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In view of its possible relevance for do-
mestic macroeconomic objectives, such
as foreign exchange revenues, employ-
ment and industrial growth, the mining
sector is subject to direct or indirect pub-
lic control in several less developed
countries (LDCs). Except for the limited
market liberalisation recently pursued by
some national mining investment pro-
grammes, this also applies to all former
centrally planned economies. The objec-
tives listed above are supposed to influ-
ence the supply responsiveness of state
controlled mines, so that these mines can
be expected to react to changing market
conditions in a substantially different
way compared to mines under private
sector control. This hypothesis can how-
ever be properly evaluated only if con-
sidered within a broader framework,
which accounts for other specific charac-
teristics of mineral supply.

The difficulty in collecting suitable
data may explain why most of the studies
on the short- and medium-term perform-
ance and determinants of supply of a
mineral commodity do not rely on econo-
metric estimations, while these analyses
are often focused on descriptive statistics
and policy recommendations. The few
econometric studies aimed at testing for a
particular mineral the ownership and
control and other hypotheses on the mar-
ket behaviour of mines use either
(i) pooled data, aggregated according to
features of producer countries and com-
panies, or (ii) national mineral produc-
tion time series.! The latter approach is
excessively macro oriented, so as to be
unable to provide a solid base for a dis-
cussion of issues largely of an institution-
al and microeconomic nature. Moreover,
if a small number of countries is chosen,
even deductions and generalisations at a
macroeconomic level can be doubtful,
especially since they are necessarily
based on few time observations. As far as
the former approach is concerned, in
some cases it avoids these constraints,
but it equally runs the risk of forcing a
priori interpretations across types of
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mines (e.g., small- versus large-scale op-
erations) or countries (e.g., African ver-
sus Asian LDCs, or highly mineral-de-
pendent as opposed to relatively more di-
versified economies). In this way, differ-
ent hypotheses on standard supply be-
haviours are tested on country or compa-
ny groupings, thus possibly losing rele-
vant information.

Further criticisms could be levelled
against these studies because of failing to
account for by-product or co-product?
extraction activities of individual mines
or mineral regions: consideration is rath-
er given to commodity substitution ef-
fects on the demand side, although these
effects are supposed not to be strong
enough in the short run as to justify their
introduction and modelling in the econo-
metric applications.? Finally, the direc-
tion of causality, e.g., typically, balance
of payments position versus supply, or
the price-supply relationship, is not em-
pirically tested, but rather assumed a pri-
ori. This analysis endeavours to redress
some of these drawbacks and constraints,
by examining 11-year supply series for a
number of major mines in 15 developing
and Eastern European economies, with
reference to four metals whose ore de-
posits are characterised by frequent geo-
logical association, namely copper, lead,
zinc and silver. The analysis is organised
as follows. First, factors affecting ore re-
serves and mineral supply are reviewed,
with attention especially paid to these
four metals. This is followed by a discus-
sion of data sources, geological charac-
teristics of metal by-product occurrences,
econometric approach and estimates.
These results are briefly reexamined in
the conclusions.

Determinants of ore reserves

and mineral supply

Preliminary to a study of metal produc-
tion behaviour by individual mines or
countries, a distinction should be drawn
between resources and reserves. The
former refer to the stock of mineral de-
posits contained in the earth’s crust, up to



a certain depth level: a conventional
depth level of 4.8 km below the land sur-
face has been proposed.4 Abstracting
from its progressive depletion and ongo-
ing formation of new deposits (such as
ocean-floor manganese modules), the re-
source base is treated as geologically
fixed. The latter term, by contrast, is used
for that part of mineral resources which
can be extracted under present economic
and technological conditions, and as such
it is subject to continuous revisions.
Within each of the two categories further
classifications can be made, according to
the degree of knowledge/uncertainty and
economic feasibility associated with a
natural concentration of minerals.
Among these distinctions, particular im-
portance as an indicator of potential
short-term supply of a mine is the con-
cept of orebody, namely an economically

mineable deposit which has been identi-
fied and measured so as to render it avail-
able for immediate exploitation. Orebod-
ies can vary substantially not only over
time, but also across different locations
in terms of minimum cut-off grade,
which allows a reasonable payoff period
on extraction operations.’

The scope for expansion or contraction
of supply of a certain mineral commodity
will therefore depend on a group of fac-
tors. Many of these factors tend to influ-
ence also the extent of reserves and ore-
bodies, and to mutually interact. They in-
clude:

« the rate of exploration and discovery
of new seams, and the possibility for
financing these activities;

« the development of new technologies
for extraction, and for waste and
scrap mineral recovery;

o the paragenetic association of that
mineral with other minerals, that is
the simultaneous occurrence of, e.g.,
copper and cobalt, or lead and sil-
ver®;

» the infrastructural development and
physical accessibility of the area
where the deposits are located;

e the institutional environment of the
producing country, reflected by is-
sues such as taxation policy, invest-
ment incentives, political instability
and environmental regulations; and

e the performance of costs of extrac-
tion and processing, international
mineral commodity prices, and the
kind of possible marketing agree-
ments with consumers.

