an equilibrium 

of supply and demand. During the world war n era, price controls kept prices stable, with a 

small increase at the end. Figure 6 shows the historic series of molybdenum prices. 

Three major trends are discemable in historic real prices of molybdenum (figure 71). 

A steady flat trend extending from 1912 to 1970, an increasing trend from 1972 to 1980, and 

a declining trend from 1981 to today. Forecasted real prices of molybdenum to the year 2011 

show a slightly declining trend. This declining trend of real prices fails to support a doctrine 

of increasing economic scarcity of molybdenum resources. There is little basis in the 

economics of molybdenum supply and demand to challenge this result. Except for the 

anomalous prices of the OPEC period, the overall trend is distinctly to lower prices, and the 

ability of producers to set price above marginal cost will be constrained by by-produqt 

molybdenum. 
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Molybdenum Prices 1912 -1991 
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Figure 71. Historic Molybdenum Prices 1912 - 1991 

Source of Data: Metal Prices in the United States Through 1991; U.S. Bureau of Mines. 

Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982= 100). 

1914 - 1917 World war 1,. increase in demand 
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1920 - 1924 Surplus due to war stockpile 
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1939 - 1945 World war 2, Price controls 
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1971 - 1974 OPEC oil embargo, Price controls 

1974 - 1982 Anticipated shortages 

1983 - 1990 Overproduction capacity 
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6.2.2. Steel Market. 

Steel is referred to as an iron product containing at most 1 percent of carbon and/or 

other alloying elements such as nickel, tungsten, molybdenum, manganese, vanadium, and 

chromium. The addition of these elements to iron confer to the alloy certain physical 

characteristics which make it usable in a vast array of applications. Of the diversity of iron 

related products, the one used in this study is hot-rolled carbon steel. Hot rolled carbon steel 

is a simple product consisting primarily of iron and low content of carbon. The product 

receives little processing after the steelmaking stage. This choice is based on the objective of 

the research; that is, the assessment of natural resources scarcity by examination of mineral 

conunodity price behavior across time. A uniform product is thus required. Since the advent 

of the Bessemer steelmaking process, hot-rolled carbon steel bar has been produced, with 

improving quality. Hot-rolled carbon steel can be defined approximately as crude or raw steel. 

The American Iron and Steel Institute defines raw steel as steel in the first solid state after 

melting suitable for rolling. Steelmaking processes convert pig iron, scrap, or direct-reduced 

iron into steel by a refining process that lowers the carbon and silicon contents. The first large 

scale steel processing method was the Bessemer process, in which hot air is blown through 

a bath of molten pig iron in a converter. Since then, other processes have been developed: 

open-heart, arc-furnace, and basic oxygen process. 

Steel is produced in several countries. In the market economy countries, the United 

States, Western Europe, and Japan produce the largest share. The former Soviet Union, 

Poland, Romania, China, and the former Czechoslovakia have substantial steel industries. 

There are also significant steel industries in Canada, Argentina, Brazil, South Africa, India, 

and Australia. Many developing countries have built their own steel industries under 

government ownership or control. 

The industry can be divided into two major groups: integrated and nonintegrated. 

The integrated steel producers smelt iron ores to crude liquid iron in blast furnaces 



202 

and refine the iron, with some scrap, in basic oxygen furnaces, producing liquid steel. The 

liquid steel is cast into semifinished products. In the US, the integrated steel industry consists 

of 16 firms. The nonintegrated industry consists of minimills and specialty mills. The minimills 

produce a very defined product line in electric furnaces. Minimills generally incorporate a 

continuous casting operation and a hot-rolling facility. Sometimes they do produce special 

quality bars and large structural shapes. Specialty mills include producers of stainless steel, 

alloy electric steel, tool steel, and 'high temperature alloys. The nonintegrated steel industry 

in the US consists of about 68 firms. 

Steel is the basic metal of industrial societies. Steel is used in almost all sectors of the 

economy. Building and construction, transportation, machinery, containers, and military 

applications compose the essential end-use sectors for steel. In these sectors, steel compete 

vigorously with an array of substitutes. By and large though, steel is difficult to replace 

because ofits high strength-to-cost ratio. However where strength is not a major requirement, 

steel competes with less expensive nonmetallic materials and more expensive material having 

some property advantage. For instance aluminum, plastics, and magnesium can substitute for 

steel in applications where weight reduction is required such as in the automobile and aircraft 

industries. 

