CIPEC AND THE COPPER EXPORT EARNINGS OF
MEMBER COUNTRIES* ‘
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I. BACKGROUND AND OBJECTIVES

with its secretariat in Paris, was formed in 1967 by four copper export-
ing developing countries—i.e., Chile, Zaire (formerly Democratic Republic
of the Congo), Peru, and Zambia in order to coordinate their copper policies. Its
Conference of Ministers held the first ordinary session in Lima, Peru in Novem-
ber 1969. This meeting closed with a number of resolutions concerning ‘coordina-
tion of national policies with respect to the copper industries of the member coun-
tries. In view of the sharply falling world price of copper, the CIPEC held a series
of meetings during 1970 which culminated in an extraordinary session of the Con-
ference of Ministers toward the end of November. The conference agreed then on
a number of possible measures intended “to halt the drift in copper prices to levels
that would be injurious to the economies of copper exporting countries and would
not be conducive to the orderly development of the world’s copper market and
industry.” The conference delegated to a committee of experts the task of deter-
mining the most suitable measures and the means of their implementation. Follow-
ing the conference, a number of statements were made by officials of the member
countries regarding undisclosed plans to boost the price of copper, but it was not
clear whether or not the four countries agreed on any secret, joint price-support
plan. ' » _ '
Subsequently, another session of the Conference of Ministers was held in May
1971 in Kinshasa. The conference was attended not only by the- delegations of the
four member countries, but also by the Minister of Mines of Mauritania, observers
from Canada, Iran, the Philippines as well as representatives of UNCTAD and
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4 THE DEVELOPING ECONOMIES

UNIDO. CIPEC reportedly is now studying possible long-term strategies for stabi-
lization of copper prices, based on the results of the studies which it commissioned
earlier.

It is the purpose of this paper to analyze the effects of possible concerted actions
by the CIPEC on the copper export earnings of member countries.

The supply-demand balance on the world? copper market was extremely tight
during the 1965-69 period, due to a series of abnormal circomstances. Among the
significant factors that contributed to this situation are on the demand side, the

Fig. 1. World (excl. CPEs) Consumption of Refined Copper
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2 Excluding the centrally planned economies (CPEs) unless otherwise noted.
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TABLE III
WorLp TrRADE IN COPPER, 1969
(Thousand metric tons, copper content)

Exports of
Ores, Gross Gross
Concég’frates, Blister légggzg Exports Imports
etc. of Copper of Copper
Developing countries: total 255 634 1,260 2,149 84
CIPEC:® total 101 612 1,260 1,974 —
Chile 40 188 428 657 —
Zaire 0 182 183 365 —
Peru 30 134 34 198 —
Zambia 31 108 615 754 —
Other developing: total® 154 23 0 175 84¢
Philippines 131 0 -0 131 =
Upganda o 17 0 17 —
Developed countries: total 180 133 989 1,302 not available

Australia 10 9 33 52 —
Canada 143 0 191 3344 17¢
South Africa (incl. S. W. Africa) 0 95 26 121 3
Western Europe: total® 26 25 529 580 2,250
Yugoslavia 0 0 18 18 32
Turkey 13 7 0 20 —
U.S.A. 1 4 195 2004 370¢
Japan _ — 15 15 613

Source: [11, December 1970].

Note: Centrally planned economies were not included in this table.

o Includes Chile, Zaire, Peru, and Zambia.

b Slightly underestimated because of incomplete coverage.

¢ Brazil and India are the significant met importers of copper among the developing
countries—i.e., 50,000 tons and 34,000 tons in 1969 respectively.

¢ Includes trade in scrap.

unexpectedly strong demand growth in the latter half of the 1960s which was sus-
tained by a prolonged industrial boom throughout the world and reinforced by
increased imports by mainland China and expanding military needs in the United
States; and on the supply side, delays in carrying out expansion plans, considerable
production losses due to labor strikes, and technical breakdowns.?

Consequently, copper prices on the London Metal Exchange (LME) remained
at abnormally high levels, averaging around 60 U.S. cents per pound, during the
1965-69 period.* :

Beginning with the second quarter of 1970, however, the demand for copper
turned sluggish, mainly because of the U.S. recession and automobile strike, slower
economic growth in some other OECD countries, and significant reductions both
in mainland China’s imports of copper and in U.S. military needs. In the mean-

3 Figure 1 shows the long-term trend in world refined copper consumption. For the structure
and trend of consumption, mine production and exports by area, see Tables I-III. “Cop-
per” includes only unwrought copper.

¢+ Figure 2 shows monthly copper prices since 1960.
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Fig. 2. Copper Prices (London Metal Exchange, U.S. and Chilean Producers)
1960-70, by Months
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time, on the supply side, there were substantial additions to the world productive
capacity. It is estimated that world mine capacity increased by about 10 per cent
in two years, rising from 4.98 million metric tons (annual capacity) at the begin-
ning of 1969 to 5.48 million metric tons at the beginning of 1971.° This rapidly
changing balance between demand and supply or capacity was reflected in the pre-
cipitate decline in the LME price in the latter half of 1970, i.e., from around 80
U.S. cents per pound in March-April 1970 to around 48 U.S. cents in November—
December 1970.¢ In the first five and half months of 1971, the LME price fluctu-
ated in the range of 45-58 U.S. cents per pound.

A tally of possible actions that theoretically could be taken by the CIPEC would
be quite long if it were to include all conceivable alternatives. Examples of possible
actions by the CIPEC are illustrated in a recent issue of the Metals Week [8, p. 20]
which listed the following four as “possible methods of price support”: (1) produc-
tion cutbacks, (2) a move to a fixed price (to so-called producer pricing), (3) export
controls, and (4) support-buying on the LME. The last method, of course, may be
used in connection with a buffer-stock scheme. Another possible approach, dis-
cussed recently by the Metal Bulletin, is the suspension of capacity expansion pro-
grams by the member countries for one year.

Assuming that the CIPEC cannot influence the demand conditions outside the

5 Tonnage data in this report are in metric units.

6 There are basically two important prices in the copper market, the U.S, producers’ price
and the London Metal Exchange (LME) price. The former applies to copper which is
mined and sold in the United States (about 30 per cent of world production), and moves
in the classic manner of a “managed price,” i.e., it is posted and changed only from time
to time, with the role of price leader changing among various companies. OQutside the
United States most copper is sold on the basis of the LME price, which is essentially a
daily auction price highly responsive to world, as well as United Kingdom, conditions.
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CIPEC countries, possible action schemes may be sorted into two broad categories:
(1) schemes that attempt to limit the copper supply to the world market by reducing
the amount of production, and hence, without any accumulation of stocks, and (2)
those that attempt to reduce the supply of copper being offered to the market by
withholding sales but not production and result in an accumulation of stocks at
the suppliers’ end. The latter category could include an international buffer-stock
scheme organized by the producer interests. It should be emphasized that, despite
important differences among them, the various schemes in question are similar in
that they all aim at reducing the effective supply of copper in the market with the
hope of raising the price. This is also true of buying operations by an international
buffer stock.