The complexity of the relationships link-
ing some of these factors is schematically

Figure 1. Some inter-linkages between mineral supply and related variables
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illustrated by Figure 1. Technological
progress can positively affect the capaci-
ty to mine lower grade deposits, directly,
or indirectly through a reduction of the
operating costs of a representative aver-
age mine. However, the opposite effect
does also take place, if these improve-
ments promote substitution effects be-
tween different minerals, or foster less
mineral-intensive production processes.
The relationships of these variables with
the price of the mineral commodity can
similarly follow different paths. On the
one hand, a mineral price increase allows
a larger quantity of ore to become minea-
ble, thus reducing the cut-off grade. On
the other hand, in the long-term a com-
modity price decline can be determined
by the ability to mine increasing quanti-
ties of low-grade ore, which expands the
base of reserves and orebodies and may

thus increase supply at a rate outpacing
the growth in demand, with an accumula-
tion of mineral stockpiling. Furthermore,
a reduction in energy costs could depress
the price of certain minerals, thus having
a contradictory impact on the average
and cut-off ore grade if this indirect price
effect is taken into account.”

A favourable performance in the inter-
national mineral price can also positively
influence, through its ore grade effect,
the capacity to explore large and other-
wise untapped lower grade by-product
deposits. Silver is for instance found as a
by-product in the ores of base and pre-
cious metals, namely copper, lead, zinc,
gold and platinum. Three fourths of
world’s silver production is estimated to
derive from the processing of copper,
lead and zinc ores. In the early 1970s,
identified resources of by-product silver

were estimated to be fifteen times greater
than those with silver as a main product.®
Polymetallic deposits are typical of the
four metals selected for the empirical
analysis, although changes in average
and cut-off ore grades are believed to
have differed, according to the prevailing
geological environments of these metals.
Since identified reserves and known re-
sources of lead and zinc are geographi-
cally more widespread than silver and, to
some extent, copper, and their occurrenc-
es are more frequently characterised by
small by-product deposits, their cut-off
grades are more difficult to estimate and
are thought to have decreased only
slightly over the last few decades (Table
1). By contrast, copper has benefited
from large-scale open-pit operations: its
by-product minerals include, besides the
other three metals considered here, nick-

Table 1. Examples of paragenetic associations: grades of the ore for four metals

Metal content (per cent)

Mine area Country
or deposit Cu Pb
Big Stuby Australia (West) 0.1-0.3 3
Kidd Creek Canada 2.46 2-254
[1.25] [0.4]
El Salvador Chile 0.5—(1.6) -
Shuikoushan China (South East) - 10-30
Um Gheig Egypt 0.13 2.26
Cobén Guatemala - [20]
Rajpura-Dariba India 0.2 2
Rampur-Agucha India - 1.6
Bou Bekker Morocco - 2-5
Tsumeb Namibia 2.2-(11.4) (3.3)-15.7
Tverrfjellet Norway 1 -
Tarnowskie Gory Poland (Silesia) - 1-2
Panguna Solomon Islands 0.48 -
Garpenberg Sweden = 3
Sikitiko-Kapapa Tanzania 1:2 6.9
Kasekelesa DRC (ex Zaire: Shaba) 0.2-0.7 0.05-0.45
(25)
Kipushi DRC (ex Zaire) 1040 3-252
Broken Hill Zambia (south of the Copperbelt) - (12.7)-24.8

Zn Ag
14-21 20-840 g/t
6 70 g/t
[9.75] [133 g/t]
- 1.5 g/t
1024 up to 600 g/t
15.8 12.7 g/t
(36] (435 g/t]
7 100 g/t
13.5 52 g/t
0.1-0.3 0.005-0.12
7.1-(24.4) -
1 10 g/t
4-5 —
- 3 g/t
5 120 g/t
- 28 g/t
10-15 -
(22)-34.9 42.5 g/t

Notes: In parentheses: local occurrences (collateral to the primary ore). In square brackets: average ore grades of annual production. a = usual
range of ore grades for type of geological occurrence of the deposit. — = not reported, or present only in trace amounts

Source: Vanecek, 1994, chs. 3-8, 12.

Journal of Mineral Policy, Business and Environment

Raw Materials Report
Vol 13 No 4



el, cobalt, molybdenum and platinum.’

Although these by-products constitute a
relevant alternative source of revenue for
copper mines and producing countries,
copper by-product minerals are often
present in relatively smaller quantities,
while average ore grades and reserves
have undergone more rapid changes for
this metal. Specific features regarding
the four metals focused on here, are fur-
ther considered below.

The local price and supply of a mineral
commodity are affected by the market
structure and organisation of producers,
the exchange rate, and sales modalities.
At a producing country level, a mineral
market characterised by scattered, unor-
ganised producers, less integrated for-
ward with semi-manufacturing indus-
tries, can be expected to be less respon-
sive to demand changes and affected by
higher price oscillations. Examples are
provided by copper as opposed to alu-
minium. !0 If the degree of concentration
of corporate control over mining opera-
tions among the most relevant control-
ling companies/states is considered, the
four metals examined here are notably
more dispersed than several other metals,
such as diamonds, platinum, iron ore,
nickel, molybdenum and tin (RMG data-
base). The share of total world produc-
tion controlled by the five largest produc-
ing companies/states in 1994 was esti-
mated to range from 21.6 per cent for sil-
ver to 34.4 per cent for copper, with zinc
and lead being intermediate cases. The
twenty largest producing companies/
states account for nearly 50 per cent and
72 per cent of world supply, for silver
and copper respectively.!! Given a cer-
tain mineral, at the level of an individual
controlling company, a higher supply re-
sponsiveness to changing price and de-
mand conditions can be expected in the
presence of a particularly high interna-
tional involvement and diversification of
mining operations. The supply of loss-
making mines may be reduced more rad-
ically by large corporations earning prof-
its from mining activities in alternative
sites than by enterprises concentrated in

6

Table 2. Mine production: price and cross-supply elasticities (1984-94)

