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THE INFLUENCE OF INTEREST RATES ON RESOURCE PRICES*

by
Geoffrey Heal

The Cowles Foundation, Yale University
and The University of Sussex '

I. Introductieon

In recent years there have been many analyses of the rate of re-
source depletion, both with a view to defining an optimal depletion rate
(as in [2], [3]) and also with a view to analyzing the depletion rate
that one might expect to result from market forces (as in [1], [12], [13]).
It is easily established (see [3], {[12]) that a necessary condition for
a finite stock of an exhaustible resource to be allocated efficiently
over time is that its price, net of extraction costs, should rise at a
rate equal to the rate of return on other assets. And, not surprisingly,
competitive markets will under certain circumstances realize this condi-
tion. In particular, if owners of the resource regard it as a capital
asget congtituting an element of their portfolio, then they will hold it
just as long as the return that it gives them (the rate of Increase of
the net price) is no less than the returns available elsewhere. Equili-
brium in the asset market will then imply the realization of the necessary
condition mentioned earlier.

This simple but convincing theorizing clearly implies that if re-

source markets are functioning efficiently, there will be a strong

*Financial support from the Arts Research Support Fund at Sussex Univer-~
sity and grants from the National Science Foundation and Ford Foundation
are gratefully acknowledged.



association between the rates of change of resource prices and the rates
of return on other assets. In particular, as certain commodities (for
example, copper, lead and zinc) are exhaustible resources, the theory
would predict that in an efficient allocation the rates of change of
their prices would be related to rates of return on other assets. My

aim in this paper is simply to conduct an empirical test of this predic-
tion, and then to use the results of this to make some very tentative de-

ductions about the intertemporal efficiency of resource markets.

I11. The Model

A naive approach to this issue might be just to regress the rates
of change of appropriate commodity prices on variables representing the
returns available elsewhere. I have preferred instead to congtruct a
model which incorporates an element of arbitrage between the resource
market under consideration and a capital market, because the model con-
structed can give one prior information about the lag structures and sto-
chastic specifications likely to be encountered, and these turn out to be
important considerations. It is also true that the model tested, and
in some considerable measure validated, has some interesting and precise
implications about the validity of the theoretical predictions referred
to earlier. These will be considered in some detail subsequently.

The model considered has a fairly obvious structure. It is supposed
that the resource price always adjusts so that supply and demand are
equated. If p 1is the current price and p' a weighted average of past
prices, and likewise y is current income and v' a weighted average
of past incomes, supply is just taken to depend on p' and y' :

s(p', v') . The rationale for including p' is that supply responds to



price changes with a lag: y' 1is included in case the level of economic

activity affects investment in the extension of extractive and refining
capacity directly, rather than via the price of the output.

The demand function is more complex and contains two distinct ele-
ments: one is a log-linear function of price and income, and this
is multiplied by a term which depends on the ratio of the expected rate
of capital gain from the resource to the expected rate of capital gain

attainable on other assets.

where @ and B' are of course price and income elasticities, p" is
the resource price expected to rule at some future date, 0O 1is the price
of some other asset, and 0" 1is again the price this is expected to ex~-
change for at the same future date. The motivation underlying this func-
tional form is clear: demand consists of a '"normal" or "user" element
depending in the obvious way on price and income, and this is scaled up
or down according to whether or not the resource is expected to be a good
investment in the near future. .Thus if its price is expected to rise at
a rate in excess of those of other assets, demand is increased, and vice
versa. The multiplicative term is introducing an element of arbitrage
between resource and capital markets into the model, and my afm is to
assess the importance of this effect. Obviously, realization of the effi-
clency conditions mentioned in the introduction would require very effective
arbitrage.

