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ABSTRACT

Zinc, a non-ferrous metal, is consumed as an inter-
mediate input in construction and a wide variety of manu-
facturing industries. Canada, Australia, Peru and Mexico
together produce about 55 percent of the total output but
absorb only about 8 percent of the total zinc consumed in
the free market world. On the other hand, U.S.A., Japan
and the E.E.C. countries together share in about 72 percent
of the total consumption but produce only 25 percent of the
total zinc ores produced in the free market wo;ld. These
large imbalances in production and consumption of zinc
place it in the group of important international primary
commodities. The major aims of this study are to provide
a systematic understanding of the institutional and beha-
vioral characteristics of the world zinc industry, and to
analyse its performance properties in the framework of a

formal model of the international market.

A detailed study of the organisational structure
of the industry reveals that as many as 24 corporate groups
(including their multinational operations) share in about
65 percent of the raw zinc produced in the free market

world. In the absence of any other information to the
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contrary, this low degree of concentration in terms of
market control is taken as an evidence for the absence of
non-competitive behavior on the sellers' side. However,
the working of the free market forces has, often, been
influenced by the intervention of the U.S. Government
through its stockpile program, tariffs, quotas, and other
measures for the protection of the domestic industry. This
environment, in turn, has enabled the major U.S. producers
to exercise some degree of control on the domestic market
through the variations in their stocks of zinc and capacity
utilisation ratio. However, the world market on the buyers'
side consists of a large number of small consumers of zinc

providing a competitive environment.

A fairly detailed market form of econometric model
is built, based on the above institutional framework and
relevant technological and behavioral features.An estimated
version of the model indicates different systems of lag
responses in the structures of demand and supply to the price
of zinc, a very poor substitutability on the demand side,
free market price as a long-run equilibrator for the U.S.
producers' price, and an important influence of the U.S.
interventions on the world market. The model meets reason-
ably well the predictability criterion based on the technique
of dynamic simulation. The performance properties of the
world zinc industry, analysed through dynamic multiplier
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simulation technique, show thét the industry exhibits a
reasonably stable market environment to the exogenous dis-
turbances such as an increase in the activity levels of
consumers and variations in the prices of substitutes. It
is, however, quite sensitive to technological changes
in the consumer industries. The stockpile policy of the
U.S. Government does not seem to be properly geared to its
objectives, and, in general, it seems to have restricted

the development of the industry as a whole.

Despite the usual limitations of a first systematic
study, it is hoped that this work will contfibute towards a
better understanding of the salient features of the
industry, provide a reasonably sufficient scope for broad
policy evaluations, and facilitate the forecasting of the

behaviour of major market variables.
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CHAPTER I

INTRODUCTION AND OUTLINE

1. INTRODUCTORY REMARKS

The recent world-wide inflation and the severe
recession of the postwar period may be attributed, in part,
to the abrupt rise in prices of primary commodities.
Minerals, metals and other industrial raw materials seem
to have played a leading role. For instance, during the
three year period 1972-74, prices of some metals, such as
aluminium, copper, tin and lead, rose by more than 200 per-
cent, not to mention the more familiar rise in the price of
0il and some other minerals. The price of zinc, one of the
widely used industrial raw materials, increased by more

1 A similar surge of prices has been

than 300 percent.
registered for many other primary commodities, including
agricul tural goods.2 This rise in the prices of primary
commodities, and particularly of industrial raw materials,
may have contributed significantly to the so-called cost-

push inflationary pressures in the industrial sector along

with some recessionary forces resulting in high levels of

1In order of the quantities consumed and produced of the

various non-ferrous metals, zinc occupies the third place,
aluminium and copper occupying the first and the second
place, respectively.

2See Adams, and Behrman(1977).
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unemployment and prices. This rise in prices in the
industrialised countries is transmitted back to the less
developed countries where, in turn, it is fed back in the
inflationary process through the same primary commodities,

resulting in the subsequent increases in prices.1

This world-wide instability in the growth of free
market economies has attracted the attention of many econo-
mists and encouraged them to have a closer look into the
structure, behavior and performance of the primary commodity
markets.2 Zinc somehow seems to have escaped the attention
of the economists altogether. The reasons for neglect of
the zinc industry are not hard to find, however. Firstly,
the apparent structure of the zinc industry does not provide
an obvious indication of organisational behavior for its
modeling. Secondly, although zinc is a very widely used raw
material in many industries, such as construction (galva-
nizing steel, alloyed with copper to give brass, in the
form of rolled zinc sheets for roofs, etc.), automobiles
(used as die-casts), rubber, chemicals, printing, armaments

(in the form of brass), agriculture and nutrition, the use

lThe theoretical models that would incorporate the micro-

behavior of primary commodities explicitly into the macro-
models are too scarce to find. However, some attempts
have begun to be made in terms of applied economic
analysis. e.g. see Adams (1973a).

2Labys¢kh(l9ﬂ$in his extensive bibliography lists about
241 studies of commodity markets, ranging from aluminium
to wool, a majority of which were undertaken during the
last ten years.



of zinc is very thinly distributed, so that it accounts for
only a very small proportion of the total cost in any given
final product. This probably makes zinc less attractive to
the economists as compared to the other commodities which
account for larger shares of production costs. Thirdly, as
evidenced by the experience of the author, the structural
parameters of the zinc market are very sensitive to specifi-
cation errors in an econometric study. Fourthly, except
for Mexico, Peru and some smaller producers, zinc is pro-
duced in relatively rich countries where foreign exchange
earnings from zinc do not form a substantial proportion of
the balance of payments. Thus, a source of motivation that
played an important role in the study of many primary
commodities in the late 1960's and the early 1970's is

absent in the case of zinc.

Nevertheless, the recent rise in the price of zinc
has been so alarming, relative to other primary commodities,
that it Qarrants a thorough study in terms of market
structure, behavior and performance.1 Furthermore, such a
study is important for the policy makers and planners of the

zinc industry.

lsinc falls into the category of strategic materials of

the U.S. Government, and in the list of important
commodities of the United Nations. This is also reflected
in the numerous attempts of the U.S. Government to inter-
vene in the working of the world zinc market and that of
the U.N. to co-ordinate policy-making in the industry.

For details, see Chapters II and III.



2. BASIC AIMS AND OVERVIEW OF THE STUDY

The basic aims of the study are, one, to investi-
gate the market structure of the zinc industry, two, to
build an econometric model for the industry that may serve
as an instrument for policy formulation, and three, to
study the behavior and performance of the industry by the

use of this model.

The exact nature of the organisational structure of
the world zinc industry is not apparent from the general
literature available. However, for realistic model building,
an understanding of its nature is indispensable.l From the
data available, it is possible to trace the organisational
structure of the industry in terms of both:(a) countries as
the units of control and (b) corporate groups as the units
of control in the market for zinc. Since, in free market
economies (F.M.E.), it is the units of financial control --
the corporate groups =-- that are more important, more
emphasis is given to this aspect. Given the number and

size of the corporate groups operating in the world zinc

lThe proposition is debatable. For example, Friedman and
many other economists would insist only on the predictive
power of a model, whereas a large number of economists
such as Koopmans would insist on both the realism of the
postulates as well as the predictive power of the theory
derived from the postulates. We take the latter approach
in this study. For an extended discussion of these
-aspects, see Friedman (1953, 41), and Koopmans (1957, 138).



industry, their multinational operations are also investi-
gated to provide some additional information with regard to
their financial control. As is typical of most mineral
industries, zinc ore produced by the primary producers has
to undergo further processing (smelting) before it can be
used by industrial consumers. Integration of the production
processes (vertical integration) yields further market power
if the ore producers and smeltors are integrated. This
aspect has been investigated for present and future possi-
bility of vertical integration. Co-ordination of the market
by international agencies, and intervention in the market

through national policies have also been discussed.

A thorough study of the zinc market reveals (1) that
producers in the U.S.A. exercise monopoly power in the U.S.
market, and (2) that the industry outside the U.S.A. is more
likely to follow the rules of competitive behavior. These
elements have been incorporated into the specification of
the econometric model of the industry. Various other
institutional and technological considerations are also taken

into account in the detailed design of the model.

On the demand side, the model is disaggregated into
seven major zinc consuming regions. The classification of
areas depends on their shares in the market, their stages of
economic development and their traditional preferences for

zinc. In the second version of the model, the demand side



is further disaggregated according to six final sectors of
demand, to account for differences in technology and response
to prices in the different final demand categories. Both
secondary supply and primary supply have been considered
explicitly in the system. Differences in the operational
costs and the age of mines in different countries are incor-
porated through the disaggregation of the world supply into
major producing regions. Stock and flow adjustment
mechanisms, together with appropriate lagged responses in
the variables, determine price behavior in the zinc industry.
Both the competitive market and the U.S. market are linked
through prices, inter-regional trade and exchange rates.

The model could, therefore, be linked to larger country
models to evaluate the influence of certain policies. Both
versions of the econometric model of the zinc industry have
been estimated by appropriate estimation techniques, as

discussed later.

The resultant estimated versions of the model are
subjected to testing by dynamic simulation to determine
their predictive ability. Both versions perform well, which

. . . . . . 1
gives us some confidence in their use for policy evaluations.

As an experiment, a set of six policies or market

"scenarios," is considered and studied by means of multiplier

simulation techniques appropriate for non-linear, dynamic

1See charts of dynamic simulations, Appendix A.



simultaneous systems. More specifically, the probable
performance of the industry is investigated for situations
involving exogenous changes in economic activity, in
technology in the consumer industries, in the prices of the
substitute materials, and in U.S. Government policies for

the protection of the domestic industry and the stabilisation

of the prices in the world zinc market.

3. ORGANISATION OF THE STUDY

The study has been organised along the lines
discussed above. In Chapter II, a study has been made of the
salient features of the international market for zinc in
detail. In the first half of the chapter, the supply aspects
including reserves, resources, secondary zinc (zinc recovered
from scrap), concentration in zinc market by producer coun-
tries, as well as demand aspects relating to consumption
structure of zinc, substitution possibilities, concentration
on the deﬁand side by countries and likely future develop-
ments of the above elements of the market have been
investigated. In the latter half of the chapter aspects of
international trade in zinc, the price system including both
the structure and behavior of prices in the zinc market, and
national policies influencing the international market have
been studied. An appendix to this chapter deals with techno-

logical aspects of consumption and production of zinc.



Chapter III investigates the organisational
structure of the world zinc market in terms of the units of
financial control. It also explores the possibility of
links between the various corporate groups, their multi-
national operations and the question of vertical integra=-
tion. In the last part of the chapter, the role of the
various international organisations in coordinating the
world zinc industry is studied. In the appendix to this
chapter, guidance is sought in understanding the recent
past, and prospects for the future from the history of

cartelisation during the inter-world-war period.

Chapter IV surveys the attempts of some economists
at model building for some mineral commodities and looks
into aspects of mineral economics and its likely influence
on model building. At the end of the chapter, we provide a

general sketch of our own model of the world zinc industry.

Chapter V deals with the specification of the two
versions of the model in detail, the methodology of esti-
mation and the analysis of the structural parameters

estimated.

In Chapter VI, the validity of our econometric models
is tested through the techniques of dynamic simulation.
The models then are used, in the next chapter, for a set of
six policy simulations. In particular, behavior patterns of

the industry in response to the fluctuations in business



activity, changes in technology, and changes in the prices
of substitutes are investigated. So too is the influence of
the U.S. Strategic Stockpile policy. Chapter VIII concludes

the study with some suggestions for further research in this

area.



CHAPTER II

THE INTERNATIONAL MARKET FOR ZINC

Zinc is an internationally traded intermediate
input widely used in many industries. Industrialized
countries are therefore major consumers of zinc. Mine
production of zinc is widely scattered throughout the
world, though more concentrated in Australia, Canada,
Mexico, Peru, the U.S.A. and the U.S.S.R. The first four
of the above-mentioned countries share more than 75 per-
cent of the world exports of raw zinc. The major importers
are the U.S.A., Japan, and the European countries. These
same countries are also the major producers and consumers
of zinc metal. Over the last few years, however, vertical
integration in the raw zinc producing countries is increas-
ing, thus, probably,changing the balance of market power in

their favour.

The U.S. policies, such as quotas, tariffs, subsidies,
and the Strategic Stockpile Program, in the past, had the
effect of dichotomising the world zinc market. Nevertheless,
both the markets were linked through international trade -

although to a limited extent -~ in both raw zinc and zinc

10
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metal. The world zinc market outside the U.S.A., with the
London Metal Exchange (L.M.E.) as its apex, although compe-
titive, has been relatively unstable. Extreme instability
of zinc prices at the L.M.E. during the years 1963-64
induced the major producers outside the U.S.A. to introduce
a fixed price of zinc, called the European Producers Price
(E.P.P.) for transactions outside the U.S.A. As a result,
the turnover of zinc at the L.M.E. had decreased to about 10
percent of the total world trade in zinc by 1975. Since
1971, transactions with the U.S.A. have also been included

under the E.P.P. system.

o

For an adequate quantitative analysis, however, a
detailed study of the various institutional, technological
and behavioral aspects of an industry is deemed necessary.
In view of an absence of a systematic study of these aspects
of the world zinc industry, Chapters II and III are devoted
towards this objective. In the following sections of this
chapter,vsupply-demand aspects, the price mechanism, and the
national and international policies affecting the interna-
tional market for zinc are investigated. Technological

aspects are discussed in the appendix to this chapter.

1. WORLD SUPPLY OF ZINCl

Supply of zinc, like any other metal, depends on

primary and secondary resources, technological developments
1

This section is based on the statistical information collec-
ted in Roskill (1974), Chaps. II-IV and Metal Statistics

(1950-75), unless otherwise indicated.
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in exploration, mining and smelting operations, and
economic environments. Primary resources are distinguished
from secondary resources as the former implies availability
of the mineral in nature, whereas the latter refers to the
residue from completion of the processes of fabrication
and/or consumption. Other things being equal, a technolo-
gical development in exploration can enhance the available
resources, hitherto unknown to the world. An improvement
in mining, milling, and smelting technologies may reduce
the cost and/or improve the recovery of the metal, thus

increasing supply at the given prices.

Reserves and Resources

The geographical distribution of mineral resources
containing the metal is very important for the analysis
of both the organisational structure and behavior of the
world market, in the long-run. Relatively high concentra-
tions of a mineral in a small geographical region may yield
a monopolistic power to the producers of the mineral as
recently observed in the cases of 0il, Bauxite, Tin and
Copper.1 If the mineral in question is widely distributed,
a competitive market structure, and the corresponding
market behavior is more probable. However, even if the

mineral is widely distributed, the possibility of

1See Behrman (1976) and Eckbo (1975).
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competitive behavior may be limited through concentrated
control, either due to political interference and/or due to
a concentrated ownership structure, such as the existence of
a very few multinational corporations controlling the
resources. Here, the discussion is limited to the geogra-
phical distribution only, leaving a detailed examination of

the other institutional aspects for the next chapter.

In 1975, the total measured and indicated world zinc
reserves at the current prices were estimated at 149 millions
(mn.) short tons (s.t.). If the other 'inferred' and
'hypothetical', but not 'demonstrated', economic resources
in the known areas are added, the figure is increased to 270
mn. s.t. In addition, educated guesses have suggested more
than 5,000 mn. s.t. of zinc in undiscovered and sub~economic
(at the current prices) resources. It is believed that about
34 percent and 25 percent of these resources probably lie in
Europe and America, respectively. About 14 percent may be
obtained from the seabed, and the rest are distributed in
Asia, Africa and Oceania (see Table II.l1l). At this stage, it
is not possible to obtain any reliable estimates of breakdown
in terms of countries. We, however, do have some reliable
estimates of a country-wise breakdown of the resources which
are considered economically viable at the current economic
conditions. America alone shares about 50 percent of the

total world resources followed by Europe (24 percent) and



TABLE II.1l

WORLD ZINC RESOURCES (MILLION SHORT TONS) 1975
(Zinc Content)

TOTAL: INCLUDING

AREA/
1 2 UNDISCOVERED AND
COUNTRY RESERVES OTHER TOTAL SUB-ECONOMIC
RESOURCES
NORTH AMERICA 69.0 44.0 113.0 1,100
U.S.A. 30.0 20.0 50.0
Canada 34.0 21.0 55.0
Mexico 4.3 1.7 6.0
Central America 0.7 1.3 2.0
SOUTH AMERICA 9.0 9.0 18.0 300
Peru 3.4 2.6 6.0
Brazil 3.3 3.7 7.0
Other 2.3 2.7 5.0
EUROPE 34.0 30.0 64.0 1,900
Ireland 8.0 4.0 12.0
Poland 2.5 4.5 7.0
U.S.S.R. 12.0 12.0 24.0
Yugoslavia 3.6 2.4 6.0
Other 7.9 7.1 15.0
AFRICA 7.0 8.0 15.0 300
Zaire 2.0 2.0 4.0
Zambia 1.0 1.0 2.0
Other 4.0 5.0 9.0
ASIA 12.0 12.0 24.0 750
China P.R. . 1.2 3.8 5.0
India 2.0 1.0 3.0
Japan 5.0 3.0 8.0
Korea N. 1.6 1.4 3.0
Other 2.2 2.8 5.0
OCEANIA 18.0 18.0 36.0 450
Australia 18.90 18.0 36.0
Seabed: 800
WORLD TOTAL 149.0 121.0 270.0 5,600

SOURCE: Cammarotta Jr. (1975,6).

l. 'Measured + Indicated', or "Demonstrated".

2., Inferred Reserves and Hypothetical economic Resources
in known areas.
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Australia (13 percent). In terms of country-wise breakdown,
Canada (55 mn. s.t.) leads the list followed by the U.S.A.

(50 mn. s.t.), Australia (36 mn. s.t.) and the U.S.S.R. (24
mn. s.t.). Excluding the U.S.A.,, the U.S.S.R., Japan and
some other European Countries, whose requirements of the
mineral are likely to be in excess of their resources, Canada,
Australia and Ireland together possess more than 2/3 of the
resources. Thus, in the future, given the present estimates
of the resources and the economic conditions, these three

countries together will dominate the world supply of raw zinc.

At the cost of repetition, however, it may be added
that the above estimates of resources are conditional on
the current state of economic, scientific and technological
development. A rise in the relative price of zinc may make
hitherto sub-economic resources economically viable. An
advancement in the science of exploration, techniques of
mining, milling and smelting may increase the available
resources and/or the metal recovery from the available
resources. In fact, resources of any mineral may best be
considered as a working inventory at a particular level of
economic and technological development. It may not there-~
fore be surprising that the estimates of resources over time
have changed frequently. For example, in the late 1940's,
world zinc reserves were estimated at 77 mn. s.t.; whereas

the cumulative mine production of zinc during 1951-74 passed
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106 mn. s.t. along with a very large outstanding stock of

reserves, as noted above.

Mine Production of Zinc

Usually, explorations for a mineral are undertaken
after a long-term tendency of increased requirements has
been observed. Exploration and development of a mine to
production stage itself takes about eight to ten years. In
the short-term, however, mine production, given the stock
of resources, depends on technological capacity of the mines
and some other economic factors such as expected prices,
wages, prices of co-products and metal stocks. An increase
in'metal prices may bring mérginal mines into production,
utilize the excess mine capacity, or increase the mine
capacity with a lag of one or two years. However, adverse
economic factors do not imply an immediate closure of a
mine. Closing a mine, due to a recession, and opening up
again lafer is a very costiy business. Usually, in the
short term, mines continue to operate, even at much less
than capacity level and despite average variable costs
which may be higher than the average revenue. Mine closures
usually take place only if the sum of average revenue and

average cost of re-opening the mine is lower than the
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. 1
average variable costs.

World zinc mine production, during the last 25
years, has more than doubled and now amounts to close to
5.8 mn. metric tons (m.t.). This is comparable with an
increase of 150 percent in lead, about 220 percent in copper,
and about 750 percent in bauxite during the same period. The
annual compound growth rate of the F.M.E. world zinc mine
production for 1960-74 was over 4 percent. However, the
growth rates in different countries has varied substantially
(see Table II.2). For instance, closure of many o0ld mines in
the U.S.A., the leading producer of zinc ore in the world
until the late 50's, has resulted in only a 1 percent growth
rate over the last 15 years. Canada, on the other hand, the
leading producer of zinc ore since the early 60's, has
observed a growth rate close to 9 percent. This high growth
rate in Canada is largely attributable to the opening of many
new mines in the province of Ontario. A similar difference
in growth’rates was observed in Mexico and Peru, the two
other large mine producers of zinc, their growth rates being
0.5 and 6 percent respectively. Mexico, that produced about
70,000 metric tons more than that of Peru in 1960, was

surpassed by Peru by about 140,000 tons in 1974. Both

1e.g.,during the interwar period,many mines continued to

operate for many years in spite of higher average variable
costs as compared to average revenue. See Appendix to
Chapter TIII.
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(1000 Metric Tons,

F.M.E.

TABLE II.Z2

WORLD ZINC ORE PRODUCTION

Zinc in Concentrates)

ANNUAL
COMPOUND
AREA OR COUNTRY 1960 3 OF TOTAL 1974 # OF TOTAL GROWTH
1960 1974 RAT
E
1960-1974
Australia 294.8 11.5 429.0 9.7 2.7
Canada 390.0 15.3 1,237.3 27.9 8.6
Mexico 243.6 9.5 262.0 5.9 0.5
Peru 178.0 7.0 397.2 8.9 5.9
U.S.A. 431.1 16.8 498.3 11.2 1.0
Europe 534.8 20.9 818.4 18.5
Rest of World 485.8 19.0 795.4 17.9
TOTAL 2,558.2 100.0 4,437.6 100.0 4.0
SOURCE: Department of Fnerqgy, Mines and Resources (1976, 32).

8T
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Australia, the third largest producer of zinc ore in the
free market world, and all the European countries together
experienced a growth rate of about 3 per cent.l Japan,
Zaire and Zambia have also been important producers.
However, the shares of these countries have been declining,
whilst some countries such as Argentina, Bolivia, Iran,
South Korea and S.W. Africa, although insignificant in terms
of their shares in comparison to the world zinc market at
present, have shown important prospects for increasing mine

production of zinc in the F.M.E. world.

The major producers of zinc ore in the centrally
planned economies (C.P.E.) are the U.S.S.R., the second
largest producer in the world, Poland, Bulgaria, P.R. China
and North Korea. Although production of zinc ore in the
U.S.5.R., P.R. China and N. Korea in the past has increased
substantially, the production of zinc ore in Poland and
Bulgaria has remained more or less constant. The share of

the C.P.E. world in the total world mine production of zinc

lBoth the European and Australian mines are relatively old.

Many deposits have reached exhaustion in both the conti-
nents. However, Ireland in Europe and a few new mines
such as Hilton and Lady Lorretta in Australia seem very
‘promising at present. Opening of these mines at present
has been postponed for various political and economic
reasons. The major producers of zinc concentrate in
Europe have been Germany F.R., Italy, Spain, Sweden and
Yugoslavia. Share of Italy over the past few decades
have gone down considerably. For a detailed discussion
on individual mines in different countries, see Roskill
(1974, Chap. 1IV).
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during 1956-74 has increased from 17 percent to 27 percent.
However, the consumption of zinc in the C.P.E. world has
also increased from 17 percent to 26 percent during the
same period, resulting in a very limited flow of zinc

between the F.M.E. and the C.P.E. countries of the world.

Secondary Supply

Besides the primary resources of supply, secondary
sources, the so-called 'surface mines', and new scrap have
been increasingly contributing to the total supply of
metals. 'Surface mines' refer to the accumulated pile of
those fabricated materials containing metals which are
worn out or discarded. In the case of zinc, recovery of
the metal is possible only in a few areas of its consump-
tion. Particularly, zinc used in galvanizing and chemi-
cals is not recoverable. These two uses of zinc alone
constitute about 40 percent of the total zinc consumed.
Zinc is ﬁainly recoverable from the zinc base alloys such
as brass and die-casts alloys. The principal zinc-
bearing scrap materials include automobile parts, home
appliances, roofing sheets etc. On the average, zinc

recovered from this old scrap has accounted for about 5 per-
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cent of the total zinc supply.l

New scraps consists of wastes and surplus material
left over as residuval in the process of making semi-
manufactured or fully-manufactured goods. It is collected
at the galvanizers, die-casters plants, and at the plants
of some manufactured goods containing zinc in substantial
quantities. The collected scrap is returned to the
refineries for remelting and subsequently used in further
manufacturing. The proportion of zinc recovered from new
scrap at present amounts to about 5 percent of the total

. . . 2
zlnc consumed in a given year.

Smelter Production

Geographical distribution of zinc metal production
has been historically very different from that of the mine
production of zinc. During the early decades of this

century, more than 90 per cent of the zinc metal was

lHowever, these surface mines of 0ld scrap continually
increase with the consumption of the metal and thus
provide an alternative source of zinc for the future.
Recovery of zinc from this old scrap material in the
future will depend on the cost of collection and method
of recovery. Technological developments in the methods
of recovery may make this a very attractive alternative
source of supply. For a detailed discussion on this
aspect, see Roskill (1974, Chap. II).

2Ipid.
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produced in some of the European countries and the U.S.A.
Whereas U.S. market was protected by high tariff walls,

European producers attempted to dominate the rest of the
world zinc market by cartel like actions. To this end, a
formal European zinc cartel was formed and broken several

times from 1885-1935.l

This concentration of metal
production in the above regions has continued until
recently. In 1960, the share of some of the major European
countries and the U.S.A. in the F.M.E. world zinc metal
production accounted for 70 percent, whereas the above

countries produced only 36 percent of the F.M.E. world zinc

mine production.2

The main reasons for this concentration of metal
production in the above few countries lay in the cheaper
source of energy, technological supremacy in the science
of metallurgy, and easy accessibility of lumpy investments
required for the smelting plants. The countries with
larger production of zinc ore lacked both coal and hydro-
electric processes respectively. The nature of smelting
technology often requires large capital investment to

start production at an efficient level which was not easily

1Historical details of these aspects are listed in the
appendix to the next chapter.

’For details, see Roskill (1974, Chap. IT).



F.M.F, WORLD ZINC METAL PRODUCTION

TABLE II.3

(1000 Metric tons)

COMPOUND
AREA OR COUNTRY - 1960 ¥ OF TOTAL 1974 ® OFlgngL
 1960-1974
Australia 122.2 5.0 283.8 6.5 6.2
Canada 236.7 9.7 437.7 10.0 4.5
Mexico 52.9 2.2 137.0 3.2 7.0
Peru 32.5 1.3 70.7 1.6 5.7
U.S.A. 791.5 32.5 574.9 13.2 (- 2.3)
Europe 922.5 37.8 1,708.7 39.2 4.5
Japan 180.5 7.4 850.0 19.5 11.06
Rest of World 100.4 4.0 299.3 7.0 7.8
TOTAL 2,439.2 0 4,362.1 100.0 4,2

SOCURCE: Tlepartment of Energy, Mines and Resources (1976, 33).

£c



available in these countries. Further, developments in
technology were often kept secret so as to avoid the
possibility of smelting in the countries that were rich

in the minerals containing zinc.l

During the last 15 years, the production of zinc
metal in the F.M.E. world has increased at the rate of 4.2
percent per year (see Table II.3 above). However, due to
the closure of many smelting plants, the U.S.A. has lost
its leading position to Japan which has emerged as the
largest producer of zinc metal. The closure of many plants
in the U.S.A. during the 1969-73 period (see Table II.4)
occurred because of their inability to meet the requirements
of the recent environmental legislation instituted in that
country.2 Similar legislation has also been passed in some
other countries, notably Japan and some European countries.
But in these areas, the closed plants have been replaced by

the new ones which meet the present legislative requirements.

Recently with the removal of initial barriers to
setting up smelting plants and the recognition of the
benefits of employment and value added through integrating

zinc ore and metal production within the same country, zinc

lFor details, see appendix to Chapter III.

2For many of these plants were too old, renovations to meet
the legislative requirements were found too costly to be
undertaken.



TABLE II.4

CLOSURES OF U.S. ZINC SMELTORS 1969 - 73

TYPE OF ANNUAL YEAR

COMPANY LOCATION SMELTOR CAPACITY CLOSED

(Short tons)
ANACONDA BLOCKWELL, OKLA. E. 90,000 1969
EAGLE~PITCHER HENRIETTA, OKLA. H.R. 55,000 1969
AMERICAN ZINC CO. DUMAS, TEXAS H.R. 58,000 1971
AMERICAN ZINC CO.l SAUGAT, ILLINOIS E. 84,000 1971
MATHIESEN & HEGELER MEADOWBROOK, W. VA, V.R. 45,000 1971
NEW JERSEY ZINC CO. DEPUE, ILLINOIS V.R. 65,000 1971
ANACONDA GREAT FALLS, MONT. E. 162,000 1972
AMAX BLACKWELL, OKLA. H.R. 88,000 1973
ASARCO? AMARILLO, TEXAS H.R. 53,000 1973

616,000
H.R.: Horizontal Retort; V.R.: Vertical Retort; E.: Electrolytic

1. Amax has purchased Saugat Plant, modernized and reopened in 1975.

2. Asarco's Amarillo, Texas Plant was allowed to operate until December, 1973 with
a condition to comply with the Texas Air Control Board's standards. Asarco has
appealed to extend operations throuch 1975.

3. Excluding, reopened Saugat Plant.

SOURCE: Engineering & Mining Journal, Various issues.



26

ore producing countries have been increasingly trying to
smelt the ores within their own territory. The major con-
tribution to the high growth rates in the metal production,
except for Japan, have come from the zinc ore producing
countries. Australia, Canada, Mexico and Peru together,

have thus increased their share from 18 to 21 percent.

The recent call for the New International Economic
Order at the United Nations also proposes that all the raw
materials including minerals be processed within the raw

material producing country itself.l

This is likely to
have some impact on the tendency in this direction already
observed in the past. Although the data on future develop-
ments in this direction are not sufficiently available, we
do have some information based on the declared plans for
building-up new plants or expanding the existing ones in
some countries during the period 1975-80. The smelter
capacity in the F.M.E. world is expected to increase from
about 5 ﬁillion metric tons (m.t.) in 1974 to about 6.4
million m.t. in 1980; that is an increase of about 30 per
cent. The share of the E.E.C. countries and Japan, who have
produced only 14 percent zinc ore in the F.M.E. world, will
decline from 50 percent in 1974 to 40 percent in 1980.2

In fact, no new plant construction, is expected in any of

1Krenin and Finger (1976).

2Department of Energy, Mines and Resources (1976, 50-55).
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these countries during this period. The U.S.A. is the only
major country among those dependent on foreign ores where
smelting capacity is likely to increase from 635,000 m.t.

to 859,000 m.t. This, however, reflects only a replacement
of some of the smelter closures during 1969-73 period. Among
the European countries, major expansion plans are expected to
be undertaken in Finland, Yugoslavia and Spain. Whereas
Finland and Yugoslavia will just manage to break even with
their mine and smelter production, Spain may have to depend
largely on imported zinc concentrates for its expanded

capacity.

Of the major zinc producers of the F.M.E. world, only
Mexico and Peru plan to increase their smelter capacity to a
significant degree. With the planned expansions of smelter
capacity, almost 3/4 of the zinc mine industry in these two
countries will be vertically integrated. In Australia, where
70 percent of the zinc mine production is already vertically
integrated, there do not seem to be any plans for further
increase in smelting capacity at present. Canada plans to
increase her smelting capacity from 557,000 m.t. in 1974 to
786,000 m.t. in 1980. Even by 1980, however, a large part of
the Canadian mine production of zinc (about 50 percent) will
have to be exported to the zinc reduction plants outside the
country. A further increase in the smelting capacity in

Australia and Canada, the largest producers of zinc ore, may
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in future change the structure of the world zinc industry to
a great extent. A large part of the world market in zinc
concentrates, as a consequence, may be wiped off; a number
of the smelters in the E.E.C., Japan and the U.S.A. may have
to be closed down; and, more importantly, the balance of
power in the world zinc market may turn in favour of the

major zinc ore producing countries.

{
2. WORLD DEMAND FOR ZINC

In terms of consumption, zinc ranks third behind
copper and aluminium only, am@ongst all the non-ferrous metals
in the world. Construction and manufacturing (particularly
automobiles) industries are the major users of zinc. In the
U.S.A., in 1974, where the data by the sector of final demand
are available, the construction industry used about 38 percent
of the zinc metal, followed by the transportation industry
(27 percent), the electrical industry (13 percent), and
machinery (13 percent). The rest was used by the various

other industries such as household appliances (non-electrical),

1 . .
Data on consumption structure of zinc have been more

extensively collected as compared to the data collected on
any other aspect of the world zinc industry. There are
numerous sources for the data. However, Metal Statistics,
Metalgeselsehaft, A.G. (one of the oldest annual publica-
tions), and Lead and Zinc Statistics, a relatively recent
monthly bulletin, published the International lLead and

Zinc Study Group, U.N., are the most reliable with regard
to the consistency of data. The analysis in this section
is based on the data from one of these two sources, unless,
otherwise indicated.
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lithography, batteries, artistic goods, etc.l Besides, zinc
compounds made either from zinc metal or zinc ore, have found
applications in a wide variety of uses including the rubber
industry (mainly automobiles), the paint industry, photocopy,
pharmaceuticals, cosmetics and nutrition. In most instances,
however, unlike copper and aluminium, both the quantity and
the cost factor of zinc in the end-product is too small for

an immediate recognition of its importance.

Continuous research and development for extending the
uses of zinc, and the corresponding industrial growth have
resulted in a significant increase in the consumption of zinc
during the last century. Since 1900, consumption of zinc
has increased from 600,000 to 6 million tons. During the
period 1960-74, consumption of zinc grew at an annual growth
rate of 4.6 percent. In per capita terms, this amounts to an
increase from 1.3 kg. in 1960 (as compared to 5 kg. for all

the non-ferrous metals, together) to 1.8 kg. in 1974.

Growth in consumption has been however, very different
between countries, mainly due to their stages of industrial
development. For instance, from 1960-74, growth rate in the
U.S.A. and the E.E.C. was recorded only at about 3 percent as
compared to some other countries where growth rates ranged

between 5 and 15 percent. Canada and the European countries

lU.S. Bureau of Mines (1975, 10).
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(other than the E.E.C.) observed growth rates of about 7
percent. Japan has made the largest contribution (in
total) to the consumption of zinc at a growth rate of 9
percent. Growth rate in consumption of zinc in Australia,
however, was exceptionally low, at 1.9 percent. Growth
rates in consumption of zinc in the developing countries
varied between 7 to 17 percent. Thus, in future, consump-
tion of zinc may be expected to grow with the increasing

industrialisation of the less developed parts of the world.

Concentration in the Consumption of Zinc

Consumption of zinc, as observed above, is concen-
trated in the relatively more industrialised countries of
the world. The U.S.A., the E.E.C. countries and Japan
together accounted for about 80 percent of the F.M.E,
world zinc consumption in 1960. Their share however,
decreased to 72 percent in 1974. 1In the above group of
countries, whereas Japan, during this period, doubled its
share (from 7.7 to 14.8 percent), the share of the U.S.A.
and the E.E.C. countries declined from 32 and 40 percent
to 27 and 31 percent respectively. The U.S.A., even at
present, however, occupies the leading position followed

by Japan (14.5 percent), W. Germany (8.5 percent), France
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(6.7 percent) and the U.K. (5.9 percent).l The shares of
the other developed countries (excluding Australia whose
share declined from 3.2 to 2.6 percent) and all the develop-
ing countries in the F.M.E. world increased from 10 and 7

percent to 13 and 12.5 percent, respectively.

The differentials in the increments for the consump-
tion of zinc in the various countries very much agree with
the variations in the increments for the industrial pro-
duction in these countries. For instance, the increases in
the industrial production between 1963-74 (1963 = 100) were
recorded at 164 for the U.S.A., 320 for Japan, 170 for W.
Germany, 185 for France, 135 for the U.K., 164 for the rest
of the developed world (F.M.E. world only), and 220 for all
the developing countries together in the F.M.E. world.
Further, in the short-run as well, the consumption of zinc
may be seen to vary according to the cyclical fluctuations

in the industrial production in the various countries.

llf the consumers of zinc metal could form a combine or

persuade their national governments to do so, there is a
great likelihood of an oligopsonistic market structure.
However, due to (1) a wider distribution of consumers in
any one nation state (2) lower importance in terms of
-cost, and (3) the essential nature of zinc in the final
consumer goods - it is not likely for zinc consumers to
either form a successful cartel on their own initiative

or persuade the Governments to join hands for this purpose.
These limitations make the concentration of metal consumers
ineffective for any market imperfections on the buyers'
side in the metal market.
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Consumption Structure of Zinc

Although the total consumption of zinc varies
according to the industrial production in general, varia-
tions in some of the end-use categories of zinc depend
more appropriately on some particular industries alone.
Further, the consumption structure of zinc differs sub-
stantially between countries. Thus, an appropriate iden-
tification of demand structure requires a closer look at
the structure of consumption of zinc in different countries,

both for analysis and estimation of demand functions.

A classification of the total consumption of zinc
which could be more appropriate for economic analysis would
require the division of zinc consumption into categories
according to the sectors of final demand. Data for such a
division are not available, either in the aggregate for all
the countries, or for different countries separately,
except for the U.S.A. The classification conventionally
followed in the publication on the consumption of zinc is
rather in terms of the 'intermediate-use' ~ conventionally
called the 'end-use' categories. The consumption of zinc
is usually divided in terms of six end-use categories.
’These are galvanizing, die-casting, brass, rolled zinc,
zinc-oxide and miscellaneous. However, fortunately, one
may easily identify some of the major categories with some

broad sectors of final demand. This will allow
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us to use the end-use classification, as available, in
quite a meaningful way for the study of policy problems
and business fluctuations arising from the movements in
some of the major final demand variables. Here this link
will be mentioned briefly, leaving a detailed discussion

of a technical nature to the appendix of this Chapter.

Zinc's anti-corrosion property, together with its
lower melting point, its solubility in copper and some
other metals, its inherent ductility, and its maleability
are the major characteristics responsible for its use in
galvanizing steel, in alloys for die-casts, in brass, and
in the form of rolled zinc, and zinc-oxide. Galvanized
steel products are used primarily in construction, although
their use is also increasing in some home-appliances,
office~equipment, and automobile under-~body parts. The
automobile industry consumes more than half of the die-
casts production, the rest being used in many household
appliances, office-equipment etc. Parts of brass (zinc-
copper alloy), rolled zinc and zinc-oxide are also used in
construction, such as roofing materials, gutter, hardware
and paints. Chemical and rubber industries are the major

users of zinc-oxide.