Needless to say, what is relevant for the governments concerned in the present
context is not the price level of copper per se but the possible effects of a jacked-up
price on (1) total export earnings from copper and (2) government revenues from
copper in the member countries. It is important to note that actions intended to
‘improve the situation on one account may not necessarily mean an improvement on
the other account. In other words, there could be a conflict between the two objec-
tives, namely, more export earnings and higher government revenues from copper.’
Here, however, it is assumed that the total export earnings from copper are the over-
riding consideration from the viewpoint of the governments concerned. The ques-
tion is then, under what conditions and to what extent the CIPEC countries as a
group might be able through coordinated action to improve their export earnings
from copper, as compared to what the earnings would be in the absence of such
action. The key question seems to be whether or not and under what conditions
the loss in export volume resulting from a concerted action by the CIPEC countries
could be more than compensated for by the induced price increase.®

7 Total export earnings from copper are equivalent to the volume of copper exported times
the average price of copper and have no reference to costs of production or profits in the
industry. On the other hand, government revenues from copper are based on the tax
contributions from copper industry, and, in the case of Chile, Zaire, and Zambia, also on
the dividends from the “nationalized” copper companies. Both of these are closely re-
lated to the profitability of copper mining (hence the cost of production as well as the
price of copper) rather than the total receipts from copper sales overseas. Incidentally,
it may be noted that total export earnings from copper are practically equal to total re-
venue of the copper industry in the CIPEC, as domestic consumption of copper in these
countries is quite small.

8  Another interesting question, which will not be covered here, concerns the cost-benefit
consideration of those schemes involving building up of stocks. The sales-cutback scheme
and the international buffer-stock scheme, for example, share a common aspect in that
they both build up stocks which will “overhang” the market and be eventually “unloaded”
on the market when the price climbs to higher levels. One question is whether the costs
of financing or carrying these stocks can be more than compensated for by the “profits”
yielded from the appreciation of the stocks—i.e, the “profit margin” between the price
at which the stocks were bought and the price at which these stocks are eventually sold.
Or, if there is to be a financial loss in carrying stocks but there is also to be a resulting
net gain in the total export earnings in the long run, then the question will be whether the
loss due to the carrying of stocks would be more than made up for by the gain on the
export earnings front. Although these questions are interesting and worthwhile, they will
not be probed in this paper.
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Before we discuss this question, we must first touch on the important assumption
underlying any scheme to restrict effective supplies, namely, that the exporting
countries involved, in this case the four member countries of the CIPEC, will agree
on and stick to a scheme that is believed to be beneficial to the group as a whole,
although not necessarily equally beneficial to each member. The primary difficulty
underlying any concerted action lies precisely in this point because the circumstances
surrounding the copper industry vary from one country to another among the mem-
ber countries and as a result the interests of each country tend to differ also, as
illustrated below. : .

First of all, the relative importance of copper in the export earnings differs from
one country to another. Copper accounts for 80 per cent or more of the export
earnings of Chile and Zambia, but only 50-60 per cent and 30 per cent of those
of Zaire and Peru, respectively. Second, copper mines in these countries are ap-
parently operating on different costs. It is generally believed that under normal
circumstances the average cost of copper production is relatively lower in Chile and
Peru than in Zambia and Zaire [3, p. 42]. Third, there are differences among the
CIPEC countries with respect to current and prospective scales of productive ca-
pacity also. Chile has beén carrying out an ambitious capacity expansion program
since 1967 to almost double the capacity by 1973, although there has been a sub-
stantial delay in the schedule since mid-1970. The expansion of capacity in the
other CIPEC members, on the other hand, has been only gradual. This is especially
true in the case of Zambia, due to the tragic accident at the Mufulira mine, which
accounts for roughly one-fourth of the country’s copper producing capacity, in
September 1970. It is reported that the mine has not regained full capacity opera-
tion yet. Peru has not added any new capacity for a number of years and is not
likely to add any for the next two or three years. She has a number of rich new
mines ready for development, however, and could possibly add a substantial amount
of capacity in the period after 1975 if investment decisions are made soon. These
and other differences, combined with possible domestic political constraints in the
individual member countries, tend to create ground for disagreement on concerted
policy among the four countries. Consequently, it is not at all certain that the
CIPEC countries would agree on any drastic measures, unless or until the world
price of copper falls to levels well below those experienced in the recent past. This
however, does not necessarily detract from the usefulness of the present investiga-
tion because, in the final analysis, what the member countries may choose to do
might be influenced by their assessment of the potential benefits (and costs) of
alternative courses of action or inaction.

II. SUMMARY AND CONCLUSIONS

As a rule, a necessary condition for an oligopolist (which is the role assumed for
CIPEC in this analysis) to be able to increase his (export) carnings from a product
(in this case, copper) by restricting his supply to the market is that the absolute
value of the price elasticity of demand for his product (in this case, CIPEC’s copper
exports), which is normally negative, be less than unity. Also as a general rule, the
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lower the absolute value of that elasticity is, the better the prospects are for the
oligopolist (in this case, CIPEC) to greatly improve his (export) earnings from his
product (copper) by a supply cutback. :

The price elasticity of demand for CIPEC’s copper in turn depends on, and has
a definite algebraic relationship with the following three factors—i.e., (a) the price
elasticity of demand for copper in the entire world market, (b) the price elasticity
of supply in the countries outside CIPEC, and (c) the share of CIPEC in total world
supply. The relationship among these variables is defined by the following equation:

1 1 L
EDc = - EDw - -—'(1 '_..m)'ESrz
m m

where Ep.: price elasticity of demand for the CIPEC’s copper exports; Ep.: price
elasticity of world demand for all copper; Es.: price elasticity of supply
outside the CIPEC; and m: CIPEC’s share in total world supply.

" In other words, for any given set of values for the elasticity of world demand for
copper and the elasticity of supply outside CIPEC, the larger the share of CIPEC
in world supply is, the lower will be the absolute value of the elasticity of demand®
for CIPEC’s copper. Similarly, for a given set of values for the CIPEC’s share in
world supply and the elasticity of supply outside CIPEC, the lower the world elas-
ticity of demand for all copper is, the lower will be the elasticity of demand for
CIPEC copper. It is also obvious that, for a given set of values for the CIPEC’s
share in world supply and the elasticity of world demand for all copper, the
lower the elasticity of supply in the non-CIPEC area is, the lower will be the
elasticity of demand for CIPEC copper.*

An important implication of the above relationship is that a successful supply
cutback scheme requires that the absolute value of the price elasticity of demand
in the entire world market be smaller than a critical value which is determined by
the following inequality;

|Epul< m — [(1 — m)-Eg,].

This means that, if we know the empirically-estimated values of m and Es, we
could tell how small the absolute value of the price elasticity of demand in the
world market must be in order that a coordinated supply cutback by CIPEC might
lead to an improvement in the export earnings from copper.

One problem is that the share of CIPEC in total world supply of copper can
have three alternative definitions; namely, (1) the share in world mine production,
(2) the share in total world production including secondary refined copper, and (3)
the share in world copper exports. Depending on the definition adopted, (1)
m=0.4, (2) m=0.33, or (3) m=0.75.** While the first definition is the most

9 In this paper, “elasticity” means price elasticity unless otherwise noted. Although the
price elasticity of demand is normally negative, reference will be made to the magnitude
of the elasticity of demand often ignoring the negative sign.

10 The expression CIPEC will often be used to stand for the CIPEC member countries as a
group.

11 The approximate value of m in each case is discussed later, together with the probable
ranges of magnitudes of various elasticities.
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relevant one in the context of the long run, the second and the third definitions are
the more relevant in the short run.