An alternative interpretation of the demand function may be worth

ment ioning. This is that traders and speculators are distinct agents in



1
the market, with trader demand depending on p0§ﬁ and speculator demand

conditioned by (p"/p)/(0"/0) , but with a multiplicative rather than
additive interaction. This has the implication that, given a set of ex-
pectations about rates of return, speculators are more willing to enter
a market the greater is the level of regular or user demand in that market.
It is clear that, whatever interpretation one takes, there is an
element of -"ad hocery" about this demand function. For example, it cannot
be derived from a model of stochastic dynamic optimization on the part
of market participants, though ideally this is the foundation on which
one would like to base the model. But unfortunately my attempts to derive
a demand function from such a basis suggest that nothing estimable will
emerge without very strong assumptions. (Perhaps it is worth noting that
the demand function resulting from a dynamic stochastic optimization exer-
cise does reduce to something close to the one used if the wvariance and
all higher moments of the probability distribution of future prices are
set to zero: obviously this corresponds to assuming a form of certainty
--equivalent behavior.) As the‘present formulation has no completely
rigorous justification, it is clearly open to the objection that there
are alternative and apparently equally plausible formulations. One could
for example argue that though it is plausible that demand should be scaled
up or down according to anticipated return differentials, there is no
reason why one should work with the ratio rather than the difference,
or some other function. A response to such criticism is that the exact
formulation of the multiplicative term in anticipated return differentials
seems not to be crucial: alternatives such as working with differences
rather than ratios lead eventually to rather similar equations to be esti-

mated and imply similar restrictions on the coefficients. Hence what



seems to be important is the general principle that demand depends on anti-

cipated returns (and that these anticipations depend on past experience)

rather than the particular detail in ﬁhich the hypothesis is embodied.
Taking tﬁe demand and supply functions together, market clearing

implies that

a
v rr 1
(1) s’y v = oY E)"L_%:I e, (t)

wliere el(t) is a lognormally distributed serially independent error pro-
cess. An obvious response to such an equation is to enquire why the term
in anticipated returns appears only on the right-hand side: why should
suppliers not also modify their behavior according expected price changes?
The answer is clearly that one can imagine a term identical to that in
square brackets appearing on the L.H.S., raised perhaps to a power b1 .
But it is then abundantly clear that a, and b1 could not both be esti-

mated: we therefore imagine the multiplicative terms of this type concen-

trated on the R.H.8. with a, the net exponent.

1
Differentiating (1) logarithmically w.r.t. time and using the fol-

lowing notation:

6/0 =T, 6"/0" =x", y/y=2g

1l
H
-
e
~
e =4
it
s ]
-

p/p
we have

. d
- [ TR [ T - 1 —
8/8 = al(rc r') al(rc r) + orc + B'g + dtlog e -

in order to make further progress, it is necessary to specify how

the anticipated values rg and r'" are formed. Consider first the term



p"/p . Introducing the time argument explicitly, this might be written
p'(t+h)/p(t) , where t+h is the time to which expectations formed at

t refer. Using this notation, the term p"/p" can be written

. v o p" (t+h+At) - p"(t+h)
p"/p' ;ti_‘% At -p'""(t+h) }

As it is not unreasconable to assume that speculators' expectations in
commodity markets are of a very short-term type, we shall also let h

tend to zero, and define

p''/p" = lim lim p" (t+At+h) = p"(t+h)
At=0 h=0 At -p" (t+h)

Clearly 1lim p"(t-+h) = p'"(t) , and it is obvious to assume that p"(t) = p(t) .
h=0

Hence

LSt = pl(t+at) - p(t)
e - e (R

Now, a reasonable first-order approximation to p'(t+4t) 1s clearly
PU(t+AE) = p(t) + p(E)T (E) A

where ri(t) is the expected rate of price change at time t , 8o that

pU(ttar) - p(t) _ e
At p (5) r.(e) .
Although it is reasonable to assume that the current price level p(t)
can be observed accurately, one would clearly not wish to make this as-

sumption about its current rate of change rc(t) :+ an approximation to



this has to be built up from past observations, and it is assumed that
an agent's best approximation to rc(t) is given by the distributed lag
form azrc(t)/(D+-az) s, Wwhere D 18 the differential operator. Hence

in (2) we can make the substitution

(3) rg = azrc/(Di-az) + ez(t)

where ez(t) is a white noise error process, and by similar arguments

one can justify the assumption that

(3" r" = asr/(D+ ay) + eg(t) .