Galvanizing and die-casting are the major uses of
zinc and together account for more than 60 percent of the

total consumption of zinc. Brass is the next major use



34

accounting for about 17 percent, the rest being distri-
buted for use in the form of rolled zinc, zinc-oxide and

. 1
many other miscellaneous uses.

The above pattern of zinc consumption is however
not uniform in the various countries. In general, the
differences in the consumption pattern arise because of
the differences in the stages of development, industrial
structure, and consumer preferences. For instance, the
use of galvanized products varies from about 55 percent in
Japan to only 26 percent in the U.K. The European
countries have some traditional preference for using brass
rather than galvanized steel in some constructional
applications, as compared to other countries.The share of
zinc consumption for die-casts purposes varies among the
countries because of differences in the proportion of
automobile production in the total industrial production,
as well as the preferences for using zinc die-casts in
automobiies. Thus the share of zinc die-casts in the total
consumption of zinc ranges from 20 per cent in the U.K. to
35 per cent in the U.S.A., For similar reasons, the propor-
tion of rolled zinc used in construction in some of the

European countries differs substantially.2

lSee Table II.A.1l, Appendix to this chapter.

2Ibid.
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Substitution Possibilities

Zinc is often used as both a complementary and a
substitute material with other ferrous and non-ferrous
metals. Steel, aluminium and copper are the main comple-
mentary metals for the use of zinc in galvanizing, die-
casting and brass respectively. Every 1000 metric tons of
steel produced uses about 4 metric tons of zinc for galva-
nizing steel. About 4 percent of aluminium is used for
zinc die-cast alloys. Brass is made up of 5 to 40 percent
of zinc and the rest copper, depending on the use to be
made of the brass. Interestingly enough, the same metals

also compete with zinc in its many end-use categories.

Substitution possibilities for zinc, as for any
other metal, depend on (i) availability of the substitute
materials in sufficient quantities, (ii) similarity in
technical properties, and (iii) relative cost of

replacement.

In terms of similarity in technical properties,
aluminium and magnesium are the only major metals that can
be used for coating steel. Therelative price of magnesium in
the past did not attract any substitution. Moreover,
magnesium has not, yet, been available in sufficient

quantities to convince the consumer to replace zinc in its
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major uses.l Aluminium has been used to some extent for
coating steel but is technically inferior to zinc in pro-
tecting steel from atmospheric corrosion.2 In die-casts as
well, technically speaking, aluminium and magnesium are the
only promising substitute metals for zinc. Given an
adequate increase in the relative price of zinc vis-a-vis
these metals, aluminium, which is available in sufficient
quantities, may, in the long-run, prove to be a suitable
substitute for zinc on a larger scale. However, relatively
easy machining and greater precision obtained with zinc will

limit the substitution of aluminium to some extent.

The use of zinc for brass and rolled zinc, as noted
above, is more popular for construction purposes in the
European countries. This is mainly because of traditional
preferences which may change with time, or with a suffi-
ciently large change in relative prices. Use of brass for
amunitions depends more on political or military factors
and technological developments in the armaments industry.
The use of rolled zinc in lithography does not attract any
substitution as zinc is the most technically suitable metal

for the purpose. Similarly, use of zinc for zinc-oxide in

lConsumers would like to see whether the material, which

is a potential substitute for zinc, is available in
sufficient quantities, as the substitution of one material
for another involves changing plant-technology for
producing the goods which used zinc previously.

2See appendix to this chapter.
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the rubber and paints industries, which use 3/4 of the
available zinc-oxide, hardly attract any substitution,

again owing to some technological factors.

Thus, the substitution possibilities for zinc are
very limited, at least in the short-run. In the long-run,
of course, no material is indispensable if a sufficient
change in relative prices warrants such a substitution.
However, the cost of zinc in the end-product is often so
small that even a relatively large change in price of zinc
may take some time to convince zinc consumers to replace
it with some other material. This is corroborated by
estimates of demand price elasticities -~ to be discussed
in detail in Chapter V - which are very low. These
estimates, though statistically significant in the long-
run, are close to zero or often wrongly signed in the short-
run. In particular, the uses of zinc for die-cast, brass
and the miscellaneous categories, as would be expected
from the above discussion, show up rightly signed high
elasticity values in the long-run, though the short-run
elasticity values for these end~use categories are either
zero or very low. This pattern of consumption response may
be attributed to the facts that (a) changes in relative

prices of zinc have not crossed the permissible range for
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non-substitution,l and (b) technological factors predomi-

nate for the consumption of zinc in many areas.

Future Developments

Consumption of zinc in the future may be adversely
affected by factors such as a reduction in the relative
prices of the existing substitutes, and some technological
or institutional developments. A few of such developments,
which may be speculated at present, may be noted as follows:

(i) a development of alternative materials

such as hard plastics at relatively
attractive prices,

(ii) a change in the nature of the end-product

itself,

(iii)a development of more suitable alloys,

(iv) a change in the traditional use

of zinc in some final products.

Hard‘plastics, which have already been developed,
such as ABS, Polyamide nylone 6/6, Polycarbonate, Polypro-
pylene and Polysterene, may be used for die-casts where a
longer life of the die is not a binding requirement. In

fact, French automobile producers were already using some

1In 1964, in fact, when the zinc prices in the free market

were observed crossing the non-substitution range, the
major producers of zinc ore and metal introduced a fixed
price system now popularly called the European producer's
prices. For details see section IV of this Chapter.
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of these plastic materials in the late 'sixties for
radiator grills, air-vents etc., and were expected to
extend the use of these plastics to some other automo-
bile parts. The recent price rise in zinc and other
metals further encouraged the consumers in Japan and some
other countries to think seriously about substituting
plastics for zinc. However, the accompanying rise in the
petroleum prices have inhibited such a substitution. '
Besides their use for die-casts, plastics can also substi-

tute zinc in some of its constructional applications such

as coating steel, piping etc.

A change in the nature of the final product such
as a shift in preference towards smaller and/or light-
weight cars, induced by higher o0il prices, or introduction
of electric cars or municipal mass transit systems induced
by environmental considerations would adversely affect the

growth in zinc consumption.

Further, technological development in producing
special kinds of steel which could be immune to atmos-
pheric corrosion or some other metal alloys which may
possibly replace zinc in some of its major uses might

reduce consumption of zinc in the future.

On the other hand, technological necessity and/or
superiority of zinc over other metals in many final

products, as well as individual tastes and preferences for
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zinc over other materials such as plastics, could, in
future, restrict the possible reduction in growth of zinc
consumption. Technological development in the metallurgy
of zinc may make it more desirable in some uses. Research
and development as carried out by some research organisa-
tions such as the International Lead and Zinc Research
Organisation may expand the consumption of zinc by finding

new avenues.

A priori, therefore, it is difficult to predict
which factors will be stronger in influencing consumption
of zinc in the future. However, what is more clear is the
fact that the future growth in the consumption of zinc may
not be very significant provided that zinc prices in the
future remain relatively stable and technological develop-
ment in zinc does not lag behind development in other

competitive metals and materials.

3. INTERNATIONAL TRADE

As may be expected from the above discussion of
demand and supply aspects, the international market for zinc
may be divided into two, one for zinc ore and the other for
éinc metal. Some countries have excess production of zinc
ore in relation to their available smelting capacity, and
this brings them onto the world market to sell their ore to

countries with excess smelting capacity relative to mine
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production of zinc. The smelting capacity in relation to
the consumption requirements of the metal in a country
determines its position (buyer or seller) in the world
market for zinc metal (See Table II.5). This is based on
the presumption that the cost of transporting ore and
metal from one country to another will make it necessary
to satisfy the maximum possible requirements from within
the country. Besides, consumers of zinc may prefer to
obtain their metal requirements from the local producers
for the following reasons: (1) they may feel more secure
obtaining the metal in the local market in an emergency
such as war or general shortages or an unforeseen increase
in the demand for their products,1 (2) they may have
business interests in the locally produced metal,2
(3) their specifications may be more adequately met by

local producers.

World Market for Ore

In 1960, Australia, Canada, Mexico and Peru
together accounted for about 83 percent of the total free

world exports of the mine production of zinc. Although

lSee Fisher, Cootner and Bailey (1972).

2For instance, many smeltors have their own mines; many
consumers of the metal such as steel companies and
brass manufacturers have business interests in the
local smelting plants.
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TABLE II.5
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(Thousand M. Tons,

Zinc Content)

42

Country/Area Mine Metal Metal Mine Metal
Produce Produce Cons. Balance Balance
1960
(1) (2) (3) (1)-(2) (1)-(3)
AUSTRALIA 277 122 93 + 155 + 29
CANADA 367 237 51 + 130 + 186
MEXICO 271 53 30 + 218 + 23
PERU 167 32 2 + 135 + 30
U.S.A. 408 792 790 - 384 + 2
JAPAN 148 181 189 - 33 - 8
EUROPE 540 123 1,127 - 383 - 204
REST OF WORLD 232 99 172 + 133 - 73
TOTAL F.M.E.WORLDl 2,410 2,439 2,454 - 29 - 15
1974
AUSTRALIA 386 284 120 + 102 + 164
CANADA 1,113 438 137 + 675 + 301
MEXICO 263 133 60 + 130 + 73
PERU 357 71 17 + 286 + 54
U.S.A. 448 575 1,220 - 127 ~ 645
JAPAN 216 850 678 - 634 + 172
EUROPE 736 1,709 1,769 - 973 - 60
REST OF WORLD 473 302 569 + 171 - 121
TOTAL F.M.F. WORLDY 3,994 4,362 4,570 - 368 - 208
SOURCE: Tepartment of Eneragy, Mines and Resowrces (1976, 31).
1 Balances for totalF.M.F. world are accounted for by scrap supply,

stock changes and trade with C.P.E. world.
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the market shares of the individual countries changed over
the 1960~74 period, the total share of these four countries
in the F.M.E. world exports remained constant. Canada and
Peru increased their shares from an equal figure of about
17 percent to 50 and 21 percent respectively. Australia
and Mexico stood as the main losers as their shares
declined from 20 and 28 percent to 7.5 and 10 percent
respectively. Canada, thus occupies a leading position
with 50 percent of the total free world sales of zinc ore
in the world market. At the same time, it may be noted
that total exports as a proportion of total mine production

remained fairly constant at 33 percent.

The U.S.A. and some more industrially developed
European countries were the main buyers of zinc ore, ab-
sorbing more than 20 percent of the total zinc ore marketed
in 1960. Both the U.S.A. and the European countries as a
whole, shared equally in this market for zinc ore. By 1974,
whereas the share of the European countries as a whole
remained stable at 46 percent, the share of the U.S.A.
declined considerably to about 6 percent only. The primary
reason for the decline in the U.S. share has been the
closure of many smelters in the late 'sixties and early

'seventies.
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TABLE II.é6

F.M.E. WORLD ZINC IN CONCENTRATE TRADE 1974

IMPORTERS - PERCENT
EXPORTERS EUROPE JAPAN U.S.A. OTHERS TOTAL OF WORLD
(1000 of M. Tons) TOTAL
CANADA 411 196 164 51 822 46.4
AUSTRALIA 93 114 - 5 212 12.0
PERU 156 135 13 14 318 18.0
OTHERS 1791 122 52 66 419 23.6
TOTAL 839 567 229 136 1771 -
% OF TOTAL 47.4 32.0 13.0 7.6 - 100.0
SOURCF . Department of Energy, Mines and Resources (1976, 35) and

Tnternational Lead and Zinc Study Group (June, 1975).

1. Excluding Intra-European Trade (407,000 Tons)

TABLE II.7

F.M.E. WORLD ZINC-METAL TRADE - 1974

IMPORTERS
EXPORTERS EUROPE U.S.A. OTHERS TOTAL ¢ OF TOTAL
(1000 M. Tons)

CANADA 32 239 25 296 29.0
AUSTRALIA 14 38 109 161 15.7
PERU 8 28 30 66 6.5
MEXICO 23 35 16 74 7.2
OTHERS 791 169 178 4262 41.6
TOTAL 156 509 358 1023 -

§ OF TOTAL 15.2 49.8 35 100.0 100.0

SOURCE: Same as Table 1II.6.

1. Excluding Intra-European Trade (398000 Tons)
2. Japan = 172000 Tons (18%)
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World Market for Zinc Metal

The U.S. alone absorbs about 1/2 of the metal sold
on the world market. This is in contrast to about 2000
metric tons that the U.S. exported in 1960. Again the main
reason is the recent closure of many smelters in the
country. Imports to both Japan and Europe declined substan-
tially over this period. The European countries that
together absorbed more than 1/2 of the world zinc metal
from the world market (excluding intra-European trade) have
observed a decline in their market share to 15 percent only.
Japan, on the other hand, has not only become self-
sufficient in its metal requirements, but also now
supplies a substantial proportion (17 percent in 1974) of
the total metal marketed in the F.M.E. world (excluding

intra-European trade). See Table II.7, above.

Besides Japan, the major suppliers of metal in the
world market are Australia, Canada, Mexico and Peru,
constituting more than 60% of the metal marketed (excluding
intra-European Trade). This is in contrast to the share
of these countries at about 85 percent in 1960. The
decline in their share has mainly been gained by Japanese

smelters.

Thus only 1/4 of the total zinc metal and 1/3
of the total zinc ore enter the world markets. On the

seller's side, in both the zinc ore and zinc metal markets,
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the four countries - Australia, Canada, Mexico and Peru,
Canada playing the leading role - are the main suppliers

of about 80 and 60 percent of the total ore and metal,
respectively, entering the world trade. On the buyers'
side as well, the zinc ore market is fairly concentrated,
some European, Japanese and U.S. smeltors accounting for
about 90 percent of the total ore traded. This concentra-
tion on the ore imports side in the future is, however,
likely to decrease as the mining countries increasingly
smelt their own mine product. We shall discuss this aspect

in detail in the next chapter.

4, THE PRICE SYSTEM

Zinc is an internationally traded homogeneous
commodity.l The international prices, therefore, in the
different countries should be proportional to differences
in the costs of transportation and tariffs, if any. How-
ever, the price system in the zinc industry reflects various
institutional characteristics and therefore requires more
careful study. We shall, for convenience, divide the
discussion of the price system into price structure and

rice behavior.2

lQuality differences, if any, due to particular technological
specifications of ore and metal are automatically scaled up
or down proportionally in the prices and thus have no
implications for the price behavior.

2This section is largely based on the information published in
the various issues of Engineering and Mining Journal and
Metal Statistics, unless otherwise indicated.
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Price Structure

At present, there is a three-tier price-system in
the international market for zinc:
(1) The London Metal Exchange (L.M.E.) Price.
(2) Producer basis price that prevails outside
the U.S.A. (usually referred to as the
Commonwealth producers (C.W.P.) Price.

(3) The U.S. producers' (U.S.P.) Price.

The London Metal Exchange, which was founded in
1882, has, since then, developed and maintained the
position of a terminal market for all the major non-ferrous
metals except aluminium. Each day, four prices are issued
for all these metals - the buyers' and sellers' prices for
delivery the day following, and for delivery in three
months. The co-existence of the L.M.E. with long term
contracts in ore and metal provides an opportunity for
the consumers, who are 'long' or 'short' in terms of quanti-
ties, to correct their position. The forward-market at
the L.M.F. allows the buyers and sellers to hedge against
the short-term price fluctuations. Thus a proper function-
ing of the L.M.E. can serve both as a sensitive indicator
of supply and demand imbalances as well as an instrument for
stabilising short-term market fluctuations. However, the
market has exhibited very unstable behavior over time,

especially with the erosion of prices in 1957 and their
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escalation in 1964. This led to the establishment of a
fixed price system by the major ore and metal producers
(outside the U.S.A.) towards the end of 1964. Since then,
the turn-over on the L.M.F. has fallen substantially now
accounting for only 10 percent of the total F.M.E. world

trade in recent years.

After a relatively long period of stable prices,
the price of zinc at the L.M.E. doubled from an average
of £76.8/ton in 1963 to £155/ton in late 1964. This
caused great concern among consumers whose requirements
were drawn on the earlier prices, and fear amcng producers
of substitution by other metals such as aluminium and
steel which are known for relatively stable prices. The
lack of adequate stocks to control such a price-hike among
the metal producers led the major non-U.S. producers to
agree upon a fixed price system. In fact, the Imperial
Smelting Company of the U.K. was the initiator of this move
and was supported by the important producers in Australia
and Canada. Later, the other smelters of the European
Continent also agreed to join these major Commonwealth
producers. Initially, on 13th July, 1964, this combine of
the Commonwealth producers fixed the price at £125/ton.
Fear of substitution even at this price led them to reduce
the price to £110/ton within two months. Since then, both

the L.M.E. and the C.W.P. prices have moved together until
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7

recently. The L.M.E. price, of course, as it is very
sensitive to demand-supply imbalances, had a larger
fluctuation. After about 10 years of relative stability,
the L.M.E. price has again shown a very sharp upswing by
about 400 percent within one year - 1973-74. The continu-
ing high demand and the closure of many smelters in the
U.S.A. also encouraged the C.W. producers to raise their
price by about 100 percent during the year. By the end of
1974, the L.M.E. price again dropped in line with the
C.W.P. price and once again both the prices started moving
together. Although the turnover on the L.M.E., as noted
above, has decreased to about 10 percent of the total
trade, it still remains the price which is market-
determined and thus a better indicator of the market

situation.

The C.W.P. price continued to be quoted in £ ster-
ling for the Good Ordinary Brand (98 percent purity -
G.0.B.) zinc metal until 1975-76 when the severe erosion
of £ sterling promoted a switch to the more stable U.S.
currency. All the producers of concentrate and primary
metal outside North-America base their sales on this
price which is quoted as c.i.f. world port basis. Delivery
of the metal to inland customers is based on this price,
in the domestic currency equivalent, plus any additional

costs of freight, duty and grade premiums (more than 98
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percent purity). These additional costs to the customers
are based usually on negotiations between individual
sellers and buyers and the concurrent market conditions.

Metal Bulletin (London, England), reports the producers'

price every day which changes only when the price changes
have been announced by the major metal producers in
Australia, Canada and Europe with a combined smelting capa-

city of more than 1 mn. tons per year.

The U.S. producers' price for'prime western' grade

zinc (98 percent purity), is published in Metals Week.

This is based on the prices announced by the U.S. primary
zinc producers. The price is a weighted average that
reflects both the prices charged and the sales made by the
individual producers. This same metals price also forms a
basis for the price of concentrates sold to smelters in the
U.S. Since 1972, the foreign producers have set-up a
separate price for the sale of zinc in the U.S.A., which is
often coﬁpetitive to the U.S. producers' price. The U.S.
producers' price has also often been influenced by the
various U.S. Government policies such as tariffs, quotas,
the U.S. Government's Stockpile Program and some additional
incentives to smaller companies. These policies will be

discussed 1in the next section.

Although the price of concentrates to a large extent
depends on the price of metal itself, the pricing system for

concentrates is a little more complicated. The market price
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of the concentrate depends on: (a) the actual price of the
metal; (b) costs of the recovery of the metal and the
associated by-products and co-products (which in turn

depend on the nature of ores and the smelting process
employed) ; and (c) the benefits of the associated metals

to the smelters. Smelters usually pay for 85 percent of

the zinc content in the concentrate, although recently
recovery of the metal has substantially improved due to

more advanced smelting processes. The smelting charges
often represent about 37 percent of the payable zinc value.
The payment for other metals recovered in the process
depends on the recovery of these metals, cost of recovery
and the market conditions. Usually the sale of concentrates
is based on two to three year contracts with delivery at the
buyers works or the c.i.f. ports of discharge depending on

the agreement between the buyers and the sellers.

Price Behavior

Although the London Metal Exchange, the terminal
market for most non-ferrous metals, was opened in 1882, its
free operation was severely hindered during the inter-war
period because of various political factors. It resumed
its free operation only in late 1953. The discussion in
this section will be limited to the period after 1955 only,
leaving the discussiqn of the earlier period to a historical

appendix to this chapter.
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The behavior of prices during this period can be
more conveniently analysed by dividing this period into
1955-1964, when the world zinc market had a two-tier price
system, and the 1965-1975 period, which could be charac-

terized by a three-tier price system, as noted above.

1955-1964 Period

If there were free trade between the U.S. and the
rest of the world, one would expect one single price in the
world zinc market varying according to the supply-demand
imbalances. The U.S. producer price, however, is influ-
enced by few producers, and supported in its cause by the
various U.S. Government policies. Nevertheless, as the
Government support policies have been temporary in nature,

the long-run tendencies of both prices have been similar.

Cessation of the high demand of the war period and
price controls led initially to an immediate fall in both
prices. Surplus of zinc during 1952-53 was between 70 and
80 thousand tons, leading to a sharp fall in the L.M.E.
price from 24¢ per 1b. to 9¢ per 1lb. with a differential of
about 2¢ per 1lb. for the U.S. producers' price. With the
declaration of purchase of zinc by the U.S. Government for
its stockpile program up to 300 thousand tons during 1954-55
and some improvement in economic activity, both prices

increased by about 4¢ per 1b. Producers, in an attempt to
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take advantage of the recovery in prices, increased their
production. This, together with slower growth in activity,
expectations of the cessation of the U.S. Government's
stockpile program, and consumer withholding of purchases in
the expectation of a further fall in prices, again created
a glut in the zinc market. Both prices fell, but this time
the differential between the L.M.E. and the U.S.P. prices
widened from 2¢ to about 3¢ per 1lb. This attracted large
imports into the U.S.A. at a time when the industry was

going through a recession period.

During the same period, the Raw Materials Commission
of the U.N. was considering the feasibility of concluding
a raw materials agreement to avoid wide fluctuations in
zinc prices. Subsequently, the U.N. called a Lead and Zinc
conference in London to alleviate the problems through new
methods to balance the supply and demand. 1In 1958 the
Group recommended a voluntary cut in the mine and smelter
output, énd this was agreed upon by the major producers.
As is apparent, these cuts, rather than being dictated by
cost considerations, were, however, dictated by price
considerations, and if successful, would have led to doubt

as to the competitiveness of the industry.

At the same time, however, the U.S. Government
decided to impose quotas on imports of zinc. This nulli-~

fied the attempts of the producers in the rest of the world
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to stabilize prices at a reasonable level by restricting
output. The quotas were removed in late 1965. During the
quota period, the L.M.E. and the U.S.P. price differential
rose to more than 4¢ per 1lb., thus providing an opportunity

for U.S. producers to realize monopoly profits.

1965-1975

As a consequence of an economic recovery in the
U.S.A. and to some extent in Europe in the early 'sixties,
the L.M.E. price more than doubled during 1963-64. As noted
above, this alarmed the major zinc producers who foresaw the
possibility of substitution of other metals and plastics for
zinc, and hence led the Commonwealth producers to introduce
a price that would not cross the range of non-substitution
and be stable. Later, all other major European producers

joined this system.

In the short-run, substitution elasticities are very
low owing to the technological nature of zinc and the indus-
tries using this metal. Plants built-up for using a parti-
cular metal such as zinc may not be used for other metals
without substantial modification which may be both costly and
involve a relatively long time lag. In the long-run, however,
when technological aspects of the plants can be adjusted and
a near substitute found satisfactory, the zinc industry can

incur significant losses by losing markets. This long-run
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profit maximization behavior with stable prices seems to be
the major objective of the zinc producers and the main

reason for deviation from the simple free market mechanism
of the L.M.E. The success or failure of this attempt then
depends on their organizational structure - a subject to be

taken up in the next chapter for detailed investigation.

In the past, a similar attempt was made in the
copper industry. The fear of substitution due to high
prices of copper at that time led the Roan Selection Trust
(R.S.T.) single-handedly to offer copper for sale at lower
prices. However, R.S.T. at that time failed to persuade the
other producers to sell copper at the R.S.T. announced
prices and hence had to abandon her attempt within two years.
The R.S.T. with the cooperation of the Anglo-American
Consolidated made another attempt in 1964, However, non-
cooperation by Chilean and African producers led to the same

fate within two years.l

Zinc producers, on the other hand, have been quite
successful in their attempt as shown by the experience of
the last 12 years. Initial cooperation of all the major
producers has continued in cases of both lowering and rais-
ing zinc prices. Production-cuts and/or stock changes were
undertaken voluntarily many times to keep the prices higher

in recessionary situations.

IMetal statistics (1965, i-vii).
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There have been substantial differences, though
temporary, between the C.W.P. and the L.M.E. prices at times.
This, however, does not seem to have worried the major pro-
ducers very much as turn-over on the L.M.E. market is very
small, major sales are done on 2 to 3 year contract bases,
and the short-run elasticity of demand is very low. The
C.W.P. price that was reduced to £110/long ton in September
1964 remained unaltered for about one and a half years. The
L.M.E. price during this period gradually declined and came
down in line with the C.W.P. price. The C.W.P. price was
further reduced to £102/long ton in April 1966 in response to
recessionary forces and continued at that level for about a
year. The L.M.E. price during this year fluctuated in a
narrow band of about £4/long ton. Cessation of the Vietnam
war and the prevaient recessionary forces induced both
production cuts and a lower C.W.P. price at £98/long ton
(= £114/long ton after the devaluation of the British pound
in 1967); This price was maintained for about one and a
half years during which the L.M.E. price fluctuated below

the C.W.P. price up to about £4/long ton.

The U.S. producers, however, increased their price
by about 1¢ per 1lb. in late 1964 as they were protected by
the U.S. quotas. Somehow, substitution possibilities did
not worry the U.S. producers as they thought they could

maintain a stable price. Economic conditions in the early
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1967, that led the European producers to reduce their price,
induced the U.S. producers (after a record stability of two
and a half years at 14.5¢ per 1lb.) to decrease their price to

13.5¢ per 1b.

In early 1969, the C.W.P. price was increased to
£130 in a long overdue response to improved economic condi-
tions; it was maintained at that level throughout the
recessionary period until the middle of 1971 when it was
again increased to £152 to cover rising production costs.
The L.M.E. price during this period kept fluctuating accord-
ing to the economic conditions. The U.S. producers' price
followed the increases in the C.W.P. price. Thus, it is
apparent that cooperation amongst the C.W.P. producers on
the one hand and the U.S. producers on the other, helped to
maintain their prices relatively stable compared to the

unstable free market (L.M.E.) price.

During 1973-74, both the C.W.P. producers and the
U.S. producers raised their prices by more than 225 percent.
Whereas the L.M.E. prices during this period, as in 1963-64,
fluctuated widely (as low as £164Aretric ton in January 1973
to as high as £738/metric ton in May 1974), the C.W.P. and the
U.S.P. prices, rather than fluctuating up and down at short
intervals, increased by big jumps together. By the end of
1974, the L.M.E. price again dropped in line with the

producers' determined prices. The rise in the producers'
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prices may be attributed to a combination of many factors
such as (a) the rise in costs, (b) the closure of many
smelters in the U.S.A., and (c) the short-run profits

induced by the business boom in this period.

Whereas the copper industry producers in similar
circumstances failed in their attempts to stabilize their
price, the zinc industry producers have been successful.
This is surprising as there is no evidence of any formal
cartelisation in the zinc industry as compared to those
in other non-ferrous metal industries where formal carteli-
sations were introduced at one time or another. Further,
none of the zinc industry specialists connected with
policy formulations in the industry believe in any lack

of competitive environments within the industry.l

As is apparent from the above record of the move-
ments in the L.M.E. prices, daily and monthly varia-
tions in prices, as exhibited on the market, are un-
controlled. Price changes by producers are planned,however.
These planned price variations are maintained by manipu-
lating stocks and sometimes production itself. The price
changes are undertaken only when the majority of the
producers, acting together as monopolists or a combine,

agree on the move. These price changes may be induced

lThe author discussed this matter with some of the zinc
industry specialists.
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either to maintain the price of zinc in the non-substitu-
table range, or to take advantage of improved market
conditions. Both profits and losses are tolerated in the
short-run. Long-run profits are maximized. A priori,
these results are more likely in an imperfectly competitive
market environment. However, whether the market environment
has been far away from a perfectly competitive one requires
a deeper study of the organizational structure of the
industry - a subject of the next chapter. Whether the
solution in terms of prices and output arrived at by the
producers, i.e. the market behaviour of the producers, is
much away from a perfectly competitive one is an empirical
question - to be taken up in the later chapters.l Mean-
while, however, it is possible to look mo;e closely at the
national and international policies which may have been
responsible for the existing price and output configuration.

5. NATIONAL POLICIES AND THE INTERNATIONAT. MARKET2

As noted above, the world zinc market has been
divided into the U.S. zinc market and that of the rest of
the world. The separation of the U.S. zinc market from

that of the rest of the world is due to the existence of

lIt is very 1likely that the solution arrived at through

prudent planning may be nearer to a the perfectly campetitiwve solution
than the one arrived at in the free market, which is

grossly influenced by uncertainty and possible false
expectations about the future.

The discussion of these aspects is based on: (a) Depart-
ment of Energy, Mines and Resources (1974,41-43) and various
issues of Metal Statistics (introductory pages) and the U.S.
Bureau of Mines {Chaps. on zinc), unless otherwise indicated.
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monopolistic elements (a few producers in the U.S.A.) and
their protection by various U.S. Government policies over
time. In the rest of the world, some national governments
and international organisations have considered the possi-
bility of applying policies such as buffer stocks and
tariffs to manipulate the market in their favour also. The
national policies in the rest of the world have been rather
insignificant, however, both in relation to the world-
market and U.S. Government policies, and hence will be
mentioned only briefly. Some international policies that
have led or are likely to lead to distortions in the market

will be reviewed in the next chapter.

The European Common Market countries have several
times considered and actually levied duties on the import
of materials. However, in the case of zinc, their success
in distorting the market to any significant extent has been
arrested because of their very large dependence on foreign
producedvzinc ore. France and Japan have recently consi-
dered the possibility of instituting a stockpile program
similar to that of the U.S. Government. France, on April,
1975, signed a decree to establish a security stockpile for
imported metals and ores to be used in crisis periods such
as blockade by war. This is a ten-year program estimated
at Fr. 1 billion and includes all strategic metals, thus

leaving the share of zinc as not very significant for the
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world market. Further, although nearly self-sufficient in
zinc metal, she is almost totally dependent upon foreign
concentrates for her refinery production. Similarly, the
Japanese Government proposed a ¥30 billion program for stock-
piling refined copper, lead, zinc and aluminium in the 1976
fiscal year. However, this program, at present, appears
only a temporary measure to help the producers of these

metals who were holding large inventories.

The U.S. Government has tried to help the domestic
producers of zinc through various measures.

"The U.S. Government, by various congressional

actions and administrative programs, has

regulated war time production and consumption

of zinc, purchased and sold zinc under the

strategic and critical materials for stock-

piling act, subsidized exploration and

production from small mines, and imposed

limitations on imports."

The U.S. Government Stockpile Program (U.S.G.S.P.)

The stockpile program of the U.S. Government has
been instituted under a triple scheme consisting of the
Strategic and Critical Materials Stockpiling Act (1946),

the Defence Production Act (1951), and the Barter Program

lHeindal (1970, 817).
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of the Commodity Credit Corporation. The stockpile program,
although sometimes helpful to the zinc industry in its
pursuit of growth, has often been reported to be a desta-
bilizing factor in the world zinc market.l Frequent changes
in the stockpile programs and ambiguity in the objectives

of the U.S. Government are considered to be the main source

of instability.

During the period 1946-53, the stockpile policy was
mainly concerned with the objective of securing a suffi-
cient stock of minerals to cope with the possibilities of
war or hostile behavior by some major producers in the
industry. Under the umbrella of a heavy stockpile program
in the U.S., the U.S. zinc industry in particular, and the
world zinc industry in general, grew much more than would

be warranted by normal market conditions.

The end of the Korean war boom left the industry in
miserable conditions at the end of 1953. The price of zinc
metal in the U.S. declined from 21¢/1b. (24¢ at the L.M.E.)
to 11¢/1b. (9¢ at the L.M.E.). The rate of acquisition of
the metal for the U.S. stockpile was too slow to keep many

mines alive that had grown out of proportion because of

lThis is confirmed in the editorial reports and articles
in the various professional journals such as E.M.J. The
U.S. Government considered a stockpile policy politically
more viable than tariffs for protection of the domestic
zinc industry. See Engineering and Mining Journal
(October 1954, 71).
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heavy war requirements and the stockpile program in the
earlier period. The U.S. producers through the 'Escape
Clause' petitioned for higher tariffs. The U.S. Govern-~
ment, on investigation, granted an accelerated stockpile
program instead of the demand for higher tariffs. This
kind of change in objective behind the stockpile program
was severely criticised by various groups in the U.S.A. and
abroad. An editorial comment in the Engineering and Mining
Journal (October 1954, 71), though humorous, is remarkable
in showing the feelings towards this Government policy:

"if the idea is accepted, there is no reason why the
Government should not stockpile 'excess' shoes, t.v. sets
or even automobiles, if it should become necessary to
stiffen the domestic markets.... The excess stocks could
always be sold at a price in the depressed areas of the

world."

Economic recovery in 1955-56, voluntary cut-backs
in production by many non-U.S. producers, and some extra
demand from the increased stockpile program helped the
zinc industry in its recovery. However, the recovery was
only temporary. The U.S. stockpile of zinc had reached
1.50 million short tons mark by 1958. Any further in-
creases in the U.S. stockpile were due to the emergence of
recessionary tendencies in the U.S. and some other

countries which together threw the market into the hands



65

of speculators. The U.S. price which had risen to 14¢/1b.
by 1957 (L.M.E. 13¢/1lb.) steadily declined to 11¢/1b. at
the L.M.E. (lowest in the post world war period) by mid-

1958.

Although the stockpiles were not released during
this panicky period, the U.S. Government stopped its acce-
lerated stockpile program. As a substitute to the stock-
pile program, for the protection of the U.S. zinc industry,
the Government imposed quotas on imports. The zinc
industry in the rest of the world, as a result, was left
grumbling only at their folly in having expanded their
production in response to the stockpile program. In 1960,
out of 1.58 million short tons zinc accumulated in the
stockpile, 1.4 million short tons was officially declared as
surplus subject to be released in 'due time'; and the
objective of the stockpile in 1963 was reduced to zero (See
Table II.8). This wavering attitude of the U.S. Government
about the stockpile policy created some instability in the
international market for zinc. In June 1976, the U.S.
administration announced plans to issue a new, and gene-
rally higher stockpile objective which would include
upgrading much of the metal forms currently held in the
stockpile. With upgrading, the Government will have to
change its posture of the past ten years to become a

purchaser of the metal. This could, to some extent help
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TABLE II.S8

GOVERNMENT STOCKPILE OF ZINC

(Short Tons)
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1

INVENTORY NET PURCHASES/ DECLARED
YEAR AS OF DEC. 31 RELEASES (=) OBJECTIVE
1945 0 0
1946 69,223 69,223 1,300,000
1947 93,381 24,158 -do-
1948 490,595 397,214 ~-do-
1949 594,657 104,062 -do-
1950 644,146 49,489 -do-
1951 649,163 5,017 -do~
1952 661,714 12,551 -do-
1953 700,320 38,606 -do-
1954 824,463 124,143 -do-
1956 1,147,710 181,159 -do-
1957 1,462,023 314,313 ~do-
1958 1,548,235 86,212 -do-
1959 1,583,564 35,329 -do-
1960 1,578,719 4,845 -do-
1961 1,579,616 879 -do-~
1962 1,579,907 291 160,700
1963 1,580,941 1,034 0
1964 1,505,234 (=) 75,707 0
1965 1,312,868 (-)192,366 0
1966 1,212,368 (-)100,500 0
1967 1,198,122 (=) 14,246 0
1968 1,160,606 (-) 37,516 0
1969 1,142,185 (-) 18,421 560,000
1970 1,141,490 (-) 695 560,000
1971 1,137,937 (=) 3,553 560,0002
1972 949,583 (-)188,353 43,944
1973 675,589 (-)273,330 37,698
1974 390,780 (-)284,809 19,087
1975 384,905 (-) 5,875 10,861
1 D.P.A. Inventory not Included (Data not available)
2 Computed as(Total Stockpile - Uncommited Stockpile)
SOURCE: McMahon et al (1974, 74) and American Bureau of Metal

Statistics (1970-75).
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the smelters of the U.S.A., half of which closed between

1969 and 1973.

The U.S. Tariffs, Quotas and Other Incentive Programs

Tariffs

The history of tariff duties on zinc in the U.S.A.
is now more than a century old. The first tariff was
enacted in 1846, since when it has been changed many times.1
From 1951, however, duties on zinc ore and metal have been
more or less stationary at 0.67¢/1lb. for the ore, and
0.7¢/1b. for the metal. 1In spite of much periodical lobby-
ing by the U.S. producers for increased duties, the U.S.
Government has opted for what politically claimed to be the
more viable means of protecting the domestic industry such
as the stockpile program, quotas, and some direct incen-
tives to the producers.2 In 1975, the tariff schedule was
amended to allow zinc in ores, scrap and waste to enter
duty free until June 30, 1978. This amendment came in
response to a severe shortage of zinc ore which had led to

the closure of many smelters earlier.

lFor a historical account of tariffs, see the historical

appendix to the next chapter.

2This is the feeling reflected in the various issues of
Engineering and Mining Journal during 1958-62. E.qg.,
see Engineering and Mining Journal (February 1959, 107).
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Quotas

While the zinc industry was passing through a
critical period of low prices coupled with abnormally
excessive capacities around 1957, the U.S. producers
were petitioning for higher tariffs again. Consequently,
by Presidential Order, effective October, 1958, import
quotas were granted. These quotas were based on an
average of 1953-57 imports. The coverage given by the
quotas encompassed all lead and zinc ores, intermediate
smelter products and the metals. Nevertheless, the way in
which the quota program was implemented, received much
criticism both from academic and business circles.
Firstly, the quota legislation did not make any provision
for the transfer of imports from one country to the quota
allocation of another country. Consequently, one finds
the co-existence of unfilled allocations and zinc shor-
tages in U.S. zinc market. Secondly, quotas on both ore
and metal implied that the non-integrated smelters would
receive much less advantageous positions as compared to
the integrated smelters. Thirdly, quotas did not have any
flexibility to accommodate themselves to economic changes
in the country. For instance, until 1961, quotas were not
effective as they were too high as compared to the require-
ments for imports in such a recession period. In contrast,

during the latter part of the quota period, (1962-65,
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quotas wer~ removed in October, 1965) when economic
recovery induced more demand for imports, quotas were found

to be too restrictive.1

However, whatever the limitations of quotas, the
U.S. producers did earn high profit margins as shown in
the differential between U.S. producers price and the
price at the L.M.E. On the other hand, the non-U.S. produ-
cers were trying hard to find markets for their products

and often had to cut back their production levels.

Besides tariffs, quotas and stockpile programs, the
U.S. zinc industry also received governmental protection
through various assistance schemes instituted by U.S.
Government. These assistance schemes took the form of
subsidies to provide stabilisation payments to small pro-
ducers, different depletion allowances on domestic and
foreign production, sharing costs of exploration, and

similar other economic incentives.

