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The United Nations Environment Programme

The United Nations Environment Programme (UNEP) is the overall coordinating environ-
mental organisation of the United Nations system. Its mission isto provide leadership and encour-
age partnerships in caring for the environment by inspiring, informing and enabling nations and
people to improvetheir quality of life without compromising that of future generations. In accord-
ance with its mandate, UNEP works to observe, monitor and assess the state of the global environ-
ment, and improve our scientific understanding of how environmental change occurs, andin turn,
how such changes can be managed by action-oriented nationa policies and international agree-
ments.

With today’s rapid pace of unprecedented environmental changes, UNEP worksto build tools
that help policy-makers better understand and respond to emerging environmental challenges.
Towards this end, UNEP provides policy-makers with useful tools to monitor the environment,
such as integrated environmental and sustainability indicators, and models for effective tools to
manage it, such as economic instruments. UNEP's work concentrates on helping countries
strengthen environmental management in diverse areas including freshwater and land resource
management, the conservation and sustainable use of biodiversity, marine and coastal ecosystem
management, and cleaner industrial production and eco-efficiency, among many others.

UNEP, which is headquartered in Nairobi, marked itsfirst 25 years of servicein 1997. Dur-
ing thistime, in partnership with aglobal array of collaborating organisations, UNEP has achieved
major advances in the development of international environmental policy and law, environmental
monitoring and assessment, and our understanding of the science of global change. Thiswork has,
and continues to support, successful development and implementation of the world's mgjor envi-
ronmental conventions. In parallel, UNEP administers severa multilateral environmental agree-
mentsincluding the Vienna Convention's Montreal Protocol on Substances that Depl ete the Ozone
Layer, the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), the Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal (SBC), the Convention on Biological Diversity and most recently, the
Convention on Prior Informed Consent Procedure for Certain Hazardous Chemicals and Pesticides
in International Trade (Rotterdam Convention, PIC). In recent years, UNEP has also been an
important catalyst, and mgjor supporter, of continuing international negotiations on an interna-
tional agreement to deal with the problem of persistent organic pollutants (POPSs).

The Divison of Technology, Industry and Economics

Themission of the Division of Technology, Industry and Economics (DTIE) isto encourage
decision-makers in government, industry, and business to develop and adopt policies, strategies
and practicesthat are cleaner and safer, use natural resources more efficiently and reduce pollution
risks to both human beings and the environment. The approach of DTIE is to raise awareness by
fostering international consensus on policies, codes of practice, and economic instruments through
capacity-building and information exchange and by means of demonstration projects.

The Economics and Trade Unit

The Economics and Trade Unit (ETU) is one of the units of the Division of Technology,
Industry and Economics (DTIE). The work programme of the Unit consists of three main compo-
nents, economics, trade and financial services. Itsmissionisto enhance the capacitiesof countries,



particularly developing countries and countries with economiesin transition, to integrate environ-
mental considerationsin development planning and macroeconomic policies, including trade pol-
icies. UNEP smissioninthisfield isaso to address the linkages between environment and finan-
cia performance and the potential role of the financial services sector in promoting sustainable
development. The trade component of the Programme focuses on improving countries' under-
standing of the linkages between trade and environment and enhancing their capacities in devel-
oping mutually supportive trade and environment policies, and providing technical input to the
trade and environment debate through a transparent and a broad-based consultative process.

For information on UNEP’s Programme on Economics and Trade, please contact:

Hussein Abaza

Chief, Economics and Trade Unit (ETU)

Division of Technology, Industry and Economics (DTIE)
United Nations Environment Programme (UNEP)

15, chemin des Anémones

CH-1219 Chatelaine/Geneva

Tels: (41-22) 917 82 98,917 81 79;
Fax: (41-22) 917 80 76;
E-mail: hussein.abaza@unep.ch



PREFACE

With the recent acceleration of global trade, countries throughout the world have benefited
from more investment, industrial development, employment and income growth. Recognising that
the benefits of trade can strongly contribute to the improvement of basic living standards, many of
the world's developing countries and countries with economies in transition, have sought to
actively participateinthe global trading regime. For most of these countries, efficient and effective
participation inthe global economy hasrequired substantial economic restructuring at home. Thus,
in recent years, national governments haveimplemented structural adjustment programmesto sta-
bilise and reorient their economies in order to face the challenges of development. This included
in the first instance the restructuring of economiesto increase foreign exchange earnings through
enhanced trade and trade liberalisation as embodied in the set of agreements of the World Trade
Organisation (WTO).

National experiences with structural adjustment programmes have been mixed. Neverthe-
less, trade liberalisation elements of restructuring programmes have facilitated the rapid growth of
targeted export markets, and succeeded in attracting much needed foreign investment to fuel con-
tinued economic growth. Recently, however, many undesirable effects of rapid increasesin trade
have emerged. Affected countries find that inadequately managed economic activities, supporting,
or supported by, growing trade, often result in serious environmental degradation. Air, water and
soil pollution, and unrestrained natural resource exploitation, grow to levelsthat jeopardisethevia-
bility of the economic activities they support. Trade thereby becomes unsustainable.

The United Nations Environment Programme (UNEP) believesthat the potential for negative
impacts of trade on the environment can be minimised, if not avoided entirely, by integrating envi-
ronmental considerations—that complement rather than inhibit trade—into development plan-
ning. Over the past two years, UNEP has worked closely with six countries—Bangladesh, Chile,
India, Philippines, Romania and Uganda—on comprehensive projects to identify the impacts of
trade liberalisation on national environmental resources and the use of economic instruments to
sustainably manage these impacts.

These projects have encompassed hew action-oriented research on unigue trade-related envi-
ronmental problemsand their social and economicimplicationsin diverse sectorsand varied coun-
try settings. Importantly, projects have involved multi-stakeholder participation in numerous con-
sultations to accurately identify the dynamics of environmental degradation, and to develop
innovative and widely acceptable national response strategies. Each study concludes by recom-
mending a set of practical measures—comprising ready-to-apply command and control measures
and economic instruments designed to meet national conditions—that promise to effectively halt
trade-related environmental degradation, and in turn, ensure that the country's trade remains robust
yet sustainable over the long-term. But the projects do not end with published studies, the final
component of each country project involves a pilot implementation of proposed measures under-
taken by national authoritiesin collaboration with each project’s national team and UNEP.

This report on the Chilean mining sector, is onein a series of UNEP publications presenting
country studies implemented under a first phase of “Capacity Building for Integrating Environ-
mental Considerations into Development Planning and Decision-making” projects funded by the
European Commission. Other projects in the first round examine the shrimp farming industry in
Bangladesh, the automotiveindustry in India, the Romanian water sector, the Philippines’ forestry
sector, and the Ugandan fisheries sector.



Aswe approachthe WTO’s Third Ministerial Meeting in Seattle, which may mark the launch
of the next round of trade negotiations, this report provides a valuable source of information and
knowledge on Chile’s experience with the environmental impacts of trade liberalisation and the
development of measures to address these impacts and promote sustainabl e trade and environmen-
tal policies.

The complex trade-environment dynamics and innovative strategies to manage emerging
environmenta problems of the Chilean mining sector are presented and discussed in detail in this
report. The insights that this, and other reportsin the series provide, make the series an extremely
valuable resource for policy-makers and sectoral practitioners aiming to effectively address the
emerging environmental impacts of trade in their own countries.
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INTRODUCTION

The Context of the Debate

Asinteractions between countriesincrease and the world faces globalization of the economy,
there is widespread concern about the effects the ongoing process of trade liberalization will have
on sustainable development and, in particular, on the environment. After years of perceived con-
tradictions between free trade and environmental protection, a common perspective was agreed
upon at the 1992 United Nations Conference on Environment and Development (UNCED). There
Governments endorsed the call to address the issue and “ make international trade and environmen-
tal policy mutually supportive”. However, at the time, little was said on how to operationalize this
goal. The task of making international trade work for environmental sustainability, instead of
against it and of devising ways in which to achieve an effective integration of trade and environ-
ment policy isachallenge that is still before us.

In the post-UNCED period, environmental review and assessment has been identified as a
key mechanism for achieving integration between trade and environmental policies. The 1995,
1996 and 1997 sessions of the Commission on Sustainable Development (CSD) stressed the
importance of developing a framework to facilitate assessment of the environmental impact of
trade policies and called upon UNEP, UNCTAD and UNDP to cooperate in this endeavour. How-
ever, the World Trade Organization (WTO)—the prime international forum for discussions on
trade—has not yet moved in this direction; its Committee on Trade and Environment has not taken
up on proposals recommending that Governments undertake reviews of trade agreements and
share the results with other member States. In a bid to progress more rapidly, during the 1997
review of the implementation of Agenda 21, Governments stressed once more that “ decisions on
further liberalization should take into account effects on sustainable development” (UNGASS,
1997).