In order to make (2) operational, it is necessary to specify the form of

the supply function. This is assumed to take the very simple form

a T
s(p', y') = p' 4y'B , with p' and y' defined by the lag processes
(4) pl(t) - —B—A'L(E% 3 y'(t) = EXLLD.*.; .
(D+A)

Substituting from (3), (3') and (4) into (2) yields the following second-

order differential equation, which contains only observable variables:

L (a1 + a; = ) + 1:c(ala3 + a2a4+ 8,8, - Ol.s:2 - aa3)

(5) < + rc(a2a3a4 -02283) = Ta; + falaz + 8B + g(a24-a3)B
L+ ga2333 + e .
In this equation, B = ' - B" and is a net income elasticity. It could

thus be zero even though the income varisble exerted a significant influence
on both sides of the equation. The error process e will exhibit third-

order serial correlation, and if one believes the stochastic specifications



(1), (3) and (3') this will be of the moving-average type. But in fact

1f we operate with a short time-period, as will be the case, the assump-
tion that the errors in (1), (3) and (3') are uncorrelated is unreasonable.
They are likely to exhibit substantial positive serial correlation, of

the sort that will lead to a mixed autoregressive-moving average error

process in-(5).

III. Estimation

Rather than estimate the differential equation (5), I have chosen
to estimate a difference equation approximation to it. There 1is a grow-
ing literature on the estimation of stochastic differential equations and
of discrete forms of these, and the merits of different approaches have
been discussed inter alia by Sargan [10] and Phillips [8]. The transfor-
mation applied to (5) 1s one discussed by thege authors, and seems to

have desirable properties: 1t is

®(t) = x(t+1) - x(t)

It

X(t) = x(t+2) - 2x(t+1) + x(t)

Tx(t+1) + x(8)) .

il

x(t)
Applying this transformation, (5) becomes

rc(t) = Alrc(t-l) + Azrc(t-2) + A3r(t) + Aar(t-l) + Asr(t~2)

(6)
+ Aga(t) + Asg(t-1) + Age(t-2) + e(t)

where the arguments denote values of variables in particular time-periods.

The coefficients in (6) are related to the original parameters by the



formulae
A1 =2 - ay - azaalﬁ + aa?_/e - 328334/29 + @3283/28

Ay = -l + a, + aza4/9 - aa2/6 - a233a4/6 + 03233/9

Ay = al/e
A, = (alaa-2al)/6
Ag = (a1 —alaz)/e

A = B/6
A, = -2B/6 + BaZ/e + Ba3/6 + 5a2a3/ze

A, = B/ - Ba2/9 - Ba3/9 + Ba2a3/28

where B8 = a, ta -a.

Obviously estimating (6) is not entirely straightforward: the
equation contains lagged endogenous variables, groups of varigbles which
will be collinear, autocorrelated errors, and has coefficlents which are
complex non-linear functions of the parameters of the original model.

It is also true that some parameters are under and some over-identified.
I have in fact uvsed two different approaches to estimating (6). The first

estimates the coefficients A, to A, without any attempt to impose

1 3
on them the restrictions iImplicit in the formulae relating them to the
parameters. The estimation method, a member of the class of generalized
ingtrumental variable estimators (GIVE), was developed by Hendry [4] on

the basis of work by Sargan [9], and produces asymptotically efficient,

normally distributed and consistent estimates of the coefficients of an
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equation with lagged endogencus variables and an autoregressive error
process. Of course, the error process in (6) is probably not purely auto-
regressive, but Is a mixed autoregressive-moving average process, but
Monte Carlo studies by Hendry and Trivedi {[7] suggest that the biases
produced in approximating a moving average process by am autoregressive
one of similar order are not large. 1Indeed, subsequent analytical results
due to Hendry [5] confirm that in some simple cases the blases in the
coefficients are unimportant, and that if the true error procesgss is mixed
autoregresgsive-moving average, then a pure autoregressive process is a
very good approximation.

