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Foreword

“I sit on a man’s back, choking him and making him carry me, and yet assure myself
and others that I am very sorry for him and wish to ease his lot by all possible
means — except by getting off his back.” Leo Tolstoy - Writings on Civil Disobedi-
ence and Non-Violence (1886).

In today’s world where sustainable development has become a critical security
concept for the well-being of the environment and society, the man Tolstoy depicts
might well be interchangeable for either the planet in terms of its carrying-capacity
or its beneficiary, society.

While it is arguable that mining is neither inherently sustainable nor unsustain-
able (O’Faircheallaigh, this volume), exploration, production, and consumption of
non-renewable resources over time makes the industry ultimately unsustainable if
it results in negative socio-economic impact (Waye et al., this volume). This invari-
ably leads to definitions of sustainability in terms of the financial benefits that can
accrue from transforming natural capital into human capital, theoretically creating
intergenerational benefits (ibid.). Such a definition of sustainability is inherently
utilitarian, assuming the English political philosopher Jeremy Bentham’s sugges-
tion that human nature avoids pain for the pursuit of pleasure, and that legislators
should therefore base decisions on the greatest happiness for the greatest number of
people (Bentham 1996).

Gro Harlem Brundtland defined sustainable development as “Development that
meets the needs of the present without compromising the ability of future gener-
ations to meet their own needs,” which Waye et al. (this volume) suggest creates
sufficient ambiguity to create competing claims as to what is sustainable. On the
basis of mining being sustainable if revenues are collected to promote sustainable
objectives elsewhere in the community (ibid.), one therefore needs to ask: To what
extent is the environment perishable? What beneficial trade-offs would make this
acceptable?

Rio Tinto Chairman Paul Skinner notably defined the role of business by stand-
ing monetarist economist Milton Friedman on his head. Rather than using Fried-
man’s quote, “The business of business is business,” Skinner told the 2004 annual
gathering of the Businesses for Social Responsibility conference in New York:
“The business of business is sustainable business.” (http://www.riotinto.com/media/
speeches_2268.asp).
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“If our business disappears, so does our contribution to the world’s social, envi-
ronmental and economic needs,” said Skinner. There would be no return on share-
holder investment and no employment of people, let alone development of their
skills and experience. Provision of society’s basic essentials and necessities would
cease, as would the company’s support for economic and infrastructure develop-
ment, healthcare, and education programmes, Skinner asserted. “Similarly, if we go
out of business we will not find new methods and better technologies for combat-
ing climate change and preserving or repairing the environment,” added Skinner
(ibid.).

This point straddles the delicate bridge between corporate social responsibil-
ity (CSR) and sustainable development where, quite simply CSR should require
companies not to amass their profits by externalizing their costs onto society and
the environment. Were these costs instead factored back into a company’s balance
sheets and monetized, investors would need to re-examine social and environmen-
tal performance in ascertaining the real value of the company and its products. In
essence this is the reasoning behind the triple bottom-line (e.g., Elkington 1994).

If the analogy of the man carrying Tolstoy refers directly to the planet’s carrying-
capacity to maintain consumption and production, then “steady-state steward-
ship” and “ecosystem viability” (Ernst, this volume) are vital concepts — but are
they attainable? Mining’s ecosystems impact is highly visible, concentrated scars
that directly generate deforestation, erosion, soil degradation, and toxic discharge
(Mazalto, this volume).

If the world’s population is anticipated to increase over 50% by 2050, pushing
toward 10 billion people, that 20% of the current population which already con-
sumes 70% of the world’s resources (Ernst, this volume) may require some intro-
spection. Indeed, at current extraction rates, it is not unlikely that global copper and
zinc resources could be exhausted considerably before 2100, with a similar scenario
facing all Australia’s mineral resources (Mining Environmental Management July
2008).

Although the argument exists that other deposits may exist elsewhere, notably
the ocean floor, achieving any kind of stability in mineral resource development
requires immediate research in science and technology to achieve efficient recy-
cling and conservation of natural materials (ibid.). Nevertheless, one should caution
with architect and sustainability guru William McDonough’s observations that much
of society’s efforts toward sustainable development are doing “bad but less badly”
rather than actually doing good (McDonough and Braungart 2002).

Notably, the mining and metals industry could do well to note McDonough’s
concept of recycling versus downcycling. Recycling restores the product back to its
original integrity, whereas most of what society actually calls recycling is in fact
“downcycling”, whereby the material becomes of a lesser quality grade, and after a
few cycles of downcycling is no longer re-usable (ibid.).

One of the first applications of the term “sustainability” was in Germany in 1713,
when von Carlowitz prescribed that the silver mines of Freiberg should not wit-
ness the felling of trees faster than re-growth. Such intragenerational and intergen-
erational resource planning has also been evident in the forestry cycle of Cyprus,
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which has consumed its forests sixteen times over while sustaining 3,000 years of
the island’s copper production (Wagner and Wellmer, this volume).

Such sustainability touches on basic human rights, enabling people to achieve
economic prosperity and strive toward social justice, basic aims of the 1992 Rio
Earth Summit’s Agenda 21, and also the Brundtland Report ‘Our Common Future’
five years earlier that first clearly defined sustainable development (ibid.).

To return to the non-renewable and unsustainable pattern of consumption, the
1,000 year-old Rammelsberg polymetallic and precious metals mine, which was
exploited from 968AD to 1988, reveals that a once steady annual average produc-
tion of 20,000 tonnes/year tripled to 60,000 tonnes/year around 1850, and 100,000
tonnes/year production by the 1930s, before tripling again over the next two decades
to 300,000 tonnes/year by the early 1950s (ibid.). In short, the past fifty years has
witnessed more consumption than during the previous collective history of mankind,
heralding what has now been described as a new geological period in history — the
Anthropocene period, starting in the 1800s where mankind began to have a signif-
icant global impact on planet Earth (ibid.). Yet these production increases occurred
in the industrialized countries and outstripped world population growth regardless
of the West’s own slow demographic growth (ibid.).

Other common assumptions surround thinking on mining’s effects on society and
its role in sustainable development. To state that countries like Canada, the USA,
and Australia were built on mining, creating the assumption that mineral develop-
ment is an automatic development driver, could be erroneous. Rather than mineral
development per se, the economies of Canada, Australia, and the USA benefited
from the “institutional capital” that enabled capital accumulation and its subsequent
(distributive) benefits (Slack, this volume).

Indeed, academics and writers elsewhere question the relevance of systemic eco-
nomic thinking when faced with the world’s ecological and social challenges, in
particular questioning the viability of traditional concepts of growth (e.g., Victor
2008; Brown and Garver 2009). Rather than measured in terms of benefits, growth
is measured “in terms of exchanges of money” (Brown and Garver 2009, p. 9), and,
according to this logic, even the cost of cleaning up the Exxon Valdez oil spill off
Alaska (US$500 million) added to the region’s GDP growth (ibid.). Even for mea-
suring mining’s impact on society, GDP growth does not factor distribution, mean-
ing “inequity, poverty and outright starvation often can, and do, rise at the same time
that overall economic activity increases.” (Ibid p.10.)

However, society’s own anthropological journey from Stone Age through Bronze
Age to Iron Age and beyond is a trans-historical demonstration of how mineral
development is inextricably linked to societal development. From a development
perspective, defining economic and societal sustainability through the transforma-
tion of natural capital into social or economic capital pivots around the essential
and conflicting problem surrounding the “Resource Curse” thesis, which argues that
natural resources have a negative effect on economic growth and development (e.g.,
Auty 1993; Sachs and Warner 1995). However, Davis (this volume) shows that pos-
itive growth is likely to be of more benefit to resource-based nations than negative
growth; he thus takes issue with the Resource Curse theory, suggesting instead that
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attention should focus more on the problems of boom-bust cycles in resource-based
economies.

An export-dependent economy would likely lead to unequal economic develop-
ment unless it has a developed internal economy (Crowson, this volume). Good
governance in host countries is likely an essential pre-requisite to investment (Hil-
son and Maconachie, this volume) and, certainly, voluntary principles such as the
Extractive Industries Transparency Initiative (EITI) require some existing good
governance in order to progress further accountability and transparency measures,
including for World Bank and Western government purposes (ibid.).

Nevertheless, one could argue that even the best intentioned voluntary guidelines
and principles to promote sustainable societal and economic impacts on a region,
even in developed countries, do not make for good governance, nor are they des-
tined to succeed. Closure of the Polaris and Nanisivik mines in northern Canada
witnessed a quick fade-out of economic benefits when it came to wealth creation in
the Arctic Inuit communities, due to an overemphasis at project conception stage on
the benefits of the multiplier effects (Bowes-Lyon et al., this volume).

In the structural global economy where the World Bank has been a major propo-
nent of mining and resource development for developing countries, mining has sel-
dom provided such envisaged benefits as direct employment of the local population,
because mining recruits few direct employees and, invariably, local inhabitants do
not possess the education or skills required to operate and manage a capital intensive
mining project. Instead, an assumed multiplier effect is anticipated to create indirect
jobs created by the project’s existence (Slack, this volume). However, the ultimate
experience of the Arctic communities highlights the need to realistically factor-in
the multiplier effect (Bowes-Lyon et al., this volume).

In Peru, the World Bank and International Monetary Fund’s Poverty Reduction
Strategy Papers assumed that mining would create employment, but did not elab-
orate any strategy. Because neither institution monitors the impacts of the projects
they fund, no stakeholder transparency regarding monitoring, information-sharing,
and results can be created for constructing future cost-benefit analyses, either
at national or project-level (Slack, this volume). The World Bank’s own Extrac-
tive Industries Review recommended that it cease funding oil and coal projects
due to the lack of benefits created, advice the Bank chose to ignore (Davis, this
volume).

Ultimately while there may be no growth that is actually “bad for the poor”, pos-
itive growth is assumed to be better than negative growth. However, lessons could
be learned for implementing pro-growth policies in extractive economies, and a sus-
tained extraction economy requires foreign direct investment to support continued
domestic exploration and resource development, rather than to concentrate on polit-
ical and institutional shortcomings (Davis, this volume).

Limits to growth can vary. Despite Chile’s status as the world’s largest copper
producer, Chile’s severely depleted groundwater reserves will lessen the country’s
ability to resolve its internal wealth inequality, where the poorest 10% owns only
1.2% of Chile’s wealth compared to the richest 10% who own half that nation’s
wealth (Slack, this volume).
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Similarly, boom—bust cycles need to be studied (Davis, this volume). Botswana
recently found itself at the front end of a boom cycle based on diamond mining,
and needs to learn how to encourage its extractive industry to grow in a steady and
persistent manner (ibid.).

To avoid the Resource Curse and provide positive socio-economic impacts
requires constructive interventions. Clusters in the form of government, company,
and voluntary sector partnerships, such as Chile’s mining clusters that encouraged
growth of small and medium-sized enterprises (SME) are recommended to deepen
governance reforms (McPhail, this volume; also see Singh and Evans, this volume).
Such reforms can be achieved especially where regional or local development agen-
cies engage to co-ordinate economic diversification and poverty reduction, which
could include planning infrastructure development to enable local development
(ibid.).

Reinvestment of government revenues is critical, and Ghana is one example of a
country that has done little to return investment to its mining communities (McPhail,
this volume). This leads to the assertion that if policy-makers adopted the thinking
of nineteenth century American economist Henry George, where land is a public
good whose use should be taxed such that revenues can be recycled via regula-
tory and taxation policy instruments for the public good at local and national lev-
els, then benefits can in fact be derived through mining a non-renewable and at
first sight unsustainable resource (Waye et al., this volume). Ultimately, mining
can be considered sustainable if the derived revenues from mining are collected
and used to promote sustainable objectives at community and national levels, par-
ticularly through regulation and taxation measures that encourage the investment
climate (ibid.).

Government transparency and clear, enforceable regulations would appear to be
paramount requirements if developing countries are to benefit from development of
their natural resources. An improved investment climate for mining can contribute
to better macro-economic policies, and mining was the core of economic recovery
in the four countries studied by the International Council on Mining and Metals
(ICMM) (Tanzania, Peru, Ghana, and Chile; McPhail, this volume). The ICMM
identified six factors that play a critical role in poverty reduction, the most impor-
tant being adequacy and fairness of tax regimes and revenue allocation systems. In
contrast, land use and property rights conflicts, environmental damage, artisanal and
large-scale mining conflict, and mine closure issues can cause or extenuate poverty
(ibid.).

On an environmental or ecological level of analysis, Wagner and Wellmer (this
volume) recommend that the Earth’s carrying-capacity would benefit from a four-
tier hierarchy of resources for political decision-making, especially where future
population growth will require more arable land that in turn will cause more defor-
estation and soil erosion. Four natural resources, water, soil, clean air, and energy
are considered, and the authors identify a principle of vertical substitution: “Lower
value resources should wherever possible replace higher value resources.” The low-
est level 4 represents waste and residues from primary use that can be used in sec-
ondary applications; level 3 identifies bulk raw materials from the Earth (such as
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clay, basalt, and granite), nitrate from the air for fertilizer, and boron, potassium,
rock salt, and magnesium from the sea; level 2 includes other less abundant natural
resources and pure scrap; while the highest level is energy (Wagner and Wellmer,
this volume).

Mineral development has been a force for social transformation, but the “take,
make, consume, waste” paradigm has not been sustainable, both degrading the envi-
ronment and creating a wide gap between rich and poor (Singh and Evans, this
volume). While resource development is neither a de facto curse nor panacea, pro-
duction complexes or “clusters” can help stimulate sustainable economic growth
in the regions and areas where they are based. These clusters can take the form of
groups of industries whose linkages mutually reinforce and enhance their competi-
tive advantage, and which are composed of diverse groups that incorporate primary,
secondary, and supporting industries (ibid.).

Singh and Evans (this volume) define sustainable development as containing
three key propositions: economic growth, environmental stewardship, and CSR.
For clusters to work in developing countries, policy-makers must recognize how
resource-based economies move from a simple extraction mode (in which they
export resources while importing equipment) to a balanced economy that includes
export of associated goods and services, and which is neither import nor export-
dependent (ibid.).

Far from proving to be a resource curse, South Africa’s mining experience
has enabled the country’s economic diversification in which, since 1993, the non-
mineral sector has played a slightly larger role in the country’s GDP (Dane, this
volume). In addition, the 2002 Mineral Resources and Petroleum Development
Act has promoted longer term sustainability (ibid.). Under this legislation, social
and labour plans are required to be developed, and Dane uses the Landau col-
liery for his case study, where poor planning historically has not benefited the
local population. Recent stakeholder engagement between communities, govern-
ments, NGOs, and mining companies, among other private sector players, has
helped transform the mining industry, aligning its socio-economic goals with the
government. Enhancing black empowerment through SMEs and other roll-out to
business hubs should also help sustain the local economy after the mine’s closure in
2025 (ibid.).

O’Faircheallaigh (this volume) identifies nine policy process variables as a pre-
cursor to on-going comparative public policy studies to illustrate how the policy-
making process can guide mining towards a sustainable future. Weak public pol-
icy in Papua New Guinea allowed the OK Tedi copper mine to wreak environ-
mental damage on two local rivers, while colonial treatment by the UK, Australia,
and New Zealand of Pacific island-state Nauru’s phosphate mines did not enhance
that country’s economy prior to its independence in 1968. The Nauru government’s
own policies of investment created an unsustainable wealth once the phosphate ran
out, because no viable internal economy was promoted in the aftermath of inde-
pendence (ibid.). Indeed, it could appear that there is an illusory link between the
practice of policy-making for the minerals and energy industry, and the theoretical
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conversion of natural capital from an unsustainable physical resource into social
capital that provides for long-term livelihoods, and that can subsequently be deemed
sustainable.

Away from the public policy process, greening of the mining supply chain and
processes emphasises the reciprocal causation between change of management atti-
tudes and commitment to re-thinking how they do business in order to be more eco-
efficient. Suppliers need to understand the role they can play in educating and part-
nering with a mine’s management team, thereby often improving the longevity of
a mine’s lifecycle (Guerin, this volume). Greater stakeholder engagement is needed
in developing new sustainable processes as part of an integrated response from
management that will demonstrate a clear commitment to sustainable development.
Management needs to work closely with suppliers to identify new processes and
initiatives, whether for improving air quality, energy efficiency, and materials effi-
ciency, while minimizing waste and improving water efficiency and waste manage-
ment (ibid.). In turn, this should not only reduce costs, but will enable companies to
contribute more to a region’s economic and social fabric (ibid.).

Similarly, mine closure has changed in focus from factors of salvaging and
removing equipment to the whole ecosystem, requiring the consideration of social
and economic issues where governments would be well-advised to publish guide-
lines and regulations (Otto, this volume). Public policy can facilitate best practice
by encouraging good mine design, such as properly engineered tailings dumps that
will prevent costly acid drainage while permitting the future recovery of metals.
Cost estimates for closure and reclamation should be included in mine plans (ibid.).

The voluntary Equator Principles adopted by financial institutions for extractive
and other projects request that their borrowers abide by environmental and other
regulations, and devise decommissioning plans to reduce the negative environmental
and public effects mine closure would otherwise cause. The lesson for jurisdictions
is the need to seek financial assurance for efficient closure and reclamation, whether
through surety bonds, certificates of deposit, trust funds, insurance policy, or simply
depositing cash with the jurisdiction’s Treasurer, to secure against the mine claiming
effective bankruptcy which would prevent the mine from being properly reclaimed
(Otto, this volume).

It can start to be seen how public policy can turn mining into a development
lever (Mazalto, this volume), at least economically. But government effectiveness is
paramount, and intervention primarily rests at the national institutional level, with
informal powers or influence residing at transnational or multilateral levels such as
the OECD, World Bank, and so forth, who help devise CSR policies (ibid.).

The Democratic Republic of Congo demonstrates this point when the World
Bank returned its attention to the country after 2001, the extractive industry hav-
ing abandoned it in the early 1990s (Mazalto, this volume). In this case, respon-
sibility for resolving environmental problems is not so clear-cut: is it the national
government, private sector, or international finance institution that should bear the
responsibility? Congo’s new democratic government implemented a Mining Law at
national level and, to reverse the loss of a country’s environmental resources, the
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United Nations Environment Programme and UN Development Programme estab-
lished a Poverty and Environmental Facility to reduce poverty in a bid to enhance
implementation of the UN’s Millennium Development Goals (ibid.). Arguably,
because the state itself is too weak to enforce its own regulations across the
country—particularly in the North and South Kivu artisanal mining regions, where
commodity price rises for the metal tantalum (coltan; essential to mobile commu-
nications and computers) has been and remains the cause for armed conflict and
human rights atrocities—the development of norms at transnational level benefit the
transnational community (ibid.).

The environmental-development axis is critical because socio-economic devel-
opment requires an environmental input. Not only is sustainable development a
global phenomenon, but it requires some deconstruction in terms of priorities and
the public policy-making decisions required to mitigate externalized social and envi-
ronmental costs. For example, should ecosystems and biodiversity take priority
(Waye et al., this volume) over any other issue?

There can be little doubt that as a wealth resource, mineral resources should
enable growth. Regardless of whether the natural resources are located in a devel-
oped country such as Canada (e.g., having to balance the pros and cons of the envi-
ronmental costs of mining Alberta’s oil sands), or in a Least Developed Country
such as Tanzania, any responsible government should carefully weigh the environ-
mental costs against likely social and economic benefits. Growth for and in itself
may bring only short-term and artificial benefits, especially if they subsequently
exacerbate climate change. One could argue that there are alternatives, for example,
to fossil fuels, but there are no alternatives to water, which may yet become a scarce
resource essential to life due to over-consumption and depletion due to serious cli-
mate change.

In the structural economy, good governance requiring accountability and trans-
parency is required to mediate competing claims for resources historically made
by companies, foreign governments, host governments, financial institutions, and
the local or regional inhabitants. Where national governments are strong enough
to prioritize how to distribute the benefits of their natural resources, transforming
these into social capital, they will need to decide what are the essential compo-
nents of future sustainable development in their region or society. For example, is it
combating malaria, HIV/AIDS, and tuberculosis; advancing education; rolling-out
economic benefits to foster SME growth and create internal markets; infrastructure
development; or adapting to climate change?

In a globalizing society, sustainable development is a global and critical security
issue, where to a greater or lesser degree we are all Tolstoy feeling sorry for the man
carrying us on his back, and wanting to ease his lot by all possible means.

In order to do this, a serious debate about modern and future security needs to
take place in order to harmonize energy and mineral resource security with environ-
mental, human, political, economic, and societal security.

Montréal, Québec, Canada Felix von Geyer
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Introduction

Few people would deny that mined materials are an essential, if not foundational
part of modern economies and civilizations. But in the same way that few meat
eaters like to think of what happens in slaughterhouses, few book readers like to
think of clear-cut forests, and few vegetable eaters like to think of the effects of
fertilizers, pesticides, weed killers, and monoculture on the environment, few of
us, as beneficiaries of the products of mining, like the idea of mining itself. And
indeed it is true that historically, and continuing today in some parts of the world,
the mining industry has been responsible for egregious human rights abuses and
unnecessarily negative environmental impacts. Such malpractices date back at least
to the Romans, who used slave labour in most of their mines and caused severe (if
localized) environmental degradation.

However, the modern mining industry has learned from almost 40 years of envi-
ronmental activism that it can no longer pollute with impunity, and it has found
itself relatively able to respond to these concerns over environmental degradation
by approaching them as engineering problems with scientific solutions. Where the
mining industry has been less successful to date is in regard to the social impacts of
its activities. Social activism, in its modern form, has appeared relatively recently
(within the last 20 or so years), and has focused primarily on the rights of indigenous
people, who commonly find themselves in the path of large-scale mining develop-
ments, often in the more remote parts of the world. Staffed primarily by geologists,
engineers, and accountants, mining companies have struggled to understand and
deal with these “soft” issues, increasingly to their detriment (an increasing num-
ber of mining projects have been halted by social opposition in recent years: for
example, Tambo Grande in Péru, and Esquel in Argentina).

This book aims to explore these broader implications of the mining and minerals
industry, from social, economic, and sustainable development perspectives, with a
view to identifying the most pressing issues, reviewing current best practices, and
proposing ways forward. The book is structured in four parts: (1) the role of min-
ing in developed and developing economies; (2) the role of mining in sustainable
development; (3) mining and the environment; and (4) mining and society.

The authors of the sixteen chapters contained herein are all practitioners or
researchers in these fields, and have all approached their topics with vision and
foresight. My only request to each author prior to writing was to be positivist and

XX1i
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solution-oriented in their thinking, although some topics, such as the parlous state
of mining in the Democratic Republic of the Congo (DRC), leave one hard pressed
for optimism.

The first part of the book looks at mineral resources and economics from a
global perspective. The first three chapters by Philip Crowson, Graham Davis, and
Kathryn McPhail all tackle the “Resource Curse” paradigm, which holds that natural
resource extraction hurts rather than helps build a nation’s economy. Crowson exam-
ines a number of historical examples of mineral booms, and concludes that, while
some did indeed result in impoverishment, others were more positive and provided
the foundation for continued post-mineral growth. Crowson concludes that the key
to a successful outcome depends mainly on institutional factors in the host country,
and especially a government’s control of rent-seeking behaviour.

Davis focuses on the impacts of resource extraction on the poor. Like Crowson,
he finds examples of both positive and negative impacts, but notes that these impacts
commonly relate to national economic trends such as growth spells and recessions.
He finds that the poor fare similarly in extractive as in non-extractive economies
during positive growth spells, in most cases benefiting but in some cases not. Con-
versely, the poor tend to fare badly during periods of negative growth. Thus, the
poor will be disadvantaged in countries afflicted by the Resource Curse, wherein
negative economic growth is caused by poor management of the extractive sector.

Kathryn McPhail describes an initiative undertaken by the International Council
on Mining and Metals (ICMM) to explore the factors that control whether or not
resource-rich developing countries experience the Resource Curse, and to identify
ways in which the mining industry can contribute to poverty reduction at national
and local levels. The study concluded that keys to success were mainly institutional
(as found by Crowson), including improvements in governance, legislative reform,
and fiscal management. However, McPhail notes that industry also has an important
leadership role in promoting these outcomes, especially at regional and local levels.

Keith Slack takes a different viewpoint on resource-based development, and calls
on development planners to explain more clearly how mining will contribute to
national development, and to assess more robustly the industry’s long-term costs
and benefits. He argues that much of what is called “sustainable development” in
relation to mining is a pretense, and while there may be other legitimate reasons for
supporting mine development, raising expectations in terms of sustainability may
not serve the industry’s or a country’s best interests.

Markus Wagner and Fred Wellmer consider natural resources in terms of a hierar-
chy of value and substitutability. Energy resources form the highest tier in this hier-
archy, naturally occurring deposits of raw materials the next, materials in unlimited
abundance such as sand or components that can be derived from air or seawater form
the third level, and waste and residual materials comprise the fourth, lowest level.
The authors advocate conservation of top tier resources and substitution where pos-
sible with materials from lower levels, in order to maximize resource efficiency.
They also argue that resource efficiency should be measured in terms of energy effi-
ciency to reflect the supremacy of energy in the hierarchy of natural resources.
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The second part of the book focuses on mining in relation to sustainable devel-
opment. Gary Ernst continues the theme of the pre-eminence of energy as the key
to human development, and discusses limitations on energy availability and use
in thermodynamic terms. He identifies only nuclear fusion and solar-based energy
(sunlight, but also wind, waves, biofuels) as being effectively unlimited or truly
renewable. However, he warns that it may not be energy supply that ultimately limits
human development, but rather the impacts that our activities have on the biosphere.
Like Wagner and Wellmer, Ernst advocates conservation, resource substitution, and
improved efficiency as the keys to long-term sustainability.

Arianna Waye and coauthors start with the tenet that mining can contribute to
sustainable development if the revenues generated are appropriately invested. They
then examine the effects of various external fiscal and geopolitical parameters on the
willingness of companies to invest in mining activities. A key finding, well known
but rarely acted upon, is that the actual level of taxation is not as important as the
stability of tax regimes in guiding investment decisions. This suggests that more rev-
enue could be generated for sustainable development objectives from the extractive
industries when political, regulatory, and fiscal environments are stable.

Again starting from the principle that natural resources can be the springboard for
sustainable development, Indira Singh and Jim Evans examine the use of industry
“clusters” for maximizing the economic benefits than can be derived from primary
resource industries such as mining, agriculture, and forestry. Key to this concept is
that focused, cluster-based economic activity can develop beyond the primary sec-
tor, and may be sustained even after the original resource has been depleted. This is
the ultimate test of a resource industry’s contribution to sustainable development—
does the benefit survive after mining ceases?

The third part of the book examines the impact of mining on the environment.
As noted above, modern mining companies are quite deeply engaged in improving
their environmental performance, and the first two chapters in this part examine
these trends. The third chapter exposes the problems continuing in other parts of the
world where the environmental revolution has yet to take hold.

Turlough Guerin views the environmental performance of the mining industry
from the perspective of fuel and lubricant supply and handling. Wastage and spillage
of these components are major factors in a mine’s environmental performance, and
Guerin approaches this problem in terms of a petroleum-based hydrocarbon life-
cycle, seeking eco-efficiencies at each stage in the cycle.

Jim Otto examines trends in legislation and practice for mine closure and recla-
mation, and considers the roles of various stakeholders, such as mining companies,
employees, nearby communities, and governments. Standards, certainly in devel-
oped countries, have changed dramatically since the walk-away practices of only
a few decades ago, and today companies talk about “planning for closure” from
the outset, before mining even begins. Some jurisdictions also require bonds to be
posted against future closure and reclamation costs, and Otto examines the pros and
cons of the various methods used to determine the amount of money required to
cover these costs at the end of the mine life.



XXiV Introduction

Marie Mazalto takes us on a visit to the Democratic Republic of the Congo to
examine the state of the environment in this resource-rich country’s mining regions.
The ravages of two decades of civil war and political unrest have gutted the once
world class mining operations of the Copperbelt in the southwest of the country, and
have fuelled terrible violence in the coltan mining areas in the east. Environmental
considerations have been far from the minds of people trying simply to survive under
these conditions, and widespread pollution has resulted. Since the return of relative
peace to the Congo, The World Bank and other international financial institutions
have also returned to the DRC with new tools to improve “good governance”, and
mining investments have recommenced. Mazalto shows that, based on data from an
audit conducted for the Bank, extensive damage has been done to the environment
in these mining regions, which may be next to impossible to repair. Close coop-
eration between donor organizations and the DRC government will be required if
improvements are to be seen in this new phase of resource development.

The final part of the book examines the interplay between mining and society,
at both local and national scales. Turlough Guerin leads this part with a chapter
on stakeholder engagement and eco-efficiency as a means of promoting corporate
responsibility in the minerals sector. Guerin examines several examples of positive
engagement between mine or processing plant operators and local communities that
have resulted in improved efficiencies, for example in water conservation and waste
management. However, he notes that the will to do this must be instilled in senior
management, who must make the pursuit of such opportunities a priority.

Léa-Marie Bowes-Lyon and co-authors have taken a retrospective view of the
socio-economic impacts of mining at two sites in the Canadian High Arctic. The
Polaris and Nanisivik lead-zinc mines both operated over similar 20-year time-spans
and both closed in 2002. Polaris was located at some distance from the nearest com-
munity, Resolute, whereas Nanisivik was located just outside the community of Arc-
tic Bay. Surveys of these mining communities revealed that, while the mines had
contributed to increased incomes and other modest benefits for members of these
communities while in operation, few of these benefits have persisted since mine clo-
sure. As such, this model for mine operations in remote regions has not contributed
to sustainable development at the local scale. Recommendations for improved per-
formance in the future include better community consultation and participation, and
provision of training in business and technical skills that can be transferable to other
economic activities after mining ceases.

Anthony Dane has also examined the socio-economic effects of mining, this time
in relation to an operating coal mine in South Africa. He reports on a study under-
taken by the parent company, Anglo American, using the methodology of ICMM’s
Resource Endowment Initiative, to measure the contribution of the mine to the Mil-
lennium Development Goals and the creation of sustainable communities (post mine
closure). While many successes are reported, Dane notes (like Bowes-Lyon et al.)
that the main areas of deficiency have been in community engagement, as well
as engagement with other stakeholders such as government and non-governmental
organizations, which has led to sub-optimal redistribution of the wealth generated
by mining.
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Ciaran O’Faircheallaigh examines the critical role of public policies and so
of public policy processes in shaping sustainable outcomes from the extractive
resource industries. Poorly developed policies can result in mine failures or unsus-
tainable consequences, whereas well-crafted policies can support social, economic,
cultural, and environmental sustainability. He identifies nine process variables that
are critical to successful policy development and implementation, including stake-
holder engagement in the process, and provision of adequate funding and time. He
argues that radical change is required in existing policy processes if public policies
are to enhance the potential of mining to contribute to sustainable development.

Gavin Hilson and Roy Maconachie close out the book with a critical analysis of
the effectiveness in sub-Saharan Africa of the Extractive Industries Transparency
Initiative (EITI), which was launched in 2002 at the World Summit on Sustainable
Development in Johannesburg. The stated aim of the EITI is to improve economic
development in resource-rich countries through “good governance”, but Hilson and
Maconachie doubt that the EITI on its own can produce the required changes, espe-
cially in relation to reducing corruption and improving resource management.

Thus, this book explores a wide range of issues surrounding the role of min-
ing and minerals in the context of development, sustainable or otherwise. While
several chapters note considerable progress, especially in regard to environmen-
tal performance, improved social outcomes, in particular for indigenous peoples or
impoverished populations, remain largely conceptual, and fully unrealized in parts
of sub-Saharan Africa. The outlook of this book is intended to be positivist, and it
is hoped that the problems identified in each of the chapters will serve as a spur to
the pursuit of solutions, rather than simply as a justification for opposing mining.
Environmental and social activism is a valuable piece of the picture, and is largely
responsible for the dramatic improvements in industry performance over the last
40 years, especially in relation to the environment. But the stick must be balanced
with a carrot, and encouragement is often lacking for those companies who make
real efforts to change. We here offer kudos to those who are making this effort, but
warn that “sustainable development” is not a final destination but a path—there will
always be room for further improvement.

Jeremy P. Richards



Part I
The Role of Mining in Developed and
Developing Economies



The Resource Curse: A Modern Myth?

Phillip Crowson

Is there any thing whereof it may be said, See, this is new? It
hath been already of old time, which was before us.
(Ecclesiastes: Chapter 1, verse 10)

Abstract This chapter concentrates on the economic importance and impact of
mineral development rather than its social and environmental effects. It first exam-
ines statistics on mineral dependency, demonstrating that many commonly used
measures underestimate the contribution of minerals to economic activity. It then
looks at the ways in which the development of mineral wealth can affect resource-
rich countries for good or ill. Some historical examples of mineral development
show that the issues raised today were no less relevant in times past. Changes in
transport and communication technologies, and in the capital intensity of minerals
extraction and processing over the past century and beyond have, however, reduced
the prospects for strong multiplier effects of mining in many host countries. Far
more than in the past, the main economic benefits to host countries are likely to be
through their fiscal receipts and capture of mineral rents. The extent to which those
benefits are realized consequently depends on the nature of their institutions and
governance.

1 Introduction

In recent years a substantial body of literature has examined the impact of mineral
development in resource rich countries. Rather than provide here a long list of ref-
erences on this and later comments, readers are directed to Paul Stevens’ useful sur-
vey of the extensive literature (Stevens 2007a). Commentators are divided between
those who argue with conviction that mineral wealth is a blessing and those who
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4 P. Crowson

maintain with vehemence that its development is an unmitigated curse. These oppos-
ing viewpoints, and especially those that maintain the existence of a resource curse,
a term first coined by Richard Auty in 1993 (see Stevens 2007a), are often a cloak
for more visceral beliefs about the role and desirability of mineral development by
multinational companies to serve global markets. Much of the recent commentary is
concerned with oil and gas rich states rather than with putative hosts for hard-rock
minerals, and the inherent differences between petroleum and non-fuel minerals are
brushed aside. Sudden access to any new source of wealth nonetheless creates prob-
lems for economic management and for social stability, whatever the size of the unit
involved, from an individual through to a nation. In that regard new mineral wealth
is no different from any other apparent windfall.

The debate about the economic impact of mining, like so much else today,
adopts too short a time perspective. This is not to follow Mao Tse-Tung’s belief
that it is too early to ascertain the effects of the French Revolution, but to recognize
that short and medium term impacts may often differ from those that mature
over longer periods. Policy makers and commentators increasingly seek instant
answers and solutions. What matters, however, is not the short term, but how any
potentially adverse economic and social impacts of development are eventually
resolved. In some states, their resolution may be inhibited by underlying political,
social, and ethnic strains and stresses. In those countries the curse is not mineral
wealth but related to far more deep-seated, and often insoluble issues. Many
mineral-rich countries have avoided or minimized any adverse consequences of
natural resource development, both historically and more recently. Other countries
may not, however, be able or willing to copy them.

2 The Importance of Mining

2.1 The Nature of Mining as an Economic Activity

The main distinguishing features of mining are its dependence on depleting natural
resources, and, in some instances, its scale relative to the host economy. Extrac-
tive industries also differ from others in the importance of economic rent in their
value added. Unless manufacturing and service industries enjoy a unique competi-
tive advantage such as a tariff barrier or patent protection, their economic rents are
gradually competed away. The relative costs of production of the mining industry
are dictated not so much by the costs of labour and intermediate goods and ser-
vices used, as by the characteristics of the underlying resources. Those persist over
the life of a project, although potential economic rent can be enhanced by skilful
management, or whittled away through mismanagement. A marginal project whose
production costs, including the opportunity cost of its capital, equal its revenues,
earns no rent.

Most attention is focused on the development of major export-oriented mines
by multinational companies, but by no means all mining and minerals investments



The Resource Curse: A Modern Myth? 5

are of that nature. Construction materials and industrial minerals of all types are
mined, often by domestic companies for local or regional markets, and there is a
large artisanal mining sector in many countries. Much foreign investment is in gold
mining, whose economics differ in many respects from those of the major metals,
even if its potential impacts do not.

Mining is an important contributor to economic activity in many countries, both
developed and developing, although the measures of its importance that are most
widely used tend to understate its role. Most econometric analysis of the relationship
between minerals extraction and economic development (e.g., Sachs and Warner
1995, 1997a, b; World Bank 2002; Collier and Goderis 2007a, b) has concentrated
on export data and on readily available price series. One frequently used source
in such econometric analysis is the World Bank’s publication, World Development
Indicators (World Bank 2007), which shows annual exports of ores and metals as
percentages of total merchandise exports. The coverage of the World Bank’s series
is relatively narrow. It embraces just Section 27 (crude fertilizers, minerals not else-
where specified), Section 28 (metalliferous ores, scrap), and Section 68 (non-ferrous
metals) of the Standard International Trade Classification. It omits coal, precious
stones, and gold (but not gold ores and concentrates), as well as the first-stage prod-
ucts of mining, such as inorganic chemicals (which include some primary products
like alumina), manufactured fertilizers, coke, cement, and some construction mate-
rials. Paradoxically iron and steel are not included, whereas non-ferrous metals and
their semi-fabricated products are. Non-ferrous waste and scrap, which arise mainly
in consuming countries, are included. The narrow coverage of the data used nat-
urally influences the analyses, probably introducing a bias against picking up any
potential benefits of mining.

2.2 Mineral Exports

Table 1 shows the size and composition of mineral exports, much more broadly
defined, from a wide range of countries, developed as well as developing. Every-
thing covered in the World Bank’s definition is included as well as the other minerals
and their first stage products mentioned in the previous paragraph, except that both
ferrous and non-ferrous waste and scrap are excluded. The precise definitions are
shown below the table. Iron and steel are not included, although their raw materials
are. Developing countries are included where their mineral exports exceeded $20
million in 2004 and data are available. Lack of data from 1978 onwards, notwith-
standing the attention paid to its mining sector by the World Bank and other inter-
national agencies, explains the omission of the Democratic Republic of the Congo.
The broad coverage throws up a few apparent oddities, such as India’s large export
of precious stones, based on its gem cutting industry, and Trinidad and Tobago’s
exports of inorganic chemicals.

Table 1 brings out the importance of precious metals and gemstones for many
developing countries. They accounted for one fifth of the $304 billion of exports



P. Crowson

€0S 0 0 € 0 0 IS 8T (200T) voUIMDH
€S T 0 6 91 4! 0 0 pRWAEND
90L‘1 L1 0 8 € 9 8 0 EREEHS)
YLI I 0 L 0 14 1 LL vURYD
91 4 0 0 0 0 L6 0 uoqen
876°C 01 0 v v €9 0 € pueurg
LT 8¢ 0 6T ! 6 0 4 (1002)
oﬂn_smvm GMOMEMEOQ
LS 1T L LE I I 9 (£00T) 21MOAL,P 910D
988°C 9 I I 14 0 ¥T RIQUO[0D
€LY'6T €1 ¥ S 6C 4 L (uemrte], our) pury)
89T°LT 0 0 I 9¢ LE € Slittie}
€L 0 0 I 0 99 0 € (S002)
Qom UedL]Y [enjua)
€60°9T S 9 9 € 6 1§72 ! 61 L die}
v 0 0 0 0 0 0 I 66 Tpuning
STTT 9 I € € 9 8L € 0 eLesng
¥18°01 01 0 v % I < €S S zexg
¥8T°T 0 0 I 4 0 0 S €6 (1007) vruEMSIOg
99¢ I 0 14 14 0 ST T LT vIarog
981°1 81 I 4 ¥ € 4 0 0 snrefg
878°I€ 0 I I I 0 81 €€ v1 elEnSNY
(454 0 0 0 0 0 S 0 6 BIuouLY
¥S8°1 9 I 6 4 S 54 6t 8 BUNUISIY
8TT 0 0 6 I 14 0 0 BLIDS[Y
EOSEE m@uzuommzﬁma mdﬁOE S$3JeI]UadU0I SaU0]s
$ @0, [BISUIIA SNOLIDJ-UON pue  pue s[elow
SQIO OI[[RIdN SNOTOAIJ
an[eA $110d X9 [RIOUTW [B)0) JO SOTRIUADIOG Anuno)

$00g ut suodxa erourr jo uonrsodwos ofejuedrad pue 9zis 9y, | IqeL



10T 8y 0 6 ¥1 0 9 T uewQ
TIE9 I 0 01 9 0 0 € KemIoN
SI1 0 0 0 I 0 86 [ (€007) 103IN
0S I 0 ¥ € 0 0 engeIedIN
688 € 0 I € 0 I pue[eaZ MON
20€ 0 0 0 0 0 001 BIUOP3[ED) MAN
L9T € 0 0 9 0 81 (£007) erquuieN
L9€ 0 0 0 0 0 I anbiquiezoy
868°1 4 0 6¢ € Sy € 00010\
€8¢ 0 € 0 ¥ 0 49 eI[OSUOIN
910t 1T 0 11 L 0 S1 03N
9 € 0 ¥ 4 91 0 snguney
(434 0 0 0 0 0 0 (1002) e
ovsT P1 0 01 € 8 I vISAR[EIN
8¢ I 0 [ 0 ST JeosesepeN
69 LS 4 S I I BIUOPAJBIA
(543 9 0 I 0 0 ue)szZASAIy
91 < 0 ¥ 0 0 eAUSYy
SLv'E 0 8 11 I 0T uB)sSyyezey
698 S 0 Ll L9 0 uepiof
8IL 0 0 I 0 66 (Z007) BoTEUIER(
736 61 L 9 I 0S pueaig
8TT'8 14 e € I (43 vISOUOpU]
SOI°LI ¥ 0 4 0 (4 eIpu|
LIT 0 0 0 0 4! rueAny
UOI[IW  SaInjornuew $91eNUAOUO0D
$ e, [eISUIA pue
SAI0 OI[[eIIN
an[eA s110dX9 [RIQUIW [)0) JO SATLIUADI] Anuno)

The Resource Curse: A Modern Myth?

(ponunuod) T dqeL,



P. Crowson

¥76°C 6t 0 ¢ 1 [ €T L € Aoy,
L16 1 0 43 € 0S I 4 I eIsiun,
LYOT 4 0 88 0 01 0 0 0 03eqQ], pue pepruLy,
Syl L9 0 0 0 €€ 0 0 0 o030,
1TLT vT 0 S 11 I 0T 0 6¢ pueprey],
879 0 0 0 0 0 4 0 L6 BIUBZUB],
86€ 0 0 0 0 0 6 0 9 (0007 uBIsTIeL,
89L°C 01 I 9 € 4 8% @ 6 uspamg
ove 0 0 [ 0 0 0 66 0 (1007) dweulng
8t 0 0 0 0 0 0 4 86 uepng
2012 9 0 T 4 0 e 4 S eyuR LS
LSE8 6t 4 9 6 v 9 4 4 uredg
EISHI 4 L1 S 4 I 91 01 14 BOLY (INOS
0Ly 1 I ¥ I € LL 4 0  OISQUIUOIN puE BIQIOS
K43 6 0 9 6 T [ 0 0 [eSoueg
68€°1 P1 0 1T € €¢ 1 4 91 evIquly Ipnes
T58°0C 4 91 S I ! IS € 3 UONEIOPI URISSIY
670°1 9 I 01 4 ST Ly 6 0 BluBWOY
PSET 6¢ 0 S 9 S €T <1 L [eSmiog
1LE9 01 9% S 4 S 0€ I S puejod
€L6 6 0 € € L 19 8 6 sourddiiyq
10T°L I 0 I 0 0 8T 43 8¢ niad
061°1 0 0 0 0 0 0 €¢ 99 (€002)
Baumo MaN ﬂsmm&
48! 8t 4 S 1 ) € 61 € uelsnfed
UOI[IW  SaInjornuew ) (o5} STeITIIdYO STeIour SISZINIo] STelouW  $ILNUIOUOD Naliwly
$ e, [eISUIA pue [eoD orueg3iouy apni) SNOLIDJ-UON pue pue s{ejow
SAI0 OI[[eIIN SNOTOAIJ
an[eA s110dX9 [RIQUIW [)0) JO SATLIUADI] Anuno)

AUQSGﬁGOOV 1 31qeL



The Resource Curse: A Modern Myth?

“19)SayouR|A JO ANs1oAtun) (SYINIIN) ‘Teuoneurdu] SASH ‘200¢ dunf ‘@seqele(] UOWWO)) SUONIEN PAJIU() ‘SUONBN PAIIU[) :90IN0S

‘pay1oads a1oymas|a j0u

SAINOBJNURW [RISUIIA ‘€99 $S[BLIDJRW UONONNSUOD ‘KI0JORIJAI ‘AB[D) ‘799 ‘S[BLIDJEUW UOIONISUOD ‘JUAWD ‘QWIT ‘J99—¢ AY D' LTS :Smonfnunui [nidurpy
"U0QqIed 110J9Y ‘NOI-TWIAS ‘90D ‘€7¢ 1ead ‘MUIIT ‘sanonbrg ‘zz¢ (parerowo[33e J0u ‘[eo)) ‘[7e—¢ A D'L'T'S :2Y02 puv [po)

*SpIok JIUB3IoUl ‘SI[es JI[[BIDA ‘7S SIUDW[D [BIIWAYD OIUBSIOU] ‘T7G—¢ ADY D' LTS :S[po1uayd o1unsiouf

‘STRIOUIW SPILID

PYIO ‘§LT PaYIoads 210yMas[ 10U SAISRIQR [eInIeN /.7 ‘saiuAd uoar pajseorun ‘inyding 4/ 7 [9ARIS pue pues ‘Quol§ ‘c/7—¢ AY D LTS :SpLautut apni))
*SIQZI[NIQY PAINJORINURIA “7OG -OPNID ‘SIAZI[NID] “CLT—E€ A D' LTS :S4221]11.42,]

‘S[BIOW JSBQ SNOLIQJ-UOU SNOJUB[[IISIA ‘689 ULL, </ 89 OUIZ ‘989 :PBIT ‘GQY ‘WNIUIWN]Y ‘489 {[AIIN ‘€89 10dd0D) ‘7T89—¢ A D' LTS :SPI1dtu SNOLIDJ-UON
*S[BIOW ASBQ ‘SIIRIUIOUO0D VIO /8T +*919 ‘SAI0 WINLIOY) ‘WINTURI) ‘QQT *01d JRNUIIUOD ‘AI0

WNIUTWN[Y G/ {SAIBNUIIUOD ‘SAIO0 [IIN ‘H]7 SABNUOU0D ‘5310 Joddo)) ‘€87 SIBNUIUOD PUB 910 UOI] ‘[§7—¢ AN D' L'T'S :S2ID4JUIIUO0I PUD S240 J1J[DId
'$9I10 JUIPN[OX? ‘AIejoUOW-uou ‘pron ‘1,6 ‘dnoid wnunerd oy Jo s[ejow Ioyjo pue

wnune[d IOAJIS ‘189 :Sau0Is sno1a1d pue s[RI /99 {SJBNUIIUOD PUB SAIO [BIdW SN0 ‘687—(2970E 2POD N) € A D'L'T'S :52U0ISs pun s|piaut Snodaidd

[suonIuyo (g
S00v0€ L cl L € S 6¢ 91 0¢ S[BI0L
¢S € 9 ! I [ [43 (% L amqequiltz
8¢€L I 0 0 I 4 98 ¥ 4 elquez
LT91 8 6 L ! S 8¢ 8 4 B[oNZUIA
068°LE L L I S 8 6l S 8¢ SejelS payuf)
188°€ ¥ €C 4! 9 6l I €C 0 aurenin
99 € 0 0 (4 I 0 0 €6 epues)
UOI[[TW  SAINJOBJNUB 0o S[eOTWAYO S[eIoUTW SIOZIIMI] S[elOW  SOJEIIUIIUOD Sou0)s
¢ reloL, [eIoUIA pue [eo) oruediouy opn1) SNOLIDJ-UON pue  pue s[ejouwl
SI0 JI[[BIA snoroald
ERTN s310dxo [eIUIW [)0) JO SOTRIUADI] Anuno)

(Ponunuoo) T dYqel,



10 P. Crowson

covered in the table, with gold and gemstones, including diamonds, making up just
over four fifths of their share. Inorganic chemicals, which include alumina, are also
important in some African countries, like Senegal and Guinea. The United States,
Australia, China, Canada, and the Russian Federation are easily the largest global
exporters of mineral products, collectively supplying 48% of the total covered.