Producer pricing of steel product is extensive, as each producer quotes his own prices 

relative to the characteristic of the traded products. Steel prices are quoted by weight. In the 

specific case of the hot-rolled carbon steel bar product, prices are now determined by minimill 

producers. The historically mill-quoted prices no longer apply to the hot-rolled carbon steel 

bar product. Prior to the advent of the minimills in the 1970s, prices of steel product were set 

by dominant steel firms. The efficiency of the minimills has allowed them to capture a 

significant share of the market for the products they produce. From the above it is clear that 

steel prices, at least for hot-rolled carbon steel, are not determined simply by equilibrium of 

market forces of supply and demand. 
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Figure 72. Historic Prices of Hot-rolled Carbon Steel 1900 - 1991 
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Source of Data: Metal Prices in the United States Through 1991; U.S. Bureau of Mines. 

Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982=100). 
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1971 - 1974 Price controls 
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Steel prices are more or less overseen by all governments in steel producing countries. 

This fact is mainly attributed to the potential inflationary effect steel prices can exert in the 

countries economies and the world economy at large. Wartime is characterized by rapid price 

increase until constrained by price control policies. Aside from wartime and inflationary price 

control, only labor strikes and increasing energy prices have affected steel product prices. 

Historically, hot-rolled carbon steel price shows three major trends (figure 72): a 

steady flat trend from 1900 to 1950; an increasing trend from 1950 to around 1965, and a 

decreasing trend from 1965 to 1992. Forecasted real prices of hot-rolled steel show a 

constant trend from 1992 to 2011. This fact alone fails to support a hypothesis ofincreasing 

scarcity of steel resources. However, a look at the overall price trend indicates that price 

trend level from 1960 to 2011 is higher than previous years. This seems to point to evidence 

of increasing scarcity of steel resources. With increasing competition from minimills, 

increasing scrap recycle, and access of the U.S. market to foreign steel production, the high 

post 1950 price is not likely to be due to monopolistic pricing by steel producers. It may, 

however, reflect the tariff imposed on imported steel, as well as the transportation cost of 

steel imports. Even so, it may be argued that the tariff would not be necessary if domestic 

steel production were not becoming more costly. On the other hand, the abundance of world 

iron ore resources and their wide distribution challenge the idea that iron is becoming scarce, 

particularly in view of the magnitude of scrap recycle. Is it possible that steel is becoming 

scarce while iron resources are not? Or, does steel scarcity imply iron scarcity? These 

questions remain unanswered. 

6.3 Energy Commodity Markets. 

Two commodities comprise this group: bituminous coal and crude oil. Energy 

commodities are vital to all economies. Directly or indirectly prices of these commodities 
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affect all markets within the economy. Therefore, it is understandable why most government 

pay close attention to these markets. Crude oil is used almost in all technologies of energy 

production. Bituminous coal is mainly used in the utilities industry. At the national level, oil 

production is concentrated, but coal production generally is considered to be non

concentrated. However, monopoly or oligopoly behavior in coal production may be present 

at local and regional levels due to locational transportation advantages and the unequal spatial 

distribution of coal resources. Also, quasi rent earned in these markets during short run 

market adjustments can be considerable giving levels of concentration in the two industries. 

These features must be considered in assessing scarcity of these commodities by means of 

trends in their real prices. Also, one must note that both the national oil and coal markets had 

not been exposed to world trade prior to World War ll. 

6.3.1 Oil Market 

Oil is the most used energy source. It is found in sedimentary basins having structural 

or stratigraphic traps, which allow accumulation and preservation of the oil. Substitutes for 

oil are coal, natural gas, nuclear energy, and solar energy. The oil industry is very complex, 

and the mechanisms determining its structure are varied. Though the industry is known to 

have been oligopolistic for most of its existence, opinions exist that support competitive 

prices within the domestic u.S. market. The U.S. oil market had been protected from world 

trade prior to World War n by several governments interventions under the form of voluntary 

andlor mandatory restricted imports, and tariffs. Unrestricted oil imports to the U.S. started 

in the early 1970s. 