Fortunately one of the important constraints implicit in the coef-
ficient-parameter relationships has a very simple form and is easily tested

against the unconstrained estimates: it is that
A3+A4+A5=0.

Obviously this can be tested by seeing whether the sum of the interest
rate coefficients ié significantly different from zero. This constraint
is in fact satisfied to a very high degree of accuracy--a very interest-
ing finding whose implications are considered in some detail below.

The second appreoach to estimating the model is to estimate the
parameters of the original system directly, which means estimating (6)
subject to non-linear constraints on the coefficients. In fact, as already
ment ioned, some of the parameters are underidentified and instead of
being able to estimate all six parameters @, £, a, 5, 8y, 83,

a, it is only possible to estimate:
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§p= a8/, By =ay,, 8 =a;, 8§ =p/0.

Hence the two lag coefficients of the expectation formation equat ions

(3) and (3') can be estimated directly, but the remaining parameters can
only be identified in combinations. An autoregressive maximum likelihood
estimation procedure was used: its theoretical basis is to be found in

an article by Hendry [6], who also developed the program.

IV. Results

The model described in equation (6) has been estimated against data
from zinc, lead and copper markets on the London Metal Exchange over the
period December 1965 to December 1973: this includes both a relatively
tranquil period for commodity markets, and also the commodity price boom
of the early 1970s. A variety of prices are available (spot, settlement,
forward), but the results seem insensitive to the particular choice made.
The three-month forward prices give the best fits, and as this is also the
market with the greatest trading volume I concentrate below on results
for prices of this maturity. (Of course, if one buys a three-month con-
tract on January lst, then the relevant selling price on February lst is
the two-month price: but a two-month contract can be resold at the pre-
vailing three-month price if the seller will bear storage costs, which
are typlcally very low. Hence there is a strong link between two and
three month prices, etc., and a sequence of prices of constant futivity
does give an accurate picture of the possibilities open to a trader in
the forward market.) The remaining data used are easily described: r(t) ,
the return on an alternative asset, was taken to be the return on 91-day

U.K. Treasury Bills, and Y , the income variable whose growth rate is
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given by g , was taken to be the 0.E.C.D. Index of Industrial Production.
All data were on a monthly basis, giving at least 100 obgervations in

all runs, and all variables except the index of industrial production

can be assumed to be measured accurately. The monthly changes in this
latter are likely to be of the same order of magnitude as its measure-

ment error, although the fact that they are positively serially correlated
may mean that the first-differenced series is measured to a higher degree
of accuracy than the original.

A final point to mention about the data is that all equations
were run with both money values and real values of variables, with the
deflator being the U.K. retail price index. Again, there was little to
choose between the sets of results, but the equations estimated in real
terms usually gave slightly better fits and are reported here.

It is probably best to begin by discussing the results of the con-
strained estimates of the parameter combinations 61 to 94 + these are
given in Tables 1, 2 and 3. The figure in brackets following each esti-
mate is the t-statistic: this needs to be at least 1.96 for the coeffi-
cient to be significantly in excess of zero at the 957 confidence level.
As > 0, one would clearly expect 0 < 91 <1, and this expectation
is borne out in every case, with estimates significantly in excess of
zero but nevertheless much below one. a, and a, must certainly be
non-negative, and in all cases they are significantly so: the estimates
imply reasonably rapid responses of expectations to observatioms, with
more rapid responses in the commodity than bond markets. In all cases,
B/6 is not significantly different from zero--a finding which, 1f taken
at its face value, implies that the prices of the metals concerned have