In the context of the possible short-run effects of a supply cutback, the role of
secondary refined copper is quite important. If secondary refined copper is in-
cluded in the total supply in considering the CIPEC’s share in world supply, a
hypothetical supply cutback by CIPEC cannot increase the export earnings from
copper so long as the price elasticity of supply outside CIPEC is higher than
0.5, no matter what the price elasticity of world demand for copper is.

In the short run, the price elasticity of supply outside CIPEC is fairly low.
Available estimates of the price elasticities of supply for some major countries out-
side CIPEC and for the world as a whole differ rather widely depending on the
countries chosen, and on the data and the estimation methods used. Nevertheless,
on the basis of such available estimates, it is inferred that the short-run elasticity
of supply outside CIPEC lies between 0.16 and 0.3, and most probably is around
0.2, if secondary copper supply is ignored. On the other hand, in the short run,
the supply elasticity of secondary refined copper is fairly high (0.4 or higher) and
should not be ignored. The price elasticity of supply (including secondary refined
copper) outside CIPEC should probably lie in the range of 0.2 to 0.4.

Based on the available estimates of the short-run price elasticity of demand which
again tend to show a wide range of results, it is inferred that the short-run elasticity
of demand in the world as a whole lies in the range of (minus) 0.1 to 0.3 and is
most probably around (minus) 0.2.

If only primary production of copper is considered, these probable values of
supply and demand elasticities outside CIPEC, when applied to the fundamental
inequality formula mentioned earlier, imply that the prospects for a successful sup-
ply cutback by CIPEC are fairly good. But, if secondary refined copper is included
in the supply (as it should be in the short run), they imply that it would be rather
difficult for CIPEC members to improve the export earnings from copper sub-
stantially, if at all, by cutting back their supply although there is no clear implica-
tion either that they will surely fail to do so in the short run.

If the share of CIPEC in world exports rather than that in total world supply is
considered (which certainly is not inappropriate in studying the short-run effects),
the concepts of demand and supply elasticities to be applied should also be changed
for the sake of comsistency. The elasticity of import demand of the net importing
region (Western Europe, the United States, and Japan) should be used instead of
the elasticity of total world demand. Also, the elasticity of exportable supply in the
non-CIPEC exporting region should be used in place of the elasticity of total supply
outside CIPEC. :

The elasticity of import demand in the net importing region is considerably higher
than the elasticity of overall demand. This is so for more than one reason. First,
the net importing region has its own domestic supply—in fact, a very large domestic
supply. Therefore, the demand which is satisfied by imports is only a part of the
total demand in the region. So, even if the elasticity of domestic supply there is
zero, the percentage change in the volume of imports in response to. a given per-
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centage change in price would be greater than the percentage change in total de-
mand in that region. Second, if there is any elasticity to the domestic supply in the
region at all, then the percentage change in import demand there induced by the
given percentage change in price would be even greater than when the elasticity
of domestic supply is zero. In the same vein, the elasticity of exportable supply in
the non-CIPEC exporting region is significantly higher than the elasticity of overall
supply in that region, for more or less similar reasons.

Both the elasticity of exportable supply in the non-CIPEC exporting region and
the elasticity of import demand in the net importing region are reflections of, and
can be derived from, the elasticities of overall supply and demand (assuming normal
levels of production, consumption, and trade) in the respective regions. This is so
because imports and exports can be considered, in the end, as reflections of the
underlying demand and supply forces working in the entire market in each region
concerned. Thus, our earlier conclusions regarding CIPEC’s chances of success
in a supply cutback scheme are not changed.

The possibilities of CIPEC being able to increase the export earnings by a supply
cutback in the short run cannot be ruled out. But it must be remembered that
whether it would be worthwhile for CIPEC to act on the short-run situation in
this way depends also on the prospects for longer-run gains, as well as on the
short-run financial costs if carrying stocks is involved.

Turning to the long-run effects of the hypothetical CIPEC action, it is noted that
the long-run elasticities are always considerably higher than the corresponding short-
run elasticities. A survey of the available estimates of the long-run elasticity of
supply outside the CIPEC shows that the elasticity could take quite a wide range of
values depending on what is included in the “supply” and what is meant by the
“long run.” Nevertheless, it is inferred that the long-run elasticity of supply outside
the CIPEC today is at least 0.7 and possibly as high as 2.0 or even. higher.

The long-run elasticity of demand for copper can be safely assumed to be con-
siderably higher than the estimated short-run elasticity of (minus) 0.2, and scanty
evidence suggests that it could be as high as (minus) 2.8 or even higher.

In the context of the long-run considerations, possible changes in the share of
CIPEC in world supply are also relevant. If the hypothetical cutback in CIPEC’s
supply is done by delaying the scheduled capacity expansions intentionally, it would
mean that, other things being equal, the CIPEC’s share in future world supply will
be smaller than otherwise. Furthermore, according to a recent survey of capacity
expansions, the share of CIPEC in world capacity of mine production is projected
to decrease from about 40 per cent as of the end of 1969 to about 36i per cent by
the end of 1975. '

In view of the estimated probable ranges of the long-run elasticities of supply
and demand outside the CIPEC, it is clear, at least from the present analysis, that
the CIPEC cannot increase their export earnings from copper on a long-term basis
by cutting back their supply to the rest of the world.

An interesting corollary of the above conclusion is that the CIPEC countries
should try their best to expand their copper-producing capacity if they want to
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increase their export earnings from copper, although this advice may not necessarily
be warranted on other counts such as profitability and government revenues (which
obviously depend on cost conditions as well as on the price of copper).

One basic assumption underlying the entire analysis is that the hypothetical
supply cutback is jointly undertaken only by the present members of the CIPEC.
However, it is quite feasible that the CIPEC membership may be enlarged to in-
clude other developing, copper-exporting countries such as Uganda, the Philippines,
and Mauritania (which will start exporting copper shortly). It is also conceivable
that some developed, copper-producing countries might join the scheme. In any
case, the more countries are included, the better will be the prospects for the success
of such a scheme. One interesting limiting case, in fact, will be the case where all
copper-producing countries participate in the scheme. Although these cases are not
elaborated upon, the analysis can be easily extended to cover such cases.

Needless to say, the CIPEC countries, with or without other copper-producing
countries, could get together with major copper consuming countries on a form of
commodity agreement. Under such an arrangement, there is always a possibility
for the exporting countries to be able to increase the total copper export earnings
in the short run, by jacking up the price. However, as the analysis shows, they
cannot necessarily improve their export earnings on a long-term basis unless the
agreement includes most copper producers and the long-run elasticity of demand
happens to be well below (minus) unity (which is not impossible but not very likely).

Finally, it should be emphasized that the analysis rests on the assumption that
among other factors, the price is a key variable that affects demand and supply of
copper both in the short run and in the long run. However, it is recognized that
quite often supply of copper is limited in the medium term by the availability of
capital for financing capacity expansions. Whether this factor will play even greater
role in the future outside the CIPEC than in the past is an open question. ’

III. THE ANALYSIS

A. The Theoretical Framework

It is useful to begin the analysis by examining the theoretical conditions necessary
for the CIPEC countries, acting as one oligopolistic supplier, to succeed in increas-
ing their total export earnings from copper by cutting back their supply.*?