Mine(s) price; Pb Zn Ag R2 DW
Copper
Tsumeb? 0.94 -0.42 0.90 1.93
(Namibia) (5.09) (-5.84)
Black Mt.2 1.39 0.86 2.06°
(South Africa) (3.78)
Mamut -0.28 0.29 1.60
(Malaysia) (-1.91)¢
Turkey 0.43 -0.84 0.49 1.68
(1.55) (-1.98)
Centraminas -2.97 3.10 0.95 0.82 2.33¢
(Peru) (-2.68)4 (334 (5.44)
Bulgaria -0.98 0.68 1.61
(-4.40)
Poland -0.37 0.77 1.97¢
(-2.58)4
Lead
Mine(s) price;  Cu Zn Ag R2 DW
Rosh Pinah? -0.22 0.34 0.66 2.44
(Namibia) (-1.41)0 (4.36)
ZCCM 0.78 0.75 0.96 2.93
(Zambia) (9.05) (2.24)4
Nilzco -0.89 0.50 2.47
(Iran) (-3.01)
Turkey 0.58 0.60 2.90
(3.26)
Comibol -1.51 1.18 0.61 2.89
(Bolivia) (-1.98)¢ (3.36)
Bulgaria 0.30 0.95 2.17¢
(2.18)°
Romania -0.47 0.48 0.57 1.75
(-2.82)4 (2.19)¢
continued...

one or few mines in one country only, es-
pecially if the latter are state enterprises
and unless a default is unavoidable. For
silver, for instance, the UK-based Rio
Tinto owns and controls mines in seven
countries of different continents, even if
this enterprise only occupies the 15th
ranking as a major producer. With refer-
ence to copper, Anglo-American Corp.
(AAC) similarly exercises control over
mines in several countries in Africa and
Latin America.

A devaluation in the exchange rate has
uncertain effects on mineral supply.
While it can protect local producers’ rev-
enues in local currency from internation-
al price slowdowns, it can negatively af-
fect the cost side, with higher costs in for-
eign currency of shipping, repayments on
foreign loans and imported capital goods.
Similarly to the exchange rate effects,
mineral sales agreements, such as futures
contracts, producer prices or term con-
tracts, often tend to protect national pro-
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...continued
Mine(s) price_; Cu
Copper
Gecamines -0.99 0.36
(Zaire) (-1.69)¢  (1.65)°
Bawdwin 0.85
(Myanmar) (2.40)4
Nilzco -1.11
(Iran) (-1.81)¢
Turkey -0.41
(-2.85)
Comibol 1.36
(Bolivia) (1.34)b
Bulgaria
Poland 0.18 0.96
(1.92)¢ (5.92)
Silver
Mine(s) price_; Cu
Black Mt.2
(South Africa)
7Z.CCM 1.81
(Zambia) (3.58)
Ertsberg? 0.38
(Indonesia) (1.43)¢
Mamut 0.93
(Malaysia) (6.25)
Turkey -2.00
(-3.72)
Centraminas 0.31
(Peru) (2.51)
Mantos B. Min.?2 -0.32 1.15
(Chile) (-4.79) (3.52)

Pb Ag R?2 DW
09 095 156
(4.94)
0.91 0.87 2.47
(8.04)
0.58 1.94¢
0.47 1.35
0.45 1.65
0.89 0.98 2.75
(21.1)
0.80 2.31
Pb Zn R2 DW
1.07 0.96 2.53
(15.5)
0.59 1.42
0.70 1.71¢
0.81 2.29
0.63 1.80
0.41 1.89
0.83 1.70

Notes: The R?2 measures have been adjusted for degrees of freedom. DW indicates
Durbin Watson statistics, and #-statistics are presented in parentheses under the esti-
mated parameters. All coefficients are statistically significant at the 1 per cent level,
except where indicated by notes b-d. a. private-controlled mine; b. signicant at the 20
per cent level; c. signicant at the 10 per cent level; d. signicant at the 5 per cent level;
e. DW-statistics obtained from the Hideth-Lu procedure.

ducers from the vagaries of international
prices, while being in some cases suited
to the long-term security objectives of
buyers.!? Long-term purchase contracts,
covering from one to fifteen years, are
thought to have been responsible for the
copper mining overproduction in coun-
tries such as Chile, Papua New Guinea

and Indonesia. In South Africa, term con-
tracts applied to copper and other base met-
als are mostly limited to a period not ex-
ceeding one year and are often flexible, by
allowing a company to sell a proportion of
the mine product at spot prices during price
increases, while reducing this proportion
whenever the opposite occurs.!?
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In terms of the institutional environ-
ment, the social objectives of state-
owned enterprises (SOEs) have been fo-
cused on by some authors in order to ex-
plain their different supply behaviour,
compared to the profit-maximising pri-
vate mining sector. In this view, the sup-
ply response of SOEs to fluctuations in
mineral prices would be highly dictated
by policy- and expectations-related rea-
sons. Wolf hypothesizes a trade-deficit
ceiling in state planners’ decisions to al-
locate exports, whereby, as the actual
deficit approaches this ceiling, SOEs be-
come increasingly price-insensitive and
are forced to increase their export supply
to fill the potential foreign exchange gap.
Similarly, according to Dobozi, when
world mineral prices fall short of the
price required to achieve a minimal tar-
get revenue, the price elasticity of supply
becomes negative. This behaviour is
likely to lead to procyclical effects in the
medium term, especially if all major pro-
ducers of the mineral are contemporane-
ously affected by severe balance of pay-
ments problems. Following another ex-
planation of a negative covariance be-
tween mineral prices and SOEs’ supply,
the inefficiency and heavy taxation bur-
den of many SOEs (although this sup-
posed tax treatment is often contradicted
by favourable terms) may be responsible
for reduced efforts of exploration and ca-
pacity maintenance by these companies.
This eventually leads to supply contrac-
tions along with temporary upward-pres-
sures on prices. !4