not been gignificantly affected by levels of industrial production. Recall
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that 3 = 13" - " where B' is the expoment of y in the demand func-
tion and 3" is the exponent of y' in the supply function, so that a
possible interpretation of the insignificance of £ is that these two
coefficients are approximately equal. This would then imply that prices
are independent of y because this affects both demand and supply equally.
O0f course, there are alternative interpretations. One, alluded to before,
is that the series g 1is dominated by errors. Certainly y contains
errors, but in monthly data these are likely to be sufficiently serially
correlated for differencing to improve the accuracy of the resulting time
series substantially. Another possibility is that the existence of
inventories implies substantial time-lags between changes in
production and changes in demand. However, this latter hypothesis ig
slightly discredited by the fact that even when a number of lags are
applied to Y before generating g , it is still not possible to record
significant values of B/6 . Hence one is left with the conclusion that
either g 1is dominated by errors, or the influence of industrial produc-
tion on demand is less than widely supposed. 1In passing, one might note
that regressions of P on Y will almost certainly record spuriously
high values of R2 because both variables are so strongly trended: by
specifying the relationship between differences, the present model is
applying more stringent tests than normal. A final point to mention
about the constrained estimates is that all of them, as expected, show
significant second-order autocorrelation. In general, it seems fair to
say that the constrained estimates are all eminently reasomable, and give
one no strong grounds for wishing to query the model.

The unconstrained estimates of the coefficients of equation (6)

are more complex, and are presented in Tables 4, 5 and 6. 1In each case
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three different forms of the equation have been estimated, with the coef~
ficients reported in the three columns of each table and the relevant t-
statistics in brackets. In the first column are the results of estimat-
ing (6) on the assumption that the errors are N.I.D., and in the third
column are the results of estimating (6) with a second-order autoregres-
sive error. The second column contains the results of estimating the
unrestricted second-order autoregressive transform of the first column,

and hence features a larger number of lagged variables than the others.
Analysis of the 1likelihood values corresponding to these three forms enable
one to test the validity of the dynamic specification of (6) (for more
details, see Hendry [4]). If L, , L, and L, are the likelihood wvalues

1 2
corresponding to the three forms, it is clear that Ly 2Ly 2L, with

L, =L if (6) has the correct dynamic specification and Ly = L if

2 3 1

the errors in (6) are in fact N.I.D.: we can therefore test the appro-
priateness of the alternative specifications by seeing whether the various
likelihood ratios are significantly in excess of unity, and also by testing
whether the residual correlograms are random. Each table reports chi-
squared tests of the hypotheses that L2/L3 >1 and L3/L1 >1, and,

in the bottom.line, of the hypothesis that the residual correlogram is
significantly non-random. In addition, R2 and the standard error of the
estimate are supplied where appropriate.

Turning now to the numerical results and looking first at the case
of zinc, we note most immediately that the first and second equation forms
produce values of R2 which are very respectable for time series in
first-difference form. The third equation is nearest to having a random

pattern of residuals, but LZ/L3 is significantly in excess of unity
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wlhereas LZILL is not. This suggests that the best possible fit might
be provided by an equation of the same general form as (6) but with two
more lagged values for each predetermined varigble: such an equation
could easily arise from the same model if one specified higher-order lags
in the expectation-formation equations. But in spite of this possible
scope for improvement, the results corresponding to equation (6) for zinc
are sufficiently good to merit closer examination. It will be recalled
that one of the constraints implicit in the model is that the sum of the
coefficients of current and lagged interest rates should be zero, and in
the third column of Table 4 these coefficients are -0.680, +0.540, +0.147,
giving a sum of +0.007, clearly not significantly different from zero.
Indeed, the sums of the interest rate coefficients in the first and.second
columns are also +0.007, again not significantly different from zero.
The summing to zero of the interest rate coefficients ig, as we shall see,
a theoretically crucial qualitative characteristic of the model, and it is
a characteristic that is clearly strongly supported by data from the zinc
market. It should of course be emphasized that the coefficients are not
summing to zero just because each differs insignificantly from zero: many
of these coefficients are in excess of 0.5 and highly significant. We
conclude therefore tﬁat interest rates do have a significant effect on
zinc prices, and that this effect is as specified by the model.