Variousinternational and national bodies have undertaken specific initiatives to address the
interaction between trade and environment. The development of basic principles and environmen-
tal guidelines for achieving policy integration has aready started (OECD 1993, UNEP 1995), but
as yet, few countries have undertaken national studies or systematically addressed the issue. The
European Community (EC) has promoted action because of the constitutional requirement of the
Maastricht Treaty that environmental protection be integrated into the definition and implementa-
tion of Community policies. Its 1996 ‘ Communication on Trade and Environment’ to the Council
and Parliament, emphasi zed the urgent need to undertake reviews of trade instruments and agree-
ments with aview to identifying potential environmental impacts and devising appropriate policy
responses.

In practical terms, however, coordination and action to enhance policy integration has been
fairly limited. Among the reasons for the sowness of progress is the inherent difficulty encoun-
tered in examining the problems and opportunities that arise as an exclusive result of trade. In
effect, it isoften impossibleto isolate the effects caused directly by trade from those resulting from
economic activity in general; determining the environmental effectsis doubly difficult because of
the nature of environmental problems. Likewise, because of these uncertainties, it has been diffi-
cult to devise appropriate policy responses. The question is then, how to assess the environmental
effects of trade liberalization and at the same time, devise appropriate policies to correct negative
impacts. But beyond that, the question is how Governments can contribute to integrating concerns
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2 A Case Study on Chile's Mining Sector

for the environment in policies related to economic development and trade and correct failures by
the market to assign adequate values to environmental resources.

The UNEP Sudy

As acontribution to ongoing efforts to address these questions, the United Nations Environ-
ment Programme (UNEP), with the support of the European Union, has undertaken to explore var-
ious issues connected to trade liberalization and the environment.

Of particular concern to UNEP is the clarification of some of the methodological questions
connected to the assessment process itself, the exploration of the mechanisms whereby trade has
an effect on the environment, and finally, determining, if and how, trade can contribute to better
resource allocation, technological innovation and eventually, environmental protection.

The work was conducted by ateam of specialists on behalf of UNEP. Initial research work
was done within the UNEP Secretariat; the case study work was done by loca expertsin Chile.
These efforts resulted in two extensive reports which are hereby presented in synthesized form.

The approach used by UNEP included organizing the study around severa themes, namely:

« apreliminary review of work doneto date in assessing the effects of trade on the environment,
both from the methodol ogical and empirical point of view; thisinvolved examining the most
recent literature as well as conducting interviews with those concerned with trade-environ-
ment links in countries where some degree of policy integration is being pursued;

» theoutlining of a generic and flexible framework for assessing the environmental effects of
trade liberalization; this was done on the basis of the research findings, adapting basic assess-
ment techniques to the dynamics of trade-environment relationships; this was subsequently
applied to the case study review in Chile, as a means of testing its wider applicability;

» the exploration of a concrete situation; in this particular instance, a case study on the effects
of trade liberalization in the mining sector in Chile. The mining sector in Chile was chosen as
anillustrative example, first, because Chile has gonethrough aprocess of ever increasing trade
liberalization over the last two decades, secondly, because the mining sector isone of the most
influential productive sectors of the country’s economy and accounts for a significant portion
of its trade volume, and thirdly, because mining has significant and visible environmental
impacts. Research was done through literature reviews and interviews.

Rationale and Organization of the Report

The present report is organized in the following manner:

« review of the most important factors influencing both thinking and the assessment of the
impacts of trade on the environment, including proposals for an assessment framework. This
section isintended as a summing up of current experience and as a means of setting the stage
for future work.

* review of the overall economic and regulatory context in which the mining sector in Chile
operates. Thisisintended as a backdrop to the study itself.

* review of the economic and environmental impacts resulting from trade liberalization in the
mining sector in Chile. These two sections are intended both as an exploration of the effects
of trade on the environment in a specific case, as well asademonstration of how the proposed
assessment framework can be applied.
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» assessment of the implications of the findings from the methodological and policy perspec-
tives followed by corresponding recommendations for action.

» annexes include materia providing greater detail on the various points that are treated more
synthetically in the body of the report, followed by alist of references used in the original stud-
ies. Thisisintended as a source of additional information.

It is hoped that the results of thiswork will contribute to further current understanding of the
overal issues and reality of trade liberalization, as well as assist in the ongoing development of
accessible tools for assessment of environmental impacts and policy integration. In time, progress
in this field will hopefully lead to a more environmentally sound and sustainable pattern of trade
and global economic integration.






1. EXPLORING THE RELATIONSHIP BETWEEN TRADE AND
ENVIRONMENT: THEORETICAL AND METHODOLOGICAL
CONSIDERATIONS

1.1 The Theoretical Underpinnings

Exploring the relationship between trade and environment and, in particular, assessing the
effects of trade on environmental quality is acomplex and far-from-straightforward task. Thisis
due in part to difficulties in isolating trade-related environmental effects from the effects of eco-
nomic policies and economic activity in general. Free trade regimes are often associated with gen-
eral economic policy reforms, making it al the more difficult to separate the effects of one from
the other. It is because of thisthat, to date, there has been no systematic attempt to make a specific
case of trade issues: the general assumptions and tools of economics and of environmental assess-
ment have been applied to the analysis of trade and environment interactions without significant
modifications.

Standard environmental economics posits that environmental degradation is primarily dueto
inadequate natural resource management, itself the result of policy and market failure at the
national level (Pearce 1993, Barde 1994). Marketsfail to properly value environmental assets, cre-
ating distortions in the market’ s allocation of resources; when prices of goods and services do not
reflect their full environmental costs, excessive exploitation of unpriced factors occurs and ulti-
mately results in resource degradation; when governments do not succeed in correcting market
failure or further exacerbate them through their policies environmental degradation persists.

It isargued that, to the extent that trade liberalization is directed to correcting policy-related
market distortions—such as export subsidies— it should have positive effects on the environment.
But full internalization of environmental costsisrarely possible and sound environmental policies
have not yet been universally implemented. In these circumstances, trade liberalization will con-
tribute to magnify existing environmental problems.

1.2 Rangeand Nature of the Potential Effects of Trade on the Environment

In an attempt to provide a more specific analytical framework to examine the relationship
between trade and environment, five major categories of potential effects have been described in
theliterature (Grossman and Krueger, 1991, OECD 1994, UNEP 1995). The actual effects of trade
will naturally depend on the context in which trade liberalization occurs and the degree to which
policies and structures address potential negative effects.

1.2.1 Quantity or scale effects

It iswidely accepted that trade liberalization has significant macro-economic effects, partic-
ularly on the level of economic activity, and influences the utilization of natural resources, energy
and materials as well as pollution levels. Most authors agree that growth in economic activity is
largely beneficial, although others have criticized the standard economic analysis involved in
assessing gains of free trade (Daly, 1993).
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Positive scale effects may occur when economic growth creates an increased demand for
improvementsin environmental quality and financial gains are used by both public authorities and
private companies to address environmental problems. It does not, however, necessarily follow
that economic gains will be automatically used for environmental protection, or, indeed, that any
improvements in environmental quality will ensue.

Negative scale effects may occur in the absence of sound environmental management and
internalization of environmental costs: growth increases both the use of natural resources and the
‘throughput’ of materials and energy and associated pollution. This is particularly the case with
common goods or resources when there is no incentive to restrain individual behaviour (Hardin,
1968); producers using these resourceswill also increase profits by not spending on environmental
protection measures (Esty, 1995). In this situation, trade-induced economic growth leads to higher
pollution and unsustainable patterns of production and consumption (OECD, 1994).

1.2.2 Sructural or sectoral effects

Effects associated with the patterns of economic activity and the processes of resource use
and production are an indirect result of trade liberalization. Classical trade theory posits that free
trade enables countries to specialize in the export of goods that incorporate proportionately more
of those factors of production that they possessin relative abundance and best reflect their natural
endowment. This leads to a competitive advantage over other countries and lower prices; it also
meansthat global material welfare can be attained at alower factor input, including environmental
resources, than would be the case if countries attempted to satisfy all requirements through local
production alone (Johnstone, 1996).

Positive structural effects may therefore occur when free trade all ows productive specializa-
tion that in turn leads to more efficient and appropriate allocation of resources and economic activ-
ity within and between countries, in accordance with environmental capacities.

Negative structural effects may occur when there are no appropriate mechanismsto evaluate
and internalize environmental costs. Thisin turn leads to mis-allocation of productive resources
and/or over-exploitation of natural resources and specialization in pollution-intensive goods and
industries (Arden-Clarke, 1991).

1.2.3 Technology effects

The removal of border constraints, improved intellectual property regimes and other trade
liberalizing policies can have an influence on the way environmentally sound techniques and tech-
nology are distributed internationally. An important consideration in this context is the extent to
which international investments and multinational companies are active in establishing environ-
mentally sound operations, particularly in developing countries where regulations may not be
stringent. For many of these countries, access to improved technology and management systems
can represent a significant environmental benefit (Esty 1995). Some analysts also suggest that set-
ting up cleaner production may be a function of economies of scale, with larger companies better
positioned than smaller scale or cottage industries (Repetto, 1994; Markandya, 1995).