2.3 The Shares of Minerals in Total Exports

When considering the impact of mining on an economy the shares of minerals in
total exports are more relevant than their absolute scale. Table 2 compares the shares
of minerals broadly as defined in Table 1, with the World Bank’s more narrowly

Table 2 Comparisons of percentage shares of minerals in total exports in 2000

Minerals and products (%)* Ores and metals (%)®
Africa
Botswana 92.5 7.0
Central African Rep. 355 7.6
Egypt 8.6 3.9
Ghana 61.7 18.8
Madagascar 39 1.8
Morocco 19.8 8.8
Namibia 52.0 11.1
Niger 324 27.7
Senegal 12.9 4.8
South Africa 22.2 9.4
Tanzania 26.9 0.5
Togo® 21.5 25.5
Tunisia 11.4 1.5
Zambia® 59.2 62.3
Zimbabwe 13.4 11.0
Americas
Bolivia 349 24.6
Brazil 12.8 9.8
Canada 6.9 4.4
Colombia 9.6 0.7
Guyana 44.1 20.7
Jamaica 58.4 4.0
Nicaragua 3.8 0.4
Peru 49.5 39.3
Suriname 75.3 0.1
Trinidad and Tobago 10.5 0.2
United States 44 1.9
Asia
China 4.7 1.9
India 20.0 2.8
Indonesia 8.3 4.9

Israel 34.7 1.3
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Table 2 (continued)

Minerals and products (%)* Ores and metals (%)°

Kazakhstan 22.9 18.2
Lebanon 23.0 7.4
Turkey 4.8 2.6
Australasia

Australia 334 17.5
Papua New Guinea 58.9 51.3
Europe

Czech Republic 4.7 2.0
Greece 11.1 7.2
Italy 4.4 1.4
Poland 9.7 5.0
Russia 11.9 9.3
Spain 5.0 22
Switzerland 8.6 5.7
Ukraine 16.8 12.0
United Kingdom 5.3 2.4

4 As defined in Table 3.

5 World Bank data.

¢ The higher shares given by the narrower World Bank data are not entirely clear. A partial
reason is that they include non-ferrous waste and scrap whereas those are excluded from
the broader definition.

Sources: Table 3 and World Bank, World Development Indicators (WDI), April 2007,
ESDS International, (MIMAS), University of Manchester.

defined figures for the shares of ores and metals in total exports in 2000 for those
countries where there are more than two percentage points difference. In nearly all
instances the shares given by the World Bank are lower, in some cases substan-
tially, because of the wider definition of minerals and products used in Table 1.
The major differences between the two columns for countries like, for example,
Botswana, the Central African Republic, Ghana, Namibia, and Tanzania reflect the
narrower coverage of the World Bank’s data, and above all its exclusion of exports of
gold and diamonds. These large differences for many African countries suggest that
the general use of the World Bank’s data for econometric analysis of the relation-
ships between mineral dependency and economic performance may indeed vitiate
the validity of the results obtained. It would be necessary to show that exports of
gold, diamonds, and other mineral products excluded from the World Bank’s esti-
mates have moved in step with, and are subject to exactly the same influences as the
products that are included before any satisfactory conclusions could be drawn from
analyses based on the World Bank’s data alone. The use of readily available figures
is seldom an adequate substitute for careful interpretation and understanding of the
basic data.

Minerals, broadly defined, accounted for over 50% of total exports for eight of
the countries for which export data were available, including some not shown in
Table 2 but listed in Table 3. Five of these were in Africa. There were fourteen



12 P. Crowson

Table 3 Percentage shares of mineral exports in gross domestic product and total exports, 1970
and 2000

GDP (1970) GDP (2000)  Exports (1970)  Exports (2000)

Africa

Algeria 0.5 0.3 24 ——
Angola - —— 1.8 -
Botswana - 40.1 - 92.5
Cameroon 2.1 1.1 10.7 6.1
Central African Republic 6.7 6 41.1 355
Congo 2.1 —— 18.3 -
Cote d’Ivoire 0.4 0.4 1.1 1.1
Congo DR 12.7 —— - -
Egypt 0.1 0.4 1.4 8.6
Gabon 5.1 0.9 11.5 1.7
Ghana 2.5 16.3 11.9 61.7
Guinea —— 13.6 —— 63.6
Kenya - 0.7 —— 4.9
Liberia 44.9 —— 73.2 ——
Madagascar 0.7 0.8 5.1 39
Morocco 4.1 4.4 33.6 19.8
Mozambique —— 1.6 - 17.1
Namibia —— 20.1 —— 52
Niger 0 5.1 0.2 324
Nigeria 0.4 0 4 0
Senegal 2.1 2.7 11.7 12.9
South Africa —— 5 —— 22.2
Tanzania —— 2 - 26.9
Togo 5.7 5.9 26.3 21.5
Tunisia 3.6 3.4 28.2 114
Zambia 54.9 12.2 98.1 59.2
Zimbabwe - 35 - 13.4
Americas

Argentina 0 0.4 0.6 4.5
Bolivia 15.4 5.1 97.7 349
Brazil 0.7 1.2 10.5 12.8
Canada 4.2 2.7 21.4 6.9
Chile 12.2 11.7 87.6 45.7
Colombia 0.2 1.5 2.1 9.6
Guatemala 0.1 0.3 0.6 1.9
Guyana 26.5 31 52.5 44.1
Honduras 1.4 1.1 5.5 4.9
Jamaica — 9.4 - 58.4
Mexico 0.7 0.5 17 1.9
Nicaragua 0.9 0.6 39 3.8
Peru 7 6.5 48.4 49.5

Suriname —— 42.6 —— 75.3
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Table 3 (continued)

GDP (1970)  GDP (2000)  Exports (1970)  Exports (2000)

Trinidad and Tobago 32 55 5.5 10.5
United States 0.3 0.3 8.2 4.4
Venezuela 1.5 1.3 6.2 4.7
Asia

China —_— 1 —— 4.7
India 0.5 1.8 14.6 20
Indonesia 1.2 3.3 10.8 8.3
Iran 0.1 0.1 0.1
Israel 5.6 94 38.6 34.7
Japan 0.3 0.2 2.9 2.3
Jordan 1.2 2.8 22.1 12.6
Kazakhstan —— 11.1 —_ 229
Korea S 0.7 0.9 7.4 2.6
Lebanon —— 1 13.7 23
Malaysia 9 1.8 22.8 1.6
Oman —— 0.7 —_ 1.2
Philippines 33 1.1 21.5 2.1
Singapore 1.4 2.2 1.7 1.5
Thailand 1.6 1.7 15.8 3
Turkey 0.3 0.7 9.2 4.8
Australasia

Australia 3 5.3 28 33.4
New Caledonia —— 8.1 —— 36
New Zealand 0.1 1.4 0.7 54
Papua New Guinea - 353 —— 58.9
Europe

Cyprus - 0.5 —— 44
Czech Republic —— 2.4 —— 4.7
Finland 0.8 1.6 4.1 4.3
France 0.6 0.6 5.2 2.6
Germany - 1.1 9.1 3.7
Greece 0.9 1 17.1 11.1
Iceland 4 4.2 14.2 19.1
Ireland 1.7 1.1 6.4 14
Italy 0.5 1 4.2 4.4
Netherlands 1.7 1.5 4.8 2.7
Norway 10.8 2.4 56.2 6.5
Poland —_ 1.8 —_— 9.7
Portugal 1.2 0.8 9.9 3.7
Russia —_ 4.8 —_— 11.9

Spain 0.4 1 7.4 5
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Table 3 (continued)

GDP (1970) GDP (2000) Exports (1970) Exports (2000)

Sweden 2.1 1.1 10.6 2.9
Switzerland 1 2.6 4.2 8.6
Ukraine — 7.8 9.7 16.8
United Kingdom 1.5 1 —— 53
Yugoslavia - —— 15.6 ——

Total exports from the IMF series of total merchandise exports f.o.b (UN Code 6190), GDP
from the World Bank, Mineral exports are here defined as SITC 2 (UN Code 30264)—271
Fertilizers, crude; 273 Stone, sand and gravel; 274 Sulphur and unroasted iron pyrites, 277
Natural abrasives, not elsewhere specified, 278 Other crude minerals, 281 Iron ore and concen-
trates, 286 Ores and concentrates of uranium and thorium, 287 Ores and concentrates of base
metals, not elsewhere specified, Ores and concentrates of precious metals, waste, scrap, 661
Lime, cement, and fabricated construction materials, 662 Clay and refractory construction mate-
rials, 663 Mineral manufactures, not elsewhere specified, 667 Pearl, precious and semi-precious
stones, unworked or worked, 322 Coal, lignite and peat, 323 Briquettes; coke and semi-coke;
lignite or peat; retort carbon, 522 Inorganic chemical elements, oxides and halogen salts, 523
Other inorganic chemicals; compounds of precious metals, 562 Fertilizers, manufactured, 681
Silver, platinum and other metals of the platinum group, 682 Copper, 683 Nickel, 684 Alu-
minium, 685 Lead, 686 Zinc, 687 Tin, 688 Uranium depleted in U235, thorium, and alloys, not
elsewhere specified; waste and scrap, 689 Miscellaneous non-ferrous base metals, employed in
metallurgy, 971 Gold, non-monetary (excluding gold ores and concentrates).

Sources: United Nations, United Nations Common Database, June 2007, ESDS International,
(MIMAS), University of Manchester; World Bank, World Development Indicators (WDI), April
2007, ESDS International, (MIMAS), University of Manchester.

countries where minerals accounted for between 20 and 50% of total exports, and
twelve whose minerals made up between 10 and 20% of the total. In another eleven,
minerals provided between 5 and 10% of total merchandise exports. Australia was
the only developed country whose mineral industries provided more than 20% of
total exports. Increases in prices and volumes since 2000 have raised the shares of
minerals in the total exports of many countries.

2.4 Mineral Exports and Gross Domestic Product

Table 3 shows the shares in 1970 and 2000 for a different range of countries, together
with the shares of mineral exports in Gross Domestic Product (GDP). Where coun-
tries lack substantial downstream industries supplied by domestic minerals indus-
tries, the latter shares are a reasonable approximation to the overall importance of
mining in the domestic economy. Elsewhere they understate the mineral sector’s
importance. Dashes denote gaps in the underlying sources of data.
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Fig 2 Mineral exports as shares of total exports, 1970 and 2005 (data from Table 3)

2.5 Changes in Export Shares

The share of minerals in total exports fell in more countries than it increased
between 1970 and 2000, as brought out more clearly in Fig 1. In some instances
the fall in export share was dramatic.

The data for exports in 2005, when prices were generally much higher than in
2000, are still incomplete, but enough are available to show that the drop in share
was not just a consequence of unduly depressed prices in 2000. Certainly, the bal-
ance between countries with falling and rising shares between 1970 and 2005, illus-
trated in Fig 2, is more even than for the shorter period, but there were still some
pronounced declines over the period.
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Fig 3 Shares of mineral exports in GDP and total exports in 2000 (data from Table 3)

2.6 Shares of Exports and Gross Domestic Product

As Fig 3 demonstrates for 2000, the share of minerals in exports is only an approxi-
mation to the share of mineral exports in GDP. The latter is a more precise measure
of dependence on minerals.

In two countries, Botswana and Suriname, mineral exports accounted for over
40% of GDP in 2000, and a further three countries had mineral exports accounting
for between 20 and 40% of GDP. They made up between 10 and 20% of GDP in
another five, and in twelve they provided between 5 and 10%.

Changes in the share of minerals both in total exports and in Gross Domestic
Product partly reflect shifts in the prices of mineral products relative to other prices,
but they also mirror changes in volumes. The volatility of mineral exports is illus-
trated by changes in their share of the gross domestic product of three Latin Ameri-
can countries, as given in Fig 4.

2.7 Mineral Dependency and the Growth of GDP

The relationship between mineral dependency and the growth of GDP lies at the
heart of much of the debate about the economic benefits and costs of mining. Cross
sectional econometric analysis (e.g., Sachs and Warner 1995, 1997a, b) has demon-
strated an inverse correlation between resource dependency, usually measured by the
share of resource-based products in exports, and the growth of per capita incomes.
Without gainsaying the validity of that analysis for the data used and periods cov-
ered, Fig 5 shows no inverse correlation between the share of mineral exports in
GDP in 2000 and the annual average rates of growth of GDP between 1990 and
2005 for the countries included in Table 3. These include many, but not all of the
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fast growing economies with low mineral dependency, but adding countries with few
or no mineral exports would probably not materially alter the results for this period.
Clearly, much depends on the period used for analysis, and many of the analyses
were made in the mid to late 1990s when mineral markets were weak and the prices
of many mineral products were apparently on a long-term downward trend.
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3 The Impact of Mineral Development

Mining is an economic activity competing for land, labour, and capital with all other
forms of economic activity.! Its contribution to a country’s economic welfare—its
value added—is intrinsically no different from that of any other productive industry,
including service industries. In many mining ventures, and especially in those devel-
oped by multinational companies, that value added may be created largely through
exports outside the host country. Dependence on foreign markets may raise some
policy issues for host countries, but it does not, in itself, affect the economic con-
tribution of mining. That is partly determined by the disposition of the value added
between all the actors involved, whether domestic or foreign, private sector or gov-
ernmental. The nature and extent of the linkages formed with other sectors of the
economy, whether as a user of goods and services or as a supplier to downstream
industries, also help determine the economic impact of mining on the economy.

3.1 Economic Impact

Especially in small developing countries, there may be limited scope for purchas-
ing intermediate goods and services within the country. Supplies of all types will
be sourced overseas so that multiplier effects from their purchase on local incomes
and employment will be minimal. The chances of local purchases will increase the
longer established the operation becomes, and they will also rise with the number
of projects. Particularly in its early stages, much of a project’s value added may
also be remitted overseas in the form of interest payments and dividends to share-
holders. Many of the employees may be expatriates, and a large part of their wages
and salaries will be saved abroad or spent on imports. That means that the main
economic benefits will accrue to the host nation through tax receipts. Those benefits
will be slow to appear where accelerated depreciation and other forms of tax holiday
are allowed, as they are in many countries.

In practice this presents far too narrow a view of the economic impact of very
many extractive industry developments. Most become integrated to varying degrees
with the local economy. Particularly during the construction stages of projects, but
also once they are fully operational, local labour will be employed. The indigenous
workers’ incomes will be spent primarily on local goods and services, giving rise to
wider effects through income and employment multipliers. Large projects will nor-
mally require substantial infrastructure, such as power supplies, transport networks,
ports, and facilities for their employees and their families that will also benefit the
local economy. Most investors will aim to source goods and services locally, as long
as they are cost-competitive. Local workers will be trained in necessary skills, par-
ticularly in maintenance trades, and some will transfer their newly acquired skills
elsewhere in the economy. Labour turnover is often fairly high in consequence.

IThis section is based on part of a monograph, Crowson (2007): Crowson, Phillip, Adding Public
Value: The Limits of Corporate Responsibility, Oxford Policy Institute, April 2007 (www.opi.org).
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3.2 Local Impacts

Apart from their contributions to national incomes and tax revenues, the main
impacts of extractive industry projects are at the local level. Mining is usually an
irreversible use of land, particularly where extraction is from open-pit rather than
underground mines. Aside from the mine itself, there are waste dumps and tail-
ings ponds. Large volumes of water are normally required for processing. Air and
water quality can suffer from waste emissions unless these are properly controlled,
and noise may also be a problem for any local community. Fragile ecosystems
and existing social structures may be disrupted by extractive industry operations.
These potential concerns can be overcome or mitigated by careful and sympathetic
management, but that is not always forthcoming. Local communities may welcome
the opportunities for employment and increased wealth offered by mineral devel-
opment, regardless of any environmental costs. Nonetheless, tensions inevitably
develop in many cases between the local communities who bear the social and
environmental costs, and national governments who secure the economic and fis-
cal benefits. The investors often find themselves at the centre of these tensions.

3.3 Realisation Versus Potential

That the extractive industries potentially create wealth does not necessarily mean
either that the potential will be realised, or that when it is it will be used wisely
or well. Nor does it mean that the potential will be harnessed by the host country
rather than leak overseas. Where investments are made by foreign companies, some
leakages abroad of loan repayments, interest, dividends, and salaries of expatriate
staff are inevitable. Those are not inconsistent with the host country maximizing its
share of a project’s economic rents as opposed to its value added.

3.4 The Construction Phase

Even during their construction phase, large projects raise issues for national eco-
nomic management. The influx of capital and the associated consumer spending
boost demands for goods and services that may not be locally available in sufficient
quantities. In consequence, both imports of consumer goods and price inflation will
tend to rise, especially where the capital expenditure is large relative to the national
economy. Whereas unskilled workers may be recruited from the ranks of the under-
or unemployed, skilled and semi-skilled labour will be attracted from existing indus-
tries, probably forcing up wage rates in the locality. Established industries will have
to raise their own wage rates to compete or lose workers. This will reinforce any
inflationary tendencies.

Typically, far more workers are required during the construction of large projects,
and especially of major mining projects with their associated infrastructure, than
during their subsequent operation. Thus, much of the surge in demand for labour
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will be temporary, with the excess labour released once the construction is finished.
If there is a large increase in unemployment relative to demand for labour elsewhere
in the economy, real wages will tend to fall back, with the burden of the fall prob-
ably borne by the less skilled. One side effect might be a rise in wage differentials
between the skilled workers who are still in demand, and the less skilled who are in
over-supply. These possible impacts can lead to difficult re-adjustments for the local
economy, even when it has always been known that the needs for labour would be
transitory.

3.5 The Operating Phase

When resource projects move into their operating phase, the geographical balance
of costs and benefits within the host country will remain uneven. Local interests
will naturally press for most of the benefit to accrue locally in the form of increased
public expenditure in order to offset any environmental or social costs. Yet govern-
ments have to act in the wider public interest, which may require a very different
geographical pattern of spending. National priorities may sharply conflict with local
interests, but those may have to be appeased in order to preserve the income-earning
potential of the resource project.

3.6 Dutch Disease

Once a project is fully operating, there will be a sharp rise in national exports and
value added. The immediate impact will fall on the trade account, which will tend to
move into surplus. Unless that is offset by appropriate national economic manage-
ment, the exchange rate will appreciate. This may cause problems for pre-existing
industries, which will be made less competitive against imports and in export mar-
kets. The rise in the exchange rate will reinforce any reductions in competitiveness
caused by rising wages and other domestic costs associated with the project’s con-
struction and operation. The co-existence of rampant export earnings from newly
established resource projects with declining competitiveness and reduced activity in
pre-existing industrial sectors is typified as the “Dutch disease”, after the example
of the Netherlands coping with its newly established natural gas industry in the early
1960s. It is a sudden, sharp, sustained rise in net overseas earnings (a rise in exports
or a fall in imports) that triggers any structural imbalance in an economy, rather than
the development of natural resources per se. It is not an inevitable consequence of
natural resources investment, but it is always a risk, even in broadly based mature
economies, let alone in low-income developing nations. The main symptoms of the
disease, an appreciating exchange rate and a decline in traditional industries, can be
alleviated or even offset by appropriate national economic management, but that is
not always forthcoming.
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3.7 Volatility

It is not just the “lumpiness” and large size of natural resource projects that compli-
cate economic policy and management in resource-based economies. The earnings
from most minerals also tend to be volatile and unpredictable. Non-fuel minerals
production is rarely integrated with downstream facilities overseas, so that sales
volume is not guaranteed. The volume of demand for most products, although not
for gold, fluctuates with business activity or personal incomes in the economies of
the consuming nations. Where the products involved are commodities traded on ter-
minal markets, like the major base and precious metals, prices fluctuate even more
widely than demand. The annual average price of copper, for example, rose over
fourfold between 2002 and 2006, and the swing from trough to peak was much
greater. From the host country’s viewpoint, the main impact of volatile earnings
will be on tax revenues. In non-fuel mining, a common fiscal system combines a
relatively low (typically up to 3%) royalty on turnover, with some form of income
or profits tax. The latter may sometimes allow for elevated rates of tax on “super”
or “abnormal” profits. In years of weak prices, the tax receipts may be confined to
the royalty element, which will itself be depressed by the level of prices. By con-
trast fiscal receipts can burgeon in the boom years, subject to the existence of tax
holidays and accelerated depreciation.

3.8 Alternatives?

Many resource-based developing countries may have no realistic alternative to
exploiting their mineral wealth as a means of improving their living standards. They
may have a variety of possible disadvantages, such as small rural populations, little
viable agricultural land, adverse climatic conditions, geographical isolation, or rudi-
mentary transport links to major markets. Eco-tourism, which might in some areas
be regarded as a possible substitute for the extraction of petroleum, gas, or minerals,
is unlikely to yield the same economic potential. It may in any case be inhibited
by some of the same factors that prevent competitive manufacturing, as well as by
institutional issues.

3.9 Governance

Neither the volatility of commodity earnings and tax revenues, nor the possible
emergence of structural imbalances militates against the wealth creating potential
of resources extraction and primary processing. Any correlation between resource
dependence and sluggish economic performance does not necessarily indicate
causality. Many of the factors that inhibit broad-based economic development may
also contribute to weak governance. This is the major reason for the “resource
curse”, that is, for many resource-based developing countries failing to benefit
from the development of their mineral resources (Stevens 2007a, b). To argue
that any potentially adverse economic impact of large natural resource projects on
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developing host countries could be offset or circumvented by appropriate govern-
ment policies presupposes the existence of effective institutions and competent gov-
ernments. Yet these are seriously lacking in many countries, and these are often the
same countries that are resource dependent.

The term “weak governance” embraces a wide range of political, social, and
institutional failings. In essence the administrative and legal systems are too weak
to check and control the activities of powerful interest groups. In some instances the
institutions of government are dominated by one or more groups to serve their own
objectives. That is more common in autocracies than in democracies, but it is not an
automatic consequence of autocratic government. Some democracies may be even
worse governed than dictatorships, because their governments may pander unduly
to sections of their electorates, and be less able to limit rent-seeking.

3.10 Property Rights

Many of the issues that arise concern the extent and ill-defined nature of prop-
erty rights in many developing host nations. In the developed mineral-rich coun-
tries, such rights are usually clearly defined and enshrined in law. There are well-
established legal avenues for pursuing any uncertainties or disagreements, and the
decisions of the courts are accepted, subject to the right of appeal. Such avenues are
often non-existent or extremely tortuous in some developing countries, where the
decisions of the courts may be governmentally guided or they may be over-ridden,
and the judiciary is not always an impartial arbiter.

3.11 Rent-Seeking and Patronage

Rent-seeking behaviour, the attempt to cream off any surpluses over the opportunity
costs of production, is universal. Witness the activities of powerful trade unions, the
large bonuses paid on Wall Street and in the City of London, and the fees charged
by private equity firms. In the mature industrial economies, such rent-seeking is
usually constrained and brought under control relatively quickly. Legislative or reg-
ulatory actions are eventually taken to constrain the more egregious excesses. In
many developing countries, however, members of the government and its adminis-
trative organs may be capturing rents, not for the good of the nation as a whole, but
for sectional interests. The machinery of government is not only unable to control
such behaviour but may itself be indulging in it.

Nepotism and patronage, whereby jobs and offices are allocated not by merit
but by influence, are widespread. One result is a frequent turnover of staff in min-
istries and government agencies, depending on which faction is presently in favour.
Even in countries like Chile and Turkey, the senior management of state companies
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are politically appointed and are liable to change with the government.> Rapid staff
turnover presents problems for the continuity and consistency of policy and its appli-
cation, even where the individuals concerned are well qualified. All too often the
staff are poorly qualified. Many developing countries suffer shortages of qualified
manpower with appropriate administrative and managerial skills. Those who have
developed such skills, often through study abroad, may be effectively barred from
advancement because jobs are not awarded on merit. Commonly, they decide to
remain overseas once they have qualified, because the opportunities are too limited
in their home countries. When they do go back home, skilled managers and admin-
istrators seek work in the private sector because the working conditions, broadly
defined, are more congenial and it is financially more rewarding. A corrupt public
administration is seldom attractive for honest employees who can gain advancement
elsewhere.

Throughout history the power of the purse has been one of the most effective
checks on the actions and ambitions of an over-mighty state. Even if they are run-
ning a command or slave economy, governments can only act within the taxable
capacity of those over whom they rule. That capacity is strictly limited in subsis-
tence economies. If too many feathers are plucked the geese start to hiss too loudly,?
and seek the redress of grievances before granting additional funds. Over time, gov-
ernments have been forced to yield and share power in order to raise sufficient
income from existing industries and populations. The development of large revenue-
earning resource projects can weaken this pressure on governments. Taxes paid by
such projects may greatly boost existing government incomes, effectively bypass-
ing already weak democratic constraints. To the extent that this occurs, resource
projects will not just be the victims of weak governance, but they may also poten-
tially prolong it.

The national earnings from resource projects may be channeled into conspicu-
ous consumption by the ruling elite, rather than into productive investment or social
welfare. The conspicuous consumption may include expensive military hardware
disproportionate to the host country’s defence requirements, and prestige projects of
all types as well as luxury homes and consumer goods. At the extreme they may be
diverted into private bank accounts offshore, as in the kleptocracy over which Pres-
ident Mobutu long presided in Zaire. Natural resource companies have no control
over such grand larceny, which can apply to domestic and state-owned companies
as much as to foreign owned projects.

In practice such wholesale theft of resource revenues is rare, and it is proba-
bly overshadowed by other forms of corruption. Many surveys, such as those of
Transparency International (2008), show that resource-rich countries are adjudged

2This is not just a feature of developing countries. Many government officials and the senior staff
of government agencies are politically appointed in many OECD countries, including the United
States, and, increasingly, the United Kingdom.

3 After the statement attributed to Louis XIV’s finance minister, Jean Baptiste Colbert: “The art of
taxation consists in so plucking the goose as to obtain the largest amount of feathers with the least
possible amount of hissing”.
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to be amongst the most corrupt. Yet venality is by no means confined to resource-
rich countries, or indeed to developing countries. Moreover, a positive correlation
between a nation’s possession of natural resources and its degree of corruption again
does not indicate any form of causality. Multi-national natural resource companies
are jealous of their reputations and are beholden to shareholders and regulatory
agencies in their home countries. The lengthy gestation and pay-back periods of
their projects mean that they need to weather possible changes of government dur-
ing their lifetimes. That is difficult if it can be demonstrated that they have bribed
to obtain licences or favours. The temptations to corruption are much greater where
companies are seeking to secure sales contracts, in the defence sector for example,
than where they are making long-term investments in natural resources.

It is questionable whether there is a strong link between the prevalence of petty
corruption, which may be deeply rooted in cultural and social traditions in many
developing countries, and poor economic performance. Both China and India, and
other Asian countries before them, where petty corruption is common, have exhib-
ited strong economic growth. Eighteenth century England, where the industrial rev-
olution took off, and the nineteenth century United States were not exactly models
of governmental probity and incorruptibility. The problems arise where large scale
corruption seriously distorts the creation of wealth and the allocation of resources.
What might be described as “cultural corruption”, or the customary giving of gifts
in return for favours, does not automatically lead on to such large-scale corruption,
although the path between the two may be primrose-strewn.

3.12 Subsistence Mining

Some of the problems of governance ascribed to minerals extraction are not specif-
ically features of large-scale investment by well-capitalised companies, whether
domestic or foreign. Rather they are by-products of, and in some instances are
symbiotically linked with, small-scale mining of low-volume, high-value products.
These are mainly alluvial gold and diamonds, other gemstones, and ores of tin, nio-
bium, and tantalum. These can be extracted from near surface deposits by manual
labour with limited and rudimentary equipment. The products require relatively lit-
tle, if any, processing to a saleable state, are easily transported, have a high value
to weight ratio, and can be readily sold. They are most common in Africa, although
they also exist in Asia and parts of Latin America. By no means all small-scale min-
ing is closely linked to crime and lawlessness. Much provides necessary employ-
ment and incomes in subsistence economies. The revenues can be subverted, how-
ever, to finance and foment civil unrest and military adventurism. African warlords
have supported their activities with the proceeds of gold and diamond mining. The
sale of “blood diamonds” and their international trade have now been largely con-
trolled, although not completely eliminated, by the certification of sources of origin
through the “Kimberley Process” (www.kimberleyprocess.com; Bone 2004).
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4 Some Examples from History

Most of the inverse correlations found between resource dependency and economic
growth are based on periods between 1960 and the mid-1990s, when resource-based
economies were subjected to some major exogenous shocks. These included the oil
price spikes of the 1970s, which adversely affected demand for all mineral products
and prompted the persistence of over-capacity for many years, the wave of liber-
alizations and subsequent privatizations during the period, and the break-up of the
Soviet Union. It has been widely acknowledged that the inverse relationship has
seemingly not operated historically, or for all economies (Sachs and Warner 1995).
Yet the historical development of successful mineral-rich countries is often viewed
through rose-tinted spectacles. In the initial years, even decades, of their mineral
development, they faced many of the same issues that concern developing mineral-
rich states today. This is illustrated by the initial experiences of Brazil and Australia,
which suffered similar economic distortions and dislocations in their early decades
of mining. That their subsequent performance differed reflects mainly institutional
factors.

Although mining may persist for generations in individual districts local supplies
of ore eventually become depleted, or otherwise uneconomic. That can be seen in
all the examples quoted in the remainder of this section. The mining districts have
usually suffered economic decline and depopulation unless alternative sources of
wealth creation have developed. One key question has always been the extent to
which the profits and rents accruing from mining have been retained within the
local economy and invested productively. Such investment has seldom taken place
in the mining localities, narrowly defined, but within the region or country. A second
important issue concerns the extent to which mines have been able to draw on the
host region for their inputs of goods and services.

4.1 Eighteenth Century Brazil

Brazil’s experiences illustrate both the benefits of mineral development and the
problems raised. Gold was discovered in various parts of the Brazilian interior, in
what is now Minas Gerais, in the late seventeenth century (Russell-Wood 1987).
Brazil was then a Portuguese colony, reliant on slave-based sugar production. The
subsequent gold rush opened up the country’s interior and pushed its frontiers west-
wards (Capistrano de Abreu 1907). The discovery of diamonds in 1729 further stim-
ulated mineral development. Mining encouraged migration from overseas and from
the coast to the interior. Large sections of the coast were virtually depopulated, with
slaves from the sugar plantations being transferred to work the gold and diamond
mines of the interior. One side effect of the depopulation of the northeast was the
consolidation of the large landowners’ control of coastal plantations, and the ossi-
fication of its social structure (McCann 1997). Brazil’s centre of gravity shifted to
the south and west. The population of Minas Gerais rose from a negligible share of
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Brazil’s total in 1700 to over one-fifth by the early 1780s. Gold exports were largely
channeled through Rio de Janeiro, which prospered to the extent that in 1763 it
displaced Salvador, in the northern state of Bahia, as the colonial capital (Mansuy-
Diniz Silva 1987).

Mining prompted the creation of transport links between the interior and the
north and south of the country, and urban development in inland Brazil, based on
the mining camps. The mines were, however, mainly located in mountainous areas
with difficult access and limited agricultural land. Transport depended primarily
on mules. The demand for food and animals for transportation and meat therefore
had major repercussions outside the mining districts, and agricultural production
increased elsewhere in the country (Mueller and Baer 1997). Although much of
the wealth created by mining was remitted overseas, some was used to build urban
public works and endow charitable foundations, such as hospitals. It also financed
extensive smuggling of foreign manufactures through adjoining countries.

In addition to its impact on Brazilian development, the wealth created by gold
mining had major effects on Metropolitan Portugal. The Portuguese government
took one-fifth of all gold mined, and forcibly attempted to prevent smuggling.
Declining terms of trade of Portugal’s traditional colonial products in the face of ris-
ing competition during the seventeenth century had encouraged Portugal to develop
domestic industries to meet local and colonial needs. The revenues from gold mining
then provided ample foreign exchange for purchasing overseas manufactures, espe-
cially from Britain, as well as conspicuous consumption. Nascent domestic indus-
tries in both Portugal and Brazil were unable to compete, and withered in the face
of foreign competition that was boosted by tariff concessions to Britain early in the
century. Although Portugal’s policies were changed during the 1750s to encourage
Brazilian economic development and reduce Britain’s dominance of its trade, their
beneficial effects were partly offset by the expulsion of the Jesuits in 1759 (Alden
1984). During the last quarter of the century, Portuguese fears of possible Brazilian
independence led to a complete reversal of policy and to the wholesale closure of
Brazilian industries at a time when gold revenues were declining. Production had
peaked during the middle years of the eighteenth century, and was in sharp decline
by its end (Schmitz 1979). Portuguese political considerations completely overrode
any concerns about the health of the Brazilian economy, and swamped any poten-
tially beneficial impacts of a century of extracting substantial mineral wealth. In
summary, Portugal experienced classic symptoms of Dutch disease and of weak
governance.

4.2 The Victorian Gold Rush, Australia

Australia’s first gold rush initially had adverse effects on the colonial economy, but
these were outweighed by subsequent benefits. Gold was first discovered in com-
mercial quantities in early 1851 in the Bathurst district of New South Wales (Blainey
2003). The impact on the nascent state of Victoria was dramatic, with a wholesale
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shift of men of all classes both from Melbourne and from farms to the gold fields.
Both labour shortages and sharp wage rises threatened the colony’s economic via-
bility. In desperation, the Victorian government offered a reward for the discovery
of gold within 200 miles of Victoria, a prize soon claimed with the discoveries near
Ballarat, announced in 1851. The subsequent Victorian gold rushes initially had fur-
ther devastating effects on the local economy (Scott 2007). A large proportion of
the recently established city of Melbourne’s able-bodied male population left for
the diggings, and Melbourne’s property prices collapsed. Meantime, severe labour
shortages led to a tripling of wages, and the prices of basic necessities rose sharply.
Agricultural activity was severely threatened by labour shortages (Vyas 2007). For-
tunately the government soon took effective action to encourage people to return to
the land.

The immediate adverse impacts were soon offset by the economic benefits, with
the gold fields becoming the driving forces of the Australian mineral economy
(Duffy 1994). Their nearness to ports, fertile soil, and temperate climate enabled
successful miners to develop businesses or farms in the area. Much of the profit
of gold mining was ploughed back into commercial enterprises and services in
local towns. As the mines went deeper and more capital was invested in them so
their demands for fuel, stores, and equipment increased. Timber was required to
line shafts and support drives, and wood to fuel boilers. Foundries and machinery
companies were established to manufacture and maintain capital equipment, which
became increasingly more complex. The demands of the miners for food, cloth-
ing, housing and equipment directly stimulated agricultural and industrial develop-
ment, with large multiplier effects creating added indirect impacts. Rising domestic
demand for meat and hides, and for horses, both for transport and to work machin-
ery, created increased and more stable farm incomes. A wide variety of goods were
manufactured and supplied locally. Their great distance from other centres of pop-
ulation, and the costs and delays of international transport protected local farmers
and manufacturers supplying the Victorian gold fields such as Ballarat from over-
seas and interstate competition.

The construction of railways from the ports to the goldfields in the early 1860s
opened up the interior and further stimulated farming. The lure of gold encouraged
immigration, not just from Britain but from a wide variety of countries. After the
initial rush most middle class immigrants returned to the cities, and some moved
into farming. Migrants tended to be adaptable, vigorous, and well educated. They
were prominent in creating and maintaining the religious, educational, and social
infrastructure, and their broad social mix hastened the growth of democracy. Not
only did immigration directly increase the population and greatly expand local mar-
kets, but migrants contributed to high marriage and birth rates in the 1850s and
1860s. Australia’s population almost quadrupled between 1851 and 1861, and Vic-
toria contained over half Australia’s population in the late 1850s.

The development of gold mining transformed Victoria from a pastoral econ-
omy subject to the vagaries of fluctuating export markets for wool into a much
more diversified and balanced economy. Melbourne rapidly developed into a com-
mercial and financial centre that rivaled and then outstripped Sydney. Although
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the mining localities themselves may have declined when their ore ran out, the
re-investment of profits within the state laid the foundations for its sustainable
growth.

4.3 Gold in South Island, New Zealand

Like Victoria, New Zealand’s government offered rewards for gold discoveries.
It was found in small quantities on North Island in 1856—-1857, but major gold
exploration and development did not begin until 1861 when gold was discovered
in Otago on South Island (Mein Smith 2005). Exploitation of South Island’s West
Coast fields soon followed from 1864, and New Zealand’s gold output averaged
some 17 t/annum in the decade beginning in 1862 (Schmitz 1979). The develop-
ment of gold mining in South Island occurred whilst North Island was immersed in
the Maori Wars, and without gold, New Zealand’s early economy would not have
developed as quickly as it did. As in Victoria, gold attracted a wave of migrants,
which led to investment in transport infrastructure that opened up the interior, and
created demands for food, clothing, and other supplies from local farms and indus-
tries. Once mining moved into its mechanized phase, local foundries and engineer-
ing firms were established to supply and service the operations. Even more than
in Victoria, distance largely insulated these firms from overseas competition. The
profits of mining were largely invested locally in farming and commerce, ensur-
ing that economic activity could continue to flourish when the easily won deposits
were depleted. Although the tented encampments and some boom towns soon died,
many of the settlements survived to service agriculture. Dunedin rose to preem-
inence amongst New Zealand’s cities in the late nineteenth century, in the same
fashion as Melbourne in Australia, on a foundation of earnings from gold mining.
(The Encyclopedia of New Zealand 2007).

In summary, the local retention of profits and the gold industry’s dependence
on domestic suppliers ensured that the economic benefits of mining were largely
kept within New Zealand. The pastoral industries that were being developed by
settlers were struggling to survive and prosper before the gold discoveries boosted
the population, fostered local needs and prompted greatly improved shipping links
with other countries.

4.4 Cornish Copper Mining

Cornwall’s rise and decline during the eighteenth and nineteenth centuries demon-
strates how the wealth created by mining does not necessarily benefit the mining
region, rather than the host country, over the longer term. Cornish copper mine pro-
duction took off in the mid eighteenth century, but was hampered by inadequate
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means of draining deep mines. This prompted considerable and far-reaching tech-
nological innovations in pumping, mining, and processing equipment, and improved
working methods. Many of the technical developments pioneered in Cornwall were
successfully transferred to deep underground mines elsewhere in the world. Early
in the nineteenth century new ports and transport links were developed to serve
the mines, and engineering and ancillary industries were set up locally. Production
rose strongly, and for much of the period between 1830 and 1850 the Cornwall
and West Devon district was the world’s largest producer of copper, and remained
an important supplier until the late 1860s. Its output of contained copper averaged
rather over 11,500 t/annum between 1830 and 1865 (Barton 1978). The opening of
new mines and rising output increased the opportunities for employment, and led to
the expansion of existing towns and the creation of new settlements. Educational,
scientific, and technical facilities were set up and social infrastructure of all types
created. Local agriculture was correspondingly stimulated, with its output partly
coming from miners’ smallholdings. Mine owners and landlords used their profits to
build or re-model their houses, estates, and gardens (Cornish Mining World Heritage
Site 2007). Between 1801 and 1841 the population of Cornwall grew slightly faster
than that of England as a whole (University of Portsmouth, Department of Geogra-
phy). From the perspective of the mid-nineteenth century it would have seemed that
Cornwall’s mineral developments had given the county a sustainable broad-based
future.

Yet this would have been a short-lived perspective. Copper mining created great
wealth but the district increasingly faced competition from richer and lower cost
mines overseas, and most mines closed down when copper prices collapsed in the
late 1860s. Cornish mines required expensive pumping to remain dry, and their
underground workings became increasingly complex as they followed the narrow
veins of payable material. Commonly, their equipment was outmoded and their
working conditions poor. Some mines successfully converted to tin production,
which had continued throughout the copper boom, but many of those were even-
tually depleted. Although the production of mine equipment and ancillary services
continued, Cornwall entered a prolonged economic depression. Much of the infras-
tructure, including some of the towns, was specific to mining. The county was too
remote from major population centres and markets, and from sources of other indus-
trial raw materials to support a sustainable manufacturing base. Even during cop-
per’s heyday it was more economic to ship Cornish ore to South Wales for smelt-
ing than to import Welsh coal. The decline can be traced in Cornwall’s population,
which grew more slowly than in the rest of England between 1841 and 1861, and
then fell absolutely in each decade between 1861 and 1901 (Office for National
Statistics 2001). Most of the sustained benefits from Cornish copper mining were
outside the county. The collapse of employment opportunities in Cornwall’s mines
fostered large scale emigration of Cornish miners throughout the world. Cornwall’s
loss was the global mining industry’s gain. The Cornish experience remains relevant
for today’s mineral producing regions.
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4.5 Chilean Nitrates

As in Africa in recent decades, mineral wealth has historically occasioned or
financed wars. The War of the Pacific between Chile, Bolivia, and Peru in 1879—
1883 was one instance. It was triggered by the Bolivian imposition of export taxes
on a Chilean nitrate producer in defiance of earlier treaties. Fighting broke out in
1879 when Chilean entrepreneurs and mine owners in Peru and Bolivia resisted
new taxes, the formation of monopoly companies, and other impositions. Chile was
overwhelmingly victorious, gaining territory from both Bolivia and Peru (Martin
1974; Drake 1994). A few years later, in 1891, disagreements between the Chilean
President and Congress led to a civil war. Whilst broader political issues were the
key, disagreements over policies towards the nitrate industry played an important
part. British mine-operators actively supported the victorious congressional rebels
(Monteon 1982; Drake 1994).

Chile’s seizure of the nitrate fields of Tarapacd from Peru and Antofagasta from
Bolivia unleashed a period of strong growth, both in nitrate production and in
the domestic Chilean economy. Prior to the Pacific War, Chilean companies had
been heavily involved in nitrate production, mainly using primitive labour-intensive
methods, but they effectively made way for foreign investors in subsequent years.
Foreign capital, management, and improved technology boosted output and produc-
tivity. European (mainly British, but some German, and later United States) com-
panies soon controlled a substantial share of the industry, with more capital inten-
sive and productive operations than those of domestic Chilean companies (O’Brien
1982). This dependence on foreign companies inhibited the development of local
industry, because the companies imported their equipment and engineering spares
from overseas. Although Chile mined coal, the nitrate producers imported coal from
the UK and Australia, arguing that Chilean coal was unsuitable for nitrate process-
ing. That was because their plants were designed to use hard coal, which could be
imported cheaply as ballast in the ships that exported nitrates (Monteon 1982). The
main benefits of nitrate production to the Chilean economy were through taxation
and its provision of a growing domestic market for agricultural output. All food-
stuffs and supplies for workers, their dependants, and the numerous animals (mules
and horses) used in the northern desert provinces had to come from further south. In
the 1870s, traditional Chilean exports of wheat had suffered from foreign competi-
tion and weak prices, so that rising demands from the north gave agriculture a new
lease of life. It was, however, highly labour intensive, and the development of new
domestic markets averted the need to invest in more productive agricultural machin-
ery in order to survive. In that sense, the rise of nitrate production entrenched the
power and wealth of large landowners (O’Brien 1982).

In the early twentieth century, Chile was the predominant global producer of
nitrates, which increasingly replaced guano as a source of nitrogenous fertilisers
and for the manufacture of explosives. Its exports almost tripled between the civil
war and the First World War (Monteon 1982), and nitrate operations accounted for
an average 25% of Chile’s gross domestic product over that period (Edwards and
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Edwards 1994). Government revenues took the form of an export duty that captured
between one quarter and one third of the value of exports (Monteon 1982), and sales
of additional lands for nitrate production. The objective of these was to increase
exports and, at times, reduce the power of existing producers to combine to fix
prices. The export duties were the main channel for transferring wealth from nitrate
production into the Chilean economy. They accounted for roughly half of the gov-
ernment’s ordinary budget revenues over the 40 years from 1880 to 1920 (Edwards
and Edwards 1994). This dependence meant that government income moved cycli-
cally with exports that fluctuated according to world market conditions, and this
contributed to financial instability. Whilst part of the government’s revenue was
devoted to education and public works, a substantial proportion was spent on the
military and the bureaucracy. The Santiago district took a disproportionate share
of government spending, with the expansion of transport facilities largely aimed at
improving the shipment of agricultural products to the capital. Education was heav-
ily biased towards the humanities rather than science, engineering, and technology,
and did not touch most of the population. Whilst Chile’s gross domestic product
expanded substantially during its nitrate age, most of the population gained little
benefit. The nitrate revenues relieved the upper class of tax burdens and fuelled a
nepotistic system of patronage and corruption.

In summary, the Chilean economy benefited greatly from nitrate production, but
the country’s largely inflexible social and institutional structure inhibited the max-
imisation of benefits. Chile suffered from rent-seeking behaviour by the ruling oli-
garchy that restricted the bulk of the gains to a small proportion of the population.
Although the remoteness of the nitrate deposits in an inhospitable desert region
distant from the main centres of population and from cultivable land inevitably lim-
ited the scope for integrating the nitrate sector with the rest of the economy, its
reliance on foreign capital, know-how, and management further restricted its multi-
plier effects.

The initial boom in nitrate production fortuitously coincided with a run-down of
Chile’s domestically owned copper industry and with a collapse of its wheat exports.
Equally fortuitously, the demise of nitrate mining was accompanied by a resurgence
of the copper industry based on US capital and new technology. That demise high-
lights the dangers of undue dependence by any country on a single product. The
development of synthetic nitrate production during the First World War by German
and British scientists rapidly undermined its international markets. Although ample
resources remained, they soon became uneconomic, Chilean production withered,
and most of the production facilities and the accompanying infrastructure, includ-
ing railroads and towns, were abandoned to the desert. Chile’s production more than
kept pace with global demand during the boom years, but its experience provides
an object lesson in the necessity of keeping abreast of technical change. It also
emphasises that demand rather than resource availability is the main driving force
of mineral industry developments.
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5 Discussion

The five historical examples described above are typical of many others. Mining
was labour intensive, relying on muscle power rather than machinery. The need for
labour, together with the lure of gold in gold mining districts, prompted migration
to the mining areas and to the host countries. The large work forces required regular
supplies of food and basic necessities, including shelter and clothing, let alone more
sophisticated products. The development of mines created or expanded local mar-
kets that, in their initial stages, could only be supplied at great cost and with logis-
tical ingenuity. High prices for supplies fostered local production of wide ranges of
goods and services, so that the multiplier effects on employment and incomes tended
to be relatively large. Once local industry had developed, and especially agriculture
and commerce, it commonly became self-perpetuating through its own multiplier
effects. The initial participants in the nineteenth century gold rushes needed a min-
imum of equipment, and the miners themselves often built it. The rough and ready
nature of much mining equipment and machinery of the period meant that skilled
mechanics or blacksmiths could fix most problems without recourse to overseas
expertise or suppliers. Although capital intensity soon rose with the introduction
of machinery, that remained relatively easy to maintain by local skilled workers.
Even the Cornish copper industry mainly depended on local engineering companies.
The Chilean example, however, shows that the multiplier effects were more lim-
ited where the mining industry relied on imported capital intensive equipment and
know-how.

The average scale of new mines has risen markedly since the nineteenth cen-
tury, with an especially pronounced rise since 1990 (Crowson 2003). Today’s new
projects are typically much larger and more capital intensive, employing far fewer
workers. Unless several mines are developed simultaneously, the long term labour
force is usually insufficient to support much development of local agricultural pro-
duction or commercial services. The locations in which mines are being developed
today are generally far less amenable to permanent human settlement than many
of the mining districts of the past. Meantime, the capital equipment and processes
used in minerals extraction and processing have become technically complex. Parts
are often not repaired but replaced and replacement spares can commonly be sup-
plied only by the original manufacturers, who enjoy economies of scale, and fitted
by specialists. Computer-based systems are serviced by the original suppliers. That
means that there is much less need for local skilled workers or maintenance work-
shops of the same size or nature as in former times. This changed nature of the
industry’s capital equipment has further reduced the scope for backward linkages
between mines and the local economy. Domestic engineering and metal fabrica-
tion are now much less likely to develop to serve the mining industry. Because
most new mines need to be cost-competitive in order to serve international mar-
kets, they can seldom, if ever, afford to subsidize local engineering and maintenance
facilities.

The effects of changes in mine size and complexity have been reinforced by
dramatic improvements in transport and communications. The real costs of trans-
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port and of telecommunications have fallen markedly since the Second World
War, let alone since the nineteenth century (Crowson 2006). Costs are, however,
much less important than transit and communications times in explaining back-
ward linkages between minerals extraction and host economies. In the early 1880s,
the typical voyage time between North West Europe and Chile or Australia was
some three months. Most countries were then already linked by telegraph cables,
with the first effective transatlantic cable operating from 1866, but their capacity
was restricted and transmission rates were slow. Even where countries had tele-
graphic linkages, communication with the remote areas where most mines were
located was slow and often hazardous. In consequence, mining companies that
relied on overseas sources of equipment and supplies would have had to wait
several expensive months. They inevitably sought local suppliers, and that led to
the development of ancillary industries, particularly for repairs and maintenance.
Those, in turn, had multiplier effects on incomes and employment in the local
economy.