Another part of the literature con-
cerned tends to stress factors other than
the ownership and control. Some studies
distinguish between efficient and ineffi-
cient public companies and mining insti-
tutions, with the latter located especially
in Africa (except for South Africa and
few other cases) and Eastern Europe, and
the former in Asia and Latin America.
Rather than geographical distinctions,
Radetzki emphasises the lack of experi-
ence by a number of SOEs, and of politi-
cal will by local governments, in dealing
with foreign investors, so as to result in a

7



de facto limited control compared to
‘mature’ SOEs, even when the latter type
of SOEs may hold smaller shares of the
equity. In terms of recent developments
in mining, if adequately monitored by
public authorities the private sector has
proved, in some cases, to better comply
with public goals such as environmental
sustainability (e.g., the case of Guinea
discussed in Warhurst and Bridge).!?

In an analysis by Stobart on the inter-
national markets for five base metals, the
inelasticity, or even negative price elas-
ticity, of supply for LDCs’ mining com-
panies is attributed to (i) the objective of
these companies to maintain a minimum
cash flow to service debt obligations, and
(i1) public support programmes imple-
mented during recessions and demand
slumps. This phenomenon is considered
to have been particularly acute for some
large mining operations heavily reliant
on foreign and domestic borrowing. Al-
though the public sector is likely to have
privileged access to financing, LDCs’
governments may decide to subsidise pri-
vate mining in order to sustain foreign
exchange and employment, while also
accounting for debt repayment needs of
these companies. Furthermore, in both
industrial and developing producer coun-
tries, there would be a general tendency
in modern mining towards an increasing
share of fixed costs, thus forcing the
companies to keep mine operations at
full production capacity.!?

According to Markowski and Radetz-
ki, a relatively higher share of fixed costs
affects the mining sector in poorer econ-
omies, thus rendering copper supply in
these economies price-insensitive.l®
Their study does not support the rele-
vance of the state/private ownership cri-
terion: in countries experiencing nation-
alisations in the mining sector in the late
1960s and 1970s there would be no evi-
dence of structural breaks and changes in
mineral supply behaviour before and af-
ter the state takeovers. According to
these authors, state ownership and low or
negative supply elasticity are not linked

by a causal relationship, but they are both
typical of economies with a high depend-
ence on mineral commodity exports,
such as Zaire, Zambia and Chile for cop-
per. These countries often happen to be
relatively poor economies. Independent-
ly from the prevailing ownership struc-
ture, governments of LDCs with a heavy
dependence on copper exports as a
source of foreign exchange earnings may
have tried to force the copper industry to
maintain output levels during years of
price slump, for general social and eco-
nomic reasons. The indirect foreign-ex-
change-saving impact of the develop-
ment of domestic supply of certain min-
erals in LDCs is not questioned by Go-
cht, Zandop and Eggert,!7 with reference
to substitution effects with imported min-
erals, e.g. coal versus petroleum. Howev-
er, the role of mines as a policy instru-
ment for balance of payments re-equilib-
rium and a provider of foreign exchange
is believed by these authors to be over-
stated and limited to relatively more de-
veloped LDCs. In very poor economies,
such as Burkina Faso or Sierra Leone, the
potential benefits of increased mineral
exports can be expected to be more easily
offset by increased import requirements
by the local mining industry of capital
and intermediate goods.

The supply of minerals is therefore
subject to various geological and market-
related factors, which prevent a quick ad-
justment of supply to changes in demand
and international prices. A distinction is
usually drawn between a low short-run
price elasticity of supply (due to output
and capacity constraints), and higher-
than-unitary long-run elasticities (con-
strained by known deposits and technolo-
gy developments). The exploration and
opening up of new deposits, stimulated
by increased demand, can even require
several years of delay. However, for an
individual mine or producing country
with unutilised production capacity and
sufficient reserves, a supply adjustment
can be assumed to occur at least partly
with a one-year lag.3 The extent and di-

rection of this adjustment can be attribut-
ed to such diverse aspects as ownership
and control structure, kind of state inter-
vention, degree of corporate concentra-
tion, distribution of mining costs, infra-
structural development, and availability
of mineable by-product deposits. Studies
on this topic provide controversial sug-
gestions and empirical findings, so as to
stimulate research on a higher level of
disaggregation.

Econometric analysis
on mine production data

Statistical information
and characteristic
geological associations
between the four ore metals
The following analysis has relied mainly
on statistical information of a computer-
ised database set up by Raw Materials
Group (Raw Materials Data), which in-
cludes detailed statistics on ownership
and production by 34 major minerals and
over 8000 companies. Production time
series data for each company, as well as
respective country totals, cover the peri-
od 1984-94. Mineral supply for the four
minerals examined here is defined in
terms of actual production in kilotonnes,
for the base metals, or tonnes, for silver.
The choice of 1984 as an initial year
looks suited to the purposes of this analy-
sis, being considered a break year from
the previous tendencies towards state
ownership control in several mineral
economies. A liberalisation of mining in-
vestment regimes and state disinvest-
ment from mining operations have been
taking place in numerous LDCs especial-
ly since the late 1980s.18

Features and changes in the ownership
pattern are recorded by RMG for each
company: the ownership information by
company is used to construct hierarchi-
cally structured groups, from (subsidi-
ary) mineral producers and exploration
enterprises at the bottom, through hold-
ings and other intermediary companies,
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up to controlling companies at the top.
The RMG corporate control model is
based on both the level of ownership and
the structure of management, eventually
supplemented by additional information
such as board membership, and standard-
ises to some extent the information on
corporate control as variously defined by
producer countries. Whereas specific at-
tention has been addressed here to SOEs,
defined as mining enterprises with a min-
imum of 50 per cent of state control, for
the sake of comparison a few major pri-
vate controlled corporations/mines have
been included (Table 3).19 The availabil-
ity of complete and reliable series and the
relative importance within a producing
country’s mineral supply were the crite-
ria followed to select these mines. For a
few countries where the state has a (near-
ly) total control of mining operations,
and where no complete information is
available at a company level over the
whole sample period, national produc-
tion data were used.