Besides the protectionist policies, the U.S.
Government has also taken certain measures which have
adversely affected the U.S. zinc imdustry. These measures
were mainly induced by considerations of environmental
protection. This legislation has increased the cost of

production to some extent, thus making the U.S. metal

lFor a detailed examination of the effectiveness of

quotas, see Andrews (1970).
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industry less competitive. This was the main cause for the
closure of many smelters in the late 1960's and early
1970's. However, similar legislation is likely to be
enacted in the other countries, making its overall effect
less significant for the competitiveness of the U.S.
industry. More important may be the fact that the ma-
terials which are promising substitutes for zinc and do not
require such environmental legislation will have improved

their competitive position vis-a-vis zinc.



APPENDIX TO CHAPTER 2
TECHNOLOGICAL: ASPECTS OF PRODUCTION AND

CONSUMPTION, AND MAJOR USES OF ZINCl

Zinc ranks third in consumption amongst the non-
ferrous metals of the world, behind only copper and alumi-
nium. It is used as an intermediate good in a wide variety
of applications. 1In fact, it is hard to find oneself in
the home, in the office, in the factory or on the street
without encountering an application of zinc in one form or
the other. Its uses range from construction and transporta-
tion to cosmetics and nutrition. However, in many instances,
both the guantity and cost factor in most end-products are
too small for an immediate recognition of the significance

of zinc.

Zinc is often used as a complementary material with
the other ferrous and non-ferrous metals. Substitution of
other metals for zinc depends largely on technical suitabi-
lity, availability of substitutes in sufficient quantities
and cost considerations. Aluminium, magnesium and plastics

have replaced zinc to some extent in some of its major

lAlthough there are numerous publications on the technolo-
gical aspects of metals and minerals containing some
discussion of zinc on selected aspects of its technoloqgy,
the two most important publications with a wider coverage
on the technological aspects of zinc are:International
ILead and Zinc Study Group (1966) and Mathewson ed. (1969).
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applications, but substitution of other materials for zinc
on a larger scale does not seem to be promising because of
technical requirements, individual preferences and the

rising cost of other substitute materials along with zinc.

The main threats to the zinc industry of the future

exist in the following:

(i) Technological developments in the plastics
industry and in the metallurgy of steel,

(ii) increased preferences for small cars,

(iii) development of electric cars or the more
efficient municipal mass transit systems
induced by pollution controls,

(iv) rising cost of zinc metal because of
environmental legislation, and

(v) decreasing reserves of zinc ore over time.

1. TECHNICAL PROPERTIES OF ZINC

Zinc, a blue-to~-grey metallic element, is widely
found throughout the world. When freshly cast, zinc has a
white-silver-blue appearance, sometimes having been known
as 'false silver', and on exposure to air forms ‘'an
impervious, tenacious and protective' grey oxide film.
Its basic characteristics are:

(i) relatively low melting point (419°C),

(ii) good resistance to atmospheric corrosion



combined with a high place in the
galvanic series of metals,

(iii) solubility in copper and some other
metals,

(iv) inherent ductility and maleability.

These characteristics of zinc have been resporsible
for its use in galvanising, die-casting, brass, wrought
iron and some other zinc base alloys in the construction
and various manufacturing industries. Further, the chemi-
cal compounds of zinc, such as zinc oxide, zinc chloride
and zinc sulphate, have found a wide variety of uses in

the rubber, paint and ceramic industries.

2. INTERMEDIATE AND FINAL USES OF ZINC

Galvanising

One of the largest uses of zinc consists in its
provision of protective coatings for iron and steel pro-
ducts. 2Zinc protects iron-steel from corrosion by a
sacrificial action. That is, whenever there are any pin-
holes or scratches in coated steel, zinc overcoats the
pin-holes, sacrificing itself to protect the steel from

corrosion.
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Galvanising is done by various methods including
hot dip galvanising (immersion of iron-steel products in
molten zinc), electro-deposition,metalising (spraying
with droplets of molten zinc), and sheradising (diffusion
of zinc-powder into steel surfaces at elevated tempera-
tures). Hot dip galvanising is one of the oldest, most
economical, and most widely used method of galvanising.
However, the electrolysis process is gaining in impor-
tance because of the uniformity in coating obtained and

the possibility of controlling its thickness.

The major iron-steel products galvanised are sheet
and strip, tube and pipe, and wire and wire rope. These
products are used primarily in construction for roofing,
siding, decking to support concrete floors, heating and
ventilation ducts etc. Galvanised products are also
increasingly being used for home appliances, office equip-

ment, automobile door panels and under-body parts.

Die-casting

Die-casting is the art of producing accurately
finished parts by forcing molten metal into a metallic die

or a mould under external pressure. 2Zinc, because of its
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TABLE II.A.l

F.M.E. WORLD CONSUMPTION OF ZINC METAL BY SECTOR

QOF INTERMEDIATE DEMAND 1974 (1956)

U.S.A. JAPAN U.K. GERMANY F.M.E.

WEST WORLD

Galvanizing 38.2 55.0 26.1 36.7 39.0
(43.5) (61.2) (32.9) (36.4)

Die Castings 33.2 20.5 19.7 20.4 22.0
(35.7) {9.2) (12.4) (9.4)

Brass 13.7 11.0 28.5 23.7 17.0
(12.3) (17.5) ' (32.0) (19.7)

Rolled Zinc 3.0 3.7 6.3 14.8 6.0
(4.7) (4.9) (7.3) (29.5)

Zinc Oxide 5.1 2.8 10.9 1.2 9.0
(2.0) (5.7) (8.4) (L.8)

Miscellaneous 6.6 7.0 8.5 3.2 7.0
(1.8) (1.5) (7.0) (3.2)

TOTAL 100.0 100.0 100.0 100.0 100.0

SOURCE: Metal Statistics (1957) and International Lead

and 2inc Study Group (March, 1975).



TABLE II.A.2

U.S. CONSUMPTION OF ZINC BY THE

SECTOR OF FINAL DEMAN&'

(Thousand Short tons, Zinc Content)

METAL 1964 1969
Construction 393 ( 38) 526 ( 38) 533
Transportation 277 ( 27) 372 ( 27) 367
Electrical 138 ( 13) 186 ( 13) 180
Machinery 104 ( 10) 139 ( 10) 140
Other 126 ( 12) 171 ( 12) 185
Total Metal 1038 (100) 1394 (100) 1405
NON-METAL
Paint 34 ( 24) 30 37
Chemicals 3 ( 2) 43 60
Rubber products 75 ( 53) 98 130
Other 29 ( 21) 17 17
Total Non-metal 141 (100) 188 244
Total (Metal & :

Non-Metal) 1179 1582 1649

1973

( 38)
( 26)
( 13)
( 10)
( 13)

(100)

( 15)
( 25)
( 53)
« 7

(100)

76

lPercentage in brackets.

SOURCE: Cammarotta and others(1975, 10).
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properties of corrosion resistance and low melting point,
is found very suitable for die-casts purposes. Compara-
tively low cost, ease of machining and finishing, and
excellent stability have also been important in its
increasing use in this area. Today more than one~third of
the zinc consumed in the U.S.A. is used by the zinc die-

casts industry.

Zinc die-casts are used as trim pieces, grills,
door and window handles, carburettors, pumps, door-locks
and other mechanical components in automobiles, that con-
sume about two-thirds of all the die-casts produced. The
other 15 to 20 percent die-casts are used in home appli-
ances, with the rest finding applications in a wide
variety of uses such as commercial machines and tools,
builders' hardware, plumbing and heating, business machines,
office equipment, optical and photographic instruments,

timing devices, electronic equipment etc.

Brass

The manufacture of brass constitutes the third
major area of zinc consumption. Brass is an alloy of zinc
and copper with the zinc ranging from 5 to 50 percent,
depending on the application of brass. 2Zinc, when alloyed
with copper, combines good physical, electrical, thermal,

machining and corrosion resistance properties. ‘Alpha-
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brasses' that contain up to 40 percent zinc are used for
decorative purposes, electrical appliances, cartridge

cases, doors and furniture. 'Alpha and beta brasses' are
used for shipping, construction, electrical appliances,

home goods etc. German silvers, an important group of
copper base wrought alloys, containing zinc as an essential
element, are used as base alloys for silver plated flat or
hollow table ware and for many other items such as rivets,
screws, zippers, optical goods, costume jewellery etc.

Some casting alloys (alloys of copper, zinc and one other
metal) such as bronzes and various other types of brasses are
used for hardward fittings, valves, plumbing fixtures, dairy

and soda fountains, trim, ornamental castings etc.

Rolled Zinc

Rolled zinc is produced as sheet, strip, plate, rod
and wire in numerous compositions and alloys depending on
the ultiﬁate requirement of the rolled product. Usually a
high grade (special high grade, 99.9 percent purity) of
zinc is used with copper, magnesium, manganese, aluminium,
chromium and/or titanium as the alloying metals for the

alloyed rolled zinc products.

Rolled zinc with a higher purity in the sheet and
strip form is used in battery cans, mason jars, eyelets,

flashing light reflectors, grommets, cosmetic cases, valleys,
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facia strips, gravel stops, gutters, organ pipes, casket
shells etc. Rolled zinc, with a lower purity, is used
for sides and bottoms of dry-batteries, roof coverings,
cable hangers, counter pois strip, and weather strip.
Another important use of zinc is in lithography. Con-
structional applications of rolled zinc are more popular

in Europe.

Z2inc Compounds and Zinc Dust

Zinc oxide is the most important zinc chemical
with respect to both tonnage and value. 1In fact, it can
be the starting point for all zinc chemicals. Other major
zinc chemicals are zinc chloride, lithopone, and zinc

sulphate.

Major uses of zinc oxide are in the manufacture of
rubber, in paints, and in the ceramic industry. Over one
half of the zinc oxide is consumed by the rubber industry.
Tires are toughened by a high loading of zinc oxide (about
5 percent in weight) which not only improves tensile
strength and resistance to the abrasion of the rubber
composition, but also protects the rubber by its opaqueness
to ultra-violet light and from its high thermal conducti-
vity. Other major uses of zinc oxide are protective and
decorative coatings (usually in the form of paints for

houses and woods etc.), in photocopy paper, in ceramic



80

products, in cosmetics, in coated fabrics and textiles, in
floor coverings, in lubricants and many other applications
such as agricultural and pharmaceutical products. Other

zinc chemicals have similar applications.

Zinc dust, a by-product in the distillation of zinc
ore, finds its applications in the manufacture of chemicals
consumed in the process of printing and dying textiles (as
reducing agents), in explosives and matches, in tear gas
compositions, in the purification of sugar, in treatment of

paper surfaces, as a catalyst, as a condensing agent etc.

Miscellaneous uses

Approximately, 5 to 10 percent of zinc consumed as
metal is distributed among a number of miscellaneous uses.
Some major uses in this category are sacrificial anodes
used to protect ship hulls, submerged steel works and

pipes, and trace element in animal and plant nutrition.

3. SUBSTITUTES, COMPLEMENTARY MATERIALS AND FUTURE

USES OF ZINC

In its major applications, zinc is often used as
complementary Qith other ferrous and non~ferrous metals.
In galvanising, for instance, zinc is used for coating
steel. Alloys based on zinc invariably use one or more

other non-ferrous metals. In brass, copper is the main
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complementary metal used with zinc.

Substitution for zinc depends not only on relative
prices of materials but also, and more importantly, on the
technical suitability as well as availability of substitute

materials in sufficient quantities.

Galvanising

There is no satisfactory substitute for zinc in this
major use. Technically speaking, three metals - magnesium,
cadmium and aluminium - qualify as substitutes. However,
cadmium and magnesium are neither sufficient in quantity to
take over this use of zinc nor very attractive on cost
considerations. Aluminium coatings, although competitive
for sheet and strip steel, are termed inferior to zinc
coatings. The formation of insulated oxide film on the
aluminium coated steel is more noble than aluminium itself
which restricts electro-chemical protection of bare iron and
steel at cracks and flaws in the coatings. Further, alumi-

nium coatings at present are higher in cost.

Recently, plastic coatings seem to have captured a
small portion of market for zinc in this use. However, with
rising 0il prices and the individual preferences for zinc
coatings, plastic coatings do not seem to be very promising
substitutes for the near future. The other competitive

material for galvanised sheet is aluminium sheet for roofing
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and siding, and a possible development of low cost corrosion

resistant steels.

Die Castings

The major substitutes for zinc in die-casting are
also magnesium, aluminium and plastics. Uses of zinc base
alloys represent about 60 percent of die-cast production,
with aluminium occupying about one-third of the total die-
casting territory. The rest of the die-cast production is
distributed among various other metals such as magnesium,
copper, tin and lead base alloys. Zinc base alloys used for
die-casting also contain aluminium (3 to 4 percent) and other
metals in minor quantities. Thus, the same metals are also

complementary to zinc to some extent.

In fact, aluminium and magnesium are important
substitutes for zinc in die-casting where weight limitations
or weight reductions or finishes are important factors.
Plastics also have made some inroads into die~casting terri-
tory. However, the use of plastics in die casts are limited
to the cases where efficiency and long life of the die is not
a binding requirement. Besides, in the future, more produc-
tion of smaller cars, the development of electric cars, or
the development of more efficient mass transit systems induced
by pollution controls and higher oil prices may decrease the

consumption of zinc in this use.
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Brass

Copper is complementary in the use of zinc for
brass. In the event of higher prices of copper and zinc,
a wide variety of materials can substitute brass in many
of its applications. In fact, a large tonnage of brass
used in building and marine hardware, plumbing goods and
bearings have been replaced by aluminium, stainless-steels
and plastics. However, there are many other uses of brass
which depend on public tastes and preferences and hence
are difficult to replace with any other material until the

relative price of brass is too high.

Rolled Zinc

There are not many suitable substitutes in the
applications where rolled zinc is used. In constructional
applications, for instance, copper and copper alloys for
exterior finishings, lead sheets are used for the insula-
tion of sounds and vibrations. Rolled 2zinc is used mainly
for indoor applications such as lining cupboards, covering
tables, and bench tops etc. In the case of electrical
applications, such as storage batteries, dry batteries with
zinc serving as electrodes are very popular. There are,
however, some other primary sheets that use zinc, cadmium,
lead, magnesium, copper and silver with a wide variety of

acid or alkaline electrodes, but none of them is, at
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present, of any great commercial importance. Further, in
these cases, other materials act both as substitute and
complements. There is, however, a possibility of further
development of re-chargeable batteries that may reduce the
overall consumption of zinc in this use. The most pre-
ferred use of rolled zinc in lithographic plates (for
offset press) hardly attracts any substitution of other

metals for zinc.

Zinc Compounds

The uses of zinc oxide at present do not attract
any substitution by other materials. The rubber industry,
the largest user of zinc oxide, depends on the use of zinc
oxide for technical properties not easily found in other
substitutable materials. Only if synthetic plastics can
be developed in the future to make such items as tires with
longer life, or if a mass transit system is developed to
control pollution, will overall consumption of zinc oxide
in this area decrease. Zinc oxide in the paint industry
may be replaced by other competitive pigments, but its use
may increase if the technology of using it in water-~base
paints is developed. The use of zinc oxide in the ceramic
and cosmetic industries, and plant and animal nutrition,
can hardly be eliminated by use of any other materials in

the foreseeable future.
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Miscellaneous

Most other minor uses of zinc fall into this
category. Some of these are price inelastic whereas others
are highly price elastic. In general, it is expected that
these minor uses be more price elastic than other
categories.

4, TECHNOLOGY AND COST OF MINING AND SMELTINGl

Although numerous minerals are known to contain
zinc, the principal zinc ore mineral is sulphide or
sphalerite, popularly known as 'blende'. These minerals
often occur in association with lead (Zn - Pb) or copper
(Zn - Cu) or both lead and copper (Zn - Pb - Cu). Except
for Canada where 7Z2n - Cu is the predominant mineral form,
Zn - Pb is more frequently found in the earth's crust.
However, some copper and iron is often associated with
Zn - Pb. In addition, most sphalerite minerals have up to
2 percent cadmium and small quantities of germanium, gallium,
indium and thalliam, which are recovered as by~-products at

zinc reduction plants (See Table II.A.3).

Mining and Milling

Costs and methods of mining differ from one mine to

lFor a detailed account of these aspects, see Cairnes and

Gibert (1967), and McMahon et al (1974, 29-41).



TABLE II.A.3

ZINC BYPRODUCT & CO-PRODUCT RELATIONSHIP IN U.S.A. - 1973
Principal Product Unit Quantity Percent of
Ore Total Output
Zinc Cadmium Short-tons 3,714 100.0
Germanium Pounds 27,000 100.0
Thallium Pounds W 100.0
Gallium Pounds W W
Indium Troy Ounces W 100.0
Manganese Short-tons W W
Lead Short Tons 72,000 11.9
Silver Troy Ounces 3,913,000 10.3
Gold Troy Ounces 61,000 5.2
Sulphur Short-tons 267,680 2.2
Copper -do- 5,000 0.3
ZINC ~do- 359,000 74.9
Lead -do- -do- 101,000 21.1
Copper ~-do- -do- 13,000 2.7
Fluorine ~do- ~do- W W
Silver ~do- ~-do-= 2,000 0.5
Gold ~-do- ~-do- 18 Neg.
,SOURCE: Cammorata and others (1975, 13).

W: Withheld to avoid disclosing Company Confidential data.
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the other depending on the nature of deposits, and the
stage of the mine. Mixed sulphide deposits in metamorphic
rocks, which contain higher percentages of zinc, lead and
copper, and are usually found in Canada, require more
costly mining methods and separation techniques than the
strata-bound deposits in carbonate rocks which contain a

lower percentage of zinc.

Except in the initial stages where open pit mining
can be done, as in some new mines in Canada, the usual
method is underground mining. The costs associated with
underground mining can be more than 40 percent higher than
those for open pit mining. Further, in underground mining,
certain methods such as 'cut and fill' are more costly than
the other methods. Copper-zinc mines usually require
higher cost methods than lead zinc mines. The nature of
minerals in Canada, Sweden and Peru,in general, require more

expensive methods of mining.

Winning of zinc, after mining, starts with milling,
which produces zinc concentrates, which in turn are treated

at smelter and refinery plants to obtain zinc metal.

The milling technique consists of crushing and
grinding of the mined ore in closed circuits with vibrating
and trommel screens and classifiers, which in turn, through
differential floatation, separate zinc from gauge minerals.
Costs of this process also rise with a greater complexity

of the ores.
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Smelting and Refining of Zinc

Zinc concentrates thus obtained are sent to smel-
ters either integrated with the mines or independent
companies set up solely for this purpose. The non-integra-
ted smelting companies either buy the concentrate from the
mining companies or smelt on a toll basis. Quite often,
these smelting companies also sell the metal for the mining
companies. In 1974, in the F.M.E. world, more than 40
percent of zinc concentrates were treated by the indepen-
dent smelting companies.l Inadequate facilities for
smelting in the mining companies and the existence of only
a few independent smelters in the world (see next chapter)
are responsible both for wide-spread trade in concentrates
and probably for some degree of oligopsonistic structure in

the market for concentrates.

Smelting technology is much more capital intensive
than that of mining, though the capital requirements for
producing one ton of zinc concentrate and smelting the same
amount of zinc concentrate are surprisingly similar. The
existing smelting technologies in the world can be classi-
fied generally into the thermal reduction process and the

electrolysis process. A combination of these two, called

lHowever, it may be noted that some of these smelting
companies had ownership interests in mining companies
in other countries wherefrom they imported the con-
centrates to be refined.
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the electro-thermal process is also used.

The thermal process, where carbon is used as a
reducing agent with the concentrates in horizontal (batch-
type process) or vertical (continuous) refractory retorts,
produces ordinary brand zinc (about 98 percent purity).

The vertical retort process is more economical and has
replaced the horizontal retort process to great extent.

This in turn is being gradually replaced by the electrolytic
process and the recent blast furnace type, imperial smelting
process. The imperial smelting process, though it works on
the thermal reduction principle, has the advantage of being
able to treat mixed lead-zinc concentrate and recover both
metals, together with any gold and silver present, at very
little cost. The electrolytic process, on the other hand,
have gained very wide popularity because of its ability to
produce very high purity zinc (99.99 percent) with much less
environmental pollution. At present, 3/4 of the world zinc
smelting capacity is based on the electrolysis process as
opposed to only about 45 percent in 1960. In future, the
electrolysis process, though it will replace the existing
o0ld thermal reduction plants, will however require further
changes to control the emission of sulpher-dioxide and meet
the environmental laws being instituted in various countries.
A consequent rise in the cost of production, in turn may

reduce the competitiveness of zinc vis-a-vis aluminium.



CHAPTER IIIX
ORGANISATIONAL STRUCTURE OF THE

WORLD ZINC INDUSTRY

In the last chapter, it was observed that the world
zinc inaustry is highly concentrated on both demand and
supply sides in terms of the number of nation states
involved. The concentration based on the number of nation
states can influence the world market if the participants in
the market are nation-states rather than private producers
and consumers, or if the producers and consumers are
completely loyal to their national affiliations regardless
of what happens to their profit calculations. In the F.M.E.
world zinc market, it is the private producers and consumers
who are the major participants. Furthermore,national
loyalties without competitive profits may hardly survive the

frequent movements in the world market.

In general then, it may be stated that the organisa-
tion of a world industry which is most meaningful for market
conduct and performance may best be looked into in terms of
units of financial control. In fact, the organisational
structure in terms of financial control forms the basis of

market structure in the current literature on industrial
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organisation.l However, state interference either imposed
or asked for by the producers themselves must not be
neglected. It was observed in the last chapter that inter-
ference by the U.S. government exerted great influence on
the market behaviour of the world zinc industry. Further
it is possible to find numerous examples of international
organisations in the zinc industry which.involved groups of
producers in the countries as units. The European cartels
in 1885 and 1928-34, the American Zinc Institute and American
Lead and Zinc Association protecting the interests of
American firms producing zinc, and the recent international
Lead and Zinc Study Group (an inter-governmental body), all
indicate that producers often join hands with national

. . . 2
territories as units.

In this chapter, focus will rest on the corporate
structure of the world zinc industry, in order to provide
some guidelines for the market-structure and consequently
the probable market-~behavior and performance of the
industry. The working of some national and international
organisations, insofar as they influence the market-behavior,

is also discussed at the end of this chapter.3

lSee, e.g., Scherer (1970).

2For details, see Historical Appendix to this chapter.

3'I‘he information on these aspects used in this study is
gathered from a number of sources. The major sources are:
Moody's Industrial Manual (1975), Department of Energy,
Mines and Resources (1974), Roskill (1974), and Cammarota
(1975) , unless otherwise indicated.
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The discussion of the corporate structure of the
world zinc industry will be divided into mining and smelt-
ing as both of these differ in their competitive structure,
not only because of the countries, but also because of the
corporate groups involved. It will be seen how vertical
integration, which is increasing gradually, and which is
also one of the main features of the New International
Economic Order proposed by the United Nations, can modify
our conclusion regarding the structure, behaviour and per-

formance of the world zinc industry as a whole.l

1. CORPORATE STRUCTURE OF THE WORLD ZINC MINING INDUSTRY

According to the list in the World Mines Register,

1975, there are about 172 mining sites spread over the
world. Eighty mines are controlled by 25 companies and
these produce about 85 percent of the world zinc mine out-
put. The majority of these companies are, in turn, located
in Canada, the U.S.A., Australia, Peru, and Mexico, in
descending order of their shares in the total output. How-
ever, the corporate control of these mines gives a very
different picture. Eight companies in the world control
more than 50 percent of the world zinc mine capacity. Four
Canadian companies control one-third of the world zinc mine

capacity. A detailed breakdown by countries, however,

le.g. See Krenin and Finger (1976) and UNCTAD (1974).
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reveals the situation more adequately (see Table III.1 above).

Canada

Canada possesses about 36 percent of the free world
zinc mine capacity. Three Canadian companies, Noranda
Mines Ltd., Cominco Ltd., and Sheritt Gorden Mines Ltd.
control about 50 percent of the total Canadian Zinc mine
capacity. Of the rest, more than half are controlled by the
two U.S. based companies - Texas-Gulf Inc. and Cyprus Mines
Ltd. About 5 percent of the total are controlled by an
Anglo-American group of S.W. Africa. Thus, we have six
companies controlling more than 80 percent of the Canadian
zinc mine capacity. On the fringe, however, about 22
companies share in 15 percent of the total zinc mine capa-
city in Canada. Further, Cominco and Noranda together
have major interests in one of the largest zinc mine com-
panies of Ireland - Tara Explorations Ltd. ~ which controls
70 percent of the mine capacity in Ireland. Cominco also
has some control or influence in the zinc mining companies
in India, Greenland, Spain and some other countries. The
controlling interests of these giant corporations, not
shown in the table, are increased to a much greater extent
through their exploration companies in the third world
countries. Joint interests of Cominco and Noranda in Tara

Explorations lead one to doubt their independent behavior
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in their decision making processes.l

The U.S.A.

Investigation of the corporate structure of the U.S.
zinc companies easily refutes the often cited problem -~ the
non-availability of sufficient zinc ores in relation to the
requirements of the U.S. smelters. In fact, in 1974, con-
trol by U.S. owned companies (or where they had majority
interests) of zinc ore production was double that of U.S.
smelter capacity and about 5 percent more than its consump-
tion requirements of the metal. The three multinational
corporations, Asarco, Amax, and Texasgulf controlled about
18 percent of the F.M.E. world zinc mine capacity. Of this,
5/6th was located all over the world (outside the U.S.A.)
including Canada, Australia, Africa and S. America. The
total control by U.S. based companies of world zinc mine
production is about 1/3, a figure comparable to that of
Canadian‘control. The difference in the control structure
of the U.S.A. and Canada lies, however, in the fact that 2/3
of the U.S. control is outside the U.S.A., whereas 85 per-
cent of the Canadian control is of mines located within

Canada.

1The investigation into the boards of directors of these

companies, however, has not revealed any interlocking.
See Moody's Industrial Manual (1976).
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Thus the North American zinc ore producers con-
trol about 2/3 of the F.M.E. world zinc mine production.
If availability of mineral supplies in the zinc industry
were a lever of control over the market, these six compa-
nies together could very well influence price and output
decisions in the market. However, the degree of vertical
integration, and their shares in the world trade in zinc,

may prevent this possibility.

Australia, Mexico and Peru

Australia and Mexico have one thing in common:
that their major zinc mines are owned by the outside
interests. Three U.S. companies, Fresnillo, Amax and
Asarco control more than 2/3 of the mine capacity in
Mexico, whereas only two companies, Rio Tinto and Asarco
togehter control more than 3/4 of the Australian zinc
mine capacity. Most of zinc mines by these companies is
exported to the U.K. and the U.S. smelters. On the other
hand, only 20 percent of the mine capacity in Peru is
under the control of foreign companies. The present
corporate structure in Peru, however, dates back only to
1268, when, following a military=-coup, the government
issued a mining decree instructing companies holding
mining concessions to establish development plans for their

concessions or forfeit them to the state. In 1969,
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Empressa Minera de Peru was incorporated to take over all
forfeited concessions and to act as State trading company for
all Peruvian mineral products. Before 1973, Cerro de Pasco
was the major mine producer and the sole metal producer in
Peru. 1In 1973, the government of Peru, by a decree of law,
expropriated the corporate assets of this company and vested
the full power of the company in a newly created organisa-
tion named Empressa Minera del Centro del Peru. Thus the
Peruvian industry stands as a contrast to the Australian and
Mexican industries. The Peruvian output may, in fact, be
treated as a one company output which represents about 9

percent of the total F.M.E. world zinc mine capacity.

Europe and Japan

European companies control about 15 percent of the
total F.M.E. world zinc mine capacity, 65 percent of which
lies within Europe. The only substantial control outside
Europe is that of the Rio Tinto Zinc Corporation (U.K.) in
Australia. The Rio Tinto Zinc Corporation has a controlling
interest in about 45 percent of the Australian zinc mining
industry. However, the mine capacity within Europe is
thinly spread over many countries such as France, W. Germany,
Italy, Norway, Sweden, Spain and Yugoslavia. About 40 per-
cent of the European zinc mine capacity is controlled by

four major European smelting companies (constituting 3/4 of
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the European smelting capacity). The picture is different
if one looks at the countries individually: one or two
companies in each country control nearly the whole of the
mining capacity in that country. One company in each of
the following - Italy, Ireland, Yugoslavia, Norway, Sweden,
France and Spain - controls between 80 and 100 percent of

the total zinc mine capacity in that country.

The Japanese zinc mine capacity constitutes only 5
percent of the world zinc mine capacity. Also the con-
trolling interests in terms of the number of companies are
widespread. There are five Japanese companies with interests
in Japanese mines. Outside interests of Japanese companies
are limited to only two small mines in Peru. Although
'five' is a large number in comparison to the number of
companies in the European countries, these five companies
and many other Japanese companies, are well integrated

through the banking sector.

Thus, looking at the corporate structure, the world
zinc mine industry emerges as fairly well concentrated in
terms of the U.S. and Canadian controlling groups. The
companies based in the U.S. and Canada share in the control
of more than 2/3 of the free market world zinc mine produc-
tion. On observation of the U.S. control in the outside
world, one finds it difficult to justify U.S. protectionist
policies, particularly tariffs, quotas, and stockpiles, in

the past, as far as zinc mine production is concerned, since
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small mines were already protected through cash incentive
programs. Further, it was not in the interest of the U.S.
smelters to have these protectionist policies instituted as

far as imports of zinc ore for their smelters were concerned.

2, VERTICAL INTEGRATION AND THE CORPORATE STRUCTURE
1

OF THE SMELTING INDUSTRY

The world zinc smelting industry is more concentra-
ted than the world zinc mining industry. About 85 percent
of all zinc mine production and 95 percent of all smelting
capacity 1s controlled by the producer groups integrated
to various degrees. Quite a large number of the big
smelting companies are also integrated forward to the metal
fabricating stage and backward to hydroelectric power,
transport, marketing, distribution and a few other such
required facilities. Many 2zinc companies produce and
market other products, besides zinc, and also by-products
such as lead, silver, copper, cadmium, sulphuric acid, -

fertilizer, etc.

The U.S.A.

In 1974, the U.S. had 0.6 mn. tons of zinc reduction
capacity. All this capacity was controlled by six corporate

groups (see Table III.3). These companies also controlled

]See Tables III.2 and III.3, for detailed information.
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TABLE III.3

VERTICAL

INTEGRATION

{(Thousand M. Tons -~ 2Zinc Content)

MINE DEGREE
COUNTRY /CORPORATE~ MINE SMELTOR DEFICIT QF MULTINATIONAL
FAMILY CAPACITY CAPACITY (SURPLUS) INTEGRATION OPERATIONS
(A) (B) {c) (D) (E)=fcr4(m)21]=1 (03]
AUSTRALIA
1. E.2. Industries 95 200 105 1.0
CANADA
2. Noranda 527 251
3. Texasgulf 305 109 INDIA (n.a.)
4. Cominco 364 254 GREENLAND (n.a.)
SPAIN (n.a.)
USA (n.a.)
5. Cyprus~Anvil 185 -
6. Sherrit-Gordon 252 -
7. Hudson-Bay 9l 72
U.S.A.
8. St. Joe 165 242 77 1.0 ARGEN. (40 mine,
42 sM.)
PERU (35 Mine)
8. Asarco 420 207 (213) AUSTRALIA (110 Mine),
MEXICO (125 Mine
62 SM.)
PERU (5 Mine),
NICARAGLA (18 Mine),
10, Amax 203 73 (130) CANADA (75 HMine),
MEXICO (50 Mine},
' S.W.A.F. (3 Mine)
11. Gulf W. a7 80 ( 17)
12, Gulf R. 45 96 51 1.0 CANADA (6 Mine)
13. Minerales 65 105 40 1.0 ZAMBIA (65 lMine,
64 SM.)
JAPAN
14. Mitsui 136 312 176 1.0 PERU (27 Mine)
15. Toho 21 147 126 1.0 PERU (12 Mine)
16. Nippon 53 140 87 1.0
17. Mitsubishi 35 129 94 1.0
18. Sumitomo - 72 72 1.0
19. Dowa 60 62 2 1.0
EURCPE
20. Soc. G. Bel. 175 687 512 1.0
21, Metall. 70 210 140 1.0
22, Imetal 88 214 126 1,0 PERU (22 Mine)
BRAZIL {5 Mine)
MOROCCO (3 Mine)
23. Preussag 43 173 130 1.0
24. Rio Tinto 220 265 45 1.0 NETHERLANDS (60 SM.)
AUSTRALIA (220 Mine,
115 SM.)
TOTAL 3,076 4,053

SOURCE: Tables III.S5-TIIX.H
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about 50 percent of the U.S. mine production. Asarco, St.
Joe Minerals Corporation, and Mineral Resources Corporation
also had controlling interest of about 0.2 mn. tons slab
zinc production capacity outside the U.S.A. Texas~Gulf Inc,
had all its zinc mine and metal production capacities in
Canada. Thus the American companies controlled about 0.9

mn. tons of slab zinc production capacity.

The control on slab zinc production capacity in

1974 was, however, very low due to the closure of many zinc
reduction plants in the U.S.A. from 1969-73, as noted above.
During this period, more than 0.6mn. tons of zinc metal produc-
tion capacity was scrapped mainly due to obsolescence and
higher costs of operations required by the environmental laws
in the country. Closure of some reduction plants also
occurred in other parts of the world but was replaced later.
The lost U.S. zinc plant capacity was not replaced due to a
combination of factors such as President Nixon's Economic
Stabilisation Program from August 1971 to December 1973, the
Environmental Protection Act of 1969, the higher energy costs
and an uncertainty regarding the disposition of 1.4 mn. tons

of zinc in the government stockpile.

If the 0.6 mn. tons capacity that was scrapped after
1969 were included, the U.S. control on zinc reduction capa-
city amounted to 1.4 mn. tons (1/3 of the total F.M.E. zinc

capacity) which matches very closely with the U.S. control
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of F.M.E. world zinc mine production. Thus in 1969, one
would roughly put the U.S.A. as controller of a 1/3 share of
mine production, smelter production and consumption in the

free market world.

As the U.S. control on mine production and smelter
capacity was almost equal, the integration in terms of
national control of these two phases of the industry were
more or less complete. However, the control of each corpo-
rate group on mine production and metal production capacity
was remarkably different. Asarco, Amax and Texas-Gulf which
together controlled 930,000 metric tons of zinc mine produc-
tion capacity, controlled only about 300,000 metric tons of
smelting capacity. This however excludes the closure of
smelters before 1974. A large part of the mine production
under their control in the foreign countries was smelted at

the local smelters.

Canada

In Canada, smelting capacity was far below mine
production capacity. Only 43 percent of the large mine
production of 1.6 mn. tons was locally smelted. All smelter
capacity in Canada (680,000 metric tons) was controlled by
four corporate groups, two of which were U.S. companies.
Cominco and Noranda, each had a capacity close to 250,000 me-
tric tons. Texas-Gulf and Hudson Bay controlled the rest of

the smelting capacity.
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Smelters in Canada, individually, controlled more
than sufficient mine capacity within Canada itself. Thus
backward integration of smelters with mines in Canada was
complete. Further Cominco's backward integration extended
to the ownership of more than the required hydroelectric
power, shipping and dock facilities and exploration activi-
ties. Cominco and Hudson Bay are also integrated forward
for the manufacture of zinc die-casts. Besides, Cominco
is one of the largest producers of fertilizers where the
company profitably uses the zinc by-product - sulphuric
acid. Also Cominco and Noranda have a wide network of trad-

ing arrangements in both Europe and North America.

Japan

The Japanese zinc smelting industry at present is
leading the world, representing about 20 percent of the
F.M.E. world zinc smelting capacity. In 1974, six companies
in Japan controlled about 900,000 metric tons of smelting
capacity. But unlike the U.S.A. and Canada, the control on
mining was only 1/3 of its smelting capacity, thus depend-
ing for the remaining 2/3 smelting capacity on foreign

imports of zinc ore.

All the Japanese mine and metal production capacity
is owned by domestic producers. These producers are, in

turn, closely associated with the trading corporations who
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are responsible for purchasing and marketing all the

mineral products both at home and abroad. The concentra-
tion in terms of market power is even higher due to a close
association of zinc industry through the banking sector and
government agencies. An example of close cooperation

between the various companies in the field of zinc smelting
itself will make this more clear. The six smelting

companies mentioned above have pooled their resources for
joint ownership of two smelting plants - Akita Smelting
Company (with a present capacity of 80,000 tons to be doubled
in the near future) and Hachinohe Smelting Company (with a
present capacity of 60,000 tons to be increased to 85,000
tons in the near future). Both these smelters are operated
on a toll basis for the owners on an agreed basis of consign-
ment. This kind of arrangement allows each owner to expand

their own smelters on a more economic basis.

Europe

The zinc metal industry in Europe is so highly
integrated, both for production and marketing, that it
becomes meaningless to analyse the concentration on a country
basis (except for W. Germany). Five corporate groups (see
Table III.3) control about 1.5 mn. metric tons (about 1/3
of the total free world zinc plant capacity) of metal

production capacity. The Rio Tinto zinc corporation which
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controls 265,000 metric tons plant capacity is the only
European company with any substantial controlling interest
outside Europe (115,000 metric tons in Australia).
Metallgeselleschaft and Preussaug are two German companies
with 210,000 and 175,000 metric tons capacity. The other
two corporate groups, Societe General de Belgique and
I'Metal, have controlling interests with capacities of
690,000 and 175,000 metric tons,respectively,in France,
Italy, Norway, Sweden and W. Germany. Preussaug and
I'Metal are in turn interlinked through a common subsi-
diary. The concentration in Europe is further strengthened
through E.E.C.'s customs union policies. These five
corporate groups together control about 80 percent of the
total European zinc plant capacity.1 All these companies
also have controlling interests in Europe. But, since
Europe has only 0.6 mn. tons mine capacity, the remaining
0.9 mn. tons of foreign ore (half of the total ore traded
in the world market - exclusing intra-European trade) is
imported. Further, some of these companies are also

integrated both backward and forward like Cominco in Canada.

lThe remaining 20 percent is state owned. Ammi Spa in
Italy, Belberger Bergwerks Union in Austria, Espanola
del Zinc in Spain, Outukumpu Oy in Finland and the
Trepa, Zletovo and Zorea plants in Yugoslavia are state
organisations.