The contrast with today is marked. Communications are now virtually instanta-
neous throughout the world. In consequence the needs and problems of a remote
mine can be immediately communicated to equipment suppliers and relevant
experts. Provided that suppliers can produce any required parts and equipment
within reasonable lead times (and manufacturing times have also generally fallen),
the delays between equipment failure and replacement have been greatly reduced
since the late nineteenth century. If a manufacturer has a spare part readily avail-
able it could be at the most remote mine site within a matter of days, or even
hours.

In effect the time required to transmit details of requirements for equipment to
overseas manufacturers, and then for those requirements to be met, acted as insur-
mountable barriers to trade, regardless of transport costs or local tariffs. Local sup-
pliers could not just operate behind that time barrier, but were also essential to the
viability of the mines. That was as true in nineteenth century Australia and New
Zealand as in eighteenth century Brazil. Today, the time barrier is substantially
less important, and what remains has been offset, at least partially, by the increased
technical complexity and scale of operations of minerals extraction and processing.
Reductions in transport costs have further reduced the potential competitiveness of
local suppliers.

In summary, the forces that have contributed to globalization, and that have
encouraged the development of remote mineral deposits, may have simultaneously
weakened the likelihood of backward linkages developing between mining and sup-
plying industries in many otherwise susceptible economies. Where mines are serv-
ing export markets, either directly or through downstream operations, the cheapest
and quickest means of sustaining output will usually be followed. Resource com-
panies therefore tend to rely far less on local suppliers and service trades than they
once did. Reduced transport costs and transit times also mean that the demands of
workers and their dependants can be more cheaply and effectively satisfied from
imports than from local companies. Significant multiplier linkages for economies,
rather than for localities, are likely to be much more limited than in the past. This
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in turn means that the main economic benefits of mining to many countries will be
through their potential contributions to government revenues, rather than multiplier
linkages. This is a distinct change from many historical mineral developments, sug-
gesting that many of the success stories of the past are largely irrelevant to most
host countries today. Chile’s experience with its nitrates industry is more relevant in
that foreign capital, equipment, and management were instrumental in its success.
The ruling elite was as avidly rent-seeking as those of many mineral-rich countries
today. The main economic benefits of the nitrate industry to Chile were transmit-
ted via government tax revenues, which were largely captured by the upper classes
rather than the population at large.

No matter how effective historic mine development was in creating wealth and
fostering sustainable economic growth, population and economic activity drifted
away from mining localities when their ore was depleted. That was especially true
of Chile’s nitrates industry once it withered in the face of competition from synthet-
ics. In most instances, attempts to create competitive successor industries in mining
districts are likely to fail unless those industries can tap into some inherent com-
parative advantages of their own. The subsidization of such industries in order to
maintain redundant mining settlements is not sustainable. It effectively dissipates
the past fruits of mining in supporting uneconomic activities. Furthermore, it also
brings into question attempts to develop downstream industries based on domestic
mining in order to “add value”, unless they have substantial local markets or can be
based on large ore deposits with potentially long lives. All too often such attempts
may be storing up problems for the future, and the future usually arrives sooner
than expected. Costs tend to rise even before ore deposits are exhausted, thereby
reducing the competitiveness of dependent downstream industries. Once local ore
is depleted, the downstream industries will become reliant on imported raw mate-
rials if they are to remain in production. Economic development would be more
sustainable if it were based on investing mineral rents in successor rather than com-
plementary industries to mining.

Given that the main economic benefits of mining will accrue to host countries
through tax receipts of all types, the extent to which mineral projects support eco-
nomic development will depend mainly on institutional factors, just as they did in
Chile during the nitrates era. There are few, if any, effective international sanctions
on sovereign governments’ domestic actions, so that there is never any guarantee
that mineral revenues will be used wisely even in established democracies. No mat-
ter how much multilateral institutions of all types may advise and attempt to influ-
ence host governments, weak institutions can rarely be changed overnight, even
where change is accepted as desirable. Rent-seeking behaviour will always flour-
ish where governments are weak or dominated by sectional interests. Whether it is
correct to call such behaviour a curse, rather than a frequent consequence of access
to wealth that has no or only limited accompanying obligations, is debatable. Even
an imperfect mobilization of mineral wealth is usually preferable to the steriliza-
tion of mineral deposits by leaving them undeveloped. Again the rapid collapse of
Chile’s nitrates industry in the face of competition from synthetics provides a strong
cautionary tale.
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Extractive Economies, Growth, and the Poor

Graham A. Davis

Abstract There is mixed evidence regarding the relationship between the extrac-
tive intensity of economic activity and the level of human development. Some stud-
ies find that mineral- and energy-intensive economies have higher levels of develop-
ment than economies without a substantial extractive sector, whereas others find that
they have lower development levels. Those that find the negative relationship com-
monly infer that there are ongoing, dynamic effects at work, such as an erosive effect
of resource wealth on institutional quality, or a structural shift that reduces manufac-
turing employment and, with this, manufacturing’s special development-enhancing
impacts. These studies also infer that the lower development levels equate to nega-
tive impacts on the poor. Even in growing extractive economies, the poor are thought
to be made worse off as a result of the extractive activities. None of these studies,
however, specifically examines how growth spells in extractive economies affect the
poor in those economies. This chapter examines this relationship via a simple com-
parison of a series of growth spells in extractive and non-extractive economies. It
shows that the poor in growing extractive economies are as likely or more likely
to benefit from that growth than are the poor in growing non-extractive economies.
Thus, there is no evidence that positive growth in extractive economies is any worse
for the poor than positive growth in non-extractive economies. What hurts the poor
in any economy is negative growth, and resource extraction is bad for the poor only
if it increases, for whatever reason, the frequency of negative growth in an economy.

1 The Resource Curse Conundrum

There is mixed evidence regarding the relationship between the intensity of non-
renewable resource extraction in an economy and the level of human development
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in that economy.l Davis (1995) found that extractive economies as a whole have
higher levels of development than economies without a substantial extractive sector,
whereas others have found that extractive economies as a whole have lower levels
of development (e.g., Bulte et al. 2005). None of these studies, however, directly
examines how the boom-bust cycle of extractive activity affects the poor. Address-
ing the claims of the resource pessimists, this chapter compares the quality of a
series of historical growth spells in extractive and non-extractive economies, with
the goal of determining whether extractive economies experience a type of growth
that is particularly bad for the poor.

A brief history of the debate over the development performance of the extrac-
tive economies provides context for this research. There are two general methods
by which extractive economies have been evaluated: their level of human develop-
ment, poverty, or per capita gross domestic product (GDP) relative to the level of
that same indicator in a group of peer economies; and their growth in human devel-
opment, poverty, or per capita GDP relative to growth of that same indicator in a
group of peer economies. Via a series of case studies, geographer Richard Auty
and economist Alan Gelb were among the first to raise modern concerns that there
is a “Resource Curse”,> whereby selected extractive economies appeared to suf-
fer from inferior GDP growth as a result of their mineral and energy endowments
(Gelb and Associates 1988; Auty 1993). The fear was that this inferior economic
growth was leading to inferior levels of development, even to the extent that these
economies were being made worse off as a result of their extractive activities. How-
ever, Davis (1995) investigated the level of development of the extractive devel-
oping economies as a group, and found them to have higher income levels and
better human development indicators than non-extractive developing economies.
The extractive economies also appeared to be pulling away from the other devel-
oping economies in terms of development performance over the 1970-1991 sample
period.

Subsequent empirical studies of resource extraction and development perfor-
mance have been equivocal. In a report for OXFAM America, UCLA political sci-
entist Michael Ross found that extractive economies underperform in terms of broad
human development indicators, and in several institutional and political metrics
(Ross 2001). He also found that these countries had higher rates of poverty than their
non-extractive peers. Though his data and statistical analysis have been challenged
as being unreliable (Davis and Tilton 2002), a follow-up study in 2003 reiterated
these findings (Ross 2003). Ross concluded in these studies that extractive activity

IEconomies with substantial non-renewable mineral and energy resource extraction activity will
henceforth, in the interest of brevity, be referred to as extractive economies. Others use the term
extractive economies to denote economies devoted to primary production inclusive of agricultural
activities. That is not the intended use here.

2The “Resource Curse” is a term employed to represent below-par economic performance in
extractive economies. The main implications of a Resource Curse are lower than expected real
per capita economic growth and increased levels of poverty in these economies. See Davis (1995)
and Davis and Tilton (2005) for an extended discussion of these issues.
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is bad for the poor. A contemporaneous study of the 49 Least Developed Countries
(LDCs) by the United Nations Conference on Trade and Development, asserted that
dependence on mineral production was responsible for the large and rising levels
of extreme poverty in mineral-exporting LDCs such as the Central African Repub-
lic, the Democratic Republic of the Congo (formerly Zaire), Guinea, Liberia, Niger,
Sierra Leone, and Zambia (UNCTAD 2002). The mechanism here was thought to be
these countries’ slower rates of export growth, and hence slower overall economic
growth, due to armed conflict and rent seeking that distracts the government from
undertaking appropriate macroeconomic planning. Bulte et al. (2005) also found
that extractive economies tended to suffer from lower levels of human development
relative to a set of non-extractive peer economies. The World Bank (McMahon and
Remy 2001) and the International Council on Mining and Metals (ICMM 2006)
have countered these findings by publishing a series of case studies outlining suc-
cessful development progress in mining economies.

While all of this was going on, an influential and comprehensive set of econo-
metric studies by Jeffrey Sachs and Andrew Warner determined that higher levels of
resource extraction in 1970 were indeed associated with lower than expected subse-
quent rates of economic growth, confirming Auty and Gelb’s earlier case-study work
(Sachs and Warner 1995, 1997, 2001).3 Stijns (2005), Ding and Field (2005), and
Brunnschweiler and Bulte (2008a, b), on the other hand, found that under different
measures of natural resource abundance, resource endowments have either no effect
or a positive effect on economic growth. Exemplifying the resource measurement
problem, Sala-i-Martin (1997a, b) found that the fraction of primary products in
total exports, a measure of overall extractive and agricultural intensiveness, is nega-
tively correlated with economic growth, whereas the fraction of GDP in mining and
energy extraction, a measure of purely extractive activity, is positively correlated
with economic growth. In a later paper Sala-i-Martin et al. (2004) again found that
the fraction of GDP in mining and energy extraction is positively correlated with
growth, but that the fraction of primary products in total exports is not correlated
with growth. In this later paper Sala-i-Martin et al. (2004) used a slightly differ-
ent statistical technique. To confuse matters even more, in an IMF interview (IMF
2004), Sala-i-Martin summarized the empirical evidence as showing that minerals
and energy extraction depress growth, ignoring his repeated empirical findings that
minerals and energy extraction are positively correlated with growth. Sala-i-Martin
is not the only academic to ignore his own research findings; in a radio interview
in 2003 (NPR 2003) Jeffrey Sachs suggested that Iraq needed to increase its oil
output, failing to note the Sachs and Warner (1995, 1997, 2001) evidence that this
will slow Iraq’s long-term growth. Jeffrey Sachs’ latest position is that while the
evidence points to extractive economies having a slower rate of growth than they
should be realizing given their vast resources, the oil-rich countries, at least, tend to

3 Actually, Sachs and Warner examined growth in labor productivity (growth in GPD per worker),
which is closely related to what is commonly referred to as economic growth (growth in GDP per
capita).
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have higher life expectancies, lower child mortality rates, higher electricity use per
capita, and more paved roads than oil-poor countries. “In many categories of well-
being. . . oil producers are better off than their oil-poor counterparts” (Sachs 2007,
p.- 173).

Despite the state of confusion as to what the empirical evidence does or does
not show, both with regard to the level of development and the rate of economic
growth associated with extractive activity, the idea of a broad Resource Curse has
become fixed in most people’s minds. Extraction has been cast as a “loser” sector
by political economists (see the discussion in Davis 1998), and oil is being blamed
for poverty and unrest in the Middle East and North Africa (Surowiecki 2001). Ross
(2001, p. 16) concluded that “Oil and mineral dependence produce a type of eco-
nomic growth that offers few direct benefits to the poor; moreover, oil and mineral
dependence make pro-poor forms of growth more difficult, due to the Dutch Dis-
ease.”® The evidence is apparently so compelling that radical policy adjustments
are suggested: “We believe the best course of action for poor states would be to
avoid export-oriented extractive industries altogether, and instead work to sustain-
ably develop their agricultural and manufacturing sector—sectors that tend to pro-
duce direct benefits for the poor, and more balanced forms of growth” (Ross 2001,
p.- 17). Others have joined the fray: (Christian Aid 2003, p. 4) asserted that “Oil has
not only failed to bring benefits to the world’s poor communities—it has been deci-
sive in making them poorer.” These and other statements had enough traction that
the World Bank began questioning its promotion of mineral and energy projects as
a path to poverty reduction, and initiated an external Extractive Industries Review
in 2001 (World Bank 2003).> Along with a series of recommendations as to how
the World Bank could better manage its extractive projects to reduce poverty, the
Review suggested that it stop funding oil and coal mining projects. Michael Ross
served on the Review Advisory Committee. The Bank subsequently decided not to
follow this recommendation.

The latest assault on extractive activity, and in particular the multinational
companies involved in extraction, is being made by Nobel Prize winner Joseph
Stiglitz (2007). Stiglitz interprets the research as providing unequivocal evidence
that extractive economies have higher rates of poverty due to their extractive
activity.

If we are to truly understand whether extractive activity increases or decreases
the level of poverty, the topic of interest to this chapter, two methodological adjust-
ments need to be made. First, when investigating levels, there must be a distinction
between the level of human development and the level of poverty. Ross (2001, 2003)
and Bulte et al. (2005) used the United Nations’ Human Development Index (HDI)

4The Dutch Disease refers to the macroeconomic adjustments that occur in an open economy
during a resource boom. These adjustments include an expanding extractive sector, shrinking man-
ufacturing and agricultural sectors, and an appreciating exchange rate.

5The report can be found (as of July 23, 2008) at http://web.worldbank.org/WBSITE/EXTERNAL/
TOPICS/EXTOGMC/0,,contentMDK:20306686~menuPK336936~pagePK:148956~piPK:21661 8~
theSitePK:336930,00.html
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Fig. 1 Real GDP per capita (currency units per capita) and mineral output per capita (weight or
volume units per capita) for a poor extractive economy, and real GDP per capita (currency units
per capita) for a wealthy manufacturing economy, over 10 periods. The resource boom begins in
period 2 and ends in period 9. The mineral output profile is a result of a dynamic optimization of a
fixed stock of resources, based on a model by Boyce and Emery (2007)

and other human development indicators in their assessment of extractive economy
performance. The HDI includes measures of longevity, educational attainment, and
standard of living. Ross contended that the HDI and other development indicators
provide an assessment of the condition of the poor. Human development indicators,
however, are not a measure of poverty (UNDP 1997, pp. 22-23). This is why the
United Nations created the Human Poverty Index (HPI) in 1997 for a group of 78
developing countries. In 1998, it created a parallel Human Poverty Index (HPI-2)
for selected industrial countries, noting that there is “no pattern between the HDI
and human poverty” (UNDP 1998, p. 29). Thus, whatever the relationships between
mineral or oil dependence and development performance, it tells us little about the
relationship between extractive activity and the welfare of the poor.

Second, when investigating trends rather than levels, which is what most of the
research does, it is useful to separate out impacts of extractive activity on the rate of
economic growth from its impacts on the poverty-reducing quality of that growth.
Extractive economies typically go through a boom—bust cycle over the life of the
extractive activity, wherein there is initially rapid economic growth as the resource
begins to be exploited, followed by a drop off and even negative growth as the
resource is exhausted (Sachs and Warner 1995; Rodriguez and Sachs 1999; Bravo-
Ortega and de Gregorio 2007). To illustrate this, Fig. 1 presents a comparison of
the growth paths of a stylized developed manufacturing economy, and a slightly
less productive but otherwise identical developing economy that discovers resources
and extracts them until the are exhausted. The graphic represents a macroeconomic
model of an optimally managed extractive economy, with no rent seeking or other
ill effects of the resource boom (Boyce and Emery 2007). Because of the mechanics



42 G.A. Davis

30,000 3

25,000 25
o\
20,000 AN 2

/ ‘/4/\\_‘)/
7 \
15,000 . 15

10,000 = A 1

Active Person ($1985)

5,000 v los

Real GDP per Economically
Oil production (bbl/day) per
Economically Active Person

O e e L o o o e o o e e L o o e e B e i e e ol )

1960 1965 1970 1975 1980 1985

Fig. 2 Annual real GDP (1985 PPP dollars) per economically active person for Saudi Arabia (SA
GDP) and the United Kingdom (UK GDP) from 1960 to 1989; daily oil production per economi-
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of national income accounting, the boom—bust profile of GDP per capita follows the
boom-bust profile of extractive output per capita. The extractive economy’s real rate
of growth during the resource boom is initially higher than that of the richer man-
ufacturing economy, and then becomes negative as extractive output slows. Note
that during part of the resource boom the extractive economy’s level of income per
capita is higher than that of the manufacturing economy.

Figure 2 depicts the actual oil boom-bust cycle in Saudi Arabia, a developing
economy, from 1960 to 1989. Saudi Arabia’s economic growth was at first positive
as per capita oil output grew, and then turned negative after 1981 as per capita oil
output fell precipitously. By comparison, the UK, a developed manufacturing econ-
omy, grew at a relatively constant rate. Interestingly, previous analyses of Saudi
Arabia’s faltering economic growth since the 1970s have looked to profligate gov-
ernment spending as the cause (Karl 1997; Stiglitz 2007), with no mention of the
natural boom-bust cycle of oil production. That is, researchers have been view-
ing Fig. 2 without the benefit of seeing the oil output profile superimposed on the
graphic.

It is widely accepted that positive growth is good for the poor, whereas neg-
ative growth is not (Dollar and Kraay 2002; Kraay 2006). Poverty should there-
fore decrease during the initial phase of the extractive boom, and then increase as
extraction wanes and economic growth turns negative. UNCTAD (2002) showed
that LDCs that were mineral economies saw increasing levels of poverty during the
bust cycle from 1990-1999, while non-extractive economies saw decreasing lev-
els of poverty as their economies grew. The decline in extractive output per capita
depicted in Fig. 2 hit more than just Saudi Arabia in the 1980s (and 1990s)—the
per capita extractive output of the other mineral- and energy-intensive economies
also fell (Manzano and Rigob6n 2007). Given the tight relationship between extrac-
tive output and GDP (Fig. 1), this would seem to indicate that the “problem” for
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the poor in the extractive economies is not deleterious political and social outcomes
of resource extraction, but rather the failure of extractive output to keep up with
population growth.

Ross (2001, 2003), on the other hand, argued that the growth that occurs in
extractive economies is not good for the poor, no matter whether that growth is pos-
itive or negative. This distinction between the pro-poor quality of growth and rate
of growth in extractive economies is thus an important consideration when trying to
understand the Resource Curse. Ross himself has named as a research priority stud-
ies that track the distribution of income over time in countries undergoing a mineral
boom (Ross 2007, p. 251). Is it the case that poverty persists or worsens even in
a growing extractive economy? Botswana, the only country ever to graduate from
LDC status, is commonly presented as an example of where extraction-led growth
has given rise to poverty reduction (e.g., Acemoglu et al. 2003), but this may be
the exceptional case. In the next section, I begin an introductory foray into this type
of analysis by comparing the quality of growth spells across a large set of devel-
oping and developed economies, both extractive and non-extractive, over a 43-year
time period. My emphasis is not on human development, but on the poor, and on
how growth in extractive economies may or may not be as beneficial to the poor as
growth in non-extractive economies.

2 Measuring the Quality of Extractive-Economy Growth

This section analyzes the poverty-reducing quality of extractive-economy growth
using World Bank data. These data track income growth by income quintile across
67 non-extractive economies and 21 extractive economies from 1956 to 1999.6 The
World Bank data are based on periodic individual or household surveys of income
or consumption, collected at the national or subnational level. From these surveys
economy-wide mean income level by income quintile is computed. Repeated sam-
pling allows the change in mean income level to be tracked over time for each
income quintile. Prior to computing these changes, the income data were converted
to real international dollars using 1985 PPP (purchasing power parity) exchange
rates.

Each intertemporal income comparison within an economy is called a growth
spell. There are 240 growth spells in the sample. Some economies in the sample
have multiple recorded growth spells, whereas others only have one. Because of the

The 21 extractive economies in the sample, based on the ratio of mineral exports to GDP in 1995
(Ross 2001), are Sierra Leone (1968—1989), Zambia (1959-1996), Mauritania (1988-1993), Niger
(1960-1992), Chile (1968-1992), Jordan (1980-1997), Bolivia (1968-1990), Peru (1961-1994),
Ghana (1987-1997), Bulgaria (1984-1989), Norway (1962-1989), Australia (1967-1986), Yemen
(1992-1998), Nigeria (1959-1997), Gabon (1960-1995), Algeria (1988—1995), Venezuela (1962—
1993), Ecuador (1968-1994), Malaysia (1970-1995), Indonesia (1976-1999), and Cote d’Ivoire
(1985-1993). The period over which each country’s growth spells were measured is given in paren-
theses.
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irregular spacing of the income surveys for each country, the growth spells range
from 5 to 37 years, and average 7 years. The earliest growth spell starts in 1956 and
the latest ends in 1999, which is the period over which most of the extraction-based
economies rapidly expanded their extractive activity, providing a relevant set of data
for the analysis at hand.

Economic growth can have two effects on the poor: an income level effect, and an
income distribution effect. In measuring income level effects, it is often necessary
to first define the poverty level (e.g., $0.50/day, $1.00/day, $2.00/day, etc.), and then
to define how the quantity of poverty is measured with respect to that level (Watt’s
index, headcount, poverty gap, squared poverty gap, etc.). Different poverty levels
and poverty measures lead to different results, commonly creating ambiguity as to
whether poverty has risen or fallen as a result of a growth spell. To make this analysis
as robust as possible, I have adopted the requirement that a growth spell be deemed
good for the poor only if poverty is measured to drop regardless of the poverty
measure used (Watt’s index, headcount, poverty gap, squared poverty gap, etc.), and
regardless of where the poverty line is drawn ($0.50/day, $1.00/day, $2.00/day, etc.);
the improvement in poverty must be unambiguous.

Poverty is also reflected in non-monetary ways, such as health, which may
depend on relative rather than absolute income levels (Deaton 2003). This is the
income distribution effect. The “Kakwani” definition of pro-poor growth takes this
second facet of poverty measurement into account, requiring that a pro-poor growth
event reduce income poverty (an anti-poverty effect) and income inequality (an anti-
inequality effect) at the same time (Kraay 2006). Along the same lines, I define
“unambiguous pro-poor growth” as growth, be it positive or negative, that reduces
income poverty no matter how income poverty is measured (i.e., the growth is
unambiguously anti-poverty), while at the same time reducing income inequality
across the entire population (i.e., the growth is also unambiguously anti-inequality).
Requiring that the growth event be unambiguously pro-poor avoids the criticism
that the results are conditional on the poverty measure or cut-off used, or that they
ignore income distribution effects.

Not all growth is unambiguously pro-poor: it can worsen income inequality
across the entire population, which is pro-inequality growth; it can unambiguously
increase poverty, which is pro-poverty growth; or it can have an ambiguous effect
on income and inequality, where the categorization would depend on the poverty
measure and poverty level used. The labels for the types of growth spells are given
in Table 1. Pro-poor positive growth and pro-poor negative growth are the unam-
biguously desirable types of growth (from the perspective of the poor), whereas
immiserizing positive growth (positive growth that results in the poor being made
unambiguously worse off) and not pro-poor negative growth (negative growth that
results in the poor being made unambiguously worse off) are the undesirable types
of growth. The other categorizations (not pro-poor positive growth, inconclusive
positive growth, or inconclusive negative growth) can have both positive and neg-
ative effects on the poor, and are therefore not of interest here because they do not
help us to resolve unambiguously the quality of an extractive economy growth spell.
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Table 1 Qualities of economic growth under positive and negative growth spells

Positive growth spell quality

Pro-poor Income of the poor unambiguously increases, inequality unambiguously
decreases

Not pro-poor  Income of the poor unambiguously increases, inequality unambiguously
increases

Immiserizing  Income of the poor unambiguously decreases, inequality unambiguously
increases

Inconclusive Categorization depends on chosen poverty level

Negative growth spell quality

Pro-poor Income of the poor unambiguously increases, inequality unambiguously
decreases

Not pro-poor®  Income of the poor unambiguously decreases, inequality unambiguously
increases

Inconclusive Income of the poor unambiguously decreases and inequality unambiguously
decreases, or categorization depends on chosen poverty level

2Equivalent to immiserizing in the positive growth spell case.

Ross’s (2001, 2003) charge, perhaps the most pointed of those who decry
extraction-based development, is that extractive economies suffer from a type of
growth that is bad for the poor. Certainly, if extractive economies enjoy fewer pos-
itive growth spells as a result of the Resource Curse, there will likely be fewer
pro-poor growth events. But the question at hand is rather: are the growth spells that
extractive economies experience, be they positive or negative, any worse for the poor
than those experienced by non-extractive economies? Or, using my growth spell
terminology, are there relatively fewer cases of unambiguously pro-poor positive
growth, and relatively more cases of unambiguously immiserizing positive growth,
in the extractive economies? There are certainly reasons to think that this may be the
case. Mineral and energy booms have been thought to crowd out jobs for unskilled
or semi-skilled workers (Ross 2003, p. 7), to reduce manufacturing jobs that favor
women or older workers (Ross 2007) and result in less income inequality (Leamer
et al. 1999), and to reduce agricultural sector jobs, a sector that is suggested to have
special importance in reducing income poverty in a growing economy (Ross 2003,
p- 8, 2007; World Bank 2008).

On the other hand, extractive activity decreases unemployment and provides eco-
nomic stimuli in rural areas (Wallace 1999; McMahon and Remy 2001). Evidence
from Cote d’Ivoire shows that rural incomes increase with decreased distance to
paved roads and public markets (Klugman 2002, p. 45). This is infrastructure that is
associated with extractive activity. Extractive sector booms may also lead to new
government jobs through mineral and energy revenues. There is some evidence
that countries with a larger government labor force have lower income inequality
(Ross 2007). Income diversification within traditionally agricultural households has
also been found to be important for avoiding the poverty trap (Ellis and Allison
2004), and the rural nature of mining would facilitate this, either directly or through
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remittances. If there is enough extractive activity within an economy, these local
effects are likely to compound to such an extent that they can be measured as pro-
poor growth at the national level.

2.1 Empirical Results

Table 2 tabulates the quality of the 240 growth spells in the data sample accord-
ing to type of economy—extractive or non-extractive—as defined by (Ross 2001).
Although I do not necessarily agree with Ross’s typology, I use it because it was
through this typology that he determined that extractive-economy growth was bad
for the poor. The tabulations are based on an analysis of each growth spell using
Son’s “poverty growth curve” method (Son 2004). To implement this method, the
World Bank income data are converted into a poverty growth curve, which repre-
sents rate of growth of mean income by ascending cumulative income quintile, g(p).
For example, g(20) represents the rate of growth of the mean income of the poor-
est 20% of the population in an economy, g(40) represents the rate of growth of
the mean income of the poorest 40% of the population, and so on. Economy-wide
income growth, which is what national income accounts measure and which is often
referred to as growth in GDP per capita, is represented by g(100). The patterns in
the growth in income across the various income quintiles allow each growth spell to
be tabulated according to the categories listed in Table 1.

The extractive economy cohort contains 48 growth spells, 35 with positive
growth and 13 with negative growth, whereas 192 growth spells were analyzed for
non-extractive economies, 162 with positive growth and 30 with negative growth.
These spells therefore represent both booms and busts in both types of economy.

Focusing on the positive growth spells, 46% (16 of 35) of these events in the
extractive economies were unambiguously pro-poor, whereas only 37% (60 of 162)
were unambiguously pro-poor in the non-extractive economies. Positive growth
spells in the extractive economies therefore appear to be more likely to be unam-
biguously pro-poor than the positive growth spells in the non-extractive economies.
The chance that a positive growth spell is unambiguously immiserizing is the same
in both types of economy, at roughly 5%. The other growth spells cannot be conclu-
sively categorized as good or bad for the poor.

Based on these data there is no evidence that positive growth in an extractive
economy, when it happens, tends to be bad for the poor. As with findings in previous
research, growth is generally good for the poor, and there is no evidence that it is
less frequently good for the poor in extractive economies than in non-extractive
economies.

TFor more on this growth spell categorization method, see (Son 2004) and (Davis 2007). Davis
provides graphical depictions of three sample poverty growth curves. I would like to thank Hyun
Son for providing me with her poverty growth curve data.
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Table 2 The pro-poorness of economic growth in extractive and non-extractive economies

Positive growth spells Negative growth spells Total

Count (%) Count (%)

Extractive Non-extractive Extractive Non-extractive

economies economies economies economies
Pro-poor 16 (46) 60 (37) 0(0) 3(10) 79
Not pro-poor 5(14) 33 (20) n/a n/a 38
Immiserizing® 2(6) 6(4) 7 (54) 16 (53) 31
Inconclusive 12 (33) 63 (39) 6 (46) 11 (37) 92
Total 35 (100) 162 (100) 13 (100) 30 (100) 240

#Defined as “not pro-poor” in the case of negative growth, because “immiserizing” growth is a

term traditionally restricted to positive growth spells.

Table 3 Summary of growth and poverty in extractive and non-extractive economies

Positive growth spells Negative growth spells Total

Count (%) Count (%)

Extractive Non-extractive Extractive Non-extractive

economies economies economies economies
Anti-poverty 27 (77) 126 (78) 0(0) 3 (10) 156
Pro-poverty 2(6) 6(4) 12 (92) 25 (83) 45
Inconclusive 6 (17) 30 (19) 1(8) 2(7) 39
Total 35 (100) 162 (100) 13 (100) 30 (100) 240

What of the negative growth spells? Are these worse for the poor in extractive
economies than for the poor in non-extractive economies? Though the sample set
is small, the negative growth spells suffered by the extractive economies are unam-
biguously not pro-poor 54% of the time, about the same frequency as for the non-
extractive economies (53%; Table 2). Thus, as expected intuitively, negative growth
is rarely pro-poor in either type of economy.

This finding of a higher frequency of positive growth spells that are pro-poor
in extractive economies than in non-extractive economies has focused on a mea-
sure that combines poverty and income inequality effects. However, it is also use-
ful to look separately at poverty and income inequality (Tables 3 and 4). Kraay
(2006), who included a number of extractive economies in his growth spell sample,
found that there were no cross-country differences in the impact of growth on the
level of income poverty. In this study, the conclusion is similar when comparing the
frequency of unambiguous poverty improvements in extractive and non-extractive
economies. Positive growth spells were unambiguously anti-poverty in 77% of the
episodes in extractive economies, and in 78% of the episodes in non-extractive
economies (Table 3). Some 6% of the positive growth spells were unambiguously
pro-poverty in the extractive economies, compared with 4% in the non-extractive
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Table 4 Summary of growth and inequality in extractive and non-extractive economies

Positive growth spells Negative growth spells Total
Count (%) Count (%)
Extractive Non-extractive Extractive Non-extractive
economies economies economies economies
Anti- 16 (46) 60 (37) 3(23) 8 (27) 87
inequality
Pro- 9 (26) 59 (36) 7(54) 16 (53) 91
inequality
Inconclusive 10 (29) 43 (27) 3(23) 6 (20) 62
Total 35 (100) 162 (100) 13 (100) 30 (100) 240

economies. In a sample that is probably too small to have much reliability, negative
growth spells were unambiguously pro-poverty in 92% of the cases for extractive
economies, and in 83% of the cases for non-extractive economies. The other results
are inconclusive, meaning that whether or not the growth spell was good for the poor
would depend on the poverty measure used and the income level by which poverty
is defined.

The other aspect of growth spells is the concomitant change in relative income,
or income inequality, within a country. Kraay (2006) found that different coun-
tries have different relative income effects associated with growth spells, and that
there is no evident explanation as to why growth spells in different countries
have these different relative income effects. According to my data, positive growth
spells in the extractive economies have an increased tendency to be unambiguously
anti-inequality (46% of cases) than in non-extractive economies (37% of cases;
Table 4).% They are unambiguously pro-inequality in 26% of the cases, whereas non-
extractive economy positive growth spells are unambiguously pro-inequality in 36%
of the cases. There is parity between the extractive economies and non-extractive
economies in the negative growth spells, though the sample is too small to carry
much weight. The other results are inconclusive, meaning that income inequality is
not reduced or increased across the entire population profile, a requirement for the
growth spell to be classified as unambiguously anti-inequality or pro-inequality.

The conclusion from this empirical analysis is that when extractive economies
experience positive growth, there is no prima facie evidence that the growth is any
worse in its impact on the poor than growth in non-extractive economies. If any-
thing, positive growth in an extractive economy appears to have a greater chance
of being pro-poor than positive growth in a non-extractive economy, due to the for-
mer’s favorable impacts on income distribution. This finding is especially signifi-

SAll anti-inequality positive growth spells were also anti-poverty growth spells, and hence the
number of anti-inequality positive growth spells in Table 4 matches the number of pro-poor growth
spells in Table 2.
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Table 5 Simple correlation between rate of growth in a growth spell and the quality of that growth
spell

Growth spell quality All growth spells Positive growth spells Negative growth spells

Pro-poor 022 (n=179) 0.00 (n = 76) 0.27 (n=13)
Immiserizing® -0.55 (n=31) -0.21 (n=219) -0.31 (n=23)

2“Not pro-poor” in the case of negative growth.

cant given that the growth spells in the dataset are measured over the period when
many of the 21 extractive economies in the sample were intensifying their extractive
activity, and given the frequent claims that extraction-based growth leads to wors-
ening income distribution (e.g. Stiglitz 2007).

In the light of the evidence that extractive economies may suffer from a decreased
or even negative rate of growth (the Resource Curse), I now look at whether the level
of growth within a positive or negative growth spell makes a difference. Is slower
positive growth worse for the poor than faster positive growth? Is more negative
growth worse for the poor than less negative growth? Table 5 reports the results
of a calculation of the simple correlations between the rate of growth in a growth
spell, measured on a continuous absolute scale, and growth spell quality across
the 240 growth spells in the sample. In performing this calculation, growth spell
quality is identified as the binary 1,0 (pro-poor, other) when categorizing pro-poor
growth spells, and the binary 1,0 (immiserizing, other) when categorizing immizer-
izing growth spells. In the first column we see that, amongst all growth spells, the
higher the rate of growth the higher the probability of that growth spell being unam-
biguously pro-poor and the lower the probability that the spell is unambiguously
immiserizing. However, when the sample is divided into separate positive and neg-
ative growth spell cohorts, the correlation coefficient values indicate that a higher
rate of positive growth amongst the positive growth cohort reduces the probabil-
ity of that growth spell being unambiguously immiserizing, but it has no effect on
the chance that the growth spell will be unambiguously pro-poor. The latter effect
comes about because of inequality effects, where very high rates of positive growth
do not necessarily reduce income inequality, which is half of the pro-poor criterion.
Higher growth rates amongst the negative growth cohort (negative growth rates that
are closer to zero) are better for the poor in that they increase the probability of
the growth event being unambiguously pro-poor and decrease the chance that it is
unambiguously not pro-poor.

Summarizing these findings, faster positive growth is beneficial in its reduced
chance that the growth is unambiguously bad for the poor, and a lower absolute rate
of negative growth is beneficial in its improved chance that it will be unambiguously
good for the poor and its reduced chance that it will be unambiguously bad for the
poor.

As shown in Tables 2, 3, and 4, a negative growth spell has a lower probability of
being unambiguously anti-poverty, anti-inequality, or, combining the two, pro-poor,
than a positive growth spell. It also has a higher probability of being unambiguously
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pro-poverty, pro-inequality, or, combining the two, not pro-poor. Given the low fre-
quency of immiserizing positive growth, the main implication from this analysis is
that positive growth is good for the poor, even in extractive economies. The most
important way to avoid bad growth outcomes for the poor in extractive economies
is to avoid negative growth, or at least have a low absolute rate of negative growth.

2.2 Development in Indonesia, Nigeria, and Zambia

This section uses the growth spell categorization methods of this chapter to assess
the often contrasted development experiences of Indonesia, Nigeria, and Zambia,
three extractive economies. Table 6 lists the measured growth spells and growth
spell qualities for these countries. Indonesia is an economy that has been heralded as
escaping the Resource Curse through effective government policy aimed at pro-poor
initiatives (Bevan et al. 1999; Ross 2007). In this analysis all of Indonesia’s four mea-
sured growth spells between 1976 and 1999 were unambiguously anti-poverty, and
two were also unambiguously anti-inequality (making them unambiguously pro-
poor overall). Perhaps these favorable outcomes are a result of exceptional develop-
ment programming. Yet in the light of the preceding analysis it cannot be ignored
that all four of these growth spells were positive, some with very high rates of eco-
nomic growth.

On the other hand, Nigeria, which is often mentioned as epitomizing the
Resource Curse (Ross 2007), had three measured growth spells from 1959 to 1997.
The first growth spell, measured over a 26 year period, was positive, and was unam-
biguously anti-poverty: real incomes increased across the entire income distribu-
tion. The next two growth spells, each lasting 6 years, were negative, and both were
unambiguously pro-poverty. The first of these spells was also unambiguously pro-
inequality, making it unambiguously not pro-poor overall.

Zambia, similarly, had a 17 year positive growth spell, with no unambiguously
negative impacts on the poor, followed by a 15 year negative growth spell, then
another 5 year negative growth spell. The first negative growth spell was unambigu-
ously pro-poverty but unambiguously anti-inequality (poverty worsened but income
inequality improved), whereas the second was unambiguously not pro-poor (poverty
worsened and income inequality worsened). Clearly, the comparative fate of the
poor in these three economies is strongly conditioned on whether the economy was
experiencing positive or negative growth. Positive growth is beneficial to the poor
and negative growth is harmful to the poor, no matter what the structure of the econ-
omy.

Finally, it is of interest to dig a little deeper into what might have caused the
varying growth performance of these three economies. Traditional Resource Curse
proponents argue that extractive economies have slower or negative growth due to
poor macroeconomic management. As Figs. 1 and 2 show, however, the boom—bust
nature of extraction also plays a large part in a country’s growth profile. Figure 3
maps the growth spells presented in Table 6 onto a graph of the annual mineral
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Mineral and Energy Exports (real $/capita)

1959 1964 1969 1974 1979 1984 1989 1994 1999

—A— Zambia —— Indonesia —o— Nigeria |

Fig.3 Annual mineral and energy exports for Indonesia, Nigeria, and Zambia, 1959-1999, in real
$US/capita (2000). Data are not available for some years and are interpolated in these years. The
corresponding growth spells from Table 6 are outlined in heavy dashed lines and indexed by letters,
with the sign in the brackets following the letter indicating whether the growth spell was positive
or negative

and energy exports per capita, measured in real US dollars, in each of these three
countries. Mineral and energy exports are used as a proxy for domestic production.
This period of analysis shows Nigeria’s oil boom-bust and Zambia’s copper bust.
Indonesia’s per capita mineral and energy exports were relatively small and stable
by comparison.

Indonesia enjoyed its first growth spell (A) on the back of a mild minerals and
energy boom. Indonesia’s other three spells (B, C, and D) saw mineral and energy
exports decline and economic growth slow, yet in each spell economic growth was
positive and either anti-poverty or pro-poor. Nigeria initially embarked on a sim-
ilar positive growth path on the back of increasing oil exports (E), with resultant
unambiguous reductions in poverty. But negative growth ensued in the next two
growth spells (F and G) as per capita oil exports declined. As noted above, that neg-
ative growth was unambiguously unfavorable to the poor. Zambia had a massive per
capita copper production collapse after great promise in the early 1960s (Baldwin
1966), with a 20 year period of negative economic growth (growth spells I and J)
that was for the first 15 years pro-poverty, and for the last 5 years both pro-poverty
and pro-inequality (not pro-poor).

In sum, the differences in development experience across these three extractive
economies, as measured by the quality of their growth spells (Table 6), may reflect
differing domestic policies or institutional quality aimed at improving the welfare
of the poor. It is more likely that the different experiences of the poor across these
three countries arise from Indonesia’s sustained positive economic growth versus
Nigeria’s and Zambia’s negative economic growth. In the case of Zambia and Nige-
ria it can be argued that the negative growth spells were a result of the declining
per capita resource production and exports. What would Zambia’s state of devel-
opment be if it had not had a 30 year mineral bust? Nigeria’s oil boom is credited
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for derailing a Nigerian economy that was previously growing well, the oil rev-
enues helping to fund massively inefficient public investment projects and allowing
unsustainable borrowing against future oil revenues (Bevan et al. 1999). Perhaps
the seeds of Nigeria’s collapse were indeed sown long before 1979. Even so, this
research leaves little doubt that Nigeria’s poor would now be better off if per capita
oil exports had increased enough from 1979 onwards to create sustained positive
economic growth.

3 Explaining Development Optimism and Pessimism for the
Extractive Economies

With the proposition that extractive economies follow a boom—bust extraction cycle,
and that economic growth will also follow that cycle (Figs. 1 and 2), previous contra-
dictory analyses of the development performance of extractive economies can now
be seen in a new light. Davis (1995), for example, measured extractive activity as
being relatively good for development, whereas Ross (2003) and Bulte et al. (2005)
measured it as being relatively bad for development. All came to their conclusions
by looking at essentially the same data over the same time period, and all interpreted
resource intensiveness in essentially the same way. In fact, the results are not incon-
sistent. The differences in development experience come from the fact that Ross
(2003) and Bulte et al. (2005) assessed an economy’s development performance
over time conditional on the initial level of income per capita, and in comparison
to the performance expected of economies at that level of income. By doing this
they created a peer group for comparison according to initial income per capita.
Because extractive economies are initially booming economies, with high levels of
GDP per capita as the extractive activities ramp up, the peer groups for the develop-
ing extractive economies in these analyses included many developed economies.’
Davis’s (1995) peer group for developing extractive economies, on the other hand,
was other developing economies.

To understand the impact of this conditioning on the analysis, consider three
stereotypical economies in a sample set, AG (an agricultural economy), MAN (a
manufacturing economy), and MIN (a mining economy). AG is a poor developing
economy that has a sustained low level of income per capita, poor initial develop-
ment indicators, and is trundling along as an LDC over the period of analysis. In
an analysis conditioned on initial income per capita, AG would be found to be per-
forming at the same level as other LDCs (its income per capita peer group), and no
red flags would be raised. MAN is a developed economy with a high initial level
of income, good initial development indicators, and a stable level of real growth.
In an analysis conditioned on initial income per capita, MAN is also performing at

9Bulte et al. (2005) also controlled for the relative price of investment goods in an economy, and
so, strictly speaking, they are forming a peer group in both measures. Income per capita turns out
to be the more important variable to control for, so I emphasize it here.
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the same level as its peer group (other manufacturing economies), and again no red
flags are raised. MIN is a booming extractive economy at the start of the analysis
period, with newly found oil or mineral wealth. It was in the AG peer group prior to
its resource boom, but is now at an income level such that in an analysis conditioned
on initial income it is being compared against MAN economies, even though it is
still classified as a developing economy. Its subsequent growth is likely to be slower
than MAN due to the unsustainability of its resource boom, and its development
indicators are inferior to those in its peer group (developed MAN economies). A
statistical analysis, however, shows that MIN differs from its peers only in terms of
extractive activity. Hence, MIN is deemed to be underperforming, and the reason
for that underperformance is extractive activity.

Figure 2 illustrates how Saudi Arabia would be found to be underperforming
via this method of analysis. Note Saudi Arabia’s ascent by 1970 into the devel-
oped economy peer group, matching the GDP per capita of the UK, on the back
of increasing oil production. In Bulte et al.’s (2005) analysis, the UK is one of
Saudi-Arabia’s peer countries based on their similar PPP GDP per capita levels in
1970 (1970 being the date of peer group formation in these studies).'? The develop-
ment performance measurement is taken 21 years later. Saudi Arabia, with its 2001
HDI value of 0.769, was measured by Bulte et al. (2005) to be under-performing
relative to the UK, which had a 2001 HDI value of 0.930. They ascribed the rela-
tively poor development performance of extractive economies such as Saudi Arabia
to weaker institutions compared to their peer group of developed economies, and
blamed the weaker institutions on oil. This is no doubt correct, but unfair. A boom-
ing extractive economy’s income per capita level is suddenly and artificially inflated
by its extractive activity (Figs. 1 and 2). An exercise that then compares the boom-
ing economy’s institutional capabilities and development levels during the boom (or
even two decades later) with those of a nation like the UK, by design sets up the
extractive economy to fail.

Other examples include: (1) Peru, which was found to underperform relative to
Portugal, Peru’s income peer in 1970 due to its booming economy. In this case,
mining was blamed (Portugal had little extractive activity in 1970); (2) Iran, which
under-performs relative to Japan; (3) Chile, which under-performs relative to Singa-
pore; and so on. Botswana, on the other hand, were it included in the sample, would
out-perform its 1970 income peer, Zambia, and would be deemed to do so because
of its absence of extractive activity in 1970 compared with Zambia!!!

In another study that uses peer group formation conditioned on initial income,
Ross (2001) compared development performance in 1998 across countries with sim-
ilar incomes per capita in 1998. In this analysis, Kuwait’s development performance
was inferior to Canada’s, Canada being Kuwait’s peer because the two had the same

10Ross (2003) does not provide the list of countries in his data sample, and so I confine my com-
ments in this and the next paragraph to Bulte et al.’s (2005) paper, which does list the countries in
the sample.

'In 1970, Botswana had a primary production level roughly equivalent to that of Egypt.
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1998 PPP GDP/capita; the United Arab Emirates under-performs compared to New
Zealand; Botswana, now classified as a mineral economy because of its booming
extractive sector, under-performs compared to Costa Rica; and so on.'> Once again,
extractive activity is identified as the common characteristic of the under-performing
group. This method of analysis and the conclusions derived from it are clearly prob-
lematic.!3

Davis (1995), on the other hand, selected developing countries such as AG as the
peer group for MIN when assessing MIN’s development performance. Because of
the extractive boom, MIN outperforms AG both in terms of income per capita and
development indicators. Saudi Arabia would be compared to developing countries as
a whole, with its 2001 HDI value of 0.769 being superior to the developing country
average of 0.655 (UNDP 2003).

So the development performance of the extractive economies depends on what
one wishes to measure: development performance conditioned on a booming and
unsustainable income level, or development performance conditioned on initial
development status. The former naturally disposes the extractive economies to neg-
ative evaluations, because their booming levels of initial income per capita cause
them to be compared to developed nations.

By comparison, the method used in this research does not condition growth qual-
ity by income level or by development status. It simply looks at the growth quality of
21 extractive economies as a group versus 67 non-extractive economies as a group.

4 Implications for Sustainability

This analysis of 240 growth spells across 88 countries from 1956 to 1999 finds lit-
tle evidence to support the assertion that extractive economies experience a type of
growth that is bad for the poor. According to the growth spell assessment method
used here, positive growth tends to be better for the poor than negative growth,
and there is nothing to indicate that this tendency is muted in extractive economies.
By extension, if natural resource development is the only means a country has to
create growth, then it is better doing that than not doing it. One of the strongest
messages from the analysis presented in this chapter is that negative growth is
bad for the poor, and any economy, extractive or non-extractive, is likely to have
an unsatisfactory trend in poverty levels if it has an extended period of negative

12While Ross does not list the countries used in his 2001 study, he was kind enough to send me his
raw data file.

3Ross (2001) performed a few unconditional analyses of extractive activity and development per-
formance, and found that once conditioning on income is removed, oil dependence is not related to
lower human development performance. Mineral dependence is still related to lower human devel-
opment performance. A troubling feature of this and most other analyses is that they do not control
for other initial differences between economies, such as differences in institutional capabilities.
Those that do control for initial institutional capability find that there is no negative development
effect of being an extractive economy (e.g., Acemoglu et al. 2001).
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growth. Zambia and Nigeria are examples, as is Saudi Arabia after 1981 (see Fig. 2).
Indonesia and Botswana are counter examples, with extended periods of positive
growth and consequently pro-poor outcomes.