Supplementary statistical sources used
for the analysis included Roskill, for
commodity prices in constant terms, and
World Bank, for current account balance
to GDP ratios.20 All four minerals are
characterised by highly volatile interna-
tional prices. If weekly data representing
recent trends are compared (1991-95),
copper and lead prices seem to follow to
some extent a similar V-pattern. While
over this period the lowest trough is iden-
tifiable for all three base metals in the
second half of 1993, the silver price ap-
pears to have traced the trends of other
precious metals (gold and platinum). The
common geological occurrence of by-
product associations among these metals is
reflected by the similarity in the geographi-
cal distributions and national shares of their
world supply (RMG database).

According to the geological features of
the ore, paragenetic associations con-
cerning the four minerals can be found in
different environments. The following
different types of rock and deposit are
identified at an aggregate level:2!

a) Sedimentary, metamorphic, and
volcanic environments. This category in-
cludes (i) Pb-Zn deposits in carbonates
and arenites, mostly found in limestones,
sandstones and shales, and (ii) Cu-Pb-
Zn-Ag deposits in volcanic environ-
ments. If predominantly copper-bearing,
stratiform deposits, which can be includ-
ed under point (i), often have a copper
grade of 1.2-5 per cent. By contrast, por-
phyry copper-type deposits are found to
have a copper ore grade mainly ranging
between 0.2 per cent and 1 per cent.

b) Igneous rocks and vein deposits.
This kind of deposits, which is generally
richer in copper content (1-10 per cent)
than the heterogeneous category under a
above, includes (i) Cu-Pb-Zn-Ag sulfide
ores in hydrothermal vein fillings, and
(ii) Cu-Zn or Pb-Zn-Ag metal vein depos-
its. The latter deposits are often found in as-
sociation with arsenic and antimony.

Examples of the first type of paragenetic
ore formations are represented by mine de-
posits in Australia, Canada, Brazil (Bahia),
Chile, Iran, Papua New Guinea and other
Pacific islands, the Copperbelt in southern
Zaire and Zambia, Scandinavia, and Po-
land (Silesia). The Igneous Bushveld in
South Africa, Tsumeb in Namibia, as well
as some deposits in the CIS, constitute ex-
amples of the second, less common group.
Even within national boundaries, the ore
grade can vary significantly: in some cases
this variety is reflected by reversals in the
sequence of occurrence of a metal in ores
located in different regions. Table 1 illus-
trates some examples of paragenetic asso-
ciations in deposits bearing at least two of
the four metals, and located in different
world regions (ore grades for other metals
eventually occurring in these deposits, such
as typically cadmium, molybdenum and
gold, are not included).

Table 3. Ownership and control (1994)

Mine State Local private  Foreign
Bawdwin 100 per cent
Black Mt. AAC-GFSA Phelps Dodge
(USA)
Centraminas 100 per cent
Comibol (Corp. 100 per cent
Minera de Bolivia)
Ertsberg 9 per cent Freeport (USA)
Rio Tinto (UK)
Gecamines 100 per cent
Mamut 49 per cent OMRD (Japan)
Mantos Blancos Min. - AAC-De Beers
(South Africa)
Nilzco (Nat. Iranian 100 per cent
Lead and Zinc Co.)
Rosh Pinah Lidchi Iscor
(South Africa)
Tsumeb - AAC-GFSA
(South Africa)
ZCCM (Zambian Copper 60 per cent AAC-De Beers
Consolidated Mines) (South Africa)
Source: Raw Materials Data, Stockholm.
9
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Estimation results

The econometric analysis has aimed at
testing some of the hypotheses investi-
gated above, through an assessment of
mine supply responsiveness to mineral
prices and major components of by-prod-
uct production. The main objective has
been to check the plausibility of the own-
ership and control hypothesis for indi-
vidual mines, countries, and metals in
terms of the short-term price elasticity of
mineral supply, and confronting it with
the partly alternative explanation of me-
dium- and long-term mining programmes
related to the exploitation of by-product
deposits. Unlike previous studies, the
problem is examined at a largely micro-
economic level, which allows exploring
possibly different market behaviours ac-
cording to varying institutional, regional
and geological factors.