Oil is found in several countries having different reserves. The countries having the 

most considerable reserves and contributing to world supply are the following: Saudi Arabia, 

Kuwait, Iran, Iraq, Lybia, United States, Canada, Mexico, Venezuela, Ecuador, United Arab 

Emirates, Nigeria, Gabon, the United Kingdom. These countries account for most of the oil 
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produced and traded in the world. Oil production is governed by profit making firms, either 

private or government sponsored. Definition of regional markets for oil is quite ambiguous 

in that the commodity is produced in considerable amount within countries where domestic 

consumption is sometimes insignificant. On the other hand, industrialized nations such as the 

US and Canada import oil in order to meet domestic consumption requirements. It is 

noteworthy thatthe U. S. oil market was either closed to world trade prior to the mid 1940s 

or restricted ( voluntary and later on mandatory) to imports until the early 1970s. 

Since the beginning, the oil industry has been shaped by seven big firms until the early 

1970s. Adelman (1972) showed that in 1950 these seven firms, (Exxon, Standard oil of 

California, Mobile oil company, Gulf oil corporation, and Texaco in the US; British petroleum 

and Royal Dutch Shell in the UK; ) plus.the French government oil company CFP controlled 

most of the world crude oil production, excluding communist countries and North America. 

It is also the contention of Adelman that despite the high concentration ratios in production, 

the seven sisters cartel ended with the outbreak of World War n. While the private monopoly 

of oil was declining, it was replaced by a government-sponsored cartel known as OPEC. Arab 

country producers of oil along with some African and South American countries formed the 

OPEC cartel in the early sixties with the objective of increasing their revenues through 

manipulations of the market. Production regulations via the quota system were implemented 

to set price above monopolistic prices. For a time, OPEC was very successful in reaching its 

goals. This is exemplified by the oil crises of the early and late 1970s. 

Prices fluctuations of crude oil, be it in the world or US markets, throughout history 

correlate closely with industry structure: oligopoly and integration (vertical and horizontal), 

cartel. Up to early 1940, prices were set solely by the tacit oligopoly composed of the "seven 

sisters". For the period covering 1940 to 1970, governments of oil producing countries 

started to influence pricing, at least in developing countries. The advent of OPEC in 1970 

brought the highest price increase of crude oil. It is argued by some scholars that the oil 

market has been characterized by opposing pressures of supply and demand which drive 
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prices down, and those of oligopoly and cartel actions to keep prices high. Pricing of crude 

oil on the organized commodity market in tenns of a basket of crude, TWI, Dubai, Arabian 

Light, Brent, etc .. does indicate that the industry has become quite competitive. By the late 

1980s, OPEC had lost much of its monopoly power. Barriers to entering the industry were 

decreased by the price increases, and thus many smaller oil companies made their way into 

the industry. 

Even though world prices have become more competitive, economic rent collected 

by OPEC members on a per barrel basis is still very large. According to Harris and Rieber 

(1995, pp. 17 & 18) "Adelman (1986a) estimated the short-run competitive floor price for 

crude oil at about eight (8.0) dollars per barrel and the long-run floor at only five (5.0) dollars 

per barrel. Citing The Oil and Gas Journal. he (1986b) reported that the price of a barrel of 

oil in a developed reserve was between five and seven dollars and estimated that the value of 

undeveloped oil in the ground would be about three and a half dollars per barrel. As these are 

nominal dollars, crude oil costs appear to have decreased, though not for specific fields or old 

oil provinces. His view that oil prices have little to do with their costs has been expressed over 

the years and particularly forcefully in an article in Adelman (1991). Recently, it has been 

reported (Bahree, 1995) that for British Petroleum the current costs of finding and developing 

new oil reserves are only four to five dollars per barrel, that these costs (which represent the 

costs of replacing the reserve inventory) have fallen by one-half since 1989 and that they are 

still falling. In tenns of reserves, British Petroleum is the second largest private oil company 

in the world and ranks number 16 among all oil companies (Beck and Williamson, 1995)." 