To the extent that sustained or increasing per capita resource extraction increases
the chances of positive growth, and because positive growth is good for the poor,
pro-growth policy in extractive economies should not only be directed at rectify-
ing political and institutional shortcomings, but also directed at enabling a sustained
extraction profile. This includes incentives to ensure continued domestic exploration
and resource development, and the attraction of foreign direct investment (UNC-
TAD 2007), as well as investments in knowledge and relevant technology (Wright
and Czelusta 2007). This solution is diametrically opposed to that of Ross (2001)
and other Resource Curse proponents, who advocate a move away from investments
in resource extraction. To the extent that the Resource Curse is due to declining
extractive output, the cure is not to avoid the initial extractive boom, but to avoid
the subsequent decline in extractive output. For example, Botswana was one of the
fastest growing economies in the world for three decades, and increased mining
output is thought to have been instrumental to that growth (UNCTAD 2007, pp.
144-145; Wright and Czelusta 2007). However, others argue that Botswana’s per-
formance was only different from, for example, Somalia (a resource-poor nation)
due to Botswana’s superior governmental institutions and economic planning (e.g.,
Acemoglu et al. 2003). Certainly, extractive output and government capability are
linked, and the two views are not necessarily inconsistent. My feeling, though, is
that there is not enough emphasis on the fact that extractive economies commonly
experience the boom-bust cycle depicted in Fig. 1, and that Botswana is on the front
end of that cycle. Wright and Czelusta (2007) go even further, arguing that through
prudent actions it can stay on the front end of that cycle for at least another 25-30
years.

Wright and Czelusta (2007) and De Ferranti et al. (2002) have emphatically
argued that resource-based growth can be sustained over hundreds of years in well-
endowed economies, and that where boom-bust outcomes like Fig. 1 have occured,
it is because of the lack of will to support exploration, technological progress, and
investments in appropriate knowledge to extend and develop the resource base. In
other words, while we observe boom-bust cycles, they are not inevitable. Were
extractive economies to manage their affairs such that extractive output was sus-
tained, they would likely have the same pro-poor development outcomes as non-
extractive economies.

5 Caveats and Areas for Further Research

There are several limitations to the analysis presented here. I have restricted the
approach to simple statistical comparisons at the national level, ignoring regional
impacts of extraction on the poor. There may well be complicated statistical regu-
larities relating extraction to unfavorable outcomes on the poor that this analysis has
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been unable to uncover. The small number of extractive economy growth events in
the sample has also required that I ignore the possibility that the extraction of dif-
ferent commodities may have different impacts on the poor. The World Bank data
consisting of income growth by quintile is also subject to methodological issues,
and must be treated with a healthy degree of caution. I do not have direct measure-
ment of the domestic output of the resource sector in each economy, and instead
use trade data as a proxy. It would be of interest to determine the extent to which
growth spells in extractive economies are correlated with extraction rates, and the
extent to which increasing mineral and energy extraction leads to sustained positive
growth and development. Finally, it may also be that the extractive economies that
have experienced minerals and energy booms, and corresponding rapid economic
growth, are now irreversibly “damaged”, with no prospect of the poor benefiting
from subsequent extraction-led positive growth spells. Indeed, given all of these
caveats, a more sophisticated empirical intertemporal analysis of the relationship
among growth spells, changes in extractive activity by type of activity (lootable ver-
sus non-lootable resources, energy versus minerals), and the pro-poorness of growth
is warranted. I leave this for future research, and present these results only as an
introductory investigation of whether or not positive growth in extractive economies,
where it has been realized, has been any worse for the poor than in non-extractive
economies.

One final point should be made: this analysis has only examined domestic out-
comes, and a broader geographic perspective is probably warranted. For instance,
the lower incidence of poverty in the Middle East and North Africa (MENA) coun-
tries (Adams and Page 2003) may be indicative of an additional benefit of extrac-
tive activities in surrounding countries. If resource extraction stimulates worker
remittances, and thereby increases consumption by the poorest peoples in neigh-
boring countries, then this would further motivate the role for extraction in sus-
tainable development. An example might be South Africa’s remittances to Lesotho
and Swaziland, countries which, despite the negative development prospects associ-
ated with being small, landlocked, and African (Collier 2007), have medium levels
of human development (UNDP 2003). Moreover, and a point that is often over-
looked, increased availability of mineral and energy resources lowers the real prices
of resource-intensive goods such as grains. In this way, increased extraction activi-
ties have an additional, indirect effect on the welfare of the poor by increasing the
purchasing power of their income.

Overall, these outstanding research issues indicate that we still have much to
learn about the positive and negative effects of extractive activities on the well-
being of the poor. In particular, they caution against drawing definitive conclusions,
as some have done, that extractive activity hurts the poor. Indeed, what hurts the poor
in countries with mineral and energy wealth, in the end, appears to be the failure of
the extractive sectors to grow in a steady, persistent manner. If we are interested in
the welfare of the poor in extractive economies, less research is needed into ways
to diversify away from extractive activity, and more is needed into how extractive
activity can be sustained.
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The Challenge of Mineral Wealth: Using
Resource Endowments to Foster Sustainable
Development

K. McPhail

Abstract The purpose of this research was to identify the factors that have allowed
some countries to avoid the so-called “resource curse”, and to determine practi-
cal, collaborative steps that can be taken by companies, governments, local com-
munities, and aid agencies to enhance mining’s contribution to poverty reduction.
Research was conducted collaboratively with the UNCTAD and the World Bank
Group, overseen by an independent advisory group, and tested through two multi-
stakeholder workshops. Industry involvement in the initiative took place through an
International Council on Mining and Metals (ICMM) working group comprising
around 20 companies and chambers of mines. Success depended on three factors:
reformed mineral legislation, improved macroeconomic management, and some
improvements in governance. Although the robust nature of the processes employed
can be demonstrated, the explicit aim of identifying factors that allow certain “suc-
cessful” countries to avoid the resource curse has inherent limitations.

Companies, governments, donors, and other actors need to work together to help
strengthen capacity in mining countries and regions, particularly at the sub-national
level. Mining and metals companies have been at the forefront of some of the most
innovative multi-stakeholder processes of any industry sector. This paper outlines
why some companies collaborated to take a leadership role, and explores how the
industry has sought to become more accountable to its stakeholders by demonstrably
improving its sustainable development performance.

1 Introduction

In 2004, the International Council on Mining and Metals ICMM) commissioned
independent research into ways in which it could enhance mining’s contribution to
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poverty reduction!. This marked the beginning of a long-term project with multi-
stakeholder input that is now into its third phase. At the outset, the research team
was asked to analyze how the mining sector contributes to national development,
to identify strategies that are effective in managing mineral revenues for economic
growth and poverty reduction, and to investigate how mining investments can con-
tribute to economic and social development at the national, regional, and local level.

The topic is controversial. Some international non-governmental organizations
(NGOs) raise fundamental questions about the poverty reduction and development
benefits of mining investments (Campbell et al. 2007; ITUCN 2007). The Bank Infor-
mation Center and Oxfam International in a September 2006 report cited the expe-
rience at IFC-supported gold mines in Peru, Ghana, Guatemala, and Kyrgyzstan, as
well as the World Bank’s own research in mining-dependent countries, which illus-
trate that the costs to local communities affected by mining often exceed the benefits
they receive (Sarin et al. 2006)

Moreover, although economic growth is a key ingredient to poverty reduction,
academics such as Sachs and Warner (1995)%> have proposed the existence of a
“resource curse”’, which can be briefly summarized as follows:

e Large earnings from mineral resources can lead to the “Dutch Disease” phe-
nomenon involving exchange rate overvaluation leading to a decline in the com-
petitiveness of other, non-mineral, economic sectors.>

e Dependence on such earnings are problematic if the prices of the minerals in
question are volatile in the short-term or subject to sustained decline in the
long-term.

e The presence of mineral wealth can encourage governments to adopt misguided
industrial policies that offer protectionist barriers to support uncompetitive new
activities.

e An economy blessed with abundant but finite natural resources may over-
consume. One reason is that incomes in the short term may fail to account
properly for the depletion (depreciation) of the nation’s natural capital, thereby

IThe research was conducted by independent consultants overseen by an independent advisory
group. Research partners were the United Nations Conference on Trade and Development (UNC-
TAD) and the World Bank Group, both of which added to the development expertise of the research
team. Industry involvement in the project mostly took place through an ICMM working group
which comprised around 20 representatives from member companies and associations. An Inter-
national Advisory Group was established and comprised: Georg Kell, Executive Head, United
Nations Global Compact Office; Pedro Pablo Kuczynski, Minister of Economy and Finance, Peru,
(until mid 2005); Mamadou Lamine Loum, independent consultant and former Prime Minister
of Senegal; Warwick J. McKibbin, Member, Board of the Reserve Bank of Australia; Hon. Felix
Mutati, Deputy Minister of Finance and National Planning, Republic of Zambia; Jane Nelson,
Director, Corporate Social Responsibility Initiative, Kennedy School of Government, Harvard Uni-
versity. Eighteen reports and publications are available on www.icmm.com

2For more information, see the literature review at www.icmm.com/document/185

3 A reviewer pointed out that this leads to a resource curse in economic models only if there is no
technological progress associated with extracting minerals, and if there is endogenous technical
progress in the non-mineral sectors.
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resulting in consumption levels that are unsustainable—the correction, when it
comes, is inherently damaging to livelihoods.

e Some countries blessed with natural resources may be more prone to poor gov-
ernance, and in some cases will experience a “predatory” state characterized by
corruption, political conflict, and inequalities largely created by state actions.

The objective of ICMM'’s research was to identify the critical factors that have
allowed some countries to benefit from their substantial resource endowments, and
to avoid the so-called resource curse. From the start of the project, the hope was to
identify the practical steps that might be taken by the industry and others, such as
governments, local communities, and development agencies, to enhance the positive
impacts of mineral resource investments.

To ensure a balanced analysis of both successes and failures from mining, and
the importance of ensuring that different viewpoints were adequately captured, the
research methodology and the subsequent findings from the field work were cri-
tiqued by non-governmental organizations, Equator Principles banks*, academics,
labour organizations, and government representatives in two multi-stakeholder
workshops. In the first workshop, held at the Lansdowne Club in London, 29-30
November 2004,> participants critiqued the research methodology, and the draft
toolkit was revised to incorporate their comments. In the second workshop, par-
ticipants discussed the draft findings from the four country case studies, and their
comments were used to strengthen the conclusions and recommendations of the
Synthesis Report (ICMM 2006a).

2 Assessing the Performance of Mineral-Dependent Economies
and Developing a Toolkit to Document Systematically Positive
and Negative Impacts

Phase 1 of the research comprised a comprehensive literature review, a quantitative
analysis of the performance of 33 mineral dependent countries across a range of
socio-economic indicators (published as the Analytical Framework: ICMM 2006a),
and the development of a toolkit to document the impacts (both good and bad) of
individual mining projects at local, regional, and national levels.

The intent of the literature review was to capture how differences in institutions
and governance may influence socio-economic outcomes, and how these outcomes
relate to mining activities. This was achieved by focussing on governance, defined
as the capacity of a country’s formal and informal institutions to design, implement,
and enforce policies that benefit the wider public and improve private sector effec-
tiveness.

4Www.equator—principles.com

SMinutes of the proceedings are available at www.icmm.com
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The 33 mineral-dependent countries® were defined as those where mining con-
stituted 20% or more of exports from 1965-2003. Performance was measured with
a range of socio-economic indicators over a 20-year period using six variables: two
for economic growth, and four for poverty alleviation (changes in infant mortality,
the UN Human Development Index, and two Millennium Development Goals: the
number of people below a minimum level of dietary consumption, and the number
of rural households with access to improved drinking water). Growth performance
was also compared to the preceding decades using data over a 50-year period to see
how typical or otherwise the recent past has been in terms of growth. These six vari-
ables were also compared against the countries’ relevant country peer groups: both
by region (e.g., sub-Saharan Africa, Latin America) and by income group (e.g., low,
middle, high middle income).

The findings showed that the resource curse is not preordained in mineral rich
economies. Almost half” of the 33 mining countries outperformed their regional
and income comparator countries, whether endowed or not with minerals. In rela-
tively few of the 33 country cases was the economic and poverty story all good or
all bad. Six were “better performers” (Chile, Botswana, Malaysia, Tunisia, Ghana,
and Mexico), while nine countries (Bolivia, Central African Republic, Congo DR,
Liberia, Niger, Papua New Guinea, the Philippines, Sierra Leone, and Zambia) were
poor on all counts.

Five of the six better-performing countries achieved a reasonable total gover-
nance score (Ghana being the exception with low scores on governance), although
there was a great divergence of scores across those five countries. Several of the
worst performing countries (e.g., Bolivia, the Philippines) had governance scores
that were not too different from countries such as Ghana, even though Ghana was
seen to be a better performer. It also should be noted that several of the “in-between”
countries scored better on governance than some of the countries classified as better
performing (e.g., South Africa, Namibia, Morocco, and Suriname). Significantly,
most of the worst-performing countries had very poor governance scores (CAR,
Sierra Leone, Liberia, and Congo DR).

This suggests that mining per se does not systematically lead to poor governance
performance, and also indicates that the relationship between good governance and
good economic and social performance is far from clear cut. Furthermore, the ex-
post indicators gave no insight into the underlying causes of the quality of gover-
nance.

So, while the performance of the 33 mineral-dependent countries showed that
some countries had suffered from the resource curse and related economic ailments,

6Bolivia, Botswana, Central African Republic, Chile, Colombia, Congo DR, Gabon, Ghana,
Guinea, Guyana, Jamaica, Jordan, Liberia, Malaysia, Mali, Mauritania, Mexico, Morocco, Mozam-
bique, Namibia, Niger, Papua New Guinea, Peru, Philippines, Senegal, Sierra Leone, South Africa,
Suriname, Tanzania, Togo, Tunisia, Zambia, and Zimbabwe.

7Chile, Botswana, Malaysia, Tunisia, Ghana, Mexico, Colombia, Guinea, Jamaica, Mali, Morocco,
Mozambique, Namibia, and Senegal.
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it also showed that in other countries, natural resource extraction had contributed to
long term sustainable and broadly based socio-economic development.

The Resource Endowment Toolkit (ICMM 2006a) was developed to provide a
systematic and consistent approach to documenting the impacts (both good and
bad) of individual mining projects at a local, regional, and national level in such
countries. Key stages in the Toolkit are: defining the country context; profiling
the mining activity to be assessed; documenting the country’s economic and social
performance and outcomes; assessing the project/micro-scale impacts of the mining
activities; and assessing the broader macro-scale and governance causes of perfor-
mance. This, then, was the starting point for further analysis based on country field
work.

3 Testing the Toolkit

Phase 2 tested the methodology outlined in the toolkit in a multi-stakeholder work-
shop, and was refined further by application in four country field-based case studies
in Peru, Chile, Ghana, and Tanzania.® These studies analyzed, in an objective way,
the contribution of the overall mining sector to economic growth and poverty reduc-
tion at national and regional/local levels, and also traced the contribution of indi-
vidual mines at local, regional, and national scales, including the interconnections
between these three levels. National-level analysis included quality of governance,
macroeconomic policy, and mining-related legislative reform. The findings from the
four country case studies were synthesized into a single report along with a series of
recommendations for industry, host governments, donor organizations, and NGOs.
The emphasis was on the practical steps that all of these organizations can take alone
and in partnership (ICMM 2006b). Three of the four countries were selected by the
multi-stakeholder workshops in London as examples of positive outcomes.

A key finding in all four cases was that mining had contributed to improved
economic policies. Although all four countries had experienced severe macro eco-
nomic mismanagement in the past fifty years, the implementation of an economic
reform package, usually supported by the World Bank and/or the IMF, helped some
countries to avoid the resource curse. All four countries experienced higher and
more stable GDP growth: Ghana has had an unbroken period of positive per capita
growth for over 20 years (see Fig. 1); Tanzania for over 10 years; and Chile for over
20 years. Peru has seen significant growth during a few years since the beginning of
the 1990s, albeit with a still high level of instability.

In all four cases, the long-term (50-year) comparisons suggest that the resurgence
of mining activity in recent years has been accompanied by smaller problems in
most aspects of the resource curse thesis than in the years when mining was stagnant
or in decline. For example, in Peru and Ghana, Dutch Disease problems seem to

8 Antamina (Compania Minera Antamina) in Peru, Escondida (BHP Billiton) in Chile, Obuasi
(AngloGold Ashanti) in Ghana, and North Mara (Barrick Gold) in Tanzania.
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have been avoided, and exchange rate policy movements have largely compensated
for inflationary changes. The growth of non-mineral tradeable GDP was found to
be positive in real terms in all four countries, and higher than that of their regional
comparators in all but one case (Peru). There was also some instability in revenue
flows that has persisted in some countries, but the revenue/GDP proportion has been
higher, especially in Peru and Ghana.

From this evidence, it can be postulated that: (i) even during periods of economic
malaise in all four countries, a better investment climate for mining contributed
to improved macroeconomic policies; and (ii) when mining investment enjoyed a
revival, after the economic reform programs, mining was one important dimension
of the recovery.

A second element of the in-country research was to assess poverty reduction. In
two of the four countries, there had been significant gains in reducing poverty at
national and local levels. In Chile, poverty had fallen at both the national level and
regional levels. Mining is concentrated in Region II, where poverty fell faster and
further than in any of Chile’s eleven other Regions. This was accomplished without
the government redistributing revenues down to the regional or local/community
levels. Instead the government had strong policies for employment generation, sup-
ported by long-term investment in human capital, such as training and skills devel-
opment. Driven by rapid mining expansion, Region II’s economic growth has been
faster than across Chile as a whole: GDP per head reached US$11,996 in 2003,
double the national average. In 2000, Region II had the lowest poverty rate as a pro-
portion of the population in the country, while literacy and education levels in the
region are also the highest in the nation.

In Ghana, using the Ghanaian Living Standards Surveys for 1991-1999, income
poverty has fallen from 52 to 40% in 1999. In the four mining districts, poverty
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levels were lower than in the remaining 112 districts, outside of Accra. In contrast,
the research found that in Peru the economic recovery process has not changed
poverty levels significantly. More than half the population continues to live in
poverty with nearly a quarter living in extreme poverty of less than one dollar per
day. More than 7 million (of Peru’s 17 million population), have no access to safe
drinking water, 5 million have no access to sewerage, and around 7 million have no
access to electricity. In Tanzania, because significant mining investments only began
in the late 1990s, the poverty data do not yet show any change.

Notwithstanding the indicators of positive impacts, all four case studies found
local problems. The companies were often facing issues of community distrust and
escalating expectations. This coincidence of dissatisfaction with economic boom
conditions has been faced by other mining countries. It fits with the general pol-
icy research finding that increasing horizontal inequality induces social tension and
conflict, even as general incomes rise.

The six most common problems found across the four case studies were: (i) the
adequacy/fairness of the tax regime for mining in the host country; (ii) the revenue
allocation system, particularly when it constrains the efficient and effective (in terms
of the public/private share) use of public resources, including those generated by
mining taxes and royalties; (iii) conflicts over land use and property rights; (iv)
environmental damage and concerns; (v) conflicts between large-scale and artisanal
mining; and (vi) the problems associated with mine closure.

In Ghana, there was a redistributive mechanism that provided for 20% of mining
taxes to flow to the local level through the Minerals Development Fund. However,
local communities reported that the lack of transparency meant that that they had
no idea how much money was flowing to the local level or who was benefiting.
Moreover, the local government’s ability to mediate conflicts over land use, mon-
itor environmental damage, or to create alternative employment opportunities was
criticized. Therefore, it seems likely that poverty gains could have been greater if
government and donors had given equal attention to strengthening the fiscal man-
agement, public administration, and local level political decision-making processes.

Likewise in Peru, there were significant revenues flowing to the regional
level, but parallel efforts to build local institutional capacity remained weak and
incomplete. The canon minero (requiring 50% of corporate income tax to go to
mining areas), which was introduced in 2000, raised local expectations. These
expectations were compounded by the addition of a royalties tax in 2005 (com-
prising 1-3% of the value of production) and, in 2007, the Voluntary Support
Funds.

4 Lessons from the Research

While some of these issues might have been remedied in part by improved envi-
ronmental management or community engagement on the part of companies, the
case studies, which were signed off by each respective government, indicated that
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good corporate sustainable development practices are often not enough. Governance
weaknesses, particularly at the sub-national level, are at the root of many of these
problems. In the typical sequence of events, the national government concerned
would institute macro-level governance reforms, thus attracting mining investments
and fuelling headline economic growth. But it would then fail to follow through
with other reforms that might empower local and regional governments, and build
their technical capacity and legitimacy. Figure 2 shows how the common features
of good governance can be positively impacted by the presence of large-scale
mining.

The observation that different country circumstances lead to different outcomes
points to the finding that distinctive paths must be found for the achievement of pos-
itive outcomes. The core of the approach proposed here is to connect policy reform
and institutional change. For example, how has the mining industry been affected
by the macroeconomic and fiscal regime at the national level, by government’s spa-
tial policies at the regional level, and by local government capacity at the mine site
level? Has this permitted the industry to contribute to the development of formal
and informal economic institutions that can enhance the positive socio-economic
impacts of mining? What are the challenges that have been encountered in this pro-
cess? And what are the diverse policy implications for different tiers of governance?
Mining’s impacts at national, regional, and local levels are distinct but interdepen-
dent. The specific policy linkages among the three levels are essential determinants
of project impact.
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4.1 Legal and Regulatory Framework

Starting with the legal and regulatory framework, all four countries have reformed
their minerals code to provide a stable regime for foreign direct investment (FDI),
with secure property rights. This was a key factor in triggering very large inflows
of FDI in all four countries. For example, Chile received US$15.5 billion between
1991 and 2003, and a further US$7 billion in 2004 alone; and Peru received US$9.8
billion between 1992 and 2004. In Ghana, the commercial mining sector suffered
a major decline from the early 1940s until the mid-1980s when the minerals code
(together with an economic reform package) came into effect. This resulted in more
than US$5 billion being invested by foreign companies between 1986 and 2001.
Tanzania has experienced the development of one new mine each year from 2000 to
2003, for a total of US$1.3 billion—easily the largest source of FDI in the country.

4.2 Formal Economic Institutions

There is a hierarchy of effects from mining’s economic contribution, the greatest
benefits accruing at national levels through FDI as noted above, and also exports
and taxes. With the economic recovery, all four countries have been able to put
in place formal economic institutions and aggregate fiscal regimes that guard the
essential requirements of a stable economy. This includes broadly sound macroe-
conomic policies, reasonably low inflation, stable exchange rates, and aggregate
fiscal sustainability. Technical capacity has been improved in central banks, min-
istries of finance, and often in mining ministries. Although technical capacity has
improved at the national level, this has commonly not been achieved to the same
extent at the sub-national level. Most noticeably, this applies to fiscal management,
general public administration, and local level political decision-making processes.
Ideally, strengthening of local institutions should begin at an early stage of mining
development, in order to avoid the two-track syndrome identified in the first multi-
stakeholder workshop in London.

4.3 Public Administrative Capacity

It can be seen that the impact of mining depends to a great extent on how government
revenues are used. In turn this puts emphasis on developing public administrative
capacity. All countries have seen strong central-level governance reforms, including
effective, efficient, and transparent public expenditure management. However these
have yet to filter down sufficiently to local and regional levels.

In Ghana, for instance, relatively little of the tax revenue generated by mining
appears to find its way back to mining communities. There is also evidence that
the mining companies’ social investments (such as those of Obuasi, the Ghanaian
mine at the focus of this case study) could be targeted more effectively at poverty
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alleviation. But even with such changes, a significant gap would have remained,
with local institutions having limited capacity, as well as resources, to deliver basic
services.

In Peru, a very similar process has occurred: companies have sought to appease
local community complaints with additional social investments. However, with local
government often failing to operate as a trusted mediating authority between the two
sides, such corporate tactics have often proved to be no more than “quick fixes”, with
tensions re-emerging before long. As in Ghana, central-level governance reforms,
including effective, efficient, and transparent public expenditure management, were
also shown not to have filtered down to local and regional levels. Furthermore, what
may be holding up the development of small-scale, non-mining enterprises in Peru
is another governance issue: the need to extend recognition of formal property rights
to entrepreneurs in the informal sector rather than just to large firms.

In summary, in Ghana and Peru, the lack of technical capacity at the sub-national
level is creating a challenge in terms of ensuring that the funds are used for devel-
opment purposes. This in turn heightens community anxiety about the impact of
mining operations on their livelihoods and employment opportunities. This under-
scores the importance of partnerships between donor agencies, companies, and gov-
ernments.

In Chile, the government has adopted a different approach. It has focussed on
increased employment opportunities rather than redistributive measures. This has
been done by innovative governmental policies at the regional level, providing
incentives to companies. For example, Region II has established an “executive com-
mittee of the Mining Cluster”. This consists of one national government representa-
tive, two local government representatives, and the CEOs of two major mining com-
panies. They meet regularly to discuss partnership plans and procurement opportu-
nities. The Government allocated US$15 million over the period 2002 to 2006, and
this sum has been matched by the mining companies. To date, the most important
of these has been a drive to assist local companies linked to the mining industry
to obtain ISO 9000 and 14000 certification. The number of certified companies
has grown from 8 in 2002, to 122 at the end of 2004. The cost of certification
has been shared between the government, mining companies, and the participat-
ing enterprises. It is believed that the certification will make the companies more
competitive, particularly in export markets. While it is too early to assess the results
in terms of overall increased export success, anecdotal evidence suggests that it has
worked for at least some companies.

A final point is that governance weaknesses also underlie many of the most
heated local criticisms against (or issues faced by) the companies: for example,
regarding indigenous land rights, alleged environmental damage, and conflicts with
artisanal miners. Companies must maintain high standards of corporate responsibil-
ity on all these issues, and there is scope for improvement in firms’ behaviour in
some respects. More broadly, without well-functioning local institutions, which are
democratically elected and trusted by local people, there is no body that can medi-
ate disagreements effectively and fairly. This governance vacuum has created space
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both for expectations on companies that may be unfair, and for corporate actions
that may lack legitimacy.

5 Recommendations for Enhancing the Socio-Economic Impacts
of Mineral Resource Investments

A key finding of the Phase 2 research’ was that parallel and coherent actions are
needed by all concerned groups and organizations: governments (particularly at the
sub-national level), local communities, mining companies, development assistance
agencies, and the voluntary sector. Pending the establishment of effective local
capacity, the study recommended that partnerships between all concerned stake-
holders are needed to enhance the positive impacts from mining, and to tackle the
negative impacts that have been identified.

Partnerships can help in at least three ways. In terms of practical steps to enhance
mining’s contribution to poverty reduction, national governments need to take the
lead to ensure that there are shared responsibilities for outcomes by integrating the
mining sector into national poverty reduction strategies. This in turn will require
government departments (for example, treasury and mining) to collaborate more
closely, and require chambers of mines and companies to participate in national
development dialogues and to link their social investment budgets to one or more
of the Millennium Development Goals.!? In addition, social funds and donor agen-
cies should connect funds better to the special needs of communities affected by
mining.

Another issue, flagged by workshop participants during Phase 1 of the initiative,
is the need to focus on transparency and tackling corruption. The Extractive Indus-
tries Transparency Initiative (EITI)!! is a multi-stakeholder initiative which has a
shared goal of promoting transparency of royalties and taxes paid by companies
and received by governments. It promotes the verification and full publication of
company payments and government revenues. NGOs and foundations are working
in countries such as Peru reviewing public expenditures to see whether and how
the investments are benefiting the poor. If the EITI is extended to transparency of
revenues and to the sub-national level, this could go a long way towards tackling
the anxiety expressed by local communities in both the Ghana and Peru case stud-
ies. The IFC is taking a leadership role in Peru, working with government through
the National Canon Program to improve municipalities’ capacity to invest, and civil
society’s capacity to monitor the use of, resources.

Another practical step that governments and donors can take addresses an issue
identified by a member of ICMM’s Advisory Group'? reflecting on the experience

9 www.icmm.com/resourceendowment
10

11

www.un.org/millenniumgoals
WWW.eitransparency.org
128ee Footnote 1.
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of the Chad-Cameroon pipeline. The experience on this project showed that state
and community capacity building often takes longer than expected, while infras-
tructure construction is often completed ahead of schedule.

Thus, not only does capacity building need to start early, but innovative
approaches need to be found to fund such activities because national (and thus local)
governments receive few taxes or royalties at the very beginning of the construction
period (or at the end). There is an opportunity for governments to monetize assets
and bring cash flows forward by, for example, using long-term loans and guarantees
offered by the World Bank. These loans could be used to transform future project
revenue flows into current capital funding for social and infrastructure investments
in local communities, while reserving sufficient funds to deal with subsequent mine
closure.

The second opportunity for partnerships to have an effect is to deepen gover-
nance reforms, especially public administration reforms. There is a need for more
reliable and sustained arrangements for properly sequenced decentralization of fis-
cal authority to local and regional authorities. Evidence suggests that greater decen-
tralization, accompanied by necessary improvements in local government capacity,
would enhance the impacts of mining projects.

The setting up of regional or local development agencies may help co-ordinate
efforts towards economic diversification and poverty reduction. Again, governments
will need to take the lead in supporting these bodies, perhaps aided by international
donor organizations. In Peru, Grupo Propuesta Ciudadana, an NGO, is working
with 15 regional governments to support the development of regional development
plans and participatory budgeting processes. Companies can undertake governance
risk assessments to obtain a better understanding of the institutional landscape in
which they operate at national, regional, and local levels, and to provide training
in project management. Companies can also plan their infrastructure development
(roads, ports, water supplies, power plants) to integrate into these regional or local
development plans. If expanded public use of this infrastructure is built into the
design stage, the incremental capital cost could be minimal. By allowing privately
funded infrastructure to be sized so as to meet the full needs of the regional econ-
omy over time, the economic and social spill-over effects can extend far beyond the
mining sector, as was demonstrated in Chile.

A third recommendation is to intensify efforts for poverty reduction and dispute
resolution mechanisms at local levels. Partnerships can support the development of
mining clusters and thereby contribute to economic diversification in a region. In
Chile, the “mining clusters” have encouraged the growth of small enterprises more
generally. The Escondida mine supported this policy with an innovative program to
help local suppliers with quality control that has enabled them to supply to others in
the region and to obtain ISO 9000 and 14000 certification. The case studies showed
that local procurement in Chile reached almost 80% of local goods and services,
whereas in Ghana, where the Obuasi mine has been operating for more than 100
years, local procurement only reached 46%. Such an approach is one of the reasons
why Chile has been so successful in capturing the economic benefits from mining.
However, more can be done by companies. Workshop participants suggested that
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business can improve its capacity on the ground if companies can find ways to work
together to implement the recommendations.

Locally based non-governmental organizations can work with local communities
and indigenous peoples’ organizations to help build consensus for how the ben-
efits are equitably shared. They could also help to ensure that the voice of the
marginalized is better represented. Workshop participants highlighted the impor-
tance of ensuring that the benefits of mining are communicated and delivered to
local communities. Participants also confirmed the importance of putting in place
dispute resolution mechanisms early in project development. Companies can take
the lead by establishing a process to set grievance procedures with the input of all
parties, within a wider decision-making framework involving local communities and
other actors.

6 Conclusions

ICMM has, through a global process of engagement, tested a methodology with
international NGOs, labour organizations, governments, donor agencies, and com-
panies. This validation process has resulted in a Resource Endowment Toolkit
(ICMM 2006a) to allow comparability across countries for public policy analysis,
and to provide a user-friendly template for companies to document the costs and
benefits of mining’s socio-economic contribution at local, regional, and national
levels.

In order to confirm the validity of the review and explore ways and means of
implementing the recommendations, the third phase of the project has now begun.
Pilots are planned in three of the case study countries, to see whether and how in-
country partnerships between governments, companies, and the voluntary sector can
be developed to encourage the uptake of the recommendations emerging from the
initiative to date.
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The Role of Mining in the Economies of
Developing Countries: Time for a New Approach

Keith Slack

Abstract In recent years, the benefits of mining to developing countries have been
widely promoted by the industry and institutions such as the World Bank. How-
ever, the structural limitations of the global economy that may impede mining-based
development have received significantly less attention. Similarly, mining’s overall
costs and benefits at the local and national levels are rarely given full consideration.
This chapter examines these issues, and calls for a new approach to mining in devel-
oping countries that would establish a more realistic picture of what mining can and
cannot deliver in terms of development benefits.

1 Introduction

Mining’s contribution to sustainable economic development in developing countries
has been the subject of much debate in recent years. This debate comes amidst
dramatically increasing levels of investment in new and existing “mining countries”,
which has been driven by investment liberalization and strong demand for minerals
in the booming economies of China and India. In many countries, this new wave of
investment has been accompanied by conflict with local communities and increased
environmental damage. Similarly, as minerals prices have reached record highs in
recent years, national governments have begun to agitate for a fairer share of the
windfall profits reaped by the major mining multinationals.

As the role of mining in economic development has come under sharper scrutiny,
the industry and its key promoter, the World Bank Group, have responded by carry-
ing out a number of initiatives and studies designed to respond to concerns expressed
by local communities, non-governmental groups, and some governments them-
selves. These studies include, most recently, a multi-year research project published
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in 2006 by the International Council on Mining and Metals (ICMM 2006), which
sought to analyze mining’s contribution to development in Chile, Peru, Ghana, and
Tanzania. This was preceded in 2002 by the Mining, Minerals and Sustainable
Development project (MMSD 2002), an industry-led initiative ostensibly designed
to define mining’s contribution to sustainable development in the run-up to the Earth
Summit held in Johannesburg that year. For its part, the World Bank Group com-
missioned the Extractive Industries Review in 2001-2004, which sought to assess
an appropriate role for the institution in supporting mining and oil development in
poor countries.

While each of these initiatives has yielded some valuable information on the
connections between mining and development, each has missed some larger funda-
mental questions that must be answered if we are to assess fairly the prospects for
mining to contribute to meaningful poverty reduction and sustainable development
in poor countries. In this chapter, I will identify some of these key “unasked ques-
tions” in this debate, and put forward a series of recommendations that may help
development of a more realistic and intellectually honest approach to this overall
issue. Answering these questions is of some urgency given the dominant (and in
some cases, growing) role that mining plays in the economies of many poor coun-
tries, the rapid expansion of the mining “frontier” into new developing countries,
and the stated intention of the World Bank Group to increase its support for mining
in new counties (Business Report 2007; Dow Jones 2007).

2 Mining and Development: Theoretical Rationales

The essence of the “development” argument for mining in developing countries is
that the industry can contribute significantly to economic growth and generate rev-
enues for host country governments. Economic growth is, as nearly all mainstream
economists recognize, essential for poverty reduction. If an economy is not expand-
ing, it is not generating the resources and opportunities that are necessary to lift
people out of poverty. By the same token, governments must have income in order
to support the kinds of essential services that are also critical for poverty reduction,
such as education and health care.

Mining proponents usually concede that the industry itself does not generate sig-
nificant levels of employment (particularly if one were to compare jobs created per
dollar invested.) Modern mining is highly capital-intensive, relying on high technol-
ogy equipment and relatively little labor. Of the labor that it does need, much of it is
skilled and thus usually not accessible to unskilled members of local communities
who live in the remote areas that are commonly where large-scale mining operations
in developing countries are located.

Though acknowledging relatively scant direct employment benefits, mining
advocates usually make reference to a “multiplier effect” by which one job in a
mine may be linked to several others in related industries, such as companies that
supply services to mines. They may also point to “downstream” linkages such as
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refining or processing industries that may be linked to mining activity (Weber-Fahr
et al. 2002).

Two specific cases are cited repeatedly as examples of how mining can contribute
to economic development (or at least growth): Chile and Botswana. According to
these arguments, Chile has successfully converted its copper resources into robust
economic growth and poverty reduction in recent years. This has come about as
a result of solid fiscal policies that have enabled the country to invest its copper
revenues wisely, and save a significant percentage of them in a stabilization fund
that helps smooth out the cyclical rise and fall of copper prices. Similarly, thanks
to enlightened policies, Botswana has used its diamond reserves to achieve strong
economic growth (particularly in comparison to other African countries), and to
invest its diamond income in needed social services.

The limitations of these apparently successful models receive less attention
from mining advocates. For example, little acknowledgement is made of Chile’s
severe income inequality, which has made it one of the most unequal countries
in the world: the richest 10% of the population control nearly 50% of the coun-
try’s wealth, and the poorest 10% control only 1.2% (Scott and Leight 2007). The
country’s Gini coefficient, which gauges inequality, has remained unchanged for
the past fifteen years, a period of high economic growth. The country’s inequal-
ity has given rise to protests and become an important political issue (Schweim-
ler 2007). Chilean president Michelle Bachelet has stated that inequality is the
“principal obstacle” to making Chile a developed country (Scott and Leight 2007,
p. 14). Chile’s copper-based development has also contributed to significant environ-
mental impacts, which include severely depleted groundwater reserves in the coun-
try’s main copper-producing region. The Chilean government recently announced
that the country’s mining region is reaching its limit for sustainable extraction
from underground aquifers, a situation that surely puts into question the long-term
sustainability of the industry in the country (Cereceda 2007).

The overall replicability of the Chilean model is also not seriously questioned by
mining advocates, which is problematic given certain conditions that may be unique
to Chile’s situation, including the country’s dominance of global copper production,
and the grouping of its mines in a particular area, which may enable the develop-
ment of greater employment opportunities in service industries. By the same token,
Botswana, though achieving strong recent growth, is almost entirely dependent on a
single natural resource (diamonds) which will become more costly to produce and
eventually become depleted, a situation that may begin as soon as 2020 (Maganu
2008). It is not clear at this stage what will replace the dominant role of diamonds in
Botswana’s economy, which faces high transportation, water, and power costs due
to its land-locked and arid conditions. Such factors may significantly impede efforts
to diversify. Similarly, the country’s diamond revenues appear to have done little to
arrest the country’s rate of HIV/AIDS infection, which is the world’s highest and
has reduced life expectancy to 35 years (Reuters 2008). Such facts are not widely
cited in discussions of the country’s successful management of its natural resources.

From a longer historical perspective, the US, Canada, and Australia are often
cited as examples of how major economic powers built their economies on mining.
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One can see clear examples of this line of argument for mining in documents from
the World Bank, which stated in a 2002 report that “it is impossible to argue that
Australia, Canada . .. and the United States did not base their development on their
natural resources.” (de Ferranti et al. 2002, p. 6)

The mining industry also makes this case forcefully, declaring in 2002 that:

the experiences of the US, Canada and Australia in becoming the richest countries in the
world while continuing to rely on mining clearly proves that mining is an economic foun-
dation that can reliably help nations escape poverty. (Butler et al. 2002)

Although it may seem logical to extend this historical analogy to current mining-
dependent developing countries, there are significant reasons to question its appli-
cability in today’s global economy. This will be discussed further below.

In reviewing the theoretical justifications for promoting mining as a development
driver, and the alleged empirical examples that demonstrate their successful imple-
mentation in practice, it is important to recognize that economic growth and gener-
ation of government revenue are undoubtedly important components of the overall
sustainable development equation. What is much less clear, however, is precisely
how these components are intended to translate into long-term sustainable devel-
opment and meaningful poverty reduction. It seems to be simply taken on faith
that growth and revenues will produce these benefits. This overlooks critical con-
siderations at both the micro and macro levels. At the micro level, little attention
is given to whether mining’s benefits will outweigh the inevitable impacts on local
communities (which can include displacement and loss of livelihoods).

At the macro level, very little analysis is usually provided as to how mining will,
in specific terms, fit into a broader development strategy for a given country. How,
exactly, will the revenues generated by mining be used to support industries that will
create the jobs that are needed to raise incomes, which in turn is critical to reducing
poverty? How will it contribute to economic diversification? Are there aspects of the
global economy, such as trade barriers, competition from other countries, and trans-
portation costs that make it less likely that resource-based economies can transi-
tion to higher value-added modes of production that would create greater economic
opportunity for the poor? The lack of serious attention to these questions—what
one might call a “faith-based” approach to mining and development—will also be
discussed in more detail below.

3 The Unanswered and Unasked Questions

3.1 The Importance of Raising Incomes and Broader Development
Strategy

To provide some additional context to this discussion, it is perhaps helpful to briefly
review the importance to poverty reduction of raising incomes and employment
levels. There is broad agreement among development economists that income lev-
els must increase in order for poverty levels to decrease. Empirically, the greatest
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development success stories of the post-war era were the “Asian Tigers” of Tai-
wan, South Korea, Singapore, and Hong Kong, who built their economies on highly
labor-intensive economic activities that employed large numbers of people.

Thus according to prevailing theory and recent empirical examples, in order to
have meaningful poverty reduction, jobs must be created and incomes must rise. In
a globalized world, there is no other viable option for developing countries. Given
the degree to which employment creation is seen as a critical component of broad-
based poverty reduction by most mainstream economists, it is all the more jarring
to find such little clear articulation of how the growth and revenues generated by
mining link to a comprehensive strategy to achieve higher incomes and employ-
ment. Such information is not contained, for example, in the World Bank’s Country
Assistance Strategy (CAS) documents, which set out the Bank’s overall approach to
promoting development in a given country. In these documents one does see some
acknowledgement of the limitations of mining-based development. For example,
Peru’s CAS for 2003-2006 notes in some detail the small amount of employment
that the country’s mining sector has generated, and concedes that “affected commu-
nities generally do not receive, or perceive, any benefits” from mining (World Bank
Group 20044, p. 25). But it provides few specific suggestions on how this situation
can be remedied beyond general calls for increasing transparency and strengthening
governmental institutions.

Similarly, the Poverty Reduction Strategy Papers (PRSPs), which are prepared
at the behest of the World Bank and International Monetary Fund, and which set
out a country’s plans for reducing poverty over a three-year period, do not describe
in any detail how mining revenues will feed into a discernable strategy for creating
employment, raising incomes, and economic diversification. For example, the 2006
PRSP for the Democratic Republic of Congo, a country with one of the world’s
richest mineral endowments, states the following:

The strategy advocated by the Government in [the mining] sector also involves streamlining
the exploitation of mining resources, providing sustainable support for economic growth
and effectively contributing to improving the social conditions of workers in the sector and
the Congolese people as a whole. (International Monetary Fund 2007, p. 75)

While improving the social conditions of the Congolese people is certainly a
laudable goal, one would expect to find at least a little more detail on how exactly
the government and its international financial institution (IFI) backers would intend
to use the mining sector to bring this about.

In its own research, ICMM notes a similar lack of attention to mining and poverty
issues in Ghana’s PRSP, stating that there “seem to be no mechanisms in the Ghana
Poverty Reduction Strategy (GPRS) to connect these (debt relief) funds in any reli-
able manner to the special needs of communities affected by mining.” (ICMM 2006,
p. 48). More generally, it notes that while donor-supported “anti-poverty strategies
invariably refer to “private sector and SME (small and medium enterprise) develop-
ment’ the actions involved seem to have little connection to the specific needs and
potential of mining areas.” (ICMM 2006, p. 59).
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Also notable for their lack of detail in this area are the documents produced for
specific mining projects financed by the International Finance Corporation (IFC),
the private sector arm of the World Bank that plays a critical role in supporting min-
ing development in low-income countries. Generally these documents, such as the
IFC’s Summary of Project Information (SPI), refer simply to revenues to be gener-
ated by a project as evidence of its overall development impact. One example is the
Marlin Mine project in Guatemala, for which the IFC approved financing in 2004.
In describing the project’s “development impact”, the document makes only brief
and general references to community “capacity-building programs”, improvement
of “community facilities and services”, and the company’s goal of hiring most of
its workforce locally (IFC 2004a). It is worth noting that this weak development
rationale was sharply questioned by some members of the IFC’s board of directors,
who, among other concerns, highlighted the fact that the $261 million project would
create only 160 long-term jobs (IFC 2004b).

An additional example of the lack of consideration given by proponents of min-
ing’s benefits to economic development can be found in ICMM’s 2006 research.
The research was undertaken to refute growing questioning by non-governmental
organizations (NGOs) such as Oxfam America and others about mining’s devel-
opment value. The research concludes essentially that, under the right conditions,
mining can contribute to poverty reduction. Yet the volume does not include spe-
cific discussion about how mining should fit into broader strategies to create jobs
and increase incomes. Ironically, the study attributes the success of its most suc-
cessful case study, Chile, to the creation of direct mining-related employment in
that country. This despite wide acknowledgement even within the industry and its
financial backers that large-scale, open-pit industrial mining does not in general
create significant amounts of employment. Thus, the industry’s one (apparently)
unambiguously successful case of mining-led development seems to prove the gen-
eral rule that poverty reduction is inherently linked to creating income-generating
opportunities—which in the vast majority of cases mining does not produce (Chile,
for a variety of reasons, being a possible exception).

3.2 Mining and the Global Economy

The global economy of the early twenty-first century is fundamentally different than
that of the early twentieth. This may seem obvious, yet the proponents of mining-
based development seem largely to ignore this reality. For them, the role that min-
erals development played in the development of the US, Canada, and Australia one
hundred years ago can be replicated now. The problems with this comparison have
been well-documented (Power 2002). The argument is faulty for a variety of rea-
sons, but two in particular are worth re-emphasizing. First, lower transportation
costs make it much cheaper to ship unprocessed ore away from mining areas to
processing areas overseas. Thus the value-added benefits that could be gained from
processing the ore are lost. Additionally, global trade rules now make it illegal for
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poor countries to protect down-stream industries that could be developed to process
mined minerals. These factors help make economic diversification (which even the
industry agrees is necessary for mining to contribute to broad-based development)
extremely difficult or impossible.

A second critical flaw in this “historical analogy” approach is that it ignores
the degree to which these countries had functioning legal, democratic, and finan-
cial institutional structures in place coincident with the rise of their mineral sectors.
Each country had significant “institutional capital” that allowed financial capital to
be accumulated and used productively, and ensured a more egalitarian distribution
of income. Such institutions “assured that the potentially large economic rents asso-
ciated with mineral development did not lead primarily to conflict, corruption and
waste” (Power 2002, p. 24).

The economic powerhouse of China is also a critical factor in today’s global
economy that has direct impact on the prospects for diversification in mining-
dependent economies. In some countries, non-mining sectors, such as textiles, have
been wiped out by competition from cheap Chinese imports. Zambia is a stark exam-
ple of this, in which anti-Chinese sentiment has given rise to violent demonstrations
(Polgreen and French 2007). Intensive competition from Chinese products makes
diversification into labor-intensive manufacturing (again, the path followed by the
most successful developing countries in the last fifty years) effectively impossi-
ble. Given these factors, it is very difficult to discern how mineral wealth can help
move countries up the ladder of development. In fact, some observers note that cur-
rent high commodity prices and an inability to diversify may be intensifying the
dependence of developing countries on natural resource extraction—creating a phe-
nomenon of “de-industrialization” that may ultimately leave developing countries
even worse off than previously (Zafar 2007).

3.3 A Broader Understanding of Costs and Benefits

Mining, like all economic development activity, involves costs and benefits—
“tradeoffs” that must be made between competing interests and priorities. There
will inevitably be winners and losers from mining development, just as there would
be from construction of a factory or other industrial operation. What is different
about mining, however (and this is particularly evident in the developing world), is
the scale and severity of the costs that the industry generates. The sheer magnitude
of the disruption that mining can bring to a local community and its surrounding
environment places it on a different scale than other kinds of economic develop-
ment activity. A large industrial mining project can generate hundreds of millions of
tons of waste material, displace thousands of people and create permanent damage
to land and water resources, rendering them permanently unfit for any other use,
including agriculture. Costs for cleaning up mine sites can run into the billions of
dollars, which can be a huge burden on cash-strapped developing country govern-
ments if they are left to cover these costs. In many developing countries (and even in
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some developed ones), governmental capacity to regulate these impacts effectively
simply does not exist, nor is anything approaching adequate funding for mine clo-
sure available. These factors can exacerbate these problems, and virtually guarantee
that the long-term costs of mining outweigh the benefits.