The following notations will be used:

‘p : world copper price;

'S¢ : quantity of copper supplied by CIPEC;

S, : quantity of copper supplied by the rest of the world;

S» 1 Se + S, = quantity of copper supplied by the entire world;

Y

12 In the analysis below, the CIPEC countries are assumed to act always as one oligopolistic
entity, and will be referred to simply as CIPEC for the sake of brevity, In this paper,
“copper” includes only unwrought copper, namely, copper content in ores, concentrates,
mattes, blister, refined copper, and, depending on the context, copper in scrap.
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D, demand for the copper supplied by CIPEC;
D, : demand for the copper supplied by the rest of the world;
D, D, + D, = total demand for copper in the world market;
Ep. ___d?Z ?“ = price elasticity of demand for the copper supplied by
CIPEC;-
dD,./D, . - .
Ep, o = price elasticity of demand for the copper supplied by the
rest of the world;
dD, /D, . o - , o .
Epiy R = price elasticity of demand for the copper supplied by the
entire world; o
.. dSc/S. . . . .
Eg: ~ao/p = price elasticity of copper supply in the CIPEC countries;
Eg, : d%’//&_ = price elasticity of copper supply in the rest of the world;
p/p
dSw/Sw e - ' : it .
Egy: “apip = price elasticity of copper supply in the entire world;

m : S¢/S, = CIPEC’s share in total world supply.
We will assume for simplicity that there is only one price of copper in the world

market. Among the various elasticities, there is the following relationship:*®

13

14

Epo= 1 Epy— > (1 —m)- Eg,. ' (1ym
m m

This is not such a wild assumption as it may sound. As explained earlier, there are
basically two important prices in the copper market—the U.S. producers’ price and the
LME price. In the period between early 1964 and mid-1970, there was extraordinary
divergence between the two prices, as can be seen in Figure 2. This was due to the fol-
lowing circumstances. During the period in question, despite the chronic shortage of
supply in world copper market, the U.S. producers’ price was deliberately kept at low
levels, partly because of government pressure and partly for the purpose of mitigating
substitution of copper by other materials. The prolonged divergence between the two
prices was possible, however, mainly because of the U.S. export controls on copper from
1965 to 1970. In the foreseeable future, however, the United States is not likely to apply
any stringent export control measures on copper, and the U.S. producers’ price is likely
to follow the LME price much more closely than in the last few years.

Demand for copper in the world market is a function of the world copper price, while
demand for the copper supplied by CIPEC is equal to total world demand minus what
is supplied by the rest of the world. So,

D(p) = Dufp) — Sp). o (i)
By differentiating both sides of the equation (i) with respect to p, we get
dD./dp = dD./dp}—"dS./dp . (ii)

Multiplying both sides of (ii) by p/D., we get
dD./dp + p/De = (p + ADw)/(Dw + dp) « (Dw/De)—(dS+/dp) - (p/S+) « (§:/De),
or
EDc—_—(Dw/Dc) M EDw'—(Sr/Dc) . ES'r . (iii)
On the other hand, at the equilibrium, Sr = Sw — Se¢ = Dw — D¢, Sw = Dw and Sc=D.. So,
St/ De=(Sw—8c)/Se=(Sw/Se)— 1 = (I/m)— 1 = (1/m) - (1—m).
Substituting this into (iii), we get Epc=(1/m) + Epw—(1/m)+(1—m) - Esr, which is equation 1.
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Now, other things being equal, the CIPEC can increase its earnings from copper
sales by a supply cutback only if the absolute value of E,. is less than unity. There-
fore, a necessary condition for any successful supply cutback scheme by CIPEC
is represented by the following inequality:

L-[Epw|+i(1—m)-Esr<1.0. (2)
m m '

Assuming 1 > m > 0 and Es, > 0, the inequality (2) can be reduced to the follow-
ing form:

|EDw|<m‘—‘(1—m)-ES,. (3)s

Under normal circumstances, Es, > 0. Thus, by empirically estimating the values
of m, Es,, and Ey., or the probable ranges thereof, we may be able to draw some
conclusions as to the chances of success for a hypothetical supply cutback by the
CIPEC countries acting together. We may begln with the size of m, i.e., the share
of CIPEC*¢ in world supply.

B. The Share of CIPEC in World Supply

Before discussing the empirical size of m, one point concerning the definition of
world supply and demand needs to be brought out. Every year, there are some net
exports of copper from the market economies to the centrally planned economies
(CPEs). These were relatively small in the 1965-68 period, running at the rate of
twenty to forty thousand tons per year, or equivalent of 0.4-0.8 per cent of annual
world (excl. CPEs) production of refined copper.’” Net exports of refined copper
to the CPEs are estimated to have escalated to 83,000 tons in 1969 but receded
somewhat in 1970, perhaps to sixty or sixty-five thousand tons. These tonnages are
equivalent to a little over 1 per cent of annual world (excl. CPEs) production in
1969-70. There are reasons to believe that this part of the total demand is inde-
pendent of the price level prevailing in the world copper market. Furthermore,
very little is known about the demand and supply conditions of the copper market
in the CPEs. For the sake of simplicity, thus, net exports to the CPEs will be
ignored in the following analysis, and the “world” will exclude the CPEs unless
otherwise noted.

As to the share of CIPEC in total world market, there are at least three different
ways to look at it. The first approach is to look at the share of CIPEC in the
world’s total mine production. The share of CIPEC in world mine production has

15 (1/m) « |Epw] + (1/m) - (1 — m) + Es» < 1.0.
(I/H’I.) . [lEDw] -+ (1 - m) . Esr]< 1.0.
Since m >0 by assumption,
|Epw|+ (1 —m)« Esr .
50,
]EDw|<m — (1 - m) + Esr.
16 In what follows, “CIPEC” will mean the CIPEC countries acting as one oligopolistic
supplier unless otherwise noted.
17 All data in the following paragraphs of this subsection are based on {11, May 1971].
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recently fluctuated at around 40-42 per cent except for 1967 and 1968.* On the
othér hand, recent surveys of planned capacity increases indicate that the share of
CIPEC in world mine capacity (hence production) might be expected to decline
slightly in the next few years. For example, according to the latest survey of planned
capacity increases, the share of CIPEC in world capacity of mine production is pro-
jected to decrease from about 40 per cent as of the end of 1969 to about 36 per cent
by the end of 1975 [1, section 2, p. 6A]. On the other hand, the CIPEC member-
ship may be enlarged to include some other developing exporters of copper such as
Uganda, the Philippines, and Mauritania.*® For the sake of the present analysis,
however, it will be assumed that the share of CIPEC in world mine product1on is |
40 per cent, or m = 0.4. .

The above approach is sometimes objected to on the ground that it leaves out
an important part of the total copper supply, namely, secondary copper recovered
from scrap. Secondary copper is recovered from two principal classes of scrap, new
and old.?° New scrap refers to the scrap which i§ generated in the production pro-
cesses of fabricators and copper using manufacturers. New scrap recycles without
going through the refining stage. Old scrap is available from the accumulating
reserve of secondary copper through reclamation of copper, brass, bronze, and
other alloy products that have been used and then discarded. Only a part of sec-
ondary copper that is recovered from old scrap goes through the refining process.

Although available statistical data on secondary copper are notoriously incom-
plete, it is generally believed that secondary copper accounts for about 40 per cent
of the world’s annual copper supply.2! It is also generally believed that for the world
(excl. CPEs) as a whole total secondary supply is about equally shared by new and
old scrap [5]. It has been estimated that secondary copper accounted for 15-20 per
cent of the world’s annual consumption of refined copper in the 1950-67 period,
or on the average, for 17 per cent.” Secondary copper, thus, iS an important part
of total supply of copper. ‘ -

Ignoring the new scrap and that part of old scrap which is re-used without going
through refining, one could consider the share of CIPEC in world supply to be
represented by the ratio of the total mine production in CIPEC** to the total world
production of refined copper (including ‘secondary refined copper). The latter ratio
is estimated to have been 33.5 per cent in 1969. For purposes of the analysis below,
the value of m is assumed to be 0.33.