Mineral supply for the selected coun-
tries/mines has been assumed to be re-
sponsive to international prices in US
dollars (lagged by one year), rather than
to prices converted in domestic currency.
This looks realistic in view of the foreign
exchange constraint and balance of pay-
ments objectives influencing SOEs’ pro-
duction decisions, coupled with the lack
of currency convertibility and highly reg-
ulated domestic price systems typical of
former centrally planned economies and
LDCs. Moreover, except for Black
Mountain (South Africa), the few private
mining operations considered here are
dominated by externally located multina-
tional companies, which can be expected
to respond more to international prices.?2
Co-product or by-product deposits have
been modelled by considering the rela-
tively more relevant supplies as indica-
tive of the presence of main mineral de-
posits (e.g., typically copper for Ge-
camines), and hence using them as re-
gressors to possibly explain associated
metals with a predominantly lower annu-
al supply (zinc for the above Zairean
company). These regressors are mod-
elled in turn as dependent variables in
subsequent equations, which relate the
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principal mineral supply to the respec-
tive international price. In view of its
high unit value, silver output was treat-
ed as a ’driving factor’ in a few cases,
despite being typically a by-product
metal.23

Loglinear regressions were applied
over the period 1984-94, for each mine/
country and metal separately. Statistical-
ly significant results are presented in Ta-
ble 2, except for the constant term param-
eters. The column for inelastic responses
in Table 4 accounts not only for the lack
of statistical relevance of the price varia-
ble identified by stepwise regressions,
but also for the absence of statistically
significant results in bivariate supply-
price regression equations. On the whole,
the results indicate a rather heterogene-
ous pattern of supply behaviour by min-
ing company and producing country. For
example, the Turkish state mineral sup-
ply shows a positive price elasticity in
copper and lead, a negative price elastici-
ty in silver, and appears to have been
price-inelastic in zinc. This heterogeneity
is reflected by the low significance of the
results obtainable from pooled regres-
sions on the same variables.

An interpretation based on the owner-
ship and control structure is only weakly
supported by the econometric estimates.
Caution in this respect can also be justi-
fied in view of the price elasticity esti-
mates for the private sector, although

only few cases have been examined:
among the results reported in Table 2,
only two mines (Tsumeb and Ertsberg)
show standard (positive) supply elastici-
ties, while other four cases are either ine-
lastic or negatively elastic. This may sug-
gest that the hypothesis of a rigid or neg-
atively sloping supply curve holds true to
some extent for most mines in develop-
ing and transition economies, independ-
ently from the ownership and control of
the mine. As expected, short-term price
elasticities are below unity in absolute
values in most cases. Surprisingly, of the
three cases with positive price elasticities
being close to unity, only one is a private
multinational-controlled mine (Tsumeb),
while the other two mines with a flexible
and dynamic supply behaviour are fully
state-controlled (Bawdwin and Comibol
for zinc). If supply responses to metal
prices are subdivided by metal and world
region, however, copper and Africa/East-
ern Europe seem to follow to a relatively
greater extent a Dobozi-type interpreta-
tion: positive supply elasticities are
found in only 2 (of which one in private
controlled Tsumeb) out of 10 cases for
copper, 2 out of 9 cases in Eastern Eu-
rope, and 1 (Tsumeb) out of 7 cases in
sub-Saharan Africa (Table 4).
According to Dobozi, copper produc-
ing countries with a dominant state min-
ing sector are relatively more affected by
balance of payments disequilibria and

Table 4. Price elasticity of mine production.
Number of cases by metal and region (1984-94)

Metal/region Positive

copper 2
lead
zinc
silver

N W

Africa

Asia

Latin America
Eastern Europe

[N S e e

Negative Inelastic
3 5
4 1
2 3
2 5
2 4
4 3
2 4
3 4
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foreign debt exposure, with SOEs ac-
counting in some cases for part of this
debt. The present analysis considers the
price-supply relationship at a disaggre-
gate level, thus allowing a test of respon-
siveness to balance of payments difficul-
ties across countries/mines. First, twelve
countries/mines were ranked according
to price elasticity estimates of their main
metal production, or to the averages of
these estimates if a mine/country’s pro-
duction is rather evenly distributed
among different metals. Secondly, a
Spearman rank correlation analysis was
applied to the elasticity variable versus a
variable consisting of the one-lagged pe-
riod averages (1983-93)%* of the shares
of the current account balance before of-
ficial transfers in the GDP, for each re-
spective country. The rank correlation
coefficient (ca. -0.5) is statistically insig-
nificant (according to the z-test), even af-
ter removing three outliers (Bolivia, Za-
ire and Zambia). The negative sign of the
coefficient seems even to suggest a
contradictory behaviour of mine supply
in terms of Dobozi’s assumption: rela-
tively more severe current account defi-
cits are accompanied by lower negative
elasticities (or positive elasticities in
three cases) of supply to metal prices.?

Co-product and by-product production
in geologically associated metals appears
to be a relevant explanatory factor, with
only few cases of apparent replacement
effect between the metals, as revealed by
a negative elasticity (Table 2). This
seems to occur in copper mining with re-
spect to lead relative to two mines, and
copper vis-a-vis zinc in Turkey. Silver as
a constituent of base metal ores appears
to be highly responsive to copper produc-
tion in three mines, located in Zambia,
Malaysia and Chile, in spite of a relative-
ly low geological occurrence of copper
by-products found for Zambia and Chile
as a whole compared to other copper pro-
ducers.? Since in their case the analysis
uses national supply statistics, results are
less accurate for Eastern European coun-

tries. In Poland, the production of the
four metals is concentrated in a few state
mines: the copper-silver mines of Rudna,
Lubin and Poélkowice; and Boleslaw,
Olkusz and Trzebionka lead-zinc mines.
However, the only statistically signifi-
cant result concerns zinc as a co-product
of copper. In terms of standardised beta
coefficients, in the cases where both the
metal price and co-products are relevant
explanatory variables, main and co-prod-
uct supply is found to be generally more
relevant than metal prices for the base
metals, while the opposite occurs for sil-
ver in the only case which can be ana-
lysed to this purpose (Chilean Mantos
Blancos).