Ghana is a particularly compelling case in point on this question. The country,
formerly known as the Gold Coast, has been the site of large-scale industrial mining
for more than one hundred years. In the 1980s, the World Bank supported opening
of the country’s mining sector to foreign investment. The IFC invested directly in
several projects that were seen as part of the new wave of mining investment in the
country. The benefits of this investment have, however, failed to trickle down to the
poor communities that inhabit Ghana’s mining areas. In 2003, the World Bank’s
internal review unit analyzed the sector and made the following rather startling
assessment, which is worth quoting in some length:

It is unclear what its [gold mining’s] true benefits are to Ghana. Large-scale mining by
foreign companies has a high import content and produces only modest amounts of net for-
eign exchange for Ghana after accounting for all its outflows. Similarly, its corporate tax
payments are low, due to various fiscal incentives necessary to attract and retain foreign
investors. Employment creation is also modest, given the highly capital intensive nature
of modern surfaces mining techniques. Local communities affected by large-scale mining
have seen little benefit to date in the form of improved infrastructure or services provision,
because much of the rents from mining are used to finance recurrent, not capital expenditure.
A broader cost-benefit analysis of large-scale mining that factors in social and environmen-
tal costs and includes consultations with the affected communities, needs to be undertaken
before granting future production licences. (World Bank, 2003, p. 25; emphasis added).

This passage succinctly encapsulates the challenges that many mining-dependent
developing countries currently face. It is precisely the kind of “cost-benefit anal-
ysis” that the Bank recommends here, one that encompasses the full range of
economic, social, and environmental impacts, that all mining-dependent countries
should undertake, but which none have done in any meaningful or objective way.
Such analyses may become even more acutely needed as competition for natu-
ral resources is exacerbated by climate change. Countries will be forced to make
choices in order to husband precious resources, like water and arable land. To do this
effectively, they will need to understand the full implications of development paths
they may choose to pursue, particularly ones that are intensely resource-intensive
such as mining.

It is worth noting here that this kind of reflection on the true cost and benefits
of mining is not typical of the World Bank, which, to restate, is perhaps the leading
global promoter of mining in developing countries. The IFC does not, for example,
actually track the net impacts on development and poverty reduction of the projects
it funds, including in mining (Bank Information Center and Oxfam International
2006). The corporation employs a mechanism called the Development Outcome
Tracking System (DOTS), which collects numerical data on some indicators (such
as a company’s contribution to health and education services) and compliance with
IFC social and environmental policies, but does not report on whether development
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objectives have actually been achieved: i.e., whether poverty and living standards
have improved (or worsened) in a project-affected area (IFC, 2008).

In a recent review of IFC’s development impact monitoring, its Compliance
Advisor/Ombudman’s office pointed out the limitations of DOTS in measuring
actual, on-the-ground development benefits of IFC projects, stating that .. .the
question of whether local livelihoods or living standards have been positively or
negatively affected by an investment is not directly addressed by IFC’s analysis of
development results in DOTS.” (Office of the Compliance Advisor/Ombudsman,
2008).

There is thus currently no way to know if the benefits to poverty reduction (which
the IFC is mandated to promote) actually outweigh the negative social and environ-
mental impacts that have occurred at its mining projects in countries like Guatemala,
Peru, Ghana, and Kyrgyzstan.

4 Mining and Development: The Need for a New Approach

The global mining industry now finds itself at an important crossroads. Financially,
the industry is in the midst of a huge commodities boom driven by demand for min-
erals from China and India. Fiscal irresponsibility in the United States and uncer-
tainty about global geo-politics have helped drive gold prices to record highs. In
recent years, companies have made record profits and scrambled to find new projects
in which to invest. In 2008, profit margins declined considerably for some compa-
nies due to high costs of energy and other inputs. Most analysts, however, predict
the current trend of high minerals prices will continue for several more years. By
the same token, however, the industry and its backers recognize rising levels of dis-
content amongst mining-affected communities, who believe that they are suffering
disproportionately from the impacts of mining and are not receiving enough of the
benefits. Indeed, almost every major new or existing project in countries such as
Peru, Guatemala, Ghana, Indonesia, and the Philippines is subject at some point to
some kind of community protest or expression of concern.

The mining industry has begun to acknowledge these concerns by noting that
communities have begun to play the role of “gatekeepers” to new ore bodies. Paul
Mitchell, former Secretary General of the International Council on Mining and Met-
als, articulated these views in a June 2006 presentation to the World Bank:

[Olne of the two parts of industry’s case for access to land and countries’ non-renewable
resources, namely that these resources are essential for society and their exploitation pro-
vides economic development in the host country. It follows that if either of these arguments
is weak or untrue, then our case for access to land is weakened significantly. (Mitchell,
2006; emphasis added)

Governments, too, have begun to question whether or not they are getting their
fair share of the benefits, as evidenced by recent moves by governments in Peru
and Chile to institute royalties, and decision by the governments of Indonesia and
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the Democratic Republic of the Congo to review and possibly renegotiate contracts
with multinational mining firms.

Consumers and investors have also become increasingly concerned about the
mining industry’s performance on social and environmental sustainability issues.
In 2006, for example, Citigroup issued its sustainable mining index, in which it
recommended investing in companies with the strongest policies and practices on
social and environmental sustainability issues (Jansen et al. 2006). Similarly, more
than twenty leading jewellery companies have called on the global mining industry
to respect basic human rights and environmental standards in the production of gold
(No Dirty Gold Campaign: www.nodirtygold.org).

This scenario suggests that the mining industry is under growing pressure
to demonstrate that it does contribute meaningfully to sustainable development.
Indeed, the recent ICMM-sponsored study on resource endowments as well as
the MMSD project were undertaken with this objective in mind. What is less
clear, however, is whether, given the realities of the global economy in the early
twenty-first century, such pressure and the responses to it can actually be trans-
lated into demonstrable sustainable development on the ground in developing
countries.

So why does any of this matter? There are two primary areas of reasons. First,
international financial institutions (meaning primarily the World Bank Group) con-
tinue to promote mining for its alleged contribution to sustainable development. By
doing so, they employ limited resources that might be better used to support other
kinds of economic activity that could bring greater benefits to developing countries,
and that could create more opportunities for employment and raising incomes. These
could include agriculture, manufacturing, or tourism. Second, and more importantly,
by choosing to pursue mining-based development, developing countries put at risk
other development activities, most notably agriculture, that might bring more bene-
fits to a broader section of their populations. Water and land resources destroyed by
mining are unavailable for agricultural production, which is still the primary source
of livelihood for most of the poorest populations in developing countries. For exam-
ple, in a country like Ghana, where the majority of the population still derives its
livelihood from small-scale agricultural production, it is far from clear that mining
has generated sufficient benefits to compensate for the damage it has done to land
and water resources needed for farming, and to the communities that mining has dis-
placed. For this reason the World Bank, and most recently a Ghanaian government
human rights commission, have called for a comprehensive cost-benefit analysis of
the impact of mining on development in the country (Commission on Human Rights
and Administrative Justice 2008).

Mining advocates often argue that in some areas there is simply no viable eco-
nomic alternative to mining. And, indeed, in a high altitude plateau 4,000 m above
sea level or in a remote desert area, it can be difficult to imagine other forms of eco-
nomic activity that can generate the degree of revenues that mining can provide. But
experience shows that mining’s track record as a development driver in such places,
particularly in developing countries, is highly problematic. Moreover, mining, no
matter where it is done, will bring costs and impacts. Therefore it is not adequate
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simply to ask “What’s the alternative?”” without also asking “What are the costs and
benefits, now and in the future”?

The point here is that, from the standpoint of sustainable development, mining-
based economic development implies trade-offs and choices, as do all kinds of eco-
nomic activity. The scale and the permanence of mining’s impacts on a community,
particularly in a developing country context, are such that once those choices are
made, they may be difficult or impossible to change.

There is thus an urgent need for more comprehensive and transparent considera-
tion of the full costs and benefits that mining is likely to bring to a country. It is not
adequate to posit an ideal situation—"‘under the right conditions”—as economists
are wont to do, without acknowledging the likelihood (or lack thereof) that the ideal
situation can actually be realized. Thus, it is hypocritical for an institution like the
World Bank to acknowledge, for example, that “good governance” is necessary to
ensure that mining will contribute to sustainable development in developing coun-
tries, while at the same time promoting mining projects in countries like Guatemala,
which any reasonably informed observer can see clearly suffers from serious
governance weaknesses (e.g., World Bank 2004b).

If mining is to continue to be promoted for its sustainable development value, a
clearer articulation of precisely 7ow mining will serve this purpose needs to be set
out at the start of a potential project, or indeed at the start of industry development
as a whole in a given country. Those assumptions and predictions, in turn, should
be monitored closely, and evaluated to ensure that they are actually being met. Min-
ing companies, international financial institutions, and civil society all have a role
to play in this articulation and monitoring, although the predominant responsibil-
ity must lie with governments who are ultimately accountable for delivering on a
country’s development objectives.

If the sustainable development rationale for mining cannot be clearly and consis-
tently articulated, then the “sustainability pretense” for mining should be dropped.
This would not necessarily mean the end of mining, or that mining should not
be pursued in developing countries. There may be legitimate, non-developmental
reasons for doing so. But an upfront admission that mining is not about sustain-
able development in a given context, could help generate realistic expectations,
and suggest that scarce “development” resources be employed elsewhere. Such
upfront intellectual honesty might also help serve the mining industry’s interests
by establishing more realistic expectations about what mining can and cannot
deliver.

5 Policy Recommendations

There are a number of specific policy venues in which this new approach to mining
and development can be taken forward. Progress in these areas would provide a
good starting point for shifting thinking and practice, and perhaps provide better
outcomes for all stakeholders. These specific venues are set out below.
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5.1 Conduct Independent National and Project-Level Cost-Benefit
Analyses

Before a developing country embarks on significant new minerals development,
the government should support a broad analysis of the likely potential costs and
benefits of the sector to the country as a whole. Such analyses should be indepen-
dently produced by multi-disciplinary teams, including economists and specialists
in poverty reduction, human rights, and environmental issues. These teams should
be independent of the mining sector and have no vested interest in the outcome
of the analysis. They should have access to reliable baseline data on a range of
factors, notably water quality and quantity. Similar analyses should be conducted
for every new individual project that is proposed. Both levels of analysis should
seek to produce, to the extent possible, detailed and quantitative analysis of the
potential benefits of mining set against the likely costs, which should include cumu-
lative loss of local livelihoods, mine clean-up costs, and environmental damage.
Additionally, realistic assessments of government capacity to regulate mining’s
social and environmental impacts and redistribute mining revenues to impacted
areas should also be set out clearly. By the same token, these reviews should
include frank discussion of local governments’ capacities to use and invest mining
revenues.

It is important to recognize the technical and political difficulties of carrying
out this kind of objective analysis. And, indeed, there are very few precedents
on which an analysis of this type could be based. Much of the relevant expertise
needed lies within the mining industry itself or within the international financial
institutions, which, as noted, in many cases would have a vested interest in the
outcome. Politically, governments would no doubt find it very difficult to allow
a truly objective analysis that could realistically contemplate a net negative out-
come. Nevertheless, experts exist with adequate skills and who are sufficiently
independent of the industry to conduct unbiased reviews. There are very few of
them, however, so investment would be needed to train additional experts. Fund-
ing for training could come from a special independent fund supported by contri-
butions from governments, industry, financial institutions, and NGOs, but admin-
istered independently and transparently. Although involvement of industry and
NGOs could affect the perceived independence of such a fund, their participation
from a financial and political standpoint would be essential. Mechanisms could be
established to protect against manipulation of the fund by any particular interest
group.

Political opposition to these reviews could perhaps be overcome by creating
incentives for governments to allow them to go forward. In Ecuador, a recent
effort by NGOs, private foundations, and the government to support protection
of environmentally sensitive areas in lieu of oil development could provide one
potential model for “incentivizing” transparent analysis and debate about the
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potential costs and benefits of mining (Amazon Watch and World Resources
Institute 2007).

5.2 Produce Sustainable Development Strategies that Articulate
the Role of Mining

Closely related to the issue of cost-benefit analyses is the clear articulation of the
role of mining in broader development strategies. As noted above, such strategies
(as embodied by the World Bank’s CAS and PRSPs) provide little to no analy-
sis of how mining development is expected to support broader sustainable devel-
opment goals, beyond a general contribution to economic growth. This is highly
problematic because it ignores critical issues like economic diversification, and cre-
ates a situation in which the linkages to the rest of a country’s economy are simply
assumed rather than clearly articulated. This may help explain why mining in gen-
eral has had such a poor track record in contributing to sustainable development: the
assumptions about how mining would support development in a particular country
are faulty or not thought through.

Thus, a way to begin to remedy this situation is by starting with development
strategy documents, including Country Assistance Strategies (CAS) and Poverty
Reduction Strategy Papers (PRSP). These documents should clearly spell out how
revenues from mining will be used to support broader development objectives.
Given that mining itself will not create significant long-term employment or income-
generating opportunities (as noted above), development strategies should explain
how mining revenues will be used to help produce durable employment or other
opportunities to raise income levels. Relatedly, these strategies should directly
address how issues in the larger global economy will affect the assumptions about
the contribution of mining to development in a given context. For example, if mining
revenue in, say, Mali is to be invested in increasing the productivity of the country’s
cotton sector, how will trade barriers (subsidies) in developed countries impede that
process?

There are some precedents for “ear-marking” resource-based revenues for spe-
cific development purposes. For example, in Chad, a petroleum revenue manage-
ment law, put in place at the behest of the World Bank, directed oil revenues to
health, education, and other priority sectors for reducing poverty. However, these
arrangements said nothing about development of non-oil-based industries or other
economic activity, and the World Bank failed to assist the government to develop
an economic diversification strategy. The project itself ultimately failed over the
Chadian government’s refusal to comply with the conditions set by the Bank. In
September 2008, the Bank cancelled the project and Chad paid back its loan. Despite
this failure, the project does demonstrate that specifying development usages for
resource-generated revenues is possible. Actually enforcing such commitments is,
of course, another matter.
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5.3 Establish and Monitor Development Indicators for Individual
Projects

Recent rhetoric about foreign aid and development in US foreign aid policy and at
institutions such as the World Bank has emphasized the need to make such efforts
more effective and accountable for delivering on development objectives. The US
government’s creation in 2002 of the Millennium Challenge Account program, in
which countries must meet certain criteria in order to receive US aid, is reflective of
this point of view. Increasing the effectiveness of development efforts has also been
a key concern of World Bank president Robert Zoellick (Zoellick 2008). Given this
rhetoric, it is difficult to understand why there has been almost no serious effort
to actually track the net impacts on development of individual mining projects. As
noted above, the World Bank’s IFC, a key promoter of mining in developing coun-
tries, does not measure in a meaningful way the impact of the mining projects it
finances on poverty levels or other development-related indicators. The institution
seems content with stating that such projects will contribute to economic growth
and produce a relatively small number of jobs.

As noted above, if mining is to continue to be promoted for its sustainable devel-
opment value, the IFC and mining companies must establish development indica-
tors against which the development impact of the project can be assessed. These
indicators should be monitored regularly and independently throughout the life of a
project, and the results of this monitoring should be made public and debated openly
with all stakeholders. Among the issues that should be measured are overall levels of
poverty, education, and health in a project area. Indicators should also be developed
for environmental and governance issues.

Skeptics of this approach argue that it is difficult to isolate the contributions of
an individual mining project to development and poverty reduction. Improvements
in development come over time and are attributable to a complex set of interrelated
factors. There is undoubtedly some truth to this argument. But large scale min-
ing is increasingly being promoted by the mining industry and by the IFIs specifi-
cally for its development value, so surely, then, there must be ways to demonstrate
whether or not that value is actually being achieved. Furthermore, while the bene-
fits accruing from an individual project may be difficult to quantify, the local level
negative impacts can be seen very clearly. These include displacement of commu-
nities, disruption of local livelihoods, and environmental contamination. Thus, if
we are to accept the sustainable development justification for mining, it is imper-
ative to demonstrate that the costs are outweighed by the benefits generated by an
individual project.

6 Conclusions
In a time of high minerals prices, ever closer global economic integration, and a

global environmental crisis, it is more important than ever that development ratio-
nales for minerals-based development be clearly articulated and monitored. Indeed,
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the current period may be the last chance for some developing countries to con-
vert their mineral wealth into broad-based and sustainable development (UN Inte-
grated Regional Information Networks 2007). Thus, if these resources are to be used
wisely, and without foreclosing other development options, more attention must be
given to these issues. If this does not happen, the current pattern of unsustainable,
non-developmental resource exploitation will continue, to the detriment of mining
companies, governments, and local communities alike.
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A Hierarchy of Natural Resources with Respect
to Sustainable Development—A Basis for a
Natural Resources Efficiency Indicator

Markus Wagner and Friedrich-Wilhelm Wellmer

Abstract To resolve complex issues and establish guidelines for industry, politi-
cians need data that can be transformed into indicators for policy decisions. Using a
four-level hierarchy of natural resources as a base, a meaningful resource efficiency
indicator can be developed as a tool for such policy decisions.

According to this concept, sustainable development implies substituting materi-
als at a higher level of the hierarchy, either by material from a lower level, or by
resources from the technosphere that replace resources from the same level in the
geosphere. Energy resources occupy the highest level of the four-level hierarchy.
Most problems concerning natural resources can be solved with enough affordable
energy: water can be recycled after use; saline water can be desalinated; soil ero-
sion through deforestation can be reduced by lessening the need for biofuel; cut-off
grades in metal deposits can be lowered to increase available reserves; and lower-
quality scrap metal can be recycled. The next hierarchy level is represented by
raw materials derived from occurrences that developed over geological time and
were formed by natural enrichment (e.g., all metal deposits and some non-metallic
deposits such as barite or phosphate). This level also includes deposits of the techno-
sphere that can be recycled. The third level comprises materials available in almost
unlimited amounts on Earth, such as granite, sandstone, and clay, but also those
raw materials that can be produced from air (e.g., nitrogen fertilizer), or from sea
water (e.g., boron, potassium, or magnesium). Wood used for construction purposes
is included in this third level because it is a renewable resource. The lowest level
represents waste and residue materials from the technosphere that are potential raw
materials for secondary use. Because energy resources occupy the top of this hier-
archy, it makes sense to conserve energy by using more raw materials of lower
ranking, rather than materials from the top levels. It then follows that in order to
measure resource efficiency it is not appropriate to use a pure indicator, such as
“total tonnage of natural resources produced or consumed in relation to the gross
national product.” Instead, in establishing guidelines for political decisions designed
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to improve resource efficiency in a national economy, resource efficiency should
mainly be measured in terms of an energy efficiency indicator.

1 Introduction

Measures to increase energy efficiency have assumed an ever higher priority on the
agendas of politicians, industrialists, consumers, and researchers since the first oil
crisis in 1973. The dependence of most European countries on energy importation,
as well as increasing awareness of climate change (symbolized by the Kyoto Proto-
col of 1997), have accelerated political action, both to save energy and to move into
non-carbon energy generation. “Total resource efficiency”—including non-energy
materials—was a keynote of the 2002 World Summit on Sustainable Development
in Johannesburg, South Africa.

To create viable policies for complex issues such as climate change and resource
efficiency, politicians need data that can be transformed into indicators to establish
guidelines for industry. In the following article we have developed a meaningful
resource efficiency indicator as a tool for such policy decisions, based on a four-
level hierarchy of natural resources. We begin by discussing the basic concept and
roots of sustainable development as applied to natural resources and the minerals
industry.

2 Basic Considerations

Rapid population growth accelerates the depletion of the Earth’s resources of space,
soil, water, mineral resources, and energy, leading to irreversible changes in ecosys-
tems, deterioration of living conditions, loss of biodiversity, and envisaged exhaus-
tion of non-renewable, as well as renewable, resources.

Although the Earth’s system has always been changing, rapid population growth
has dramatically intensified these changes. To avoid collapse of critical functions,
a responsible management of the Earth’s system is required. In addition to “soft”
policies, such as international agreements on emissions and pollutants, interven-
tionary national strategies are needed, such as controlling birth rates, and intro-
ducing scientific measures to improve our understanding of geohazards, global
climate change, and increasing demand for natural resources. These measures
will be used to guide the development of technologies for coping with these
challenges.

Humankind has always depended on the use of energy and mineral resources
for its technological and cultural evolution. As far back as the Bronze Age metal
was used for tool-making, but the large-scale exploitation of non-renewable energy
resources only emerged much later with the invention of the steam engine at the
beginning of the 18" century. The energy and raw materials then required for
heating, smelting, and ship-building called for replacements for wood, a renew-
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Fig.1 Concept for using the Earth concerning natural resources: the “wedge of problem potential”

able biomass, as a raw material. Maintaining today’s standard of living in both
industrialized and developing nations depends entirely on the use of non-renewable
energy and mineral resources. This dependency inevitably results in a massive inter-
ference in the ability of our planet to adapt to natural and human-induced changes, as
well as to sustaining a “natural resources system in balance.” By this term we mean
a natural resources system that fulfils the intergenerational fairness requirements of
the Brundtland (1987) report, as described below.

The scale of these interferences can best be illustrated by a “wedge of problem
potential”. In Fig. 1, various natural resources are ranked along the wedge according
to the magnitude of their potential to disturb the resource equilibrium of the Earth.
The width of the wedge is proportional to the disturbances caused: the larger the gap,
the greater the problem. Because fossil fuels such as oil, natural gas, and coal are
irreversibly consumed, they present the largest problem potential. Oil has been the
fossil fuel of first choice because it is readily available and convenient to use. How-
ever, oil production is expected to peak soon (e.g., Gerling 2007). Consequently, oil
is regarded as having the largest problem potential, and is therefore placed at the
widest end of the wedge. Metals, by contrast, occupy a position halfway along the
wedge because they can be recycled to a considerable extent. Raw materials that
reach the environment in a dispersed state occupy an intermediate position between
metals and fossil fuels.

The wedge of problem potential has been widening with the steady growth in
consumption of non-renewable energy and mineral resources. The production of raw
materials remained more or less constant for centuries, and even after the beginning
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of the Industrial Revolution in the second half of the eighteenth century, it took about
another hundred years before raw material production and consumption commenced
its relentless increase, gaining momentum over the years to reach the levels that we
are accustomed to today.

Rammelsberg, the famous polymetallic base and precious metal mine in the Harz
Mountains of Germany, is a good example to illustrate historical production trends.
Figure 2 shows tonnage of ore produced since the mine opened in 968 AD until
final closure in 1988. For several centuries, production fluctuated around a long-
term average of 20,000 t/year, rising and falling due to historical events such as the
Thirty Years’ War (1618-1648). Production increased to 60,000 t/year from ~1,850,
to 100,000 t/year in the 1930s, and to 300,000 t/year after 1950. Even a cursory
examination of the 3,000 year-long production of the “old”” metals such as gold, tin,
copper, and iron, illustrates that man has consumed more in the last 50 years than in
his entire previous history (Wellmer and Becker-Platen 2002).

The epochs into which the Tertiary and Quaternary geological periods are
subdivided have the ending -cene, derived from the Greek word kainds which
stands for “recent” (e.g., Holocene). Because humankind has become a major
geological agent in shaping the future of our planet, the term Anthropocene has
been coined to describe the most recent period in Earth’s history. The Anthropocene
started in the 18th century, when man’s activities first began to have a significant
global impact on the Earth’s climate and ecosystems (Crutzen and Stoermer 2000).
Considering our technological advances in the design of earth-moving equipment
used in mining and construction man has already reached the same order of
excavating capacity—about 35 billion m> per year—as natural processes such as
erosion (Neumann-Mahlkau 1997).

It is tempting to correlate the rapid increase in production, consumption, and
utilisation of mineral and energy resources with the increase in world population,
which in October 1999 exceeded 6 billion people (in 1900, about 1.6 billion; in
1950, about 2.4 billion; and in 1965, about 3.2 billion). Up to the end of the last
millennium, however, the bulk of mineral and energy resources consumption took
place in industrialized countries that had only a very modest population growth.
We were living in an “upside-down world”: about 25% of the world’s population
lived in industrialized nations, and consumed 70-80% of the world’s energy and
mineral resources (with coal as one of the few exceptions). Since the turn of the
millennium, however, we have witnessed the start of a new growth cycle, shown in
Fig. 3, that is driven by a surge in demand in developing nations with large popu-
lations such as China and India. China has become the leading consumer in the
developing world, as shown in Table 1. In 2006, it had the highest consumption
in every major commodity with the exception of crude oil. Its shares of world-
wide copper, aluminium, and steel consumption alone were 20.8, 25.4, and 32%,
respectively. In 2006, India joined the five largest consumer nations of steel, crude
oil, and coal, displacing Germany (which is the largest consumer in the European
Union).

Population growth also brings soil, potable water, and space into the wedge of
problem potential of Fig. 1. To satisfy the need for more arable land demanded by
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Table 1 Consumption of copper, aluminium, and steel by the populated developing nations Brazil,
India, and China, as percentage of global consumption

1980 1990 2000 2006
Copper
Brazil (%) 2.6 1.6 2.1 1.9
India (%) 0.8 1.2 1.5 2.6
China (%) 4.2 5.5 12.6 20.8
Aluminium
Brazil (%) 1.9 1.6 1.9 1.8
India (%) 1.5 2.2 2.3 3.1
China (%) 3.5 4.5 13.6 254
Steel
Brazil (%) 2.0 1.4 2.0 1.6
India (%) 1.6 2.6 34 3.8
China (%) 5.8 8.2 16.4 32.0

growing populations, and complicated by the conversion of arable land into land for
dwellings, infrastructure, and industrial sites, forests are cut, and irreversible soil
erosion increases. Moreover, the exploitation of fossil water resources in arid and
semiarid lands intensifies: water is drawn down in excess of the capacity of natural
recharge to replenish aquifers.

The purpose of our paper is to propose a responsible action plan for the future
consumption of natural resources in a sustainable economy. We believe that the
wedge of problem potential can be narrowed successfully by bringing consump-
tion and use of non-renewable resources closer to a level compatible with a “natural
resources system in balance.” Because more efficient utilization of natural resources
is the overall goal, possible routes towards narrowing the wedge are shown in Fig. 1,
including developing new technologies for increasing use of renewable resources,
and enhancing existing technologies for recycling, greater substitution, and dema-
terialization. Substitution includes replacing primary resources by both alternative
primary resources and by secondary recycled ones.

As a guideline for these effective substitution strategies, we describe a new con-
cept of a four-level hierarchy of natural resources within a framework of sustainable
development, beginning with the concept of sustainable development in the minerals
and energy industry.

3 Sustainable Development

3.1 Historical Considerations

Sustainable development evolved historically with the use and foreseeable depletion
of renewable resources. Centuries ago, uncontrolled deforestation to clear land for
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farming or to obtain timber for construction, ship-building, and fuel wrought enor-
mous devastation, changing the landscape of whole regions of Europe. In medieval
times, wood as a raw material had the equivalent position of fossil fuels in our own
age in the wedge of problem potential (Fig. 1).

The earliest practical concept for the utilization of sustainable resources in Ger-
many was inspired by concern about deforestation. The head of mining administra-
tion in the important silver-mining district of Freiberg in Saxony, Oberberghaupt-
mann Johann-Karl von Carlowitz, urged in his book Sylvicultura oeconomica pub-
lished in 1713 that tree felling should not exceed re-growth. Being responsible not
only for the mining and smelting operations in his district, but also for obtaining
timber to construct underground mining structures and for procuring vast amounts
of wood to make charcoal used in smelting silver ores, von Carlowitz is generally
credited as being the “inventor” of the concept of sustainable development in Ger-
many (Grober 1999); at least, he was the first person to use the German word for
“sustainable”—nachhaltig—in this context. Although the idea of offsetting timber
harvesting by re-planting probably developed simultaneously in several places (such
as in the forestry administration of the Hapsburg empire in the southern Black For-
est), it was von Carlowitz who published the concept first.

Other early examples for developing sustainable forest economy concepts are
(Hausrath 1983):

—In the Siegerland, a former iron ore mining and smelting area in Germany, the so-called
“Hauberg” regulations, already introduced in 1562-1565, stipulated harvesting cycles
between 16 and 20 years long;

—Further afield, wood cutting for mining and smelting in balance with timber growth was
practiced much earlier in the classical copper mining district of Cyprus. Constantinou
(1981) calculated that in order to produce the 4 million tons of copper slag in over 3,000
years of copper smelting, the island’s forests must have been statistically clear cut at least
16 times.

Another concept of sustainable exploitation dates back to silver mining in the
Harz mountains in the 16th century. Duke Heinrich the Younger of Brunswick-
Liineburg revived silver production after the plague had devastated the whole region,
by introducing the principle of “posteriority” in order to safeguard the interest of
future generations. He and his successors pre-financed from their own pockets the
driving of 20,000 m of adits for dewatering the mine workings during the first 80
years after restarting the mining activities, expecting repayment from future pro-
duction. (The adits were hand-driven with hammer and chisel, this being the only
method available in the 16th century before the use of explosives in mining was
invented; Dennert 1972.)

3.2 Modern Concepts of Sustainable Development

Sustainable development is an abstract, normative principle, which was defined in
the United Nations (UN) Report Our Common Future (the “Brundtland Report”) as
“development that meets the needs of the present without compromising the abil-
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ity of future generations to meet their own needs” (Brundtland 1987, p. 8). This
has become internationally the most widely accepted definition. It has subsequently
been expanded to incorporate the notions of maintenance, rational use, and enhance-
ment of the natural resources base with the general aims of facilitating ecological
resilience and economic growth, while simultaneously holding out the hope of
progress towards international equity (United Nations Environment Programme
1989).

The next step was the Rio Declaration at the UN Conference on Environment
and Development (Rio de Janeiro 1992), set out in Agenda 21. The Brundtland
Report dealt with “intergenerational fairness”. However, what was needed in addi-
tion was measures to guarantee “intragenerational fairness”. With this in mind, the
Rio Declaration added three humanitarian objectives to the earlier aims of sustain-
able development of the Brundtland Report:

(1) to conserve the basic needs of life;
(2) to enable all people to achieve economic prosperity; and
(3) to strive towards social justice.

All three objectives initially were assigned the same priority.

While the three-pillar concept of sustainable development in Agenda 21 was
based on clearly-stated ecological, economic, and social justice goals, it left open
the question of how to achieve these goals. To address this shortcoming, further
amendments have been proposed that would apply to both developed and develop-
ing nations:

e A four-cornerstone concept, in which the additional cornerstone is represented
by “good governance”, was suggested in The Mining, Minerals and Sustainable
Development (MMSD) Project presented to the Global Mining Initiative Con-
ference (Toronto 2002). This fourth cornerstone would ensure that both develop-
ment and use of mineral resources would optimally benefit a nation, especially
developing nations (IISD 2002).

e A fourth pillar of “research and development of new technologies” in order to
facilitate sustainable global development was proposed by Wellmer and Becker-
Platen (2002, 2007). As shown in Fig. 1, the narrowing of the wedge of problem
potential—with concomitant minimization of balance disturbances in the natural
resources system—requires development of new technologies for the utilization
of more renewable resources, and for increased recycling, substitution, and dema-
terialization.

3.3 Guidelines for Sustainable Development

The definitions and requirements set out in the Brundtland Report and Agenda 21
are rather abstract proposals for the general understanding and acceptance of the
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tenets of sustainable development. Practical guidelines were needed. In 1993 the
Enquete Commission on Protection of Man and the Environment, set up by the Ger-
man Federal Parliament, undertook to formulate four general rules for the sustain-
able development of natural resources, which could be applied worldwide (Enquete-
Kommission Schutz des Menschen und der Umwelt 1993). Rules 1 and 2 apply to
resources, and Rules 3 and 4 deal with the resilience of the environment. Rule 1 is in
essence inspired by the ideas of von Carlowitz (1713). Later, in 1994, a fifth rule was
added by the German Expert Commission for Environmental Questions (Sachver-
standigenrat fiir Umweltfragen, SRU) concerning hazards and unacceptable risks to
human health. A literal translation from the publication of the Enquete Commission
in German language is given below:

e Rule 1. Use of renewable resources: The rate of consumption of renewable
resources should not exceed the rate at which they can be regenerated.

e Rule 2. Use of non-renewable resources: The consumption of non-renewable
resources should not exceed the amount that can be substituted for by function-
ally equivalent renewable resources, or by attaining a higher efficiency in the use
of renewable and non-renewable resources.

e Rule 3. Material and energy inputs: Material and energy inputs to the environ-
ment should not exceed the capacity of the environment to absorb them with
minimal detrimental effects.

e Rule 4. Rate of anthropogenic input and environmental interference: The rate of
anthropogenic input and environmental interference should be measured against
the time required for natural processes to react to and cope with environmental
damage.

e Rule 5. Hazards and unacceptable risks: Hazards and unacceptable risks to
human health caused by human activities are to be avoided.

3.4 Interpretation of Rule 2

The argument for simplifying Rule 2 to emphasize concentration on functionally-
equivalent resources and new technologies is as follows: If we analyze why we need
natural resources, we have to conclude that, with a few notable exceptions (such
as nitrogen, potassium, and phosphate used as fertilizers in agriculture), it is not
the metal or raw material as such that is important, but a function that is intrinsic
to the material properties of the commodity. Thus, in the example of copper used
for wiring, its electrical conductivity is its key function. However, other commodi-
ties can perform these functions just as well, commonly in conjunction with a fun-
damentally different technology. Thus, copper telephone wires were until recently
extensively used for transmitting information, but have now been largely replaced
by glass fiber cables made of silica, the supply of which is virtually inexhaustible.
Similarly, wireless transmission of information using directional antennae or satel-
lites obviates the need for copper cables. Each solution requires different materials.
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Other examples are in photography and printing. Not so long ago, silver was
needed for the capture of pictures, but today, digital cameras with completely dif-
ferent raw material requirements have largely replaced the use of film. In the field
of printing, lead was formerly used as type metal, but it has been replaced today by
offset or computer printing.

We are in fact in a position to choose alternative solutions to functions using three
resource domains:

e All the resources from the geosphere (i.e., primary resources).

e All the resources from the technosphere! (i.e., secondary resources created by
recycling).

e And last, but not least, the most important resource: human ingenuity and
creativity.

Finding the solution for various functions essentially requires two things: opti-
mization of substitution processes as discussed below, or the development of new
technologies.

The stimulus to find new solutions comes from two main sources. On the one
hand, human curiosity for the unknown and his ingenuity urges man to develop new
methods, instruments, technologies, and processes. On the other hand, the price
incentive motivates innovation. When there is a shortage of a commodity in a mar-
ket economy, prices rise, triggering a feed-back control system of raw materials
supply (Dalheimer 1999). The expectation of high returns will encourage inventive-
ness and creativity to find new solutions. On the supply side, this will include the
discovery of and production from new deposits, and improving recycling rates. This
is supported on the demand side by the initiation of new and more efficient pro-
cesses, development of substitution technologies, material savings, and the inven-
tion of entirely new technologies that fulfil the same functions without the need of
using scarce materials, thereby improving natural resources efficiency. The effec-
tiveness of the price feedback control cycle has been illustrated by Wellmer and
Becker-Platen (2002) and Wellmer (2003, 2009), exemplified by the molybdenum
and cobalt price peaks of 1978, and the tantalum peak of 1980 (ETH-NSSI 2007). In
many cases, the feed-back control system works so well that prices, after the price
peak activated the control mechanism, may fall back below the former level. This
was the case with the molybdenum peak at the end of the 1970s.

As stated above, the concept of finding different solutions does not work for
the essential agricultural fertilizers nitrogen, potassium, and phosphate. They are
as essential as clean air or water, and there is no replacement for them. For nitro-
gen and potassium, this is not a problem because the atmosphere is an effectively
inexhaustible source of nitrogen and oceans are full of potassium. These two ele-
ments, therefore, take up a low position in the natural resources hierarchy, and will

1Technosphere is defined as the world as created by man, such as surface and subsurface construc-
tions, machines, or waste dumps.
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be discussed later. Phosphate, however, is different because there is no unlimited
reservoir. Phosphate has one major advantage that can be exploited to achieve more
efficient use. Unlike potassium, the solubility and therefore mobility of phosphates
is very low. Therefore, with improved fertilizing technology (by adding just the
amount that the plants need through computerized precision farming), by improv-
ing the phosphate uptake of animals (for example, via the enzyme phytase), and by
improved recycling of wastes and manure, a concept for sustainability can also be
developed for phosphates. The utilization of phosphate could develop into a com-
plete and nearly closed-cycle system, which would move it into the sustainable, thin
end of the wedge of problem potential (Fig. 1; Wellmer and Kosinowski 2003).

As a consequence, it is concluded that the market economy is perfectly capable
of finding solutions for functions to fulfil Rule 2 (Sect. 3.3), or to find solutions that
lead to sustainable, nearly closed-cycle resource systems. The key to this ability is
human creativity and ingenuity.

4 Substitution Processes

4.1 Substitution on the Same Level

Substitution is essential if we want to improve natural resources efficiency, and to
bring natural resources systems back into a balanced state (Fig. 1). To highlight the
importance of improving natural resource efficiency, von Weizsicker et al. (1995)
coined the axiom “Factor 4”, which stands for: “Doubling of wealth while at the
same time curbing consumption of natural resources by half”. We are of the opin-
ion, however, that it is more important to increase energy efficiency than to increase
efficiency in the use of other natural resources, as will be outlined below. The price
incentive, coming from the tripling of oil prices in the last four years, sequen-
tially followed by the prices of other energy commodities, was a major stimulus
for improvement in energy efficiency. In addition, and working towards the same
purpose, is the political ambition of the G8 nations, as the major energy consumers,
to accelerate energy conservation and efficiency even faster in order to reduce CO;
emissions. Statistics about long-term energy savings in industry appear in the press
regularly, and are not discussed further here. Instead, we concentrate on substitution
processes that can lead to improved energy efficiency.

In the following, we distinguish two kinds of substitution: substitution on the
same hierarchical level, which includes the replacement of primary materials from
the geosphere with recycled secondary material from the technosphere; and substi-
tution in keeping with a four-level hierarchy of natural resources under the aspect of
sustainable development.

As outlined in Sect. 3.4 above, there are no substitutes for the agricultural nutri-
ents nitrogen, potassium, and phosphate. At the top, with the highest potential of
substitutability, we place energy resources. Under energy resources we include all
fossil fuels (oil, natural gas, and coal), as well as uranium (as fuel for nuclear power
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Table 2 Geothermal energy potential (electricity and electricity/heat coupling) in Germany (after
Paschen et al. 2003) in comparison to annual actual consumption of 2 EJ electricity and 5 EJ heat

Heat without Heat with
electricity/heat electricity/heat
Host/source Electricity (EJ) coupling (EJ) coupling (EJ)
Crystalline rocks 1,100 1,600 2,600
Faults 45 65 120
Aquifers 9 23 50

stations), and all renewable energy resources. All sources of energy can directly
or indirectly produce light, heat, and power by generating electricity, and can,
therefore, in principle be interchanged. Even in Germany, where there is no active
volcanism or natural steam generation, and is thus a geological environment with
low enthalpy, the renewable energy potential of geothermal energy alone is 500
times higher than the current demand for heat and electricity (Table 2). A recent
study for the USA concluded that, at depths between 3 and 10 km in crystalline
basement rock formations, the energy potential that can theoretically be exploited
by “enhanced geothermal systems” is 13,000 times greater than the annual energy
consumption of primary energy for the entire country in 2005 (Massachusetts Insti-
tute of Technology 2006). A vast energy potential remains, even if we accept that,
due to the second law of thermodynamics, only a fraction of the in situ energy can
be won by deep drilling and hydrofracturing of large volumes of rock. In addition,
solar power is available in every corner of the world. Solar insolation is 3—4 orders
of magnitude larger than terrestrial heat flow. The potential, therefore, exists every-
where in the world to progress on the path for renewable energies, and make the use
of fossil fuels and nuclear power merely a bridging technology.

Metals have a relatively high substitution potential. Steel alloy metals such as
chromium, vanadium, manganese, nickel, molybdenum, etc. were in the past con-
sidered to be strategic because of their importance to a nation’s economy and their
limited substitution potential. To a high degree, the constraint on substitution was
due to standardization, which of course can be changed in times of metal scarcities
(Wellmer 1998). Steel alloy metals can replace each other in various applications.
The recent drastic price increases stimulated many such substitution processes. The
feed-back control system for raw materials supply (Sect. 3.4)—with the commod-
ity price acting as a regulator—can also be observed at work in the current boom
cycle. As an example, in one German steel plant, a certain quality of steel used
for high quality line pipes required the microalloy elements niobium and vana-
dium. By adapting and changing the rolling mill procedure, 0.02% titanium could
substitute for 0.04% vanadium, leading to a significant cost saving (Bannenberg
2007; Dillinger Hiitte, personal communication). Although this is only a small step
towards increasing materials efficiency, the accumulation of such small optimisation
increments over time can lead to significant material savings. The Eiffel Tower in
Paris could be built today with just 2,000 t of steel instead of the 8,000 t used from
1885 to 1889 (Lurgi 1992).
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(Wellmer and Dalheimer 1999)

The feed-back control system of raw material supply can lead to unexpected
substitution processes if scarcities of raw materials arise and price spikes create
incentives for completely new solutions. This is well illustrated with the example
of cobalt during the 1978 cobalt crisis, which was caused by politically motivated
interruptions of production in the principal supplier, Zaire (now the Democratic
Republic of the Congo). Due to the crisis, the price of cobalt rose significantly,
and new materials were suddenly invented for areas of application where formerly
cobalt was considered strategic (because it had been thought to be irreplaceable). In
the case of permanent magnets, ferrites were applied, which displaced a significant
market share of cobalt (Fig. 4). Whereas before the crisis, 30% of the cobalt supply
was being used to manufacture permanent magnets, after the crisis and the ensuing
invention of ferrites, the share of cobalt needed for this application fell to only 10%
(Wellmer and Dalheimer 1999).

When dealing with substitution at the same level, the replacement of primary
materials by secondary recycled materials also has to be considered. This is well
illustrated by the recycling of water in industrial processes, or the recycling of metals
that are used but not consumed, as exemplified by copper which can be recycled
endlessly without loss of quality. Other metals that are less noble (i.e., with a lower
redox potential) have certain limitations to the possibilities of recycling. Aluminium
and nickel, for instance, are less recyclable due to the many alloys in which these
metals are used. The secondary metals will therefore either have to be blended with
primary material to maintain quality, or a decrease in quality will have to be accepted
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(unless it is acceptable for production costs and energy consumption for further
refining steps to rise significantly, as discussed in more detail below).

Quality decrease, so-called downgrading, is generally also the fate for recy-
cled synthetic materials. The changes of quality during recycling are shown
schematically in Fig. 5. Energy, normally at the top of substitution potential, is
in this case at the bottom of the spectrum for recyclability, because it is totally
consumed in the process of power and heat generation, increasing entropy, and can
therefore never be recycled. Although, according to the first law of thermodynamics,
energy cannot be lost, the usable portion required for human activities, the so-called
“exergy”’, is irrevocably consumed und thus irretrievable. Materials that are used in
a state of high dispersion, such as fertilizers, can also not be recycled. Examples of
highly dispersive use of metals include zinc used in skin creams, titanium in paint,
platinum group metals in galvanic processes (Hageliiken et al. 2005), and, so far,
indium in flat television screens (Hageliiken 2007, personal communication).

Because the absolute amount of resources in the technosphere increases with
consumption (as discussed in Sect. 2), this offers the possibility for increased
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replacement of primary resources from the geosphere through recycling. Aluminium
is a good example of this process: Fig. 6 shows how the increased use of secondary,
recycled aluminium replaces primary material. In Fig. 1, this corresponds to shift-
ing to the left of the wedge of problem potential, towards the goal of a natural
resources system in balance. Therefore, recycling not only makes sense because
it saves resources from the geosphere, but also because it encourages the greatest
possible use of resources from the technosphere, actually offering the possibility of
saving energy. If, as we maintain, energy is our most valuable resource, then finding
the optimum recycling rate for metals in order to minimize energy input and curb
emissions (like COy) into the environment is definitely worth striving for.

Pure secondary metals require less energy for recycling than does the smelting
of primary ores and concentrates. Recycling aluminium requires only 12% of the
energy needed to produce refined aluminium from primary ores (Krone et al. 1990);
for copper the corresponding figure is 15%, and for lead, 35% (Table 3). However,
the higher the degree of dispersion of a metal in a secondary raw material, the more
energy is necessary to purify it. Figure 7 shows the optimum recycling rates for alu-
minium used in light-weight packaging material (LPM; Rombach 2006). The total
energy usage in processing and re-melting reaches a minimum at ~90% recycling
rate, and thereafter rises exponentially as the last atom of Al is chased down.

If the aluminium-bearing fraction from a waste-sorting plant contains less than
about 40% Al, with the remainder consisting predominantly of undesirable organic
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Table 3 Energy savings by recycling pure secondary material

Metal Energy savings (%)
Steel 74
Aluminium 88
Copper 85
Lead 65
Paper 64
Plastics 80

Sources: Krone et al. (1990) and Gerber (2007).
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Fig.7 The optimum recycling rate for aluminium used in light-weight packaging material is 90%.
Any higher or lower rate results in higher energy demand (redrawn and modified after Rombach
2006)

waste, this aluminium-bearing fraction cannot be re-melted directly. However, with
a combination of mechanical and thermal processing, it is possible to obtain a high-
quality fraction with about 99% Al, which can be re-melted to produce a pure alu-
minium metal product. At the end of this process, ~90% of the aluminium in the
original LPM waste has been recovered (i.e., 90% recycling rate; Fig. 7). This recy-
cling rate currently represents an upper efficiency limit due to the increasing energy
requirements of additional processing steps necessary for sorting and processing
the last remaining wastes. Moreover, if one includes the energy used in the collec-
tion of LPM, then the optimum recycling rate (for minimum energy input) is further
reduced as the increased effort required to collect remaining wastes produces dimin-
ishing returns (Quinkertz et al. 2001).
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The energy input for the production of a metal commodity can be minimized
by using a mixture of primary and secondary materials as shown by Wellmer and
Becker-Platen (2001). There is another aspect for finding an optimum for mixing
primary and secondary materials, namely solving the problem of impurities in sec-
ondary materials and thereby maximizing the reuse of metal scrap. Verhoef et al.
(2004) point out that production systems and consumption patterns yield a mixture
of waste materials containing an assortment of metals. The physical combinations
and chemical compositions introduced in products and materials cause carry-over
of impurities during recycling, which results in off-specification secondary metals
and alloys. As a consequence, a fraction of the recovered material is useless, unless
one wanted to invest more energy into further refining. The current practice of mix-
ing low-quality secondary metals with primary metals prevents considerable loss of
stocks, and optimizes recycling rates. Markets require both high-quality grades and
the absence of specific impurities. For example, copper induces brittleness in steel
and adversely influences rolling properties. Therefore, in the raw materials market
for steel plate, only very low amounts of copper (less than 0.03%) are tolerated in
pig iron and steel scrap. This, at present, is a big problem in the European steel
scrap market (Garside 2007). Another example would be the recycling of many alu-
minium alloys, which usually contain various amounts of iron, zinc, and copper. To
bring such mixtures of alloys back to required specifications they are either blended
or diluted with wrought aluminium alloys with very low impurities. Metallurgists
use the term “solution by dilution” (Boin 2008, personal communication).

4.2 Substitution According to a Hierarchy of Natural Resources

4.2.1 Introduction of the Hierarchy of Natural Resources

We propose a four-level hierarchy of natural resources for substitution between lev-
els, with the following general rule applying to all substitution processes: lower
value resources should replace higher value resources, whenever possible.

This proposed hierarchy (Fig. 9) was first introduced by Wellmer and Stein
(1998), then presented in a poster presentation by the second author of this article at
the International Geological Congress 2000 in Rio de Janeiro (Wellmer 2000). The
concept was later elaborated by Wellmer and Kosinowski (2005), and reproduced
in modified form in the German Federal Government publication “Environmental
Data for Germany” (BGR, D_STATIS, UBA 2007).

One can argue about which natural resource is the most important for mankind:
water, soil, clean air, or energy. There is no doubt, however, that most problems
pertaining to natural resources can be solved provided we have enough affordable
energy at our disposal: any sewage can be treated and reused, saline water desali-
nated, soil erosion by deforestation reduced if we stop cutting down forests for bio-
fuel, air pollution can be drastically reduced, and the CO; input into air can be
reduced by carbon capture and storage. Depending on energy prices, metal recycling
can be increased and lower grade deposits can be brought into production. Unlimited
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Fig. 9 Recycling proportion of glass in receptacles Germany (Wellmer and Kosinowski 2005).
Development of recycling proportion over time defined as the amount of old glass from receptacles
recycled in relation to total amount of old glass from receptacles

resources like nitrogen in the air or magnesium in sea water can be made available
to mankind if there is affordable energy to produce nitrogen fertilizer or magne-
sium metal from these dispersed sources. Formerly, fertilizers were produced from
nitrate ores, a naturally occurring but limited resource. Today, nitrates are mostly
synthetically produced from atmospheric nitrogen using the Haber-Bosch process,
preferably at sites where cheap natural gas is available. Similarly, magnesium can
be extracted out of sea water where cheap hydro-electricity is available.
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Table 4 Recycling rates for waste material in Germany in 2002

Amount (Mt)  Recycled (Mt) Recycling rate (%)

Demolition rubble (2002) 52.1 35.7 68.5

Road construction material (2002) 16.6 14.2 85.5

Flue-gas desulfurization: gypsum from 7.7 6.9 89.6
coal fired power plants (2004)

Ash from hard coal power plants (2004) 55 54 98

Sources: Schulz (2006) and Ifeu and IAO (2006).