Yet another way to look at the position of the CIPEC in world copper supply is
to consider.the CIPEC’s share in.total world exports of copper. Total exports of
copper by the world (excl. CPEs) in 1969 are estimated at 3.45 million tons. These

18 There were large losses of production in the U.S. copper industry from mid-1967-to
April 1968, due to the pine-month 1ndustry—w1de strike. The United States normally
accounts for about 30 per cent of world mine production.

19 Uganda has been sending observers to the recent meetings of the CIPEC, while Mauri-
tania is expected to begin to produce and export copper before the end of 1971.

20 For further details, see [6, Chapter 4]. .

21 For example, see various recent issues of [7]; also [3 p. 24]

22 Production of secondary copper in the CIPEC countries is negligible.
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include a great deal of “cross trade” within Europe as well as gross exports of some
net importers such as Japan, the U.S., and India.  Therefore, it is considered more
meaningful to use the total exports of the “net exporters” only, which are estimated
at 2.66 million tons in 1969 (Table III). The share of CIPEC in the total exports
of the net exporters was 74.1 per cent in 1969, and, for the analytical purposes
below it will be assumed to be 75 per cent, or m = 0.75.

Which of the three alternative concepts of the share of CIPEC in world copper
supply is the most relevant one depends, in part, on whether one is considering the
short-run effects or the long-run effects. In the short run, the second and third
definitions seem more relevant than the first, while in the long-run context the first
seems more relevant.

C. The Short-Run Effects bf a Supply Cutback—Secondary Copper Ignored

~ Inequality (3) indicated that only when the absolute value of the price elasticity
of world demand for copper, |Ep.|, is smaller than m—(1—m) - Es,, a hypothetical
cutback in supply by CIPEC would increase thé total export earnings from copper.
Table TV shows the “critical values” of |Ep.| correspondlng to various combina-
tions of possible values of m and E,.

TABLE IV
CRrTICAL VALUES OF |Epw| FOR DIFFERENT VALUES OF m AND Egsr -

m \ -Es» 0.0 0.16 0.2 0.3 0.5 0.8 1.0 2.0 3.0

0.33 0.33 0.22 0.20 0.13 0 neg neg neg neg
0.40 0.40 030 0.28 0.22 0.10 neg neg neg neg
0.50 0.50 0.42 0.40 0.35 0.25 0.10 0.0 neg neg
0.75 0.75 0.71 0.70 0.68 0.63 0.55 0.50 0.25 0

Notes: 1. The critical value of [Epw|, represented by |Epw|*, has been derived by the
following equation: |Epw|* = m — (1 — m)- Ess.
2. Neg = negative.
3. See text for notations and details of the theoretical basis for the relatlonshlp

One interesting implication of the inequality (3) is that, when m = 0.4, even if
the absolute value of the price elasticity of demand in the entire world market, Ep.,
is zero, the absolute value of the price elasticity of demand for the CIPEC’s copper,
|Ene|, will be greater than unity so long as the price elasticity of supply in the rest
of the world, Es., is greater than 0.67. Similarly, if m — 0.33, then the inequality
implies that |E».| will be greater than unity even if Ep., = 0, so long as Es, is greater
than 0.50.

In the short run, the price elasticity of supply in the non-CIPEC world, Es,,
is fairly low. Unfortunately, we have no reliable estimate of the short-run elasticity
of supply relating to the non-CIPEC world as such. According to Newhouse and
Sloan [10], the short-run elasticity of supply (mine production) in the entire world
(excluding CPEs) was 0.2 in the 1949-63 period (see Table V). It was 0.3 in the
United States in the 1947-65 period, while in Canada it was 0.16-0.23 in the period
from the late-forties to 1963. "According to the preliminary results of a study by
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TABLE V
PrICE BLASTICITY OF COPPER SUPPLY ESTIMATED BY NEWHOUSE AND SLOAN
Geographical  paa Period  Ptmations R POy Ehedety
World . 1949-63 OLS -0.91 0.2 2.47
1949-63 3PLS 0.91 0.2 6.18
United States 1922-39 OLS 0.88 1.0 1.9
1924-39 3PLS 0.89 0.8 1.9
1947-65 OLS 0.77 0.3 1.0
o 1948-65 3PLS 0.77. 0.3 1.3
- Canada- 1947-63 " OLS- 0.93 0.23 2.41
1949-63 3PLS 0.93 0.16 3.03
Chile 1947-63 OLS 0.76 0.23 2.41
o 1947-63 -

3PLS

0.83

0.36

8.91°

" Source: [10].

Notes: 1. Only selected results of their investigation are presented in this table.
“Supply” refers to mine production. The measured elasticities are relevant
in the price range of 28-40 U.S. cents per. pound in 1965 constant dollar

terms.

¢ 2. OLS: ordinary least squares estimation; 3PLS: three pass least squares

estimation.

@ Based on linear equations.

TABLE VI
PricE FLASTICITY OF COPPER SUPPLY ESTIMATED BY FRED F. BANKS'
R2 Durbin- ~ Short-run® - Long-run '
) : “Watson . - - Elasticity Elasticity
Mine production . s e . : .
Chile 0.85 2.00 0.22 1.44
Peru 0.81 1.89 0.42 3.41°
Zambia ' completely unsatisfactory results o
- Zaire 0.94 - 1.8 - - 0.10 - 3.69
* United States 0.74 1.63 . 0.25 0.71L.
Canada 0.95 1.95 0.18 42.24
Refined copper production
© Chile (a)be : 0.49 2.01 0.23 0.95
Chile (b)® 0.58 1.92 0.18 0.37
Peruc 0.70 2.61 0.15 0.71
Zambiac? 0.95 2.71 — —
Zaijre - 0.77 2.04 0.07 0.18
United States . 0.50 1.73 0.47 0.77
Canada 0.90 2.09 0.10 1.23
Source: [2].

Note: Annual data used are for 1950-67 period. The simple linear least-squares
estimation method was used; with or without time lags; and mostly without durmies
but, in some cases, with dummies.
o The “short-run” here is one year.

» Chile(a) has-a-lag of one year in the price term, while Chile(b) does not.
¢ The coefficient of the price term is not significantly different from zero.

¢ A very strong time trend is observed in the supply.
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Fred E. Banks [2], the short-run elast101ty of mine production is estimated to have
been 0.25 in the United States and 0.18 in Canada in the 1950-67 period (see
Table VI). Banks also estimated the shoit-run supply elasticity of refined copper
in the United States and Canada at 0.47 and 0.10 respectively. On the basis of
these estimates, then, it may be inferred that the short-run elasticity of supply in
the non-CIPEC world lies between 0.16 and 0.3, and most probably is around 0.20.

Turning to the demand side, the question is what the short-run elasticity of de-
mand in the world market is. Again reliable information needed to answer the
question is scanty. However, results of econometric studies are available on some
countries, e.g., the preliminary results of the study by Banks and a study by Charles
River Associates [4].