Looking at the remaining coefficients in any of the columns of Table
4, we see that the once-lagged endogenous variable is highly significant
(and the fact that it has a positive sign implies that we are not merely
picking out the obvious common-variable correlation between pt/pt_1 -1
and pt_llpt_2 - 1), and that the growth of industrial production is

always insignificant., This is obviously In keeping with the insgignificance



16

of 84 in the restricted estimates.

The results for lead and copper are very similar to those for zinc,
except that in both caseg the third columm is clearly the best fit. 1In
all cases, individual interest rate variables record significant t-statistics
but the coefficients sum to zerc--thus for the three forms of the lead
equation these sums are -0.001, -0.001 and 0.000. For copper, the cor-

responding sums are -0.001, -0.003 and -0.01.

¥. Conclusions

The model described by equation (6) has now been tested exhaustively
against data from three different resource markets, and many of its fea-
tures have received striking confirmation: the only one of its predictions
that is not borne cut 1s that concerning the role of g , and this may
well be explicable in terms of the quality of the data.

These findings place us in a position tc comment on the issues
digcussed in Section I, where it was noted that if exhaustible resources
are allocated efficiently over time, their net price should rise at a
rate equal to the return elsewhere. Certainly, we have found a strong
relationship between the rate of change of rescurce prices and returns
elgsewhere-~and this 1las a relationship that we would probably not even
have sought had the relevant theory not existed. But the adding-up property
of the interest rate coefficients, so strikingly confirmed in the unre-
stricted estimates, makes it clear that this relationship is not of the
form that would be necessary for efficient intertemporal resource allo-
cation. The point is that an equation with this adding-up property can

be written:
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r (t) = bir(t) + byr(e-1) - (b, +b,)r(t-2)
or

 (£) = By (r(e) ~r(t-1)) + (b +b,)(r(t-1) - r(t-2))
or

rc(t) = blbr(t) + béﬁr(t-l) .

The rate of change of the resource price is therefore seen to depend not

on the level but on the rate of change of the interest rate: the actual

relationship differs from the necessary conditions by one time-derivative.
As this property was predicted by the model of equation (1), it should be
possible to use that model to provide some explanation. The result seems
to depend on two features of the model:
(1) that demand and supply conditions depend both on the level
and on the rate of change of the resource price, whereas they
depend only on the rate of change of the other price.
(ii) there are lags in the formation of expectations about rates
of return.
The importance of the first of these features can be checked by looking
at the expressions for Al to A8 following equation (6): if the demand
and supply conditions for the resource depended only on the rate of change
of its price, this would imply that « (the exponent of p in the demand
function) and a, (the exponent of p' in the supply function) were
both zero, in which case Al =2 - ay and A2 = -1 + 8, . Hence

Al + AZ =1, and the sum of the coefficients on rc(t) s rc(t-l) and

rc(t-Z) would be zero. One would then have a symmetrical relationship
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between changes in r, and changes in r , and integration would yield
the relationship that would characterize an efficient allocation. That
the actual relationship estimated reflects thg asymmetry of treatment

in (1) can be seen by noting that the terms r (t) , Ar (t-1) and

Azrc(t-Z) can be grouped together on the 1L.H.S5. as

B T (£) + Bybr (t) + Byr (t-1)

where

Arc(t) = rc(t) - rc(t-l) , ete,

Equation (6) then takes the form
(7) Blrc(t) + BZArC(t) + B3Arc(t-1)

= bIAr(t) + bZAr(t-l) + A6g(t) + A7g(t-l) + ABg(t—Z) + e(t)

and giyes a relationship between the level and rate of change of the re-
tutn to the resource, and the rate of change of the alternative return--
exactly what is implied in derivative form in equation (5), and reflect-
ing in differenced form the ways in which these variables enter the original
specification. It is worth noting that the fact that Al + A2 # 0 clearly
implies that the presence of both levels and rates of change of the resource
price in demand and supply functions is justified.