Positive technology effects may occur when opening-up of markets resultsin expanded sales
opportunities and easier dissemination of environmentally friendly goods, services and technolo-
gies. New and cleaner technology can reduce both pollution per unit of output as well as overall
levels of pollution, thus enhancing both economic and environmental efficiency.

Negative technol ogy effects may occur when environmentally unsound technologies, that are
both cheap and/or unsophisticated or obsolete, are promoted by freer trade, or, when pollution-
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intensive industry migrates to areas where environmental standards are |lower—the so-called pol-
Iution havens hypothesis (Esty, 1995).

1.2.4 Product-related effects

Trade liberalization may aso affect the composition and type of the products that are
exported, which may be either more or less damaging to the environment. The actual composition
will of course depend on many other factors outside of the realm of liberalization itself; what freer
trade does is influence the access of such products to global markets.

Positive product-related effects may result if trade expansion facilitates access to and
exchange of more environmentally sound products, such asless energy intensive and low emission
machinery or processes.

Negative product-related effects may result when freer trade merely expands exchanges in
environmentally harmful or sensitive products, such as toxic wastes and hazardous chemicals or
endangered species or other similar commodities. Because of differing regulations in different
countries, freer trade may reduce the incentive to establish stringent national environmental stand-
ards; this occurs when toxic wastes are accepted for disposal in countries with lower environmen-
tal standards (Johnstone, 1996).

1.2.5 Regulatory and policy effects

The effects caused by the framework for environmental management constitutes a special
category, as it depends more on political than economic factors. Changes in trade policies can
influence existing environmental policies and standards, both at the national and international lev-
els. Of particular concern are the contradictions that may arise between national and international
environmental product standards when they are set at different levels of stringency thus affecting
internalization of environmental costs (Arden-Clarke 1991, Charnovits, 1992). This lega dimen-
sion has been discussed extensively in the literature concerning GATT provisions, particularly
with regard to the WTO Agreement on Technical Barriersto Trade (Ewing, 1997). Following the
recent WTO ruling against the EU’s ban on hormone-treated beef, it appears as if WTO rules
restrict the right of governments to decide what level of environmental or health protection they
consider appropriate for their citizens (EC, 1997).

Positive regulatory and policy effects may occur when increased international cooperation
resulting from trade agreements and economic integration can help induce institutional changes
necessary to develop improved environmental protection and enforcement measures (Rosenberg,
1997). A casein point isthe recent agreement on environmental cooperation between Canada and
Chile, which could enhance domestic environmental protection.

Negative regulatory and policy effects fall into two categories. First, as domestic economies
open up to international markets, countries may not adopt instrumentsto internalize environmental
costs because of concerns that this may affect competitive advantages. Secondly, provisions for
international harmonization in trade agreements may not allow national governmentsto determine
the levels of environmental risk which they consider appropriate.

1.3 TheAnalytical Tools

A variety of analytical tools, methods and approaches to assess the effects of trade on the
environment exists. As is apparent from a brief review of those currently being employed
(Annex 1) most are not rigorously structured nor do they rely on formal methodol ogies, but are pre-
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ponderantly ad hoc tools devised and used on a case-by-case basis. The advantages and disadvan-
tages of the various examples are briefly flagged here.

1.3.1 Environmental impact assessment methods

The manner in which classical environmental assessment techniques have been applied to
trade and environment is too varied to be assessed here in specific terms; sufficeit to say that any
benefits or drawbacks encountered are inherent in the general techniques used and are not neces-
sarily linked to their application to trade-specific analysis. Approachesthat combinethe use of var-
ioustechniques are more promising asthey seem better able to overcomethe uncertaintiesinherent
in appraisal of trade policies and alow a more comprehensive assessment of environmental
effects.

1.3.2 Macro-modelling approaches for identifying environmental impacts

Models have shown themselves to be a useful tool for explaining complex economic
changes, such as those that occur as aresult of trade liberalization. However, because of the arbi-
trary nature of the assumptions, caution should be exercised in interpreting the findings and policy
implications that derive from them. An expert meeting convened by UNEP recognized that the
application of modelsto policy formulation islimited (UNEP, 1995).

1.3.3 Issue-specific focus

The approach that focuses on the effects of growth resulting from trade liberalization using
the environmental Kuznets curve (EKC) is interesting because of its overall theoretical consist-
ency. There are however, significant limitations in the type of analysis, particularly because the
economic mechanisms by which increases in wealth result in increased environmental protection
are poorly understood (de Mestral, 1996), and valid doubts arise when the argument is exagger-
ated.

Another approach which focuses on specialization in pollution- intensive industries, isinter-
esting because it allows concentration on primarily environmental issues; however, it has been
criticized by various authors because of the underlying assumptions of direct or linear relationships
between variables, and the manner in which incomplete data are utilized.

1.3.4 Focuson national level effects

The techniques used in these studies are too varied methodologicaly for it to be possible to
derive lessons. However, regardless of the methods used, it has been shown that results of these
studies on the whole shed little light on the trade-environment rel ationship and provide conflicting
evidence (Markandya, 1994).

1.3.5 Methods used to review trade agreements

The quality and accuracy of the reviews of trade agreements varies greatly, both because of
methodological differences, and more importantly, because they often are done with a view to
meeting minimum requirements and in response to public opinion rather than as a means of iden-
tifying priorities and integrating the findings in decision-making.
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1.4 Assessment in Action

The application of analytical methods to actual case studies has led to the compilation of a
considerable body of empirical information, which allows to gauge both the usefulness of the ana-
lytical tools as well as draw conclusions on the effects of trade on the environment. Similarly,
reviews of existing institutional arrangements for environmental assessment of trade revea the
degree of importance accorded to it.

1.4.1 Issuesof concern in the assessment process

Considering the performance of analytical tools in practice, it seems apparent that there are
some problems. Although the differences in the methodol ogies employed make eval uation diffi-
cult, it is possible to draw some general conclusions. Some of the difficulties are the direct result
of the nature of the analytical tools themselves; others are of a more general nature:

*  Problems connected to the underlying assumptions and focus: General economic assumptions
are undeniably coloured by a particular world view, and as such, are not to be questioned on
purely analytical grounds; however, it is undeniabl e that assumption do indeed affect both the
analysis and conclusions; these should therefore be approached with an open mind;

» Omission of important elements: There appears to be a very strong emphasis on pollution
resulting from economic activity; invariably, other environmental problems, including those
that are either a direct or an indirect consequence of trade are often ignored; e.g. cumulative
and synergistic effects are not often included in the analysis; the range of effects at nationa,
regional and global levelsisalso not considered systematically;

e Practical difficulties associated with the analytical process hinge to a considerable degree
either on the lack of data—both economic and environmental—or on the difficulty to manip-
ulate the datathat is available; thisinevitably distorts the reliability of the analysis;

» Application of the results of the analysis appears to be fairly weak; not only are priorities not
established, but overall, the results of the analysis often do not seem to systematically inform
decision-making at a broader level.

1.4.2 Drawing conclusions from the empirical evidence

It is also possible to draw general conclusions on the actual effects of trade on the environ-
ment, drawing on the results of the case studies (Annex I1). The general thrust of the findings are
grouped here according to the categories discussed earlier:

« Scale effects: Growth and greater economic activity resulting from trade always show an
increase of pressure on the environment, particularly in those cases where use of natura
resources— even when correctly priced—increases; thisisthe casein the energy sector aswell
asin the case of natural resource-based commaodities;

» Sructural effects: These are shown to have apositive effect on the environment asthey appear
to offset scale effects by increasing allocational efficiency; changes at the structural/sectoral
level show aclear negative impact on the environment in those cases where thereis an expan-
sion in pollution-intensive exports—as in the case of various devel oping countries and coun-
triesin transition;

« Technology effects: The studies show that improved technol ogies can, to acertain degree, off-
set increasesin pollution due to expansion of trade-rel ated economic activity; thereislittle evi-
dence of industry migrating to areas of less stringent environmental standards; trade policies
alone do not appear to have an influence on technology transfer, which is shown to take place
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only if supportive institutional measures are in place, either at the government level or at the
corporate level;

»  Product-related effects: Few of the studies reviewed revealed positive product-related effects;
negative ones were more frequent, as in the case in some countriesin transition;

« Policy and regulatory effects: There appearsto belittle evidence of upward harmonization tak-
ing place in the policy framework connected to trade, but in some casesit is shown that envi-
ronmental side-agreements connected to trade, and greater cooperation between States can
contribute to building the necessary institutional capacity.

1.4.3 Institutional arrangements

Although all of the examples of existing institutional arrangements reviewed (Annex [11) are
in developed countries, the review nevertheless gives general indications of the range that exists,
it is probable that in many countries in transition and in developing countries roughly similar
arrangements also exist. The procedures vary considerably, but those most commonly found
include mandatory provisions for environmental review of various policies which also apply to
trade; there are also formal and systematic environmental reviews and limited forms of environ-
mental appraisal applied to policy-making. From the institutional point of view, there appears to
be considerable reliance on interdepartmental coordination rather than on the creation of specific
institutional structures to address trade-environment issues.