107

Australia, Mexico and Peru

About 60 percent of the zinc produced in Australia
is smelted there. There are three zinc smelters, the
Electrolytic Zinc Co. of Australasia (capacity 200,000
tons) , the Sulphide Corporation Private Ltd. (capacity
70,000 tons) and Broken Hill Associated Smelters (capacity
45,000 tons). Whereas the former is domestically controlled,
the latter two are under the control of the Rio Tinto Zinc
Corporation of the U.K. The Broken Hill and Sulphide
plants obtain sufficient zinc concentrates from the mines
of associate companies; Electrolytic Zinc Co. depends on the
mines controlled by other companies (mainly Broken Hill) for
half of its required zinc ores (the other half being provid-

ed by its own mines).1

In Mexico, the major smelters and refiners are Zinc
Industrial Penoles, Industrial Minera Mexicana, S.A. (Asaro
has minor interests - 24 percent - in this company), and
Zincamex (government owned). The Industrial Penoles, the
largest smelter in the country, has a capacity of 65,000
tons, followed by IndustrialMinera Mexicana with a capacity
of 62,000 tons and Zincamex with a capacity of 30,000 tons.
Both IndustrialMinera Mexicana and Industrial Penoles

acquire sufficient concentrates from their own mines and

1R.ecently, this refinery has undergone considerable
expansion through the introduction of a new Jerosite
process whereby recovery of zinc from concentrates could
increase by another 10 percent.
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from the mines of their associate companies. Zincamex
does not have its own mines but smelts concentrates from
Minera Frisco and Industria Minera Mexicana mines. This
total smelter capacity may be compared with the production

of zinc concentrates in 1974 at 262,000 tons.

Peru has only one smelter which is state owned
with a capacity of 78,000 metric tons. The concentrates
for this smelter are provided by the former Cerro de Pasco
mines and some other smaller independent mines still leaving
more than 80 percent of the zinc concentrates in the country

to be exported for treatment to other smelters in the world.

Two smelter plants in Argentina are under the control
of St. Joe Minerals Corporation of the U.S.A., with a
combined capacity of 32,000 tons. The Nehanga smelter in
Zambia is partially controlled (49 percent) by the Minerals
and Resources Corporation of the U.S.A. This Zambian plant
has a capacity of 64,000 tons. In both countries concentra-
tes are provided by the local mines.

3. FUTURE DEVELOPMENTS AND CORPORATE CONTROLl

Some foreseeable developments in the corporate-
structure and vertical integration might provide a good

guide for the analysis of the possible behavior of the world

lFor detailed discussion of some major aspects, see Roskil
Information Services (1974, Chap. 4).
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zinc market in tﬁe near future. A trend in many developing
countries has already been observed towards a nationalistic
attitude resulting in local ownership of resources, both
under the control of the state and individual nationals of
the countries concerned. A few major corporate groups have
also shown a tendency towards joint ventures. Further,
more vertical integration is likely to be encouraged as an
announced policy of the United Nations. Clearly the impli-
cations of these developments for future market behaviour

could be enormous. See Table III.4.

Peru, one of the largest producers of zinc ore has
nationalised most of its mines recently. Now all minerals,
besides being state controlled as regards production, are
supposed to be marketed through Minero Peru - a government
organisation. Centromin, another government company, con-
trols all smelter capacity in Peru. Minero Peru has re-
cently, with the help of Metallgeselleschaft A.G., completed
a feasibility study for an electrolytic zinc plant with a
capacity of 89,000 tons. Once this plant is fully set up,
Peru will be able to smelt about 1/2 of its mine production

within the country.

In Mexico during 1974, Mexican interests increased
their participation in Asarco Mexicana, the major zinc
mining company of Mexico, by a 51 percent interest in Cia

Fresnillo S.A., a New York based company. Minera Frisco,
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TABLE III.4

F.M.E. WORLD - SMELTFR CAPACITY 1974 - 80
{Thousand M. Tons)

ESTIMATED % OF THE FME EXPECTED % OF THE FME

COUNTRY CAPACITY WORLD CAPACITY WORLD % INCREASE

1974 CAPACITY 1980 CAPACITY 1975 - 80
AMERICA
U.S.A. 635 12.9 859 13.5 35.3
CANADA 557 11.3 786 12.3 41.1
MEXICO 157 3.2 245 3.8 56.1
ARGENTINA 51 1.0 51 0.8 0
BRAZIL 35 0.7 125 2.0 257.0
PERU 73 1.5 235 3.7 318.0
EUROPE
BELGIUM 321 6.5 333 5.2 3.7
FRANCE 298 6.0 298 4.7 0.0
GERMANY F.R. 424 8.6 459 7.2 8.2
ITALY 235 4.8 300 4.7 27.6
NETHERLANDS 140 2.8 150 2.3 7.1
U.K. 90 1.8 90 1.4 0.0
OTHER EUROPE 438 8.9 743 11.6 70.0
AFRICA 199 4.0 259 4.1 30.1
AUSTRALIA 315 6.4 315 4.9 0.0
ASIA
JAPAN 8398 18.3 964 15.0 7.3
INDIA 38 .77 77 1.2 103.0
KOREA REP. 15 <3 76 1.2 407.0
WORLD (F.M.E. 4,919 ) 100.0 6,386 100.0 29.8

SOURCE: Dept. of Energy Mines and Resources (1976, 51-55)

0TT
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previously owned by San Francisco Mines of Mexico - a
Californian company - was expropriated by the Mexican
government. These four companies, now holding the major
Mexican interests, control practically all the zinc mining
activities in Mexico. Industria Minera Mexicana (IMM),
Industrias Penoles (IP) and Zincamex are the major smelt-
ing concerns. Both IMM and IP are expected to expand

their total smelting capacity to about 170,000 tons by 1976
and 215,000 tons by 1980.1 Thus by 1980, assuming the
production of zinc concentrates will remain at present
levels, Mexico will be smelting nearly all its mine produc-
tion of zinc. Further, as is obvious both in Mexico and
Peru, corporate control by foreign companies 1s giving way

to public control of both mine and metal production.

The major zinc mine of Matilda in Bolivia, that
was under the control of the U.S. Steel Corporation and
Philipp Bros., has recently been nationalised by the
Bolivian government. The New Jersey Zinc Co. of the U.S.A.
and the Dowa Mining Co. of Japan are cooperating for the

development of the Huari Huari zinc mine.2 This mine is
1

IP is planning to increase its capacity from 105,000 tons
in 1976 to ultimately 200,000 tons. At that scale, the
plant will also produce 180,000 tons of sulphuric acid and
850 tons of cadmium and thus an estimated total gain of
U.S. $160,000 a day in foreign exchange for Mexico.
2The latter extending a loan of $3.5 mn. to the former in
return for 10 year supply of zinc ore at the rate of
50,000 metric tons per year (containing 26,000 metric tons
of zinc).
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believed to have zinc ore reserves of 1.6 mn. metric tons
with 20 percent zinc. On the other hand the Soviet and
Polish interests are conducting a feasibility study for a

zinc smelter with about 50,000 tons capacity.

In India, all mine production of zinc is in the
public sector. The Cominco-Binani Smelter, in which
Cominco has a 40 percent interest is having that interest
reduced to 33 percent. The plant is being expanded from
20,000 to 40,000 tons capacity. The Bon-Becker deposits in
Morocco, which were owned by Cia Asturiene des Mines S.A.

were morocconized in 1974.

In Ireland too, there has been a conflict between
government and private interests over the Navan Mine, the
largest ever found in Europe.1 Since the right to the
deposits is owned by the state, the opinion has been ex-
pressed that the state should have substantial share in
profits from the mine rather than simply the royalties.
The Irish government wants Tara, in order to be able to
obtain a mining lease, to agree to not more than 49 per-
cent participation in the mine, to taxation at 50 percent
and royalties at 10 percent. Tara Explorations Ltd.,
originally a subsidiary of Northgate Explorations Ltd.,

now together own less than 50 percent of the mine. Cominco

lThe mine is believed to have 77 mn. tons of zinc ore

reserves containing 11 percent zinc and 2.62 percent lead.
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and Charter Consolidated own 31 percent and Noranda Mine
another 20 percent.l Part of the concentrates from the
mine is expected to be smelted at the Hartlepool plant
(owned by Cominco) and the rest at a newly proposed Elec-
trolytic zinc plant (60,000 tons capacity) jointly owned

by Tara and Noranda.

Argentina, Greenland and Iran are relatively new
entrants into the world zinc industry. Government influ-
ence has not been extended in these countries as the
technological expertise and/or financial resources are
lacking. Most of Argentina's zinc concentrate and slab
zinc are produced by a subsidiary of the St. Joseph Lead
Co. of the U.S.A. The Black Angel Mine in Greenland, with
an estimated reserve of 5 mn. tons (20 percent zinc) and
the current rate of production at about 60,000 tons, is
controlled by Cominco (major interest) and Northgate
Explorations Limited. Simiran, an Iranian company, with
the help of Rio Tinto (34 percent) and Pennaroya (17 per-
cent) is prospecting zinc mine production in Iran. Since
the shares of these two foreign companies add up 51 percent,
they are likely to exercise control over production. Mean-
while, the Government of Iran is contemplating setting up
a smelter plant for smelting domestically produced zinc

ore locally in the near future.
1

It is believed that Cominco wanted control of the mine to
provide concentrate for its new smelter at Hartlepool in
U.K.
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Zaire and Zambia are the only two major African
producers of zinc. Zaire, the largest mine producer of
zinc (156,000 tons in 1973) smelts less than half of its
zinc concentrates. Zambia produces about 65,000 tons of
zinc ore annually and all these concentrates are locally
smelted. The production of zinc in this country is con-
trolled by the Anglo-2American Corporation and the Minerals
and Resources Corporation of the U.S.A. Recently it has
been proposed that the smelting capacity in Zambia be
enlarged to about 115,000 tons which would imply that part
of the exports of zinc ore from Zaire to Europe may be

diverted to Zambian smelters.

The changes in the structure of ownership and
integration in Australia and Canada, the largest producers
of raw zinc, are of substantial interest to the world zinc
industry. In Australia, as noted above, 3/4 of the mine
production of zinc and about 1/3 of the smelting capacity
is controlled by European and American interests. Recently,
here, many new zinc deposits have been discovered by
American controlling interests. Jododex Australia Pty
Ltd., jointly owned by the St. Joe Minerals Corporation
and the Phelps Dodge Corporation, have discovered a new
zinc deposit at Woodlawn with estimated reserves of 7 mn
metric tons (9.4 per zinc, 3.3 percent lead, 2.9 percent

copper and 1.9 ozs./ton silver) which is scheduled to
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start production some time in the mid-1970's. Similarly,
Mount Isa Mines Ltd., which is a wholly owned subsidiary
of M.I.M. Holdings, has prospected 35.6 mn. metric tons
reserves at the Hilton Mine (9.6 percent zinc, 7.7 percent
lead, 6.3 ozs./ton silver) and a 200 mn metric tons lead-
zinc deposit in the MacArthur River area.l In Western
Australia, the Electrolytic Zinc Company has joined Amax
in prospecting the Golden Grove copper-~zinc deposit with a
very high zinc value (24 percent). Similarly, Conwest
Explorations Ltd., a Canadian company, has reported a
possibility of a large zinc deposit with a very high zinc
value (about 23 percent). Reserves of these deposits are
yet unknown. Place Prospecting Pty. Ltd. (Australian),
where controlling interests are Placer Development Ltd.
(Australian), Kaiser Aluminium and Chemical Corporation
(American) and Traiko Pty. Ltd. (Australian) have
prospected the Lady Loretta deposit in Queensland. The
deposit is estimated to have 9 mn. metric tons of ore,
grading 18 percent zinc, 7 percent lead and 3.5 ozs./ton
of silver. Thus Australia seems a very promising source
of future supply for zinc, though controlling interests
are not only local, but also belong to the well established

major zinc producers elsewhere.

lAsarco of the U.S.A. has 49 percent controlling interests
in M.I.M. Holdings.
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Not much is known regarding the plans for expansion
of the smelting capacity in Australia. However, given the
stricter environmental regulations in the U.S.A., it is
more likely that the American based companies associated
with the production of zinc ore, would prefer to smelt the
ores within Australia, unless they decide to toll smelt in

some other countries.

The Canadian zinc industry in the past has tended
to become more concentrated in terms of the corporate
structure. Cominco and Noranda have acquired assets of
many smaller companies in the past. Further, these compa-
nies have come together in some ventures such as Tara
Explorations, indicating the possibility of cooperation in
terms of acquiring market power. More than 80 percent of
the resources to be utilized for production of zinc in the
future lie under the control of the big six companies. New
developments, given the tendencies of the past, are more

likely to perpetuate the present corporate structure.

The zinc smelting industry in Canada is believed to
have plans for substantial development in the near future.
During the five-year period of 1975-80, the smelting
capacity in Canada is expected to increase from about
550,000 metric tons to about 790,000 metric tons (an
increase of about 68 percent). By the year 2000, the pre-

sent estimate envisages an increase in smelting capacity
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to about 1.5 mn metric tons. Comparing these figures for
estimated mine production of about 1,250,000 metric tons in
1974, 1,400,000 metric tons in 1980 and about 2,500,000
metric tons by the year 2000, there appears to be a con-
scious effort to integrate mine production with smelting
capacity within the country at least in the first few
years.1 Still, Australia and Canada will probably remain

the major suppliers of zinc ore in the world market.

Government interference and nationalistic tenden-
cies in Canada, in general, although in an embryonic stage
at present, are developing quite fast. 1In 1973, the
Canadian Development Corporation acquired a minority con-
trolling interests in Texas-Gulf Inc. C.D.C. and other
Canadian shareholders now own 42 percent of the company's
assets. Four of the 12 representatives on the Board of
Directors are from C.D.C. The provincial governments of
B.C., Manitoba and Ontario have attempted to raise taxes,

one of the important current issues in Canadian mining.

In both Japan and the U.S.A., the current corpo-
rate structure is likely to continue. Corporate groups in
both countries are, however, trying to expand their control
in other countries, particularly for raw zinc, as we noted

above. During the period 1975-80, no expansion of smelting

1See Department of Energy, Mines and Resources (1976,
51-55).
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capacity in Japan is anticipated. In the U.S.A., the
smelting capacity is expected to increase from 625,000
metric tons in 1975 to 860,000 metric tons in 1980. This
increase in capacity in the U.S. is, however, only a partial
replacement of the smelter capacities scrapped during 1969-
73 period. An interesting feature of the increase in
capacity during the 1975-80 period is the joint venture of
Asarco and M.I.M. Holdings of Australia and that of the New
Jersey 2Zinc Company with the Union Miniere S.A. It seems
that the main 6bjective of these American corporations is
to secure steady sources of raw zinc for their smelters.
The Jersey Zinc Co. is also planning to buy anti-pollution

technology from the Dowa Mining Co. of Japan.

4. INTERNATIONAL ORGANISATIONS

Besides the structure of ownership, the existence
of some national and international organisations can play
a vital fole in coordination of the market. OPEC, CIPEC
and the International Tin Association are prominent examples

in the mineral commodity markets.

Although there has been no formal cartel in the
world zinc industry since 1935, producers of zinc have

come together for the realisation of various goals.l The

1For a history of cartelisation, see Appendix to this

chapter.
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International Lead and Zinc Study Group (I.L.Z.S.G.), the
International Lead and Zinc Research Organisation (I.L.Z.
R.0.), and the American Zinc Institute (A.Z2.I.) are the
major organisations in the zinc industry. Besides, the
major zinc producers have also come together for determining
market policies through various meetings and conferences

initiated by the United Nations.

International Lead and Zinc Study Group

The conditions leading to formation of the
I.L.2.S.G. reveal the goal of this organisation. Following
the Korean war boom, the instability of commodity prices
and the consequent erosion of the foreign exchange earn-
ings of the less developed countries drew the attention of
the United Nations to providing a forum for discussion to
alleviate the problems of the producers of primary commodi-
ties. An interest was also shown in the program by the
major consumers, to avoid instability in the commodity
markets. An Interim Co-ordinating Committee for Interna-
tional Commodity Agreements (I.C.C.I.C.A.) was established
under the auspices of the Economic and Social Council
(E.S.C.) of the U.N. I.C.C.I.C.A. initiated the formation
of study-groups for primary commodities. However, the
program was not pushed ahead until 1957 when many 2zinc mine

closures alarmed the major zinc producing countries. The
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formation of I.L.2.S.G. was approved in late 1958 and the
study group was formally established in 1960. At present
the number of members has increased to more than 30 coun-
tries.l The Group holds regular meetings in the fall of

every year.

The major aims as outlined in the constitution of
the Group are:
"to provide the opportunities for appropriate inter-
governmental consultations on international trade
in lead and/or zinc and make such studies of the
world situation in lead and zinc as it sees fit,
having regard especially to the desirability of
providing accurate information regarding the
supply and demand position and of its probable
development. ...The Group may report to Member
Governments, such reports may include suggestions

and/or recommendations."2

I.L.Z2.S.G., through its monthly publication and

some occasional research publications, has made substantial

lOn26th September 1969, the governments of 30 countries -

Algeria, Australia, Austria, Belgium, Bulgaria, Canada,
Czechoslovakia, Denmark, Finland, Germany F.R., Hungary,
India, Italy, Japan, Mexico, Morocco, Netherlands, Norway,
Peru, Poland, S. Africa, Spain, Sweden, Tunisia, U.K.,
U.S.A., U.S.S.R., Yugoslavia and Zambia - were the members
of I.L.2.5.G.

2Cited in Department of Enerqgy, Mines and Resources (1976,
41) .
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improvements in the availability of individual country
statistics on mine production, primary and secondary metal
production, consumption, and relatively aggregative infor-
mation on international trade, stocks and prices. Further,
the Statistical Committee of the Group has helped the
member nations through forecasting probable developments in
demand and supply in various major consumer and producer
countries of the world. Lastly, a rapport has been encou-
raged and developed between major zinc producing companies
and countries leading to an exchange of ideas and more
realistic forecasts of supply-demand balance and the general
outlook of the industry as a whole. The relative price
stability in the world zinc market for up to 2% years at a
time during the 1958-72 period may be, to some extent,

credited to the above mentioned efforts of the Group.

The International Lead Zinc Research Organisation Inc.

(I.L.2.R.0O.)

I.L.Z.R.0., established in September 1958 as the
Expanded Research Program of the Lead Industries Associa-
tion and American Zinc Institute, gained its international
character in 1963 to reflect the world wide sponsorship of
the major lead and zinc producers. In 1969, it had 36
members in 12 countries. The basic objectives of I.L.Z.R.O.
are to develop new knowledge of lead and zinc through

fundamental research, to improve existing products and uses of
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lead and zinc, and to create new products and communicate
the resulting knowledge. The research is usually carried
out on a contract basis in selected laboratories throughout

the world.

The Zinc Institute Inc.

The American Zinc Institute played a vital role in
organising the U.S. zinc producers during the inter-war
period of cartelisation and providing platforms to emphasize
demand for protectionist policies later.1 Since 1968, the
institute has changed its name to The Zinc Institute Inc.
and has opened its doors for the membership of foreign
producers. The primary objective of this organisation is
the promotion and market development of zinc and zinc

products.

1See Historical Appendix to this Chapter.



TABLE III.5S

STRUCTURE OF THE CANADIAN ZINC INDUSTRY
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MAJOR CORPORATE FAMILY PRIMARY ZINC 1974 CAPACITY
FAMILY CONTROL PRODUCTION FACILITIES MINE REFINERY
(% shares) (tons of zinc)
Noranda Mines Ltd.
Geco Mines Ltd., Manitouwadge 100.0 copper-zinc-silver mine 78,000 -
Brunswick Mining & Smelting
Corp. Ltd. Bathhurst, N.B. 64.2 zinc~lead-silver mine 222,000 47,000
Canadian Electrolytic Zinc Ltd.
Valleyfield, Que. Associate Electrolytic refinery - 204,000
Kerr Addision Mines Ltd.
Normetal, Que. ~do- zinc-copper-silver mine 12,700 -
Mattagami Lake Mines Ltd.
Mattagami, Que. ~-do- ~do-~ 95,800 -
Mattabi Mines Ltd.
Sturgen Lake, Ontario -do- -do-~ 87,700 -
Orchan Mines Ltd. -do- ~do- 30.000 -
TOTAL CAPACITY 526,600 251,200
MINE SURPLUS OR (DEFICIT) 275,400
Canadian Pacific Railways Ltd. Transpoxrt Company
Canadian Pacific Investments Ltd. 100.0 Investment Company
Cominco Ltd., Trail B.C. 100.0 Electrolytic refinery - 254,000
Sullivan Mine B.C. 100.0 zinc-lead-silver mine 149,000 -
H.B, Mine, B.C. 100.0 -do- 14,700 -
Pine Point Mine Ltd. N.W.T. 69.0 ~-do~ 192,700 -
Cominco-Binani Ltd., India 40.0 -do- n.a. n.a.
Mitsubishi-Cominco Smelting Ltd.
Japan 45.0 Electrolytic refinery n.a. n.a.
TOTAL CAPACITY 356,000 254,000
MINE SURPLUS OR (DEFICIT) 102.000
Texas Gulf of Canada Ltd. Ontario See U.S.A. zinc-lead-silver mine
Electrolytic refinery 305,300 108,900
MINE SURPLUS OR (DEFICIT) 196,400
Cyprus Anvil Mining Corp. See U.S.A. zinc-lead silver Mine 185,400 -
MINE SURPLUS OR (DEFICIT) 185,400
Sherrit Gordon Mines Ltd. Ontario
Fox Mine, Lynn Lake 100.0 zinc~copper-silver mine 19,600 -
Ruttan mine, Ruttan Lake 100.0 ~do- 55,700 -
TOTAL CAPACITY 75,300 -
MINE SURPLUS OR (DEFICIT) 75,300
Anglo-American Corporation $. Africa
Hudson Bay Mining and Smelting Co. Ltd.
Flin Flone 100.0 Electrolytic refinery ~ 71,700
Anderson Lake
Chisel Lake
Osborne Lake
Dickiston Lake 100.0 zinc~copper-silver mine 90,900 -
Schist Lake
Stall Lake
Ghost Lake
TOTAL CAPACITY 90,900 71,700
MINE SURPLUS OR (DEFICIT) 19,200
SOURCE: Department of Energy, Mines and Resourcesﬂg76,1-jdknd Mocdy's Industrial Guide, “tw Y22y

- Ni1l, n.a. - Not available.



TABLE III.6

Structure of the Australian zinc industry
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Major Corporate Family Primary Zinc 1974 Capacity
Pamily Control Production Facilities Mine
(X shares) (tons of zine)

£.2. Industries Ltd.

Electrolytic Zinc Company of

Australasia Ltd. 100.0
Risdon, Tasmania
Rosbery, Tasmania

Baltana, South Australia

M.1.M. Holdings Ltd.

Mount Isa Mines Ltd. 1¢0.0
Mount Isa, N. Queensland

North Broken Hill Led.
Broken Hill, N.S.W.

Broken Hill Associlated Smelters 30.0
Pty. Ltd.
Port Pirte

The Rio Tinto Zinc Corp.

CRA Holdings Pty. Ltd. 100.0
Conzinc Rio Tinto of Australia

Led. 80.6
Australian Mining and Smelt-

ing Ltd. 73.5

Electrolytic refinery - 200,000
Z{nc-lecad Westcoast

mines 75,000 -
Zinc mines 20,000 =
Total capacity 95,000 200,000
Mine surplus or (deficit) {105,000)
Zinc-lead mine 110,000 -
Z{nc~lead mine 50,000 -
Controlled by Rio Tinto

Zinc Corp.
Electrolytic refinery - 45,000
Refer to Table 11 for

detailed Australian -

holdings
Total capacity 220,000 265,000
Mine surplus or (deftcit) (45,000)

Source: Department of Energy, Mines and Resources(1976,30)

- Nil.
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TABLE III.7

Structure of the Japanese zinc industry
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Major Corporate Family Primary Zinc 1974 Capacity
Family Contral Production Facilities Mine Refinery
(% shares) (tons of zinc)
Mitsuy Mining and Smelting
Co. Ltd.
Miike, Japan Vertical retort smelter - 118,000
Miike, Japan Electrolytic refinery - 20,000
Kamioka, Japan Electrolytic vefinery - 61,000
Rikoshima, Japan Electrolytic refinery - 66,000
Shikama, Japan Zinc~-lead Kamioka mine 80,000 -
Cia Minera Santa Louisa S.A. n.a Zinc-1lead-copper mine 27,000 -
Huanzala, Peru
Iwami Mining Co. Ltd. 100.0
Shimane, Japan Zinc-~lead mine 3,000 -
Akita Smelting Co.! 10.0
Itjima, Japan Electrolytic refinery - 9,000
Hachinohe Smelting Co.l 50.0
Hlachinohe, Japan Imperial smelter - 38,000
Nippon Zinc Mining Co. Ltd. 99.0
Fukui, Japan Zinc-lead Nakatatsu mine 26,000 -
Total capacity 136,000 312,000
Mine surplus or (deficit) (176,000)
Toho Zinc Co.
Annaka, Japan Electrolytic refinery ~ 139,000
Taishu, Japan Zinc~-lead mine 9,000
Gran Bretana SMRL 70.0 °
Gran Bretana, Peru Zinc mine 12,000 -
Akita Smelting Co. 5.0
Itjima, Japan Electrolytic refinery - 4,500
Hachinohe Smelting Co. 5.0 .
Hachinohe, Japan Imperial smelter - 3,800
Total capazity 21,000 147,300
Mine surplus or (deficit) (126, 300)
Dowa Mining Co. Ltd.
Akita, Japan Zinc-lead Uchinotai
mine 24,000 -~
Akita, Japan Zinc-lead Matsumine ‘
mine 24,000 -
Akita, Japan Zinc-lead Koyashiki ’
mine 7,000 -
Akita, Japan Zinc-lead Fukazawa
mine -
Akita Swelting Co. €2.0 3,000
I{jima, Japan Elect
Hachinohe Smelting Co. 20.0 ectrolytic refinery - 46,800
Hachinohe, Japan Imperial smelter - 15,200
Total capacity 60,000 62,000

Mine surplus or (deficit) (2,000}

125
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TABLE III.7 (Cont'd)
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Major Corporate Family Primary Zinc 1974 Capacity
Family Control Production Facilities Mine Refinery
% shares) (tons of zinc)

Hisso Smeiting Co.

Alzu, Japan Electrolytic refinery -~ 31,000
Hachinohe Smelting Co. 5.0
Hachinoche, Japan Imperial smelter - 3,800
Total capacity - 34,800
Mine surplus or (deficit) (34,800)
Nippon Mining Co. Ltd.
Mikkafch{, Japan Electrothermic smelter - 120,000
Ibaragi, Japan Copper-zinc Hitachi mine 4,000 -
Akita, Japan Copper~zinc Shakanal
mine 11,000 -
Hokkaido, Japan Zinc-lead Toyoha mine 38,000 -
Akita Smelring Co. 14.0
Ii{ima, Japan Electrolytic refinery - 12,600
Hachinohe Smelting Co. 10.0
Hachinohe, Japan Imperial smelter - 7,600
Total capacity 53,000 140,200
Mine surplus or (deficit) (87,200)
Mitsubishi Metal Corp.
Aktra, Japan Electrolytic refinery - 97,000
Hosokura, Japan Electrolytic refinery - 20,000
Hyogo, Japan Zinc-copper Akenobe mine 6,000 -
Akita, Japan Copper-zinc Furutobe
mine 4,000 ~
Akita, Japan Zinc~lead losokura mine 20,000 -
Akita, Japan Copper~zinc Matsuk{
mine 2,000 -
Oppu Mining Co. Ltd. 100.0
Aomory, Japan Zinc-lead Oppu mine 2,000 -
Yamagata, Japan Zinc-lead Yatant mine 1,000 -
Akita Smelting Co. 5.0
Iijima, Japan Electrolytic refinery - 4,500
Hachinohe Smelting Co. 10.0
Hachinohe, Japan Imperial smelter - 7,600
Total capacity 35,000 129,100
Mine surplus or (deficit) (94,100)
Sumitomo Metal Mining Co. Ltd.
Sumiko I.S.P. Co. Ltd. 55.0
Harima, Japan Imperial smelter - 60,000
Akita Smelting Co. 14.0
Itjima, Japan Electrolytic refinery - 12,600
Total capacity - 72,600
Mine surplus or (deficit) (72,600)

Source:

Department of Energy,

I pro rata ownership capactty.

- Nil.

n.a. Not available.

Mines and Resources (1 376,2 4—26)



127

TABLE III.8
Structure of the European zinc industry
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Major Corporate Family Primary Zinc 1974 Capacity
Family Control Production Factilities Mine Refinery
(% shareg) (tons of zinc)

,

Sociéts Ganérale de Belgique

Société Génédrale des Mincrals 17.6 Commercial company
Union Miniére 36.0 Investment company
Mctallurgie Hoboken Overpelt 61.5 Electrolytic refinery - 80,000
Overpelt, Belgium
Société de Prayon 44.6 Electrolytic refinery - 65,000
Enhein, Belgium
Société de Mincs et Fonderies 28.0
de Zinc de la Vieille Montagne
Balen, Belpium Electrolytic refinery - 168,000
Viviez, France Electrolytic refinery - 94,000

AG des Altenbergs fur Bergbau 100.0
und Zinkhuttenbetreib

Luderich, Germany Zinc-lead mine 15,000 -
Bolaget Vieille Montagne 100.0
Ammesberg, Sweden Zinc-lead mine 25,000 -
Compagnie Royale Astur{enne 25.9
des Mines
Auby, France Vertical retort smelter - 90,000
Santander, Spain Zinc-lead Reocin mine 45,000 -
Boliden Aktiebolag 11.0
Stockholm, Sweden Zinc-lead-copper mines 75,000 -
Det Norske Zinkkompani 50.0
0Odda, Norway Electrolytic refinery - 85,000
Asturianna de Zinc 50.0
Aviles, Spain Electrolytic refinery - 105,000
Guipozcoa, Spain Zinc-lead mine 15,000 -
Total capacity 175,000 687,000

Mine surplus or (deficit) (512,000)
Metallgesellschaft AG

Berzelius Metallhutten Gesell- 100.0
schaft CmbH
Duisburg, Cermany Imperial smelter - 80,000
Ruhr-~Zinc GmbiH 100.0
Datteln, Germany Electrolytic refinery - 130,000
Sachtleben Aktiengesellschaft 100.0
fur Bergbau GmbH
Lennestadt, Germany Zinc~lead Meggen mine 55,000 -
Ramsbeck, Germany Zinc~lead Ramsbeck mine 15,000 -

Total capacity 70,000 210,000
Mine surplus or (deficit) {(1460,000)
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TABLE 1II.8 (Cont'd)
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Major Corporate Family Primary Zinc 1974 Capacity
Family Control Production Facilities Mine Refinery
(% shares) (tons of zinc)
Imétal S.A.
Compagniec de Mokta 93.8 Investment company
Compagnie des Mines de Huaron 51.0
Huaron, Peru Zinc-lead mine 22,000 -
Société Mintére et Métallurgique
de Penarroya 58.0
Noyelles Godault, France Imperial smelter - 105,000
Herault, France Zinc-lead Malincs mine 10,000 -
Ardeche, France Zinc-lead Largentiere
mine 4,000 -
Societa Mineraria e Metallurgica
di Pertusola 75.7
Crotone, Italy Electrolytic refinery - 82,000
San Pietro di Cadore, Italy Zinc-lead Salalossa mine 22,000 -
Preussag-Weser-Zink GmbHl 25.0
Nordenham, Germany Electrolytic refinery - 27,500
Compagnie Frangaise des Mines
du Laurium 66.6
Laurium, Greece Zinc-lead mine 2,000 -
Sociedad Minera y Mctallurgica
de Penarroya Espana S.A. 98.1
Carthagena, Spain Zinc-lead mine 20,000 -
Société Penarroya-Maroc g2.8
Morocco Lead-zinc mine 3,000 -
Mineragao Boquira S.A. n.a.
Bahia, Brazil Lead-zinc mine 5,000 -
Total capacity 88,000 214,500
Mine surplus or (deficit) (126,500)
Preussag Aktiengesellschaft
Harlingerode, Germany Vertical retort smelter - 94,000
Goslar, Germany Zinc~lead Rammelsberg
mine 30,000 ~
Bad Grund, Germany Zinc-lead Grund mine 13,000 -
Preussag-Weser~Zink GmbH 75.0
Nordenham, Germany Electrolytic refinery - 79,000
Total capacity 43,000 173,000
Mine surplus or (deficit) (130,000)
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TABLE III.8 (Cont'd)

Major Corporate
Family

-

1974 Capacity

Mine Reflncey

The Rio Tinto Zinc Corp. Ltd.

CRA Holdings Pty. Ltd.

Conzinc Rio Tinto of Australia

Ltd,

Australian Mining and Smelt-

ing Ltd.
AM & S Turope Lid.

Comnonwealth Smelting Ltd.
Avonmouth, United Kingdom
Australian Overseas Smelting
Pty. Ltd.
Budelco B.V.!
Budel, Netherlands
New Broken HI1l Consoli-
dated Ltd.
Broken Hill, N.S.W.,
Australia
The Zinc Corp. Ltd.
Broken Hill, N.S.W.,
Australia
Sulphide Corp. Pty. Led.
Cockle Creek, Australia
Broken Hill Associated
Smelters Pty. Ltd.
Port Pirie, Australia

r——
Family Primary Zinc
Control Production Facilities

(% shares)

100.0 Investment company
80.6 Investment comapny
73.5 Investment company

100.0 Commercial company

100.0

Imperial smelter

100.0 Investment company
50.0
Electrolytic refinery
100.0
2inc-lead mine
100.0
Zinc-lead mine
100.0
Imperi{al smelter
70.0

Electrolytic refinery

Total capacity
Mine surplus or (deficit)

(tons of zinc)

- 90,000
- 60,000
140,000 -
80,000 -
- 70,000
- 45,000
220,000 265,000
(45,000) -

Source: Department of Energy, Mines and Resources{1976, 21-23)

! pro rata ownership capacity.
- Nil. n.a. Not available.
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Structure of the United States zinc industry
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PRe—
Major Corporate Family Primary Zinc 1974 Capacicy
Family Contrel Production Facilities Mine Refinery
(Z shares) (tons of zinc)
St. Joe Minerals Corp.
Monaca, Pa., U.S.A. Electrothermic smelter - 200,000
Missouri, U.S.A. Lead-zinc Bushy Creek
mine 2,000 -
Missouri, U.S.A. Lead-zinc Hether mine 2,000 -
Missouri, U.S.A. Lecad-zinc Indian Creek
mine 2,000 -
Missour{, U.S.A. Lead~zinc Viburnum mine 4,000 -
New York, U.S.A. Zinc-lead Balmat-
Edwards mine 80,000 -
Compania Minera Aguilar S.A. 99.9
Argentina Zinc-lead mine 40,000 -
Sulfacid S.A. 50.0 !
Borghi, Argentina Electrolytic refinery - 26,000
Cia. Metdlurgica Austral-
Argentina S.A. 43.0
Comodoro, Argentina Electrothermic smelter - 16,000
Cia Minerales Santander Inc. 100.0
Santandu, Peru Zinc-lead mine 35,000 -
Total capacity 165,000 242,000
Mine surplus or (deficit) (77,000)
Minerals and Resources
Corporation Ltd.
Prairie Investments Ltd. 100.0 Investment company
Englehard Minerals and
Chemicals Corp. 30.5
Bartlesville, Oklahoma, Horizontal retort smelter - 41,000
U.S.A.
Zambia Copper Investments 49,98 Investment company
Nehanga Consolidated Copper
Mines Ltd. 49.0
Broken Hill, Zambia Imper{al smelter - 34,000
Kabwe, Zambia Electrolytic refinery - 30,000
Broken Hill, Zambia Zinc-lead mipe 65,000 - -
Total capacity 65,000 105,000

Mine surplus or (deficit)

(40,000)
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1974 Capacity

Production Facilities Mine

Refinery

Amax Inc.

Amax Lead and Zinc Inc.
Sauget, Illinois, U.S.A.
Heath Steele Mines Ltd.
Little River Jotnt Venture
Newcastle, N.B., Canada
Amax Lead Company of Missouri
Bows, Missouri, U.S.A.
Hewfoundland Zinc Mines Limited
Daniels Harbour, N.B.,
Canada
Minera Frisco S.A.
Minera San Francisco Del Oro
Chihuahua, Mexico
Tsumeb Corporation Ltd.
South West Africa

Gulf & Western Industries Inc.

The New Jersey Zinc Company
Palmertown, Pa., U.S.A.
Gilman, Colorado, U.S.A.
Ogdensburg, N.J., U.S.A.
Centre Valley, Pa., U.S.
Jefferson Citv, Tenn.

U.5.A.
Austinville, Virginia,
U.S.A.

A.

Gulf Resources and Chemical Corp.

Bunker Hill Co.
Kellogg, Idaho, U.S.A.
Kellogg, Idaho, U.S.A.
Star Morning Unit Joint Venture
Burke, Idaho, U.S.A.
Pend Oreille Mines and Metals Co.
Metaline Falls, Washington,
U.S.A.
Reeves MacDonald Mines Ltd.
Remac, B.C., Canada

(7 shares)

100.0

100.0
75.0

3.0
100.0

29.6

100.0

100.¢0

70.0

100.0

60.3

(tons of zinc)

Electrolytic refinery -
Mine operaror -

73,000

Zinc-~lead mine 35,000
Zinc-lead Buick mine 64,000
Zinc mine (commences 40,000
1975)

Zinc-lead-copper mine 50,000
Zinc-lead mine 3,000
Total capacity 188,000
Mine surplus or (deficit)
Vertical retort smelter -
Zinc-lead Gilman mine 22,000
Zinc Sterling mine 30,000
2inc Freidensville mine 15,000
Zinc Jefferson mine 13,000

Zinc-lead Austinville
mine

73,000

115,000

80,000

17,000

Total capacity 97,000 80,000
Mine surplus or (defictit) 17,000
Electrolytic refinery - 96,000
Zinc-lead mine 21,000 -
Zinc-lead mine 12,000 -
Z{nc-lead mine 6,000 -
Zinc-lead mine

{(closed 1975) 6,000 -
Total capacity 45,000 96,000
Mine surplus or (deficit) (51,000)

(concl'd. on next page)
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Family
Control

= e

Primary Zinc
Production Facilities
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~ 1974 Capacity

Mine Refinery

ASARCO Incorporated

Corpus Christ{e, Texas,
U.S.A.
Amarillo, Texas, U.S.A.

New Mexico, U.S.A.

Tennessee, U.S.A.
Tennessee, U.S.A.
Tennessee, V.5.A.
Vewfoundland, Canada
Blackcloud Jo{nt Venture
Leadville, Colorado,
v.S.A.
Northern Peru Mining
Corporation
Quiruvilla, Peru
M.I.M. Holdings Ltd.
Mount Isa Mines Ltd.
Mount Isa, Australia
United Park City Mines Co.
United Park City, Utah,
U.S.A.

