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Application of the Intensity of Use of Mineral Consumption
Forecasting

Gyoo Jeong Jeon*

ABSTRACT : This study found that that dynamics of intensity of use and economic theory of derived demand
can both be accommodated through an extensive translog demand model. The basic idea in this recognition is
that the skewed life cycle empirical pattern of intensity of use plotted against per capita income is of lognormal
form and this lognomal intensity of use model can be mathematically transformed into an eqivalent simple
translog intensity of use mcdel. Empirical results showed that this extensive traslog model, which is a flexible
function and includes both the classical case of fixed coefficients and the dynamic case of varying coefficients of
the explanatory variables, gave better forecasts than the original intensity of use model and other conventional

models.

INTROUDUCTION

Generally speaking, techniques used for long-
range forecasting of mineral demand have been
rather simplistic, such as extrapolation of a
growth rate or a time trend in demand itself or
the multiplication of a measure of intensity of
use (mineral demand/GNP) of the mineral by
projected income. Hence, these methods are
viewed as simplistic, because the multi-facted
dynamics that affect demand across time and
which operate at different rates across time are
treated as one, and the sum effect of these
dynamics is represented by the time path of a
single trend mode. One or both of the
aforementioned methods had been commonly
used until a few years ago when professor
Malenbaum showed that intensities of use for
many mineral commodities exhibited a life cycle
pattern, much like a skewed normal curve, e.
g., lognormal, when intensity of use is plotted
against per capita income (see Fig. 1 and 2).
For the U.S., these same data showed that for
many mineral commodities intensity of use
peaked many years ago and has been declining
since.

While the above historical account shows
evolution in methods of long range forecasting
to more improved methods, there are some
bothersome deficiencies and inconsistencies :
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1. technology and prices are ignored in the
Malenbaum approach ; on the other hand
traditional econometric models that are more
comprehensive, hence conceptually appeal-
ing, have not contained the dynamics in in-
tensity of use indicated by historical evidence
and empirical relations.

2. Useful statistical methods also have been
ignored, e. g. rigorous estimation of intensity
of use relations and recursive and iterative
approaches to minimize uncertainty and error
of prediction of mineral demands for both ex
post and ex ante forecasting.

The subject of this study is improved methods
for long term forecasting of minerals demand.
Intensity of use, both in its simple, original
form and as described by richer economic rela-
tions is one such method, particularly when in-
tensity of use is estimated using rigorous statis-
tical methods.

GENERAL DESCRIPTION OF THE IU
PROBLEM

Malenbaum (1977) defines intensity of use as
—;i, and describes this measure as a function of
1
per capita income y‘=—y§-;

2 =f(y)=1U,,
Yt
where
N, = population
x, = mineral demand
y; = income
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Fig. 1.- Trend of U. S. copper intensity of use, 1901-
1983 (short tons per millon 1972 dollars).
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Fig. 2. Trend of U. S. zinc intensity of use, 1901-1984
(short tons per millon 1972 dollars).

While the change in IU over time has a pro-
nounced effect on and must be accounted for in
long-term demand predictions, the simple con-
ceptual model of this change as proposed by
Malenbaum is not appealing in terms of its eco-
nomics. For example, although Malenbaum’s

procedure has been applied widely to mineral
commodity forecasting, there are some concerns
about the neglect of determinants of the depen-
dent variable (IU) other than income, e.g.,
materials-saving technological change and mate-
rials substitution. When minerals are introduced
into industries, technological changes may
accelerate, and markets may be captured rapidly
from the competing materials. In time, tech-
nological impacts on costs diminish and new
materials tend to take over.

The empirical evidence for the pattern in in-
tensity of use presented by Malenbaum is espe-
cially compelling when performing long-term
forecasting. But, the difficulty of employing in-
tensity of use to make long-term forecasts belies
the seeming simplicity of the empirical measure.
For example, Malenbaum’s extrapolations of his
own constructed plots of IU were simple,
seemingly prudent, extensions of informally esti-
mated linear relations, based upon the most re-
cent years of economic theory and rigorous sta-
tistical methods to improve long term mineral
forecasting.

STATISTICAL-EMPIRICAL MODELS

Rigorous statistical methods* are employed in
this study to model simple intensity of use, as
Malenbaum defined it, and to test the models
by ex post forecasting on the last few years of
data ; data which purposefully were withheld
from the data base for model development. Spe-
cial effort was devoted to identify objectively
the model best indicated by the data, based
upon slope characteristics of the data and of
known models. These methods require the
simultaneous selection of data “cut” and model
form. Then, data transformations were em-
ployed to enable fitting of the selected model by
least squares estimation procedures. When these
transformations were not sufficient, as in the
case of the Gompertz curve, a least squares
estimation was approximated by Gomes polyno-
mials. The objective at this level was to examine
formal mathematical models as models of in-
tensity of use and then to employ these models
to estimate intensity of use and demand on a
test period, thereby permitting the examination
and comparisons of various models for ex post
forecasting.