1.4.4 Wherewe stand

From the examination of the current situation in respect of the environmental impacts of
trade, it seems clear that both thinking and practice are still in a period of devel opment and transi-
tion.

Asfar asthe general conceptual underpinnings are concerned, there is as yet no clear differ-
entiation between trade and economic development in general. Thisis not surprising as trade is
after al, a subset of economic activity. However, it may be useful, even necessary, to define in
greater detail what distinguishes trade from other economic activities, and in particular, what are
the implications—in environmental as opposed to purely economic terms—of the effects of the
globalization of economic exchanges that trade liberalization is bringing about.

The analytical tools that exist are, on the whole, appropriate, but not yet rigorous and com-
prehensive enough for the task at hand. It is undoubtedly necessary to increase efforts to develop
more effective approaches and analytical methods, and devise better ways of monitoring actions
and gathering appropriate data. In addition, to be able to determine with more confidence what the
specific effects of trade on the environment are, more studies, conducted in amore critical manner,
are necessary. And finaly, institutional structures need to be made more responsive to incorporat-
ing the assessment process and the results of studiesinto the decision-making process, thus taking
a step towards effective policy integration.

1.5 Towardsan Assessment Framework

Given the current situation, it might be a useful contribution to sketch out an approach that
is more closely suited to addressing the issues that are specific to the analysis of trade and envi-
ronment. Rather than devel op adetailed methodol ogy, using the elements that have been shown to
be useful, it isour intention to outline ageneral assessment framework that is both comprehensive
enough to cover al the various aspects involved in trade and environment interactions, and at the
same time flexible enough to be adapted easily to different situations, needs and means.
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15.1 General characteristics of the assessment process

The definition of the environmental assessment of trade draws on the more general definition
of EIA (UNEP, 1996), and can for the purpose of our analysis be characterized as the systematic
process used to predict, analyse and interpret the significant environmental impacts of trade—and
related policies, agreements and activities—so as to provide information that can be used in deci-
sion making.

The objectives of an environmental assessment of trade-related issues are then, first, to pro-
vide decision makers with meaningful information on the potentially significant environmental
effects of trade and trade liberalization, so that environmentally responsible choices can be made
among the various options (Canadian Government, 1993); and second, to assist policy makersin
theintegration of trade, economic, social and environmental policies, so that together they contrib-
ute to the achievement of sustai nable development.

Thereguirements (Kirton, 1996) to meet these objectivesimply that the trade-environmental
assessment framework be:

» balanced: Given that trade-related environmental effects can be both positive and negative, the
assessment should focus on the identification of both types of effects, as well as interactions
between the various factors;

e sengitive to causal links: The assessment should examine the nature, direction and timing of
the influence exerted by trade on economic activity and environmental status; while it may not
always be possible to determine unequivocally which are the causes and which the effects,
attempts should be made—wherever and as far as possible—to link particular economic and
ecological changes to specific and identifiable elements of trade and of the process of liberal-
ization, including policies, agreements and activities,

» responsive to uncertainty: The assessment process should be flexible, so as to be able to cope
with theincompleteness of the analysis caused by lack of data and the relative imperfection of
predictive and modelling techniques;

* policy oriented: The framework should be geared to generate results that permit effective
interventions to mitigate adverse effects and maximize positive ones. This suggests a shorter
term focus on sectoral and geographical environmental priorities and interventions.

1.5.2 Elementsof the trade/environment assessment process

Classical methods for environmental impact assessment (EIA) and strategic environmental
assessment (SEA) follow similar paths (ECE, 1992; UNEP, 1996); these will obviously form the
basis of the framework, but will be adapted to the requirements of trade-related issues. The com-
ponents and stages of the assessment process, as applied to trade, should focus on the following:

* Screening: Theinitial review should decide whether a specific policy, agreement or activity
connected to trade needs to be examined; generally speaking, al policies and trade agree-
ments, without exception, should be subject to adetailed economic and environmental assess-
ment;

* Scoping: The early identification of the areas or elements that need to be carefully examined
should be based on specific criteriarelated to trade; in most cases, thiswill mean selection of
those areas that have the potentially most significant negative environmental effects (OECD,
1993); at this stage, a decision can be made as to which type of environmental problem should
be addressed and the depth of the analysis that will be carried out;
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* Proper assessment: The areas selected at the previous stage will be subjected to a detailed
analysis, determining the influences of trade on the economic activity and through it, on the
environment, the causal factorsthat determine theimpact—whether provisionsrelated to trade
policies and agreements or to internal factors such as national management practices; the
breadth of the assessment will vary from the examination of purely local impacts, to regional
and global ones;

« Mitigation: Measures to prevent, reduce and compensate for adverse impacts and to optimize
positive impacts will take causal factors into account; these measures will range from regula-
tory approaches (e.g. modification of policies or clauses of trade agreements to incorporate
stronger precautionary principles and general environmental protection measures), to techno-
logical and managerial ones (e.g. switch to clean technologies and processes, or different man-
agement practices);

* Reporting and monitoring: The trade-environmental impact statement should be formulatedin
such amanner asto allow incorporation in the decision-making process at both the regulatory
and policy levels, in particular, for the modification of trade agreements or for policy integra-
tion at the national level; monitoring arrangements to ensure implementation of mitigation
measures should also include provisions for monitoring the evolution of trade measures and
expansion of trade-related activities.

15.3 Analysisof the economic implications of trade policy reforms

The economic analysis should focus on the identification of changes in the pattern and scale
of the economy induced by trade and the sectors most affected. Changes attributable directly to
trade may be difficult to separate from those resulting from economic development itself; simi-
larly, it may be difficult to quantify the changes with any exactitude.

To overcome the first difficulty, it may be useful to establish simple correlations between
activity in a specific sector and the degree to which there are observable or predicted changesin
the scale of economic activity attributed to trade and exports. Problems in quantification can be
overcome by amore qualitative analysis, using only alimited scale of characterization indicating
dlight increases or decreases, significant ones and no change. A system of directional arrows or
other graphic signs (Harwell et al., 1994) to indicate thisis useful.

In the case of an ex-antereview of an agreement, the in-depth analysis should focus primarily
on those sectors that show, or are expected to show, the most noticeable change in activities after
the trade policy reform takes place or after trade provisions come into force. An important factor
to be considered is the time scal e over which changes take place; the longer the period considered,
the greater the uncertainty in the degree of accuracy.

154 Setting the stage for the environmental analysis

A necessary condition for the analysis of the various environmental effects is the definition
of specific indicators which will allow the measurement of changes and environmental trends; and
the establishment of a baseline environment against which to measure change.

*  Environmental indicators used to measure trade-rel ated effects should conform to those gen-
erally in use (Therivel, 1996), including those that measure present environmental conditions
(state-of-the-environment indicators, such as levels of substance x); human impact on the
environment (impact or pressure indicators, such as emissions of substance x) and whether/
how various agents have carried out certain actions (action-indicators, such as percentage of
plants with systems to minimize emissions of substance x). The choice of indicators (UNEP/
EART, 1994; CEC, 1996) should ensure that they conform with various criteria, including
those that provide a representative picture of environmental conditions and pressures related
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to trade and are based on international standards to ensure acceptance and allow for compari-
sons. The use of environmental indicators will of course be associated with commonly used
Soci0-economic ones of various types (e.g describing changesin production, consumption and
technological change); additional indicators needing datawhichisnot normally collected (e.g.
average energy use per unit of service/good) are also important, but may have to be dispensed
with in many cases.

» Description of the baseline environment is essential, but there are particular problems that
arise when defining a control baseline against which to measure changes in the environment
attributable to trade. The pitfall isthat when comparing a situation before and after the estab-
lishment of a particular trade regime, the environmental changesthat normally occur over time
may not be fully factored in or attributed erroneously to trade. This can, in part be avoided by
using modelling approaches, but this requires making assumptions about future influences and
conditions, which are at best unreliable. Given this dilemma, perhaps the most practical option
isto smply combine techniques and try and reduce uncertainties in this manner.

155 Analysisof the environmental effects

The environmental analysis should focus on how the changes in the economic sectors
induced by trade are translated in terms of environmental impacts; that is, the environmental impli-
cations of trade-related effects will be assessed in terms of scale, structural, product and techno-
logical effects. In addition, the various implications of the environmenta effects should be exam-
ined, including:

* Type of environmental effects which generally include three distinct categories, namely the
effects of pollution on the status and quality of the various environmental media (air, water,
land); the effects on health and safety of human, anima and plant targets; and the effects
related to the use of natural resources and ecosystems (OECD, 1994);

e Scope of environmental effects which relates to the actual reach of the effect, and can be
national, transboundary or global (OECD, 1994);

» Scale of environmental effects which relates to three distinct aspects, including the national
and aggregate scale; the sector-specific scale, and the effects related to geographic location
(Masera, 1996).