Neptane Mining Company
Vesubio, Nicaragua
Industrial Minera Mexico S.A.

Rosita, Mexico

Charcas, Mexico
Pappai, Mexico

San Martin, Mexico
Santa Barbara, Mexico
Plomosas, Mexice
Santa Eulalia, Mexico
Taxco, Mexico

(% shares)

50.0

100.0

49.0
100.0

16.5

Flectrolytic refinery

Horizontal retort
(closed 1975)

Zinc-lead Ground Hog
mine

Zinc Immel mine

Zinc Young mine

Zinc New Market mine

Zinc~lead Buchans mine

Zinc-lead mine

Copper-zinc~lead mine
Investment company

Zinc-lead-copper mine

Zinc~lead mine
Ziac-lead mine

Horizontal retort
smelter

Zinc-lead-copper mine
Zinc-lead~copper mine
Zinc~copper mine
Zinc-lead-copper mine
Zinc-lead mine
Zinc-lead mine
Zinc-lead mine

Total capacity

Mine surplus or (deftcit)

(tons of zinc)
.

- 95,000

- 50,000
15,000 -
10,000 -

5,000 -
20,000 -
25,000 -
15,000 -

5,000 -

110,000 -
28,000 -
18,000 -

- 62,000
18,000 -
17,000 -

‘18,000 -
32,000 ~
20,000 -

5,000 -
15,000 -

376,000 207,000

169,000

Source: Department of Energy, Mines and Rescurces(1976, 15"29)

- Nil,
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APPENDIX TO CHAPTER III
ORGANISATIONAL STRUCTURE, A HISTORICAL

PERSPECTIVEl

A historical account of the interplay of market
forces, technological developments, organisational changes,
and governmental and private interference with the working
of the free market, might contribute to our understanding of
the present structure of the world zinc industry. Until the
beginning of the 19th century, the zinc industry, like all
other non-ferrous metal industries, was very little deve-
loped beyond the use of the alloy form for ornaments and
some household wares. Industrial development during the
19th century and some developments in the science of
metallurgy in the first half of the 20th century increased
the production and consumption of zinc enormously. The
intermittent recession years witnessed the development of
some formal cartels in the European countries, combines in
the U.S.A., and various protectionist policies in several

parts of the world.

In the post world war period, after a temporary

halt, the industry was again revived by the Korean war boom.

lThe discussion in this appendix is based on various frag-

mentary evidences in numerous publications on zinc. For
overall completeness, the interested reader is referred
to Elliot et al (1973, Chaps. II and XII) and McMahon et
al (1974).
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In the subsequent recessionary period, while the excess
capacity in the U.S. industry was protected by a number

of governmental measures, such as the accelerated stock-
pile program, quotas and some incentive programs, the rest
of the world had to observe a cutback in production levels
Better business conditions and a surge in demand due to
the Vietnam war in the early '60's resulted in a substan-
tial revival of the world zinc industry. In the period
1963-64 alone the price of zinc doubled. On the other
hand continuously larger scale production of aluminium and
plastics increased their capability as substitutes for
zinc in some of its major end-uses. This was almost
immediately recognised by the major zinc producers and
induced them to agree upon a fixed price system which could
be manipulated by them according to the current circum-
stances rather than depending on the free market which was
very unstable. To gain insight into these developments,
the discussion will be divided into: (a) the Pre-World

war period, (b) the Inter-War period. Post World War II
developments are discussed in detail in Chapter II and

hence will not be elaborated here.

THE PRE-WORLD WAR PERIOD

Earlier in its history, zinc was most well known

as an alloying material with lead and copper. The oldest
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known piece of zinc containing 87.5 percent zinc (l11.5 per-
cent lead and 1 percent iron) was found in the form of an
idol in the pre-historic Decian settlement at Deroseli,
Transylvania. Brass making seems to have been known to
Romans and Asians in the Pre-Christian era; some Roman coins
as early as 200 B.C., contain an intentional addition of
brass secured by melting copper with calamine (the basic
\mineral containing large quantities of zinc). Between the
16th and 18th centuries, Portuguese navigators brought zinc
to Europe from India and China where metallurgical science
was perhaps more developed than anywhere else in the world,
and until the beginning of the 19th century, all the require-
ments of zinc in Europe were satisfied through imports from

these two countries.

Calamine ores were first distilled at Bristol,
England and were later transferred to Silesia in 1798, and
to the U.S.A. in 1835. 1In fact, the basis of the modern
zinc industry may be said to have started with the Abbé
Dony zinc smelting at the Liege and Vieille Montagne com-
pany in Belgium in the early 19th century. During the 19th
century, the smelting industry remained largely in Belgium
and Germany which together accounted for about 70 percent of
the world production in that century. At the beginning of
the 20th century, the U.S.A. outstripped Belgium and by 1909

had also surpassed Germany, becoming the world's largest
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producer. These three countries together accounted for
about 80 percent of the world output of zinc metal,

though only 55 percent of the world mine production.

This concentration of metal production was due to
several factors, including the delicate and to some extent
well maintained secrecy regarding the nature of smelting
process. The smelting process required highly skilled
labour, cheap fuel and suitable retort clays. The impor-
tance of cheap fuel can scarcely be overemphasized as two
tons of coal were required for smelting each ton of ore,
thus making it necessary for the ore to move to the sources
of coal. It was this technological fact that gave scme
market power to Belgian and German producers in the world
zinc industry, although the major mine production lay in
Australia, Spain, Italy and Mexico at that time. In 1885,
in fact, a cartel (the International Zinc Syndicate) was
formed under the leadership of Belgian and German producers

with an agreement on production quotas.

The outbreak of World War I, that was carried out
in the very midst of the concentrated zinc smelting areas
of Belgium, Northern France and Russian Poland, shattered
the existing organisation. The German and Austrian indus-
tries were cut off from the rest of the world. Thus the
war smashed a major part of the world zinc metal industry

outside the U.S.A.; whilst simultaneously demand, parti-
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cularly for high grade zinc for brass cartridges and shells,
was increasing very rapidly. An acute shortage of zinc
developed, the main bottleneck being the smelting capacity.
Vast quantities of zinc ore were lying in Broken Hill lead
tailings in Australia, but the European outlets for them
were closed. The British Government took some active
interest in alleviating the problems of the Australian mine
producers through a long term contract to purchase ores,
later to be resold to the British, French and Belgian
smelters. The agreement carried a guaranteed price to the
mine producers. However, the war time shipping blockade
and conservatism on the part of the British smelting company
in expanding smelting capacity, resulted in a heavy loss of
over one million pound-sterling to the British Board of
Trade and an accumulation of over 400,000 tons of zinc ore
by the end of the war, rising to 750,000 tons by the end of

1921.

The only country able to take advantage of the war
time increase in demand was the U.S.A., with ample ore,
fuel and skilled labour. The smelting margin rose from $10
per ton in 1914 to $100 per ton by June, 1915. As a result,
the smelting capacity in the U.S.A. doubled within two years
(1914-16) and reached over 900,000 tons by 1917 - about
three times the domestic requirement of the country in that

year and about 82 percent of the total pre-war world
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requirement for the metal. In the long run this tremendous
increase in the smelting capacity could only be justified
if much of the former European smelting business could be
permanently retained in the U.S.A. This was less likely
as the average productivity of the U.S. and Belgian workers
was hardly different whereas the wages were slightly higher
in the U.S.A. Further, the failure of the U.S. producers
to secure contracts from Australian mine producers ren-
dered more than one-third of the war time U.S. smelting

capacity excess.l

By the end of the First World War then, large
stocks of concentrates in Australia were building up
together with the uncertainty regarding British policy,
and a large excess smelting capacity in the U.S.A. A
European smelting revival subsequently forced the Ameri-
can metal producers to fall back upon the domestic,

though much inferior, resources and high tariff-walls.

THE INTER-WAR PERIOD

The inter-war period witnessed many institutional
and technological changes leading to some significant altera-

tions in the structure of the world zinc industry.

lAlthough Mexican and Canadian supplies of ore to the U.S.

were increasing, it was important to secure contracts
from the Australian producers as they supplied more than
1/3 of the world production of zinc ore.
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By 1923, the Western European smelting industry had
resumed its operations again. The large Australian stocks
had dwindled. The two large Western combines, the Vielle
Montagne group and the Anglo-Australian group, dominated the
world market outside the U.S.A., though the relations between
the chief producers remained highly competitive as each was
straining to consolidate his own position. In the U.S. as
well, the industry was getting more closely organized under
the auspices of the American Zinc Institute and the Zinc
Export Association Inc. American interest through Anaconda
entered the disputed upper Silesian field and consequently the

European market.

The period 1923-28 witnessed the development of a more
efficient technique of concentrating ores - the floatation
technique - which permitted the extraction of zinc from
complex sulphide ores, thus augmenting the supply of concen-
trates enormously. As the ore supply increased, there was
again a ﬁigh premium on smelting capacity, and as a result
several mining companies began to build their own smelting
plants. A simultaneous development of the electrolytic
technique of smelting, however, encouraged a balance of
smelting capacity in favour of the countries with a cheaper
source of energy - in this case hydroelectric power.

Canada, one of the largest beneficiaries of floatation and

electrolytic developments, more than doubled her ore-metal
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production between 1925-28. The consolidated mining and
smelting company of Canada rapidly approached the size of
the Vielle Montagne in output and was marketing most of
its output in Europe. Some increase in capacity was
observed in Australia, Mexico, Rhodesia and Indochina as
well as in Europe. The Silesian-American corporation in
Poland, Giesche (a subsidiary of Anaconda of the U.S.A.)
was campaigning actively for new markets. The U.K. was
again expanding smelting capacity, and new electrolytic
plants were projected in Germany, Norway and Southern
France. Thus, the market power of the earlier European
companies was threatened, resulting in a demand for

cartelisation.

A European Zinc Cartel, with Vielle Montagne as
its leading force, was formed in May 1928. All the
important European output was represented including the
Belgian Vielle Montagne, the French Branch of Vielle
Montagne, the Union des Usines a Zinc, the Dutch Zincs de
la Campine, Austurienne, Penarroya, the Polish Obersch-
lesische Zinc, Gische (Anaconda Company) Hoheulohe, the
German cartel, the English National smelting company and
Sulphide Corp., the Norwegian Zinc Co., the Spanish
Austurienne and Penarroya. American producers were also
represented to discuss conditions under which the U.S.

could join the scheme. The cartel, however, went through
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many extensions and partial and total extinctions until

1935 when it was finally dissolved.

Initially, the agreement was only for six months
and, during the period, producers did nothing more than
organising informal discussions on the problems. No
agreement could be made on price-stabilisations, stocks or
production controls. The L.M.E. price, after a temporary
stiffening in May, again slid off, and by October had

reached a new low point.

The first agreement on production control was
arrived at in January 1929, when the members agreed to
curtail output by 7 percent until the L.M.E. price was
stabilised at £27 per ton for at least a month. The
European electrolytic production was not included in this
output restriction scheme. Australian and Canadian
producers, although not members of the cartel, were under-
stood to have agreed to restrict their exports to Europe

by an equal amount.

The control on production varied between 5 to 10
percent over the first six months, finally stabilising at
10 percent at the end of the year (1929). It did not
take long for friction to show up between different cartel
members. The major objection came from the customs

smelters who apparently did not secure the same advantage
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from the cartel as was available to the integrated smelters
with mines. The advantage for customs smelters lay in

their operation at as high a level as possible regardless

of the price, whereas the ore producers and integrated
combines would support restriction if it brought about a
compensating increase in price. Another weakness of the
cartel was its failure to include the growing electrolytic
production of the new world, particularly Canada, Australia,
Rhodesia, and Mexico. As a result, the cartel was dissolved

at the end of 1929.

Several other attempts were made to revive the car-
tel under Belgium leadership but these could not succeed
because of the various conflicting interests. The major
stumbling block was the conflict of interests between the
European smelters (where smelting capacity was mainly
based on the traditional 'retorti' process) and the new
electrolytic producers elsewhere. The clash of interests
arose bécause of the nature of marginal cost curves in the
two processes. The electrolytic costs are largely for power
whilst the costs in the retort process are for labour, fuel
and miscellaneous supplies. Under normal business condi-
tions both processes have similar costs so that choice
depends on locality and ore, but under abnormally depressing
business conditions, operating costs of the retort process

decline with lower prices; in these circumstances, the
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operating costs of the electrolytic process (where more
than 9/10 of the cost of the hydro-electrolytic plant
consist of interest and other capital charges on the
original investment) remain stable and increase with per
unit decrease in production. Electrolytic producers were
consequently more reluctant than retort smelter producers
to curtail output. In fact, electrolytic producers
increased their smelter capacity by about 50 percent

during 1930.

As a consequence of these expansions in smelter
capacity, stocks increased by about 136,000 tons in a year
and the L.M.E. price dropped from the 1929 average of £24.8
per ton (as against £36.6 in 1925) to £13.8 per ton in
December 1930. By May 1931, price had further declined to
£10.5 per ton and stocks had increased by another 57,000
tons. At this stage, even the electrolytic producers were

alarmed.

In July 1931, therefore, a world cartel was formed
at Ostend where Belgian, German, Polish, Norwegian, French,
Czech, British, Mexican, Dutch, Spanish, Italian, Australian
and Rhodesian producers signed the agreement. The cartel
was planned to exist for five years beginning August 1,
1931, but could be dissolved any time at 3 months notice.
Production capacities were prorated on the basis of the

highest 3 months output between January 1927 and June 1930,
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with special allowances made for the new plants of the
Hudson Bay Mining and Smelting Company in Canada and the

Royal Austurienne in Norway.

The initial restriction was drastic - 45 percent
of the theoretical capacity. One half of the existing
stocks were permitted to be sold in addition to the current
production, the balance to be held for higher prices later.
Stocks of 227,000 tons in July 1931 had been cut to 209,000
tons by the end of the year, and 88,000 tons were frozen

by agreement out of the later stock.

Within a year, the depreciation of sterling created
new problems for the continuation of the cartel. Curren-
cies fluctuated throughout the world; Australia, with her
currency depreciated by 50 percent, was eager to sell zinc
and could get a good profit by selling at the world price.
Nationalistic policies of England and Germany, through

imposition of tariffs, further worsened the situation.

By the end of 1932, a new dissension, mainly over
the question of stocks, developed within the ranks, result-
ing in the dissolution of the cartel for ; about three
months, after which a new agreement was reached. Producers
with large stocks were eager to liquidate part of them,
while producers with no stocks to be held off the market
desired that the production restrictions be eased. To

solve the deadlock, a system of penalties for over-



145

production and bonuses for under-production was introduced
by which the lowest cost producers could restrict produc-
tion further. With another agreement on frozen stocks in

March 1933, the cartel continued, albeit struggling.

Producers, mainly electrolytic, continued to pro-
duce in excess of quotas and to pay fines. 1In spite of
large excess capacity, new expansions continued. Nation-
alistic policies in Italy, Germany and some other coun-
tries expanded smelter capacity to attain their objective
of self-sufficiency. The political revival of silver was
another factor for continued expansion, as silver is

largely available as a co-product of zinc.

Thus the problems posed by stocks, fluctuating
exchanges, tariffs, continued capacity expansions, and
above all, the heterogeneity of interests of the cartel
members, worked for its final dissolution in 1935. A
major weakness of the cartel which contributed most to the
heterogeneity of interests lay in the control of smelter
production rather than control of both smelter and mine
production. In general, absence of control over mine
production simply resulted in the accumulation of large
stocks of concentrates rather than large stocks of metal.
In fact, these concentrates, given the excess smelter
capacity, could be rapidly converted into metal and thus

threaten the purpose of the cartel at any time.
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Such was the history of the zinc cartel probably
much like attempted cartels in many other industries. The
institution was under continuous struggle from the very time
of its inception to its final dissolution. Although, it
is clear that if there is no other market distortion, under
normal economic conditions cartelisation in an industry may
breed inefficiencies in the market. However, this statement

needs to be qualified.

Firstly, according to the theory of the 'Second-
Best', an addition of one imperfection, say cartelisation,
in the presence of even one other imperfection in the
economy, need not necessarily result in a loss of efficiency.
Besides innumerable imperfections in the economy as a whole,
the zinc industry probably like many other mineral indus-
tries, has been subject to government interference through
tariffs, quotas, stockpile programs, national monopolies
etc. In this case, one cannot conclude that cartelisation
must have’resulted in the loss of efficiency in the world

zinc industry.

Secondly, according to a pragmatic view, though
cartelisation may result in a check in technical advances in
nbrmal business conditions, through the protection of
inefficient units in conditions of deep depression, like
those existing at the time of cartelisation in the zinc

industry, it works as a medicine for the patient units
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whilst a laissez faire policy works for their untimely

death.

During the 1929-34 period, the main problem faced
by the industry was the temporary reduction in demand due
to a general trade depression. Under laissez-faire condi-
tions, the higher cost concerns would more or less have
been ruined before they decided to close down; they might
not have been able to stand the drain of maintenance costs,
with the result that when demand recovered they could not
in time resume efficient production and thus a wholly
unnecessary boom would have been generated to induce the
establishment of new concerns to take their place. This
could have been a completely unnecessary loss to the share-
holders of these concerns and have meant a-completely
unnecessary absorption of new capital from the point of
view of the community. Restriction schemes can effectively
prevent these unnecessary and wasteful results of laissez-
faire. The need in this case "is to prevent the extinction
of capacity, or in other words, to put that portion'of the
existing capacity which is temporarily unwanted in the cold
storage, so that it may be preserved in a fresh and effi-
cient condition against the day when the depression passes,
and it will be again required; and, one should add, to
accomplish this at the minimum cost. Thus restriction

schemes are an excellent form of refrigerator, and reliance
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can be placed upon them, at least in theory, to enable an
industry to survive a severe depression without demoralisa-

tion and decay."l

Howevexr, this does not necessarily imply that
restriction schemes are desirable whenever there is excess
capacity in the industry. On the contrary, when general
trade conditions are normal, protection of excess capacity
will only breed inefficiency. Protection of higher cost
producers through cartelisation can only postpone the evil
for a later day. In the event where the technological pro-
gress has induced new capacity making some of the old
capacity excess, restriction of such an excess capacity will
only hold back the technological advancement behind the
restriction scheme; and such schemes can hardly continue for
long as new additions to capacity will keep reducing prices;
the technically obsolete capacity must be surrendered to
laissez-faire to perform the necessary surgical operations.
And, in fact, some of it may be economically obsolete and

hence need to be scrapped.2

However, at least three qualifications to this
general observation may be noted. One, if the excess

capacity is accompanied by a temporary fall in demand due

lSee Rowe in Elliot et al (1937, 79).

2In the sense that its prime costs exceeded the total

costs of the newest capacity.
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to a world trade depression, restriction schemes will be
justified, as argqued above, only for the depression

period. It is true that the consumer is likely to bear a
considerable part of the cost of prolonging the life of an
economically obsolete capacity, i.e. the burden of payments
to the owners of technically but not economically obsolete
capacity in order to preserve their existence. But these
losses may be weighed against the general economic and
social disturbances which accompany the surgical operation
of laissez-faire. Two, protection of excess capacity may
also be justified under normal business conditions but
technological stagnation: if technique is stationary, the
excess capacity, by hypothesis, is technically efficient and
may therefore be refrigerated until it is required again.
However, in this case, since the additional capacity created
must be due to the mistakes of entrepreneurs in judging the
growth in demand, the cost of cold-storage must be borne by
the entrepreneurs rather than the consumers, i.e. there
should be no increase beyond normal prices under restriction
schemes. Three, if the excess capacity appears in a few
countries as a result of governmental interference with the
market in other countries (i.e., inducements through pro-
tective measures), restrictions in the former countries may

not be totally unjustified.



CHAPTER IV
ECONOMETRIC MODELING OF MINERAL INDUSTRIES:

A SURVEY AND SPECIFICATION OF A MODEL FOR ZINC

Commodity modeling in the last decade has emerged
in a number of analytical forms, according to the objective
of the researcher and the particular behavior of the deci-
sion maker to be modelled.l Econometric process models
designed to analyse industry processes, world trade models
to study transmission of short-~run fluctuations of domestic
activities, and systems models that facilitate the study of
behavior patterns of decision makers in reaghing equili-
brium or adjusting to various constraints are among the
recent developments in commodity model building. More
recently, attempts have also been made towards incorporat-
ing: (a) market imperfections, (b) technological consi-
derations in the modeling of certain commodities, and
(c) linking of commodity models to macroeconometric models

of the important consumer and producer countries.2 Since,
1

For an excellent taxonomy of commodity modeling techniques,
see Labys, ed. (1975, Chap. 1).

For example, models introducing (a) market imperfections,
see Epps (1970), Burrows (1971), Dayananda (1977);

(b) technological considerations, see Avramidas and Cross
(1973); (c) linkage to macroeconometric models, see Adams
(1973a) .
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the general field of commodity modeling has been very well
surveyed and analysed recently, focus here will be re-~
stricted to the techniques followed by some model builders

concerned with mineral commodities.l

1. MODELS OF MINERAL COMMODITIES: A SURVEY

Except for oil, modeling of mineral commodities, in
general, has been based on the technique termed 'econometric

market modeling'.2

In general, the technique consists of
laying down a set of market relationships pertaining to the
supply of and demand for a commodity, together with inven-
tory behavior, and their roles in determining the price of
the commodity. Prices, along with some exogenous variables,
affect the supply, demand and stock variables which, in
turn, determine the equilibrium level of price and quantity
of the commodity. Various technological and institutional
variables relevant to the particular industry, or an
emphasis on particular market forces, or on the behavior of
decision makers, distinguish these models from one another.
These models have the advantage of being easily amenable to
micro~analysis of the market, e.g. to stabilisation schemes
through simulation techniques, and to macro-policy analysis
through their linkage to the macro-econometric models of

producer or consumer countries.

lSee Labys, ed. (1975), Adams and Behrman (1977).

2Ibid.
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A general scheme of the market form of an econo-
metric model for a mineral commodity may be depicted

through an arrow diagram as in Figure IV.1.

Many variations of the following scheme are
possible, depending on the objective of the model builder,
the particular type of behavior of the decision maker to
be emphasized, and other relevant considerations with
regard to the particular commodity. For example, it may be
important to build a model ignoring, or paying very little
attention to one or more variables, e.g. resources, capa-
city or some technological/institutional aspects. Or, it
may be required to ignore one of the major market variables
such as supply, or demand, or to link some of the market
variables to relevant macroeconomic variabies, as warranted
in the particular situation. Here, a brief review of some
of the models of mineral commodities is necessary to illus-
trate the techniques of model building followed in this

field.

TIN

The model of the world tin market built by Desai
(1966) follows the above scheme, with some important varia-
tions. Desai's major objective was to study the transmission
of fluctuations from the developed world to the developing

countries. This model therefore had a very simple structure
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of a recursive nature.l

D, = D(A,)

S¢ = S(S¢y)
ASTK, = S, - D,
Pe = Pé%lit-l)

Symbols as defined in Figure IV.1l; subscript

t stands for time.

The model was disaggregated on the demand side
into three regions - the U.S.A., OEEC and Canada, and the
rest of the world. The total demand for tin in the former
two regions was further disaggregated according to two end-
use categories - tinplate and non~tinplate - to capture
more accurately the influence of the relevant activity
variables and technological changes in the end-uses. The
immediately relevant activity variables relating to the use
of tin for tinplate and non-tinplate were linked with
larger macro-variables, such as GNP and industrial produc-
tion. Price variables did not contribute to the explanatory

power of either the supply or demand functions, and hence

1 . . . .

A recursive scheme, in simple language, involves a deter-
mination of all the endogenous variables in the scheme
without any feedback effect, i.e., unidirectional causa-
tion. For the technical discussion of recursive systems,
see Johnston (1972) p.369.
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were excluded.

The tin model was used to study the transmission
of cyclical fluctuations in the activity variables of the
industrialised countries to the prices and total revenues
received by the major suppliers of the tin market. The
technique of stochastic simulation was used for this
purpose.l Other simulations carried out were aimed at
investigating the possibility of reducing fluctuations in
price and revenue, received by tin producers, through the
instruments of a buffer stock and the restriction of output

by the International Tin Council.

Copper

Many researchers have attempted to build a model of
one or more phases of the world copper market.2 Fisher,
Cootner and Baily (1972), however, presented the most com-
prehensive study of the world copper industry. This study
essentially follows the market form of econometric modeling
technique as discussed above. Their model may be written

as

1The technique of stochastic simulations, see Adelman and

Adelman (1959).

2For example, see Ballmer (1960), Behrman (1972),
Mahalingsivam (1969) , Khanna (1972), Fisher, Cootner
and Baily (1972), Adams (1973), Banks (1974).
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S, = S(P_, P__)

D, = D(Pt, P A PS,)

t-s’ t’ t

P, = P[A(g‘—gK—)t, P 4!

Variables are as defined in Figure IV.1l. P, __ indicates
distributed lag response (in terms of partial adjustment
model) of S and D to prices. 's' indicates the number of

vears lagged.

The copper model divided the world copper market
into the U.S.A., where prices are administered by the U.S.
Government and U.S. producers, and the rest of the world
where prices are determined by free market forces of demand
and supply at the London Metal Exchange (LME). Since, the
LME price is a free market price, it also plays a role in
determining the U.S. producer price in the long run, as
well as providing a link between the two markets. Inter-
regional trade between the U.S. and the free market world
outside the U.S., which depends on the differential between
the two market prices, provides a further link between the
two markets. The model was relatively disaggregated by
incorporating different supply equations for the major
copper producing areas (U.S.A., Chile, Canada, Zambia and

the rest of the world) and different demand equations for
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each of the principal consumer areas (U.S.A., Europe,
Japan, and the rest of the world). The demand equations
were, however, not disaggregated to end use categories.
Neither were resources, capacity, technological variables
and prices of co-products included in the model. Never-
theless, the model remains one of the best examples of the

market form of econometric modeling.

The estimated version of the model was used for
short-term forecasting (though not very successfully) and
policy simulation analysis. The major policy questions
asked include (1) the effect of a 10 percent rise in
Chilean output every year on price level and on Chilean
revenues (2) the effect of a discovery of a large new

source of supply on the L.M.E. price.

Cobalt

Burrows (1971) model of cobalt introduces market
imperfections explicitly. Unlike copper, tin and many
other mineral commodities, production of cobalt is highly
concentrated. One company, Union Miniere Haut Katanga
(UMHK) produces more than 60 percent of the world output,
the rest being produced by various companies in Canada
(8 percent) and many other countries. Such a concentra-
tion on the supply side rightly warrants allowance for

market imperfections in model specification. The general

©



158

structure of the model is derived by treating UMHK as a
price setter following profit maximisation principles
(given the supply response of all other producers). Pro-
fit maximisation, given the world demand for cobalt and
the supply response of the other producers at the prices
set by UMHK, yields the price determination equation for
cobalt. Although the consumption structure of cobalt is
fairly detailed according to end-uses in the U.S.A., the
model lacks determination of the rest of the world's
(Row) cobalt consumption and UMHK production behavior,
which were later included by Adams (1972). The U.S.
Government's General Services Administration stockpiles
(GSA) are explicitly introduced in the price equation,
these being looked upon as potential sources of supply by

the producers of cobalt.

The general structure of the Burrows' cobalt model

may be represented as follows:

Usa 5

D, =D(P, P _ s B

pf" = ;M or D" = p(p,_ P ___, K) Adams (1972)
sUMK = plS + DLW + ATSE, - &0

SEOW = §§OW or Szow = f (Time): Adams (1972)

P, = P(D,, GSA_, AGSA,)
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Notations are same as explained in Figure IV.1l and in
the preceding paragraph; a bar over a symbol head indi-
cates that the variable was not endogenously determined by

the model.

Zinc

One of the most important non-ferrous metals, zinc,
seems to have been neglected by the commodity model buil-
ders. One may speculate on the reasons for this neglect,
however. Although zinc is very important for the manufac-~
ture of many durable commodities,l neglect of this material
for model building may be attributed to (i) the relatively
small cost of zinc in the total cost of most final commo-
dities which use it; the fact that (ii) except for Mexico
and Peru, all other major producers are developed countries
where foreign exchange earnings from zinc are relatively
less important than they would be in developing countries,

and the fact that (iii) some efforts at UNCTAD to study the

»1See Chapter II for details; also the U.S. Government has
ranked zinc as a strategic material and the U.N. has
established a separate study group charged mainly with the
collection of statistical material relating to the zinc
(and lead) industries.
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world zinc industry were left incomplete.1

Thus, the present study, to the best knowledge of
the author, is the first attempt to carry out a comprehen-
sive analysis of the world zinc industry based on a market

form of econometric modeling, as outlined above.

2. ORGANISATIONAL STRUCTURE AND MODELING OF THE

WORLD ZINC INDUSTRY

The investigations into the organisational struc-
ture of the world zinc industry in the last two chapters
reveal that about 52 percent of the mine output in 1974
was localised in four countries - Australia, Canada,
Mexico and Peru. Including their multinational operations,
24 corporate groups had controlling interests in about 65
percent of the free world mine capacity. About 11 compa-

nies, with a mining capacity of more than 100,000 tons

1See, for example, Banks (1971). Banks pioneered the

econometric study of zinc at UNCTAD, but for some unknown
reason did not go further than estimating some demand
functions and left the study of zinc in favour of copper.
Another attempt at modeling the world zinc industry that
has come to my attention was made by the joint efforts of
two private organisations, Charles Rivers Associates Inc.,
and Wharton Econometric Associates, Inc. As the study was
carried out on contract for the U.S. Government, full
details of it are not available to the public. Based on
what is available, their model was a market form of econo~
metric model, but did not incorporate the supply side.
Their objective was to study various scenarios with

regard to U.S. government policy relating to its strategic
stockpile program for zinc.
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including their multinational operations), shared control
of about 55 percent of the F.M.E. world mine capacity in
1974. 1In the same year, the 7 (4) largest companies, with a
mining capacity of more than 200,000 tons (4 percent of the
F.M.E. world mine capacity, including the multinational
operations of the companies), had controlling interests in about
43 (32) percent of the F.M.E. world mine capacity. Under
these circumstances, it is very unlikely that the producers
will be successful in the formation of any formal or
informal collusion in the industry.1 Lessons from such
attempts during the interwar period, when the industry was
even more concentrated, support this proposition.2 Further,
there are at least two reasons why it may be reasonable to

assume competitive behavior in the world zinc industry.

1. Recently, Stiglitz (1976) has shown that, in
general, there is very little scope to exploit monopoly
power in the extractive resource industries. In fact,
under thé assumptions of constant elasticity of demand

schedules and zero extraction costs, monopoly price and

1For example, Scherer (1970, 50-57) has catalogued many
industries in terms of four firms concentration ratios.
In general, it is agreed that the existence of inter-
dependence in decision making of the firms (and therefore
the oligopolistic behavior) requires the control on at
least half of the total output by the four largest firms
in the industry.

2See Appendix to Chap. III.
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competitive price are identical. In some other cases, a
monopolist is more 'conservation' minded than a competi-

tive firm.

The basic argument is very simple. 1In a two
period model with a constant elasticity of demand schedule
and zero extraction costs, a competitive producer must be
indifferent to selling the last unit of exhaustible
resource in period t or t+l1 so that the market equili-
brium is the point of intersection of the two demand curves
Dt and Dt+l

hand, compares the marginal revenue in period t (MRt) with

(Figure IV.2). The monopolist, on the other

the discounted marginal revenue in period t+1

MRy 11

( 1+r

)

where 'r' is the rate of discount. With the assumption of
constant elasticity of demand schedules in both periods,
which implies that marginal revenue is proportional to price,
the two equilibria (competitive and monopolistic) yield the
same level of extraction, Qt = Q*; and prices,

Po* = ( t+l)*

lIn a multiperiod model, with a finite or infinite time
horizon, the basic result still holds with the qualifica-
tion that both price and MR in competitive equilibrium
and monopolistic equilibrium must rise at the rate of
interest (r). For mathematical proof, see Stiglitz (1976).
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FIGURE 1IV.2
EXPLOITATION OF MINERAL RESOURCES
UNDER COMPETITION AND MONOPOLY

t+1
l1+4rx
Pt+l) .
1+r
-;7
Q > %t € Q41

If the elasticity of demand in year t+1 is higher
than in year t (a larger possibility of substitution in
the long run), the ratio of price to MR will be higher
in ¢+1 than in t, which means, at the competitive
price

MR
1l+r t

inducing the monopolist to sell more in the next period.
The monopolist is more 'conservation' minded than the compe-

titive producer. The same result holds for non-zero
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extraction costs with constant elasticity of demand. How-
ever, for extraction costs rising with the extraction of
resource (i.e., costing more as less mineral is left in the
ground) , the result is not clear. Further, the rate of
discount may change; variations in demand and costs in
future may be too uncertain to be predictable; a monopolist
conserving the resource may run the risk that a large new
source of supply or a very cheap substitutable material
will be discovered. All these cases need further analysis
before we can be sure about the identity of monopolistic
and competitive equilibrium prices for exhaustible re-~
sources. However, the above results do provide an indica-
tion that the scope for a monopolist to exploit his market
power in the exhaustible resource industry may be rather

1imited.1

2. Secondly, possession of market power does not
guarantee that the market power will be used. Quite often,

on the other hand, concentration in an industry may

lPindyck (1978) , assuming that the cartel is in a position
to behave as a perfect monopolist, has computed optimal
gains for the three existing cartels in petroleum (Organi-
sation of Petroleum Exporting Countries), bauxite (Inter-
‘national Bauxite Association) and copper (International
Council of Copper Exporting Countries). Whereas, according
to this analysis, OPEC and IBA (who account for around two-
thirds of non~-Communist world production of petroleum and
bauxite) stand to gain from cartelisation, the same is not
true for CIPEC. 2inc industry, then, which is even less
concentrated than copper and has no formal or informal
cartel at present, does not show any promise for a
successful cartelisation in the near future.
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contribute towards the realisation of the theoretical
results of pure competition through provision of otherwise
unavailable information to the market participants, and
hence may save the industry from recurrent short-run
fluctuations due to the operation of an 'invisible hand'.
Something of this nature seems to be present in the world
zinc industry. As noted earlier, in Chapter III, major
producers and consumers in the world zinc industry do
associate themselves under I.L.Z.S.G., which gathers
information for its members on likely changes in market
demand and supply to avoid recurrent short-term fluctua-

tions in the market.

In the light of the above discussions, this model
will be based on a competitive industry hypothesis. How-~
ever, the U.S. market will be treated separately since the
existence of restrictive practices as carried out by both

producers and government in that country, is established.

3. A GENERAL SPECIFICATION OF THE MODEI, OF THE

WORLD ZINC INDUSTRY

To study the structure, behavior and performance of
the world zinc industry in a generally competitive frame-
work, and to investigate the implications of certain
policies for the future of the world zinc market, a market

form of the econometric model seems to be the most
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appropriate one. In this section, a general outline of the
model will be given, leaving details of specification and

econometric estimation for the next chapter.

The non-communist world zinc market has been
divided into two parts, namely the market administered in
the U.§.A. and the free market in the rest of the world,
for the reasons discussed above. The markets are linked

through prices, and exchange rates.

The complete model, as outlined in Figure IV.1,
includes equations for demand, supply, prices and stocks.
Inter-relations of these variables in an aggregative and a
simplified version of the model are depicted in Figure IV.3,

for convenient reference.

Supply of Zinc

The supply behavior of zinc producers is distin-
guished as between primary producers and secondary produ-

cers (those who recover zinc from scrap).

Economics of Mineral Resources and Primary

Supply of Zinc

Given the discovery and development of a mineral
deposit, the mineral substance becomes a stock. A decision
regarding the time path of extraction from the stock

depends on the present as well as the expected future
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economic environment, and hence can be regarded as a
problem in dynamic optimisation.l Here, an outline of
the basic ideas that may throw some light on the inherent
difficulties in the modeling of the supply side will be

. 2
given.

Given the stock of resources (K), producers can
choose to supply more in the future and less in the current
year, or vice-versa. The most profitable behavior involves
maximising the net present value (NPV) of the sum of the
future and current revenues (II) until the stocks (K) are

exhausted. The problem then is

)
Max NPV = fn[q(t) ,t1e TEge
t1
- £2
subject to v[:](t) dt = K
t1

lThe economics of mineral resources that involve such
decision making processes date back to Hotelling (1931),
and was developed later by Herfindahl (1955), Gordon
(1967), Liviaton and Levhari (1977). A recent compre-
hensive survey of the literature is by Peterson and
Fisher (1977).

2For mathematical formulations of the problem, the
interested reader is referred to Gordon (1967), and
Levhari and Liviatan (1977).
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where q(t) 1is the rate of extraction at any time t, r
the continuous discount rate, A a langrangian multiplier,

tl and t2 the initial and the terminal dates.

Solution through the calculus of variations

vields

MR(t) = MC(t) + A efFt
where MR(t) and MC(t) are marginal revenue and margi-
nal costs at time 't' respectively.

This is a familiar condition for the equilibrium

of the firm except for the term A ert

, which represents
a user cost - a sacrifice of future revenue because of

sales in the current year, and is a constant.

The formulations become much more complicated if
allowances are made for dependence of cost on the amount
of total output extracted, or relaxation of assumptions
regarding perfect certainty about future prices of output
and inputs, constant rate of discount, constant stock of
resources over time, etc. Further, in such cases, theory

loses much of its empirical significance.2

1See Gordon (1967, 217).

2As Gordon himself points out, "Examination of theory's
empirical significance suggests several crucial diffi-
culties. The automatic assumption that the pure theory
of exhaustion is applicable to natural resources involves
a complete misunderstanding." See Gordon (1967, 275-~276).
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While keeping in mind the implications of the theory
of exhaustible resources, the derivation of supply schedules,
in this study, will be based on the assumption of current
profit maximisation; an assumption which has, in many earlier
studies, provided a good approximation in the analysis of
mineral industries.l Thus the following supply function for
mine output is assumed:

W

MP, = fl(PZ CAP

¢ T, PCt) (L)

-1’ "tf t!

where MP is mine production of zinc P2 is the price of

t-1

zinc, lagged one year, W, is an index of variable factor

t

prices, T is an index of technological change, PCt
represents the prices of co-products (lead and silver,

particularly), and CAPt is mine capacity.