* This empirical investigation differed from those by
Roberts (1985) and Roberts and Harris (1984) in that
the latter employed methods of computer search to
fit complex functions, whilé this research employed
rigorous statistical methods.

~~



Application of the Intensity of Use of Mineral Consumption Forecasting 385

The most frequently selected model is the log-
normal IU :
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Fig. 3. Actual and fitted copper intensity of use using
the method of least squares,
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Fig. 4, Actual and predicted copper consumption us-
ing the model of least squares IU, 1939-1977 (ex post :
1978-1983).
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Fig. 5. Actual and predicted copper consumption us-

ing the model of lognormal IU, 1901-1977 (ex post :
1978-1983).

where

K, # and o are parameters estimated
in the fitting process.
yi=per capita income.

Other models investigated and sometimes fit-
ted include the linear (last part of time seires),
normal, and derivative logistic. All of these
were fitted by least squares or by methods that
approximate least squares estimation, e.g.,
Gemes polynomials. Some very excellent fits
were found, and many of these performed quite
well in the test period.

The lognormal life cycle model for a mature
industry, even when the fit was very good, occa-
sionally produced forecasts that are not believ-
able. The projection of a flat (constant) IU may
seem like a conservative forecast, but when in-
come, Yt, is increasing exponentially, even at a
low compound rate, such a projection results in
exponentially increasing demand. The important
point here is that when IU has peaked and is
well down the tail of the life cycle, forecasts of
IU are predicted upon the fit of the lognormal
tail, which exhibits a gentle slope in that region,
and there is a very fine line between a fit which
produces exponentially increasing demand and
one which produces decreasing demand.

For the purpose of demonstration and com-
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parison, intensity of use of U.S. copper was
forecast by a time trend which was estimated by
a least squares linear relationship (Fig. 3). This
linear trend model is of interest because of its
use by the U.S. Bureau of Mines for forecasting
mineral demand. Although the equation of this
model appears satisfactory in the base period,
forecast demands clearly missed tracing the ex
post demands (see Fig. 4). A lognormal model
of IU and y, (GNPPC,) was fitted to the intensi-
ty of using data transformations and least
squares (Fig. 5). Although the fitted lognormal
model performed a bit better than the linear
trend model for the expost period, its perform-
ance still leaves much to be desired. Findings
such as these prompted the examination of
models with more economic structure.

ECONOMICS AND THE INTENSITY OF
USE MEASURE

Examination of Malenbaum’s definition of in-
tensity of use as an economic model leads to a
simple income demand model as the closest pa-
rallel :

d, = Ay
where d; = per capita consumption of metal ; y,

= per capita income.

t

Given IU, = p;){p, = % the above model implies
t t
Pop,
U, = Ayt?

Although this model is a proper statement of
Malenbaum’s concept of intensity of use, it is
not conformable with the full range of empirical
data, because by this model. depending upon
the magnitude and sign of «, IU is either an
increasing or decreasing exponential function of
y, except when e« =1, for which IUt is con-
stant. Consider this model along side one that is
conformable with empirical evidence:a trans-
formed, generalized equivalent of the lognormal

IU, = Ay,"e oatiny?

2
where InA = InK-ln o-In(/2 7 )- 2}; >
a ] = P 3
a. — 1
2 = 2 62

and
InIU; = InA+ a jlny,+ a ,(Iny,)?

The above equation reveals that the empir-
ically consistent model consists of the income
demand model multiplied by an exponential
function of Iny,. Further insight is gained by no-
thing that yf2™ is equal to e“2iny)’ Therefore,
we could write the lognormal model of IU as
follows :

IU, = Ay, o2
and

d‘ — Ay:‘ +1+aplayt
where

d; = IU;-y, = per capita demand

This is revealing, for it shows that the lognor-
mal is also a translog function. When viewed in
the light, improvement on the lognormal IU
model leads to the use of a translog income
(per capita) demand model.

Even though this translog income demand
model is flexible and conformable with empirical
evidence, it is deficient in economic structure.
Maximization of an aggregate production func-
tion subject to constraint by the cost function
yields as the very minimum model for derived
demand across time the following :

D, = f(P, P, Y, 7o)
where

P, Py = own factor price and substitute factor
price, respectively,

Y, = income,

T = technical change in the mineral using pro-
cess.

Identifying f( ) to be the flexible translog
function would result in the following relation :

Dy = a 1Y) pPf¥ )Ps’t‘”‘ ) T8O

Suppose we divide both sides of the equation
by Y..