1.5.6 Evaluation of the impacts and definition of corrective measures

Thisisthelast and the most important element of the assessment proper, and involves eval-
uating the overall findings concerning the environmental impact of trade and trade liberalization.
Among the aims is the identification of where those impacts occur in terms of spatial distribution
aswell asdistribution among economic sectors and environmental media. The magnitude and type
of effect should be evaluated, determining which is likely to have the most significant impact
overall.

It isimportant to identify areas of environmental stress, in particular if they occur in unique
ecosystems, pinpointing sensitive areas within them—the critical environmental “hot-spots’.
Questions relating to the carrying capacity of ecosystems and the ultimate reversibility or irrevers-
ibility of impacts should be given specific attention. Remedial action should be designed during
the evaluation phase, although implementation will take place later.

15.7 Further e ements of the assessment framework

Other elements, including mitigation measures, monitoring and reporting, will not differ sub-
stantially in trade-rel ated assessments from the approach applied in classical environmental assess-
ment, and shall therefore not be dealt with here.
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2. THE MINING SECTOR IN CHILE: GENERAL CONTEXT

2.1. Sructureand Role of the Mining Sector

Themining sector in Chile has, over the years, played an important strategic rolein the econ-
omy. Themain factors that come into play arethefiscal contributions and foreign exchangeit gen-
erates, itsrolein attracting external investmentsto the country and itsimportance for employment.
However, because of the fact that most mineral production has been destined for export, and
because of the high levels of investment and sophisticated technology required, the mining sector
has also been responsible for a certain vulnerability in the economy and for distortionsin the pat-
tern of economic development. These drawbacks are apparent in the unbalanced growth of mining
to the detriment of other economic activities, alimited creation of external economies and irregu-
larity in fiscal contributions; there are also some problems in the generation of employment.

2.1.1 Profile of the mining sector

Mining is concentrated mostly in the northern and central parts of the country, wherethereis
copper, iron and iodine. This area has low population densities and is characterized by mountain-
ousrelief and desert conditions which have historically precluded diversified economic activities;
because of this, mining is of particular importance in these areas, constituting up to 60 per cent of
economic activity. In the south of the country, mining revolves around coal, petrol and gas, but is
of lesser importance economically, because of the presence of other productive sectors; overall,
mining accounts for approximately 8 per cent of economic activity.

Copper isthe pivot of mining activity in Chile, althoughiron, silver, zinc, manganese, molyb-
denum and lead are also important. Invariably, references to the mining sector refer in actual fact
to copper mining, because of its overwhelming importance over other minerals. Almost al mineral
production is exported, and historically minerals have been the largest trade item in the Chilean
economy.

2.1.2 Economic contributions of the mining sector

In spite of the importance of mining for trade, the contribution of mining to the national econ-
omy is less important, being roughly 10 per cent in 1986 and 8 per cent in 1990. This decrease
occurs at a time when the mining sector is expanding; annual growth in 1996 was up to 11.9 per
cent, at the time (1993-1995) when the overall economy was growing a an annual average of
6.4 per cent.

Fiscal contributions from the mining sector, while important, are difficult to gauge overall.
Changing conditionsin the sector, in the amount of production and in prices have resulted in wide
fluctuations. Available data covers only state-controlled production, which is estimated to be
US$ 18.5 million in the last 10 years. Copper production from the two main government enter-
prises—CODEL CO and ENAMI—made up 5.7 per cent of total national fiscal contributionsin
1982 and 25.1 per cent in 1989.

15
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In 1991, Law 10.143 was enacted to regulate payments for mining concessions and explora-
tion permits. In 1995, this item contributed US$ 16 million (Gimpel, 1995); there is a high level
of non-payment however and 40 per cent of the amounts owed (US$ 3.670 million) are attributable
to the companies that have the largest concessions.

Asameans of diminishing theimpact on the economy of fluctuating fiscal contributions, the
Fondo de Compensacion del Cobre (FCC) was created in 1985, in line with the Structural Adjust-
ment Programme of the World Bank. The Fund is based on long-term projections of the price of
copper, with a symmetrical mechanism for the deposit or withdrawal of funds from CODELCO,
according to price movements. In actual fact, the Fund has been used in part to pay off the national
foreign debt and to establish afund for stabilizing petrol prices.

The mining sector is the largest single contributor to the balance of payments. Copper and
copper sub-products generated an average of US$ 920 million in 1960-1965 in foreign exchange,
increasing up to US$ 7.324 million in 1996. In 1995, of atotal of US$ 16,000 million generated
by all exports, US$ 7.850 million came from the mining sector, and, of this, US$ 6.487 was gen-
erated by copper exports alone.

2.1.3 Employment and labour markets

The capacity of the mining sector to generate employment has been fairly weak, mainly
because of the capital-intensive nature of production. The already low contribution to national
employment by the sector has slowly decreased since the mid-1980s. Employment in the copper
mining industry has remained, since the 1960s, at approximately 1.5 per cent of the total national
employment and went down to 0.79 per cent in 1995—that is, 41,124 out of atotal |abour force of
5,174,700 (COCHILCO, 1997). In comparison, agriculture, forestry and fisheries, which account
for 7.7 per cent of GDP employed 15.2 per cent of the labour force (Agacino, 1997). Overdl, the
mining sector accounted for 1.4 per cent of total employment in 1980; 2.2 per cent in 1986; 1.7 per
cent in 1993 and 1994; 1.8 per cent in 1995 and 1996 (CEPAL, 1989; Agacino, 1997).

Thetrend in decreased employment isthe result of globalization of the economy and the con-
cern to develop a more rational and cost- effective production system; this has been a particularly
important factor in the case of copper production, where prices for the product are generaly low.
Therefore, the mining companies have pursued a policy of flexible labour functions, salaries and
contractual arrangements that allow adjustments according to the fluctuations of the market.

Overdll, the trend is to substitute direct employment in the mines with a system of subcon-
tracting; in 1987-1990, direct employment accounted for 56.4 million man/hours and out-sourced
employment for 14.1 million man-hours; by 1991-1995 the former was down to 48.9 million man-
hours and the latter was down to 13.1 million man-hours. For the workers, this has meant lack of
stability in employment and salaries, but for the corporate sector, these policies have had apositive
effect, asit hasallowed the creation of many new small and medium enterprises specializing in the
provision of services. There are no specific statistics on thistype of indirect labour force connected
to mining, but it is estimated that it amounts to around 220,000 individuals (SONAMI, 1996).

External contracting of accessory functions by mining companies has been, in the last few
years, extended to its core functions. External contracting now covers all stages, including pros-
pecting and determination of mineral profiles; project planning and engineering; construction of
industria installations; development of the mines; extraction of minerals; processing and treat-
ment of the ores; and post-production activities, including transportation, shipping, insurance and
marketing.
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2.1.4 Public and private sector participation in mining

Both public and private sector companies operate in Chile; thislist consists of large compa-
nies, many of which are multinationals, as well as medium and small ones, which tend to be
national .

In 1971, during the Allende socialist administration, al large-scale mines were nationalized
and in 1976, during the Pinochet military regime, the copper mines were consolidated into one
large company—CODEL CO; subsequently, a second state corporation—ENAMI|—was created.
In 1986 the Comision Chilenadel Cobre (COCHIL CO) was established; among itsfunctionsisthe
management of administrative and budgetary affairs of the state corporations.

CODELCO—Caorporacion Nacional del Cobre de Chile, sinceitsinception, has been respon-
siblefor mining development in Chile. It depends on the Ministry of Finance and Mining, itsboard
members represent the government, the armed forces and workers. It is structured around four
mining Divisionslocated in different areas of the country: Chuquicamata, El Salvador, Andinaand
El Teniente, al have attached smelters, except Andina. In addition to these operations. CODEL CO
isempowered by law to sell undeveloped mining concessionsin its control and enter into partner-
ships with private sector investors and developers. It is the third largest mining company in the
world (CEPAL, 1995) and in 1989 its production accounted for 13.7 per cent of world copper ;
since then, because of aseries of factorslinked to the declining quality of the minerals, limited new
exploration and the constraints derived from being a state-controlled corporation have decreased
its importance at international level. It is however, still the largest mining operation in Chile—in
1994 it accounted for 26 per cent of all export earnings from mining (Birdies et al., 1994).

ENAMI—Empresa Naciona de Mineria does not operate any mines, but rather, buys miner-
alsfor processing and sale. It hasfour processing plants, one refinery and two smelters. It hasmade
avery original contribution to mining by fostering the modernization and development of small
and medium-sized companies. In so doing, it has helped to transform production and has provided
opportunitiesfor entrepreneurs and labour through provision of technical assistance and credit and
by the creation of amarket for their products (Geisse, 1990). In 1994 ENAMI revenues from prod-
uct saleswere US$ 841 million.