The importance of lags in expectation formation in establishing
the adding-up property of interest rate coefficients is best seen by

referring to (2): suppose that traders had perfect myopic foresight about
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rates of return. Then rg =T and r" =71 , and all terms in the re-
turn on other assets would vanish from the equation.

There is one minor complication concerning the data that should
be faced before finally relating our results to the basic theory: this

is that the latter requires the price of a resource net of extraction

cogts but before refining to rise at rate r , whereas our data refer

to the price of the refined resource. Clearly one can write

pR = po + EC + RC

where Py is the price of the refined metal, and Po is the imputed

net price of the ore~~i.e. the value of a unit of unextracted and unre-
fined one. It is this price to which the theory of Section I refers.

EC and RC refer to extraction and refining costs. Letting EC + RC = C ,

rearranging and differentiating,

2o _ _ & 1
Po \Pg Pp[l - C/pg

This shows that the rate of change of the net price of the ore is easily
related to the rate of change of refined prices: one simply subtracts

cost changes as a fraction of refined price and multiplies by a factor

which approaches unity for high-grade ores where extraction and refining
costs are a small fraction of refined price, but which could be very large
for low-grade ores. It should be clear from this that the relationship
between faolp0 and r will not be qualitatively different from that be-
tween ﬁR/pR and r --indeed if ( is small, the two will be very similar.

So we can reasonably gsuppose the relationships we find between T, and
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r to hold also for ﬁolpo and r .

Given this similarity, we can legitimately use the results esta-
blished so far as a test of the basic theory of Section I, and ask whether
there is evidence that markets allocate the finite resources studied ef-
ficiently over time. The answer seems to be mo: the relationship that
the data suggests between resource prices and interest rates is that given
in difference equation form in equation (7), or in differential equation

form in (5). The relevant parts of this latter could be written as

¢ + ¢t +c.r =¢, ¥+ c .t
c 4 5

which integrates to

clic + eyt Cy log p = caf +ocer .

There is therefore a relationship between T, and r implicit in these
results, but one that is considerably more complex than the simple one
that efficiency would require. And this departure from the relatively
simple dictates of efficiency occurs because demands for the resources
depend not only on the expected returns associated with their ownership,
but also on their prices. This level-dependent element in the demand
functions is of course a derived demand, reflecting demand conditions
for the products produced from the resource and the availability of sub-
stitutes in the production process. For efficient allocation the resource
should be valued purely as an asset--except at the initial moment of the
resource--allocation problem, when the correct price level has to be chosen.

As the resources studied seem not to be alleccated efficiently over
time, it naturally follows that they must be depleted "too fast" or "too

slowly." It would obviously be very interesting to know which--but that

geems to require considerably more research.



TABLE 1. Zinec Forward Dec 65/Dec 73

91 e 0.044 (6.25)
1 "4

82 = a, = 1,068 (8.37)

6, = a4 = 0.377 (3.19)

8, = : =-0,109 (1.25

4 a1+a£"05 ' (1.23)

Autoregressive Parameters: -0.000, -0.0327

S = 0.001

TABLE 2. Lead Forward Dec 65/Dec 73

f, = ———— = 0.018 (2.50)

8, = a, = 0,888 (4.79)
By = a, = 0.425 (2.41)
8, = — = 0.021 (0.77)
4 a1+a4 24

Autoregressive Parameters: =-0.000, -0.245

s = 0.001



TABLE 3. Copper Forward Dec 65/Dec 73

1
8, = —/——— = 0.028 (2.05)
1 al+::l.4 o
92 = a, = 0,716 (5.04)
83 = a4 = 0.549 (4.59)
8, = B = 0,040 .(0.67)
4 a1+a4-C¥ : *

Autoregressive Parameters: -0.0002, -0.229

S = 0.004

22
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KEY TO TABLES 4, 5 AND 6

The variables to which coefficients refer are listed iIn the left
hand margin. r, is the return to holding the commodity, r 18 the re-
turn on an alternative asset, and g is the rate of growth of y . The
number after a variable represents the length of lag: thus r 1is the
current return on the other asset, rl 1is the same lagged one and r2
indicated a two-period lag. 1In all tables, & 1is the standard error

of the estimate.