Level 1: Energy. Due to its overriding importance and its position at the wide
end of the wedge of problem potential in Fig. 1, we place energy at the top of the
four-level hierarchy of natural resources outlined in Fig. 8.

Level 2: Natural Ores and Pure Scrap. The next hierarchy level comprises
raw materials from deposits that were formed by geological processes of natural
enrichment. Included are all metal deposits, and some non-metallic deposits such
as phosphates or barite. This level also includes the resources of the technosphere,
such as scrap metal or other materials that can be recycled at the same or nearly the
same level (as shown in Fig. 5).

Level 3: Bulk Raw Materials. The third level comprises anything that is avail-
able in almost unlimited amounts on Earth, such as bulk materials used in the con-
struction industry (e.g., granite, basalt, sand, clay), and raw materials that can be
produced from air (e.g., nitrate fertilizer) or from sea water (e.g., boron, potassium,
rock salt, or magnesium). For construction purposes, it also includes the renewable
resource wood.

Level 4: Wastes and Residues. The lowest level of the hierarchy includes waste
and residues, and material from the technosphere as potential raw materials for sec-
ondary use (e.g., waste materials derived from beneficiation plants or from burning,
smelting, or refining higher value resources). Examples for reuse are: the coarse
fractions of rejects from the beneficiation of limestone-hosted metal ores, which
can be used in road fill; gypsum from flue gas scrubbing, which can replace pri-
mary gypsum; or ash from coal-fired power plants, which can be used for making
cement, replacing primary raw materials (Table 4). In accordance with Rule 2 of
the guidelines described in Sect. 3.3, to find functional replacements for consumed
primary materials, waste should be recovered as much as possible as a replacement
of primary resources.

Other concepts have also been used to rank natural resources with respect to
depletion and sustainable development. Gordon et al. (2006) predicted that we will
see a renewed engineering emphasis on using metals like copper and zinc more effi-
ciently, and accompanied by increased use of abundant alternative materials, princi-
pally iron and its alloys, aluminium, and magnesium. In the context of our hierarchy
of natural resources in Fig. 8, the prediction of Gordon et al. corresponds to internal
substitution on Level 2.

Returning to the general rule that lower value resources should, whenever possi-
ble, replace higher value resources, it must be kept in mind that in a market economy
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this does not of course happen automatically. Only if the hierarchy proposed by us is
reflected in prices can we expect the principle to work. Take the example discussed
below in Sect. 4.2.2 (Example 3) of installation of improved heat insulation in a
building. In the absence of price pressures in the era of cheap energy in the 1960s,
insulation materials were used sparingly in spite of the fact that everyone knew of
the energy saving potential of heat insulation.

In practice, the implementation of this hierarchy requires long-term planning,
even if we make allowance for the economic gains that can be achieved. We again
take heat insulation as an example: an investment today can save energy and, there-
fore, money tomorrow. Companies generally have guidelines about a required pay-
back period for an investment, or a required return on investment. Private con-
sumers, however, normally do not think in terms of payback periods and return
on investment, but rather in terms of the time value of money. The time value of
money means that money in the hand today is worth more than the same amount in
the future (e.g., Wellmer et al. 2007). To overcome this short term thinking, govern-
ments in Europe are introducing laws to force private consumers to invest more in
energy saving measures with longer payback periods.

4.2.2 Application of the Rule “Lower Value Resources Should Whenever
Possible Replace Higher Value Resources”

The principle of vertical substitution resulting from the hierarchy of natural
resources, and examples of horizontal substitution increasing energy efficiency, are
illustrated with the following examples:

Example 1: Closed-Loop Systems for Non-Energy Materials: Reuse of Residues

At the 2002 World Summit on Sustainable Development (in Johannesburg, South
Africa), a Plan of Implementation was agreed upon to promote sustainable patterns
of consumption and production. The Plan of Implementation called for a 10-year
promotion and development schedule, now referred to as the Marrakech Process.
One of its proposals was to promote new models of economic development, such
as closed-loop systems for non-energy materials in which losses are minimized.
All industrialized nations have programmes to optimize waste streams with the aim
of achieving such closed-loop economies. Japan’s 3R initiative (reduction, reuse,
recycling; Bleischwitz and Bringezu 2007) is an example, whereby the Japanese
coal industry has reported a reutilization rate of 97% of coal ash in 2006 (JCOAL
2007).

Other initiatives include the Scientific Panel on Resource-Efficiency and the
Environment, planned by the United Nations Environment Programme (UNEP),
the European Commission’s Thematic Strategy on the Sustainable Use of Natural
Resources, and Germany’s Waste Avoidance, Recovery, and Disposal Act (BMU
1994). The latter waste management act maximizes the rate of recycling within a
framework of high energy prices and strict control of dangerous residues. Residues
for disposal are penalized, thus providing an incentive to find alternatives, or to
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avoid or reuse the residues (see Table 4 for various waste recycling rates in Ger-
many). Figure 9 illustrates the increase in the rate of recycling of glass receptacles
since 1990. The waste management act leads to improved reuse, which saves other
primary materials higher in the hierarchy, such as quartz sand, soda, and dolomite,
but also energy. Because glass is an amorphous substance with a lower melting
point than crystalline primary quartz materials, there can be energy savings. CO»-
emissions are reduced, not only by using less energy, but also because it is not nec-
essary to add additional carbonates which also release CO» in the process. Bosse
(1999) quantified the mineral, energy, and CO;-savings as compared to glass pro-
duction from primary natural resources. A contribution of 10% of recycled glass
receptacles results in a reduction of 3% of energy usage. In 1997 in Germany, about
1.5 Mt of CO, emissions was saved by glass recycling. In the context of the hier-
archy of Fig. 8, raw materials from Levels 1, 2, and 3 are replaced by waste from
Level 4.

Example 2: Energy Optimisation by Using Waste Material and Horizontal
Substitution

The reduction of iron oxide to iron requires energy to smelt the iron ore, and coke
is required as a reductant and as a supporting grid in the blast furnace. However,
pulverized coal, oil, and synthetic and plastic waste can be used as an energy source
as well as coke. Figure 10 shows how the efficiency in German steel plants improved
from 1950 to 2006 in terms of decreased consumption of reductants and energy
sources such as coke, coal, and hydrocarbons (VDEh 2007). In the context of the
hierarchy of natural resources (Fig. 8), there is replacement of energy in Level 1 by
waste of Level 4, and horizontal substitution in Level 1.

Example 3: Energy Savings by Better Insulation

Heating and cooling accounts for more than 50% of primary energy consumption
in the industrialized world. Improved insulation of houses is a very cost effective
method to increase energy efficiency. The insulation material consists of raw mate-
rials, such as glass for triple glazing instead of double glazing (as has been required
for several years for new buildings in Sweden), or rock wool for improved insula-
tion of walls. The production of these materials requires energy. Consequently, an
initial investment in energy and non-energy materials improves long-term energy
efficiency in accordance with the hierarchy of natural resources (Fig. 8). This is
shown schematically in Fig. 11, where two cases for insulating buildings are com-
pared. Case A is the standard case. Case B benefits from a greater initial investment
in insulation material, such as additional window glass or rock wool insulation. The
diagram shows the cumulative energy balance over time. There are two elements of
the energy balance for both cases: the energy input into manufacturing the insula-
tion material, and the energy consumption for heating. Of course, the energy input
into building and insulation material occurs only at the fabrication and construction
stage. After construction of the building, energy is constantly used for heating, but
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at a lower rate for the better insulated case B. The two lines for cases A and B will
intersect at some time in the future, at which point the net energy usage of building
B will be less than building A, and savings will be made. This concept for saving
energy is used below to suggest reasonable indicators for measuring raw material
efficiency. In the context of the hierarchy of natural resources, energy from Level 1
is replaced by effectively unlimited resources of Level 3. Using Level 3 resources
requires energy, but this leads to a reduction of overall energy consumption.

Example 4: Energy Savings in the Transport Sector

The construction of road bridges and tunnels is normally only considered from the
point of view of time efficiency and safety. However, it can also be regarded as a con-
tribution to energy efficiency by shortening driving distances. There is an obvious
initial investment in construction materials and steel to build bridges and tunnels,
which are produced with the input of raw materials and energy: cement is produced
in kilns or rotary furnaces, and steel is produced from iron ore and scrap in blast
furnaces and steel converters. However, energy savings are made in the longer term
due to the shorter driving distance (Fig. 12a). In this case, the break-even point of
Fig. 11 is reached when the energy invested in steel and construction materials plus
the energy used to build the tunnel equals the amount of energy saved by vehicles
driving a shorter distance. From that point on in time, the energy balance is positive,
and, moreover, CO;-emissions are reduced. So we are replacing energy of Level 1
with natural resources of Level 2 and 3 in the hierarchy of Fig. 8.
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Fig. 11 Cumulative energy usage over time in home heating: early investment of energy in insulat-
ing materials during construction may result in a net saving of energy in the future (after Wellmer
and Kosinowski 2005)

The same holds true for investments in the construction of better road systems to
avoid traffic-jams and stop-and-go-traffic, which are a significant waste of energy,
particularly in and around larger cities. However, a counter view holds that more
efficient traffic management only encourages more traffic, and thus negates all the
energy and COj-emissions savings, although this is likely an inevitable result of
population and economic growth.

Similar arguments for efficiency can be made for public transportation systems,
especially railways. Plans for high speed railway systems in Europe like the TGV in
France, the AVE in Spain, or the ICE in Germany are normally only seen from
the perspective of time efficiency, but can again also be considered in terms of
energy efficiency (Wellmer and Kosinowski 2005). In the early days of railway
building, routes were designed to minimize gradients, and so were quite circuitous.
By contrast, modern railway lines are designed to connect major cities by the most
direct, linear routes, requiring major investments in bridges and tunnels. For exam-
ple, nearly half of the 324 km high-speed ICE line between Hannover—Gottingen—
Kassel-Wiirzburg in Germany consists of bridges and tunnels (Fig. 12b; Geissler
1994). Once built, these modern rail links provide a convenient and energy-efficient
transport system, and encourage the switch from air and private car travel to public
transport. For example, the AVE line in Spain from Madrid to Barcelona (635 km)
reduced air travel on this route by 18% (Feth 2008). Thus, after the initial invest-
ments in materials and energy are accounted for, modern railway systems provide
savings in time, energy, and CO;-emissions.

Building bridges using concrete reinforced with steel rebar instead of solely from
steel is another good example of the application of the natural resources hierarchy.
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Table 5 Comparison of steel consumption in various types of bridges (length 60 m) per 1 m?
traffic area

Type of bridge Steel consumption (t/m?)
Pre-stressed concrete bridge 0.25
Concrete pillars with steel arches 0.40
Steel truss construction 0.55

Source: Schroder (2004).

Steel is a commodity on hierarchy Level 2, but the materials for making cement for
the concrete are commodities of Level 3, or, if the ash from coal-fired power plants
is used in cement production, Level 4. Hence, we are replacing material of Level 2
with materials of Levels 3 or 4. Table 5 shows the reduction of steel consumption
by changing from pure steel construction to reinforced concrete.

The use of wood instead of steel used for the construction of pedestrian bridges,
airplane hangars, or other constructions requiring wide spans is a similar example.
Here, so-called gluelam (glued laminated timber) that bears loads over considerable
spans can replace steel. Wood as a renewable resource of Level 3 replaces steel
of Level 2 at significant energy and CO;-emissions savings. Using gluelam as a
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construction material also has a positive CO;-balance due to the consumption of
CO; during tree growth by photosynthesis. It has been calculated that 1 m? of wood
stores 0.9 t CO», and substitutes for 1.1 t CO, emitted by steel production, for a
total saving of 2.0 t CO, (Frithwald et al. 2003).
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Fig. 13 Indicator: Energy intensity in Germany (BGR, D_STAT, UBA 2007). The ratio of energy
consumed in MJ and gross national product in EUR over time

Another example where substitution on the same hierarchy level of natural
resources in Fig. 8 leads to energy savings is described by Glimm (2001). He pub-
lished a study showing how a car constructed from aluminium instead of steel could
lead to energy savings. Aluminium mining and smelting requires more energy than
steel per tonne, but aluminium and its alloys are lighter than steel, and, thus, fuel
savings can be achieved. The principle shown in Fig. 11 can be applied here by
replacing time on the x-axis with kilometres driven. Glimm (2001) estimated that
the break-even point for a lighter automobile would be at 55,000 km. The initial
capital outlay to buy a more expensive car with a lighter aluminium body is com-
pensated for in the long run by fuel savings.

5 Resource Efficiency Indicators

The four examples in Sect. 4.2.2 demonstrate that by applying the concept of a
hierarchy of natural resources, significant energy savings can be achieved (Level 1)
by investing in non-energy materials and/or using energy more efficiently. One can
recoup the cost of energy invested at the beginning (i.e., during construction or man-
ufacture) through reduced energy expenditures during the lifetime of an operation.
The investment in non-energy materials, however, cannot normally be recovered
unless recycling on the same level is an option. So, figuratively speaking, one can
make a saving on energy starting from the break-even point, but the non-energy
materials are considered to be mostly sunk capital.
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As we have shown, energy savings by substitution are quantifiable, and as such
can be expressed as indicators to be used in policy making. Indicators used in
the past relied on measuring resource efficiency solely in terms of production or
total consumption of raw materials per unit of gross national product. Such mea-
sures had the obvious shortcoming of leaving the prospect of energy savings out
of the equation. Due to the fact that energy investments made at an early project
stage can be recouped (or even exceeded) through energy savings during the life
of a product or operation, a total consumption-based indicator can be mislead-
ing, and its application in policy making can lead to unintended consequences.
For example, taxing primary resource consumption regardless of the position in
the natural resources hierarchy could result in some short-term savings but at the
greater expense of higher energy consumption in the long term. Total consumption-
based indicators are at best only useful in industrialised countries as secondary
indicators.

In our opinion, therefore, an energy-based primary resource efficiency indicator
(REI) that measures efficiency by consumption of energy in relation to a chosen
unit of economic activity would be a far more effective tool for policy-making.
There are two options for an REI: the amount of energy consumed per unit of
gross national product (GNP; the intensity of use factor of Malenbaum 1978); or
the inverse relationship (i.e., the amount of GNP per unit of energy consumed).
The first option is the indicator used by the German government (BGR, D_STATIS,
UBA 2007), and is referred to as the energy intensity of the whole economy (Fig.
13). The political goal in Germany is to double national energy productivity by
2020 (from 1990) by reducing energy intensity by 50% over the same period
(BMU 1998).

6 Final Remarks

The concept of a four-level hierarchy of natural resources should lead to greater
resource efficiency and responsible use of non-renewable resources, and thus con-
tribute to the ultimate goal of a sustainable world economy. It could help mitigate
potential disturbances of the natural resources system shown in Fig. 1, and also help
reduce environmental and social disturbances. These we dealt with under the con-
cept of four cornerstone described in Sect. 3.2. Responsible companies and individ-
uals have learned from past mistakes that a balance needs to be maintained between
the conflicting requirements of economy, ecology, and social justice. We are still
quite a long way from a sustainable and just economy, but are beginning to appre-
ciate and tackle the challenges that remain to everybody who is producing and con-
suming energy and exploiting natural mineral resources.
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Sustainable Energy and Mineral Resource
Extraction and Consumption—Can a Viable
Biosphere Be Preserved?

W.G. Ernst

Abstract Modern societies have utilized fossil energy, water, and most other Earth
materials at consumption rates far exceeding those of planetary replenishment. The
well-known collapse of isolated island communities shows that overexploitation of
the environment ultimately ends in disaster. It is now apparent that humanity must
reach a steady-state stewardship of the Earth employing efficient, universal mineral
resource recovery, recycling, substitution, dematerialization, and conservation. The
goal of consumption of renewable resources at or below recharge rates and near-total
recycling of non-renewable Earth materials can only be achieved employing univer-
sally available, inexpensive energy. However, the Second Law of Thermodynamics
dictates that a part of the nonrenewable mineral resource base and most of the spent
energy are irretrievably lost as entropy increase. Research-pioneered technological
advances leading to the production and ubiquitous availability of environmentally
benign, cheap energy will be required in order to reach the sustainable utilization
of mineral resources. The principal, virtually unlimited, renewable energy sources
appear to be solar and fusion power.

Assuming technical, economic, and political success in achieving universal equity
and a comfortable standard of living for the World population, the global ecosystem
will be severely impacted by the increased human consumption of Earth materials,
reflecting environmental modification attending resource extraction and consump-
tion. The dynamic biospheric equilibrium and ecosystem viability—the carrying
capacity of the planet—is deteriorating and is increasingly at risk. Thus, the great-
est long-term challenge facing humanity is not global climate change, or even the
required transformation to renewable, cheap energy systems, but the necessity of
preserving a healthy, sustainable biosphere.
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1 Introduction

This paper is an update and revision of an earlier review of mineral + energy
resource utilization and global disparities in the standard of living (Ernst 2002).
Little has changed in the past 7 years except that environmental degradation has
worsened due to the ever-increasing impacts of industrialization, urbanization, and
yet more intensive agricultural practices, without an attendant amelioration of world
poverty.

Demographers estimate World population, currently slightly over 6.6 billion
(U.S. Census Bureau 2008), at 9—10 billion by 2050 (UN 1999; Harrison and Pearce
2000). About 85% of humanity now lives in the Developing Nations, and this pro-
portion is growing. Due to the global information network (e.g., television, the
internet, efficient transportation), this is the first worldwide generation to become
acutely aware of life styles enjoyed by the inhabitants of the Industrialized Nations.
The grossly inequitable distribution of wealth, due partly to resource exploitation
(Eggert 2008), is politically destabilizing and must be corrected if we are to avoid
global socio-economic conflict between the have and have-not nations.

The question is, can ten billion people be afforded comfortable lives without
destroying the carrying capacity and habitability of the planet through exhaustion
of the Earth’s natural capital? Humans now control a third of both the terrestrial and
marine net primary biological production, and our share is increasing. Deleterious
environmental impacts include increasing air and water pollution, vastly acceler-
ating loss of biodiversity, ecosystem services, topsoil, fisheries, and tropical rain
forests, as well as global warming, sea-level rise, and the increasing severity of
tropical cyclones. Disruption of intricate, interactive biological systems is produc-
ing some winner species but many more numerous losers.

The Earth’s natural capital includes the entire biosphere, consisting of the web
of life, its organismal and habitat diversity, and the ecosystem services provided
(Field Museum 2008), as well as inorganic mineral resources. This chapter deals
principally with naturally occurring solid and liquid Earth materials. The accelerated
exploitation of mineral resources and the concomitant environmental degradation
have profound implications for future planetary habitability and for the fate of the
biosphere, including humanity.

General categories of terrestrial mineral resources include abundant metals,
scarce metals, water, soil, building materials, chemicals, carbon-based fossil fuels,
and nuclear + renewable energy sources. The extractable portions of these com-
modities are sequestered in the near-surface environment—some in the oceans and
the underlying basaltic crust (Rona 2002), but the vast majority in the continen-
tal crust (Craig et al. 2001; NRC 2007a). Among the metals, only silicon (28.2
weight %), aluminum (8.2 weight %), iron (5.6 weight %), magnesium (2.3 weight
%), and titanium (0.6 weight %) are present in sufficient quantities in the conti-
nental crust to be classified as abundant. All the rest, such as copper, nickel, zinc,
silver, and platinum group elements (PGEs) are scarce metals, individually consti-
tuting only 0.1 weight % or less (chiefly much less) of the continental crust. Most
chemicals, solid, liquid, and gaseous hydrocarbon deposits, and fissionable fuels are
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comparably scarce. Only supplies of water, a few chemicals, and Earth building
materials are plentiful, and in certain regions, nearly limitless.

2 Definitions

Before dealing with the all-important challenge of the sustainable development of
the resources sequestered in our planet, we need to clarify a few terms regarding the
nature and relative amount of a resource (Einaudi 2000).

A resource is the aggregate global inventory of a naturally occurring commod-
ity. For example, iron is an abundant terrestrial element; however, it resides chiefly
in the Earth’s core as iron-nickel alloy, with lesser amounts sequestered as silicates
+ oxides in the mantle, and even less distributed in the oceanic and continental
crust. As a practical matter, the only available sources of most minerals reside in
the Earth’s outer rind (the crust). Here, occurrences of iron ore are sufficiently con-
centrated (~50 weight % Fe) in sedimentary banded iron formations and in rarer
magnetite-rich skarns of the continental crust to be considered as reserves (i.e., eco-
nomically valuable deposits).

A nonrenewable resource is present in a finite, fixed amount in the planet, which
for all practical purposes means the crust. The amount of iron on Earth is a reflection
of the composition of the pre-condensation solar nebula, itself a function of the later
stages of old star burnout elsewhere in the galaxy. No iron is currently being gener-
ated in the Earth’s environment. Crustal iron ore deposits are being formed, but at
extremely slow geologic rates comparable to the chemical and mechanical erosion
of existing deposits; hence, the net production of iron ore is essentially nil. More-
over, the rate of anthropogenic extraction of iron ore is many orders of magnitude
faster than any overall change in the crustal abundance of iron ore deposits.

A renewable resource is replenished at a finite rate. The recharge rate may exceed
the rate of human usage (e.g., photovoltaic cell and solar-thermal energy production,
or wind-turbine electric power generation), whereas in other cases, consumption far
exceeds natural renewal (as in the rates of formation and loss of topsoil, groundwa-
ter, tropical rain forests, and marine fisheries).

As an example of a renewable resource, the availability of fresh water is a func-
tion of the hydrologic cycle (e.g., Schlesinger 1997; Davidson et al. 2002). H>O is
preferentially evaporated from the oceans and precipitated on land, then returned
oceanward via surface + groundwater flow, and biospheric evapotranspiration. The
scarcity of fresh water is a crucial factor in limiting terrestrial biomass; the rate
of biological fixation cannot exceed the rate of recharge for very long without a
substantial die-off, and the subsequent re-establishment of a dynamic equilibrium
between H,O availability and the surviving web of life. Groundwater is an impor-
tant source of fresh water for human use, but is being extracted at rates far exceeding
replenishment. The universal availability of safe, inexpensive water is an essential
requirement of a sustainable economic system (Bergkamp and Sadoff 2008).
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The slow generation and erosion of topsoil is another familiar example of renew-
able natural capital (Fyfe 1989; Schaetzl and Anderson 2005). Its dispersal in some
cases is substantial, such as in pastures and farm tillage, where global soil losses
approximate 5.8 cm/100 years (Nearing et al. 2000); in marked contrast, the gen-
eration of soil due to physical and chemical weathering of the rocky substrate is
extremely slow—28 times slower than agricultural and developmental loss (Wilkin-
son 2005).

The World Reserve Life Index (WRLI) is a ratio that gauges the time to exhaus-
tion of a nonrenewable reserve, assuming the present rate of global consumption.
Values of WRLI for selected commodities are presented in Table 1. Slightly more
optimistic estimates were provided by Davidson et al. (2002) and Yoder (2002).
World reserve life indices often markedly underestimate actual mineral reserve life-
times because they do not take into account the discovery of new deposits, enhanced
recovery techniques, and, through depletion of higher grades of ore, increasing eco-
nomic attractiveness of lower grade deposits. For instance, based on an assessment
of the total complement of copper deposits in the upper 3.3 km of the Earth’s
crust, Kesler and Wilkinson (2008) have calculated that the present World demand
for Cu could be accommodated for 5,500 years. However, the WRLI also ignores
hidden costs (i.e., externalities) such as the increasing need for post-extraction
environmental cleanup and, most importantly, the rapidly increasing demand for
mineral resources by the Developing Nations—a factor that will substantially accel-
erate the depletion of existing reserves and those of future discoveries. However, as

Table 1 Mineral reserves and global supplies

Metal/mineral Ore grade (Wt %) World reserve life index
Uranium 0.1-0.2 U30g 65
Iron 30-65 Fe 178
Manganese 25-50 Mn 43
Nickel 1.5 Ni 51
Aluminum 35-50 Al,O3 219
Magnesium 70-95 MgCOs3 Unlimited
Titanium 20-30 TiO, 79
Copper 0.2-5.0Cu 35
Lead 4-8 Pb 20
Zinc 2-47n 19
Silver 0.006 Ag 20
PGE 0.003-0.02 PGEs 190
Phosphate 20-35 P,Os 85
Cement 25 clay+sand, 75 limestone Unlimited
Dimension stone Marble, granite, basalt, etc. Unlimited
Oil 1,100 bbl reserves 39
Natural gas 800 bbl equivalent reserves 57
Coal 909 billion metric tons Centuries

Minerals, Einaudi (2000); oil and gas, Ahlbrandt (2002); coal, British
Petroleum (2008).
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Table 2 Changes in estimated world reserves of several industrial commodities, 1940-1989 (in
millions of tonnes)

Commodity  1940s 1950s 1960s 1970s 1980s

Bauxite 1,605 3224 11,600 22,700 23,200
Copper 91 124 280 543 566
Lead 3145 45-54 86 157 120
Zinc 5470 77-86 106 240 295
After NRC (1996).

Table 3 US scrap recovery of some industrial commodities, 1960-1990, as a percentage of pro-
duction

Commodity 1960 1970 1980 1990
Aluminum 5 4 11 22
Copper 27 25 28 25
Iron/steel 25 25 15-20 22
Lead 40 37 54 69
Zinc 6 5 6 9

After NRC (1996) and U.S. Geological Survey (2008;
http://minerals.usgs.gov/ds/2005/140/ironsteelscrap.pdf).

demonstrated by recent past history, the discovery of new global reserves of some
important industrial metals (Table 2), as well as the recycling of scrap metals in
the US (Table 3) extends projected lifetimes of these mineral reserves without the
prospect of imminent exhaustion (Gordon et al. 2006). Moreover, commodity substi-
tution, technological innovation, and in some cases, dematerialization (i.e., decreas-
ing the quantity of the consumed resource, such as by reduction in size and increased
speed of computers, and decreased fuel usage by increased vehicle efficiency) may
diminish the threat of doom projected by a finite WRLI (Tilton 2002).

The use of iron is ubiquitous in modern societies (e.g., NRC 2007a). This element
is abundant in the continental crust (as are titanium, magnesium, and aluminium),
so humankind is unlikely to run out of Fe in the foreseeable future. If usage of other
metals is normalized to this element and global consumption is plotted against abun-
dance, as illustrated in Fig. 1, it is clear that for most scarce metals, extraction rates
are orders of magnitude greater than for iron; evidently, extractable crustal reserves
of metals of low abundance are being rapidly depleted. Consequently, as reserves
diminish, either the efficiency of low-cost extraction must increase markedly, or the
price of the remaining sought-after metal will increase, in which case deposits of
ever lower concentration become profitable to work, thus extending mineral reserves
(Skinner 1979).

However, an energy discontinuity—in the form of a major increase in the amount
of energy required for beneficiation—exists in the economics of recovery of a scarce
resource as its natural geologic concentration diminishes. Where the abundance
of the commodity exceeds the solubility of that element in common rock-forming



130 W.G. Ernst
2
8 10° T - T
e T S
ﬁ 100Xiron~S  Pb et T g T Al
€ 6}k i ew _
T [ spemien A L =g
I T T L
= Au J.iim 98 Cd_="As .-
é 108~ pgem  S—" . —
2 _________ 0.01 Xiron
5 .
& 100 ! I !
@ 10~ 1070 1078 107" 10

Crustal abundance in weight percent

Fig. 1 World annual production of selected metals for 1992 plotted against their abundances in
the continental crust, after Skinner (1976) and Einaudi (2000). Considering iron as a reference,
elements positioned below the solid line are being extracted more slowly relative to their abundance
than is Fe, whereas those lying above the reference iron line are being depleted from the crust at
extraction rates faster relative to their abundance than that of Fe
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silicates during crystallization, one or more separate ore minerals will form in the
deposit as oxides, sulfides, and/or native metals. These ore minerals contain large
proportions of the desired constituent; although scattered throughout the rock, ore
minerals are readily concentrated by grinding, mechanical and/or chemical separa-
tion, and refining (smelting) with the expenditure, in general, of relatively modest
amounts of energy. In contrast, in geologic environments where the concentration
of an element is less that that necessary to saturate the common rock-forming min-
erals, such that a metal-rich ore mineral is not formed, the element is dispersed as
a trace constituent in the atomic structures of these major phases. Extraction of the
metal from silicate host minerals requires several orders of magnitude more energy
than is required to liberate the sought-after substance from an ore mineral. This
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low-grade concentration threshold, illustrated schematically in Fig. 2, is termed the
mineralogical barrier (Skinner 1976). Clearly, as ore grade declines and reaches this
parent-rock compositional threshold, vastly increased quantities of energy will be
required to extract further amounts of the metal, and recycling will have to become
an increasingly important source of the commodity.

3 Mineral Resource Extraction, Usage, and the Environment

The quarrying of Earth construction materials, mining of ore deposits + coal, and the
drilling for and production of oil and natural gas take place in relatively restricted
areas compared with the ubiquitous surface modifications wrought by agriculture,
forestry, and urban + industrial development (Wolman 2002). Over the 50 years
heyday of intense activity, 1930-1980, less than 1% of the U.S. total land area was
directly impacted by coal + mineral mining, and by petroleum exploitation (John-
son and Paone 1982). However, topographic alteration and point-source in situ and
downstream contamination due to acid mine drainage and hydrocarbon pollution are
far more serious than this small areal percentage might suggest, because of the high
toxicity of some ore mineral and smelter products, as well as forms of hydrocar-
bon and oil refinery exhaust. The degradation of resource-exploited lands and those
downstream and downwind is well known. Some of this impact is due to industrial
activities in general (Freeze 2000), and is only peripherally related to the resource
extraction industry.

A conflict between the values of extractable commodities and those of unaltered,
pristine lands historically has resulted in the harvesting of natural resources rather
than environmental conservation (e.g., World Bank 2003; Ali 2003). This situa-
tion partly reflects our economic ability to assess quantitatively and unambiguously
the worth of a mineral commodity, but also our inability to determine the financial
value of unaltered land containing the natural resource. Until economists are able
to place a monetary value on less intensively impacted land and wilderness that
is widely accepted as appropriate and fair to all stakeholders, the unequal contest
between environmental preservation and resource utilization will continue. Ideally,
some of the profits realized from mineral extraction could be used to rehabilitate
exploited terrain to near-pristine conditions, providing economic gain, employment,
and restoration of the environment (Richards 2002). However, in our present free
enterprise system, little incentive exists for a developer to forego extraction or later
to undertake remediation of the land, so such goals must be mandated by regional,
national, or international regulation (e.g., Khanna 2000).

Markets are competitive, and the total costs of many of our activities generally do
not account for externalities such as environmental degradation in the price struc-
ture; thus, society is obliged to pay for any remediation. For instance: the price
of steel does not include the full downwind impact associated with acid rainfall,
the cost of fossil fuel burning fails to capture the costs of global warming and
air pollution; and the price of water supplied through groundwater usage typically
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ignores overdrafting. The public generally defrays these hidden costs through
taxation. Instead of maintaining the status quo, consumption problems of this sort
could be substantially reduced by assigning the full cost to the activity, and by elimi-
nating counterproductive subsidies (Corson 2002). However, tax incentivization and
better stewardship of the Earth depends on a clearer understanding of the external-
ities by society. Fortunately, attempts to account for such externalities, including
cap-and-trade policies, are beginning to distinguish the European Union from most
other free-market economies; these efforts may be harbingers of an increasingly
global attempt to address hidden costs inherent in natural resource utilization.

4 The Concept of Sustainability

It is instructive to define three contrasting resource-dependant growth scenarios.
Consider a bowl of water, to which is added a finite supply of food and a few algae.
(1) Exponential algae growth initially occurs, reflecting effectively unlimited sus-
tenance. (2) As time passes, the nutrient resource is drastically reduced due to a
greater rate of consumption by the increasing numbers of algae that it must sup-
port. The population reaches a maximum, and then declines as food is progressively
and rapidly exhausted. Disappearance of the last trace of nutrient signals extinction
for the last surviving algae. (3) In contrast, a finite population can be maintained
at a particular level if the food supply is periodically or continuously replenished;
in this case, the number of algae reaches a dynamic equilibrium controlled by the
rate of nutrient replenishment (i.e., the carrying capacity of the system). Thus, the
population reaches a sustainable steady state in terms of consumption at no more
than the rate of recharge of a renewable resource, and/or the rate of recycling of a
nonrenewable resource.

The Sun provides virtually all the energy available to the web of life utilized
for driving vital processes, and although finite, the supply of energy is enormous.
Chemical and geothermal power represent much smaller and negligible sources of
energy for the biosphere, respectively. The Earth’s in situ mineral resources are truly
limited, however, and are renewed, if at all, on variable time scales. Thus, consump-
tion of mineral resources for abundant as well as scarce commodities must even-
tually come to a dynamic steady state, through usage at no more than the rate of
availability resulting from a combination of natural replenishment and the recycling
of existing finite materials. For non-renewable resources, as concentrated deposits
are exhausted, lower grade occurrences will become profitable, but will only be
recovered with increasing expenditure of energy, especially as the mineralogical
barrier is reached. Thus, sought-after resources ultimately must be recovered in part
by the recycling of previously worked materials (Gordon et al. 2006). Substitution
of more abundant Earth materials for scarcer commodities, and dematerialization
(Tilton 2002; Wagner and Wellmer, this book) can ease the transition to sustain-
able resource usage, but in many cases the process of extracting and refining such
substitutes increases environmental degradation.
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Because we are dealing with the rate of consumption of Earth materials, we
must consider the time over which sustainability is maintained. Self-replicating
organisms on Earth began sometime prior to ~3.5 Ga, the age of the oldest yet
recorded evidence of Archaebacteria. Since the early Archean, evolving life has
maintained a dynamic equilibrium with incoming solar radiation and natural capital
derived from the land, sea, and air. The biosphere has been sustained continuously
over geologic time, chiefly through the utilization of a range of combinations of
solar energy and near-surface, recycled mineral resources. The carrying capacity
of the Earth system has evolved, but has not been exceeded, because organisms
have only employed readily available recycled mineral resources at and near the
surface. This dynamic state of affairs was more-or-less maintained after the appear-
ance of Homo sapiens as long as our species remained in a primitive hunter-gatherer
mode.

But beginning about 10,000 years ago, climatic excursions lessened appreciably,
and settled agriculture was established in the Middle East and in China. This situa-
tion allowed for a division of labor, extraction of Earth resources exceeding renewal
rates, and the rise of modern civilizations over the course of the past 400-500 gener-
ations. Reflecting small numbers of people, low population densities, and relatively
simple farming and mining technologies, this borrowing from the future carrying
capacity of the planet began slowly and inconspicuously, with a gradual alteration
of the land and a progressive loss of forests, topsoil, and biodiversity. As humanity
prospered, the increasing population began to exert an ever-greater drain on global
mineral and other natural resources. Industrialization vastly enhanced this per capita
consumption and environmental impact after about 1800 A.D. (Chesworth 2002;
Crosby 2006).

The dynamic equilibrium maintained over the sweep of geologic time between
the Earth’s crust + hydrosphere + atmosphere and the biosphere has been increas-
ingly altered by the march of civilization. The impacts of war, agriculture, fisheries,
urban + rural construction, and anthropogenic resource usage are substantial (Sci-
entific American 1989; Harrison and Pearce 2000). Humanity now controls a pro-
foundly altered global environment in which the health of the biosphere has been
severely compromised.

The Brundtland Commission (WCED 1987, p. 8) defined sustainable develop-
ment in anthropocentric terms, as the ability of humanity . . .to ensure that it meets
the needs of the present without compromising the ability of future generations to
meet their own needs.” Or, as stated by Solow (1993, p. 168), “a sustainable path
is one that allows every future generation the option of being as well off as its pre-
decessors.” Inherent in both statements is an implicit recognition that the dynamic
carrying capacity of the planet, like the bowl of water referred to above, is resource
limited. In my view, critical to the concept of sustainability—not explicitly stated
by either WCED or Solow—is that the process be maintained for a thousand gen-
erations, not just for the next generation or two. It is relatively easy to imagine
sustainable development over 10-20 years, but intensely sobering to think of it in
terms of 10,000 years (Ernst 2002). True sustainability means essentially forever, at
least on the time scale of a species such as ours.
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S Energy and the Second Law of Thermodynamics

A commodity such as iron, limestone, or silver can be used, discarded, and dispersed
in the environment; then, with the expenditure of sufficient energy, much of it can
be recaptured and refined to the desired level of purity. For a nonrenewable, scarce
resource, this problem is acute because of our high rate of extraction-depletion,
and the elevated energy step function dictated by the mineralogical barrier. Thus,
abundant energy is the key to increased mineral resource utilization as ore grades
decline over time.

However, unlike other Earth resources, non-renewable energy possess single-use
value: the energy content of uranium or coal, for instance, is intrinsic to the sub-
stance; once consumed, almost all of the original energy is lost and only a small
fraction can be captured for reuse. This is a consequence of the Second Law of
Thermodynamics which requires that, during reactions involving transference of
energy, an important portion is lost as an increase in entropy (a greater degree of
disorder of the system). Equally important, the efficiency of energy conversion is
considerably less than the theoretical Second Law maximum value. Consequently,
about half to two-thirds of the energy content of the hydrocarbon feed stock used to
run an electric power plant is transferred to the surroundings as heat and dispersed
gas species, rather than being converted totally into electrical energy.

6 The Unique Role of Energy in Modern Civilization

Widely available, inexpensive energy is the hallmark of industrialized societies. Fos-
sil fuel sources of energy have supplanted human + domesticated animal power and
the burning of wood + dung as sources of mechanical power, illumination, heat-
ing + cooking, and transportation (Crosby 2006). Rather comparable to American
proportions of energy usage, liquid petroleum, coal, and natural gas are first, sec-
ond, and third in terms of global energy consumption. Together, these three fos-
sil fuels constitute the lion’s share of energy usage, with nuclear power and all
renewable forms of energy combined making up a distant fourth, as illustrated in
Fig. 3. Russia, China, and the United States possess voluminous coal deposits,
whereas countries surrounding the Persian Gulf control much of the World’s supply
of oil. The states of the former Soviet Union have nearly half of the global supply
of natural gas. However, these resources are finite, with liquid petroleum and natu-
ral gas likely to be virtually exhausted in the next few decades, and coal in several
centuries at the present rates of consumption (Table 1).

Unlike other Earth resources, we cannot consume all of the terrestrial comple-
ment of a nonrenewable energy resource. This is because energy must be expended
in order to extract energy, and it is not economically feasible to spend as much or
more energy than the value of that recovered. We may call this obvious concept the
energy barrier; during extraction, there must be a net gain in the amount of usable
energy.
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In spite of a wide range of estimates regarding the remaining global reserves of
carbon-based fuels, they are limited, and sooner or later will be exhausted. Perhaps
this is just as well, considering that their usage results in the increased seques-
tration of CO; in the atmosphere and deep sea, and consequently, in long-term
global warming and acidification of the oceans (IPCC 2007). So, although fossil
fuel resources are large, in order to perpetuate an energy-intensive industrialized
society, sustainable utilization of mineral resources in the long run can only be
achieved if humanity acquires a ubiquitous, inexpensive, renewable energy source.
Research-based technological advances, providing generation and universal avail-
ability of low-environmental-impact, cheap energy, will be essential to achieving a
state closely approximating Earth resource sustainability. Two sources have the ulti-
mate capability of providing a supply of inexhaustible energy: the Sun and nuclear
fusion. The bringing to the market of environmentally relatively benign, abundant
power from these or other as yet unanticipated sources of energy will require a sub-
stantial increase in the worldwide investment in science and engineering, for such
energy sources are not yet within our technological capabilities (Moniz and Kender-
dine 2002; Whitesides and Crabtree 2007; NRC 2007b).

Political and technological leadership is needed to provide powerful incentives
for the research and technological development of ubiquitous, cheap energy sys-
tems, because this work will require a sustained, long-term, interdisciplinary effort.
However, by the time the general perception of a serious energy shortfall exists in
an ever more populous World, it may be too late to stave off a global increase in the
conditions of poverty.

7 World Population and Resource Consumption

The Industrial Revolution ushered in a massive acceleration in the rate of usage of
both renewable and non-renewable mineral resources. It also fostered an exponen-
tial growth of our species, now more than 6.6 billion people. Because the overall
birth rate exceeds the death rate, World population is increasing annually by about
90 million, and will reach 9-10 billion by 2050. Growth is due largely to popu-
lation age profiles (see Fig. 4), and to birth-rate momentum: half of the people in
the Developing Nations are under child-bearing age, so even if each female, on
average, has the replacement rate of just 2.1 live births, the global population will
continue to increase. Currently, 20% of the World population—that of the Indus-
trialized Nations—uses more than 70% of its natural resources (Doran and Sims
2002). In contrast, the five-and-a-half billion people of the Developing Nations
have access to only about 30% of the global resources—and that amount largely
because of the rapid industrialization of China (Wagner and Wellmer 2008, this
book). With widespread increases in their standard of living, education + empow-
erment of women, and substantial reduction of poverty, such populations are antici-
pated to pass through the demographic transition. In this phenomenon, illustrated in
Fig. 5, life expectancy increases rapidly due to decreased infant mortality, improved
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diets, and better health care, followed about a generation later by falling birth rates,
with the population achieving a stable but elevated level.

By 2025, three-fourths of the global population will be concentrated in coastal
zones, most living in the burgeoning, ever-more-interconnected megacities (McNutt
2002; Grimm et al. 2008; Dye 2008). Such coastal environments will become
increasingly vulnerable to tropical storms, land subsidence, and coastal flood-
ing as the effects of global warming become more pronounced (Ernst 2001;
Trenberth 2007). Low-lying coastal environments are also especially prone to out-
breaks of pandemic diseases (Guptill 2001). The Industrialized Nations have suffi-
cient wealth to combat the adverse aspects of climate change in their own countries
(e.g., Mendelsohn and Neumann 1999), but the fate of Developing Nations is much
less certain.

Reflecting spectacular advances in electronic network and telecommunication
technologies, TV and internet communications are global, pervasive, and intrusive.
The people of the Developing Nations (e.g., Fig. 6) are now routinely exposed to
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many manifestations of the life styles of the wealthy countries of Europe, North
America, and Japan. Since the rise of civilization, this is the first generation to be so
universally well informed. It cannot fail to occur to inhabitants of the Developing
Nations that the present distribution of wealth is massively unequal, and thus quite
unfair (Galbraith 2002). The inequities are glaring: for example, the World Health
Organization estimates that approximately 43% of the global population lacks ade-
quate sanitation, and 22% do not have clean drinking water (Gleick 1998; NRC
1999; Nordstrom 2002; WHO 2007). Many want and eventually expect to achieve
a standard of living comparable to that enjoyed by people of the Industrialized
Nations. Such a high standard of living, of course, is due partly to the exploita-
tion of limited planetary resources by the Industrialized Nations. Thus, the grossly
disparate distribution of material wealth is a source of serious dissatisfaction among
people of the Developing Nations, and is politically destabilizing. The misery of
poverty begets frustration and in some cases, radicalism.

Humans now control a third of the Earth’s net primary biological productivity
(i.e., the global rate of fixation of C, H, O, N, P, and S, and not including an equiv-
alent, steady-state destruction), and our share is increasing (Vitousek et al. 1986;
Rojataczer et al. 2001). The environmental impact is pervasive and predominantly
negative, resulting in increased air + water pollution, a greatly accelerated loss of
biodiversity, an abrupt contraction in ecosystem services, erosion of topsoil, collapse
of marine fisheries, destruction of temperate and tropical rainforests, and global
warming + sea-level rise (e.g., Raven and Williams 2000; Pitman and Jorgensen
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Fig. 6 Year 1997 photos of (a) men and (b) women of the Asmat tribe, Agats, Irian Jaya. Head
hunting and cannibalism were practiced in this area into the 1960s, but the Indonesian government
has forcibly interdicted such practices. The Asmat people exist in a minimal subsistence environ-
ment, but a TV set in the village of Agats provides them with nonstop vistas of the prosperous,
Industrialized World. Photos by the author

2002; Raven 2002; IPCC 2007). Attempts to meet the material and quality-of-life
aspirations of the teeming populations of the Developing Nations are exacerbating
an already serious ecological problem. Damage to the environment inevitably will
accompany a vastly increased human consumption of natural capital, resulting in
the partial or possibly nearly complete collapse of the Earth’s biological systems.
Implications for the continued viability of the surviving web of life, and indeed for
the future welfare of humanity, are therefore bleak.
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The question is, can all the Earth’s people be afforded reasonably comfortable
lives without devastating planetary habitability? Failure to address the material
needs of people of the Developing Nations is not only morally unjustifiable, it is
socio-economically unwise, and politically dangerous (Ernst 2002). However, if the
quality-of-life conditions are to be improved substantially for this burgeoning Devel-
oping Nation population, resource consumption will be increased by nearly an order
of magnitude. Thus, the preservation of a viable biosphere, already under siege due
to current resource utilization practices, will become a major global challenge with
a very short fuse.

8 An “American World” of Ten Billion People

The United States leads the World in the consumption of most of the Earth’s natu-
ral resources. Our annual per capita utilization of abundant + scarce metals, water,
building materials, chemicals, and fossil fuels is legendary. Non-energy consump-
tion figures used in the following are chiefly from the U.S. Geological Survey (2000)
and Tarbuck and Lutgens (2002). On average, every year each American uses 550 kg
of iron and steel, 10 kg of copper, 25 kg of aluminium, and 6 kg of manganese. We
also utilize 4,100 kg of stone, 3,860 kg of sand and gravel, 360 kg of cement, and
140 kg of phosphate rock. Ignoring saline water extraction, we withdraw an average
of 1,280 gal of fresh water off-stream per day, an annual rate in excess of 460,000
gal/capita. These figures simply represent the total US consumption of a commod-
ity divided by the population (272 million in the year 2000)." The salient fact is
that, as a nation, Americans are major users of scarce and abundant renewable and
nonrenewable natural resources. This consumption is viewed as profligate; never-
theless, our standard of living is envied by many people in the Developing Nations.
But what if the World population of 2050 were to achieve a level of resource usage
approaching our present life style?

The annual global production of iron and steel from iron ore and scrap exceeds
830 million tonnes. If each of the ten billion inhabitants of the planet were to con-
sume the 550 kg of iron per year that Americans now use, the total demand would be
5.5 billion tonnes—nearly a 7-fold increase in yearly production. A 660+% increase
in the level of iron ore mining, however improbable, is conceivable because Fe, O3 is
widespread and relatively abundant in the continental crust; besides, as is the present
practice, reuse of scrap iron would offset some of the increase. However, the amount
of recycled scrap is limited, reflecting the more modest volumes of earlier produc-
tion and its continuing service. Thus the environmental impact of nearly an order of
magnitude increase in the mining of iron ore would be intense and far-reaching.

Now let us consider several of the scarce natural resources, lead, zinc, and PGEs.
These metals are essential to modern industrial societies, and are being recovered

lBy early 2008, the American population exceeded 303 million (U.S. Census Bureau 2008) and
very likely the utilization of resources has risen commensurately.
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for use at much greater rates relative to their natural abundances compared to iron
(refer to Fig. 2); US per capita annual consumption of these metals is 6 kg, 5 kg,
and 0.8 g respectively. If, by the middle of this century, the global population of
ten billion people consumes resources as Americans do now, the continental crust
would be obliged every year to produce 60 million tonnes of lead, 50 million tonnes
of zinc, and 8,000 tonnes of PGEs yearly, roughly 15, 6, and 3 times the present
annual World extraction rates. This might be doable, but at the expense of a more
severely impacted environment.