The private sector is playing an increasingly important role in mining operations in Chile.
Although the sector is dominated by afew large foreign companies and multinationals, there are
also various small-scale private mining operations which play an important role. In 1994, for the
first time since the mineswere nationalized, copper production by private compani es overtook that
of state-owned corporations and is expected to account for 65 per cent of production by the year
2000 (Birdies et a., 1996). Among the largest mining operations currently under way, four are
operated by the private sector (Ministry of Mining, 1996).

2.1.5 Links between the mining sector and other economic sectors

The mining sector—and more specifically, copper mining—has had a progressively greater
impact on the national economy, influencing increases in demand for local goods and services
(CEPAL, 1989).This increase has been the result of the growth of the sector as well as of
the trend—influenced by government policies—to rely on the internal market.

Government policy has varied considerably over the past decades, fluctuating between a
greater or lesser emphasis on the role of the state in the mining industry, and a greater or lesser
emphasis on either national industry to provide for local needs or on imports of foreign goods and
services to satisfy demand. An initial phase of import substitution in the 1960s was followed by
the nationalization process in the early 1970s. The subsequent redefinition of the role of the state
in the mid-1970s was followed by the economic crisisin the 1980s, when there was again a sharp



18 A Case Study on Chile's Mining Sector

turn in policies towards an emphasis on national level production and investments. Liberalization
of imports and a growing competitive environment have had, overall, a positive effect on the
development of local industry, driving technological innovation, increasesin production and lower
prices. However, because of a certain weakness in national design capacity and lack of financing
and marketing know-how, the role of foreign firmsand importsis still important (CEPAL, 1989).

Government statistics point to a growing decentralization in investments and closer links
between the primary mining sector and industrial sectors associated with non-primary mining
industries, including chemicals, basic metals, metallic products, non-electrical machinery, energy
and others (Daher, 1990). The impacts are also felt in other economic sectors not directly linked
with mining, such as demand for hotel accommodation, tourism and construction, as well as for
consumer goods linked to the greater purchasing power of workersin the mining sector.

2.2 Internal Influencesin the Processof Trade Liberalization: The Evolving Policy
Framework

Since the 1930s Chile pursued a highly restrictive foreign trade regime which included,
among other things, quotas and lists of items barred from importation (applying to more than 300
items), tariffs on importations (which ranged up to 105 per cent for nominal tariff rates and up to
750 per cent for ad valorem tariff rates); foreign exchange restrictions and application of differen-
tial foreign exchange rates (up to 1,000 per cent differential); and licences and specia regimes
applying to particular regions or industries (Meller, 1992; Figueroa, 1996), to name but a few of
the provisions.

In the early 1970s, after the military coup, Chile adopted a neo-liberal economic policy
framework, placing emphasis on opening the economy to world markets and removal of trade bar-
riers. This had the effect of placing alarger emphasis on short-term gains; in response to these
imperatives, production systems were intensified and there was a trend towards increased exploi-
tation of natural resources, increasingly seen as the driving force in economic growth. The role of
the private sector expanded as aresult of the liberalization of the economy, while that of the public
sector decreased. These wide-ranging policy reforms led to increased economic growth, but this
growth has been at the expense of environmental quality, raising questions asto the long-term sus-
tainability of this pattern of development. (Shurman, 1996; Scholz, 1996).

2.2.1 Theoverall process of trade liberalization

The strategy for trade liberalization promoted by the Chilean government was articulated in
various stages, with several periods of change and reversal.

In the period 1974-1979, tariffs were progressively reduced from the previous high levels,
and uneven treatment among investors was equalized. By 1979, tariffs had been reduced to a uni-
form 10 per cent and tariff-related barriers had been lifted. Government policy was now based on
aneutral policy in favour of exports and a unilateral move towards trade liberalization.

When the Latin American debt-related economic crisis developed in the early 1980s, some
changes were made in response to the challenges of the economic recession. The currency was
devalued and the real exchange rate fell continuously from 1981 to 1988. In 1982, tariffs were
raised up to 20 per cent, and again in 1984, to 35 per cent. In 1985 when the balance-of-payments
crisis was addressed, tariffs were again reduced, first to 20 per cent in 1987, then to 15 per cent in
1988. In spite of these changesin tariffs, the main policy instrument for export expansion through-
out the decade was an undervalued currency, rather than tariff reduction (French-Davis and Saez,
1995).
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In the 1990s the new democratically elected government adhered to the free market policies
of the previous administration, but put somewhat greater emphasis on social provisions. In 1991,
continuing with the policy of liberalization, tariffs were further reduced to a uniform 11 per cent.
Subseguently, trade policy moved beyond tariff reductions to a more proactive stage of bilateral
and multilateral agreements. In 1996 there was a further move to reduce tariffs, but the decision
was postponed in favour of a comprehensive tax reform.

Tariff reduction measures on the whole did not affect exports, but had an important impact
on the components imported by the productive sectors. Liberalization created an increasingly com-
petitive environment which spurred local industry connected to mining to reduce costs by integrat-
ing its operations. At this stage, local industry could have taken advantage of the situation, in par-
ticular the greater access to foreign technology and components, to develop further. In the event,
this did not occur, and it was the foreign companies, in particular firms from the USA, which ben-
efited from the lowered tariffs by stepping up exports and bringing the needed components into
the country.

The consensus is that the impact, on the copper mining sector, of liberalization—in particu-
lar, increased trade due to lower tariffs—is relatively minor in terms of exports, imports and
employment; on the other hand, trade agreements have had important dynamic effects—in partic-
ular, increased foreign investment due to the stability of the market—which are more significant.

2.2.2 Freetrade agreements

In the 1990s, Chile completed the process of linking up to the global economy by negotiating
a series of agreements and treaties with its main markets, including trading blocs and individual
countries.

APEC isthe most important market for Chilean copper exportsin volume, accounting for 52
per cent of the total; thisis arecent trend which is linked to the economic growth of its member
countries. In 1990, the Asian economies consumed 3.3 million tons of refined copper; it is esti-
mated that by 2000 consumption will increase to 5.4 million tonsand by 2005 it will reach 6.3 mil-
lion tons. Japan makes up 48 per cent of the consumption of the APEC countries, but it is estimated
that by 2005 the relative importance of Japan will decrease as the other countries in the bloc con-
tinueto grow. Chileisin asolid position to take advantage of this situation, asits exports of refined
copper went from 154,000 tons in 1985 to 614,000 tons in 1994, an amount which represents
roughly half itstotal exports.

The European Union (EU): A framework for economic and political cooperation was signed
in 1997, but it is till too soon to draw conclusions as to the effects it will have. Overall, the EU is
an important trading partner, capturing approximately 27 per cent of copper-related exports alone.
Fluctuation in pricesin the last seven years have meant that the average growth in value of exports
isminimal—only 0.1 per cent. The main countries of the EU to which Chile exported fine copper
were Germany, Italy, France and Great Britain. Between 1986 and 1990, exportsto all four coun-
tries increased; but in the case of Germany, exports in 1996 decreased to 1986 leves, after an
increase in 1990. (COCHILCO, 1996)

MERCOSUR: An associate membership agreement between Chile and MERCOSUR was
signed in 1996; the agreement reduced average weighted import tariffs levied on Chilean exports
from 8.2 per cent to 3.2 per cent, and average weighted tariffs applied to imports from member
countries were reduced from 8 per cent to 5.7 per cent To date, thisis possibly the most important
free trade agreement signed by Chile and currently accounts for 7 per cent of copper-related
exports.

NAFTA: Chile has been negotiating accession for some time, but there has been resistance to
finalizing the agreement, primarily on the part of the USA. This trading bloc accounts for 10 per
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cent of Chilean copper exports at present, and it is calculated (Ministry of Mining, 1994) that the
integration of Chile would increase exports of copper productsto alevel of US$ 10 million annu-
aly.

Bilateral trade agreements have also been signed with Canada—including an associated
agreement on environmental cooperation (Annex I'V)— and with other Latin American countries,
including Mexico (1991), Venezuela (1993), Colombia (1993), Ecuador (1994).

2.2.3 Theregulatory framework

Intervention by the government in the mining sector has fluctuated widely; a policy of min-
imal regulation between 1925 and 1932, when there was a regime of free trade, convertibility of
currency, similar tax regimes for both national and foreign producers, and no interference in the
buying and selling of mining products, gave way in the 1950s to a form of mild intervention,
including exchange controls, increase in taxation and buying of mineral production by the Central
Bank.

Control of mining—the most productive sector of the Chilean economy—»by foreign inves-
tors has contributed, since the beginning of the century, to the development of the concept of
nationalization. This thinking led, in 1971, to a modification of the Political Constitution of the
State (Law 17.450) designating the government as the depository of the mineral wealth of the
country; thisled subsequently to the expropriation and nationalization of the copper mines.