IU, = % = a Yo' PO PsfrO) ¢ o)
This shows that extended IU and per capita
demand translog models differ only by the expo-
nent of Y: B, for demand and Byo-1 for IU.
Of course, for any particular commodity, some
of these coefficients may be zero, giving a sim-
pler estimated model for that particular com-
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Fig. 6. Actual and predicted copper consumption us-
ing the model of translog IU, 1939-1977 (ex post:
1978-1983).
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ing the model of translog IU, 1939-1980 (ex post:
1981-1983).
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modity. By employing stepwise regression, an
equation can be selected that contains only a
few variables, while in others there may be
several, that are significant. Fig. 6 shows the
very good fit of the translog model for copper
for the base period (1939-1977) and the ex post
(1978-1983) forecasts by the model :

s 0.3871ln T 0.0721InPcuy-0.2609n T
D, = 7.83Y¥nre g Somiisbonc02mn

As indicated in the figure, this model per-
formed very well in the ex post period. Fig. 7
shows the same model, but bit to data for 1939-
1980, with the ex post period being 1981-83,
and Fig. 8 shows the same model fitted to all of
the data.

One approach to long-term forecasting is to
include only those explanatory variables that can
be projected with less error than direct projec-
tion of the dependent variable. Basically, that
philosophy is consistent with Malenbaum’s sim-
ple intensity of use measure. Although such an
approach seems logical and practical, it general-
ly is not good procedure, for it leads to the neg-
lect of prices and technology and to a distorted
view of the effect, say, of income, for all of the
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variation in demand is attributed to either in-
come or random effects.

A far better procedure is to construct a more
complete economic model, e. g., one with prices
and technology, so that changes in consumption
during the base period can be appropriately
allocated to the most relevant economic factors.
Even if none of the variables except income
were projected, the presence of the variables
would mitigate an otherwise exaggeration of the
effect of income on consumption. Besides, the
presence of the other variables permits conting-
ency and sensitivity analyses and the description
of selected scenarios.

Initial research on the extended translog de-
mand model employed time as a proxy for tech-
nology, a practice that is common in eco-
nometric models and convenient for long-term
forecasting because of the known value of fu-
ture time. The extended translog model was fit-
ted to data on several mineral commodities. In
general, the model fit the data very well, and ex
post testing showed it to be superior to extra-
polation of trend models, simple lognormal, and
simple translog models. However, some cases
were found that produced “wild” forecasts.

COMPREHENSIVE TESTING AND
COMPARISION OF MODELS

The scope of this paper includes ex post and
ex ante testing and comparison of forecasts by
various models over the few most recent years,
as has been demonstrated for the linear trend
model for IU, the lognormal IU model, the ex-
tended translog model of IU, and a trend trac-
ing of the translog IU model. For example, for
the ex post period of 1978 to 1983, errors for
the models were found to be as follows :

Linear trend of IU AAE =0.29
Lognormal IU model AAE =0.26
Extended translog IU model AAE = 0.07

As stated earlier, the extended translog IU
model and its trend-traced version perform
much better than the other two models. Cer-
tainly, such performance on the recent five year
period would encourage the use of the extended
translog IU model, either with trend tracing or
without. This may indeed be a robust conclusion
; however, such testing is deficient in two re-
gards :

Table 1. Ex post and ex ante forecasts : actual versus predicted copper consumption using the extensive trans-

long IU model.

YEAR ACTUAL  PREDICTED PREDICTED PREDICTED PREDICIED
EXPOST EXANTE EXPOST EXANTE
(1978-1986)  (1978-1986)  (1981-1986)  (1981-1986)

1967 1803.00

1968 2097.00

1969 2258.00

1970 2089.00

1971 2068.00

1972 2359.00

1973 2433.88

1974 2436.08

1975 1617.07

1976 2145.08

1977 2254.20

1978 2611.35 2349.02 2347.14

1979 2680.79 2481.27 2378.73

1980 2397.50 2416.49 2330.16

1981 2511.04 2252.39 2352.88 2314.44 2423.91

1982 1941.15 2013.28 2401.92 2069.87 2480.29

1983 2226.65 2068.88 2338.04 2130.89 2425.24

1984 2322.60 2117.95 2292.24 2198.70 2387.66

1985 2313.20 2135.90 2064.25 2222.59 2150.36

1986 2213.20 2147.30 2143.12 2239.64 2236.55

AAE 0.0654 0.0827 0.0487 0.0851
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1. It considers ex post forecasting perform-
ances on only one period; furthermore, that
period was a time of unusual changes in mar-
kets and technologies.