The foregoing reveals great difficulty in the use of world oil prices to examine oil 

scarcity. The evidence is strong that world price does not equal either short run or long run 

marginal cost. Consideration of the foregoing led to investigating oil scarcity only for the 

United States using a price series for U.S. crude oil. 

In the U.S., crude oil was priced based on the old oligopoly basing-point pricing 

system; the base point was the gulf of Mexico. Any other crude was priced on the Gulfbasing 
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point irrespective of transportation and insurance costs. During World war II, a second basing 

point was created in Saudi Arabia, which as a matter of fact is the onset of the erosion of 

monopoly power of the seven sisters in the world oil market. 

Crude oil prices for the US were obtained from statistics compiled for the United 

States from colonial times to 1970; average annual wellhead prices of US crude oil were 

updated to 1991 from publications of the American Petroleum Institute. 

An historic oil price series for the US is shown in figure 73. Major events that affected 

prices are shown in footnotes to the figure 9. In general, four major periods can be delineated 

in the price series: the oligopolistic pricing era of the early 1900s by the seven sisters, the 

transition period of oligopoly-host government price disputes from 1945 to 1969, the OPEC 

cartel pricing era from 1970 to mid 1980, and the market pricing beginning in late 1980s. 

Along the years, governments have intervened in specific periods to control prices of crude 

oil, and to ration production among domestic oil firms .. In the U.S., price controls, crude oil 

prorationing, and imports restrictions (voluntary and mandatory) are known to have existed 

in the history of the oil industry prior to the 1970s. 

Crude oil demand is very inelastic with respect to price in the short and intermediate 

run. Consumption of its major substitute, bituminous coal, has been somewhat hindered by 

stringent environmental and health safety regulations in developed countries, where most oil 

consumption occurs. Investment costs and safety issues also have slowed the nuclear energy 

sector. All this, coupled with the ever increasing need for oil-generated electricity in all 

sectors, leads to an ever-growing demand for crude oil. 

Forecasted real prices of U.S. crude oil show a declining trend from 1992 to 2011. 

This fact alone does not substantiate a doctrine ofincreasing scarcity of crude oil resources 

in the United States. This may be accounted for by the strong decline of price from the 

artificially high post OPEC prices. Considering that oil prices during mid 1980s to present are 

higher than those from 1900 to 1970, forecasted real prices may not be a good scarcity 

indicator. Careful examination of the entire price series reveals the existence of three 
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increasing trend levels exclusive of the cartel-induced price spike of the 1970s. A lower price 

trend level ranging from 1900 to around 1950. This trend is followed by a slightly higher price 

trend level extending from the 1950s to the early 1970s. A third trend, including the 

anomalous OPEC price spike, starts in early 1970s and extends to the 1990s. The last price 

trend level is higher than the previous ones. Overall, U. S. crude oil prices for the period 1900 

to 1992 depict an increasing trend. This fact supports a claim of increasing scarcity of oil for 

the United States. 

Although one may conjecture that to a larger extent, meaning from 1900 to 1992, 

there is room to claim scarcity of oil in the United States, one has to keep in mind that 

extension of this conclusion to the entire world must be carried out with caution. In fact, 

based upon Adelman's work (1973,1993) and the presence of cartel (OPEC) actions, one may 

sunnise that world-wide crude oil is not becoming scarce. Although post 1970 oil prices are 

greatly influenced by OPEC pricing, U.S. oil price seems to be signaling increasing scarcity; 

otherwise growing oil imports could not have been justified. 

In conclusion the author thinks that even though U.S. crude oil price trend supports 

an hypothesis of increasing domestic oil scarcity, this does not apply to the world at large. 

The author concludes that world-wide, crude oil is not becoming scarcer even though analysis 

of historical U.S. oil prices suggests increasing scarcity of oil in the United States. 
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Figure 73. Historic Prices of Crude Oil 1900 - 1991 

Source of Data: Basic Petroleum Databook; Petroleum Industry Statistics, API. 

