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With falling costs of transport and
communication, and with changes in
the technology of mineral exploita-
tion, there has been a tendency for
mineral projects to become detached
from the region in which they are lo-
cated. Hence, the experiences of re-
gional development brought about
by turn-of-the-century  mineral
projects, have lost much of their rel-

evance, as the twentieth century:

draws to a close. The major regional
development impact of contempo-
rary mineral projects in outlying ar-
eas is of a fiscal nature. Such an im-
pact is dependent on the regional au-
thorities’ ability and power to retain
some of the fiscal revenue for the re-
gion, but policies to attain this objec-
tive raise both political and economic
problems.
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This paper attempts to answer two ques-
tions: (a) how does mineral exploitation
contribute to economic development in the
region where it is located? And (b) how has
this development impact been altered over
time, in consequence of falling transport
costs and changing technology employed
by the mineral industry?

The issue of regional development has
not received much attention in the recent
literature on mining and its contribution to
economic progress. The “mineral enclave”
analyses of the 1950s and 1960s including
contributions by Baldwin (1966), Meier
and Baldwin (1957), Myrdal (1956) and
Seers (1959), amongst others, provide in-
teresting insights about the development
impact of mineral projects on the areas ad-
jacent to the location of such projects. In
more recent works, e.g. Bomsel (1990),
Sideri and Johns (1980) or Tilton (1992),
attention usually centres on the national
benefit from mineral exploitation, and
dwells at length on how that benefit could
be increased. The regional consequences of
mining and mineral processing are typi-
cally kept in the background.

Systematic analyses of the development
implications, regional and national, follow-
ing from ongoing technological change in
mineral industry activities, are also rare.
Most of the literature dealing with the con-
tribution of mineral exploitation to eco-
nomic development, has a strong focus on
the present. Only seldom does it provide an
historical perspective.

Since the issues under investigation
have obtained only limited attention in the
literature!, the present paper has, by neces-
sity, an exploratory character, and the con-
clusions must be regarded as tentative.

The first section discusses the nature of
the development effects that mineral activi-
ties exert on the economic environment in
which they are situated. The second exam-
ines the long-run changes in mining and
mineral processing technology, to clarify
why and how the regional development
impact of mineral projects has changed
over time. A final section identifies policies

that would increase the regional develop-
ment impact of mineral activities, and dis-
cusses their appropriateness.

Mineral projects

and economic development
Mines and mineral processing plants have
a variety of impacts on the economic de-
velopment process. Some of these arise in-
ternally within the mineral firms, others
consist of external economies and diseco-
nomies?.

The direct, internally generated contri-
bution to development consists of the value
added generated by the mineral venture.
The value added is expended to compen-
sate labour, capital and the entrepreneurial
effort, or to satisfy the fiscal agents. A mar-
ginal mineral venture will provide no more
than “normal” revenues to these parties. In
a non-marginal project, a mineral rent will
emerge, and will be shared by the above
parties in proportions which depend on
their respective bargaining positions.

A number of indirect or external de-
velopment effects will also ensue. The dis-
cussion of these can be instructively organ-
ized around the concept of linkages>.

The mineral venture will give ris¢ L0
backward linkages through its require-
ments for inputs. The prospects for produc-
tion of capital goods, supplies and services,
needed for investments and operations,
will be enhanced through the venture’s de-
mand for such inputs. The expanded de-
mand for housing and food, resulting from
the addition to employment and to the
wage bill, will constitute an incentive for
increased agricultural and construction ac-
tivities.

The forward linkages of a mineral ven-
ture facilitate the setting-up of forward
processing, refining and fabricating the
crude ores and concentrates. This comes
about by the ready availability of the raw
material output. In mining, the forward
linkage chain is much more extended than
the backward linkages. The product from
the mine commonly has to undergo several
transformations before final consumption.
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Hence, the forward linkages can have a
very large impact on development, if they
give rise to the establishment of down-
stream industrial activities.