Production, however, may not respond instanta-
neously, because of various lags involved in the process of
adjustmeﬁt to variation in prices. 1In general, it takes a
long time to explore new resources or increase mine capacity.
Exploration activities require huge investments which are
quite risky as the efforts may turn out to be unsuccessful.
For this reason, exploration companies, do not undertake new

ventures until they are convinced of a long~-term rising

lFor some of these studies, see section 1 of this chapter.
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trend in prices. This may itself involve more than 5 to 6
years, in addition to another 5 to 6 years required for
successful exploration and for making deposits suitable for
exploitation. Change in plant capacity in response to
price variations may also involve long lags, for the expan-
sion of capacity is quite capital intensive, and once
expansion has taken place it may be very costly to close an
operation if the price rise turns out to have been only
temporary. Usually, in recessionary situations, mine
producers have to continue to operate at the current capa-

city levels, even though they may be making losses.l

In the case of supply, therefore, it will be
assumed that only a partial response is available in any
particular year. For ease of exposition, sﬁppose there is

a simple supply function.

MP* = o + B Pz, 1 *

t 1 7 U

where (*) indicates desired quantity; PZ price of zinc;

and U, a random error component. A partial adjustment

process is assumed as defined by

MP, - MP = A (MP*_ - MP (1b)

t e-1 £ T MPe_q)

lSee the discussion on this point in the Appendix to

Chapter ITI.
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i.e. the change in supply in the current year is equal to
a fraction ) of the difference between the desired level
of supply (MP*t) and last year's actual level of produc-

tion (MP ).

t-1
Substituting (a) into (b) and rearranging terms, we

have

MP, = Aa + AR PZ

& + (1 - A) MP + Au (1c)

t-1 t-1 t

where AB 1is the short run effect of price on supply and

B measures the longer-run response to price. Given the
lags involved in exploration, capacity expansion, and imple-
mentation, the producers' response to variations in prices

is expected to accord with this adjustment process.

Secondary Supply

Secondary supply (SCRAP) may be divided into new

scrap (NS) and old scrap (0S).

The supply of new scrap, which is generated in the
process of fabrication of the final product, may be assumed
to depend on the level of consumption of the metal (CN) and

the price of zinc (PZ). Thus,

NSt = fZ(PZt’ CNt) (2)
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However, metal recovery from old scrap, the dis-
carded final products which contain zinc (e.g., automobile
scrap), is more involved. Often, piles of old scrap that
have accumulated over time are termed as "surface mines".
Recovery of metal from these "surface mines" has to compete
with the primary resources available. Minerals available
in deposits in larger quantities will discourage the
exploitation of "surface mines" in the same way that
higher grade deposits get a priority (due to lower costs)
over lower grade deposits. In general, given the amount of
primary resources, a rise in consumption level may be
assumed to attract one's attention towards secondary
resources, particularly old scrap. Further advances in
the technology of metal recovery from scrap which reduces
cost of recovery, or a rise in the price of zinc, in gene-

ral, will also increase recovery of metal from scrap.

Thus the supply function of zinc recovered from old

scrap will take the form

0S, = £,(PZ__

€ CNRES

1° £ TIME) (3)

where CNRES is consumption of zinc relative to primary
resources and TIME is a trend variable used to capture the
influence of changes in technology. A one year lag in the

response of production to price is assumed for the reasons
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given above.

Demand for Zinc

Zinc, an intermediate input, is consumed by various
industries, such as construction, steel, automobiles, rubber,
and many other manufacturing industries. Further, although
many of these industries may be imperfectly competitive in
their domestic markets, none of them may be able to influ-
ence the world zinc market to any significant degree. It
is assumed that these consumers of zinc try to minimise the
cost of zinc (an assumption not incompatible with many forms
of market behavior, such as minimax behavior, Baumol's sales
maximisation, or some broader classes of satisficing
behavior) in making their decisions regarding the use of

zinc in their final products.

Demand for zinc (CN) then may be assumed to depend
on the price of zinc (PZ), an activity variable (A), and

the price of substitutes (PS). Thus

T

r PS ) (4)
where T is the terminal date for response of consumption

to prices.

As in the case of supply, the response of demand to
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price changes may be quite slow. A slow speed of adjust-
ment of demand to variation in prices may be attributed in
part to the fact that zinc, as an intermediate input accounts
for a very small proportion of the total cost of most final
products. For this reason, consumers are not alarmed by
small variations in the price of zinc in the short-run, to
the extent of seriously considering replacing it by some
other material. This behavior is strengthened by the fact
that most of the manufactured products that use zinc would
require changes in technological aspects of the producing
plant, and this might not be undertaken until the price
change had persisted in the same direction for a consider-
able period of time. This also implies that consumers base
their choice on past prices, when deciding to install a
particular manufacturing technology or process that is
suitable for the use of zinc in their final product. 1In
fact, in attempts to estimate demand functions for zinc, it
is hard fo find current price coefficients as statistically
significant. Quite frequently, current price coefficients
were found to be wrongly signed. For this reason, it is
postulated that current demand depends only on lagged

prices.

Various lag structures were considered, the most



176

successful being a polynomial lag structurel where price
response first increases up to the 3rd, 4th or 5th year,
and then tapers off (inverted V-lag) gradually, depending

on the nature of the industry and country using the zinc.2

Determination of the Price of Zinc

In this model, there are two prices, for the
reasons discussed above: the U.S. producers' price (USPZ)
and the price in the free market world outside the U.S.A.

(LMPZ).3 First, free market price will be determined.

The Free Market Price (LMPZ)

The free market price being as it is, must depend
on market forces of supply and demand. In general, a rise
in supply in relation to demand will depress prices and
vice versa. In the case of durable goods, particularly

mineral resources, however, this excess demand is reflected

lFor a detailed discussion of the polynomial distributed

lag, see Almon (1965) and Johnston (1972, 292-300).

2This is guite plausible as consumers would normally take
one to two years to be convinced of the long-term nature
of a price rise and would then gradually reduce the
consumption of zinc, adapting their plant so as to be
suitable for the use of other materials, and later
discontinuing use of zinc altogether in favour of other
materials. In the process, producers will also have to
convince the consumer of their final product about the
quality of that product when it is based on some material
other than zinc.

3For a detailed discussion of the price system, see
Chapter II.
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in variations in stocks (STK) which therefore play an
important role in the determination of prices.1 In
general, in the free market, prices will adjust to their
normal level until the stocks held by the producers reach
a satisfactory level in relation to their sales. A
higher stock consumption ratio (STKCN) will induce prices

to move downward; conversely a lower ratio will induce an

upward movement.

Besides, in the world zinc market, the stockpiles
held by the U.S. Government (GSA) have also influenced the
price considerably. Often, the GSA are looked at by the
producers of zinc in the free world as a potential source
of supply. Higher levels of GSA will therefore have a
depressing effect on price. This has been a recurrent
psychological feature of the world zinc industry as
reported in many issues of the Engineering and Mining

Journal.2 Thus GSAt_ GSA lagged by one period and

1!

GS to capture the further lagged

AGSA__,(=GSA _;-GSA,_,,
effect if any) will be included in this price determination
equation. As adjustment of prices to stocks may not be

instantaneous due to many rigidities in the system, as

lAlthough in the case of non-durable commodities, stocks
may not be important, in the case of commodities such as
zinc, stocks play a dominant role in the determination
of prices. See Figure IV.4.

2See also Burrows (1971, 154) for discussion of a similar
influence of GSA in the cobalt market.
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discussed above, the price of zinc lagged by one period is
also included to capture a longer period of adjustment.

Thus the free market price (LMPZ) is given by

LMPZ, = fS(STKCNt, GS

¢ AGSA__,, LMPZ, ;) (5)

Ay

U.S. Producers' Price

LMPZ, being a free market price, can be looked upon
as a long-run equilibrator of supply and demand. All other
prices in this case such as USPZ, must show a tendency to
converge to the free market price in the long run. However,
in the short run, price is influenced by the U.S. producers
and may be affected by varying stocks and Fhe capacity
utilisation ratio (USCAPUSE). In this case, then, it is
the change in stocks in relation to consumption (AUSTKCN)
and the capacity utilisation ratio that are more meaningful

1 But if USPZ drifts

in the determination of the U.S. price.
too far from LMPZ over an extended period, it may become
unmaintainable. As a result, U.S. consumers will shift

their allegiance from U.S. producers to producers in the

rest of the world. Hence a plausible specification would be

Uspzt = f6(A(USTKCN)t, LMP?Z USCAPUSEt) (6)

tl

1For a detailed discussion of the influence of the U.S.

producers on the U.S. price, see Chapter II.
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Closing the Model

The model is closed by two stock identities (one
for the U.S.A. and the other for the rest of the world),
and an equation relating to net imports from the rest of

the world to the U.S.A.

Change in stocks held by the U.S. producers (AUSTK)
are equal to U.S. mine production (UMP) plus recovery from
scrap (UNS + UOS) plus net imports into the U.S.A. (UIMP)
minus U.S. consumption (UCN) and minus rise in U.S. Govern-

ment stocks (AGSA) ., Thus

AUSTK, = UMP,_ + UNS

N £ £ + UOSt + UIMP

¢ — UCN_ - AGsA_  (7)

Similarly, the stock identity for the rest of the
world (ARSTK) 1is mine production in the rest of the world
(RMP) plus recovery of metal from scrap (0ld and new) in
the rest of the world (RSCRAP), plus net 2zinc imports from
the centrally planned economiesl (RTMP) minus net exports
to the U.S.A. (UIMP) minus consumption of zinc in the

rest of the world (RCN). Thus

[

ARSTK, = RMP, + RSCRAP,Z + RIMP

£ £ t £~ RCNt - UIMPt (8)

lThere was no trade between the U.S. and the Centrally

planned economies in zinc during the period to which
the model was fitted.
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Trade Between the U.S.A. and the Rest of the World

Trade between the U.S.A. and the non-U.S. world,
along with the price variable, seems to link the two
markets. The trade equation has been specified as an import
demand function of the U.S. consumers, that depends on the
inter-market price differential (LMPZ - USPZ) and the

activity variable in the U.S.A. (UA). Thus

UIMP, = f9[(LMPZ

‘ - USPZt), UAt] (9)

t

The equations (1) -(9) represent the structure of
the model in a highly simplified form. As shown, in the
next chapter, the models that are used for estimation are
fairly detailed and disaggregated. In the next chapter,
two versions of this model are developed. In one version,
supply and demand equations by the major producer and
consumer countries are disaggregated to capture the
essentiai differences in the consumption and production
patterns of these countries. In the other, the demand for
zinc in all the major consumer countries is disaggregated
by the end-uses of zinc to relate the consumption of zinc
directly to the relevant user industries. This is impor-
tant as industrial structures in different countries vary.
The technological aspects of the different uses of zinc and
their responses to market variables are more appropriately

reflected in this disaggregated version.
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From the simplified presentation of the model, it
is easy to see that all the equations are identified.
Consumption demand depends only on the lagged prices and
exogenous variables. Import demand depends on the
difference between the two market prices and so is distin-
guished from the U.S. consumption demand in general.
Producers' supply responds to lagged zinc prices and varia-
ble factor prices and capacity variables. Prices depend
on the level of stocks in relation to consumption and other
relevant variables, whereas identities define changes in

stocks.

Another feature of the model, which has important
implications for the methods of estimation, is that the
system as outlined above is recursive.l In the recursive
simultaneous structures, use of the ordinary least squares
method of estimation is justified as the estimators are
not subject to problems of inconsistency associated with

simul taneous equations systems in the general case.2

,lGiven the nature of disaggretion and specification of the

model, it is unlikely for the error terms across the
structural equations to be correlated. It is, therefore,
assumed that the covariances of the disturbances across
the equations are zero.

2For a discussion of recursive systems and the method of
estimation, see Johnston (1972, 369 and 377-~380).



CHAPTER V
ECONOMETRIC ESTIMATES OF THE MODEL OF

THE WORLD ZINC INDUSTRY

Two versions of the model of the world zinc indus-
try, as specified in a general format in the last chapter,

were estimated.l

In the first version of the model, sepa-
rate demand and supply equations were provided for the
major consumer and producer countries in the F.M.E, world.
On the demand side, as discussed earlier (Chapter II), it
is expected that the variations in the demand patterns of
the different countries will be better captured in a model
which disaggregates the total demand according to the major
consumer areas. The most important consumers with some
differences in their demand patterns are the U.S.A., Japan,
the U.K., West Germany, France, the rest of the developed
world (Rl) and the rest of the world (R2). Similarly, there
may also be differences in cost structure, which may be

attributed to the nature of existing deposits, and differ-

ences in operating costs and in technology in the different

lFor the sake of convenience, the first version and the

second version of the model have been, often, referred to
in the text as Model 1 and Model 2, respectively.

183
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countries. Total world supply is, therefore, disaggregated
into separate components for Australia, Canada, Mexico,

Peru, Europe, the U.S.A., and the rest of the world (RW).

In the second version of the model, it is recog-
nized that aggregate demand functions for zinc in each
country, as specified in model 1, may still fail to capture
the differences in (a) technological aspects of the use of
zinc in various industries, (b) the nature of growth
phenomena in the different industries and (c) the substi-
tution possibilities between zinc and other materials, as

lIn

dictated by the nature of the different industries.
model 2, therefore, these aspects are emphasized by sub-
division of the total demand for zinc in each country
according to end-uses of zinc - galvaniziné, diecastings,
brass, rolled zinc, zinc-oxide and a miscellaneous category
accounting for other minor uses of zinc. The rest of the
system is the same as model 1. Now, before turning to the
specific details of the models and their estimation, some
general remarks on the methodology used in preparing data

and in estimation, which relate to both models, will be

given in the next section.

1For a detailed discussion of these aspects, see Appendix

to Chapter IT.
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1. GENERAL REMARKS ON METHODOLOGY AND DATA

The list of variables at the end of this chapter
describes in detail the definitions and sources of data
of all the variables used in both versions of the model.
However, certain aspects of some variables require more

explanation.

Although the market determined price of zinc in
the world outside the U.S.A. is the L.M.E. price of zinc,
the consumers' demand for zinc in a particular country
will depend on the real cost of zinc in that country.
Hence, the L.M.E. price used in the demand equations of
the different countries was converted into local currencies
and deflated by the local wholesale price index. Similarly,
the supply of zinc by producers of different countries will
depend on the real revenues received from the sale of zinc
in their local currencies. Thus the price in the supply
functions outside the U.S.A. is the L.M.E. price converted
into local currencies and deflated by the local wholesale
price indices. The demand and supply functions in the
U.S.A., however, are functions of the U.S. producers price

deflated by the U.S. wholesale price index.
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Prices of many metals and materials (such as alumi-
nium, copper, tin, plastics) were tried to test the substi-
tutability/complementarity of zinc. However, only the
aluminium price showed some significant results. The
L.M.E. price of aluminium was therefore selected, converted
into local currencies and deflated by the local wholesale
price index, to represent the price of substitutes.
Similarly, silver and lead appeared to be the chief co-
products, and hence their prices, converted to local
currencies and deflated by the local wholesale price indices,

were included in the supply equations.

Activity variables in the demand functions, as
defined in the 'lList of Variables,’ are based on the dis-

cussion in the Appendix to Chapter II.

Data on mine capacity was not available on a
country basis. A 5-year moving average of the local mine
production was therefore used as a proxy for the mine

capacity variable.

Estimation Methods

As noted in the last chapter, the system is recur-
sive (except for one equation for U.S. new scrap, which
however plays a negligible part in the total system).
Hence the application of the ordinary least squares (OLS)

method of estimation is justified. There is a problem
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associated with the presence of lagged dependent variables
in the supply equations and the equation for the L.M.E.
price, but it must be remembered that the presence of
lagged dependent variables in our model is the result of a
partial adjustment hypothesis. In this case, then, appli-
cation of the OLS will still yield consistent and efficient
estimates of the parameters as long as the error terms are

1 One, however, should not feel too

non-autocorrelated.
confident about an absence of autocorrelation in such a
large model based on time series data. Usually one might
also suspect the omission of some minor variables in the
specification of the model, which, unless their effects
totally cancel out in time series data, would result in
autocorrelated disturbances. Consequently, for all the
equations of the model, the Cochrane~Orcutt method of

correcting for autocorrelation has been applied along with

the OLS estimation procedure.2

It is now necessary to turn to the models and the
results of their estimation. It is to be noted that the
sample data for estimation consist of annual observations for
1956-74 for demand (except France), supply and trade equa-

tions, and 1960-74 observations for demand in the case of

1For a discussion and proof of this proposition, see

Johnston (1972, 300-320).
2For details, see Cochrane and Orcutt (1949), and Johnston
(1972, 261-262).
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France, and for stock and price equations. Additional
data on lagged variables were supplied, where required.
For all equations, R2, DW (Durbin~Watson statistic), p
(final estimate of the coefficient of autocorrelation in
the Cochrane-Orcutt technique) and SER (standard-error of
estimate) are given. 't' ratios for all coefficient
estimates are given in parentheses below the corresponding
estimate. SUMLAG represents the sum of estimated co-
efficients of the lagged variables indicated in the paren-
thesis. The prefix for natural logarithms where required and the
subscript 't' are amitted from the variable names in the estimated

equations for ease of presentation.

2. MODEL 1 ESTIMATION RESULTS

The Model 1 is relatively aggregative on the demand
side, as noted above. This model will now be presented
together with comments on each of the estimated equations.
The discussion of the model will be divided into two parts,
the U.S.’subsystem and the rest of the world. As the free
market price enters as a determinant of the price of zinc
in the U.S. subsystem, the results for the free market

system outside the U.S.A. will be presented first.

The F.M.E. World Outside the U.S.A.

Although all the endogenous variables of this sub-
system are determined within the sub-system itself, this

sub~-system is linked with the U.S. sub-system through
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inter-regional trade and exchange rates and plays an
important role in determining the long-run price behavior

of the U.S. sub-system.

Demand

Demand for zinc by consumers has been dealt with
Separately for Japan, the U.K., West Germany, France, the
rest of the developed world (R1l) and the rest of the world
(R2), for the reasons discussed above. All the separate
equations have polynomial distributed lags (inverted 'V’
shape), and the length and nature of the lags reflect the
individual behavior patterns of the different countries.
Many variations of the lag structures (including the
exogenously determined weights on the inverted 'V' lag
structure) were experimented with to capture the varia-
tions in the demand patterns of different countries. The
most successful lag structures are given below. 1In
particulér, Almon lag structures were more successful for
Japan, West Germany, and France; whereas some apriori
specification of weights was required for the U.K., Rl and
R2. The results of the estimation are given below. All
equations are in double-~logarithmic forms, so that the

coefficients can be interpreted directly as elasticities,
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Japan Consumption

JCN = 1.68200 + 0.665452 JA - 0.002711 JLPZ_,
(7.25) (24.54) (0.49)
- 0.005138 JLPZ_; - 0.007282 JLPZ_. - 0.009143 LJP7_.,
(0.70) (1.25) (1.65)
- 0.01072 JLPZ_,
(1.76)
2

R™ = 0.9946 DW = 2,1501 p = ~0.143526 SER = 0.0485250

SUMLAG -0.035(.0194)

The U.K. Consumption

KCN = 3.04151 + 0.419832 KA - 0.0771857

(2.47) (3.01) (0.53)
(0.2 KLPZ_; + 0.4 KLPZ_, + 0.2 KLPZ_, + 0.2 KIPZ_,)
R® = 0.6512 DW = 1.8233 p = 0.248701 SER = 0.0396533

West Germany Consumption

GCN = 1.41280 + 0.812471 GA - 0.1084 GLPZ_

- 0.1746 GLPZ_
(0.27) (6.75) (1.78)

2 (1.92)

3

~ 0.1986 GLPZ_
(2.16)

R2 = 0.9014 DW = 2.1622 § = -0.069566 .SER = 0.0764833

- 0.1803 GLPZ_
(2.45)

- 0.1198 GLPZ_

4 (1.48)

5 6

SUMLAG (GLPZ) = -0.78178(0.3288)
SUMLAG (GLPL)= 1.29268(0.8727)
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France, Consumption

FCN = -2.13178 + 0.544836 FA - 0.0301 FLPZ_2 - 0.0502 FLPZ_3

(1.21) (10.30) (0.96) (1.03)
- 0.0604 FLPZ_5 - 0.0504 FLPZ .
(1.20) (0.92)
R2 = 0.9146 DW = 2.0481 ©p = -0.423832 SER = 0.0374723
SUMLAG(F1LPZ) = -0.25137(0.2107)
SUMLAG(FLPL) = 1.1597(0.25)

Rest of the World (Developed), Consumption

RICN = -2.64541 + 1.20933R1A - O.OOSlS(O.lRlLPZ_l + 0.2RlLPZ_2
(1.08) (15.15) (0.35)

- 0.05RILPZ_

+ 0.3RILPZ_, + 0.25R1LPZ_, + 0.1RILPZ_

5 6

3 4

R2 = 0.9828 DW = 2.0070 §p = -0.059317 SER = 0.0418011

Rest of the World (Less Developed Countries), Consumption

R2CN = -3.87833 + 1.30784R2A - 0.443118 (0.1R2LPZ_,
(1.35)  (39.73) (2.77)
+ 0.2R2LPZ_, + 0.3R2LPZ_, + 0.25R2LPZ_, + 0.1R2LPZ_,

+ 0.05R2LPZ__.) + 0.969277 (0.1lR2LP2Z + 0.2R2LPZ
-6 (1.90) -1 -2

+ 0.3R2LPZ_, + 0.25R2LPZ_, + 0.1R2LPZ_, + 0.05R2LPZ_/)

3 4

R2 = 0.9873 DW = 1.7276 p = -0.255444 SER = 0.0588696

As is clear from the above, Japan has the slowest
response in consumption to prices. The lagged effect on
consumption in response to prices starts only in the fourth

year. Also the elasticity of demand is very low (-0.035).
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In ascending order of magnitude of the elasticity of
demand, the various countries can be ranked as Rl (-0.005),
Japan (-0.035), the U.K. (-0.077), France (-0.25),

R2 (-0.443) and West Germany (-0.78). Short run elastici-
ties, in the sense of current-year responses of consumption
to changes in prices, are zero in all the countries, and,
except for Rl, R2 and the U.K., the response of consumption
to variations in the price of zinc does not start until 2
years after the date of consumption. This is quite ex-
pected because of the technological lag in adapting the
plant for the use of new materials and for other reasons,
as discussed above. After the effect of variations in
price have started, the mean lag for the effect varies from

2.6 years for Japan to 2.0 years for West Germany.

The importance of aluminium as the main substitute
for zinc is revealed in the estimates. However, in the
aggregative consumption equations, as aluminium is not
substitutable in all uses of zinc, the cross-elasticity was
not significant except in France (1.16), Rl (0.035) and R2
(0.097). A high cross-elasticity in France is expected as
the French entrepreneurs (in the automobile sector mainly)
were the first to start considering replacement of zinc by
other metals. There could be two other reasons for the low
cross-elasticities of demand: one, as the history of the

zinc industry reflects, the observed price of zinc may not
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have crossed the range of non-substitution; two, part of
the substitution effect is already absorbed in the co-
efficient of the variables representing the price of zinc
itself, because of its deflation by the wholesale price
index. What the deflation does is (a) to relate the cost
of zinc as an input to the price of the output in which it
is used, and (b) to reflect its desirability relative to

other inputs.

Supply

For purposes ¢f modeling the production of zinc, the
world outside the U.S.A. is divided into Australia, Canada,
Mexico, Peru, Europe and the rest of the world (RW), in
order to reflect more effectively differences in cost
structure. The response of producers to the price of zinc
is assumed to be based on a partial adjustment hypothesis.
It is further assumed (based on the estimation attempted and
the technological nature of the lag structure, as discussed
above) that producers' response to variations in prices in
the same year is zero or negligible. Estimates of supply
equations are based on double legarithmic forms and hence
the coefficients of the variables can be directly inter-

preted as elasticities.



Australia, Production

AMP = -0.657108 + 0.152773 AULPZ_
(1.50) (1.71)
+ 0.622726 AMC
(2.82)
R%Z = 0.9142 DW = 2.0853 p =
Canada, Production
CMP = 0.022502 + 0.227257 CALPZ_,
(0.41) (5.70)
+ 0.63591 CMC - 0.349647 CAWG
(10.80) (2.14)
RZ = 0.9939 DW = 2.6626 p =

Mexico, Production
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+ 0.366975 AMP_

1 (1.52)

1

-0.284232 SER 0.077347

+ 0.488938 CMP_

(6.82) 1

-0.41875 SER = 0.044985

+ 0.362909 MMP_

(1.79) 1

0.308904 SER = 0.048678

+ 0.407508 PMP _

(2.84) 1

MMP = 0.044675 + 0.180808 MELPZ_,
(0.34) (2.51)
+ 0.446713 MMC
(2.42)
R? = 0.6245 DW = 2.0441 p =
Peru, Production
PMP = -0.580186 + 0.365364 PELPZ_;
(0.82) (4.95)
+ 0.843738 PMC - 0.491296 PEWG
(5.77) (2.72)
RZ = 0.9774 DW = 2.1526 p =

-0.062617 SER = 0.0615007
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Europe, Production

EMP = 1.28495 + 0.146932 ELPZ_, + 0.178356 EMC
(2.04) (2.16) (1.86)

+ 0.535682 EMP_
(3.60)

+ 0.155198 EUPSLD_

(2.97) 1

1

R2 = 0.9532 DWw = 1.885 p = 0.194412 SER = 0.0298975

Rest of the World, Production

RWMP = -0.260341 + 0.147002 RWLPZ_1 + 0.743649 RWMP_

(0.73) (2.09) (3.69) 1

+ 0.168387 RWMC
(1.1)

R = 0.9386 DW = 2.1234 5 = 0.14903 SER = 0.0542986

Unlike demand, the mean lag on the supply side
varies widely, ranging from only 0.35 for éw to 1.76 for
Mexico. The mean lags for Australia, Canada, Peru and
Europe are 1.73, 1.05, 1.45 and 0.87, respectively. In
these equations, however, it is somewhat difficult to
conceptualise the price elasticities of supply as short-
run and long-run elasticities. In the current year, as is
clear from the above equations, producers' response to
price is zero. Producers' response to price variations
takes about a year in all cases. The supply response to
P._1 could be interpreted as a short-run elasticity. How-
ever, in the long-run, as one would expect, capacity should

generally be allowed to change - a change that would be
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induced by market conditions. But in the model, the capa-
city variable is treated as exogenous to the system. Also
capacities in the mineral industries take a long time to
change, sometimes more than 5 or 6 years as has previously
been discussed. This implies that the lagged adjustment of
supply may be interpreted as depending on given levels of
capacity. The elasticities, although not 'true' long-run
elasticities in the sense in which one is accustomed to
think of them, do represent adjustments of the producers’
supply to price variations over rather long periods of time.
Further, it should be remembered that even if true long-run
elasticities were available, which in addition to investment
(in plant) lags should also reflect exploration lags, it is
doubtful whether lags as long as 10 to 15 years would allow
one to retain this model of pure competition based on
perfect certainty. Henceforth, the term 'elasticities' will
be used to represent differences in the producers' response
to prices, and 'scale' effect to describe the adjustment of

production to an exogenous change in the level of capacity.

The elasticities of supply (incorporating lagged
adjustments) are fairly low, ranging from 0.24 for Australia
to 0.617 for Peru. The elasticities for Canada, Mexico,
Europe and the rest of the world are 0.445, 0.284, 0.316 and
0.573 respectively. Higher elasticities for Peru, Canada,

and the rest of the world, as compared to those for Europe,
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Mexico, and Australia, are consistent with expectations, in-
asmuch as the mine deposits in the former set of countries
are relatively newer than those in the latter set. The
'scale' effect also corroborates this proposition, as it is
l1.42, 1.24 and 0.66 for Peru, Canada and the rest of the
world, respectively, as compared with 0.98 for Australia,

0.7 for Mexico and 0.38 for Europe.

Prices of co-products were not found significant,
except for Europe, and hence they were excluded from the

other supply equations subsequently.

Secondary Supply

Because of the limitations of data, only one equa-
tion (linear) was estimated for the supply’of zinc from
scrap (new plus o0ld), for all countries together (the
F.M.E. world excluding the U.S.A.).

RSCRAP = 7.89815 + 0.00517 LMPZ_
(0.31) (0.22)

+ 0.449838 RCNRES

1 (2.36)

+ 0.595480 TIME
(1.65)

RZ = 0.814 DW = 2.16 5 = -0.84069 SER = 0.068816

As discussed earlier, the scrap has to compete with
the primary resources available. An increase in available
resources, for a given level of consumption, as shown by the

coefficient of RCNRES, reduces the need for recovery of
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metal from scrap. The variable TIME may be interpreted to
include a compound effect of cumulation of scrap over time
and a change in technology that may reduce the cost of
recovery of metal from scrap. This is reflected in the
positive and 'significant' coefficient of TIME. As expected,
the price variable does not seem to play any important role
in the recovery of metal from scrap, as the coefficient is
both small in magnitude and statistically insignificant.
However, it is retained in the equation for the information

that it provides.

Stocks

As argued earlier, stocks play an important role in
the market for durable commodities. 1In the context of
demand-supply forces, stocks at any time 't' represent
excess supply in the market. Stocks may be derived from the
identity

RSTK = RSTK + RMP + RSCRAP + RIMP -~ RCN - UIMP

-1
However, stock identities, both for RSTK and USTK

in this case, presented some unavoidable difficulties due

to the inadequacy of data. The published figures for stocks

did not match with the stock figures derived from
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identities.l

Although either set cannot be claimed to be
accurate, there are more doubts about the correctness of
stock figures derived from the identities. The figures for
consumption over time have changéd in their coverage with
regard to (a) the inclusion of consumption from secondary
resources in various countries (more distressingly, in

different proportions), and (b) the inclusion of consumer

stocks.

However, stocks are very important in the equations
determining price, and certainly it would be impossible to
treat stocks as exogenous to the system. Attempts were
made to adjust the constituents of the identities based on
the rough information available on the coverage of consump-
tion in the various sources. The stock figures so derived
were, however, not satisfactory. Alternatively, therefore,
a behavioral equation for stocks was estimated which in
turn was used in simulations in Chapters VI and VII. For
inventory behavior in the free market, it was assumed that
producers hold the stocks for day to day transactions
purposes and speculative purposes (particularly stocks with
the dealers at the L.M.E. and other places which are also
included here). The stocks held for transaction purposes

may be assumed to be a fixed proportion of their normal

lThis is, however, not a problem peculiar to the zinc

industry alone. The problem has been faced by many other
researchers; e.g. Fisher, Cootner and Baily (1972) and
Labys (1973).
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sales. However, the stocks held for speculative purposes
may be assumed to be based on last year's prices. A rise

in last year's prices may make producers/dealers expect a
further rise in price in the current year, inducing them to
hold larger stocks. An estimated linear equation based on

such a hypothesis is

RSTK = -265.068 + 2.3903 LMPZ_
(3.33) (5.32)

+ 0.958974 RA

L 173

R2 = 0.8084 DW = 1.5237 B8 = 0.19778 SER = 48.9835

Both coefficients are significant and support the

hypothesis regarding produceré' inventory behavior.

The L.M.E. Price (LMPZ)

The determination of the free market price was dis-
cussed in detail in the last chapter, and the discussion
need not be repeated here. Besides the level and change in
the U.S. Government stockpile (GSA) in the last year, a
dummy variable for the effective quota period (1961-65) in
the U.S.A. and the product of the dummy and the stockpile

variable are also included in a linear price equation.
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LMPZ = 386.404 - 0.666768 RSTKCN + 1.00063 LMPZ_,
(5.18) (2.21) (1.65)
- 1375.84 DUM - 2.56748 AGSA_l
(2.07) (1.16)
- 4,5005 GSA_l + 15.2408 DUMGSA_
(2.27) (6.48)
2 ~

R”™ = 0.9648 DW = 2.5706 § = 0.141322 SER = 15.52650

As expected, a rise in stocks relative to consump-
tion depresses the current year price. As was argued in

Chapter IV, a rise in the level of GSA_, raises the potential

1

for an increase in supply, and hence depresses the level of

price as well. A rise in AGSA_, adds to the effect of GSA_

1 1
The U.S. Subsystem
The U.S. subsystem of demand and supply equations

follows a format similar to the one discussed above in the
case of the non-U.S. subsystem, and will therefore be dis-
cussed very briefly.
The U.S. Consumption
UCN = 5.33155 + 0.830575 UA - 0.1442 USPZ_2 -~ 0.2293 USPZ__3

(2.74) (8.59) (2.00) (2.07)

- 0.2553 USPZ_, - 0.2221 USPZ_ - 0.1298 USPZ_6
(2.17) (2.21) (1.37)

R%Z = 0.9380 DW = 2.3443 p = 0.46975 SER=0.475099

SUMLAG = ~0.980674 (0.4406)
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As compared to the demand equations in other coun-
tries, the long-run price elasticity of demand for zinc in
the U.S. is quite high (fairly close to -1), though with a

similar mean lag of about 2 years.

U.S. Production

UMP = -1.23171 + 0.641603 USPZ_l + 0.248484 UMP_1
(1.54) (3.73) (1.73)
+ 0.577132 UMC + 0.11234 USPSLD_q - 0.207118 USWG
(3.82) (1.32) (1.30)
R2 = 0.8103 DW = 1.7656 §p = -0.070708 SER = 0.052855

The mean lag in the U.S.A. in the case of mine pro-
duction is much longer (3.024) as compared to the longest
lag of 1.76 in other countries, indicating a slower adjust-
ment process. However, the ‘'elasticity' of supply is also
the highest (0.854), as compared to all the other areas of
the world considered above. The 'scale' effect is, on the

average, guite similar to that in the rest of the world.

U.S. Secondary Supply

Supply of zinc from secondary sources in the U.S.A.
has been divided into two categories: (a) supply from new

scrap (UNS), and (b) supply from old scrap (UOS).
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New Scrap

As discussed in the last chapter, zinc recovered
from the residues in the process of fabrication of metal
products depends on the level of total metal fabrication
and price of zinc (USPZ). Consumption of zinc in the U.S.
(UCN) is used as a proxy for the former variable. The

estimated linear relationship is

UNS = -13.375 + 0.16125 USPZ + 1.0515 UCN
(1.51) (1.69) (9.74)

R = 0.9030 DW = 0.88 SER = 7.51866

Both the variables, UCN and USPZ, are found important
in explaining the supply recovered from new scrap, though

UCN is more important.

01ld Scrap

Recovery of zinc from old scrap in the U.S.A. (UOS),
as argued for rest of the world, is hypothesized to depend
on the ratio of consumption to resources (UCNRES), price of
zinc (USPZ), and a time trend (TIME). The estimated linear
relationship is

U0S = -68.3927 + 0.13169 USPZ + 0.79545 UCNRES + 0.59548 TIME
(1.29) (1.93) (3.56) (1.78)

R® = 0.814 DW = 2.16 p = 0.084069 SER = 0.068816
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The corresponding elasticity estimates for UCNRES
and USPZ are 0.11 and 0.65 respectively. The hypothesis

seems to be reasonably satisfactory on the empirical grounds.

U.S. Stock Identity

The stock identity is as follows:

USTK = USTK_, + UMP + UNS + UOS + UIMP ~ UCN - AGSA

1
As discussed in the case of RSTK, an equation for
the inventory behavior of the U.S. producers was also
estimated. In the case of the U.S., where producers, along
with government, try to regulate the market to keep prices
stable through their stock holdings, the inventory behavior
will be different from what it is in the free market. 1In
this case, following the objective of price stabilisation,
U.S. producers may be expected to unload stocks on the
market if the price rises or the activity level rises
(which may put upward pressure on prices). U.S. Government
stocks play a complementary role in the quest for price
stabilisation. The estimated linear relationship supports

these hypotheses:

USTK = 1600.06 - 2.03927 USPZ - 6.14006 UA - 6.48776 GSA_l
(10.00) (4.39) (8.75) (3.32)

R = 0.8648 DW = 1.859 p = -0.499716 SER = 24.8858
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U.S. Producers' Price of Zinc

Since the process of determination of the U.S. price
has been discussed earlier, the results of the estimation

only, will be noted here.

USPZ = 163.796 - 0.039345 USTKCN_. + 0.40549 LMPZ

(3.76) (1.74) 1 (4.88)

- 0.86804 UCAPUSE - 8.48345 DUM - 12.8180 DUMCLC
(1.85) (2.18) (2.09)

R = 0.9353 DW = 2.6376 p - -0.546844 SER = 6.34357

The hypothesis about price determination in the
administered market suggested AUSTKCN and UCAPUSE as instru~
ments used by the producers for price stabilisation and LMPZ
as the long-run equilibrator. However, attempts to include

AUSTKCN did not succeed. Instead, USTKCN_, was found signi-

1
ficant, and is included in the above equation. DUM and
DUMCLC are,respectively, the dummy variables for the effec-
tive quota period and the effective. period of wage and price
freeze imposed by the Cost of Living Council in the U.S.A.
Rather than starting DUMCLC from August 1971 and ending in
mid 1973, it was considered that the effect might be subject
to a lag, rather than immediate, and therefore DUMCLC began
in 1972 and ended it in 1973. Capacity utilisation ratio

turns out to be a better instrument as compared to stocks

for achieving the goal of price stabilisation.
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Inter-regional Trade

As discussed in the last chapter, it is proposed
that the U.S. demand for imports depends on the price
differential between the two markets and the variations in
activity in the U.S.A. DUM is the dummy variable for the
effective quota period. Further, variations in the exchange
rate between the U.S.A. and the U.K. also influence varia-
tions in demand for imports. The estimated relation

corroborates this hypothesis.

UIMP = 183.102 - 0.155449 LMUSPZ - 30.2352 ER
(1.73) (19 1) (0.82)
- 30.0991 DUM-QUOTA + 0.534956 UA
(1.52) (1.79)
R = 0.8038 DW = 2.066 p = 0.130549 SER = 65.27

Now attention will be turned to the estimation of

Model 2.

3. MODEL 2 ESTIMATION RESULTS

As discussed earlier, the parameter estimates in
the demand equations of Model 1 may mot accurately reflect
the technological and sectoral differences influencing the
structure of demand for zinc. In fact, it has been theore-
tically established that aggregation in demand equations

often resvlts in downward bias in the estimates of price
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coefficients.l This is also corroborated by the estimates
as given in Table V.1. Thus in Model 2, an attempt has
been made to eliminate the aggregation bias by disaggregat-
ing the total consumption of zinc by the major consumer

countries into six sectors of demand.

Since the rest of Model 2 is the same as Model 1,
the estimated demand equations alone are presented for each
end-use cateqgory (galvanizing, diecastings, brass, rolled
zinc, zinc oxide, miscellaneous) in Table V.2. 1In the
simulations, where appropriate, Model 2 is used rather than

Model 1.