The spirit of this constitutional change was reversed by the approval, by the military govern-
ment, of the Constitutional Organic Law on Mining Concessions (LOCCM) in 1982 and of the
Mining Code in 1983. These laws are unique in the Latin American legal system, and constitute
one of the pillars of the extreme liberalization of the mining sector, ensuring very limited interven-
tion by the state and protection of the rights of investors.

Private ownership of mineral depositsis established through the mechanism of full conces-
sion, which allows any enterprise, be it national, foreign or mixed, to acquire private control of
mineral deposits, for an indefinite period, through the payment of an annual licence and with a
guarantee for full indemnities in case of expropriation. In effect, the concession becomes, by its
content, juridical nature, object and effectsatrue civil property, with al the attributes of dominion,
protected by the Political Constitution of the State (CEPAL, 1994; Agacino, 1997).

Mining corporations of the State are regulated by specific provisions of the Political Consti-
tution, the juridical framework applied to Public Enterprises, the Decree No 37 and Law
No. 19.137. These regulatory instruments spell out in detail the various modalities of operations
and legal requirements.

2.2.4 Regulations concerning Foreign Direct I nvestment (FDI)

The conjunction between the general deregulation of mining activities, and a 1974 decree
with the status of law— DL-600 on the Statute of Foreign Investment—which freed up the flow
of foreign direct investments, established a legal framework that was clearly supportive of the
influx of foreign capital to the country. The decree safeguards investments by means of a contract
between theinvestor and the state; guarantees the rights of the investor for the duration of the con-
tract, provides fiscal benefits, including a favourable tax regime and the establishment of thresh-
olds on taxes for foreign investors. It also allows offshore accounts, remittance of profits and the
option of re-exporting the original investment capital after a period of three years (reduced to one
year at present). Changesto the decree in 1997 have raised the minimum limit for investment cap-
ital up to US$ 1 million, so asto avoid that speculative capitals enter the country.
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An additional financial mechanism, not part of the DL-600, to come into play in the FDI is
that of conversion of debt into capital (which involves an implicit subsidy of 46 per cent of the
value of the investment). This mechanism has been responsible for up to 75 per cent of total FDI;
it has been utilized mainly in the wood, paper and cellulose industry but has not played a very
important rolein the mining sector. Chile has also adopted provisionsfor controlling capital flows,
including requirement for deposits in foreign currency, so as to be able to deal with the massive
influx of capital, which, by 1989 amounted to 8 per cent of GDP (Velasco, 1996). Because thishas
apotentially destabilizing influence, the Central Bank continues to play an active role, in spite of
the deregulation of the market. In the future, the end of the cycle of large investments will undoubt-
edly have an effect on the relative or even absolute level of investments in the country, and per-
haps, on the overall economic performance.

There has been considerable controversy surrounding the tax regime applied to foreign
investments, because of the various loopholes that allow to legally pay less tax than is due. Asan
example, one can cite the practice of multinationals to transfer debts to their Chilean corporate
divisions and repatriate funds under the designation of payments of interest on the debt, which is
therefore taxed at arate of 4 per cent instead of the customary 35 per cent. Thereisnow agrowing
consensusthat it isnecessary to further reform the tax system and ensure greater economic benefits
for the country while at the same time ensuring the macroeconomic stability derived from the qual-
ity and amount of investments.

225 Thetax regime

Tax reform is another element of the structural reforms carried out by the military regimein
1974 (Toro Rivera, 1993). The reforms affected the entire national tax system, including taxes on
income, sale of goods and services and foreign trade. The main objective was to give the private
sector greater prominence in the process of resource allocation and reduce distortions in decision-
making caused by the tax regime. A single income tax bracket was established, so asto give all
economic sectors the same treatment, and guaranteeing non-interference in the alocation of
resources between sectors. The Value Added Tax (VAT) supplants the sales tax, at alevel of 20
per cent, so as not to distort prices in the different sectors.

An additional reform in 1984 reduced disincentives for savings and investments, reduced
progressive personal incometax and integrated personal and corporate taxes, thus avoiding double
taxation on the same income. In 1989, further reforms eliminated some corporate taxes. In 1990,
the civil government carried out some adjustments—with the objective of channelling more funds
to the Treasury—increasing VAT from 16 per cent to 18 per cent and corporate taxes from 10 per
cent to 15 per cent; these measures were strengthened by further reformsin 1993.

2.3 External Influencesin the Process of Trade Liberalization: Changing World
Markets

2.3.1 Globalization and its effects on the mining sector

The factors described above have been instrumental in the increased participation of Chilein
the process of globalization; the mining sector itself has played a pivotal role in the liberalization
of the market in Chile. At present, it is thought by some analysts (CEPAL, 1994) that the country
isan exampleto other Latin American nationsin this arena. Compared to its neighbours, Chile has
the highest “indices’ of openness, demonstrating the degree to which the economy is export-
oriented.

Mobility of capital—one of the key elements of the process of globalization— has led to
growing foreign investment in the mining sector. In the early 1970s, the Chilean Government had
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endeavoured to attract foreign investment, but the political conditions at the time were not propi-
tious; at the same time, the global recession and declining prices of minerals limited the amount of
capital available for investment in the mining sector.

By the mid 1980s this began to change, and investments increased considerably; between
1990 and 1994 investment surged. The reasonsfor this change (CEPAL, 1995) were manifold, and
centred partly on the situation in the emerging markets of the Latin American region—including
high returns on short- and medium-term investments and less stringent environmental regulations;
global factors, including technological changes improving the processing of copper and gold and
the loosening of international restrictions on the floating of shares. All of these factors contributed
to making international investment in mining operations attractive, with copper and gold the pre-
ferred sectors. Estimates (CEPAL, 1995) show that copper mining now absorbs around 51 per cent
of global investments—some US$ 9.540 million.

Asaresult of this openness to the global economy and international investment, the Chilean
mining sector has become ever more dependent on the evolution of world markets.

2.3.2 Evolution of global demand, supply and prices

Global transactions in minerals are less dynamic and economic cycles have less effect on
demand for mineralsthan in the past; thisis due mainly to technological innovation, allowing more
efficient use of materials and substitution of minerals with new materials. In the 1970s, transac-
tionsin minerals on global markets were 7 per cent of the total; by the 1990’s, thiswas down to 3
per cent.

In spite of the downward trend in demand for minerals, global consumption of copper has
shown a steady annual increase, particularly in the last three decades, because of increased con-
sumption in newly industrialized countriesin Asiaand Latin America. There the demand for min-
eralswent from 1.42 per cent in 1970-1980, to 1.8 per cent in 1980-1990, to 2.57 per cent in 1990-
1995 (CEPAL, 1997). In 1996, the most important markets for copper were the USA (22 per cent);
Japan (12 per cent); China (9 per cent); Germany (8 per cent); AND South Korea and Taiwan (5
per cent). (COCHILCO, 1996). Projectionsfor the future (COCHILCO, 1997) indicate a probable
annual increase rate of 2.88 per cent between 1995-2005, due in part to increased demand in the
communications, sanitary and energy sectors.

Global copper production has maintained a fairly steady rate of annua growth, going from
1.41 per cent for mine copper and 1.54 per cent for refined copper in the 1980s, to 1.52 per cent
for mine copper and 1.02 per cent for refined copper in the 1990s. There has been a degree of
restructuring of the production system however, due to costs and relocation of investments. Thus,
production hasfallen in Zaire and Zambia and has ceased in Uganda and Japan; production in the
USA shows signs of regaining ground, while production has increased substantially in Chile, and
new producers have emerged in Indonesia, Papua New Guinea. Poland and Mongolia. Several
countries in Latin America, including Argentina, Bolivia and Brazil have launched a process of
restructuring of their mining sector which should alow them to enter world markets in the near
future.

There is however, evidence of a growing imbalance between global supply and demand for
copper. Projectionsfor the period 1996-2000 for global supply of refined copper indicate an annual
growth of 4.4 per cent, whereas demand is expected to grow only 3.6 per cent. This overproduction
resultsin the lowering of prices paid for copper. Prices for copper dropped considerably between
1993 and 1995: the average price per pound in US centswent from 71.4 to 64.2 in Australia; from
60.4 to 55.1 in the USA; from 63.6 to 53.6 in Indonesia; from 54.0 to 52.0 in Peru and from 50.0
to 47.5in Chile (CEPAL, 1995). It is estimated that in 1998, in spite of growth in demand, there
will be surplus production, which will lower prices once again.
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It should be noted that an important characteristic of producing countriesisthat they are “tak-
ers’ of international prices. Thisis particularly so in the case of Chile, where opening up of the
market has meant that private sector companies are at liberty to place their products on the market
and must define the efficiency of their operations in terms not of prices, but of production costs;
this in turn influences the global choice of options for investment. It is because of this that long-
term planning and protection against business cycles that affect price stability are thought to be
important. Decrease in pricesis of limited concern to multinationals, which believe that countries
with large, high quality deposits and efficient production technology—such as the case of Chile—
will be ableto survive dropsin prices; however, it is estimated that most producersin Africa, Aus-
tralia, Canada and the countries of the former Soviet Union, will be vulnerable. Given the volume
of Chilean copper production, some control over prices would be possible; however, because so
much of it is in the hands of multinationals, prices tend to be kept low because copper is an input
into the production cycle of other enterprises owned by the same multinationals.