A third type of linkage is related to the
infrastructural facilities which form part of
the mineral venture. Unless the project site
is situated in an economically and industri-
ally well-established area, a part of overall
investments involves infrastructural instal-
lations. Only seldom can these facilities be
reserved for the exclusive use of the min-
eral enterprise. Outsiders can commonly
benefit from e.g. the power supply, road fa-
ciliies and hospitals, that are an integral
part of the mineral investment. Industrial or
agricultural activities quite unrelated to the
mineral venture can become economically
feasible as a result of the availability of
such infrastructural installations.

The mineral economics literature some-
times refers to the “fiscal linkage”. In the
present conceptual framework, however,
fiscal revenue is seen as an integral part of
the mineral activity, and not an external de-
velopment effect.

The emergence of linkage effects pro-
vides an incentive to establish subsidiary
activities, but does not automatically en-
sure that such activities will in fact be set
up. The availability of unemployed factors
of production, or the willingness of factors
to move out of other occupations is an im-
portant precondition for subsidiary activi-
ties (o emerge.

Three common negative external effects
also have to be discussed. The first arises if
the factors of production engaged by the
mineral venture were already employed
elsewhere in the economy. The negative
development impact will equal the value
added lost in the old activity when these
factors move into their new occupation.
The second negative external effect is com-
monly referred to as the Dutch disease
(Neary and Van Wijnbergen 1986). It
arises from the diffusion of the above-aver-
age wages that profitable mineral projects
can usually afford to pay. The increase in
wage levels in the surrounding area dimin-
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ishes the competitiveness of all economic
activities, and reduces the advantage of the
linkages that emerged in the first place.
The third negative external effect is the
environmental damage caused by mineral
activities. This too, will weaken the devel-
opmental impact of linkages, by increasing
the costs of subsidiary activities. The nega-
tive impact of environmental deterioration
will not be limited to the subsidiary activi-
ties of the mineral venture, however. Inde-
pendent activities like agriculture or fishery
may be harmed, with a resultant reduction
in output and employment. A deteriorating
environment can in itself be regarded as a
reduction in output - of the welfare-creat-
ing services or fresh air, clean water etc.
The above discussion of the develop-
ment effects of mineral activities has had a
general and unspecific character, insofar as
space is concerned. The different conse-
quences have been listed without any indi-
cation of the geographical area that is in-
volved. This shortcoming is rectified in the
following section.
Change of “technology”:
a 100-year perspective
This section begins by listing the major
changes in the technology of mineral ex-
ploitation during the 20th century. Tech-
nology is defined in a broad sense. The
changes so identified are then used to com-
pare typical mineral projects at the turn of
the century with those characterized by the
technology of the 1980s, in terms of the
geographical spread of their development
impact.

Technological change

Eight major changes affecting the mode of
production in the minerals industry during
the course of this century are identified be-
low. For completeness, they are separately
listed, but several of them are strongly in-
terdependent.

1. There has been a revolutionary reduc-
tion in transport costs for bulk materials.
The following examples are all expressed
in constant 1985 dollars. According to

Bairoch (1965), the freight cost per ton of
wheat between New York and Liverpool
went down from 42.6 USD in 1900 to 18.6
USD in 1962. According to the World
Bank (World Bank 1979, 1980, 1988 and
1990), the freight cost per ton of grain from
North America to the Netherlands declined
from 31 USD in 1955 to 12 USD in 1962
and 10 USD in 1988, while the cost of
transporting one ton of sugar from Aus-
tralia to the UK went down from 80 USD to
41 USD and 15 USD in the same years.
The transport cost of petroleum from the
Persian Gulf to Northern Europe shrank
from 33.8 USD per ton in 1955 to 21 USD
in 1962 and 5.5 USD in 1988 (Scandi-
navian Shipping Gazette 1988). These ex-
amples are fully applicable to bulk non-fuel
mineral materials. Freight costs for manu-
factured products and for transport insur-
ance have also experienced substantial de-
clines (Bairoch 1975).