What about the combined per capita average US yearly consumption of stone,
sand, gravel, and cement, 8,320 kg? Were the World population of 2050 to employ
these ubiquitous construction materials at our present rate, the total annual usage
would amount to more than 83 billion tonnes. This represents a mass sufficient
to pour a one meter-thick block of concrete over an area slightly in excess of
33,000 km?, roughly a pavement of dimensions 180 x 180 x 0.001 km—exceeding
the sizes of several eastern states (e.g., Maryland + Delaware, or a third of Virginia).
This number appears to be manageable until we reflect that such a thick tablet would
have to be laid down every year, not just for a generation but for a millennium or
more.

A critical limit to growth, especially in arid lands, is fresh water. US per capita
usage varies enormously, reflecting marked contrasts in regional geography, climate,
and agricultural development. In the East and Midwest, off-stream usage is chiefly
for electric power generation, whereas in the Southwest, most is for the irrigation of
crops. In terms of the daily off-stream average, we use 1,770 m3/year (Solley et al.
1998; Hutson et al. 2004). These figures do not include groundwater withdrawals,
which average about 20% of the total usage. A global population of ten billion
people living in the US style would consume nearly 18,000 km? of surface water
annually, nearly half of the entire hydrologic cycle return flow of 40,000 km? drain-
ing from the continents back into the global oceans. Depletion of groundwater is
already well advanced in arid regions worldwide, and this problem will worsen due
to increased rates of extraction (Alley et al. 2002). Can the land and its wetlands,
rivers, lakes, and estuaries sustain this large a draft on the water supply without
intensified degradation? Perhaps of even greater importance, the pollution of fresh
water by point-source and non-point-source particulates and solutes (toxic chemi-
cals, fertilizers, pesticides, herbicides, sewage, industrial pollutants, etc.) adversely
impacts biospheric habitability, and in aggregate is steadily increasing.

Americans currently use about 25% of the Earth’s petroleum production. Rep-
resenting slightly less than 5% of the present global population, this means that
by 2050, oil production would have to increase more than five times the present
rate of extraction for ten billion people to share our style of consumption. Whether
the terrestrial complement of liquid hydrocarbon reserves (already produced, cur-
rently available, and likely to be discovered) lies in the 1.8-2.1 trillion barrels
range projected by Hubbert (1981) and Deffeyes (2001), or is the 3.0 trillion bar-
rels estimated by Ahlbrandt (2002), this resource is clearly finite (Campbell and
Laherrer 1998; NRC 2006; DOE 2008). Some authorities (e.g., Obermiller 1999;
Brown 2000) anticipate that World oil production will begin its decline within the
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current decade. The supply of natural gas is more promising (Ahlbrandt 2002), but
is also finite. Moreover, the global demand for petroleum has been rising steadily,
and at an accelerating rate. The proportions of various energy sources utilized
worldwide are rather similar to those of the US: hence, carbon-based fuels are
anticipated to remain the main sources of power for the next few decades (DOE
2001). As World demand exceeds supply, the price of petroleum likely will sky-
rocket; if so, marginal oil and gas fields will enjoy new profitability and thus
will undergo increased exploitation and extraction. Ultimately, so too will uncon-
ventional petroleum deposits such as tar sands and oil shales. But because the
Earth’s fossil fuel resources (even its massive coal deposits) are finite, consump-
tion inevitably will decline over time. For this reason, Developing Nations will not
be able to achieve the US hydrocarbon burn rate, and, probably, Americans will not
be able to sustain their current per capita use rate either.

Let us assume that the demographic projections are correct, and, further, that
today’s inequitable distribution of wealth and utilization of natural capital is elimi-
nated or much reduced, resulting in an increased standard of living as the Develop-
ing Nations transform into Industrialized Nations. The consumption figures derived
above are only back-of-the-envelope approximations, but are comparable to an esti-
mated overall six-fold increase in utilization of commodities that the International
Union of Geology and Geophysics reported to the International Council for Sci-
ence (IUGG 2002). Although this increase in standard of living would represent a
socio-economical and political triumph of great magnitude, the adverse impact of
resource exploitation on the natural environment would likely be immense—an eco-
logically undesirable outcome, possibly disastrous in the long run. Assuming abun-
dantly available energy, can the planet support anything approaching an American-
style consumer population of ten billion people? And if so, for how long?

9 The Achievement of Mineral Resource Sustainability

Modern societies are supported by the extraction of energy, water, and other Earth
materials far exceeding renewal rates, limiting the future carrying capacity of the
planet. The latter is a function of its aggregate history, but is clearly finite; there-
fore, humanity eventually must reach a managed steady state with the resource base
and its biospheric life-support system, while preserving environmental quality (Cor-
dani 2000; Holdren 2008). Over the grand sweep of geologic time, the evolving
biosphere has maintained a dynamic, sustainable interaction with the near-surface
environment. The resource excursion supporting civilization (i.e., overdrafting of
the resource base) sooner or later will be corrected. It is not a question of whether,
but rather the manner in which it will be corrected that is uncertain. Island commu-
nities (e.g., Easter Island, Madagascar, Haiti, some islands of the eastern Mediter-
ranean) provide sobering examples of cultures that overexploited their local environ-
ments through ignorance (Diamond 2005). Judging by the record of human migra-
tion and socio-economic evolution of island communities—and continents are just
large islands—the future does not appear promising.
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Even with heightened technological efficiency of exploration, extraction, and
refining, and the ubiquitous recycling of scrap materials, the production and uti-
lization of mineral + metal resources ultimately must encounter the mineralogical
barrier for all but the most abundant commodities such as stone, gravel, cement, and
probably Fe, Ti, Mg, Al, and possibly Mn. For the scarcer metals, this means that
additional quantities of the substance can only be separated from the silicate rocks
of the crust through the expenditure of vast amounts of energy. The substitution of
alternative materials, and dematerialization of economies seem to be required for
future growth. The fresh water supply is renewable, but at a finite rate through the
natural hydrologic cycle, and reducing the off-stream usage can only be accom-
plished through conservation and/or the energy-intensive distillation of non-potable
sources, principally seawater (Rona 2002). Fossil fuel reserves are large but finite,
and ultimately will dwindle in response to increased consumption by populous
countries such as China, India, and Indonesia. Unconventional fossil fuels, such as
tar sands, oil shales, natural gas, and coal bed methane constitute important interim
energy supplies, but are finite and CO, producing (Fouda 1998; George 1998; DOE
2008). Renewable energy sources (biomass, wind turbines, geothermal power, tidal
energy, synfuels, hydroelectric, etc.) are currently limited in total global yields, and
in aggregate constitute important but, for the foreseeable future, modest sources
of power (Perrine and Ernst 1985; Baldwin 2002; Lewis 2007; Stephanopoulos
2007).

Abundant, widely available, inexpensive energy is the linchpin of the Industri-
alized Nations (NRC 2007b). It stands as the critical enabling factor in addressing
problems of non-fuel resource recovery, whether it involves super-efficient explo-
ration, discovery (e.g., drilling to document reserve tonnages), and extraction of
new ore deposits, refining of sought-after commodities in low-grade deposits, or
enhanced recycling of previously used materials. Because most of the World aspires
to, and expects to attain, the standard of living enjoyed by the Industrialized Nations,
this will require a virtually unlimited supply of power. Unless it is also very afford-
able, the energy will not be readily available, so in addition to being ubiquitous, it
must be inexpensive. What are the options (Hoffert et al. 2002; U.S. Department of
Energy 2008) for long-term sustainability?

Today, interest is being focussed on electrolytic battery-powered vehicles as well
as on hydrogen fuel cells (e.g., Ogden 2002; NRC 2004; DOE 2004). Although envi-
ronmentally benign, both are energy conversion systems, rather than new, primary
sources of energy. Electric power supplied to so-called emissionless vehicles is gen-
erated at a conventional hydrocarbon- or fission-based power plant; as fossil fuels
decline in importance, so will the rate of electric power generation from carbon-
based energy sources. Hydrogen fuel cells require a feed stock such as methane,
ethanol, or water; hydrocarbons are in limited supply, and the energy required ini-
tially to separate molecular hydrogen and oxygen from water exceeds the energy
produced by the fuel cell, reflecting operation of the Second Law of Thermodynam-
ics. Fuel cells will have to achieve much greater efficiencies than other forms of
energy conversion in order to ameliorate (let alone solve) the growing global energy
needs.



144 W.G. Ernst

Nuclear fission power plants represent an energy bridge toward sustainability as
the World passes through the age of carbon. But fissionable mineral resources are
also finite, and this form of energy production has proven to be expensive. Most
of the public resistance to atomic power is justifiably rooted in the fear of possible
technical malfunctions and/or terrorist-inspired sabotage. However, nuclear power
technology has advanced considerably over the past several decades (e.g., Marcus
and Levin 2002), and no power plants in Western Europe and North America have
ever experienced a serious accident comparable to that of Chernobyl in the Ukraine.
Presently in the US, it takes about 10~13 years from authorization of the plans to
build a nuclear power plant, through construction and certification, to the time when
its electricity can be switched on to the electric power grid. If we delay the decision
to build such generating facilities until consumers need and demand nuclear power,
we will wait a long time.

An almost limitless supply of energy, however, is promised by power gener-
ated from atomic fusion and/or solar radiation (photovoltaic + solar-thermal), but
neither energy source is now economically feasible. Although the Sun’s core is
fueled by hydrogen fusion, and hydrogen is the main active ingredient in ther-
monuclear bombs, sustained, controlled fusion for commercial power generation
is not yet a reality (European Commission 2004). Photovoltaic (Dupont 2008) and
solar heating installations (Sandia National Laboratories 2008) are practical in outer
space and in remote terrestrial environments today, but as yet have not achieved
widespread adoption because of high costs relative to more competitive forms of
energy. Moreover, such energy is not dispatchable—that is, like wind power, which
is only available when wind speeds are sufficient, solar can only generate electric-
ity when the Sun shines. Thus storage of energy (i.e., capacitance in the energy
system) is required for intervals when power is needed but not produced by these
energy sources. Future technological advances in hydrogen fusion and/or photo-
voltaic power generation, combined with the limitations inherent in other forms of
renewable, carbon-, and fission-based systems should eventually result in the com-
mercialization of one or both of these energy sources, or perhaps some other means
of providing power not yet envisioned.

Sustainable development of mineral resources in a more equitable World must
involve worldwide resource recovery + efficient conservation + dematerialization,
while trying to preserve ecosystem integrity. Global exploitation of renewable
resources at or below recharge rates, and nearly total recycling of nonrenewable
Earth materials can only be achieved, however, employing inexpensive, ubiquitously
available energy. Unfortunately, the Second Law of Thermodynamics requires that
at least a small portion of the mineral resources and most of the spent energy be
irretrievably lost. Thus conservation coupled with basic scientific research-derived
technological improvements in utilization of alternative Earth materials and very
cheap energy will be absolutely required if humanity is to have a promising future.

Whether or not a World of ten billion people can consume resources approach-
ing the manner in which Americans do now, and still maintain the viability of a
more severely impacted and altered web of life, is a daunting question (Skinner
1989; Ernst 2002). A functioning biosphere provides ecosystem services vital to
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humanity, as well as to other forms of life positioned farther down the food chain
(Daily 1997; Daily and Ellison 2002), so for our own self interest, preserving a
healthy natural environment is essential if anything approaching sustainability is
to be achieved. With a substantially enhanced global research base, scientists and
engineers may be capable of supplying the long-term energy needs of the World
population (Whitesides and Crabtree 2007). Consequentially, mineral resource sus-
tainability lies within our potential reach. But resource sufficiency is not apt to be
achieved in the foreseeable future unless our political, industrial, and technologi-
cal leaders recognize the serious implications of the looming energy shortfall; they
must address this problem by providing strong incentives to conserve and recycle
resources and support research in order to develop new, inexhaustible power systems
(NRC 2007b).

Real sustainability, however, may ultimately prove to be dependent on the ability
of humanity to preserve a viable biosphere and the life services it provides (Balm-
ford et al. 2002). Whether this will be possible or not is uncertain (NRC 1999),
and only limited progress has been made so far. Because of population momentum
and the ever-increasing consumption of natural resources by both Developing and
Industrialized Nations, the next 25-50 years will be absolutely critical in our efforts
to achieve a sustained, dynamic equilibrium with the global environment and its bio-
spheric carrying capacity, through conservation, resource substitution, and greatly
increased efficiency.

10 Conclusions

Worldwide peace requires the socio-economic evolution toward equitable usage of
mineral resources and distribution of wealth. To avoid widespread political unrest, a
more even degree of global prosperity must be reached within the next several gen-
erations. Of course, all Earth resources, renewable and non-renewable, are present
in finite supply. Thus, to achieve stability in mineral resource development, we must
immediately increase research in science and technology in order to reach efficient
levels in the:

Conservation of Earth materials;

Recycling of Earth materials;

Exploration, extraction, beneficiation, and utilization of Earth materials;
Substitution of alternative materials, including dematerialization; and
Development and commercialization of universally available, cheap energy.

NS

Political and scientific + technological leadership will be required to promote
and achieve these goals. Hopefully, the transition to virtually limitless energy will
be accomplished by 2050, and humanity will reach a dynamic equilibrium with
the rate of replenishment of renewable resources, and the rate of recycling of
non-renewables. However, by 2050, ten billion people consuming resources as
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intensively as Americans do now would seriously degrade the global environment
and biospheric habitability, possibly irreparably. The likelihood is vanishingly small
that the Industrialized Nations will purposefully reduce their profligate consumption
of mineral resources and energy. Equally implausible is the prospect that equitable
resource utilization at a reasonable level of material prosperity can be achieved for
ten billion humans in a couple of generations. But, if it is, our real challenge will be
to preserve an intact, functioning biosphere. The very habitability of the planet for
future life is at risk.
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Sustainable Development and Mining—An
Exploratory Examination of the Roles of
Government and Industry
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Abstract A common perception is that the activities of the extractive minerals
industry are inconsistent with sustainable development objectives, and that any form
of mining is de facto un-sustainable. This paper outlines some of the major issues
surrounding sustainability in the context of mineral development, and argues that
mining can be sustainable if revenues that are derived from mining are collected and
used to promote sustainable objectives at both the local (community) and national
(or regional) levels.

In order to develop a better understanding of the arguments presented, this study
provides a brief empirical investigation of the impact of broad measures of regula-
tion and taxation on the mining sector investment climate, based on data from the
Fraser Institute’s annual mining surveys, World Bank indices of regulatory activi-
ties, and various other sources of information on a variety of country-specific socio-
economic characteristics. A positive relationship is found between the quality of the
regulatory environment and mining companies’ perceptions of a country’s invest-
ment climate, as measured by the Fraser Institute’s policy potential index (PPI).
However, there is no evidence in the data of a negative relationship between the
level of taxation and mining investment climate, except where tax and legislative
frameworks are unstable and unpredictable. This allows us to conjecture that there
may be scope for increased taxation to deal with local and national sustainability
issues. As long as there is political stability and a good regulatory environment, it
may be possible to raise taxes to mitigate local mining externalities through com-
munity development, or to fund other programs through hypothecated taxes (i.e.,
taxes raised to fund specific objectives).

A. Waye (X)
Department of Economics, University of Alberta, Edmonton, AB, T6G 2H4, Canada
e-mail: aewaye @ualberta.ca

J.P. Richards (ed.), Mining, Society, and a Sustainable World, 151
DOI 10.1007/978-3-642-01103-0_7, © Springer-Verlag Berlin Heidelberg 2009



152 A. Waye et al.
1 Introduction

Applying the concept of sustainable development to the mining industry is fraught
with challenges. First, a fundamental incompatibility exists between the non-
renewable character of mined resources, and the intuitive understanding of “sus-
tainability” as maintaining a constant level of consumption of those resources across
generations. Second, on a practical level, mines can and often do negatively impact
the socio-economic wellbeing of nearby communities, contradicting the notion of
sustainability as properly meeting the needs of current and future generations.

In light of the above, one approach to sustainable development in the mining
sector is to define it in terms of the transformation of natural capital into social or
human capital (Peskin 1994; Labonne 2002), thus theoretically providing perpetual
benefit streams across generations (Richards 2005). In line with this concept, it is
argued here that mining may be sustainable if some of the revenues generated are
collected and used to promote sustainable objectives at both the local (community)
and national (or regional) levels.

This interpretation of sustainability in mining is of course predicated on a strong
government role. Within global markets, the competitive impact of government
intervention is an important question. Thus, within the context of broad sustain-
ability goals, it is important for governments to understand the implications of poli-
cies that aim to mitigate the negative effects of mining. This paper examines policy
decisions that might be used to promote sustainable development. In order to gain
a better understanding of the impacts of policy, we use relatively simple statisti-
cal methods to analyze empirically the impact of various policy options on overall
investment climate. The data are drawn from the Fraser Institute’s annual mining
surveys, World Bank indices of regulatory activities, and various other sources of
information on a variety of socio-economic country characteristics.

2 Sustainable Development and Non-Renewable Resources

The Brundtland report (WCED 1987, p. 8) states that “Humanity has the ability to
make development sustainable—to ensure that it meets the needs of current gener-
ations without compromising the ability of future generations to meet their needs”.
Although this may be a useful starting point for addressing sustainability issues, it
has long been recognized that there is an inherent ambiguity in this definition. Kates
et al. (2005) point out that the vagueness of the Brundlandt definition allows various
groups to make contrary claims regarding whether or not a given activity is sustain-
able. In particular, the relationship between the environment and development is a
complex one. Socio-economic development requires inputs from the environment.
In order for society to continue to experience improvements in standards of living,
the environment must be disturbed. It is therefore incumbent on society to deter-
mine the appropriate extent and timing of the development of natural resources,
especially non-renewable resources. Decisions must be made in relation to the
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sustainability of ecological thresholds, human and economic development, and ide-
ally a combination of the two.

Kates et al. (2005) also remind us that sustainable development is not just a local
phenomenon, but must also be considered on a global scale. Issues concerning the
balance between the environment and human populations re-emerged in the 1970s,
as concerns grew about global overpopulation and famine. The United Nations Con-
ference on the Human Environment (held in Stockholm in 1972)' addressed the
issues of poverty, trade financing, and other matters related to the environment. More
recently in 1992, the United Nations Conference on Environment and Development
in Rio de Janeiro led to Agenda 21, which outlined the actions and international
agreements on climate change and biodiversity that were seen as essential for pro-
moting sustainable development (Kates et al. 2005). Ten years later at the World
Summit on Sustainable Development in Johannesburg, nations reaffirmed their com-
mitment to sustainable development. However, no working definition or principles
of best practice were established, because it quickly became apparent that defini-
tions can vary a great deal depending upon perspective.

Differences in perspectives imply that sustainable development of a non-
renewable resource may be defined differently by each stakeholder: industry, busi-
nesses, labourer, society, traditional society, land-owner, and government. To busi-
ness and industry, it may mean sustaining profits, whereas to a labourer, sustainabil-
ity may imply keeping mines open to retain jobs. To the various sectors of society,
the definition may be more complex, because mines and other resource extraction
industries have the potential to cause negative effects on the environment, local
human health, and local social wellbeing. On the other hand, mining also gener-
ates income and raw materials for society. The various interests of these stakeholder
groups are further complicated because they are not independent and commonly
overlap. For example, a business owner or a worker may also be a member of the
local community.

2.1 Weak Versus Strong Sustainability

The Board on Sustainable Development of the US National Academy of Sciences
(USNAS) has attempted to simplify the many concepts and perspectives identified
under the broad title of sustainable development. Figure 1 highlights the distinctions
between the priorities of various advocates and analysts with respect to sustainable
development, while giving some idea of the complex relationship between the two,
and the time horizons involved (USNAS 1999).

The possibilities of “what” is to be sustained include nature, life support sys-
tems, and community. The areas to be developed include people, the economy, and
society. These objectives can sometimes be mutually exclusive and at other times

IReport of the United Nations Conference on the Human Environment. Last accessed July 29,
2009, at http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=9
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Fig. 1 Defining sustainable development (from USNAS 1999)

complementary (at least to some extent), as indicated by linking conjunctions “only,
mostly, but, and, or” listed in the center column. Obviously, it is not possible to
develop people, the economy, or society without disrupting the environment to some
extent.

Some groups advocate that sustaining biodiversity, ecosystems, and ecological
thresholds should take priority. This is referred to as the ecological approach to sus-
tainable development (Elliot 1999). Under this view, development would be allowed
as long as minimum environmental thresholds and targets are maintained. Under this
strong approach to sustainability, the environment takes priority in all policy deci-
sions, and biodiversity and ecosystems are not considered substitutes for other forms
of capital that might be developed. This definition would seem to be incompatible
with any form of non-renewable resource extraction.

On the other hand, the linking words “and, or” suggest a weaker form of sustain-
able development whereby the environment may or may not be sustained in a strict
sense, and it is capital development that is to be sustained. This economic approach
is similar to an “optimal savings rule”, whereby aggregate levels of productive
capital used for economic development are maintained at some constant level.
This higher acceptable degree of substitutability between natural and man-made
forms of capital is commonly referred to as weak sustainable development (Elliot
1999).2

Of primary interest for weak sustainable development is that communities are
to be sustained and other forms of capital are to be developed. These other forms
of capital include human and social capital (institutions, education, and health care
in terms of life expectancy and child mortality), as well as financial capital and

2«Weak™ vs. “strong” sustainable development are not indicators of preference; rather, they are
definitions.
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its distribution (wealth, equity), and physical capital (used for the production of
investment and consumption goods). Through some appropriate combination of all
of these forms of capital, economic development of local communities, regions, and
states can proceed.

2.2 Weak Sustainability and Mining

In the context of the mining industry, and in accordance with the weak definition
of sustainable development, measures to mitigate environmental and social damage
must be implemented where there are adverse effects from mining. Long-term mea-
sures to ensure the economic sustainability of local communities may necessitate
investment in economic diversification or, as a last resort, relocation to other areas.
At the regional or national level, other forms of capital may be used to sustain devel-
opment. This implies a differentiation in the definition of, and government responsi-
bilities related to, sustainable development at the local, regional, and national levels.

At the national level, the goal may be to transform mineral wealth into other
forms of capital that will create a perpetual benefit stream for both current and future
generations. In order for governments to accomplish this, revenues derived from
mining can be targeted towards social or environmental objectives. For example,
hypothecated taxes (taxes collected for specific goals) can be used to achieve various
social objectives, such as promoting human development, economic diversification,
or protecting the environment.

The discussion above can be summarized in the schematic of local and national
sustainable development shown in Fig. 2. Here, sustainable development is pre-
sented as a process that is a function of society’s decision to sustain natural capital
or aggregate capital stocks. The process in Fig. 2 refers to the national level of sus-
tainable development with the exception of the large ellipse, which exemplifies nec-
essary action by local governments to ensure sustainable development at the local
level.3

Initially, the sustainable development process for non-renewable resources
depends upon what society wants to sustain: natural capital (i.e., the environment
and the actual resource, which can only be sustained by not mining*), or aggregate
levels of capital. When a choice is made whereby resources are to be used to sustain
human development, societies are saying that natural capital should be transformed
into social and physical capital.

31t should be noted that this model deals only with negative environmental and social externalities.
Mining at the local level also provides positive social externalities, such as new transport links that
broaden the market for local products, and training that expands the employment opportunities for
local workers.

4The concept that minerals left in the ground represent a form of capital is only valid if those
minerals can at some point be extracted economically. Many argue that no value should be put on
such resources until an economic plan for their extraction can be demonstrated.
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Fig. 2 Local and national sustainable development processes for non-renewable natural resources

In order for resource development to commence, at least in capitalist economies,
it is necessary for a project to be profitable, which requires a positive investment
climate. A positive investment climate in the mining industry is a function of geo-
logical potential, good governance (including clear regulation, stable taxation, and
macroeconomic stability), and labour potential (World Bank 2005). However, in
order for sustainable development to be achieved, any concomitant negative social
and environmental costs must also be mitigated through regulation, or internalized
through taxes.

3 Policy Options for Sustainable Development and Mining

Successful sustainable development hinges on the mitigation or internalization of
negative social and environmental externalities through regulation or taxation. When
implementing sustainable development policy, based on either taxation or regula-
tion, the potential economic and investment consequences must be estimated from
the past reactions of industry. These reactions are explored below in relation to spe-
cific international regulations and taxation regimes affecting the mining industry.



Sustainable Development and Mining 157
3.1 Mining Regulation

Regulations are generally put into place in response to market failures, where gov-
ernments are expected to intervene. In the case of mining, there can be many neg-
ative externalities that affect the environment and the socio-economic fabric of
communities. In such cases, government regulations can be used to attempt to miti-
gate market failures by restricting the activities of a mining company. Governments
may also need to increase monitoring and legal enforcement within mining commu-
nities to deal with social and environmental concerns.

Whereas some regulations apply to mining procedures and environmental stan-
dards, thus impacting a company’s behaviour, others are designed to ensure that
local labourers benefit financially. In Chile, for example, the government has
imposed a mandatory profit-sharing scheme, whereby companies are annually
required either to share 30% of net profits with their employees, or give them a
bonus of 25% of their yearly income (Houde 2005). Similar profit-sharing schemes
exist in Mexico and Peru (Houde 2005).

Environmental Impact Assessments (EIAs) are perhaps the most significant
example of regulations that affect the mining industry at the local level of develop-
ment. Environmental impact assessments are used to determine the effects of a pro-
posed activity on the natural and human environment (e.g., human health as a result
of environmental impacts). Increasingly, these assessments also consider the socio-
economic impacts of development (O’Faircheallaigh 1999). According to Pring and
Siegele (2005), and reflecting provisions in the Aarhus Convention of 19983 (Davies
2002), the future trend in EIAs will be towards increased public participation in the
formulation of laws and best practices. Although public participation should engage
the population at large, special care should be taken to include marginalized groups,
especially Aboriginal groups, that in the past have commonly not been consulted.

Although developed countries typically have legislation in place to regulate and
monitor specific EIA guidelines and recommendations, many developing countries
either have minimal legislation, or have substantive EIA legislation but lack the
capacity for monitoring and enforcement. In an attempt to respond to this problem,
ten of the leading financial institutions in several different countries adopted the
Equator Principles in 2003. The Equator Principles “are a voluntary set of guide-
lines for managing social and environmental issues in project finance.”® The Equa-
tor Principles outline the requirements for obtaining funding for projects costing
over US$10 million (Equator Principles 2006). Much of the assessment for funding
(especially in non-OECD and low-income OECD countries) is based upon the Inter-
national Finance Corporation’s (IFC) performance standards on social and environ-
mental sustainability (IFC 2006). Equator-Principle financial institutions commit to
making the client aware of the content, application, and benefits of applying these

Shttp://ec.europa.eu/environment/aarhus/
5Quoted from www.equator-principles.com
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principles to the proposed projects, and require the client to outline their methods
(in the EIA assessment) and actions for adherence to the Principles when seeking
(and later continuing) to receive financing.

The voluntary nature and international character of the accord pose some chal-
lenges to the implementation of the Equator Principles. However, they have the
potential to be remarkably effective because mining companies generally require a
significant amount of capital for mine development, which is commonly obtained
from these major international banking institutions. Financing from these banks is
conditional upon meeting the Equator Principles, and interim reports are monitored
carefully as a condition for continued funding. The extent of the requirements in
terms of added costs to companies may vary by country, with EIA legislation, or by
bank. The IFC outlines environmental strategies that have been included by major
financial institutions in the requirements for EIAs under the Equator Principles.’

In general, regulation will have a negative (or positive) impact on the invest-
ment climate to the extent that it adds to (or reduces) the cost of doing business.
In addition, government interventions can fail, worsening investment climate due to
poor information, a lack of expertise or resources, credibility gaps, or a lack of pub-
lic support (World Bank 2005). However, regulations dealing with property rights,
which ensure that investments are secure, tend to improve investment climate and
are examined further below.

3.2 Mining Taxation

3.2.1 General Principles

Tax revenues from mining operations may be collected for many purposes, includ-
ing a desire to secure sustainability goals.® These revenues can provide resources for
meeting the immediate needs of the current generation, for example by the provision
of public goods, and also to invest in financial, physical, or social capital in order
to provide income or benefit streams for future generations. Several taxation instru-
ments are available to governments, and the choice of tax instruments and rates can
have implications for the behaviour of mining companies.

Taxation of mining has a long history, and early rationales were strikingly similar
to what would now be termed as sustainability issues. Royalties applied to the min-
ing industry are an application of the “single tax” first suggested by the economist
Henry George in 1879 (Petrella 1988).

George believed that actual land was required to create any form of wealth. In
addition, he argued that all land was public land, and should be shared equally

TFor more information, see the IFC website at: http:/www.ifc.org/ifcext/sustainability.nsf/
Content/EnvSocStandards, the World Bank (2001), and www.equator-principles.com.

80Other rationales for collecting tax revenues from mining operations may include: (i) the need to
have funds available to moderate foreign exchange flows; and (ii) a need for funds that can be used
to pursue macroeconomic policies aimed at smoothing out fluctuations in the business cycle.
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Fig. 3 Transforming mineral wealth into other forms of capital

among current and future citizens. He proposed that land be taxed and that these
taxes should be used to promote social goals that promote the greatest common
good. This concept is referred to as George’s Principle.

A process that collects royalties (or other taxes) for government coffers in
exchange for the right to extract and sell non-renewable resources is based on a
version of George’s Principle, whereby non-renewable resources, instead of land,
are the relevant assets that are owned by society. It is the responsibility of gov-
ernment to serve the best interests of society by collecting revenues in exchange
for the sale of the natural resources. A related principle is embodied in the 1974
United Nations Resolution 3201 (S-VI) on the Establishment of a New Interna-
tional Economic Order, wherein permanent sovereignty over natural resources is
acknowledged.’

George’s Principle can also be considered a precursor to some of the hypothe-
cated tax funds found around the world today, such as the Alberta Heritage Fund
and the Alaska Permanent Fund. The Alberta Heritage fund takes a proportion of
revenues from the development of Alberta’s oil and gas resources and uses it to pro-
mote various objectives such as supporting education (Warrack and Keddie 2002).
The Alaska Permanent fund acquires 50% of all mineral royalties, a portion of which
is distributed annually to each Alaskan citizen in the form of a dividend (Warrack
and Keddie 2002).10

At the local, regional, and national levels, depending on the legislative structure
of a country, governments can transform mineral wealth into other forms of capital
either by consumption or investment (Fig. 3). The results of these policies can have
very different results in terms of the capital generated and sustained.

There are two basic channels through which the benefits of hypothecated taxes
might be realized. (1) Revenues can be used to support current consumption; that
is, the expenditures do not generate another form of capital, but may help to off-
set any negative environmental, health, or other socio-economic impacts. Funds

9http://daccess-ods.un.org/access.nsf/Get?0pen&DS=A/RES/3201(S-VI)&Lang=E

10The extent to which the distribution of mineral rents to individuals contributes to local or regional
sustainable development depends on the ultimate use to which the funds are put. If the funds are
merely spent on immediate consumption, then this could be argued not to represent sustainable
development.
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are typically spent on new or existing programs, or on capital projects, and are
unlikely to generate revenues much into the future because the revenue is spent
rather than invested. An exception is expenditure on infrastructure, which may
stimulate other investments or social improvements that will bear dividends in
the future. (2) Revenues can be invested, with the interest used to fund benefi-
cial programmes rather than spending the principal. The latter type of investment
strategy ideally converts non-renewable natural resources into a perpetual benefit
stream.

Depending upon a county’s level of development, the optimal investment port-
folio is likely to vary. More-developed nations might find it optimal to focus on
economic diversification and the development of fixed capital, both of which will
reap benefits for current and future generations. Developing nations, on the other
hand, may need to focus on human capital formation, whereby hypothecated taxes
are invested in primary and secondary education as well as primary health care.
A skilled labour force is necessary for any form of economic diversification and
growth.

It is important to note that hypothecated taxes are not a different form of tax-
ation. The tools used to collect tax revenues are similar (e.g., royalty taxes, profit
taxes, corporate income taxes, etc.), but the distinction is that the revenues are tar-
getted towards specific objectives rather than being paid into general revenues, with
accounting methods in place to enable tracking of expenditures. Without such a sys-
tem of monetary tracking, it is extremely difficult to measure how revenues from
mining (or any other economic activity for that matter) directly contribute to a spe-
cific goal such as sustainable development.

3.2.2 Royalty Taxation in Practice

There are different forms of royalty taxes that can be applied to the mining industry,
including gross or net income royalties. There are many different definitions of each
type of royalty, but the following are the most commonly used. Unit based royalties
are based upon unit volume or unit weight. Ad valorem royalties are based on a
mineral’s value (whereby the definition of value may vary). A profit or income based
royalty is an ad valorem royalty defined as a percentage of cash income less allowed
expenses incurred. In contrast, a gross income royalty is also an ad valorem royalty
based on a percentage of the gross market, gross sales, net market, or net smelter
value of the commodity produced, and is charged whether a profit is made or not.
Gross royalties appear to provide maximum benefit to society, but present significant
risk to industry, which may stifle investment. In contrast, net royalties payable only
on profits are preferred by industry, but may return little value to the government
when profits are low, even though mining continues. Table 1 provides an overview
of some of the variations that can be found in terms of tax instruments and rates in
various jurisdictions.

Investors tend to oppose gross income royalties because they prefer back-end
loading of tax payments, which shifts more of the risk onto governments. Profit
taxes are seen by industry as offering a lower tax burden in compensation for project
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Table 1 Royalties in selected jurisdictions

Country Royalty type Royalty rate Variation
Botswana Ad valorem (net 3-10% Yes
smelter return) Precious stones: 10%

Precious metals: 5%
Other minerals or
mineral products: 3%

Ghana Ad valorem (sales 3-12% No
revenue) Same royalty system for
all minerals
South Africa Ad valorem (sales Variable Yes
revenue) Sliding scale formula for
gold

Other minerals variable
% of either market value
or net profit

Zambia Ad valorem (net 2% No
smelter return) Same royalty system for
all minerals
Zimbabwe N.A. 0% N.A.
India Ad valorem or 0.4-20% Yes
unit-based Ad valorem rate or

unit-based charge for
each mineral

Indonesia (7th Unit based N.A. Yes
Generation Unit-based rate for each
COW) mineral
Papua New Ad valorem 2% No
Guinea
Queensland (AU) Ad valorem or 2.7% of value, or a Yes
unit-based variable royalty rate if ~ Most metallic minerals:
price exceeds a 2.7% of value
reference price Industrial minerals:
$A.25-$A1.00 per tonne
Coal: 7%
Argentina Most provinces have 0-3% No

no royalty; others
have ad valorem

Bolivia Ad valorem, sliding  1-6% based on sales Yes
scale based on price position relative
ratio to reference prices
Chile N.A. N.A. N.A.
Peru Ad valorem, sliding  0-3% (exported No
scale-based on minerals: 1-3%)
annual cumulative
sales
Arizona (US) Ad valorem At least 2%; Yes

commissioner to
determine rate
Ontario (CAN) Profit-based 10% No

Source: Otto et al. (2006)
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risk, because companies do not pay taxes in years where they do not make any
profit (such as during project start-up or global downturns in commodity prices).
Net income royalties allow companies to recoup their initial costs over the shortest
period of time.

It is tempting to draw conclusions concerning the relative competitiveness of a
nation’s fiscal regime by analyzing their relative royalty rates. However, it is the
overall tax burden placed on mining firms that must be considered in order to draw
valid conclusions about international investment competition. Effective tax burdens,
or average effective tax rates (AETR), are used widely in industry and by govern-
ments to assess the overall revenues collected from economic activities. The AETR
for a given type of operation, such as a mine, is the amount of total income paid to
the government in the form of taxes.!! It is calculated as the net present value of
tax payments (including income taxes, capital taxes, and royalties) divided by the
net present value of net income (which is revenues minus costs such as operating
expenses, including non-tax fees, capital costs, and amortization).

The impacts of corporate income taxes (CITs) and cost allowances need to be
considered when analyzing different royalty regimes and the relative competitive-
ness of each regime. Standard corporate income taxes are applied in most juris-
dictions, and it is the combination of all of the taxes that represents the overall
tax burden of industry. Corporate income taxes are attractive from the govern-
ment’s perspective because they require consistent administrative practices and legal
frameworks. In general, capital allowances for capital intensive projects mostly per-
mit 100% expensing of exploration and development costs. Other deductions from
income taxes are generally for operating costs, depreciation, continued exploration
expenses, environmental protection, land reclamation, and community development.
The more write-offs granted, the lower the present tax base and, therefore, the lower
the current revenues collected. This may shift the time profile of taxes, but does not
necessarily lead to an overall reduction in tax payments.

Governments commonly walk a fine line between generating tax revenues from
industrial activities such as mining, and encouraging capital investment and result-
ing economic development. Given that companies have many choices regarding
where to invest, there is competition between jurisdictions and a resulting conver-
gence of tax rates. According to Brewer (2005), in 2002, most jurisdictions that had
been taxing outside the average range have moved towards the average. However,
because rates of convergence differ, a wide variation in tax rates persists across juris-
dictions, as shown in Table 2 (Brewer et al. 2006). Companies operating in Brazil
seem to be paying the most in taxes (as percent of net income on marginal opera-
tions) for both the 10 and 25% internal rate of return cases, whereas companies in
Canada and the US in general seem to pay the least.

INote that tax rates may vary by commodity in many countries (Table 1), complicating these
comparisons.
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Table 2 Average effective

tax rates at 10 and 25% rate Jurisdiction 10% 25%
of return Canada-Quebec 17.7 34.2
Canada-Newfoundland 26.0 29.6
Canada-Manitoba 26.2
US-Nevada 28.2 26.1
US-Alaska 28.4 28.5
Canada-Ontario 28.6 429
Canada-British Columbia 30.4 38.7
Chile 32.1 32.0
Venezuela 35.7
Papua New Guinea 37.3
Indonesia 43.1 37.8
Mexico 46.3 44.3
Australia 48.2 37.6
Brazil 54.1 499

Source: Brewer et al. (2006)

3.2.3 Taxation to Mitigate Local Negative Social and Environmental
Externalities Resulting from Mining

Governments have the option of: (1) taxing mining companies an extra amount
which could be used to compensate local communities; or (2) requiring that the
mining company directly provide infrastructure or other socio-economic or environ-
mental services to the community (which is financially equivalent from the stand-
point of the cost to the firm). According to a Pareto efficiency criterion, whereby
no-one is made worse off as a result of economic activity, if the people negatively
affected by mining are adequately compensated, then negative externalities are mit-
igated. However, unless taxes are hypothecated, with the funds directly allocated to
mitigation projects, it is difficult to ensure that the extra taxes will in fact positively
impact local sustainability.

4 Sustainability Measures and Industry Investment:
The Bottom Line

Investment decisions in the mining industry commonly relate to projects with time
horizons of 10-20 years or more, with large capital costs borne up front and rev-
enues spread over time. Therefore, uncertainty and risk are critical factors in the
investment decisions of mining companies, and include geographical, market, and
political risks, in addition to industry-specific risks. Mineral commodity prices are
extremely volatile, and producers are therefore forced to make investment decisions
without knowing future prices. This results in uncertainty in production, specifically
surrounding potential cut-off grades, the quantities of ore to be extracted, and result-
ing operating costs. Mines require large amounts of capital to be invested up front,
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leaving them at risk if prices drop dramatically or if business or fiscal conditions
(including tax rates) or regulations change.

An evaluation of the feasibility of a mining project will involve net present value
(NPV) calculations, where the estimated costs per unit of production are compared
to expected revenues over the life of the project. The cost per unit of production
depends upon accessibility (infrastructure), ore quality, input costs, taxes, etc. It is
also important to evaluate the likelihood of, and sensitivity of the economics of the
project to, changes in these costs (i.e., risk), because increased costs will reduce the
expected rate of return on a project, making firms less willing to invest. If investment
has already taken place and policies change in an unfavourable direction, companies
will be less inclined to invest again or to expand. That is, government policies gener-
ally have impacts on a company’s “bottom line”. To the extent that economic bene-
fits outweigh social costs, governments will prefer policies that provide a favourable
investment climate.

Different companies’ bottom lines may be of different magnitudes due to the fact
that they all have different capabilities and strategies. However, they all come to a
decision about where to invest based upon maximizing expected profits, which are
in turn influenced by location-specific costs and risks. In addition to the cost fac-
tors mentioned above, location-specific risks include: regional geological potential,
security of tenure, physical security, and corruption. Additional risk factors arise
from the potential for changes in: government regulations and laws, the tax regime,
political stability, macroeconomic stability, labour markets, and the quality of finan-
cial markets (World Bank 2005; Otto et al. 2006). Governments play a key role in
shaping investment climate through many of these factors, such as taxation, security
of property rights, government regulation, political stability, and control of corrup-
tion. Governments also have high levels of control over labour and financial mar-
kets, as well as over levels of infrastructure (both physical and human capital). All
of these factors shape the investment decision by positively or negatively affecting
a company’s bottom line.

Many authors have provided similar lists of factors that are likely to be most
important in terms of investor decisions in the mining sector. For example, accord-
ing to Pritchard (2005), the most important requirements for a positive investment
climate are the ability to sell in local and foreign markets, to obtain payment in a cur-
rency that is convertible, to be able to convert payments at a favourable exchange
rate, and to be able to service loans and pay taxes. Other factors that are impor-
tant are security of tenure, a stable tax regime, consistent and timely processes for
obtaining government approvals for development and maintenance of mining rights,
the ability to obtain equipment from local and foreign suppliers, and the freedom to
engage local and foreign labour (Pritchard 2005).

According to Williams (2005), four of the five most important aspects for invest-
ment in the mining industry are directly related to the fypes of regulation: nature of
exploration and mining rights, procedure for access to rights, security of title and
tenure, and maintaining operating rights and obligations.

Otto (2005) ranked investment decision factors prior to exploration as follows
(rankings at the mining stage are shown in parentheses):
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Geological potential (N/A)

Security of tenure (1)

Ability to repatriate profits (2; with measure of profit, 3)
Consistency of policy (9)

Country has management control (7)

Mineral ownership (10)

Foreign exchange regulation (6)

Stability of mining/exploration terms (4)

Ability to predict tax liability (5)

Ability to predetermine environmental liability (8)
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All of these authors (Otto 2005; Pritchard 2005; Williams 2005) seem to agree
that security of tenure, stability of the terms of regulations, and the ability to repa-
triate profits are key factors for investors. Actual taxation rates do not appear at the
top of any of their lists, although predictability of tax burdens is important.

Obviously, there are many factors that come into play when it comes to invest-
ment decisions. Some of these, such as taxes and regulation, are under the control of
the government. In practice, governments need to strike a balance between ensuring
sufficient mining sector investment to generate revenues and benefits from mineral
development, while implementing sustainability measures for the good of the local,
regional, and national communities. An empirical analysis of the impacts of policy
measures on industry perceptions and behaviour can provide important information
regarding the suitability of establishing policies, especially if they will make the
jurisdiction relatively more or less expensive compared with other jurisdictions in
terms of dollar costs or risk exposure.

5 An Empirical Model of Investor Reactions to Government
Policy

The available tools that governments have for addressing sustainability issues in
mining fall into two major categories: regulation and taxation. That is, they must
change the regulatory environment and/or introduce (and re-allocate the revenues
from) taxes in order to alter the behaviour of mining firms, and/or make their own
investments in social and physical capital. It is of interest to policy-makers to see the
extent to which the regulatory and tax tools that they can use to address sustainability
issues impact the desirability of mining investment in their jurisdictions, controlling
for other factors. To this end, an empirical model is presented below that attempts
to shed light on these impacts.

Ideally, information on actual investment decisions, more specifically current
exploration data, would be used to examine the impacts of government policy mea-
sures. Because this type of data is not readily available, we use a proxy for invest-
ment climate that is drawn from the Fraser Institute’s annual mining surveys span-
ning 2000-2006 (Fraser Institute 2000; Fredricksen 2001, 2002, 2004; McMahon
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2005, 2006; McMahon and Melham 2007). In 2006, for example, the Fraser Insti-
tute (McMahon and Melham 2007) surveyed 3,000 exploration, development, and
mining consulting companies around the world and received responses from 333
of them. The companies that participated in the survey spent US$644 million on
exploration in 2005, and US$1.02 billion in 2006. Thus, survey respondents repre-
sent 12.6% (US$5.1 billion) of total global exploration budgets in 2005, and 14.5%
(US$7.13 billion) in 2006, as reported by the Metals Economics Group.'?!3 Based
on the responses to the survey, the Fraser Institute constructs an annual index of
perceived investment climate for several countries.

More specifically, the Fraser Institute’s Policy Potential Index (PPI) is a “com-
posite index, measuring the overall policy attractiveness of the 65 jurisdictions in the
survey” (McMahon and Melham 2007, p. 5). The PPI is normalized to a maximum
score of 100, representing a jurisdiction that ranked first in every category, whereas
a zero score would represent a jurisdiction that ranked last in every category. For
example, in 2005/2006, the highest score was 93.1 (Manitoba) and the lowest was
2.4 (Zimbabwe).

Use of this proxy enables construction of a panel of data covering the 2000-2006
period. The explanatory variables included in the data set have been chosen based
upon the theoretical groundwork explored above, as well as informal discussions
with individuals at Natural Resources Canada (Minerals and Metals Department),
the Mining Association Canada, and Falconbridge Ltd. (now Xstrata plc.) in the
summer of 2006. Of primary interest are the impacts of regulation and taxes on
investor perceptions of the attractiveness of operating in a particular jurisdiction.

Including taxes directly as an explanatory variable in our model proves to be
problematic for two reasons. Firstly, tax regimes are multi-faceted, with a variety
of types of taxes and tax rates in place in a given jurisdiction at any point in time
(see, for example, Otto et al. 2006, for detailed information on the tax systems in
several jurisdictions). One way to summarize the overall tax regime for any given
country is to calculate an effective tax rate that takes into consideration the impacts
of the entire gamut of taxes that are paid by mining firms. Average effective tax rate
(AETR) figures are occasionally published for a few countries, but are not available
on a widespread basis (across countries or time). Also, tax rates are commonly held
constant within a given jurisdiction over long periods of time. The lack of avail-
ability of data for many countries combined with the lack of variation across time
poses statistical problems for measuring the impact of taxes on investor percep-
tions. Therefore, we are only able to provide indirect empirical evidence regarding
the impacts of tax regimes on investor perceptions.

Our strategy for indirectly examining the effects of mining tax regimes is to
include “fixed effect” country-specific intercepts in our model, and to examine their
relationship with a variety of country-specific tax-system features. These country-
specific intercepts will capture the impacts of conditions not explicitly entered into

2http://www.metalseconomics.com/default.htm

3These figures indicate that respondents may include a disproportionate number of (i) junior
exploration companies and (ii) North American-based companies.
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the model, such as tax regime characteristics. Once these country-specific intercepts
are estimated, they can be examined for patterns across countries that might be
related to various country-specific tax features, such as tax rates and the complexity
of the tax system. This strategy is discussed in more detail below.

As with taxation, regulatory structures within any jurisdiction are complex. Ide-
ally, we would like to focus on regulatory structures that are specific to the mining
sector. Such data are not available, but the World Bank does provide a set of indices
on a variety of aspects of the regulatory and political climates for a large number of
countries. These “good governance” variables include a regulatory quality index that
covers factors such as the prevalence of “market-unfriendly” policies, and percep-
tions of burdens imposed by excessive regulation. There are also indices of voice and
accountability, political stability, government effectiveness, rule of law, and control
of corruption. The availability of these data allow us to explore, albeit imperfectly
given the fact that these variables are not specific to the mining sector, the impact
of regulatory factors directly within our model. More detailed descriptions of the
individual indices can be found in Appendix 1.

Investor perceptions of the attractiveness of a jurisdiction are likely also to be
affected by a variety of other factors. Many of these are controlled for by includ-
ing country-specific geological and economic characteristics in the model. Geolog-
ical potential obviously plays an important role in determining the extent of mining
investment opportunities within a country. However, for a number of reasons, geo-
logical potential is also very difficult to measure. It is conventional in the literature
to include mineral exports as a proxy for the geological potential of a country (Sachs
and Warner 2000). This variable may also capture the level of development of the
mining sector, especially related to the amount of mining-related infrastructure (e.g.,
transportation facilities) already in place in the jurisdiction.'* The general level of
economic development and size of the economy are captured through each coun-
try’s level of GDP per capita. Uncertainty in a country’s economic environment is
measured through the rate of change of its currency exchange rate (home currency
per US dollar), the domestic inflation rate, and the rate of change of local wages.
Finally, a set of year dummies is included in the model to control for variables that
vary across years but not countries. Among other things, these might include the
rate of interest faced by mining firms and world commodity prices. See Appendix 1
for detailed variable definitions and sources.