In view of the changes in the owner-
ship and control of production occurring
since the late 1980s in these transition
economies, the stability of the estimates
over time has been tested, through the
application of the Chow forecast test and
rolling regressions. Although a fast im-
plementation of privatisation has been
limited to small- and medium-sized busi-
ness and services, while only marginally
and slowly affecting the SOEs, the latter
enterprises’ supply behaviour is likely to
have been influenced by the liberalisa-
tion programmes adopted for price, con-
sumer, labour and foreign trade markets,
and, to a lesser extent, by institutional re-
forms. Of the three countries examined
here, the shock therapy approach fol-
lowed in Poland was launched in late
1989—early 1990, while macroeconomic
reforms in Bulgaria and Romania started
in 1990, but they actually achieved great-
er intensity and scope in 1991 in Bulgaria
and a year later in Romania. For these
reasons, ex post forecast periods were
chosen with different initial years: 1991
for Poland, 1992 for Bulgaria, and 1993
for Romania. The only clear case of a pa-
rameter change is represented by Bulgar-
ian lead supply: if applied over the period
1984-91, the respective equation pro-
vides a statistically significant negative
price elasticity of -0.83 (while its co-
product association with zinc remains
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unchanged: see lead and zinc in Table 2).
In all other cases, the Chow test and roll-
ing regressions reveal structural stability
in the estimated relationships, although a
slight movement towards a less negative
price elasticity, or away from price-ine-
lastic supply, is observable for Polish
copper and zinc.

Conclusions

In spite of a widespread debate on the
market distortions induced by the pre-
dominance of state corporations in cer-
tain production activities, the few empiri-
cal analyses carried out for the mining
sector do not seem to provide a sufficient
base of assessment, in view of problems
of data aggregation and econometric
modelling of variables. This study has
focused on the supply behaviour of state
mining in LDCs and Eastern European
economies, relative to individual mines and
metals. In this concern, the supply of a min-
eral cannot be considered only in terms of
its own or complementary/substitute com-
modity markets, but it should also be seen
in connection with its possible paragenetic
associations with other minerals.

Some of the criticisms raised towards
statistical analyses on this subject have
been examined: these criticisms point to
the need for further investigation. For in-
stance, a causality analysis of the rela-
tionship between mineral price and sup-
ply would require an aggregate general
equilibrium model, including variables
such as metal stocks and consumption.
This goes beyond the disaggregate and
partial equilibrium framework estab-
lished here. On the whole, a disaggregate
and case-by-case approach to this issue
appears to be justified by the variety of
supply responsiveness to market changes
revealed by econometric results. This re-
sponsiveness is here found to be often in-
elastic or even negatively elastic to metal
prices. This supply rigidity may be ex-
plained by such factors as (i) existence of
longer reaction lags; (ii) high share of fixed
costs; (iii) institutional environment; (iv)
location of mine production and lack of
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sufficient forward linkages within a metal
market and for an individual mining com-
pany; or (v) geological characteristics (ore-
bodies, polymetallic deposits).

Points (i) and (ii) require longer time
series and more detailed statistical infor-
mation. Although this analysis does not
question the importance of the institu-
tional framework in influencing mineral
supply, distinctions in average supply be-
haviour can be made according to differ-
ent regions and metals, with copper and
Africa/Eastern Europe being apparently
more consistent with an ownership and
control interpretation. From regression
results, moreover, whereas the political
and legal establishment is likely to be
highly influential on part of the private
sector as well, this interpretation does not
seem to be strictly related to foreign ex-
change requirements for balance of pay-
ments adjustment, or to the level of de-
velopment of the producing countries.
This leads to seek alternative explana-
tions at least for some of the countries/
mines concerned, such as the relatively
greater involvement of mining SOEs in
long-term supply agreements, or, in view
of other policy objectives (e.g. employ-
ment), the buffering effects of subsidised
energy costs, economies of scale, and
higher average grade deposits. As re-
vealed by the analysis of former centrally
planned economies, the impact on min-
ing of the recent shift towards a market
liberalisation in Eastern Europe has so
far been slow and minimal. Once longer
time series become available, it would be
useful to re-run these tests for selected
countries, by taking into account the
years when major policy reforms were
implemented. In terms of geological con-
ditions, the scope for co-product recov-
ery appears to be often more relevant
than the international mineral price as a
supply determinant for the three base
metals analysed, although a clear-cut as-
sessment is hindered by the results ob-
tained for certain mines/countries, where
either one of the two factors is found as
the only relevant explanatory variable.
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1. Dobozi (1990); Mainardi (1995: ch. 6);
Markowski and Radetzki (1987).

2. Co-production refers to two or more miner-
als which are recovered in similar quantities
from the same mine area or deposit. The term
by-product is instead usually associated with
the supply of mineral(s) of secondary impor-
tance relative to the main mineral obtained
from geological assemblages. This distinc-
tion may have relevant implications for min-
eral supply behaviour: by-product output is
likely to be relatively more sensitive to the
main mineral price, to the extent of eventual-
ly being ‘protected’ from its own mineral
price fluctuations. This is reported to occur
for instance in the case of molybdenum as a
copper by-product (Carvalho and Terezopou-
los 1993: 18).

3. Markowski and Radetzki (1987); Do-
bozi (1990).

4. Govett and Govett (1976: 21).

5. Govett and Govett (1976: chs. 1-2). In the
case of copper, in the beginning of the 18th
century a common ore grade in metal deposits
would be 13 per cent, while two centuries lat-
er this percentage would normally range be-
tween 2.5 and 5 per cent. In more recent years
the ores generally contain less than 0.5 per
cent of metal. However, substantial differ-
ences can be found among deposits, accord-
ing to infrastructural facilities and proximity
to demand, so as to render some of them eco-
nomically unfeasible even in the presence of
relatively high ore grades. The average con-
centration of copper in the continental crust is
estimated to be still one hundred times lower
than presently mineable deposits.