2. Actual long term forecasting is not an ex
post experience ; rather, it is ex ante, meaning
that none of the explanatory variables are
known ; consequently, they, e.g. GNP and
population, must also be forecast.

Since actual long term forecasting is an ex
ante experience, ex ante forecasting was per-
formed on periods of 1978 to 1986, and 1981 to
1986. The estimations presented here are based
on time series data of U. S. copper consump-
tion from 1939 to 1986. In an attempt to fore-
cast the dependent variable for the ex ante
period it was necessary to first forecast the ex-
planatory variables. Forecasts of these variables
were achieved by several methods and are ex-
plained in a later section. Ex post and ex ante
forecast values are given in Table 1. Fig. 9 and
10 illustrate time paths of the actual and pre-
dicted values of U. S. copper consumption. The
ex post forecasts show that the extended trans-
log IU model predicts very accurately for the ex
post period, successfully locating the important
turning points of the copper consumption time
paths. Although the model predicted less satis-
factorily ex ante than ex post, as expected, the
ex ante forecasts followed the pattern of actual
vahes fairly well. For the purpose of compari-
son, the linear trend model for IU and the log-
normal IU model were applied for the same
periods. As Fig. 11 and 12 indicate, predictions
of these models are much lower than the actual
consumption. The empirical results of this study
confirm that predictions of copper consumption
using per capita income only, which is consistent
with Malenbaum’s model, are inferior to those
based upon income plus price and technology.

CONCLUSION

This study found that dynamics of intensity of
use and economic theory of derived demand can
both be accommodated through an extensive
translog demand model. The first step in this
recognition is that the skewed life cycle empiric-
al pattern of intensity of use IU plotted against
per capita income (y,) is of lognormal form.
The second link is mathematical ; specifically, it
can be shown that a lognormal intensity of use
model can be transformed into an equivalent
simple translog intensity of use model :

IUt — Ay:'m»al Inyt

Noting that intensity of use is the ratio of per
capita demand to per capita income(%&) permits
t

the rewriting of the above intensity of use mod-
el as a per capita translog demand model :

dt = Ay:'o+1+a'1 Inyt

This model can be recognized as a dynamic
version of a simple income demand model : d, =
Ay¢'. Such recognition constitutes the last link
in the evolution of the extensive translog de-
mand model, because given that recognition,
traditional demand theory leads to the extension
of the model to include other variables, such as
own price, Po, substitude price, Ps, and technic-
al change, 7 :

dt — Ay;‘o +aylnyt+ aglnpoi+@slnpsi+ agln 7y
Pbo+bilnpo.+bzlnps+bslnz,
co+cilnpg +colnr do+djln 73
Pst * 't T t

This is the full form of a translog demand
model having four explanatory variables. Usual-
ly, several of the coefficients are not significant,
thus estimated models are of much simpler
form. Empirical testing of the model showed
that generally it performs better than the other
models tested, which included trend models
(linear, derivative logistic, derivative Gompertz,
normal, and lognormal) of demand and of in-
tensity of use ; conventional intensity of use
models in which intensity of use is a function of
per capita income (linear, normal and lognor-
mal), and traditional demand models which in-
clude income and price.

Data on copper, zinc, lead and potash were
used to test forecasting models. Models were
compared by ex post performance on a test
period. It was found that variables such as in-
come, technological change, and relative prices
all affect the demand for a mineral commodity
in the United States and should be considered
in making long-term forecasts. Empirical results
showed that the extensive translog model, which
is a flexible function and includes both the clas-
sical case of fixed coefficients and the dynamic
case of varying coefficients of the explanatory
variables, gave better forecasts than the original
intensity of use model. The model used is small,
consisting merely of four variables, but this does
not seem to be an important limiting factor for
the model’s simulation performance. Moreover,
being small, these models are easier to maintain
and use, because fewer independent variables
have to forecast in advance.

Although the extensive translog IU models
were found to make much better forecasts than
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other models tested, some of the translog mod-
els were not appealing because the price of the
mineral had a positive sign. Of course such a
result conflicts with price theory and the theory
of derived demand. Even so, such a result is
not unusual in econometric analyses in which a
time series of quantities traded and their prices
are employed to estimate the parameters of a
single equation model of demand, particularly
when a long time series is employed. This is
simply the familar identification problem com-
pounded by the long time series. Simply stated,
a price coefficient that is both statistically signi-
ficant and of wrong sign is evidence that de-
mand shifts have dominated the market, which
has the effect that market quantities and prices
define the supply curve more than the demand
curve, or the effect of other variables surpasses
that of own price. Of course, one remedy is to
model both demand and supply, and to estimate
their co-efficients simultaneously. Accordingly,
additional research is needed to explore the
construction of the econometric system sufficient
to identify the translog demand relationship.
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