Thus, in this chapter, the results of estimation of
the two models are presented. The F.M.E. world market is
divided into two subsystems: the U.S. market, which is
administered by the producers and government in the U.S.A.
and the rest of the world, where the free market system is
predominant. Most of the results corroborate the hypotheses
underlying the general formulations of the models in the
last chapter. Whereas Model 1 entails aggregative data for
demand equations, Model 2 disaggregates the demand side for
five major consumers of zinc according to six end uses, and

obtains a substantial improvement in the estimates of demand

lFor a brief but comprehensive discussion of aggregation

bias and associated prediction errors, see Gupta (1969,
1-6) . Gains from disaggregation are well discussed in
Orcutt, Watts and Edwards (1968).
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TABLE V.1

A COMPARISON OF PRICE AND INCOME ELASTICITIES

OF DEMAND, MODEL 1 AND MODEL 2

COUNTRY MODEL 1 MODEL 2

PRICE ELASTICITY INCOME ELASTICITY PRICE ELASTICITY INCOME ELASTICITY
AREA
U.S.A. -0.9807 0.831 -1.1688 0.8499
U.K. -0.0772 0.4198 -0.2931 0.3763
JAPAN -0.035 0.6651 -0.2334 0.7327
GERMANY, WEST -0.7818 0.8120 -1.2238 0.7805
FRANCE -0.2514 0.5456 -0.6885 0.5454
R 1 -0.0005 1.209 - -
R 2 ~0.0443 1.308 - -

80¢
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elasticities. Before application of these models to real
world problems, the next chapter will test the validity

of the model through the techniques of dynamic simulation.
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TABLE V. 2

ESTIMATES OF DEMAND EQUATIONS - MODEL 2

| ]
U.S.A.
UCNG = 4.56751 + 0.61319 UAG - 0.08829 USPZ_2 - 0.14020 USPZ_3 - 0.15570 USPZ_4
(3.185) (8.882) (1.500) (1.591) (1.735)
- 0.13490 USPZ_,. - 0.07774 USPZ_6
(1.872) (1.026)

R2 = 0.9200 DW = 2.1033 p = 0.283707 SER = 0.04359 SUMLAG = -0.5969 (0.322)

UCND = 9.29498 + 1.04590 UAD - 0.2857 USPZ_, - 0.4603 Uspz_, - 0.5237 USPZ_

(2.277)  (5.590) (2.03¢) 2 (2.108) 3 (2.194) 4
- 0.4760 USPZ_, ~ 0.3173 USPZ_

(2.232) {1.654)

2

R® = 0.8721 DW = 1.5614 3 = 0.66641 SER = 0.08816 SUMLAG = -2.0629% (0.9209)

UCNB = 2.59349 + 0.71535 UAM - 0.09401 USPZ_

- 0.1314 USPZ 3" 0.1120 USPZ_
(1.395) (7.947) (0.934)

2 (0.913) (0.843)

4

- 0.03604 USPZ_
(0.416)

+ 0.09661 USPZ_

5 (0.728)

6

R2 = 0.7745 DW = 2.3945 f = -0.423346 SER = 0.110759 SUMLAG = -0.276824 (0.417)

UCNR = 8.64763 + 0.115372 UAM - 0.1546 USPZ_, - 0.2424 USPZ__, -~ 0.2623 USPZ_

(3.493)  (0.961) (1.53) 3 (1.61) 4 (1.76) >
- 0.2172 USPZ_6 ~ 0.1043 USPZ_7

(1.88) (0.84)

2 .

R”™ = 0.3599 DW = 2.0875 p = 0.360169 SER = 0.07642 SUMLAG = -0.98169 (0.525)

UCNO = 1.04988 + 0.786922 UACH
(2.701) (9.625)

R2 = 0.8599 DW = 2,289 p= 0.03979 SER = 0.084685

UCNM = ~21.0569 + 2.97622 UAM - 0.6171 USPZ_, - 0.94€5 USI—’Z_2 - 0.9883 USPZ_

(.544)  (2.292) (1.023) ! (1.01) (0.976) 3
- 0.7425 USPZ_, - 0.2089 USPZ_. + 1.829 USPL_| + 2.578 USPL_, + 2.247 USPL_,
(0.855) (0.305) (3.112) (2.824) (2.06)
+ 0.8353 USPL_, - 1.656 USPL_
(0.61) (0.82)
R2 = 0.7713 DW = 1.209 2= 0.805196 SER = 0.263022 SUMLAG(USPA) = -3.50335 (3.82)

SUMLAG (USPL) 5.8329 (5.09)

UCH E 0.3511 CCM3 + 0.391% UCND + 0.1074 UCNB + 0,0353 UCNR + 0.0898 UCHO + 0.0249 UCKNM
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JCNG

JCND =

JCNB =

JCNR =

JCNG =

JCRM =

JCN
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TABLE V. 2 (Cont'd)

1.35208 + 0.699227 JAG
(9.85) (25.46)

R2 = 0.98¢62 DW = 1.8949 6 = 0.234793 SER = 0.0675531

0.564936 + 0.906024 JAD - 0.03445 JLPZ_4 - 0.04708 JLPZ_5 - 0.03788 JLPZ_5

(1.056} (15,057} (2.65) (2.73) (2.70)
0.006853 JLPZ_7 + 0.04599 JLPZ_8
(0.52) {1.44)

R2 = 0.3896 DW = 1.9394 D = 0.061477 SER = 0.0973047 SUMLAG = 0.0803 (0.047)

1.96904 + 0.641676 JAM ~ 0.007136 JLPZ_3 ~ 0.01187 JLPZ_4 - 0.01419 JLPZ_S
(7.04) (17.746) (0.912) {1.16) (1.818)

0.01411 JLPZ_
(2.195)

- 0.01163 JLPZ_

10.627) 7

6

R2 = 0.9773 DW = 2.1094 p = ~0.480644 SER = 0.0803403 SUMLAG = ~0.0589%4 (0.0226)

3.44218 + 0.523270 JAM - 0.004648 JLPZ_
(7.162) (8.356) (0.412)

- 0.01689 JLPZ_
{1.146)

- 0.03671 JLPZ_

(3.267) 6

4 5

- 0.09914 JLPZ_
(3.498)

0.06413 JLPZ_

(6.213) 7

R2 = 0.9693 DW = 1.826 p = ~0.398641 SER = 0.117456 SUMLAG = -0.22152 (0,3508)

2.22392 + 0.477974 JACH
(8.18) (8.84)

RZ = 0.939%6 Dw = 1.8586 p = 0.41309 SER = 0.0871077

2.54542 + 1.52652 JaM
(6.98) (20.64)

R2 = 0.9541 DW = 2.069 p = -0.124968 SER = 0.232825

¥ 0.5651 JCNG + 0.1783 JCND + 0.1342 JCNB + 0.0502 JCNR + 0.0443 JCNO + 0.0279 JCNM
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TABLE V. 2 (Cont'd)

U.K.
KCNG = 7.50638 + 0.111559 KAG - 0.7 (0.1 KLPZ_l + 0.2 KLPZ_2 + 0.3 KLPZ_3 + 0.25 KLPZ_4
(9.709) (0.66) {a priora
estimate)
+ 0.1 KLPZ_. + 0.05 KLPZ_,)
R2 = 0.816 DW = 1.51 p = 0.65331 SER = 0.045185
KCND = 1.35229 + 0.795387 KAD -~ 0.140465 (0.2 KLPz_l + 0.4 KLPZ_2 + 0.2 KLPZ_3 + 0. KLPZ_A)
(0.795) (6.481) (1.615)
+ 0.051255 (0.2 KLPL + 0.4 KLPL + 0.2 KLPL + 0.2 KLPL ,)
-1 -2 -3 -4
(.296)
R2 = 0.9558 DW = 1.7545 B = 0.199387 SER = 0.0351302
KCNB = 4,19529 + 0.289124 KAM - 0.1104 KLPM_, - 0.1491 KLPM_2 - 0.1160 KLPM_3
(3.03) (0.78) {2.384) {2.01) {1.295)
- 0.D1108 KLPM_4 + 0.1656 KLPM_S
(1.052) (1.19)
R2 = 0.4877 DW = 1.8017 B = 0.60985 SER = 0.0732526 SUMLAG = =-0.221 (0.404)
KCNR = 1.64541 + 0.358693 KAM - 0.04513 KLPZ , = 0.06520 KLPZ_, = 0.06021 KLPZ_3 -
(0.88) (2.57) (1.67) (1L.69) (L.77)
- 0.03015 KLPZ_, + 0.02498 KLPZ_. + 0.0802 KLPL_, + 0.1237 KLPL_, + 0.1304 KLPL_,
(1.27) (.5) (1.54) {1.65) (1.80)
+ 0.1005 l’(LF’L__4 + 0.03378 KLPL_5
(1.60) (0.34)
R2 = 0.5226 DW = 1.963 p = -0.573138 SER = 0.0577758 SUMLAG (KLPZ) = -0.17572 (0.104)

SUMLAG (KLPL) = 0.46856 (0.262)

KCNG = 2.83169 + 0.406491 KACH
(4.255) (3.00)

R2 = 0.8484 DW = 2.045

i3]
"

0.672055 SER = 0.0666281

KCNM = 1.81977 + 0.595859 KAM
(3.086) (4.77)

Rz = 0.7755 DW = 2.002 6

0.378766 SER 0.084522

f

KCN = 0.2554 KCNG + 0.1910 KCND . 3451 KCNB + 0.0658 KCNR + 0.0712 KCNO + 0.0715 KCNM

+
o
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TABLE V. 2 (Cont'd)
GERMANY, F.R,

GCNG = 0.400624 + 0.93£282 GAG
(1.49) {5.496)

R2 = 0.9392 DW = 1.408¢6 p = 0.679333 SER = 0.0532663

GCND = 0.464648 + 1.35498 GAD - 0.06B807 GLPM_, - 0.1065 GLPM_5 ~ 0.1153 GLPM_

(0.376) (12.15) (1.393) 4 (1.525) (1.759) 6
- 0.09448 GLPM_, - 0.04403 GLPM_g

(1.649) (0.531)

2

R™ = 0.9717 Dw = 1.8083 f = 0.314765 SER = (.0833822 SUMLAG = ~0.428395 (0.2282)

GCNB = 9.52026 + 0.839424 GAM - 0.2767 GLPZ_.,, ~ 0.4383 GLPZ_3 ~ 0.4878 GLPZ_4
(2.692) (4.121) (1.923) (2.049) (2.254)
- 0.4221 GLPZ__ - 0.2423 GLPZ_6
(2.463) (1.300)

R2 = 0.7674 DW = 1.6942 B = 0.257592 SER = 0.174027 SUMLAG = -1.8¢6833 (0.7697)

GCNR = 10.1385 + 0.08516 GAM =~ 0.2265 GLPM_, - 0.3465 GLPM_2 - 0.3598 GLPM_

(12.508) (1.300) (5.930) b (el201y (6.464) 3
- 0.2606 GLPM_, - 0.06675 GLPM_,
(5.429) (0.9443)
R® = 0.7681 DW = 2.006 B = -0.158593 SER = 0.070506 SUMLAG = -1.2662 (0.2058)
GCNC = 8.77625 + 0.764031 GACH - 0.2172 GLPZ_, -~ 0.3530 GLPZ_g - 0.4074 GLPZ_
(3.787)  (6.074) (2.092) (2.451) (3.202)
- 0.3804 GLPZ_, - 0.2720 GLPZ_g
(3.829) (1.343)
R? = 0.8909 DW = 1.9826 B = -0.024556 SER = 0.216633  SUMLAG = -1.62991 (0.415)
GONM = -110.993 + 3.55984 GAM - 1.241 GLPZ_, - 1.918 GLPZ_, - 2.031 GLPZ_, ~ 1.581 GLPZ_¢
{2.133)  (2.255) (2.187) (2.147) (2.050) (1.754)
~ 0.5660 GLPZ_¢ + 3.786 GLPZ_, + 6.161 GLPL_, + 7.126 GLPL_, + 6.681 GLPL_, + 4.8266 GLPL_,
(0.724) {2.451) (2.755) (3.119) (2.733) (1.215)
8% = 0.8318 DW = 2.3569 o = 0.598144 SER = 0.469016  SUMLAG(GLPZ) = =-7.337(3.873)

SUMLAG (GLPL) = 28.581(9.376)

GCN = 0.2552 GCNG + (6.1150 GCND + 0.3495 GCNB + 0.2038 GCNR + 0.0522 GCNO + 0.0243 GCKM
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TABLE V. 2 (Cont’'d)

FRANCE

FCNG = 0.334972 + 0.921627 FAG
(0.096) (1.291)

R2 = 0.599¢ DW = 1.9721 £ = 0.730303 SER = 0.0839508

FCND = -2.34309 + 0.998936 FAD - 0.04047 FLPZ_2 - 0.09497 FLPZ_3 ~ 0.1635 FLPZ_4
(0.408) (8.246) (0.386) (0.582) (0.910)
- 0.2460 FLPZ_5 - 0.342¢6 F’LPZ~6
(1.44) (1.873)
R2 = 0.8888 DW = 2.2725 p = ~-0.322375 SER = 0.116632 SUMLAG (FLPZ) = -0.8876(0.713)

SUMLAG (FLPL) = 1.381(0.801)

FCNB = 1.27996 + 0.610529 FAM ~ 0.09777 FLPZ_; - 0.1520 FLPZ_, - 0.1627 FLPZ,, - 0.129% FLPZ ,
(0.564)  (8.426) (2.371) (2.396) (2.346) (1.920)
- 0.05352 FLPZ_ + 0.00785 FLPL_, + 0.02319 FLPL_, + 0.09913 FLPL_, + 0.2180 FLPL_,
(0.663) (0.17) (0.28) (1.144) (2.444)
+ 0.3797 FLPL
(2.960)
2

R” = 0.8611 DW = 2.4356 p = -0.649242 SER = 0.0636538 SUMLAG(FLP2) = -0.5959(0.278)
SUMLAG(FLPL) = 0.7291(0.353)

FCNR = 7.74115 + 0.137278 FAM - 0.1038 FLPZ_, ~ 0.1683 FLPZ_, - 0.1953 FLPZ_5
(12.99) (4.912) (4.959) (5.220) (5.493)
~ 0.1830 FLPZ__ - 0.1321 FLPZ_7
(5.316) (3.337)

R2 = 0.6615 DW = 2.808 p = -0.517516 SER = 0.0289703 SUMLAG = -0.78317(0.1424)

FCNO = 9.29635 + 0.347532 FAM - 0.1532 FLPZ - 0.2592 FLPZ . - 0.3160 FLPZ
(1.973)  (1.527) (0.963) - (1.03) =S (1127 -6
- 0.3244 FLPZ_7 - 0.2842 FLPZ_B
(1.264) (1.271)
2 .

R® = 0.2658 ©DW = 2.3849 £ = 0.525734 SER = 0.118496 SUMLAG = -1.33765 (1.099)

FCNM = -0.678110 + 0.560293 FAM - 0.1364 FLPZ . - 0.2103 FLPZ 0.2218
) : . ., - 0. FLPZ , - 0.1709 FLPZ

(0.152) (3.714) (1.711) I (1,703 2 1ls22 =3 1.264) 0 4

- 0.05760 FLPZ_. - 0.03173 FLPL , + 0.0297% FLPL . + 0.1846 F
50 _ . o . . LPL_, + 0.4326 FLPL

(0.363) 10.296) 1 (0.185) 2 (1.076) =3 2.367) -4
+ 0.7739 FLPL_

(3.154)

2 -

R™ = 0.6854 DW = 2.4373 p = ~0.201393 SER = 0.0952469 SUMLAG(FLPZ) = ~0.797(0.554)

SUMLAG{FLPL} = 1.3892(0.698)

FCN = 0.2537 FCNG + 0.1142 FCND + 0.0159 FCNB + 0.2881 FCNR + 0.1670 FCNQO + 0.1613 FCNM



LIST OF VARIARLES

{asterisk on a variable indicates that the variable 1is endogenous)

VARIABLE
NAME VARIABLE DESCRIPTION SOURCES AND NOTES

aLpz® ) L.M.E. prices of zinc in Australian dollars Source: see AMP g ER

AMC Australian mine capacity a 5-year moving average
of AMP

AMP* Australia, mine production, recoverable zinc. Source: Metal statistics
Various issues

APWS Australia, wholesale price index, domestic goods. U.N. Monthly bulletin,
various issues.

auLpz * (ALPZ/APWS)* 100.0

AUWG (AWG/APWS)* 100.0

AWG Australia, wages 1in mining and quarring U.N. Yearbook of labour sta-
tistics, various issues

caLpz® (CLPZ/CPWS) * 100.0 ’

CAWG {(CWG/CPWS) * 100.0 .

CLP2 LPZ in Canadian dollars Source: see AMP

cMC Canada, mine capacity a 5-year moving average
of CMP

CMP* Canada, mine production Source: same as AMP

CPWS Canada, wholeslae price index, general Source: see APWS

CWG Canada, wages in metal mining Source: see AWG

DUM Dummy variable for the effective quota period in 1 for 1961-1965, zero

the U.S.A. elsewhere
DUMCLC Dummy variable for the effective period of Cost of 1 for 1972~73, zero
Living Council's wage and price freeze in the U.S.A. elsewhere

DUMGSA (DUM * GSA)

gLpz* Europe, price of zinc, same as GLPZ See GLPZ

EMC Europe, mine capacity a 5-year moving average
of EMP

EMP* Europe, mine production, recoverable zinc See AMP

EPSLD Europe, a weighted average of silver and lead prices Source: See ALPZ

EPWS Europe, wholesale price index, weighted average of Source: See APWS

important producers in proportion of their produc-
tion in 1763.
ER (U.S. $ / U.K. b) SOurce:UmInternatlonal
rinancial Statistics

EULPZ* (ELPZ/EPWS)* 100.0

EUPSLD (ELPSLD/EPWS) * 100.0

EWG Europe, wages in mining Source: see AWG, a
weighted index of wages
in W. Germany, Italy,
Spain and Sweden, wts.
1963 zinc production.

FA {.3% FAC + .3*FAA + .4* FAM)

FAA France, automobile production Source: OECD, Main
Economic Indicators,

and UN, statis-

tical Yearbook, various
issues

FAC France, buildings construction Source: Ibid

FACH France, Index of Chemical manufactures production Source: Ibid

FAD (.6* FAAR + .4* FAM)

FAG (.6% FAC + .4* FAM)
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Variable Name

FAC

FACH

FAD
FAG

FAM
FCN*

FCNB*

FCND*
FCNG*
FCNM*
FCN¢*
FCNR*
rLpL*
FLPZ *
FMCAP
FM2P

FPWS

FRLPL
FiLPM™
FrLPZ*
GA

GAA
GAC

GACH

GAD
GAG

GAM

GCN*

.

LIST OF VARIABLLS (Cont'd)

Variable Description

France,

France,
tures production

(.6 * FAA +

(.6 * FAC +

.4 * FAM)

.4 * FAM)

buildings construction

Index of Chemical Manufac-

France, production of manufactures,

general.

(FCNG + FCND + FCNB + FCNR + FCNO +

FCNM)

France, consumption

France, consumption
casting

France, consumption
vanizing

France, consumption
cellaneous

France, consumption
dust and oxides

France,
zinc

consumbtion

(FLPL/FPWS) * 100.0

(FLPZ/FPWS) * 100.0

Free market world,
duction capacity

Free market world,
duction

of

of

of

of

of

of

zinc in brass

zinc in die-

zinc in gal-

zinc, mis-

zinc in zinc

zinc in rolled

zinc metal pro-

zinc metal pro-

France, whole sale price index,

General

France, LME price of aluminium in francs

(FLPZ/FLPL) * 100.0

France, LME price of 2inc in francs

(.3 * GAA +

.3 * GAC +

.4 * GAM)

Germany F.R., Automobile production

Germany F.R., buildings construction

Germany F.R., production of chemical

manufactures
(.6 * GAA +

(.6 * GAC +

.4 * GAM)

.4 * GAM)

Ger.nany F.R., production manufac-

tures, general

(GCNG + GCND + GCNB + GCNR + GCNO

GCNM)
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Sources and Notes

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

OECD Main Economic
Indicators, various
issues, and U.N., sta-
tistical year book,
various issues.

Ibid

see FAA

International lead
and zinc study group,
(1960-75)

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

see APWS

see FAA
Ibid

Ibid

see FAA



Variable Name
GCNB*

GCND*

GCNG* .

GCNM*

GCNOQ*

GCNR*

GLPL
cLpz™

GPWS

GRLPL
GRLPM"
GRLPZY

GSA

JA
JAA

JAC

JACH

JAD
JAG

JAM

JCN*

JCNB*

JCND*

JCNG*

JCNM*

JCNO*

JCNR*

JLPL

LIST OF VARIABLES (Cont'd)

Variable Description

Germany W. ,

Germany W. ,
die-casting

Germany W. .,
galvanizing

Germany W. ,
cellaneous

Germany W. ,
and dust

Germany V. ,
rolled zinc

(GLPL/GPWS) * 100.0
(GLPZ/GPWS) * 100.0

Germany V.
general

consumption of

consumption of

consunmption of

consumption of

consumption of

consumption of

zinc in
zinc in
zinc, mis-

zinc, oxides

zinc in

wholeslae price index,

Price of aluminium in D.M.

(GLPZ/GLPL) * 100.0

LME price of zinc in D.M.

U.S.A.,

General Services Administration

stockpile at the end of the years

(.3 * JAA +

.3 * JAC +

.4 * JAM)

Japan, auto-obile production

Japan,

buildings construction

Japan, production of chemical manu-

factures
(.6 * JAA + .4 * JAM)
(.6 * JAC + .4 * JAM)

Japan, production of manufactures,

general

{(ITNG + JCND + JCNB + JCNR + JCNO

+ JCNM)
Japan,

Japan, consumption
castings

Japan, consumption
izing

Japan, consumption
laneous

Japan, consumption
dust

Japan, consumption
zinc

(JLPL/JPWS) * 100.0

consumption of

of

of

of

of

of

zinc in brass
zinc in die-
zinc in galvan~-
zinc, miscel-

zinc, oxides and

zinc in rolled

zinc in brass
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Sources and Notes

Source:

Source:

Source:

Source:

Source:

Source:

Source:
Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

Source:

see AMP

Ibid

Ibid

Ibid

Ibid

Ibid

see ALPZ
Ibid

see APWS

American Bureau

of Metal Statis-
tics, (1270-7%)
McMahon et al(l1574,

See FAA

Ibid

estimated cost of
construction in
1963 yens

Ibid

see FAA

see FCNB

Ibid

Ibid

Ibid

Ibiad

Ibid

Ibid

74)



Variables Name
JLPZ*
JPLPL

-
JPLPM
JeLpz "
JPWS

KA

KCN*

KCNB*
KCND*
KCNG*
KCNM*

KCNo*

KCNR*
KLPL
RLPZ

KPWS

LMPL
nmMp2*

LPL

LPM

LPZ*

LMUSPZ*
MELPZ*
MEWG

MLPZ*

MMP*

MPWS

MWG

LIST OF VARIABLES (Cont'd)

Variable Description
(JLPZ/JPWS) * 100.0
LPL in Japanése currency
(JLPZ/JLPL) * 100.0
LPZ in Japanese currency
Japan, wholeslae price index, general
(.3 * KAA + .3 * KAC + .4 * KAM)
U.K., autompbile production
U.K., buildings construction

U.K., production of chemical manu-
factures

(.6 * KAA + .4 * KAM)
(.6 * KAC + .4 * KAM)

U.K., production of manufactures,
general

(KCNG + KCND + KCNB + KCNR + KCNO
+ KCNM)

U.K., consumption of zinc in. brass

U.K., consumption of zinc in die-castings
U.K., consumption of zinc in galvanizing
U.K., consumption of zinc, miscellaneods

U.K., consumption of zinc, oxides and
dust

U.K., consumption of zinc in rolled zinc
(KLPL/KPWS) * 100.6 4
(KLPZ/KPWS} * 100.0

United Kingdom, wholesale price index,
general

(LPL/KPWS) * 100.0
(LP2/KPWS) * 100.0

London Metal Exchange price of alumnium in
U.S. dollars

(LP2/LPL) * 100.0

London Metal Exchange price of zinc in
U.S. dollars

(LMPZ/USP2) * 100.0
(MLPZ/MPWS) * 100.0
(MWG/MPWS) * 100.0
LPZ in Mexican currency

Mexico, mine capacity

Mexico, mine production, recoverable zinc

Mexiéo, wholesale price index, general
Mexico city

Mexico, wages in mining and quarring
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Sources and Notes

Source: 1Ibiad

Source: see APWS

Source: see FAA
Source: Ibid

Source: Ibid

Source: see FAA

Source: see FCNB
Source: 1bid
Source: 1bid
Source: Ibid

Source: Ibid

Source: Ibid
Source: 1@bid
Source: Ibid

Source: see APWS

Source: see AMB

Source: see AMP

Source: 5-year moving
agerage of MMP

Source: see AMP

Source: see APWS

Source: see AWG



Variables Name
pELPZ"
PEWG
rLp2"

PMC

PMP*

PPWS

PWG

R1A

R2A

RCN*
RCNRES *

RICN*

R2CN*

R1LPL
R2LPL
RILPM”
R2LPM
.

RILP2Z

R2LPZ*

RMp*
ROWG

R1PWS

R2PWS

RSCRAP *

LIST OF VARIABLES (Cont'd)

Variable Description
(PLPZ/PPWS) * 100.0
(PWG/PPWS) * 100.0
LPZ in Peruvian Currency

Peru, mine.capacity

Peru, mine production

Peru, wholesale price index, weighted
average of building materials and farm
products, equal weights

Peru, wages in mining

Rest of the World (Freeworld less U.S.A.)
industrial production

Rest of the world, industrial production

.

Rest of the world, industrial production,
develcping countrices

(JCN + KCN 4+ GCN + FCN + RICN + R2CN)
{RCN/WRES)

Rest of the developed free world (Canada +
(Europe ~UK - France -~ Germany F.R.) +

Australia + S. Africa) consumption of zinc °~

Rest of the world (develobing countries)
FMCN - UCN - KCN - JCN - GCN - FCN - RICN

(LPL/R1PWS) * 100.0
(LPL/R2PWS) * 100.0
(R1LPZ/R1LPL) * 100.0
(R2LP2/R2LPL) * 100.0
(LPZ/R1PWS) * 100.0
(LPZ/R2PWS) * 100.0

Rest of the world (Free world less U.,S.A.)
Mine capacity

(AMP + CMP + MMP + PMP + EMP + RWMP)

(RWWG/RWPWS) * 100.0

Rest of the developed world, wholesale price

index, same as EPWS

Rest of the world (free world - developing
countries) wholesale price index same as
UPWS

Rest of the world (free world less USA) old
and new scrap

219

Sources and Notes

Source: S-year moving
average of PMP
Source: see AMP
Source: see APWS
Source: see AWG

Consumer price index used
as a proxy for PWG

Source: U.N. statistical
yearbook, various
issues

Source: 1Ibid

weighted average of EFTA,
Oceania, Canada indices of
industrial production, wei-
ghts in proportion of their
consumption of zinc in 1963.

Scource: Ibid

Source: see AMP
Source: 1Ibid

Source: S5-year moving

average of RMP

Because of too many pro-

blems of aggregation and data
availability, US price index
was used as a proxy variable.

Source: See AMP



Variables Name

RSTK*

RSTKCN*
RWLPZ*
RWMC

RWMP*

RWPWS

RWWG

RZP

TIME

UA
UAA
UAC

UACH

UAD
UAG

UAM

UCAPUSE

UCN*

UCNB*

UCND*

UCNG*

UCNM*

UCNO*

UCNR*

UCNRES™

LIST OF VARIABLES (Cont'd)

Variable Description

Rest of the world (free world less USA),
producers stocks end of ycar

(RSTK/RCN)

Same as LPZ

Rest of the world (See RWMP)

Rest of the world (free world less USA,
Australia, Canada, Europe, Mexico and

Peru) mine production

Rest of the world (see RWWG), wholesale
price index

Rest of the world (free world - USA,
Canada, Australia, Mexico, Peru, Europe)

Rest of the world (see RWWG), whole-
sale price index

1963=100, increasing {(decreasing) by 2
each succeeding (preceeding) year.

(.3 ®* UAA 4+ .3 * UAC + .4 * UAM)
U.S.A., automobile production
U.S.A., buildings construction

U.S.A., production of chemical manu-
factures

-{.6 * UAA + .4 * uAM)

(.6 * UAC + .4 * UAM)

U.8.A. production of durable manufac-
tues, general

(USZP/USCAP)

(UCNG + UCND + UCNB + UCNR + UCNO +
UCNY)

U.S.A., consumption of zinc in brass

U.S.A., consumption of zinc in die-
castings

U.S.A., consumption of zinc in galvan-
izing

U.S.A., consumption of zinc, miscel~
laneous

U.S.A., consumption of zinc, oxides in-
cluding the oxides directly manufactured
from ores

U.S.A., consumption of zinc in rolled zinc

(UCN/WRES)
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Sources and Notes

International lead
& zinc study group
Bulletin, various
issues

Source:

S~year moving average of RWMP

Source: see AMP

Source: see APWS, a
weighted average
of Japan and Zaire
prices (see RWWG)

Source: see AWG

A weighted index of wages

in mining in Japan and Zaire.
Weights in proportion of
production of zinc in 1963.

Source: see GSA
Source: see FAA
Source: Ibid
Source: 1Ibid
Source: see GSA
Source: see AMP
Source: Ibid
Source: 1Ibid
Source: 1Ibid
Source: Ibid
Source: Ibid



variables Name
UIMP*
UKLPL
UKLPM*
UKLPZ"®
uLmMpz”
ULPL
vLpM ~
uLpz*®

UMC
UMP *
UNS*
U¢S*

UPL

UPSLD

UPWS
upz*
USCAP
USLMPL
USPL
uspM®
USPSLD
Uspz*
USTK*
USTKCN*
USWG
UszP
UWG

WRES

LIST OF VARIABLES (Cont'd)

Variable Descraiption
U.S.A., net imports
LPL in U.K. pounds
(KLPZ2/KLPL) * 100.0
LPZ in U.K. pounds
(ULPZ/UPWS) * 100.0
L.M.E. price of aluminium
(ULPZ/ULPL) * 100.0
L.M.E. price of zinc L. F
U.S.A., mine capacity
U.S.A., mine production, recoverable
zinc

U.S.A., production of zinc from new
scrap

U.S.A., production of zinc from old
scrap

U.S.A, price of aluminium

Weighted average of silver and lead
prices in the U.S.A.

U.S.A., wholeslae price index, general

U.S.A. prime western price of zinc

U.S.A., zinc metal production Eapacity

L.M.E. price of aluminium in U.S. dollars

(UPL/UPWS) * 100.0

(UP2/UPL) * 100.0

(UPSLD/UPWS) * 100.0

(UPZ/UPWS) * 100.0

U.S.A., producers stock, end of year
(USTK/UCN)

(UWG/UPWS) * 100.0

U.S.A., zinc metal production
U.S.A., wages in metal mining

Free Market world economic resources
containing zinc
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Sources and Notes

Source:

Source:

Source:

see AMP

see AMP

see AMP

S-year moving average of

UMP

Source:
Source:
Source:
Source:
Source:

Weights:

Source:
Source:

Source:

Source:

Source:

Source:

see AMP

see GSA

see GSA

see AMP

see GSA
silver = .3
lead = .7
see APWS

see AMP

see GSA

see RSTK

see GSA

see AWG

Source: Cammorata (1975,6)



CHAPTER VI
PERFORMANCE OF THE MODELS OF

THE WORLD ZINC INDUSTRY

1. METHODOLOGICAL REMARKS

The specification and estimation of the econometric
models of the world zinc industry have been based on the
hypothesis of two market systems. The U.S. producers of
zinc are assumed to follow the goal of price stabilisation,
supported by the U.S. Government. The decision-making
process in the rest of the world market for zinc is
assumed to operate in a competitive framework, with the
London Metal Exchange as its base. Although the indivi-
dual equations seem to perform well, the validity of the
model as a whole depends on the simultaneous interactions
of the various equations which constitute the complete

model.

A hypothesis concerning a system can be tested by

assessing its ability to predict the actual behavior of

222
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the system. Usually this may be done by considering the
degree to which the predicted observations from the model
depart from the actual observations. Predictions could
either be ex post (i.e., retrospective predictions over
the sample period) or ex ante (i.e. prospective predic-
tions beyond the sample period). Ex ante predictions
require forecasting of all the relevant exogenous varia-
bles, and this itself may produce errors. These errors
may become compounded in the ex ante predictions of the
endogenous variables, and may therefore not yield an
accurate test of the model. Thus ex post predictions,

also called base simulations, have been selected.

Base simulations may be one-period simulations or
dynamic simulations over several periods. The one-period
simulations use the actual values of the lagged endogenous

variables. For example, consider a system such as

T
AXt+BYt+ZB.Y . +CZ, + D=2U

lSee Friedman (1952, 456) "The only relevant test of a

hypothesis is comparison of its predictions with what
occurs: the hypothesis is rejected if its predictions
are contradicted ('frequently' or more often than pre-
dictions from an alternative hypothesis); it is accepted
if its predictions are not contradicted; great confi-
dence is attached to it if it has survived many opportu-
nities for contradiction."”
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where X_ is an mxl vector of exogenous variables; Y, is an

t t
nxl vector of endogenous variables, Zt is a gxl
vector of policy instruments; U, is an nxl vector of

t

stochastic disturbance terms; and A, B, C, D are coeffi~-
cient matrices whose parameters have been estimated by
standard econometric techniques. Rearranging the matrices
and vectors yields the base solution (assuming 't' varies
over the sample period used in estimating the system) for

all the endogenous variables, i.e.,

If the Yt—j are the actual values of the sample
period then the simulation is called a one period base
simulation. The simulations are dynamic if the lagged

endogenous values Y for any simulation period t are

t-3
predicted values of Y (though in the beginning year of
simulation, actual lagged values are used). Obviously,
dynamic simulations provide a more rigorous test of the
model than simulations in which the values of the lagged
endogenous variables are not generated from the structure
of the model itself. The evaluation of these models is

based on the rigorous test of dynamic simulations.1

Summary results of these dynamic simulations are given

lThe solution program uses a Gauss-Seidel iterative techni-
que designed for solving intertemporal, non-linear econo-
metric models.
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in Table VI.l1. Two summary measures have been selected.
The first is the average percentage absolute deviation,
which is the average of the absolute deviations of solu-
tion values from actual values, expressed as percentages
of actual values (APAD). This measures failure of the
model to reproduce the historical data in percentage terms.
However, this measure does not indicate very much about
the tendency of the model, in general, to overestimate or
underestimate the actual values. For example, there may
be a situation where the short-term fluctuations are over-
estimated or underestimated but, on the average for the
whole simulation period, the predicted values are very
near to the long term trend in the actual data. This type
of prediction error may be summarized by the algebric
average of the percentage (i.e., in averaging, signs are
taken into consideration). A larger negative (positive)
value of the average percentage deviation (APD) will
reflect the downward (upward) bias in the predicted values
over the simulation period. A value of APD closer to zero
may be used to reflect an absence of long-run bias in the
predicted values. The summary measures of both types for
all the endogenous variables of both models are contained
in Table VI.1. Since results of the simulations for the
two models are, in general, quite similar, only the results

of the simulations for Model 1 are discussed in a more



TABLE VI. 1

SAMPLE PERIOD SIMULATION ERRORS 1965-74

{Dynamic)
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VARIABLES

MODEL 1

Average Percentage Average Percentage

Absolute Errorsl

Algebraic Errorsz

MODEL 2

Average Percentage
Absolute Errors1

Average Percentage
. Algebraic 1-:rz'ors2

Consumption

JCN 3.70 0.57 4.39 0.15
KCN 3.03 0.48 2.65 0.59
GCN 4.53 0.02 3.96 2.57
FCN 2,64 -0.23 4.33 0.43
RICN 3.37 0.68 3.37 0.68
R2CN 3.26 0.02 3.26 0.02
RCN 4.48 4.15 4.72 4.56
UCN 3.83 -0.69 3.53 -1.21
Production
AMP 6.43 4,84 6.43 4.84
CMP 10.91 -10.91 10.91 -10.91
MmMp 4.44 -0.91 4.44 0.91
PMP 6.03 -6.03 6.03 «-6.03
EMP 2.38 ~0.70 2.38 i -0.70
RWMP 4.33 -3.01 4.33 -3.01
RMP 4.64 -4.44 4,64 ~4.44
RSCRAP 7.79 -7.79" 7.79 -7.79
UMP 3.20 ~-0.52 3.20 -0.54
UNS 5.070 -2.33 5.07 -2.33.
vos 10.50 -10.50 10.50 -10.50
Stocks
RSTK 39.7 13.22 39.50 13.40
USTK 17.63 -2.74 17.63 -2.74
Prices
LMPZ 12,39 -0.24 12.89 -0.01
UsP2z 5.62 -0.95 5.54 ~0.86
Trade
UIMP 5.18 ~0.596 5.19 -0.61
110
1.7 ! |predicted - Actuall,) .o o(without algebraic sign}
i=] Actual

110
2.75 !
i=1

(Predicted -~ Actual).loo o(with algebraic sign).

Actual
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detail. The results of the simulations for Model 1 and
Model 2 are presented in the Tables VI.2 and VI.3, res-
pectively. In the next two sections, these simulation

results for both the models will be discussed.

2, MODEL 1 SIMULATIONS

The performance of both models is reasonably
satisfactory. While consumption, production, and trade do
not have large prediction errors, prediction errors for
stock variables do not seem to be very satisfactory. The
error in the prediction of stocks is to a great degree
transmitted to error in the prediction of prices, though the
latter is still within reasonable bounds. In this section,

a focus will be placed on the simulation results of Model 1.

Consumption

Dynamic simulation results for consumption are very
good and the best amongst all the variables of the model.
The average percentage absolute error (APAD) ranges between
2.64 for France and 4.53 for West Germany. The higher
figure for West Germany is due to the failure of the model
to capture a sharp drop in consumption in 1969. However,
none of the consumption variables drift outside the range of
the actual value * 0.7 percent. In general, except for

France and the U.S.A., the drifts have been on the positive
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side, which is reflected in the compounded drift of 4.15 in

the total non-U.S. consumption (RCN).

Production

Dynamic simulations for primary and secondary
supplies of zinc are reasonably satisfactory. The APAD for
primary production ranges between 2.38 for Europe to 10.91
for Canada. The large errors in the simulated values for
Canadian mine production are attributable to a number of
discoveries of new zinc mines in the province of Ontario,
during the simulation period. This is revealed in the
negative value of the APD, which implies an underestimation
of the actual values throughout the simulation period. The
same is true in the case of mine production in Peru.
Australia, on the other hand, had a number éf mine closures
(obsolete mines) during the simulation period, which
resulted in an overestimate (+'ve' PAD) of the actual mine
production. Both the APAD and APD in the case of mine
production for Mexico, Europe, and the U.S.A. are quite

satisfactory.