2. The efficient size of mineral ventures
has increased over time. This has led to a
substantial increase in the average size of
operating units. Herfindahl (1959) and
McMahon (1965) provide evidence of
these trends for the early part of the cen-
tury. Continued size increases in the period
since the second world war are noted in
Bosson and Varon (1977), and in Mining
Magazine (1978 and 1981).

3. The minerals industry has grown
more capital-intensive over time, both in
absolute terms and in comparison with
other sectors in the economy (Borenstein
1954; Manthy 1978; Mineral Policy Series
MR 158,1976 and Radetzki 1980).

4, The combination of scale economies
and capital intensity has greatly increased
the investment capital requirements of the
average individual project over time.

5. The inputs into contemporary mineral
projects must satisfy very high technologi-
cal standards. The management and or-
ganization of production, t0o, must be
highly sophisticated for efficient operation.
The supply of such high-quality physical
inputs and managerial services is subject to
important scale economies, and has conse-
quently become quite concentrated. Condi-



tions were very different at the turn of the
century, when the corresponding inputs
were less sophisticated, and could be sup-
plied economically from decentralized
sources.

6. Over time, the minerals industry has
become more environment intensive. This
is partly related to scale, and the thresholds
in terms of environmental damage, ex-
cceded by the large units. New chemical
methods brought into use in the course of
the present century have increased the air
and water pollution per unit of mineral out-
put (for a review see UNEP 1984). Since
the 1970s, the long-run trend towards
greater environmental intensity appears to
have been reversed, as a result of the envi-
ronmental pressures in industrialized coun-
trics (Warhurst 1992). Nevertheless, the
average end-of-the-century mineral ven-
tures would appear to harm the environ-
ment far more per unit of output than the
projects of 100 years ago.

7. The location of mineral projects has
gradually become more marginal in rela-
tion to the major industrial centres and de-
mographic agglomerations. At the turn of
the century, the industrializing areas were
still highly self-sufficient in minerals
(Landes 1980). At that time, the typical
mineral project was located in Europe, Ja-
pan or North America. Eighty years later,
more (han one half of overall mineral in-
vestments of the noncommunist world
were located in developing countries
(Radetzki 1981). Several factors explain
this change. First, there has been a relative
depletion of the rich mineral deposits lo-
cated close to major consumption centres.
Second, the far-away locations have be-
come less disadvantageous on account of
falling transport costs. And third, detrimen-
tal environmental impacts have increased
the costs of mineral projects in densely
populated areas.

8. Over time, national governments have
tended to appropriate increasing shares of
the surpluses generated by mineral activi-
ties. This has been a general consequence
of public sector growth worldwide. The
government share of the mineral surpluses

leapt upwards in the 1960s and 1970s when
newly independent developing country ad-
ministrations asserted their rights by
strongly increasing the fiscal impositions
on the mineral companies in their territo-
ries (Radetzki 1981).

The enumerated changes, and in particu-
lar the falling transport costs, have inte-
grated the geographically limited markets
for most raw materials and manufactured
products, typical of former times, into glo-
bal ones. From a different angle, the
changes reflect a move from societies
heavily dependent on physical resources,
implying a strong advantage from nearby
location of such resources, into societies
dependent on human capital, where loca-
tion of physical resources matters less. An
important ensuing consequence has been
an overwhelming reduction of the develop-
ment impact exerted by mineral ventures
on the region where they are located. In es-
sence, the changes imply that, over time,
the development effects of mineral projects
have been spread across ever wider geo-
graphical areas. Not only regions within
countries, but even entire national econo-
mies have tended to lose increasing propor-
tions of the developmental benefits gener-
ated by mineral activity.