TABLE 4. Zinc Forward Dec 65/Dec

gl

g2

rt

r2

0.691 (6.09)

0.037 (0.
-0.138 (1.

0.131 (1.

22)
11)

21)

""O 0076 (0 062)

0.568 (6.82)

-0.677 (5.49)

0.116 (1.12)

w22y =

14.92

0.647
-0.099
-0.240

¢.071
-0.140

0.542
-0.639

-0 0067

0.541
-0.001
-0.024
-0.042

0.056

0.115

(5.87)
(0.58)
(1.82)
(0.59)
(0.98)
(5.81)
(5.48)

(0.463)

(3.32)
(0.66)
(0.205)
(0.335)
(0.342)

(0.985)

24

73. Real Variables (Deflator: U.K.R.P.I.)

0.768 (8.25)
0.0007(0.18)
-0.131 (1.05)
0.153 (1.32)
-0.071 (0.566)
0.540 (6.48)
~0.680 (5.60)
0.147 (1.46)

-0.122 (0.94)

R =

0.73

S = 0.035

(1) = 16.21

L2/L3:

x?(S) 17.24

il

212y = 13.49
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TABLE 5. Copper Torward Dec 65/Dec 73. Real Variables (Deflator: U.K.R.P.I.)

rl 0.382 (3.69) 0.445 (4.30) 0.528 (5.81)
r 2 -0.255 (2.48) -0.437 (4.07) 0.003 (0.98)
g 0.357 (1.33) 0.300 (1.05) 0.33 (1.29)
gl 0.111 (0.47) 0.039 (0.15) -0.003 (0.01)
g2 0.154 (0.58) 0.425 (1.37) 0.26 (0,93)
r 0.460 (2.60) 0.386 (2.27) 0.41 (2.59)
rl -0.237 (0.94) -0.192 (0.80) -0.21 (0.92)
r2 -0.224 (1.21) 0.098 (0.34) -0.21 (1.26)
5 -0.50 (5.00)
r3 R% = 0.24 0.365 (3.57)
r 4 s = 0.079 0.005 (1.44) ‘ Ly/Lq:
g3 : 0.002 (0.006) 2 (5) = 5.08
gh 0.341 (1.25) Lqy/L,:
r3 -0,011 (0.032) £ = 12.84
th -0.284 (1.12)

R% = 0.37

S = 0.075

212y = 20.27 L(11) = 5.02 22y = 8.17
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TABLE 6. Lead Forward Dec 65/Dec 73. Real Variables (Deflator: U.K.R.P.1.)

r 1 0.516 (4.62) 0.609 (5.44) 0.576 (5.85)
r 2 0,22 (1.98) ~0.339 (2.67) -0.0005 (0.33)
g -0.121 (1.22) -0.202 (1.91) -0.116 (1.19)
gl 0.049 (0.58) 0.092 (0.93) 0.086 (0.90)
g2 -0.056 (0.59) -0.129 (1.13) -0.054 (0.56)
¢ 0.241 (3.79) 0.201 (3.19) 0.210 (3.41)
ri -0.369 (4.01) -0.356 (3.98) -0.326 (3.74)
r2 0.127 (1.84) 0.116 (1.06) 0.116 (1.77)
5 ‘ ~0.307 (2.60)
r 3 0.224 (1.97)
r b R% = 0.34 0.001 (0.59) Ly/Ly:
23 5 = 0.028 0.122 (1.29) x2(5) = 8.75
ob ~0.075 (0.76) Ly/L,:
£3 0.172 (1.31) X2 = 4.21
rh -0.134 (1.47)

RZ = 0.42

§ = 0.027

2 (12) = 10.49 W2(11) = 8.9 W2 (12) = 6.39
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