The secondary supply, in general, has been under-
estimated by the model. While metal recovery from new
scrap in the U.S.A. shows an APAD within reasonable limits
(about 5 percent), the predicted values have slightly down-
ward bias. The old scrap in the U.S.A., on the other hand,

has been poorly predicted. More disturbing is the fact
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that the errors in the long-run do not average out, but

show a downward drift by 10.5 percent. The only obvious
reason for this drift seems to be the inability of the

model to capture the effect of the cumulative pile of scrap
on the ground, over time. Also this is certainly more
important for the simulation period as compared to the other
parts of the sample period, as it has a cumulative effect.
The same, although to a lesser degree, seems to be true for
the predicted values of the metal recovery from scrap in

the rest of the world.

Stocks

Errors in the prediction of stocks usually reflect
the cumulated errors in the prediction of consumption and
production. Besides, stocks are a very sensitive
variable to adjustments and expectations. As was argued
earlier, stocks in the model used for simulation appear in
the form of inventory behavior of the producers/dealers of
zinc rather than the residuals between consumption and
production. The rest of the world stocks (RSTK) have very
large prediction errors, of up to 40 percent. These large
errors, however, may be attributed to (1) inadequacy of the
published data for the non U.S. world, and (2) the actual
inventory behavior of producers, not well captured by the

model.
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On examining the prediction errors more closely,
one finds that three predicted observations (1965, 1966
and 1973) account for more than 70 percent of the total
error (APAD) reported in the stock variable. During these
vears, as noted earlier, the world zinc industry observed
a high instability of price at the L.M.E. For example,
the daily quotation of prices during 1964 alone rose by
more than 100 percent. In such abnormal circumstances,
producers may have deviated from the normal expectations
mechanism, as specified in the model. The price increase
in 1964, rather than creating expectations of a further
rise in price, seems to have induced the producers to
expect a decrease in price in the future. This probably
encouraged speculators to unload their stocks onto the
market which may have resulted in a large overestimate of
stocks in 1965. The same is true for a very abnormal year
of 1973, when the daily prices at the L.M.E. rose by more
than 200 percent. If we take out these two abnormal years,
where some perverse expectations may have played a key
role, the error in stock figures (APAD) is reduced to less
than half of the reported figure for the total simulation

period.

The data accuracy for stocks is much better for
the U.S.A. The error in prediction is also less than half

the size observed in the rest of the world. It may be
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recalled that the stocks in the U.S.A. are also used as an
instrument by the producers for stabilisation of prices in
the U.S.A. However, the abnormal year 1965 observed about
one~-third of the total APAD for the simulation period.
Also in that year, for the first time, the U.S. Government
released stockpiles of about 70,000 tons, which seem to
have worked as complementary to the efforts of the produ-
cers in their goal of price stabilisation. This may have
reduced the need for decreasing the producers' stocks,
resulting in a large underestimate of stocks by the model

during this year.

Prices

The L.M.E. price contains large prediction errors
as compared to the U.S. price for at least two reasons:
(a) errors in the stocks in the free market are much more
than in the U.S. market, and (b) the free market price is
much more unstable as compared to U.S. price. However, the
comforting element in the price behavior in both markets is
that the predictions are quite satisfactory on the APD
criterion. The drift of prices from the long-run trend is
less than 0.6 percent over time. This implies that the
model is more successful in predicting relatively long-

term price behavior as compared to short-term movements.
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Trade
The errors in prediction of inter-regional trade
are reasonably satisfactory. The APD is also less than

1 percent.

3. MODEL 2 SIMULATIONS

As noted above, the only difference in Model 2 from
Model 1 is that Model 2 explicitly incorporates the differ-
ences in consumption structure within the various countries.
These structural differences, as noted earlier, may be attri-
butes to the differences in the stage of development,
pattern of industrial production, technological differences
and/or preferences in the use of zinc in the various coun-
tries. In the estimates of Model 2, it was-observed that
Model 2 made definite improvements in the estimates of the
parameters of the consumption demand equations in almost all
the countries. However, in simulation, predictions from
Model 2 are not substantially different from those of Model
1l (see Table VI.l). There are larger absolute errors in
Japan and France than were observed in Model 1. For West
Germany, the U.S.A. and the U.K., the model shows some
improvements in the predicted values, though long term bias
is somewhat larger. Since the difference is so small, it is
hard to think of any valid reasons for the differences in the

prediction of the two models. These small differences in
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prediction errors in the two models are also translated
into small differences in the prediction errors in the
prices. In general, on the grounds of these empirical
tests of validity, it is difficult to select one model as
better than the other. However, both models are needed;
because some policy changes can more aptly be incorporated
into one model than the other. Since both models are
similar on tests of validity, one is left free to use the

one which is more suitable for any given policy change.
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CHAPTER VII
DYNAMIC MULTIPLIER SIMULATIONS

WITH THE ECONOMETRIC MODELS

Analytical solutions with simultaneous non-linear
dynamic models of a commodity market, such as the dne
under discussion, are extremely difficult. An alternative
computer methodology, that has recently been developed,
describes the systems' response to exogenous shocks to the
estimated econometric models. The so called methodology of
simulation enables the researcher to study the stability

properties and policy implications of the models.1

Dynamic solutions of the models, which include the
effects of exogenous changes in one or more variables or
parameters of the system, when compared to the base solu-
tions (also called control solutions), provide measures of
response of the model (also called dynamic multiplier
solutions) to the exogenous changes. For six such changes
imposed upon the system,dynamic multiplier solutions have

been calculated. The control solutions used in this chapter

lFor a detailed discussion of both the problems involved -

for an analytical solution in the complex dynamic non-
linear systems and the computer simulation methodology,
see Naylor (1971).
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are the same as those given in the last chapter for both

models.

1. MULTIPLIER SIMULATION EXPERIMENTS

The set of six exogenous changes used to study the
response properties of the models of the zinc industry
include changes in economic activity in the major consumer
countries, a change in technology in one of the most
important consumer industries, a change in the price of the
major substitute for zinc, and changes in U.S. Government
policy regarding their strategic stockpile program. These
changes are classified in a set of four assumptions, thus
constituting four experiments, depending on the nature of

the variables involved, as follows:

1. (a) 2 one time (1965) increase of 1 percent in the
economic activity of the major zinc consumer
countries (the U.S.A., Japan, the U.K., W.
Germany, and France) .

(b) A continued 1 percent increase each year (1965-74)
in the economic activity of the major zinc consu-

mer countries.

2. A one~third decline in consumption requirements
of zinc by the automobile industry throughout the

world.

3. A one time (1965) increase in the price of aluminium
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by 10 percent.

4. (a) A one time (1965) increase in the U.S. Strategic
Stockpile by 1 percent.
(b) A continued decrease in the U.S. Strategic Stock-

pile by 100,000 tons per year, beginning in 1963.

Assumption 1 (a) may be viewed as a sudden but
temporary improvement in the economic activity of the
large industrial countries. In 1 (b), the same increase
in economic activity continues throughout the simulation
period. That is, in each year of simulation, the level of
economic activity is 1 percent higher than in the base
solution. Whereas in 1l(a), an attempt is made to study
the stability of the system to a temporary shock; in 1 (b),

the systems' response to a persistent change is evaluated.

In the second experiment, the possible effect of
some technological change on the performance of the
different constituents of the market is examined. 1In
particular, what is being sought is the response of the
system to the oft-repeated possibility of a larger propor-
tion of smaller or light-weight cars, or a development of
a municipal mass transit system, or some other such
development that would reduce consumption requirements of
zinc in one of its major uses. This change is imposed on
the system through reducing the coefficient of the activity

variable in the consumption for die-casting equations



247

(Model 2) in all the major consumer countries.

The third simulation assumption focuses on the
likely changes in the behavior and performance of the zinc
industry in response to an increase in the price of alumi-
nium, the major substitute for zinc, by the International
Bauxite Association. An increase in the price of aluminium
raises the competitive strength of zinc vis-a-vis aluminium
and other substitute materials such as plastics. The
question posed is whether the zinc industry, given the
substitution structure of zinc vis-a-vis other materials,
will have any substantial gains (or losses for a decrease in
price, assuming the substitution effects are symmetric) in

the long-run.

The fourth simulation assumption attempts to evaluate
the likely dynamic effects of the changes in the stockpile
policy of the U.S. Government. The major aims of the stock-
pile policy throughout the period have been protection of
the domestic industry and possibly stabilisation of the world
zinc market.l In 4 (a) an attempt is made to test the
validity of these objectives through a temporary increase

(1 percent) in the stockpile by the U.S. Government. In

lAs a matter of fact, the aims of the policy have never

been made public in precise terms. However, one can
easily get impressions about these objectives from the
published literature on the zinc industry. For details,
see Chapter II.
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4 (b), a similar question is posed in a very different
form. Would the zinc industry have been unstable if the
U.S. Government had not intervened in the performance of
the industry? In fact, this assumption serves a dual
purpose. It is possible to think of the whole U.S. stock-
pile in 1963 (when it stood at about 1.4 mn. tons, more
than half the world production of zinc in that year), as a
new mine discovery and trace the effect of such a change on
the price of zinc. Thus, in this multiplier simulation, the
U.S. Government is expected not to intervene in the world
zinc market, but to decumulate the stocks evenly over the

next fifteen years.

In the next section the impact of these multiplier
simulations is discussed. Tables VII.1l to VII.4 contain
the results of these multiplier simulations for major
variables. The results are reported in terms of ratios of
multiplier solutions to control solutions, multiplied by

100.

2. RESULTS OF MULTIPLIER SIMULATION EXPERIMENTS

Experiment 1

The multiplier simulation results of this experiment
for 1 (a) and 1 (b) are given in Table VII.1l. 1In the first
year, U.S. producers are attempting to stabilise the likely
increase in price, but seem to have overdone this. The

rest of the world producers increase their stocks marginally



AN INCREASE IN THE ECONOMIC ACTIVITY IN THE WORLD

MULTIPLIER SIMULATIONS

TABLE VII.1

(MODEL 1)

ASSUMPTION 1 (a)

ASSUMPTION 1 (b)

YEAR USTK RSTK USPZ IMP2Z UIMP USTK RSTK USP2Z LMPZ UIMP
1965 76.41 100.53 99.74 99.32 100.59 76.45 100.00 100.20 100.52 100.50
1966 100.00 97.65 100.28 100.12 100.02 93.28 101.82 100.25 100.05 100.45
1967 100.00 100.29 99.99 99.98 100.00 95.92 100.12 100.30 100.18 100.40
1968 100.00 99.96 100.00 1006.00 100.00 93.68 100.35 100.37 100.24 100.42
1969 100.00 100.00 100.00 100.00 100.00 92.98 100.51 100. 34 100.19 100.43
1970 100.00 100.00 100.00 100.00 100.00 95.89 100.33 100.33 100.25 100.41
1971 100.00 100.00 100.00 100.00 100.00 93.07 100.41 100.36 100.24 .100.45
1972 100.00 100.00 100.00 100.00 100.00 97.93 100.37 100.36 100.28 100.45
1973 100.00 100.00 100.00 100.00 100.00 80.73 100.40 100.35 100.19 100.50
100.00 100.00 100.00 100.00 100.00 92.69 100.22 100.32 100.21 100.49

1974

(Multiplier Solution/Control Solution) x 100.0

6v¢C



A TECHNOLOGICAL CHANGE IN THE AUTOMOBILE SECTOR (MODEL 2)

TABLE VII.Z2

MULTIPLIER SIMULATIONS

YEAR UCN JCN KCN GCN FCN RICN R2CN USpPZ LMPZ UIMP

1365 70.17 89.58 88.21 89.91 93.34 56.40 73.41 81.72 52.00 104.63
1966 71.63 88.50 88.18 89.34 92.38 56.05 73.14 106.33 117.11 98.95
1967 74.78 87.02 88.23 90.04 92.10 55.91 72.19 87.22 70.23 101.84
1968 74.05 86.16 87.55 87.82 91.98 55.51 72.32 94.87 91.96 100.28
1969 76.57 86.21 87.96 88.21 91.91 55.11 71.95 91.64 83.45 100.90
1970 79.49 86.31 88.17 86.41 91.91 54.94 71.64 91.77 81.31 101.07
1971 77.32 85.73 87.87 86.47 90.47 54.69 71.17 90.24 81.13 101.08
1972 77.91 85.12 87.60 87.08 85.90 54.38 70.97 89.16 76.71 101.33
1973 77.46 84.12 87.59 86.70 88.04 53.97 70.39 89.45 84.62 100.82
1974 79.68 83.86 87.83 88.04 88.82 53.97 70.28 84.50 79.00 101.14

(Multiplier Solution/Control Solution) x 100.0

0s¢
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for transactions and probably for speculative purposes.
The result is a temporary fall in both prices. 1In the
second year, both prices show a marginal improvement and,
by the fourth year, a return to the base solution. The
number of years taken to stabilise the price indicates
delayed responses. In 1 (b), the results are similar.
The shift in demand produces a higher price between 0.1 and
0.3 above the base simulation. Long lags in both demand
and supply do not seem to have allowed full adjustment by
the end of the simulation period. In general, the market
seems to be stable except for the differential lags in

demand and supply resulting in minor fluctuations.

Experiment 2

Consumption of zinc, as reported in Table VII.2,
seems to be very sensitive to changes in the activity
coefficient in the die-casting sector. The model reveals
a substantial response to a development such as a change

in automobile technology.

The consumption response, as expected, differs
from one country to another depending on: the technological
requirements of zinc, different lags involved, and other

considerations.1 Since the model involves dynamic

lSee the discussion in Chapter II, and Appendix to Chapter

IT.
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interaction of consumption and prices, the fall in consump-
tion is substantial. In most countries, the fall in
consumption is recorded between 10 to 30 percent as com-
pared to the control solution. Fall in demand in relation
to supply results in a fall in both the L.M.E. and the

U.S. prices. However, as the free market price is more
sensitive to changes in demand and supply forces, the fall
in the L.M.E. price is larger than the U.S, price. This

is also reflected in a small rise in imports into the U.S.A.

Experiment 3

In the third experiment, the price of aluminium, the
major substitute for zinc was increased by 10 percent in
1965. Assuming substitution effects to be symmetric,
results can easily be reinterpreted for a fall in the price
of substitutes, and resultant effects on the price of zinc.
As shown in Table VII.3, in general, the effects of an
increase in the price of aluminium are to increase the
consumption of zinc, and as a consequence, also to raise
the price of zinc. The increase in price is, however, very
small and reflects the lags involved in the system. At the
end of the simulation period, the system becomes stabilised
to the control solution, though the number of years taken
differs with different countries and variables, according

to the different structuresof lags involved.



TABLE VII.3

MULTIPLIER SIMULATIONS

AN INCREASE IN THE PRICE OF ALUMINIUM BY THE INTERNATIONAL

BAUXITE ASSOCIATION (MODEL 2)

YEAR UCN JCN KCN GCN FCN R1CN R2CN

1965 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1966 100.27 100.00 100.38 100.35 100.00 100. 34 101.01
1967 100.45 100.00 100.52 100.74 100.28 100.69 101.99
1968 100.43 100.00 100.45 100.71 100.65 101.06 103.01
1969 100.12 100.00 100.13 100. 86 101.10 100.90 102.55
1970 99.64 100.00 100.00 100.84 101.64 100.37 101.04
1971 99.83 100.00 100.00 100.83 100.00 100.00 100.00
1972 99.80 100.00 100.00 100. 34 100.00 100.00 100.00
1973 99.80 100.00 100.00 100.22 100.00 100.00 100.00
1974 99.85 100.00 100.00 100.00 100.00 100.00 100.00

(Multiplier Solution/Control Solution) x 100.0

€9¢



TABLE VII.3 (CONT'D)

YEAR USTK RSTK LMPZ Usp2Z UIMP

1965 100.00 100.00 100.00 100.00 100.00
1966 100.00 100.00 100.13 100.05 99.99
1967 100.00 100.33 100.34 100.14 99.98
1968 100.00 - 100.70 100.67 100.29 99.96
1969 100.00 101.41 100.47 100.22 99.97
1970 100.00 100.83 100.35 100.14 99.98
1971 100.00 100.57 100.21 100.07 99.99
1972 100.00 100.31 100.07 100.02 100.00
1973 100.00 100.10 100.02 100.01 100.00
1974 100.00 100.03 100.00 100.00 100.00

(Multiplier Solution/Control Solution) x 100.0

A4
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Experiment 4

In simulation 4 (a), as may be seen in Table VII.4,
the effect of a 1 percent increase in the stockpile in 1965
continues up to the end of the fourth year,
Further, price, rather than showing a steady change, fluc-
tuates widely as compared té the change in the stockpile.
Evidently, the stockpile policy seems to be destabilising.
However, except for wider fluctuations in the second year,
which may have been caused by some speculative activities
invoked in the rest of the world because of the change in
the stockpile; the rise in the L.M.E. price is smaller than
the rise in the U.S. price, which indicates some degree of
failure in achieving the objective of protecting the

domestic industry, as well.

In the second case, 4 (b), when the U.S. Government
is assumed not to intervene in the zinc market, one does not
observe instability in the market. Prices, after an initial
fall due to an increased supply, rise monotonically for a
few years because of lagged adjustments and false expecta-
tions of the producers about the cessation of stockpile
disposal program in the very near future. However, once it
is realised that the expectations were false, the system
settles down at the lower prices by the end of the simulation
period. Further, it may be noted that, after the initial

fall in prices, free market price is observed to be higher



TABLE VII.4
MULTIPLIER SIMULATIONS
A CHANGE IN THE U.S. GOVERNMENT STOCKPILE POLICY (MODET. 1)

ASSUMPTION 4 (a) ASSUMPTION 4 (b)

YEAR USTK RSTK USPZ‘ LMPZ UIMP USTK RSTK UsSPZ LMPZ UIMPp

1965 100.00 100.00 100.00 100.00 100.00 147.55 100.00 92.41 80.00 101.70
1566 95.01 100.00 97.69 94.14 100.35 ’ 82.13 30.52 90.41 76.88 101.55
1967 100.00 85.20 101.24 102.80 99.85 91.34 64.77 98.75 95.43 100.32
1968 100.00 105.77 99.91 $9.77 100.01 120.06 90.60 113.78 133.57 98.38
1969 100.00 99.53 100.01 100.00 100.00 148.43 170.10 118.60 145.05 87.77
1970 100.00 100.00 100.01 100.00 100.00 151.86 179.34 126.94 172.68 96.64
1971 100.00 100.00 100.02 100.00 100.00 157.01 220.47 139.02 194.31 95.76
1972 100.00 100.00 100.02 100.00 100.00 542.45 242.42 152.25 231.71 95.05
1973 - 100.00 100.00 100.00 100.00 100.00 413.20 285.64 141.04 169.06 96.97
i974 100.00 100.00 100.00 100.00 100.00 170.92 182.30 110.59 119.21 98.64

(Multiplier Solution/Control Solution) x 100.0

96¢
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than the U.S. price. This may be used to indicate that
the U.S. industry is protected in this case. The same
phenomenon is also reflected in a decrease in imports into

the U.S.A.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

The major aim of this study was to build an econo-
metric model of the world zinc industry based on an
adequate knowledge of its structural, behavioral and orga-
nisational characteristics. It is expected that an indepth
study of these features will contribute towards the
understanding of the zinc industry for all those concerned
with the industry generally, and for economists interested
in industry analysis or commodity studies, in particular.
The econometric model of the industry is intended to help
policy makers in formulating and evaluatiné certain impor-
tant policies or in forecasting the major market variables.
Besides, the model can be used to study the transmission
of external influences on a national economy where the
industry does not constitute an insignificant part of the
economy. In the following sections, a summary of the major
findings of the study and some suggestions for further
research in this area are reported. The study is organised
in the sequence of (1) Organisational structure of the
world zinc market, (2) model and results of estimation,

(3) test of performance and applications, and (4) concluding

258
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remarks on further work in this area.

1. ORGANISATIONAL STRUCTURE

Consumption of zinc, an intermediate input widely
used in construction, automobiles, arms and ammunitions,
household appliances, and many other manufactured commodi-
ties, is concentrated in the industrially advanced countries.
The U.S.A. alone consumes about one-third of the total zinc
used in the F.M.E. (Free Market Economies) world. Other
major consumers of zinc are Japan, U.K., France, and West
Germany. The above five countries consume about seventy
percent of the total zinc available in the F.M.E. world.
However, this degree of concentration in consumption does
not exert any significant influence in terms of market power
on the buyer's side. This is so because of a large number
of small and uncoordinated decision-making units that use
zinc in numerous forms in manufacturing a wide variety of

commodities.

Production of zinc ore and the associated mineral
resources, though spread throughout the world are more centra-
lised in Canada, U.S.S.R., U.S.A., Australia, Mexico, Peru,
énd, to a smaller degree, in a few of the European countries.
Canada, Australia, Mexico and Peru together produced about
53 percent of the F.M.E. world zinc ore production in 1974.

However, in terms of the international market for zinc,
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these countries, in the same year, shared in more than 80
percent of the exports of zinc ore and about 56 percent

of the exports of zinc metal in the F.M.E. world. Appa-
rently, this implies a high degree of concentration and,
therefore, the possible presence of monopolistic elements

on the sellers' side of the market. However, further
investigations into the organisational structure of the
industry, both at present and in the past, do not support
this view. The basic arguments in this regard, as developed

in this study, are briefly summarized below:

(a) There are many producers in each of the above-
mentioned countries whose decisions are not co-ordinated
within each country (except for the U.S.A.). This means
that a small number of countries do not impiy a similar
small number of decision-making units in the market. As a
matter of fact, the major producers of zinc are corporate
groups. Some of these corporate groups operate across
national boundaries. Thus a closer look at the corporate

structure of the world zinc industry is necessary.

A detailed investigation of this aspect reveals
that in the year 1974, there were 24 corporate groups that
had controlling interests in about 65 percent of the F.M.E.
world mine capacity. The shares of the 11 largest and the
4 largest corporate groups (including their multinational

operations), in the same year, were 55 percent and 32
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percent, respectively. Further, two of the largest four
firms were Canadian and the other two were American. None
of these firms controlled more than 10 percent of the F.M.E.
world mine capacity. This degree of concentration, coupled
with some other evidence in the literature against the exis-
tence of interdependent market behavior among producers, do
not seem to provide adequate justification to hypothesise

non-competitive behavior in the world zinc industry.

(b) Under certain circumstances, vertical integration is
considered an important parameter in market behavior.

Although a strong move towards vertical integration in the
zinc industry is expected, in the future, many large mining
companies, at present, either toll smelt or sell a substantial
part of their ores to smelters that are controlled by other
large corporations. The European, U.S., and Japanese compa-
nies control 70 percent of the smelting capacity in the

F.M.E. world and this may have weakened the monopolistic

power, if any, possessed by the mining corporations.

(c) The major producers' moves for cartelisation in the
zinc industry during the interwar period, when the industry
was even more concentrated than at present, do not suggest

any optimism in this area. As a matter of fact, none of the
cartels formed during the interwar period survived longer than

a year.
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However, during the last 25 years, some national
and international organisations, notably the U.S. Govern-—
ment and the United Nations, have ventured to influence the
world zinc market. Though the efforts of the U.N., have
been limited to the provision of statistical information
with regard to the major market variables, the U.S. Govern-
ment has been observed to directly intervene in the working
of the market forces to protect the domestic industry.
Tariffs, subsidies, quotas and stockpiles of zinc have been
used to achieve these objectives. The secondary, though
an important, effect of this intervention was that it gave
an opportunity to the major producers - the four largest
producers in the U.S.A. who controlled about 85 percent of
the local mine and smeltor production - to "act together to
achieve their objective of price stabilisation. This type
of concerted effort on the part of producers or the
patronage of such national policies have not been observed

elsewhere in the world zinc market.

2. MODEL AND RESULTS OF ESTIMATION

Given the above organisational structure of
zinc industry, the market form of econometric model is
considered a suitable framework for an analysis of its
structure, behavior and performance. These models
can also easily be usec¢ for policy formulations and fore-

casts. One of the basic¢ characteristics of these models is
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that they contain a set of relationships pertaining to the
demand for a commodity, its supply, and in some cases,
inventories. The price of the commodity influences and is

influenced by these variables.

In view of this modeling technique and the organi-
sational structure of the world zinc industry, the econome-
tric model of the market for zinc is divided into two
subsystems: (1) the free market world outside the U.S.A.,
where competitive market behavior is assumed, and (2) the
market for zinc within the U.S.A. where some elements of
non-competitive behavior, as discussed above, are in-
corporated. Both the subsystems are linked together through
prices, interregional trade and exchange rates. A brief
description of the basic relationships in tﬁe model and the

results of their estimation are given below.

(a) Free Market World (Excluding the U.S.A.)

Demand
Total consumer demand for zinc is divided into six
regions: Japan, the U.K., West Germany, France, the rest of
the developed world, and the rest of the world. This
subdivision aims to provide reasonable scope for incorporat-
ing structural differences in demand patterns in different
regions. There are also some structural differences in the

->

demand patterns according to the sectors of demand within
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each region. These are included in the second version of
the model through a subdivision of the total consumer
demand for zinc in each major consumer country into six
categories (zinc used for galvanizing, diecasts, brass,
rolled zinc, zinc oxides, and a miscellaneous category).
Demand for zinc in each category of consumption in each
major country is hypothesized to be influenced by the price
of zinc, prices of substitutes and complements, and the
relevant activity variables. The specification is consis-
tent with the hypothesis of cost minimisation behavior of
the consumer. Prices of zinc and that of the substitutes
are assumed to follow an inverted 'V' shape polynomial lag
structure (the most successful lag structure found in the

estimation of these demand relationships).

As many of the uses of zinc are specific to its
technical properties, the responses of consumption to
prices of zinc and its substitutes are generally poor. In
no case, were the coefficients of current price variables
meaningful or statistically significant. In general, the
response of consumption to prices starts after the lapse of
a year or two. In the aggregative version of the model,
the long-run price elasticities of demand vary from -0.04

for Japan to -0.78 for West Germany.

The elasticity estimates are considerably improved

in the second version of the model where the demand
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equations for each of the major consumer countries are
disaggregated according to the six sectors of demand for
zinc. The average weighted demand elasticity estimates
(consumption shares of the sectors in each country are
taken as weights) for Japan, West Germany, the U.K., and
France are -0.23, =-1.22, -0.29 and -0.69 respectively. 1In
general, the uses of zinc for diecasts, brass, and rolled
zinc are more price elastic than those for galvanizing
and oxides. The elasticity estimates for the rest of the

world are close to zero.

Supply

The total supply of zinc is divided into primary
supply and secondary supply (zinc recovered from scrap) .
Primary supply, in turn, is subdivided according to six
major producer areas (Australia, Canada, Mexico, Peru,
Europe, and the rest of the world) to account for the

structural and institutional differences in the regions.

The major variables explaining the supply of pri-
mary zinc are: (a) the price of zinc, (b) prices of co-
products, (c) the level of mine capacity in the area
éoncerned, (d) wages in mining, and (e) a time trend to
capture the long-run influences of technological changes.
Average variable costs as reflected by wages are not

found statistically significant except for Canada and Peru.



266

The prices of co~products were significant only for Europe.

The producers' response to the price of zinc is
based on the partial adjustment hypothesis. In most cases,
the current year price elasticity 1s close to zero or is
wrongly signed, which is expected in view of the technologi-
cal lags involved. The long-run elasticities of supply are
also fairly low, ranging from 0.24 for Australia to 0.62 for
Peru. The estimated value of these elasticities for Canada,
Mexico, Europe, and 'Rest of the World' (excluding U.S.A.)
are 0.45, 0.28, 0.32 and 0.57 respectively. Higher elasti-
city values for Peru, Canada and 'Rest of the World' indi-
cate newer mine deposits in those countries. The same is
reflected in a response to capacity variable in these
countries as compared with Australia, Mexico and Europe

where the mine deposits are relatively old.

The supply of zinc from secondary sources is
assumed to compete with the available primary resources.
The ratio of consumption to primary resources and a time
trend variable to reflect cumulation of 0ld scrap over time
and the changes in technology of recovery, are found very

significant in explaining supply from secondary sources.

Price and Inventory

The price of zinc in the free market world (exclud-

ing the U.S.A.) is assumed to be sensitive to the demand
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and supply forces of the market. The price behavior in
this market, therefore, is hypothesized to depend on the
ratio of stocks to the level of demand. The other
variables included in the equation are the price of zinc
lagged by one year (to capture the lagged effects) and
some exogenous policy variables influencing this market.
In particular, the U.S. Government stockpiles and a dummy
variable for the quota period in the U.S.A. are included.
The estimated equation indicates a 50 percent rise in the
price for a 1 percent rise in the stock-demand ratio. The
price is also very sensitive to the fluctuations in the

U.S. Government's stockpile policy.

(b) The U.S. Sub~System

The demand and supply forces in this subsystem are
assumed to be determined in the same way as for the other
subsystem, the only difference being the determination of
secondary supply. The secondary supply in the U.S. is sub-
divided according to two sources - old scrap and new scrap.
The lack of adequate data did not permit this division in

the other subsystem.

Demand
Demand for zinc in the U.S.A. is found to be more

sensitive to the price (elasticity = -0.98) as com-—



268

pared to that in any othef country in the non-U.S. sub-
system. This long-run elasticity value increases to -1.17
when the consumption was disaggregated according to the six
major categories of demand. Within the six categories of
demand, the use of zinc for diecasts recorded the highest
sensitivity to price (elasticity = -2.06). Variations in
the price of substitute materials do not appear to influ-

ence the major categories of zinc consumption substantially.

Supply

The supply of primary zinc in the U.S.A. is more
sensitive to the price of zinc as compared to the produ-
cers' response to price in other areas. The estimated value
of price elasticity of supply for the U.S.A, is 0.85. The
elasticity of supply with respect to the capacity variable
is 0.76. Prices of co-products and wages, though important
in explaining variations in supply, are statistically not

significant.

Secondary supply is modelled according to whether
it is recovered from old scrap or new scrap. Supply of
zinc from new scrap depends on the source of new scrap,
i.e. the level of metal fabricated for consumption and the
price of zinc. However, the supply of zinc from old scrap
depends mainly on the availability of primary resources in

relation to the level of consumption, the accumulation of
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0ld scrap over time and the technology of recovery. In the
cases of both new and old scrap,resource variables are
found more powerful as compared to the price variable in

explaining the supply from these sources.

Price and Inventory

The U.S. produced price of zinc is viewed, at least
in the short-run, as the price administered by the U.S.
producers through variations in their stock holdings (in
relation to the level of consumption) and the capacity
utilisation ratio. However, in the long-run, the U.S.
price, in general, is assumed to respond to the forces of
the world demand and supply as indicated by the free

market price.

The estimated U.S. price equation indicates a
predominance of the capacity utilisation ratio over the
variations in the stock consumption variable in explaining
the U.S. price movements. The long-run tendency of the
U.S. price, however, is well captured by the free market
price itself. The elasticity estimates of the U.S. price
with respect to these three variables are -0.85, -0.03 and

0.51 respectively.

Trade

Trade between theU.,S.A. and the non-U.S. free
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market world is hypothesized as a behavioral equation in
terms of the U.S. import demand function. The U.S. demand
for imports is assumed to be influenced by the differential
between the free market and the U.S. price, the activity
level in the U.S.A., and the £ sterling/U.S. dollar exchange
rate. The estimated value of elasticity of import demand
with respect to income, price variables and exchange rate

are 0.48, -0.12 and 0.56 respectively.

Besides, inter-regional trade, the two stock identi-
ties, one each for the U.S. and the non-U.S. world serve to

close the system.

3. TEST OF PERFORMANCE AND APPLICATIONS

Test of Performance

The estimated structure of the model, for both the
subsystems together, is tested for its predictive ability
based on the method of sample period dynamic simulations.
Results of these dynamic simulations are assessed in terms
of the average percentage absolute deviations (APAD) defined
as the average of the absolute deviations of the solution
values from the actual values which, in turn, are expressed
as a percentage of the actual values. The summary measure
is intended to measure the failure of the model to
reproduce the historical data. A second summary measure

(APD) in terms of the algebric rather than absolute deviations,
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defined similar to the above measure, is also used to
reveal any systematic tendency of the model to under-

predict or over-predict all the sample values.

Both structures of the model perform . reasonably
satisfactorily. Equations relating to stocks and prices
produce larger prediction errors as compared to the equa-
tions for demand, supply and inter-regional trade.

Average percentage absolute errors in the case of demand
equations are generally between 2 and 4, with an exception
of 4.5 for West Germany. In the case of primary supply
equations, the errors are found between 2 and 6 percent
except for Canada where it is. of the order of 10 percent.
The algebraic percentage error for Canadian supply, which is
also -10, reveals that the model has systematically under-
estimated the historical data. Besides many new mine
discoveries in Canada during the simulation period, this
large error may be the result of some specification errors
in the Cénadian supply equation. The larger errors in
predicting stocks (17 for U.S. and 39 for rest of the world)
and prices (5 for U.S. and 12 for rest of the world) may be
attributed to (a) inaccuracy of data for stocks (U.S. stocks
and prices have much smaller errors where data for stocks
are more accurately available), and (b) frequent short term
fluctuations in stocks and prices as are revealed by a

comparatively lower figure in terms of the average percentage
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algebraic errors (-2.7 for U.S. stocks and 3 for rest of
the world stocks, =-.95 for U.S. price and -.24 for rest of
the world price). The average percentage absolute errors
and average percentage algebraic errors for trade are 5 and
-0.6 respectively. Time charts of the actual and simulated
values of all the major endogenous variables of the model

are given in the appendix.

Applications

Given a reasonably satisfactory predictive ability
of the model, the model 1is used to explore performance
properties of the world zinc market for some exogenously
given short-run and long-run disturbances. Dynamic multi-
plier simulations caused by the disturbances are compared
with the sample period dynamic simulations discussed above.

Results of four such experiments are summarized below.

(i) The first experiment focusseg on the stability
properties of the market for (a) a temporary shift in demand
due to a 1 percent rise in the activity level in the beginn-
ing year (1965) of the simulation period, and (b) a long
term shift in demand due to a continued increase in the
éctivity level by 1 percent. In case (a) the system
returns to the base solution by the fourth year. The num-
ber of years taken to stabilise the price indicate delayed

responses in the system. 1In case (b) the price of zinc in
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both the U.S. and the rest of the world rise by an average
of one-third of 1 percent above the control solution; and
this increase continues until the end of the simulation

period.

(ii) In the second experiment, an attempt is made to
look into the implications of a technological change in the
automobile sector, one of the largest consumers of zinc.

The disturbance is introduced through a reduction of the
estimated coefficient of the diecasting sector by 33 per-
cent. As a result, in most countries, the fall in consump-
tion 1is recorded as between 10 and 30 percent as compared
to the control solutions. Fall in demand in relation to
supply resulted in a fall in both the free market and the
U.S. prices by an average of 12 and 25 percént respectively.
This suggests that the world zinc industry, in future, should
be paying a great deal of attention in its research activi-
ties to finding new avenues for the use of zinc to insulate

it from such possible changes.

(iii) In the third experiment, the price of aluminium, the
major substitute for zinc, is increased by 10 percent in
the beginning year of the simulation period. 1In general,
the results are to increase the consumption of zinc and to
raise the price of zinc. However, the consequent increase
in the price of zinc are very small (less than 1 percent).

This reflects a very weak substitutability in the system.
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(iv) The fourth experiment concerns an evaluation of
the stockpile policy of the U.S. Government. The major
aims of the stockpile policy throughout the period have
been protection of the domestic industry and removal of
short-run fluctuations in the price of zinc. In part

(a) of this experiment, an attempt is made to test .the
validity of these objectives through a temporary increase
(1 percent) in the stockpile policy. In part (b), the
likely nature of the market performance is investigated
in a hypothetical situation, where the U.S. Government
does not intervene in the market and, rather, is prepared
to release all stockpiles evenly over 14 years beginning

1963 (by 100,000 tons per year).

In (a), the results of stockpile pélicy<kxs not
reveal the fulfilment of the objectives. Rather, the
price of zinc fluctuates and often the U.S. price was
higher than the world market price. In case (b), the
results indicate less instability in the prices and also
a larger increase in the free market price as compared to
the U.S. price. This implies that the stockpile policy
of the U.S. Government was either not properly geared to
the objective or was an unnecessary intervention in the

world zinc market.
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4, CONCLUDING REMARKS

The present study is the first attempt to investi-
gate all the institutional and market forces underlying the
world zinc industry systematically. These investigations
provide a framework within which a detailed market form of
econometric model is developed and estimated. A reasonably
satisfactory performance of the model in a dynamic context
brings it out as a useful tool for policy formulations and
forecasts. However, the study can only be claimed to
provide groundwork that can be used to extend the analysis
in many directions. 1In particular, for a more successful
policy evaluation, one may, in future, extend the analysis
in the following ways:

(i) by incorporating the technological infor-

mation on mining and smelting;

(ii) by linking production, capacity and

resources;

(iii) by including more accurate inventory

behavior and the associated expectations

mechanisms.

A lack of adequate information on the major economic
variables relating to the technologies of mining and smelt-
ing has precluded a fuller treatment of the supply side of
the world zinc market. In future, more detailed information

on the relevant variables of production technology can be
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expected to provide larger scope for an econometric or even
a linear programming analysis of the supply side. A more
detailed analysis of policies more particularly in terms of
direction of flows of zinc ore and metal might easily be
carried out if the supply side, based on the programming
approach, were integrated to the demand side as dealt with

in this study, in detail.

The available data on resources containing zinc are
both inadequate and inaccurate for a meaningful long term
analysis of the market. In general, the data on resources
is a result of some educated guesswork at each point in
time. This type of data, even if it may be taken as the
most accurate available, reflects only stocks or invento-
ries of resources at each point in time. What is needed
is the data on resources which would properly incorporate
the long-run developments in the resources through explora-
tions and mine developments. Given this type of data on
resources, and some more data on capacity variables, one
could extend the analysis for more successful policy formu-
lations and forecasts. The problems are similar with respect
to the data on inventory holdings of the dealers and
producers, which has precluded modeling of a more accurate

expectations mechanism.

Thus, there is a good deal of scope for further

research work in this area, depending on the availability of
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more adequate and accurate information. However, in the
meanwhile, it is expected that this study will (a) contri-
bute to the present understanding of the structure,
behavior and performance of the world zinc industry,

(b) provide some help to the policy makers and planners
concerned with this industry, and (c¢) stimulate more

interest in the research work in this area.
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CHARTS OF DYNAMIC SIMULATIONS

(MODEL - 2)
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