Characteristics of turn-of-century

mineral venture

The typical mineral project at the turn of
the century was a relatively simple and not
very large enterprise, commonly estab-
lished to cater to the industrial demand of
nearby communities. Its capital and entre-
preneurial needs could ordinarily be satis-
fied within the region. Local labour was
employed, and since the mineral sector was
not exceedingly capital intensive, the em-
ployment effect was considerable. Under
these circumstances, and with a relatively
low level of national taxation, a high pro-
portion of the value of output accrued to the
local community.

The equipment needed to establish the
project and the supplies required for opera-
tions could in large measure be procured in
the area - either from industries which al-

ready existed, or from ones set up for the
particular purpose of supplying the mineral
venture. The reliance on local supplies was
supported both by the high cost of trans-
port, and by the relative simplicity of the
required inputs. Hence, the local advantage
of the backward linkages was strong.

Forward linkages, too, were reaped in
considerable measure within a limited geo-
graphical region. In numerous cases the
chain of causality was reversed. Thus,
mines were commonly located in the
neighbourhood of industrial centres pre-
cisely because there was a local market for
the output. The high level of transport costs
gave a strong competitive advantage to lo-
cal processing of the product. For instance,
the heavy costs of transporting coal and
iron ore extracted in Western Pennsylvania
was a key factor in attracting the iron and
steel industries into this mining area
(Spooner 1981). Given the small size of the
mines in this period, only marginal quanti-
ties, if any at all, had to be sold to far-away
consumers.

The symbiosis between the mineral ven-
tures and other economic activities in a re-
gion frequently gave rise to virtuous cir-
cles. The initiative to establish a mine
might have been prompted by the local
mineral needs. Once established, the mine
not only satisfied the existing mineral de-
mand, but became, both through its supply
of output and input requirements, a pole of
regional industrial growth and diversifica-
tion.

Contemporary mineral projects
Circumstances have changed considerably
in the course of the 20th century. In the
1980s and 1990s, the typical mineral
projects accounting for a major proportion
of additions to current world supply are
huge, complex and capital-intensive opera-
tion, frequently located far away from ma-
jor population centres, dependent on key
inputs from a few leading industrialized
countries, and serving the entire world
market.

The investment capital of such a project
commonly runs into a billion dollars or
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Copper cathodes ready for shipment,
Chile.

morc. Examples of more spectacular min-
cral development ventures in the most re-
cent decade include the Carajas iron ore
venture in Brazil, with investment costs of
4 000 MUSD and production start-up in
1986 and the Ok Tedi copper and gold
project in Papua New Guinea, costing 900
MUSD and start-up in 1988 (Bomsel
1990); the El Cerrejon Norte coal mine in
Colombia costing 3 000 MUSD, start-up in
1988 (Mining Annual Review 1990); the
Olympic Dam copper and uranium project
in Australia, costing 700 MUSD, start-up
in 1989 (Mining Annual Review 1989);
and the Escondida copper mine in Chile,
with (otal investment costs of 1 000 MUSD
billion and production start-up in 1991
(Mining Annual Review 1991). Such sums
are completely out of reach of local finan-
cial institutions. The compilation of finan-
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cial packages for such projects invariably
requires a global approach.

As a consequence of these characteris-
tics of modern mineral projects, most of the
returns to capital and to entrepreneurship
flow not only out of the region, but often
out of the country as well. A large part of
the surplus generated by contemporary
mineral ventures is appropriated as fiscal
levies by the national government, and re-
distributed throughout the nation. Remu-
neration of local labour is the major posi-
tive direct development impact that accrues
to the region.

Even though the mineral industries can
commonly afford high wages, the local
wage bill is restricted by the need to bring
in skilled personnel from outside, and by
the capital-intensive methods of produc-
tion. Data contained in the annual reports

of mineral companies suggest total labour
compensation at 10-15 per cent of turn-
over. The local wage costs in far-away
projects would be considerably lower.

The regional linkages, both backward
and forward, of large-scale modern mineral
projects are weak. One general factor ex-
plaining this weakness is the decline in
transport costs. Another is that with in-
creasing capital intensities, mineral pro-
jects can easily afford high wages, while
the movement to peripheral locations re-
sults in a more pronounced wage leader-
ship role for the firm. The typical resultis a
considerable increment in the regional
wage level. Both factors weaken the
project’s linkages by reducing the com-
parative advantage of nearby production
activities. However, other factors are also
at work.