6. Gocht et al. (1988: 168).The term paragen-
esis can be referred to the sequential forma-
tion of associated minerals, rather than to the
presence of ore mineral assemblages charac-
terised by a wide variety of ore grades for
each metal component (Craig-Vaughan 1981:
142). The conceptual difference appears to
some extent purely theoretical: if a metallo-
genic province is defined as a territory char-
acterised by various kinds of mineral deposits
with a common geological history, parage-
netic associations constitute different parts of
this territory, as “common occurrences of in-

dividual kinds of minerals or groups thereof”
(Vanecek 1994: 16).

7. Takeuchi et al. (1987: 54); Govett and
Govett (1976: 42-43, 56, 141).

8. Vanecek (1994: 447); Govett and Govett
(1976: 108).

9. Takeuchi et al. (1987: 62); Chamber of
Mines (1990: 26).

10. Stobart (1985).

11. The world production identified by the
RMG database for the four minerals in 1994
was 75 per cent for silver, 80 per cent for
lead, 85 per cent for zinc, and 91 per cent for
copper. The unidentified production is be-
lieved to eventually affect the lower ranks
only. By comparison, the shares in total
world supply of the first five major control-
ling companies/states were, for instance, 75.4
per cent for diamonds, 40.4 per cent for iron
ore, and 42 per cent for tin.

12. A futures contract commits the seller and
purchaser to a specific quantity of the mineral
at a pre-established future time and at a price
determined by a futures exchange in open
auction. If the sales price is locked into the
current price plus a premium based on ex-
pected interest rates, storage or insurance
costs, the producer is protected against com-
modity price volatility (Austin 1984: 340).
13. Takeuchi et al. (1987: 95-97); Austin
(1984: 339-340).

14. Wolf (1982); Dobozi (1990); Giraud,
quoted in Radetzki (1985: 2).

15. World Bank (1992); UNCTAD (1994); Ra-
detzki (1985); Warhurst and Bridge (1997).

16. The higher proportion of fixed costs
would be brought about by (i) the use of sim-
ilar mining capital equipment worldwide,
with most mineral developing economies af-
fected by higher maintenance and transport
costs and import duties, and (ii) the compara-
tively lower level of labour costs and, for ma-
jor mineral producer countries such as Chile
for copper, the near-fixed cost nature of these
costs for mines (with high potential restruc-
turing costs and rigid labour legislation in the
mining industry) (Markowski and Radetzki
1987: 24-30). In an earlier study, Radetzki
(1985: 42, 48-49) argues that a reduction in
the share of variable costs and a shift towards
higher capital-intensity can be seen as a strat-
egy by SOEs to smooth the negative impact
of mineral price volatility, while taking ad-
vantage of their relatively cheaper access to
capital funding.

17. Gocht et al. (1988: 251).
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18. Warhurst and Bridge (1997).

19. Mamut (Malaysia) has also been consid-
ered as a SOE (Table 3). Among foreign con-
trolling entities, OMRD is a Japanese consor-
tium of mainly private companies, dominated
by Mitsubishi. In 1994 Iscor controlled 51 per
cent of Rosh Pinah (Namibia): this mine has
also been considered as private controlled, in
view of the partial privatisation of Iscor in
1989 and the relevance of local private con-
trol (49 per cent). Centrominas (Peru) started
some privatisation in 1995.

20. Roskill (1994); World Bank (1995: Table 18).
21. Craig and Vaughan (1981); Vanecek
(1994).

22. Dobozi (1990: 9); Adams and Vial (1988: 89).
23. In the case of changes in relative impor-
tance of metals produced by a mine over the
period (e.g, copper versus lead for Tsumeb),
the scope for bi-directionality was investigat-
ed. For the Black Mt. lead/zinc/copper/silver
mine at Aggeneys in South Africa (south of
the Namibian border), a three-stage pattern of
co-product metal supply can be identified,
whereby copper is a function of silver pro-
duction, and the latter is modelled by either
one of two basic metals extracted in that area,
namely lead or zinc. The stepwise regression
procedure followed by Rats (the econometric
package used for this study) is based on a
combined forward and backward selection al-
gorithm accounting for t-statistics and partial
correlation coefficients, thus overcoming one
of the criticisms raised against this technique,
namely the risk of multicollinearity. The lit-
erature is however not unequivocal about the
usefulness of partial correlation coefficients
to this purpose (Studenmund 1992: 193; for a
different and more common view: Pindyck
and Rubinfeld 1986: 93). A second pitfall,
concerning the insufficient theoretical back-
ground when a large set of regressors is con-
sidered, is also avoided, in view of the as-
sumptions underlying the regression model-
ling. In strict terms, silver should be modelled
as a dependent variable, since it is mostly
produced as a by-product of the beneficiation
of other metals (Roskill 1997: 91), and its ge-
ological occurrence is characterised by a
much lower grade than the three basic metals
(Table 1). However, a reverse causation is
here hypothesised whenever silver appears to
have the potential to substantially contribute
to mineral revenues. An alternative approach
is applied to South African historical data in
Mainardi (1998).

24. Due to data unavailability, averages for
shorter periods were calculated for Iran and
Zaire (World Bank 1995: Table 18). Myan-
mar, Namibia and South Africa are not in-
cluded in this analysis; the Ertsberg mine
(partly state controlled) and Mantos Blancos
have instead been included.

25. Dobozi (1990: 7-9). As in similar studies,
this result is subject to the assumption of a
high correlation between domestic produc-
tion and export supply of the minerals, with
the latter variable mostly being available only
in national account statistics of individual
countries.
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