Nominal Prices are deflated by the Producer Price Index for lntennediate Goods 

(1982=100) 

1900 - 1928 Price wars among the major oil firms 

1928 - 1940 Achanacarry Agreement (collusion of majors), Prorationing of 

Production, u.S. Import Controls 

1940 - 1945 World war 2, Price controls 

1944-1969 Dual Basing Point pricing system, Beginning of Posted price system 

1970 -1974 US adopts floating exchange rate. First oil shock; OPEC price bike, 

End of Mandatory Oil Imports. 

1978 - 1981 Second oil shock 
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6.3.2 Coal Market 

Coal is a carbon-rich material used primarily for the production of energy, and heat. 

The type of coal dealt with in this study is bituminous coal. Coal was the energy source 

commodity of the industrial revolution. Its importance has decreased since the discovery of 

oil in the late 1880s. The main market for bituminous coal is in the power production and 

boilers industry. About 90 percent of the world's total resources are held by three countries: 

USA, former USSR, and China. Other countries having considerable coal resources are 

Germany, Australia, United Kingdom, Canada, India, Poland, South Africa, France, 

Yugoslavia, Czechoslovakia, Mexico and Japan. 

Coal is a commodity closely overseen by several governments. The industries in those 

countries may be subsidized or nationalized. In the US, on the other hand, the coal industry 

seems not to be heavily controlled by the government. Therefore, the US domestic market of 

bituminous coal is used in this study. 

The U.S. bituminous coal industry is characterized by regional competition. 

Following the seminal work of Henderson (1958), the US coal industry is characterized by 

excess capacity, sensitivity to regional competition, and restricted supplies due to public 

policies and market imperfections. Most scholars contend that the coal industry is competitive 

irrespective of its alleged regional concentration ratios. The oligopsony of the boiler-utility 

companies tend to bring negotiated prices down to market level or cost, whichever is lower, 

as asserted by Newcomb and Rieber (1985). Given thus the existence of the utilities 

oligopsony, the proliferation of nuclear, oil, and natural gas powered utilities, and stringent 

health and environmental regulations, the US coal industry is faced with little market power 

to set prices or to pass on increased costs. Prices of coal at mouth of mine are given in 

statistical publications. The price series is shown in figure 74. Despite the fact that forecast 

prices trend is declining, the overall price series points to increasing coal scarcity. The decline 

in forecast prices is due to the precipitous price fall from the high price of the OPEC period. 
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Figure 74. Historic Prices of Bituminous Coal at mines sites 1900 - 1991 

Source of Data: 1. Statistics of the United States from Colonial Times to 1970. 

2. Statistical Abstracts of the United States. 
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Nominal Prices are deflated by the Producer Price Index for Intermediate Goods (1982= 1 00) 
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The overall coal price trend points to increasing scarcity. This interpretation leads to the 

following question: Given the large coal resources of the U.S., how can coal resources be 

becoming scarce? In part, the answer to this question is that the scarcity indicated by the 

overall trend must be of the low sulfur coal resources required to meet environmental 

standards. Or, the reply is that the increasing price trend reflects increased cost of 

beneficiating high sulfur coals to meet environmental standards imposed on coal-burning 

utilities. 

In conclusion, one may state that as with the case of crude oil, the precipitous decline 

of price from the OPEC period anomalous highs may have caused the decline in forecasted 

bituminous coal price when the overall price trend is increasing. 

o 
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SUMMARY AND CONCLUSIONS 
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This dissertation has accommodated assessment of economic scarcity of mineral 

resources in a dynamic setting by an objective methodology of multivariate forecasting of 

mineral commodities' real prices. A major contribution of the study is the rigorous 

methodology developed to assess economic scarcity. A combination of two entirely different 

forecasting techniques in a multivariate dimension, applied to a meticulous choice of data set, 

inclusive of economic theory of price formation and historical facts of mineral commodities 

markets, facilitates rational conclusions on the status of economic scarcity of some mineral 

commodities. With respect to the nature of the data (annual and cumulative) used in the two 

forecasting techniques and the variables included in the respective models, the combination 

of the quantitative tools permits capturing of both micro and macroeconomic information 

relevant to the objective of the study. 