On the basis of simple least squares regressions involving lags, and using quarter-
ly data covering the period from 1955 (or 1957) to 1967, Banks studied the factors
affecting consumption in the United States, Japan, and the major European coun-
tries. He estimated the implied price elasticities of demand (and the income elas-
ticities as well) in those countries. Selected results of his study are summarized in
Table VII. In some of the regression equations, the estimated regression coefficients
for the price variable are only marginally significant. The U.X. equations indicate
the short-run price elasticity ranging from (minus) 0.06 to (minus) 0.214. The
U.S. equation implies an elasticity of (minus) 0.34, while the equation for France
implies an elasticity of (minus) O. 08 Italy s elastlclty ranges from (minus) 0.23 to
(minus) 0.26.

The Charles River Associates study analyzes the U.S. copper market using a
simultaneous equation model. It uses the two-stage least squares procedure with
lags in several endogenous variables including the price of copper. The data used
cover 1949-66. Among the alternative demand equations, the one which has
vielded most satisfactory statistical results implies that the price elasticity of de-
mand for copper in the United States relevant to the 1949-66 period is (minus)
0.21 in the short run and (minus) 2.86 in the long run.?

In the light of the estimates cited in the preceding two paragraphs it may be
inferred that the short-run elasticity of demand for copper in the world market is
in the range of (minus) 0.1 to 0.3, and most probably around (minus) 0.2.

According to Table IV, if secondary refined copper is excluded from the total
supply of copper and only mine production is included (m = 0.40), the critical
values of the absolute value of the price elasticity of demand, |Ep.|, are:

0.30 when Es — 0.16,
0.28 whan Es, = 0.20, and
0.22 when E, — 0.30.

28 Incidentally, the same equatlon implies that the short-run elasticity of demand for copper
with respect to the price of aluminum is (plus) 0.46, and that the long-run elasticity is
6.27. . oL
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It may be concluded then that prospects of a successful supply cutback are fairly
good in the short Tun if only primary production is considered.?*

D. The Short—Ryn Effects When Secondary Coppér Is Cbnsidered

In the preceding section, secondary copper was totally ignored. In the short-run
context, however, the existence of secondary copper supply is ~quite relevant as, after
all, an important part of the supply of secondary copper is responsive to changes in
the copper price. According to the Charles River Associates study, the price
elasticity of supply of old scrap in the United States is estimated at 0.47 [4, p. 310].
Therefore, the probable range of the supply elasticity, Es,, must be higher than
that indicated in the preceding section. It should probably be between 0.2 and
0.4. Moreover, the share of CIPEC. in total supply of copper, m, should be
reduced to 0.33. If secondary refined copper is included ‘in the total “supply,”
thus, a supply cutback by CIPEC will be successful only if the absolute value of
the price elastlclty of demand for the world as a whole, lEle is smaller than;

0.20 if Es, = 0.2,
0.13 if Es, = 0.3, and
0.06 if Es, = 0.4.

The short-run price elasticity of world demand was estimated at somewhere be-
tween (minus) 0.1 and (minus) 0.3, or probably around (minus) 0.2. Thus, the
plausible ranges of the relevant elasticities as estimated above suggest the following
conclusion. When account is taken of the supply of secondary refined copper, a
supply cutback by CIPEC is not likely to result in any substantial increase, if at
all, in export earnings from copper.

E. The Sho‘rt-Rtjm Effects When Only Exports Are Considered

As mentioned e:arlier, it is often argued that in the short run the relevant concept
of the CIPEC’s share in total world supply of copper is the share of CIPEC in the
world exports of copper. If we accept the argument, the relevant measure of the
CIPEC’s share ini world supply is 75 per cent (m = 0.75).:

In this case, however, the relevant price elasticity of supply in the “rest of the
world” would be ithe price elasticity of exportable supply of the non-CIPEC ex-
porters, which may be represented by the symbol Ex.. Since the exports are only
a part of the total supply in the non-CIPEC copper-exporting countries, the
elasticity of exportable supply there should be fairly high, although unfortunately
no appropriate estimate is available for the value of Ex,.

On the demand side, the relevant elasticity of demand outside the CIPEC in this
case will be the price elasticity of import demand for copper in the net importing
countries ‘(Westerﬁl Europe, the United States, and Japan). - The price elasticity of
import demand is always higher than the price elasticity of the total market demand

2¢ A minor assumption underlying this conclusion is that we can ignore the possible effects
of stock changes. To the extent that there are significant effects of changes in stocks on
the short-run elasticity of supply the value of E,, tends to be higher than otherwise, thus
lowering the critical value of |Ep,|-
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as a whole because generally demand for imports is only a part of total demand.
Thus, the price elasticity of import demand for copper must be substantially higher
than the price elasticity of overall demand for copper in the world as a whole.
Unfortunately again, no reliable estimate of the price elasticity of import demand
outside the CIPEC is available. The following analysis, however, will throw some
light on this point.

First, the world may be divided into three regions: (1) the Net Importing Region
(NIR), which include Western Europe, the United States, and Japan; (2) the CIPEC
region (CIPEC); and (3) all other countries, or the non-CIPEC Net Exporting
Region (NCP), including some small net importers as well as such net exporters as
Canada, Australia, and the Philippines.

Next, based on the production, demand, and trade data for 1969, assume that the
current levels of production, consumption, and net trade in the three regions are
roughly as follows (in thousand toms per year):*

NIR NCP CIPEC
Consumption 5,060 640 0
Domestic supply 2,620 1,100 1,980
Net exports (—)2,440 460 1,980

Based on the earlier observations, it is assumed that the overall supply and

demand elasticities outside the CIPEC are as follows:
Es.= 0.2 to 0.4, and
Ep» = (minus) 0.1 to (minus) 0.3.

By examining the effects of a hypothetical price increase of, say, 10 per cent
on the export demand for the CIPEC’s copper, one could derive the elasticity of
demand for the CIPEC’s copper exports, Exn., implied by each combination of vari-
ous possible values of Es, and Ep,.”* The results of such exercises are shown in a
matrix form in Table VIII. The results indicate that, if both elasticities of supply
and demand happen to be close to the lower ends of the estimated probable ranges,
then the elasticity of demand for CIPEC’s copper exports, Ep. could be less than
(minus) unity. Considering the most probable values of Es, and Ep. as estimated
earlier, however, it does not seem very likely that the elasticity of demand for the
CIPEC’s copper exports is very much lower, if lower at all, than (minus) unity.

25 All figures have been adjusted slightly to simplify the picture. For example, consump-
tion in the CIPEC is assumed to be zero, although there is domestic consumption in the
CIPEC countries.

26 For example, assume Eg, = 0.2 and E;, = (—) 0.2. A 10 per cent rise in price will
cause the consumption in NIR to decrease from the current 5,060 to 4,959, while it will
cause the domestic supply in NIR to increase from 2,620 to 2,672, resultmg in the re-
duction of net imports from 2,440 to 2,287. Similiarly, the 10 per cent price rise will
cause the domestic consumption in NCP to decrease from 640 to 627, while it will in-
crease the domestic supply from 1,100 to 1,122, resulting in an increase in exportable
supply from 460 to 495. All this means a decrease of demand for the CIPEC’s exports—
ie., from 1,980 to 1,792, This implies the elasticity of demand for the CIPEC’s copper
exports of (minus) 0.95.
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. TABLE VIII
PrICE ELASTICITY oF DEMAND FOR CIPEC’s CorPER EXPORTS (Epc), AS
’ IMPLIED BY VARIOUS ASSUMED VALUES OF ELASTICITIES OF
SuppLy AND DEMAND OutsipE CIPEC

Epot \ Es* 0.2 0.25 0.3 0.4
~0.10 —0.66 —0.76 —0.85 —1.04
—0.20 —0.95 _ —1.046 —1.142 —1.328
—0.25 —1.094 —1.19 —1.284 —1.472
—0.30 - —1.239 —1.335 ' —1.428 —1.617

Source: Trade Policies & Export Projections Division, Economics Department, IBRD.