Asnoted, the entrepreneurial and techni-
cal expertise required to develop and run
such projects is highly specific and not of-
ten available outside the multinational min-
ing firms. The equipment needed to de-
velop a mineral venture and the supplies
required for its operation are highly spe-
cialized and sophisticated. Potential local
suppliers, if any exist, can seldom compete
with the established international manufac-
turers of such products. Hence, most physi-
cal inputs are obtained from outside the re-
gion. The same is true for the housing and
consumption requirements of the labour
force. Residential dwellings are con-
structed from prefabricated elements
brought in from far away, and even a large
part of the food is frequently imported from
outside the region.

A similar pattern applies to the output of
the mineral venture. Large mining projects
regularly have the entire world as their
market. Processing of the mineral typically
takes place close to the mine only in in-
stances where there is a substantial weight
reduction and an ensuing saving in trans-
pOTt COSS. _

In summary, the regional development
effects of large contemporary mineral pro-
jects consist of the local employment that
they create; of the stimulation of local ac-



tivities; and of that share of the fiscal rev-
enue obtained from the mineral sector that
the central government returns to the re-
gion. However, the employment effects
will be limited, the stimulation through
backward and forward linkages weak, and
the government spending only a fraction of
what was extracted as fiscal dues in the first
place. Hence, most of the development ef-
fects resulting from a modern large-scale
mineral venture will commonly be reaped
outside the region where it is located. In
contrast, the environmental damage caused
by mineral projects, continues to be heavily
concentrated in their immediate vicinity.

The comparison presented above has
been between a mineral project at the turn
of the century, located in an industrial
country like France, Sweden or the USA,
and a large-scale mineral project of the
1980s, in an unindustrialized area, on the
other. This comparison has a twofold ra-
tionale. First, the two types of mineral
projects appear typical of their respective
time periods. And second, the comparison
helps to clarify the limited relevance of the
old experiences of minerals industries for
assessing the development effects of mod-
em mineral projects.

It should be clear that other comparisons
might lead to different conclusions. For in-
stance, a comparison of mineral projects in
developing countries might reveal that the
regional development impact has increased
over time. In isolated enclave circum-
stances characteristic of the 1950s and be-
fore, most of the surplus from such projects
disappeared abroad. In recent years much
of it has been reaped as fiscal revenue by
the national government, which spends at
least a part of it in the mineral producing
region.

Conclusions
and suggested policies

The above analysis has pointed to the stark
change in the regional development impact
of mineral resource ventures over time. At
the turn of the century, mineral projects

commonly provided a substantial boost to
the economic development of the area
where they were situated. In contemporary
circumstances, the development impact
tends to be dissipated world-wide. This is
true both of new, modern projects, and of
old ones, for the latter have had to assume
the latest technologies in order to survive.

The large benefits lost by the mineral re-
gion provide an explanation of the de-
mands for secession made by, for instance,
Shaba in Zaire, Bougainville in Papua New
Guinea, Biafra in Nigeria, Scotland in the
UK, and most recently by the oil producing
areas of Russia. Sovereignty for the re-
source-rich region is seen as a measure to
keep the benefits otherwise dissipated
throughout the nation within the regional
boundaries.

A concomitant conclusion is that there is
little relevance in using the old develop-
ment experiences of mining regions, to as-
sess what can be expected in areas of con-
temporary mineral expansion. In the ab-
sence of very forceful policy directives, the
new mining regions are unlikely to suc-
ceeded in building up a diversified eco-
nomic structure similar to those which exist
in many areas of old mineral exploitation.