This new methodology of assessment of economic scarcity of mineral resources 

resolves some drawbacks of previous studies as it incorporates in rigorous modeling the 

variables theorized to affect the real price of mineral commodity. Economic theory of price 

formation is followed in the implementation of forecasting techniques. The old univariate 

forecasting of a scarcity index is replaced by a more elaborate multivariate approach. Final 

conclusions on scarcity of the mineral commodities are made only after an historical review 

of price behavior and of major market features that affect supply, demand, and price. 

Results of this study suggest that there is no ground to support the hypothesis of 

generally increasing scarcity of mineral resources (Table 24 ). The direct implication of these 

results can be stated in regard to national policies related to the mineral industries; namely 

there is no basis for a strong conservation movement with regard to exploration and 

exploitation of 
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mineral resources. It is proven defacto that most real prices of mineral resources have either 

a steady or a declining price trend over time. 

Although this study refutes the general hypothesis that minerals have become scarcer 

in an economic sense, conflicting evidence for scarcity was found for some commodities in 

the U.S. economy; namely hot-rolled steel, crude oil, and bituminous coal. Forecast prices to 

the year 2011 for all three commodities point to the non existence of scarcity. However 

consideration of the entire price series of each commodity reveals conflicting scarcity signals: 

1. Steel prices show two different trends: the 1900-1950 trend is lower than the 1950-2011 

trend. This fact alone suggests increasing real prices and, therefore, the existence of economic 

scarcity. But, is this scarcity a scarcity of iron, which is an abundant mineral resource? Or, is 

it scarcity of other inputs required for the production of steel? Part of the explanation for the 

existence of the two different price level may be the tariff imposed on imported steels and 

their transportation costs. Effects of monopolistic pricing can be ruled out as a cause, given 

the increased competition in the steel industry with the advent of the minimills, increased 

scrap supply, and access to U.S. market by foreign steel. 

2. Crude oil prices show three distinct trend levels: the 1900-1950 trend level is lower than 

the 1950-1973 trend leve~ which is below the 1973-2011 trend level. This suggests increasing 

scarcity of oil resources in the V. S.. However this resuh applies only to the V. S .. Considering 

the world at large, there is little evidence to support growing scarcity of oil (Adelman, 1973, 

1993). The declining trend offorecast prices for the V.S. may be attributed to the effects of 

precipitous post OPEC price fallon the analytical models used in forecasting. 

3. Bituminous coal prices show an overall increasing price trend. But the forecast price trend 

is not increasing. Both forecasting techniques yielded decreasing price trends and thus fail to 

support a claim of increasing scarcity of bituminous coal resources. However, observation of 

the entire bituminous coal price trend suggests increasing scarcity of coal resources. Given 

the known vast resources of coal in the U.S., one may infer that the increasing trend may be 
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caused by stringent environmental regulations and the requirement for low-sulfur coal. Also 

one may suggest that declining forecast prices of coal are related to the precipitous fall of 

crude oil and coal prices following the OPEC era. 

Discrepancies between results of state space and learning techniques for copper, oil, 

and coal prices are due to the underlying nature of the two procedures. State space requires 

stationary time series, or that the series be made stationary by removing a stochastic trend. 

The stochastic trend is later built into the forecast of the stationary series. Thus, for state 

space a trend in the original time series presents a problem to be removed so that the 

autoregression and moving average components can be identified and modeled. In contrast, 

the learning curve methodology smooths out cyclical features by cumulating time series for 

the sole purpose of identifYing patterns and major relations that can be projected. Learning 

method relies on pattern recognition in time series. Only a segment of a time series for which 

a pattern or trend is recognized may be used in projection. The pattern analysis and projection 

by learning curve methods could be greatly improved upon by purging the time series of the 

effects of high energy prices of the OPEC era (1970-1985) on mineral commodities prices. 

These differences in methodologies account for some of the differences in forecast prices. 

The results of this study could be improved by further investigation of the interplays 

of market structure and short-to-intermediate supply and demand adjustments and quasi rents 

which cause prices to depart from their long run equilibrium levels. Hopefully, this study will 

motivate additional investigations and more in-depth studies of mineral commodities pricing, 

market structure, and quasi rents. Such research will require meticulous collection of 

historical data on consumption and supply of commodities and their substitutes and 

complements as technologies evolved through time. 
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