Note: See text for details of the underlying relatlonshlps between various elasticities

involved.

- % Fg price elasticity of supply in all areas outside the CIPEC, assumed fo be
uniform in all non-CIPEC copper producers.

T Epw: price elasticity of demand in all areas outside the CIPEC. It is assumed to
be the same for the non-CIPEC exporters as for the net importers.

TABLE IX
EvasTiCITY OF IMPORT DEMAND IN THE NET IMPORTING REGION (Ens), AND ELASTICITY
OF EXPORTABLE SUPPLY IN THE NON-CIPEC EXPORTING REGION (Exs) AS IMPLIED
BY DIFFERENT ASSUMED VALUES OF ELASTICITIES OF SUPPLY AND
DemManp OutsipE THE CIPEC (Esr and Epw)

Epw ' Esr 0.2 0.3 0.4

-1.0 Eymg=—0.42 Eua=—0.53 Ema=—0.64
Exs=0.62 Ex,=0.86 - Exe=1.10

—0.2 Ena=—0:63 Ema=—0.74 Ema=—0.84
Ex:=0.76 Ex,=1.00 Ex,=1.24 )

~0.30 Eme=—0.84 Eya=—0.95 Ema=—1.053
Ex,=0.90 Ex.=1.13 Exs=1.37

Source: Trade Policies & Export Projections Division, Economics Department, IBRD.
Note: Net Importing Region: Western Europe, the United States, and Japan. Non-

" CIPEC Exporting Region: World (excl. CPEs) minus CIPEC minus Net Importmg
Region:

Table IX tabulates the implied elasticity of import demand in the Net Importing
Region (NIR) -and the implied elasticity of exportable supply in the Non-CIPEC
Exporting Region (NCP) when various values are assumed for the elasticities of
overall supply and demand outside the CIPEC. It clearly shows the links between
the elasticities of overall supply and demand outside the CIPEC, on the one hand,
and the elasticity of import demand in NIR and the elasticity of exportable supply
in NCP, on the other. It is also clear that the elasticities of import demand and
exportable supply are always larger than the corresponding elasticities of overall
demand and supply.

The results: above indicate that concentrating one’s attention on the trade flows
of copper does not change the basic picture in any way. Trade flows of copper are,
after all, mere. reflections of the more fundamental workings of overall supply and
demand in various regions of the world.
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The conclusions that can be drawn from the preceding analysis are not clear-cut.
If in the short run the elasticities of demand and supply outside the CIPEC are
(although not very likely) both close to the lower ends of the estimated probable
ranges, CIPEC may be able to improve the export earnings from copper by cuiting
back its supply to the rest of the world. But, on the whole, it does not seem very
likely that CIPEC could increase, if at all, its export earnings from copper by a very
substantial margin. Furthermore, whether it would be worthwhile for CIPEC to
act on the short-run situation depends not only on the possible short-run gains but
also on the prospects for longer-run gains, as well as on the short-run financial costs
if carrying stocks is involved.

F. The Long-Run Effects of a Supplj Cutback by the CIPEC

What would be the probable effects of a supply cutback by CIPEC in the long
run? Are they likely to be different from those in the short run? In discussing these
questions, it will be assumed that the cutback will be rather substantial, say, by
10 per cent. It is also assumed that the cutback will continue for a fairly long
period, at least for one year. ;

The first question that must be answered in considering the long-run effects of a
possible cutback of copper supply by CIPEC is: Which of the three concepts of the
. CIPEC’s share in the world supply is the most relevant one in the context of the
Jong run? The short answer to this question is that the most relevant concept seems
to be the share of CIPEC in world mine production. The share of CIPEC in the
world production of refined copper including secondary refined copper is not so rele-
vant as in the case of short run because the supply of scrap in the long run depends
on past consumption of primary copper [4, p. 210], and can be presumed to be
price-inelastic in the long run. The concept of the CIPEC’s share in. world mine
production is preferred to other alternative concepts of the share of CIPEC in world
supply, because, in the long run, supply must ultimately come from mine produc-
tion. Therefore, m = 0.4.

It may be recalled that a successful supply cutback by CIPEC requires the abso-
lute value of Ep, to be less than unity. This in turn requires the condition expressed
by inequality (3), which is: |Eve| <m—(1—m) - Es. Since m = 0.4, unless
Es, is less than 0.67, the value of m—(1—m) - Es. cannot be positive.

Then, the next logical question would be: What is the probable value of Es. in
the long run? First of all, as a general rule, the price elasticity of supply in general
is higher in the medium and long run than in the short run. 'So, the price elasticity
of supply in the “rest of the world,” namely Es, in our notation, would be a priori
higher in the medium to long run than in the short run. Other things being equal,
this works against the CIPEC.

No reliable estimates of the “long-run elasticity of supply in the non-CIPEC
world” per se, Es, are available. Furthermore, available estimates of the long-run
elasticity of supply in various regions of the world tend to differ widely from one
study to another, and from one country to another. The estimates made by New-
house. and Sloan . are presented in Table V, and the estimates by Banks are shown
in Table VI.
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The Newhouse-Sloan study reports the long-run elasticity of supply in the United
States ranging from 1.0 to 1.3, that in Canada ranging from 2.41 to 3.03, and that
in the entire world (excl. CPEs) ranging from 2.47 to 6.18. Banks estimates the
long-run elasticity of supply in the United States at 0.71, and that in Canada at
42.24 (1) None of these results should be taken too seriously. But one thing seems
to be clear: The long-run elasticity of supply out51de the CIPEC is fairly high—at
least 0.7 and most probably above 1.0.

Table X showsestimates of a kind of price elasticity of supply in the entire world
including CIPEC in various cost ranges as of 1968. The basic data used are taken
from Sir Ronald Prain’s estimates of the cumulative total productive capacity of the
copper mining industry outside the CPEs, which is available at specified cost inter-
vals.?” The costs reflect the average cost of production of individual mines, includ-
ing cost of delivering to Europe. It is true that, in the short run, what is relevant
is the marginal cost schedule of each mine rather than the average cost. In the
long run, however, it is the average cost which becomes more relevant. The elas-
ticity of supply seems to vary according to different cost ranges as presented in
Table X: It is close to unity within the cost range of 30-35 U.S. cents per pound;
less than unity in the cost range of 35-42 U.S. cents per pound; and well above
unity in the 45-47.5 U.S. cents per pound range.

TABLE X
PrICE ELASTICITIES OF WORLD SUPPLY OF COPPER IN VARIOUS CoST RANGES, 1968

Cost Range / Change % Change in Cumulative  Elasticity
U.S. ¢/lb. in Cost Total Capacity of Supplye
20.0-22.5 12.5 25.2 2.02
22.5-25.0 11.1 10.0 0.99
25.0-27.5 10.0 7.2 0.72
27.5-30.0 9.1 13.0 - 1.43
30.0-32.5 8.3 8.3 0.99
32.5-35.0 7.7 7.3 0.95
35.0-37.5 7.1 1.8 0.25
37.5-40.0 6.7 4.6 0.69
40.0-42.5 6.5 o 4.4 0.68
42.5-45.0 5.9 ' 6.4 1.08
45.047.5 5.6 12.1 2.17

47.5-50.0 5.3 0 0

Source: Based on Sir Ronald L. Prain’s data.
Notes: 1. Average cost of production at each md1vxdua1 mine, including cost of
delivering in Europe.
2. CPEs are excluded in this table.
@ As pointed out in the text, account has been taken only of those mines in opera-
tion in 1968, There should be many potential mines in the high cost brackets
which would assure higher elasticities than indicated here.