The appropriateness of energetic re-
gional development policies financed by a
diversion of the mineral revenue, will
clearly depend on the nature of the region
where mineral exploitation takes place. If
the mineral area is situated in an uncom-
fortable and formerly uninhabited environ-
ment - for instance in the desert or arctic
zone (uranium mining in Niger’s part of the
Sahara desert, and gas production on the
Yamal Peninsula in Northern Siberia pro-
vide examples) - the rational policy may be
to accept from the beginning that the social
costs of a diversified regional development
effort are too high and to adjust the mineral
venture to the fact that the area will be de-
serted once the resources have been ex-
hausted. The rationale for special policies
to promote regional development is
stronger in areas such as Amazonia in Bra-
zil and Lappland in Sweden, where popula-

tion agglomerations and agricultural or in-
dustrial activities (or at least the potential
for such activities) already exist.

Development policies for mineral-rich
regions can take a variety of forms. One
natural direction for such a policy would
consist of measures to strengthen the re-
gional linkage effects of the mineral ven-
tures. Thus, the mineral company can be
required to expand those of its activities
which have an especially important posi-
tive external impact on the surrounding
geographical area. Vocational training and
the establishment of a widespread electric-
ity grid are two pertinent examples. Alter-
natively, the mineral company could be
obliged to expand its local procurements.
For instance, imported food, could be re-
placed by local produce. The company
could also be asked to start its own local
manufacture of some inputs, or to support
the establishment of independent local pro-
ducers of such inputs. Where there is little
former industrial tradition, the criteria for
selecting the products for local manufac-
ture would commonly comprise relatively
simplicity of production technology and
limited economies of scale. Steel balls for
milling the ore and assembly of explosives
and detonators fit these criteria. The pur-
pose and end result of the requirements for
local production would be an increase in
regional value added. It may be noted that
this is akin to the frequent requirements of
government administrations in many de-
veloping and industrialized countries, that
the national content of industrial output, es-
pecially in plants owned by foreign inves-
tors, be high and rising.

A second approach to promoting re-
gional development in marginal areas with
important mineral exploitation would in-
volve capturing a larger share of the fiscal
revenue from the mineral sector. For in-
stance, regional authorities could impose a
local tax over and above that taken by the
national government. Alternatively, a
larger share of the central government’s re-
ceipts from the mineral activity could be
ear-marked for the region from which they
originate. The additional fiscal revenue so
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captured could then be used to promote
non-mineral industrial projects. Various ar-
guments can be advanced to justify a fiscal
reallocation of this kind. For instance, the
additional regional revenue could be seen
as a compensation for the depletion of
natural wealth, or for the environmental
damage caused by the resource exploita-
tion activity.

Three problems are bound to emerge in
the formulation of regional development
policies as outlined here. The first is that
the imposition of enforced regional link-
ages may hamper the efficient operation of
mineral enterprises. Mineral investments
will be discouraged in consequence. The
second is that competing fiscal claims be-
tween regional and national authorities
may have detrimental effects on the sub-
jects who carry the burden. In the 1970s,
many mineral ventures in British Colum-
bia, a province of Canada, came close to
bankruptcy, because of the imposition of
heavy provincial taxes, without considera-
tion of the national fiscal dues. The third
problem concems the distribution of fiscal
rcvenues between the region of mineral ex-
ploitation and other regions of the country.
The national government will typically
face a quandary: discontent and threats of
secession if too little of the mineral revenue
is returned to the region it originates from;
and the possibility of widening regional in-
come disparities if the resource-rich area is
allowed to keep a disproportionate share of
large tax incomes derived from mineral ex-
ploitation. These problems require careful
consideration before a regional develop-
ment policy is launched.

The historical perspective offered in this
paper should broaden the vista of policy
makers and mineral investors, and provide
them with a better understanding of the re-
gional dilemmas posed by modern mineral
projects.

Notes

I However, see Radetzki 1982, from
which the present paper derives much of
its inspiration.
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2 For a general classification of external
economies see Scitovsky 1954.

3 This concept was first used in a
systematic way by Hirschman 1958.
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