Before proceeding to the formal model, it is useful to examine summary statistics
for the variables used in our regression analysis (Table 3).13 It can be seen that the
average PPI is slightly above 50 with a standard deviation of 20.5, and ranges from

140ne drawback of the World Bank measure used in this study is that it does not capture the entire
gamut of mining exports (for example, processed gold, diamonds, and precious stones are omitted,
whereas some scrap metals are included). Also note that any export measure will not fully capture
resource sector potential because an extracted resource may be used domestically.

5Due to missing values for some variables for various countries and years, a total of 100 obser-
vations over the 2000-2006 period are available for model estimation purposes. The summary
statistics only include these complete observations. Any observations with missing data are left out
of our model and summary statistics.
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Table 3 Summary statistics

Standard
Variable Mean deviation Minimum Maximum
PPI (Fraser Institute) 51.15 20.5 8 94
Metal and ore exports (%) 12.07 15.83 0 71.93
Change in exchange rate (%) 8.62 66.66 -28.23 627.26
GDP per capita (USD) 10994.7 13816.69 383.89 48604.2
Inflation rate (%) -0.08 2.8 -24.55 10.5
Change in wages (%) 0.58 5.73 =30 15.6
Voice and accountability index 0.35 0.85 -1.66 1.58
Political stability/no violence index -0.12 0.88 -1.94 1.61
Government effectiveness index 0.41 1.04 -1.12 2.13
Regulatory quality index 0.34 0.96 —2.27 1.82
Rule of law index 0.19 1.09 -1.66 1.96
Control of corruption index 0.27 1.2 -1.29 2.51

a low of 8 (Zimbabwe) to a high of 94 (Ireland).'® Exports of minerals as a per-
centage of merchandise exports averaged 12.07%; these values tend to be lower for
diversified, developed countries, whereas developing countries, especially in Africa,
tend to have higher rates of mineral exports as a percentage of total merchandise
exports.

The average annual percentage change in the exchange rate is a 8.62% increase,
with a maximum of 627% for Zimbabwe between 2003 and 2004. GDP per capita
averages about US$11000, with the lowest being found in Ghana and the highest in
Ireland.

The good governance variables generally range from a low of —2.3 to a high of
2.5. The lowest sample values for the governance variables in our data set were
found in countries such as China, Indonesia, and Zimbabwe. The highest values
corresponded to countries such as Finland, New Zealand, and Canada.

Based on this data set, we estimate the following relationship

Yie = o +xieB + v + & (1

where: Y = measure of investment climate (PPI); « ; = the fixed effect intercept for
country i; x j; = the set of independent variables (regulation variables and controls);
B = a vector of slope parameters to be estimated; y { = time effects; and € i =
random error term.

Given that not all countries are included in the Fraser Institute survey every year,
and some of the variables such as the World Bank indices are not available for each
year for some countries, the model is estimated based on an unbalanced panel of
data, using fixed effect panel methods.!”

165ee Appendix 3 for more details.

17Fixed effects panel methods estimate regression models for panel data, allowing for unobservable
differences across countries to be captured by the fixed effects coefficients. The data are unbalanced
in our sample, meaning there the number of observations per country varies.
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6 Results

The model includes many of the variables deemed to be important for explain-
ing investment climate in the mining industry. Economic variables (GDP, and the
annual percentage change in the exchange and wage rates), good governance indi-
cators (voice and accountability, political stability, regulatory quality, rule of law,
and control of corruption), as well as a proxy for geological potential (exports) and
time-specific variables for the years 2000-2006, were all deemed to be potentially
valuable in explaining variations in investment climate.

The results for two versions of the model are presented in Table 4. In Model
A, all of our explanatory variables are included, and it is found that the only

Table 4 Fixed effects model regression results

Variable Model A Model B
Macroeconomic variables and Mineral exports —0.668
geological potential (0.553)
Exchange rate (% change) —0.002
(0.025)
Inflation rate 0.173
(0.564)
GDP per capita 0.001* 0.001
(0.001) (0.001)
Wages (% change) —0.169
(0.327)
Good governance variables Voice and accountability 0.451
(12.654)
Political stability 12.318
(8.427)
Government effectiveness 1.349
(17.471)
Regulatory quality 18.772* 10.371
(10.42) (6.928)
Rule of law —40.017
(24.095)
Control of corruption 5.181
(14.79)
Regression diagnostics LM test for heteroskedasticity 0.011 0.101
Adjusted R? 0.742 0.755
Log-likelihood —344.55 —349.75
N 100 100
Wald tests for joint significance GDP per capita and regulatory 7.658** 7.313%*
quality
Remaining macro and 1.893
geological variables
Remaining good governance 4.19
variables

Notes: (1) Fixed country and time effects estimated but not reported, (2) values in parentheses are
standard errors, and (3) * denotes significance at the 10% level; s denotes significance at the 5%
level.
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individually significant variables are GDP per capita and the Regulatory Qual-
ity Index. Because Wald tests of joint significance indicate that (1) the other
macro/geological variables and (2) the remaining good governance variables are
not significant, they are dropped from Model B. In both models, Regulatory Qual-
ity and GDP per capita are jointly significant in determining the mining investment
climate at the 5% level.

In terms of basic diagnostics, in both models there is no evidence of het-
eroskedasticity in the error terms, and adjusted R? values for the models are high,
indicating that about 75% of the variation in the dependent variable is explained by
the model.'®

The factors of primary interest in our study are those that relate to regulation
and taxation. Regulatory Quality, one of the two significant variables in the two
models, has a positive coefficient, indicating that improved regulatory quality should
improve investor perceptions with respect to a country, because good regulations
lower the idiosyncratic risk associated with investments.

6.1 Fixed Effects Coefficient and the Impact of Taxation

Taxation is one of the key factors expected to influence mining investment. As
explained above, it is not possible to look at the impacts of taxation directly in our
model. However, an examination of the correlation of the country-specific intercepts
with available information on taxation may provide some indication of whether
or not taxation is in fact related to investor perceptions. To this end, we exam-
ine Spearman rank correlations between the fixed effects coefficients and a set of
tax variables taken from the World Bank’s Doing Business Project database: the
profit tax rate, the labour tax rate, the average rate of other taxes, the total tax
rate (the sum of the first three measures), the number of tax payments required,
and the number of hours that must be devoted to complying with the country’s tax

I8¢ is possible that the high R? values could result partially from endogeneity between the depen-
dent variable PPI and the good governance variables. Both the Fraser Institute Index and the World
Bank Indexes are constructed from surveys of knowledgeable parties and stakeholders. The World
Bank data sources mostly consist of surveys of companies, individuals, and the assessments of
commercial risk rating agencies, non-governmental organizations, and other multilateral aid agen-
cies. The Fraser Institute surveys mining company executives. As a result, although the variables
are not identical, they are likely to have underlying factors in common. An examination of sample
correlations indicates that although the Fraser Institute Index is correlated with the good gover-
nance variables (the correlations are in the 0.58-0.67 range), these correlations are small in com-
parison to the correlations among the good governance variables (in the 0.74-0.98 range). From a
statistical perspective, the most problematic possibility would be the case where the Fraser Insti-
tute Index values influence (or cause) the values of the World Bank Indexes. It is much more
likely, however, that the causality runs the other way and that it is (the underlying factors cap-
tured in) the World Bank Indexes that influence the perceptions of the Fraser Institute survey
respondents.
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requirements.' The first four tax variables provide a proxy for the magnitude of
taxes in the various countries, while the other two provide proxies for the complex-
ity of the tax system.

By definition, countries with higher fixed effects coefficients are those countries
that, due to factors not explicitly controlled for in the model, are more attractive
to the respondents to the Fraser Institute survey. The basic idea behind the strategy
of comparing these two measures of various components of the tax system is that
if taxation is one of these uncaptured factors that matters to firms, there should
be a relationship between the sizes of the fixed effects coefficients and the size
of the tax burden that firms face in that country. Spearman rank correlations are
used to see if there is any significant correlation between the ordering of the fixed
effects coefficients with the ordering of the tax variables (both from smallest to
largest). These correlations are calculated for Models A and B, and are presented in
Table 5.

Given that it is best to control for as many other factors as possible when cal-
culating the fixed effects coefficients, the fixed effects from Model A should be
most informative because they have been purged of the impacts of all of the poten-
tially important explanatory variables included in the model. The fixed effects coef-
ficients from Model B, on the other hand, will include any impact that the omitted
macro/geological and good governance variables might have on mining companies’
perceptions regarding a particular country. It turns out that none of the Spearman
rank correlations reported in Table 5 for Model A are significant. Only one of the
correlations for Model B is significant, with the counter-intuitive result that higher
fixed effects coefficients are positively correlated with the number of hours required
to comply with tax regulations. In general, the model results do not provide any
strong (indirect) evidence that either tax rates or the complexity of the tax system
have an impact on mining companies’ perceptions as captured through the Fraser
Institute Index.

Table 5 Spearman rank
correlations between fixed
effects coefficients and tax

Model A Model B

measures Profit tax —-0.02518 —0.29392
Labour tax —-0.12753 0.22222
Other tax 0.01587 0.08758
Total tax —-0.0509 0.05857
Tax payments (number)  —0.16092 0.22113
Time required (hours) 0.06294 0.57635

Note: For N=28 (number of countries in sample), the
Spearman rank correlation is significantly different
from zero if its absolute value is greater than 0.377.

19Ideally, mining-specific tax rates would be used for this exercise. However, the number of coun-
tries covered in cross-country comparisons of mining taxes is too small to allow for any meaningful
analysis.
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7 Discussion of Empirical Findings

Our examination of the factors that impact the perceptions of mining companies
regarding investment in particular jurisdictions might be viewed as an extension of
the development literature analyzing which factors and institutions facilitate devel-
opment and economic growth. Economic growth, which is closely linked to a pos-
itive investment climate, is significantly affected by the institutions present within
a given jurisdiction. Markets rely on the enforcement of contracts, which in turn
relies on strong regulatory and legal systems. In order to function well, financial
systems rely on a nation’s central bank monetary policies with respect to inflation,
exchange rates, and interest rates. In addition, governments need to be competent,
maintain order, and control corruption to ensure well-functioning markets (Perkins
et al. 2006). Economic growth is driven by investment, and therefore by investor
perceptions as to whether or not the environment is conducive to investment and
profit maximization.

We find that there are two major factors that have a positive impact on mining
companies’ perceptions regarding the suitability of investing in a particular jurisdic-
tion. There is a decided preference for jurisdictions where the economy is already
fairly well developed (as measured by per capita GDP) and for jurisdictions with
a high quality regulatory system in place. There is little evidence in this particular
(and limited) data set of any significant impact of absolute taxation rate on mining
companies’ perceptions.

7.1 Regulation and Its Contribution to Investment Climate

The results regarding the importance of a high quality regulatory framework are con-
sistent with mainstream views. According to Perkins et al. (2006), one of the most
important issues that must be addressed to ensure efficient market behaviour is that
effective property rights are established. For property rights to be meaningful, they
must be exclusive and clearly defined. Otherwise, the property may be considered a
public good, free for anyone to use. If the good is clearly defined, but not exclusive,
there may be issues with externalities, whereby bystanders bear a cost as a result of
owner decisions (e.g., pollution). In order for owners and management to have the
appropriate incentives, it is also necessary for these rights to be transferable, as well
as secure for definite periods of time. These issues surrounding how private goods
are defined, and the extent to which they are secure and transferable, depend upon
the quality of regulation in a country. A related issue surrounding property rights is
that they must be enforceable through a well established legal system. Governments
have a great deal of influence over the extent to which property rights are defined,
monitored, enforced, and regulated.

Security of title is an important consideration for investors. There are many cases
where governments have expropriated and nationalized a specific reserve or indus-
try. A recent example from Canada was the Windy Craggy copper-cobalt deposit
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in the Tatshenshini Area of northwestern British Columbia, which was first discov-
ered in 1958 by prospector J. McDougall. The deposit was later being explored in
the 1980s and 1990s by Geddes Resources Ltd., who had submitted a development
proposal to the government of British Columbia. In 1992, after the company had
already invested $48 million on exploration, the government of British Columbia
under premier Harcourt suspended review of the project, and subsequently in 1993
announced that the region around the proposed mine would be preserved as a wilder-
ness provincial park (Day and Affum 1995). The Federal government endorsed the
region as a UN Heritage site in December of the same year. According to Webster
(1998), “This ‘taking’ without fair process and without good reason has led min-
ing company managers, who are responsible to their shareholders, to shift the bulk
of their exploration planning and budgets out of BC. This has resulted in much of
Canada’s exploration and mining expertise finding its way abroad—to areas as far
away as the former Soviet Union, Latin America, China, and sub-Saharan Africa.”
It can be argued that a government that sets aside property as a UN Heritage site
is interested in sustainability. However, the point to be made here is that, regard-
less of the motivation for a change in regulation, such changes can have impacts on
investment patterns.

Regulations that enhance the security of land titles and stability of society are
generally expected to improve the investment climate (World Bank 2005). Govern-
ment regulations can enhance the investment climate by improving levels of cer-
tainty and minimizing risks in the investment process, such as by improving the
liquidity of the asset. For example, a new model of mining regulation related to
security of tenure in Latin America has had a very positive effect on investment
climate.?9 Chile, Colombia, Venezuela, Peru, and Bolivia all have single conces-
sions, which guarantee transferable, long-term mineral rights following exploration
with a single payment (Ossa 2005). Exploration rights are guaranteed under a “first
come, first served” basis in a new map staking procedure (title registry) that prohibits
overlap (Williams 2005). A single payment is required to claim mineral rights to
exploration and expropriation (whereas most other countries require a dual license
for these activities). In addition, existing mining rights are transferable and can be
bought from the owner (Williams 2005). Failure to meet annual payments results
in fines or suspended operations depending on remediation, but not by cancelling
title. In these countries, mine operators can decide the cut-off grade, optimal level
of production, and the appropriate process to obtain mineral output. In addition,
firms are free to export with no exchange restrictions or profit sharing requirements
(Williams 2005). Latin America is on the forefront of an innovative way of mini-
mizing risks to investors without governments taking on an unreasonable burden.
Investors see these regulations on the process of obtaining and maintaining rights as
very reasonable policies, and conducive to investment.

201 contrast, in many other countries, the procedure for maintaining rights can be quite burden-
some because many operational aspects are legislated, such as cut-off grade, production levels,
processes used, etc. If conditions are not met, then property rights can be assumed by the govern-
ment.
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Policies related to the acquisition and transfer of land rights following explo-
ration can have a significant impact on investment climate through increased levels
of risk. Exploration costs are high, and if investors are not guaranteed rights when
they find resources, or if rights are conditional on a set of unreasonable regulations,
the jurisdiction will not be viewed as a favourable place to invest. One policy that
positively affects investment climate is a retention licence, which allows companies
to hold exploration periods for a number of years until the reserve is proven eco-
nomically feasible (Williams 2005). This policy extends the time that a firm can
maintain rights without developing or producing from a site. Such licenses have
been applied with positive effects in Tanzania, Botswana, Namibia, and a few other
African countries.

7.2 Taxation and Its Contribution to Investment Climate

The patterns of the fixed effects coefficients provide some indirect evidence regard-
ing how industry responds to taxation. The lack of strong correlations between
the relative rankings of taxation measures and the country-specific fixed effects
coefficients invites conjectures that taxation may not be a strong determinant of
investment climate. This result is in general accordance with the ranking of factors
deemed to be significant in investment decisions in the mining industry according
to Otto (2005), Pritchard (2005), and Williams (2005). That is, other factors, such
as the level of the development of the economy and the regulatory institutions in
place, may dominate in terms of pivotal factors that are taken into consideration
by investors. These will remain conjectures in the absence of good, accessible data
across jurisdictions and time on actual investment decisions made by individual
firms.

7.3 Limitations of the Empirical Results

The analysis presented above is limited for several reasons. Firstly, tax rates are
often held constant within a jurisdiction over long periods of time; the lack of data
for many countries combined with this lack of variation across time poses statistical
problems for measuring the impact of taxes on investor perceptions. Until improve-
ments are made in either country or government reporting of taxation information,
it will be difficult to draw further conclusions.

To this end, the Global Reporting Initiative (GRI) may help.?! The GRI has
developed a sustainability reporting framework, one of the major components of
which is a set of performance indicators that includes the total taxation payment
to individual governments. However, this sort of information is not yet widely

21 http://www.globalreporting.org
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available, and so it is currently very difficult to analyze taxation issues within and
especially between countries.

Furthermore, our investment data from the Fraser Institute survey consist of mea-
sures of the stated perceptions of a subset of mining companies regarding the attrac-
tiveness of various jurisdictions. This sample may be biased, for example towards
junior companies in the exploration business rather than to majors who undertake the
bulk of investment. The sample may also be biased towards North American com-
panies, and gold miners and explorers. Furthermore, what people say and what they
do do not always perfectly coincide. Ideally, information on actual investment deci-
sions (specifically current exploration data) would be used to examine the impacts of
government policy measures, but this type of data is not readily available. The draw-
backs associated with the currently available data point to the need for an increased
availability of detailed taxation and investment data in order to verify (or refute)
the tentative conclusions that can be drawn from this study regarding the impacts of
regulation and taxation on the mining investment climate.

8 Conclusions

In theory, both regulation and taxation can be used as policy instruments by govern-
ments that are attempting to pursue sustainable development strategies based on the
wealth created by mining. Our empirical results, although tentative, lead us to sug-
gest that there may be scope for increased taxation to deal with local and national
sustainability issues. As long as there is a good regulatory environment, it may be
possible to raise taxes to mitigate local mining externalities or to fund other pro-
grams through hypothecated taxes, without seriously damaging investor confidence.

Minerals are non-renewable resources, such that, if they are mined, the actual
resources cannot be sustained. However, through appropriate use of regulation, tax-
ation, accounting, and investment instruments, the benefits that are derived from
mining may be sustainable. This weak form of sustainable development aims to
sustain communities at the local level and sustain aggregate capital levels at the
national or regional level (depending upon who is constitutionally the owner of
the resources). At the local level, taxation and a Pareto-improving reallocation of
funds may provide a workable way to deal with negative social and environmen-
tal externalities that can result from mining activities. Nationally, revenues derived
from taxation can be earmarked for a variety of social objectives such as promoting
human development, investments aimed at transforming natural capital into other
more sustainable forms that will benefit the present as well as future generations,
economic diversification, and protection of the environment. Sustainable develop-
ment based on the wealth generated from mining may thus be feasible through the
use of taxation and appropriate regulation.
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Appendix 1: Variable Definitions

(Definitions taken directly from source)

Geological Potential and Macroeconomic Variables

Metal and Exports: Ore and metal exports as a percentage of merchandise
exports. Components may not sum to 100% because of unclassified trade.
Ores and metals comprise the commodities in SITC sections 27 (crude fertil-
izer, minerals excluding coal, petroleum, and precious stones); 28 (metallif-
erous ores, scrap); and 68 (non-ferrous metals). From the World Bank staff
estimates from the COMTRADE database maintained by the United Nations
Statistics Division.

Exchange Rate: Official exchange rate refers to the exchange rate determined
by national authorities or to the rate determined in the legally sanctioned
exchange market. It is calculated as an annual average based on monthly
averages (local currency units relative to the US dollar). From the IMF at:
www.imf.org/external/pubs/ft/weo/2006/02/data/download.aspx

GDP Per Capita (constant 2000 US$): GDP per capita is gross domestic prod-
uct divided by midyear population. GDP is the sum of gross value added by
all resident producers in the economy plus any product taxes and minus any
subsidies not included in the value of the products. It is calculated with-
out making deductions for depreciation of fabricated assets or for deple-
tion and degradation of natural resources. Data are in constant US dollars.
From World Bank World Development Indicators WDI Online data set:
www.worldbank.org/data/onlinedatabases/onlinedatabases.html

Inflation: Inflation as measured by the consumer price index reflects the annual
percentage change in the cost to the average consumer of acquiring a fixed
basket of goods and services that may be fixed or changed at specified inter-
vals, such as yearly. The Laspeyres formula is generally used. From the Polit-
ical Risk Services group, available at: www.prsgroup.com

Percentage Change in Wages: Annual percentage change in real wages. From
the Political Risk Services group, available at: www.prsgroup.com

Good Governance Variables

Good Governance Indicators: The units in which governance is measured fol-
low a normal distribution with a mean of zero and a standard deviation of
one in each period. This implies that virtually all scores lie between —2.5 and
2.5, with higher scores corresponding to better outcomes. This also implies
that our aggregate estimates convey no information about trends in global
averages of governance, but they are of course informative about changes
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in individual countries’ relative positions over time. These boundaries corre-
spond to the 0.005 and 0.995 percentiles of the standard normal distribution.
For a handful of cases, individual country ratings can exceed these bound-
aries when scores from individual data sources are particularly high or low.
From: www.worldbank.org/wbi/governance/govmatters6/. Data source for
all “Good Governance Indicators™: http://info.worldbank.org/governance/
wgi2007/

Voice and Accountability: This variable includes a number of indicators measur-
ing various aspects of the political process, civil liberties, and political rights,
measuring the extent to which citizens of a country are able to participate in
the selection of governments.

Political Stability: Political Stability and Absence of Violence combines several
indicators that measure perceptions of the likelihood that the government in
power will be destabilized or overthrown by possibly unconstitutional and/or
violent means, including domestic violence and terrorism.

Government Effectiveness: This variable combines responses on the quality of
public service provision, the quality of the bureaucracy, the competence of
civil servants, the independence of the civil service from political pressures,
and the credibility of the government’s commitment to policies.

Regulatory Quality: Regulatory Quality instead focuses more on the policies
themselves, including measures of the incidence of market-unfriendly poli-
cies such as price controls or inadequate bank supervision, as well as percep-
tions of the burdens imposed by excessive regulation in areas such as foreign
trade and business development.

Rule of Law: Rule of Law includes several indicators that measure the extent to
which agents have confidence in and abide by the rules of society. These
include perceptions of the incidence of crime, the effectiveness and pre-
dictability of the judiciary, and the enforceability of contracts.

Control of Corruption: Control of Corruption is a measure of the extent of
corruption, conventionally defined as the exercise of public power for pri-
vate gain. It is based on scores of variables from polls of experts and
surveys.

Taxation Measures

All taxation data are from the World Banks’s “Doing Business” Project. The project
is described at: http://www.doingbusiness.org/

The data were downloaded from http://www.doingbusiness.org/features/taxes.
aspx. Variable definitions are from www.doingbusiness.org/MethodologySurveys/
PayingTaxes.aspx

Profit Tax: Amount of taxes on profits paid by the business as a percentage of
commercial profits.
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Labour Tax and Contributions: Amount of taxes and mandatory contribu-
tions on labour paid by the business as a percentage of commercial profits.
This amount includes mandatory social security contributions paid by the
employer both to public and private entities, as well as other taxes or contri-
butions related to employing workers.

Other Tax: Property taxes, turnover taxes, and other small taxes (such as munic-
ipal fees and vehicle and fuel taxes).

Total Tax Rate: This variable measures the amount of taxes payable by the busi-
ness in the second year of operation, expressed as a share of commercial prof-
its. Doing Business 2007 (World Bank 2007) reports tax rates for fiscal year
2005. The total amount of taxes is the sum of all the different taxes payable
after accounting for deductions and exemptions. The taxes withheld (such as
sales tax or value added tax) but not paid by the company are excluded. The
taxes included can be divided into five categories: profit or corporate income
tax, social security contributions and other labor taxes paid by the employer,
property taxes, turnover taxes, and other small taxes (such as municipal fees
and vehicle and fuel taxes).

Tax Payments Indicator: Reflects the total number of taxes paid, the method
of payment, the frequency of payment, and the number of agencies involved
for this standardized case during the second year of operation. It includes
payments made by the company on consumption taxes such as sales tax or
value added tax. These taxes are traditionally withheld on behalf of the con-
sumer. The number of payments takes into account electronic filing. Where
full electronic filing is allowed, the tax is counted as paid once a year even if
the payment is more frequent.

Time Required: Time is recorded in hours per year. The indicator measures the
time to prepare, file and pay (or withhold) 3 major types of taxes and contri-
butions: the corporate income tax, value added or sales tax, and labor taxes,
including payroll taxes and social contributions. Preparation time includes
the time to collect all information necessary to compute the tax payable. If
separate accounting books must be kept for tax purposes—or separate cal-
culations made—the time associated with these processes is included. This
extra time is included only if the regular accounting work is not enough to
fulfill the tax accounting requirements. Filing time includes the time to com-
plete all necessary tax forms and make all necessary calculations. Payment
time is the hours needed to make the payment online or at the tax office.
Where taxes and contributions are paid in person, the time includes delays
while waiting.

Appendix 2: PPI Dataset

PPI: The Policy Potential Index (PPI) is a composite index, measuring the overall
policy attractiveness of the jurisdictions in the survey. The PPI is normalized to
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maximum score of 100. A jurisdiction that ranks first in every policy area would
have a score of 100; one that scored last in every category would have a score of
0. For example, in 2005/2006, because no nation scored first in all categories or
last in all, the highest score was 93.1 (Manitoba), while the lowest score was 2.9
(Zimbabwe).

For countries that were broken down by sub-national jurisdictions in the Fraser
Institute’s mining survey (Australia, Canada, USA), a weighted average was used
using the percentage of national total metallic minerals mined in the province or
state as the weights. Production years were chosen to be the lower of the set (i.e.,
2001/2002 was chosen to be 2001). Data were obtained from NRCan, USGS, and
AUSSTAT websites.

The values of production used for calculating the weighted PPI (PW) for Aus-
tralia, Canada, and the USA were obtained from:

Canada: production measured as the value of metallic plus non-metallic
minerals; Data  source: mmsdl.mms.nrcan.gc.ca/mmsd/production/
production_e.asp

USA: production measured as value of non-fuel mineral production; Data
source: minerals.usgs.gov/minerals/pubs/commodity/statistical_summary/
index.html#myb

Australia: production measured as value of metallic minerals in 2000, and
value of metallic minerals plus industrial minerals for 2002-2005; Data
source: ~ www.abs.gov.au/AUSSTATS/abs @ .nsf/DetailsPage/8415.02004-
05?0penDocument

Appendix 3: Fraser Institute Policy Potential Index (PPI)

Country 2000 2001 2002 2003 2004 2005 2006
Argentina 63 65 54 58 44 62 41
Australia 61 78 75 75 73 70 75
Bolivia 64 70 57 20 24 9
Brazil 71 75 64 79 47 66 51
Canada 56 64 68 65 67 70 72
Chile 87 85 85 85 74 87 64
China 28 38 50 49 40 28
Ecuador 38 34 30
Finland 62 67 62
Ghana 49 45 47 60 61 45
India 26 42 68 35 32
Indonesia 27 19 23 12 22 23
Ireland 72 94 67 47
Kazakhstan 21 24 38 30 35 15

(continued).
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(continued)

Country 2000 2001 2002 2003 2004 2005 2006
Mexico 79 70 71 63 71 84 64
New Zealand 42 57 60 40 52
Papua New Guinea 33 25 12 14
Peru 75 69 67 61 46 38 30
Philippines 33 29 20 24 18 14
Russia 20 23 35 17 23 16
South Africa 51 45 47 43 32 45 29
Spain 78 60 71
Sweden 64 56 66
Turkey 57 55 62 52
USA 54 57 56 47 61 58 65
Venezuela 50 44 34 21 13 5
Zambia 38 24 31
Zimbabwe 22 20 26 8 3 2

Note: This table includes all reported PPI; however, not all PPI are included in the analysis due to
missing values in independent variables (incomplete observations).

Websites

e

. GRI website, last accessed September 7, 2007 at http://www.globalreporting.

org/AboutGRI/WhoWeAre/

Canada production measured as value of metallic plus non-metallic miner-
als information taken from: http://mmsdl.mms.nrcan.gc.ca/mmsd/production/
production_e.asp

. US production measured as value of non-fuel mineral production. Taken from:

http://www.minerals.usgs.gov/minerals/pubs/commodity/statistical_summary/
index.html#myb

Australia production measures taken from: http://www.abs.gov.au/AUSSTATS/
abs @ .nsf/DetailsPage/8415.02004-05

IMF data: http://www.imf.org/external/pubs/ft/weo/2006/02/data/download.aspx
WDI indicators: http://publications.worldbank.org/WDI
http://www.metalseconomics.com/default.htm, Last accessed September 3, 2007
Political Risk Services group, available at: www.prsgroup.com

International Finance Corporation contribution to the Equator Principles is avail-
able at: http://www.ifc.org/ifcext/sustainability.nsf/Content/EnvSocStandards
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Natural Resource-Based Sustainable
Development Using a Cluster Approach

Indira Singh and Jim Evans

Abstract Natural resources have provided a livelihood to many regions and
nations, and a platform for some to achieve sustainable growth. In the global econ-
omy, natural resources have the potential to contribute to sustainable development
goals through the development of local suppliers of inputs, services, and products,
and global supply chains that encourage innovation and new products and services.
The presence of physical clusters of related industries and organizations has the
potential to accelerate local sustainable development, and the evolution of virtual
clusters holds the potential for achieving more global sustainable development. A
series of questions is proposed to help develop a framework for achieving sustain-
able development goals. It is contended that there are powerful agents that will shape
and affect this journey.

1 Introduction

Throughout the history of mankind, nations and regions have used natural resources
to transform their cultures and create economic prosperity for their people. Natural
resources, in the manner they are extracted, manufactured, and used, have generally
had a beneficial impact on human society, its culture, and its standard of living. But
there has been a downside: the past two hundred years of the industrial age has
seen a considerable degradation of our environment. We urgently need to reform
our wealth-creation processes so that they are sustainable in the context of both the
environment and societal needs.

Sustainable development is about economic activity in an environmental and
social context:
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Sustainable development seeks to meet the needs and aspirations of the present without
compromising the ability to meet those of the future. Far from requiring the cessation of
economic growth, it recognizes that the problems of poverty and underdevelopment cannot
be solved unless we have a new era of growth. .. (United Nations 1987, p. 11.)

Sustainable development is maintaining a delicate balance between the human need to
improve lifestyles and feelings of well-being on one hand, and preserving the natural
resources and ecosystems on which we and future generations depend. (The Global Devel-
opment Research Center; gdrc.org/sustdev/definitions.html)

From these two definitions one can glean three key elements of sustainable
development: economic growth; environmental stewardship; and corporate social
responsibility. Economic growth is crucial for the continued generation of public
revenues, enabling social responsibility and a commitment to environmental stew-
ardship. Social stewardship and environmental stewardship both require policies,
programs, and practices for minimizing the adverse impacts of resource develop-
ment. Economic growth, social responsibility, and protecting the environment are
not separate challenges; they are linked. Historically, economic growth has been
associated with damage to the environment because it puts increased pressure on
environmental resources. However, governments and companies are showing an
increasing realization that the growth of economies must remain firmly attached
to their ecological roots, and ensure that these roots are protected and nurtured so
that they can support future growth. The economy is not just about the production of
wealth, and ecology is not just about the protection of nature. They are both impor-
tant for improving the lot of humankind. Corporate social responsibility requires
principles of community collaboration, a respect for local people’s values, and stake-
holder participation in resource development. The sharing of economic benefits gen-
erated by operations, and taking the opportunity to develop social and institutional
structures, are encouraged. Another dimension of corporate social responsibility is
to respect human rights and to adhere to ethical business practices. Companies need
to take measures to ensure that sustainable development is high on their corporate
agenda.

The concept of sustainable development provides a framework for the integration
of economic, social, and environmental policies, and the development of imple-
mentation strategies. Pursuit of sustainable development goals requires new ways
of thinking about economic development, patterns of behaviour, and value criteria.
There is a need to explore approaches, practices, and possibilities that can be used
to leverage natural resources towards achieving sustainable development goals.

Natural resources are commonly divided into two major categories: regenerative
resources such as trees, plants, soil, water, and air; and extracted resources such as
minerals and fossil fuels. These extracted resources can be further sub-divided into
those consumed as energy, typically hydrocarbons, and those that are used to create
manufactured products, typically minerals. Because minerals are generally capable
of being recovered and reused, they can be considered, provided that we make the
appropriate decisions to avoid degradation, comparable to regenerative resources.

During the past two hundred years we have witnessed the development of an
industrial economy which, through innovation and specialization, has dramatically
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increased productivity and quality of life. But the underlying model of “take, make,
consume, and waste”, associated with an industrial economy has also degraded the
environment through waste and pollution, and has increased the gap between the
rich and the poor. This has not, therefore, been sustainable development.

The supply chain of an industrial economy starts with the harvesting and extrac-
tion of natural resource inputs for processing into goods and services, which are
then consumed, with any by-products being discarded at the end of their life (recy-
cling still only captures a small proportion of consumed materials). Issues like the
depletion of resources and climate change are increasingly bringing attention to the
fact that the present supply chain model is unsustainable.

The natural resource industries at the beginning of the industrial economy supply
chain typically include agriculture, fisheries, forestry, and hydrocarbon and mineral
extraction. Agriculture, fisheries, and forestry, and their underlying environments,
naturally self-renew (unless harvested to exhaustion). Alternative approaches to the
harvesting and use of regenerative resources are clearly capable of leading to a sus-
tainable future.

However, the extraction of hydrocarbons and minerals is a more complex matter.
Extracted hydrocarbons are generally consumed to make energy, which is then used
to produce new outcomes such as more advanced products, motion, or modified
states. The consumption of hydrocarbons may well be beneficial to human soci-
ety in the near term, but hydrocarbons are a finite resource, and their consumption
threatens the environment.

Minerals are also extracted, and may be alloyed into more exotic forms to
respond to the needs of more developed societies, but are seldom completely con-
sumed. Minerals are primarily lost by being discarded, wasted, or through degrada-
tion over time (e.g., Ayres et al. 2003). Resource sustainability, therefore, requires
more sophisticated supply chain strategies and public policies to protect the capacity
to regenerate, limit the harmful consequences of consumption, and increase preser-
vation through recycling of enduring resources like minerals, while also encourag-
ing and enabling benefits to society.

So the question remains: “How can natural resources create sustainable devel-
opment?” This represents a critical starting point to a much larger re-evaluation
of economic activity and its environmental and social context (e.g., Fairbanks and
Lindsay 1997).

2 Shifting Trends in the Global Economy

Older-style industrial economies tend to have a strong association with the extrac-
tive and manufacturing activities of the past two hundred years. The evolution of
processes and products in these industrial economies typically has a long lead time,
and innovation and improvements take place over years and decades. Newer, post-
industrial economies tend to work with knowledge and have a services orienta-
tion. Such economies have a strong reputation for rapid and agile computer-aided
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product and service development, and, because they suffer fewer physical limita-
tions, are typically associated with a continuing stream of rapid product and service
innovations that take place in days, weeks, and months. But the reality is that there
is a considerable coexistence of industrial and post-industrial economies in present-
day supply chains, with much of the post-industrial creativity and innovation being
highly dependent on industrial economy inputs.

The older style industrial economy supply chains, which invariably started with
the extraction of natural resources, were seen as a direct input into wealth creation.
The development of increasingly advanced manufacturing techniques for mani-
pulating and combining natural resources, substantially increased productivity and
resulted in increasingly more sophisticated products. These advances both encour-
aged and enabled the creation of knowledge-based creative societies. For example,
the wealth gained from the gold and silver rushes of California and Nevada built
San Francisco and the surrounding Bay area.

Post-industrial economies that work with knowledge as their “natural resource”
are less reliant on extracted resources, and instead create wealth through universities
and other centres of innovation, frequently in partnerships, which develop products
and services based on advanced and frequently complex theories and concepts. But
these “virtual”! economies continue to have old economy linkages. They remain
directly dependent on natural resources for their energy and the infrastructures that
enable the processing and sharing of knowledge. The energy is consumed, but may
be renewable, and the infrastructures (computers and networks) are used without
being consumed.

Participants in the industrial economy are also capable of a transition from
dependence on resources as a commodity, to knowledge-based product and service
economies, through more sophisticated approaches to natural resource harvesting
and extraction, and the creation of value-added products and services that appeal
to consumers. This transition, in turn, leads to the protection and enhancement
of the community’s quality of life, itself a component of sustainability. This next
generation of natural resource harvesting and extraction “specialists” also utilizes
knowledge and services from the new economy.

Some see natural resources as a “curse” (e.g., Sachs and Warner 1995) and argue
that nations and regions whose production and exports are based solely on compar-
ative advantages—be they natural resources, location, and/or climate—in the long
run remain poorer as measured by their ability to buy goods and services in their
respective countries (their purchasing power parity), as shown in Fig. 1 (from Fair-
banks and Lindsay 1997). This graph shows that a rich natural resource endowment
has the potential to make government, industry, and citizens complacent and heav-
ily reliant on the export of raw materials. Failures or absence of public policy (the
nation state is typically the “owner” of the resource) lead to a lack of development

LVirtual” implies of the digital or electronic world. A service or product exists as software or
a website without necessarily having a physical base or material existence. Information-sharing
and decision-making processes are therefore released from physical constraints using computer
technology and communications networks.
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of local supply chains and the stagnation of related industries, resulting in a lack
“second generation” industries. Resource-based industries then compete solely on
the export at the lowest cost of raw materials, with a consequent risk of environmen-
tal and societal degradation, and a further risk of reinforcing failed public policy.

Although the rent or revenues from the natural resources provide a basic liveli-
hood to citizens of resource-based economies, there is little capacity for innova-
tion. In contrast, resource-poor developing countries commonly explore alterna-
tive economic development opportunities to support the standard of living of their
citizens. Denmark, Japan, the Netherlands, South Korea, and Taiwan, because of
their shortage of natural resources, have increasingly based their exports on pro-
cessed and manufactured goods and services. Research has shown that “nations who
export manufactured goods are wealthier than those that export simple materials; the
market pays a premium for knowledge imbedded in manufactured goods” (Gutierrez
etal. 1997, p. 69).

Our contention is that natural resources themselves are neither a curse nor a
panacea for creating sustainable development. What they do offer is a comparative
advantage, which can be used to create competitive advantage through development
of what Ramos (1998) calls “production complexes or clusters” (Ramos 1998,
p. 105), which in turn have been shown to create sustainable economic growth in
the developed regions and nations (Singh, 2001).
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2.1 Industry Clusters

Groupings of related suppliers of inputs, services, equipment, know-how, and exper-
tise have led to the formation of mature clusters such as the Finnish Forestry Clus-
ter, and Latin America’s emerging clusters around oilseed (Argentina) and mining
(Chile). Ramos (1998) suggested that the capacity of regions rich in natural
resources to reduce reliance on the export of raw materials is through the devel-
opment of home grown suppliers and supporting institutions such as research and
education.

In this context, an explanation of what clusters are and why they are impor-
tant is warranted. Clusters are a group of industries whose linkages mutually rein-
force and enhance their competitive advantage. Clusters are composed of diverse
groups, including primary, related secondary, and supporting industries, universi-
ties, research centres, training institutions, and government agencies. They represent
consumers of each others’ products, competitors, partners, suppliers, or research and
development sources. Porter (1998b) described clusters as the building blocks of a
productive, innovative economy. A cluster is more than a single industry making a
single product.

Clusters have been shown to drive innovation and increase competitiveness by
their geographic concentration. Proximity has the following effects: it helps bring
partners together, providing opportunities to network and share expertise; it enables
firms to exchange knowledge and tacit information that cannot be codified; it pro-
vides shorter lines of communication between suppliers and end users; and it accel-
erates development of new generations of products which are normally tested first
in the home market.

Provided that appropriate public policy frameworks are in place, there are four
phases through which nations and regions develop strategies to transition from the
simple export of low-value raw materials to higher value activities, and achieve pros-
perity (Ramos 1998). In the first phase, natural resources are extracted and exported
with minimal local processing, and machinery and equipment are imported. In the
second phase, processing and export activities are initiated, and a start is made on
import substitution, with local production of some inputs and equipment. In the
third phase, a cluster begins to export some of the goods and services that it orig-
inally began to produce for import substitution purposes. And finally, in the fourth
phase, all types of goods and services are produced locally and are exported, and a
trade balance is struck between imports and exports.

The experiences of developed economies such as Sweden, Finland, and the
United States suggest that promoting clusters of related and supporting industries,
such as manufacturers and suppliers of goods and services, can assist in achieving
sustained growth. Examples of successful clusters that grew out of and around nat-
ural resources shows that there are numerous possibilities for catalysing economic
potential. Many of today’s developed countries have used natural resources as a plat-
form to develop clusters of related and supporting industries, services, and products,
which in turn create local employment, increase revenue, and attract investment.
There is a general consensus that sustainable economic growth is indispensible to
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all forms of human progress (i.e., health, education, infrastructure). The wealth cre-
ated by economic diversification can be used to invest in promoting environmental
best practices, sharing benefits, and to support the distribution of wealth close to
resource areas.

The performance of any industry sector depends on the macro- and micro-
economic foundations and the cultural values of nations and regions, not on the mere
abundance of natural resources. According to Harvard Professor Michael Porter,
renowned for his pioneer work on competitiveness and cluster theory?:

A nation can be prosperous and productive in virtually any field. What matters is how a
nation competes, not what industry it competes in. . . we must stop thinking that traditional
industries are bad and that the nation must move into high tech (Porter 1998b, p. 3).

Porter (2005) has argued that competitiveness is not a “zero-sum game”, but that
all countries can become more competitive because all countries can become more
productive. There is an almost unlimited amount of human need that countries are
competing to serve; therefore, if productivity goes up, more of those needs can be
served at the same cost.

Figures 2, 3, and 4 provide faceted perspectives on cluster relationships, linkages,
and opportunities for value-added products, services, and technologies. These are
the local adaptations of generally applicable cluster representations. These figures
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Fig. 2 Mineral industry cluster—schematic view. Diagram design adapted from Porter (1998b),
with content from the Ontario Ministry of Northern Development and Mines

2For more information on Porter’s academic work on cluster theory and competitiveness see
www.drfd.hbs.edu
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Fig. 3 Mineral industry cluster and its linkages. Diagram design adapted from Ramos (1998),
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help the development of a comprehensive understanding of what is really going on,
to create strategic maps that enable whole systems to be appreciated, and to catalyze
the numerous possibilities associated with their sustainable development.

3 Examples of Natural Resource-Based Clusters

The following is a selection of examples of clusters that grew around natural
resources. They serve to illustrate how natural resources can be used to support
sustainable development by building the capacity of local suppliers of equipment
and services, and the export of value-added products.

3.1 The Italian Ceramic Tile Cluster

Italian companies are the world leaders in producing and exporting ceramic tiles.
Local red clay deposits (a comparative advantage) helped Italian equipment man-
ufacturers develop and export equipment and develop expertise to work with
imported white clay. Sixty percent of the Italian tile manufacturers are located in the
Sassualo area. The geographic concentration of these manufacturers encouraged the
establishment of many other supporting companies. The contributing success factors
for the Italian ceramic tile industry are: sophisticated and demanding local buyers
and customers; intense rivalry among local buyers; strong and unique distribution
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channels; private ownership of the companies in the sector; highly developed local
machinery manufacturers and suppliers; a number of supporting industries; special-
ized consulting companies; the strong presence of the Tile Industry Association;
the involvement of the University of Bologna; and, most importantly, geographic
concentration.

3.2 The Finnish Forestry Cluster

The Finnish forestry cluster is thoroughly developed. It generates 25% of the coun-
try’s exports, and supplies 40% of the world plywood market and 25% of the
world’s market for all types of cardboard and paper. The Finnish forestry cluster
also includes a machinery export industry for all phases of activities. The cluster
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continues to increase its proportion of value-added products, and maintains its com-
petitiveness not only through its natural comparative advantage, but increasingly
through continual improvements in productivity. Recently, the Finnish Forestry
Cluster outsourced its bulk products (pulp and paper) processing operations closer
to fast growing markets such as Southeast Asia and South America, thus creating a
“Finland-originated” international cluster (Ramos 1998).

3.3 The Swedish Forest Industry Cluster

According to Dan Sjogren, project manager at Swedish Agency for Innovation
System:

...in future, the challenges of the forest industry will be to advance ahead the supply chain,
to produce a wider range of product (i.e. bio-refinery — green chemistry using 100% of raw
material) and to develop energy efficient processes. (D. Sjogren, July 26, 2008, personal
communication.)

The Swedish Forest Industry Cluster consists of a forestry and forest products
industry, businesses, suppliers, packaging and processing industries, and university
and research institutes and services including engineering, IT, chemicals, and logis-
tics. Together, the Swedish Forest Industry Cluster makes a significant contribution
to Sweden’s economy.

In 2004 the Swedish Forest Industry accounted for 12% of the country’s exports,
20-25% of its industrial investments, and 3% of GDP. The Swedish Forest Indus-
try Cluster is one of the best examples of how a renewable natural resource, such
as forest timber, can create wealth for a nation by striking a balance between envi-
ronmental stewardship, economic sustainability, and social well being. Because the
forest and forest products industries are dispersed throughout the country, the for-
est industry is of great importance to its regional economies, indicating progress
in overcoming the limitations of physical clusters. The industry includes sawmills,
and pulp and paper mills in 250 towns and villages in Sweden, often in areas where
other types of employment are scarce. In many cases, these mills are essential for
the maintenance of a variety of service functions in these sparsely populated rural
areas.

3.4 The Norwegian Marine Cluster

Norway accounts for 10% of the world’s seaborne transportation. Its support indus-
tries and internal suppliers are the main reason for this success. This cluster includes
the maritime transport industry, fisheries, and shipyards that can build the most
highly specialized tankers. These enterprises produce and export machinery and
equipment for fishing and ship building industries on an international scale (Porter
1998b).
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3.5 The Dutch Flower Cluster

This cluster has created competitive advantage in the growth, production, and mar-
keting of flowers throughout the European market. The Netherlands continues to
produce flowers, but it also imports them for re-export. The comparative advantage
lies in the development of new varieties, and the competitive advantage lies in mar-
keting its products outside the country and the development of a transportation hub
specializing in perishable products (Porter 1998a).

3.6 The Argentine Oil Seed Cluster

This cluster generates 25% of Argentina’s exports, and has recently experienced
extremely rapid growth. An important processing industry has grown from con-
verting agricultural inputs, such as soybeans and sunflower seeds, into oils and oil
by-products. A domestic industry has also been established which produces 90%
of the machinery required by the processing plants. The international competitive-
ness of Argentina’s oil seed cluster demonstrates success in penetrating the most
demanding markets (Ramos 1998).

3.7 The Chilean Mining Cluster

Over 25% of the world’s copper ore reserves are estimated to occur in Chile, giv-
ing the country a strong comparative advantage. An industrial cluster has grown
around the extraction and processing of copper ore, such that the country internally
supplies two-thirds of the inputs, 40% of the equipment, 70% of the engineering
services, and accounts for 60% of the costs of input machinery and engineering ser-
vices for goods and services produced by related industries. At the governance and
macro-economic level, the most important innovation has been to deposit the fiscal
surpluses generated by the extraction of copper ore into an Economic and Social
Stabilization fund (Ramos 1998).

3.8 The Ontario Mineral Industry Cluster

Mining has many important links to other industries and sectors in the economy,
including geology, geophysics, geochemistry, remote sensing, technology, mine
construction, legal services, banking, transportation, and environmental manage-
ment. Together these constitute a cluster of mining-related industries and organiza-
tions. The Ontario Mineral Industry Cluster (www.omicc.ca) includes exploration
companies, major mine operators, suppliers, financial institutions, education and
training centres, research and development institutions and trade associations, and
other allied industries (Fig. 4). It contributes to the wealth-creation and well-being
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of communities, especially of those in close proximity to the natural resource base,
and provides opportunities to develop and export value-added products and services
in highly efficient and advanced environmental, recycling, and rehabilitation tech-
nologies, and energy efficiency just to name a few (Singh 2005a).

4 The Benefits of Clusters

In all the above-mentioned examples, the real long-term benefits come not just from
the presence of natural resources themselves (forests, mines, flowers, seeds, oceans,
etc.), but from the development of associated activities, often subcontracted, that
occur around them. These include the development and export of related machinery,
equipment, services, and complex value-added products.

A further benefit is that the global marketplaces that form following cluster devel-
opment tend to be relatively immune to the economic cycles of the host countries.
Economic activity first evolves around natural resources, but then survives their
depletion. For example, the Finnish mining industry was the basis for today’s global
mining equipment and machinery manufacturing industry.

In almost all successful clusters, more specialized universities, training programs,
and regulatory frameworks, and close collaboration among educati