27 The cost data used refer to the costs in 1968. The inflationary pressures and other fac-
tors may have changed the costs subsequently. But, if it can be assumed that the costs
have risen more or less proportionately at all mines, the derived: elasticities might still be
relevant if all the cost ranges were slided slightly upwards
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The estimates presented in Table X have two serious.limitations. First of all, the
data include only those mines that were in operation in.1968. Since the interest
here lies in the possible long-run effects of a “high” price resulting from the CIPEC’s
hypothetical supply cutback, the relevant concept of supply elasticity should take
into account potential mines as well as those already in operation. Second, the data
include those mines in CIPEC countries, and therefore, ‘the estimated elasticities
refer to the elasticities of supply in the entire world including the CIPEC. On the
other hand, for the purposes at hand, what is needed is the elasticity of supply out-
side the CIPEC. If the mines in the CIPEC countries are excluded, which cannot
be done here unless more detailed data are available, the configuration of the
“supply curve” and the price elasticity of supply might turn out to be quite different.
Despite such serious limitations as mentioned above, Table X tends to confirm the
impression that the long-run elasticity of supply ouside the CIPEC is at least 0.7 in
most of the historically relevant price range. . :

Table XI shows the estimated reserves of copper recoverable in different areas of

TABLE XI
CoPPER RESERVES RECOVERABLE AT VARIOUS PRICES
(Miltions of metric tons)

‘ 50 ¢/1b. 60 ¢/1b. 70 ¢/1b. 80 ¢/1b,
World (excluding CPEs) 268 301 329 - 365
Centrally planned economies 42 : 43 45 48
World (excluding CPEs) 226 258 . 284 317
CIPEC total 107 122 138 156
Chile 54 62 69 76
Peru 14 19 24 29
Zambia 20 21 23 25
Zaire i 19 20 22 25
Non-CIPEC 119 136 146 - 16l
of which, U.S. 73 85 85 90

Source: U.S. Department of the Interior.

the world at various assumed levels of the copper price, based on the estimates made
by the U.S. Department of the Interior early in 1970. The quantities of copper
which would be recoverable from known resources of the United States and twenty-
four other countries were estimated at ten-cent incremental price increases starting
from fifty cents per pound. On the basis of these data, price elasticities of supply
of a sort®® can be estimated for various price ranges for different areas. The price
elasticities of supply of economic reserves in the non-CIPEC countries thus esti-
mated are (price range in parentheses): ' N

0.72 (50-60 ¢/Ib.), 0.41 (60-70 ¢/1b.), and 0.70 (70-80 ¢/Ib.).

28 “Supply” here refers to economically exploitable reserves. This is a stoqk'concept, not
a flow concept, Therefore, the elasticity of “supply” in this case is not the elasticity of
supply in the usual sense.
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The pieces of evidence presented so far give the impression that the long-run
elasticity of supply could take quite a divergent range of values depending on the
definition of supply and what is meant by the long run. Nevertheless, it seems fairly
safe to assume that the long-run elasticity of supply outside the CIPEC today is at
least 0.7 and possibly as high as 2.0 or even higher.

Turning to the demand side of the picture, the question is: What is the long-run
elasticity of world demand for copper? It is generally believed that the long-run
elasticity of demand for copper is significantly higher than its short-run counterpart.
One of the factors responsible for this tendency is the role played by investment
decisions in substitution of other materials for copper.?® The situation is illustrated
by the following statement:

Substitution is largely a question of the long term comparative costs of materials
that technically can replace copper. The dilemma that the manufacture often finds
himself in is that he does not want to scrap his existing investment in copper fabricat-
ing facilities but at the same time he knows that he would be correct in doing so if
he knew that the price of copper was going to remain at uncompetitive levels in the
long term. [9, p. 269]

Available evidence for the plausible magnitude of the long-run elasticity of de-
mand is scanty, and what is available seems to be of uncertain reliability. For in-
stance, the study by Banks shows the estimates ranging from (minus) 0.23 to
(minus) 2.51 for the United Kingdom, and the estimate for Germany of (minus)
0.22 (see Table VII). The “best” demand equation in the Charles River Associates
study, on the other hand, implies a long-run price elasticity of demand for the
United States of (minus) 2.86.%° It is not justifiable to try to narrow down the likely
range of the long-run elasticity of world demand on the basis of such scanty and
divergent evidence. On the other hand, it is reasonable to assume that the long-run
elasticity of demand is substantially higher than the short-run elasticity, which ear-
lier was found to be around (minus) 0.2.

Table IV shows that when the elasticity of supply outside the CIPEC is higher
than 0.5, the critical value of the demand elasticity is less than (minus) 0.10. Since
we are fairly certain of the fact that Es, is higher than 0.7 in the long run and that
Epw is “substantially” higher than (minus) 0.2, it follows that the elasticity of de-
mand for the CIPEC’s copper must be considerably higher than (minus) unity.
Therefore, the CIPEC countries must lose in the long run if they attempt to jack
up the price of copper by cutting back their supply on a long-term basis.

29 The problem of substitution for copper by other materials is far more complicated than
can be dealt with here. For a recent account of this problem, see [4, Chapter 2.

30 The Charles River Associates study, cited earlier, is a much more carefully executed
study than the study by Banks in so far as the estimation of the long-run demand elas-
ticity is concerned. Nevertheless, we are somewhat suspicious of the validity of the esti-
mate given by-the Charles River study. According to'the study, the estimated lag coeffi-
cient is such that only 54 per cent of the effects of an assumed change in price today
will be felt within ten years. This certainly runs counter to our “common sense,” because
_the result ‘of that study in effect implies that 46 per cent of the full effects of a price
change toddy will come only after 1981! = - ' ' ) ’



—

Noow

[y

SN

CIPEC 29

REFERENCES

American Metal Market, May 18, 1971.

Bangs, F.E. “An Economic and Econometric Analysis of the World Copper Market,”
draft report prepared for the UNCTAD, December 1969.

BorreLiER, P.P.C. “Problems of Investment, Production, Trade, and Pricing in
Mineral Commodities—A Case Study of Copper,” report prepared for the UNCTAD,
March 1968.

“Bconomic Analysis of the Copper Industry,” prepared by Charles River Associates,
and released by the U.S. Department of Commerce through Clearinghouse (Boston,
1970). _

GriLLo, H. “The Importance of Scrap,” Metal Bulletin, May 1965.

McManoN, A.D. Copper, A Material Survey, U.S. Bureau of Mines Information
Circular 8225 (Washington, D.C., 1965). :

Metal Statistics.

Metals Week, Vol. 42, No, 9 (March 1, 1971).

Mining Magazine, Vol. 117, No. 4 (October 1967).

Newsouse, J.P., and Stoan, F.A. “An Econometric Study of Copper Supply,”
January 1966.

World Bureau of Metal Statistics. World Metal Statistics.