2.3.3 Theroleof Chilein international copper markets

Chileisamajor globa producer of copper, second only to the USA. Five of the seven most
important copper mines in Latin America are located in Chile (Collahuasi, El Indio, Escondida,
Chuguicamata, El Teniente). Chilean copper production has steadily increased its contribution to
international markets over the past decades. Mine copper has gone from 10.6 per cent of total
world production in the 1970s, to 16.7 per cent in 1986, to 28.6 per cent in 1996; foundry copper
accountsfor 13.5 per cent of total world production; refined copper has doubled in the last decade,
making up 18.6 per cent of the total world production (COCHILCO, 1996). By 2001, Chile is
expected to account for 42 per cent of world copper production.
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3. ECONOMIC EFFECTS OF TRADE LIBERALIZATION IN
THE MINING SECTOR IN CHILE

3.1 Economic Evolution and Trends
3.1.1 Growth in the overall economy and in trade

Economic liberalization in Chile resulted in significant growth, including an unprecedented
expansion of trade. Although much of this can be attributed to the policy reforms enacted by the
government, it is aso true that world economic trends played a significant role.

During the first phase of the liberalization process, from 1976 to 1979, the average annual
growth rate of exportswas 17.5 per cent, going from US$ 1.2 billion to US$ 3.6 billion. During
the second phase, from 1981 to 1990, growth slowed to 7.4 per cent annually, as a consequence of
the economic adjustment carried out between 1982 and 1985; exports went from US$ 3.8 hillion
to 8.3 billion. Nevertheless, growth was still strong and registered an annual growth rate of 9.5 per
cent up to 1995. During this overall period, global trade grew 16 per cent annually between 1975
and 1980, decreased to -1 per cent between 1981 and 1985 and then grew again by 11 per cent
between 1986 and 1995 (Ffrench-Davis et a., 1995). In comparison to world trends, Chile’s per-
formance was positive. The main destination of exports (1993) was 26 per cent to countries of the
European Union, 19.8 per cent to the Latin American region, 17.6 per cent to the USA, 16 per cent
to japan and 14.9 per cent to the rest of Asia.

Since 1984 Chile has al so registered a significant increase in domestic production as aresult
of the export boom. From 1984 to 1995, the average growth rate of the economy was 6.5 per cent.
Per capitaincomes doubled , aided in part by the 20 per cent real appreciation of the national cur-
rency. Theincrease in production is even more evident during the years between 1990 and 1995,
when the economy grew by an average of 8.9 per cent annually (EIU, 1996).

3.1.2 Theeffects of Foreign Direct I nvestment (FDI)

The significant increase in foreign investment in Chile has been largely aresult of the legal
framework established by DL-600, coupled with the economic reforms and growing confidencein
the performance of Chile's economy and its political stability—in effect, Chile is considered to
have a high investment grade.

Foreign investments in the overall Chilean economy have been somewhat variable. The
annual rate of growth was of the order of 47.6 per cent in the 1950s, but declined to 6.4 per cent
in the 1960’ s. Between 1971 and 1978 the annual rate of investments was negative, going down to
-7.1 per cent asaresult of nationalization of the copper mines and indemnization, which accounted
for some US$ 37 million being removed from investments (Desormeaux 1989, cited by Daher,
1990). Thereafter, investments rose continuously from 9.8 per cent of GNP in 1983 to 21.8 per cent
of GNP in 1989, when it accounted for US$ 1,139 million (Central Bank, 1992). During 1990-
1993, DFI reached US$ 1,725 million; the trend has continued and by 1995 there was an increase
of 20 per cent from the previous year to US$ 3,021 million. US$ 410 million was interned in both
1994 and 1995 through Chapter X1V of the Central Bank’ s regulations on foreign exchange (aless
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formal avenue than DL-600) and the figure reached US$ 377 million in the first nine months of
1996 (EIU, 1996).

The mining sector plays a central role in capturing foreign investment, but here too, the sit-
uation has been in flux. Between 1974 and 1995, FDI materialized in mining projects was of the
order of 56.2 per cent of al investmentsin the economy, reaching up to 70 per cent in certain years
(1989 and 1994). During the years of the economic crisis of the early 1980s, investmentsin copper
mining fell to lessthan 27 per cent, of which only 15.4 per cent was materialized, representing the
lowest rate of investment in any sector. In 1996 FDI in copper dropped to 19.4 per cent.

It seems likely that in the long term, mining will be displaced as a preferential investment
sector, giving way to investments in other sectors, and whatever funds are available will go
towards maintenance and development of existing installations rather than to large new projects.
An early indication of thistrend is current allocation of FDI funds among registered projects, with
49.6 per cent going to services, 23.3 per cent to industry and only 9.3 per cent to mining (Agancino,
1997) . Of the totals currently allocated to mining, 79 per cent went to copper, 13 per cent to gold
and platinum and 8 per cent to non-metal mining, exploration, services and other items
(CCC,1996).

3.2 Economic Effectsof Trade Liberalization

3.2.1 Scaleeffects

In the last decade there has been an explosive growth in exports, fuelled by increasesin pro-
duction by the private sector. It is quite clear that trade liberalization has played a central rolein
the rise in scale of mineral output and exports. Nevertheless, other factors have also come into
play, namely fluctuating prices which has been countered through a strategy of raising production
as ameans of maintaining competitiveness.

Annual concentrated-metal production between 1990 and 1995 went from 1,588,400 to
2,488,100 tons of copper; 5,035,031 to 5,220,260 tons of iron; 656,339 to 1,041,458 tons of silver;
27,503 t0 44,585 tons of gold; 25,146 to 35,403 tons of zinc; 12,450 to 20,360 tons of manganese;
13,830 to 17,889 tons of molybdenum; 1,120 to 944 tons of lead. Escondida mine alone accounts
for nearly 50 per cent of the growth in copper production. In the future, it is probable that this
growth will continue, as many of the mines have not yet reached their full production capacity. It
is estimated that overall copper production will reach 4.8 million tons by 2001, which represents
agrowth rate of 10 per cent between 1996 and 2001. (COCHILCO, 1995, 1996). Exploration for
new deposits has been very aggressive and has yielded good results; certain finds are of a particu-
larly high quality, such asat Collahuasi and Lomas Bayas. Thiswill allow further increasesin pro-
duction—projections show that it might reach a growth rate of 15 per cent, putting an additional
380,000 tons on the market.

3.2.2 Sructural and sectoral effects

Changesin the relative weight of mining sector exportsin relation to those from other sectors
has been striking. Overall, exports grew at an annual rate of 1.7 per cent. Natural resource-based
exports—including fisheries, forestry, agro-industrial products and various non-traditional prod-
ucts—increased exponentially, growing at an annual rate of 8.2 per cent over the period 1970-
1990, as compared to the 1.7 per cent growth rate for copper-based products.

In 1970 the composition of exports was made up of 85.4 per cent minerals (75.5 per cent
copper, 9.9 per cent others), 9.9 per cent forestry products 2.7 per cent agricultural products0.1 per
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cent, fish and 11 per cent other products. By 1976, mining accounted for over two thirds of total
exports and between 1980 and 1990 it hovered around slightly more than half of exports. By this
time, the composition of exports had changed considerably: it was made up of 55.3 per cent min-
erals (45.6 per cent copper, 9.7 per cent others), 11.2 per cent agricultural products, 10 per cent
forestry products, 9.7 per cent fisheries products and 14.8 per cent other products ( Banco de Chile,
1995). More detailed estimates (CEPAL 1989; Agacino 1997) show that the contribution of min-
ing to total exportswas of the order of 59.4 per cent (46.1 per cent for copper) in 1980; 50 per cent
(41.9 per cent for copper) in 1986; 43.2 per cent (35.3 per cent for copper) in 1993; 44.7 per cent
(30.6 per cent for copper) in 1994; 48.6 per cent (40.4 per cent for copper) in 1995; and 46.1 per
cent (39.3 per cent for copper) in 1996.

Theincreasing importance of the private sector is one of the most visible effects of the influx
of foreign capital. The process of trade liberalization has been the real driving force behind these
changes, although government policy directed at checking the expansion of state-controlled min-
ing has a so had some influence.

The contribution of the private sector to total copper production was of the order of 15 per
centin 1972; it increased to 47.2 per cent in 1994 and reached 60.7 per cent in 1996, when the three
largest companies, all of which arefinanced by foreign capital, accounted for 39.9 per cent of total
copper production. Thisamount is dightly higher than production by the State, which was 39.3 per
cent at that moment. The importance of the private sector is even more striking in the case of gold,
where it contributes 94 per cent of production and in non-metallic substances, where its participa-
tionisnearly 100 per cent. This has been described by some authors as ade facto denationalization.
It is estimated that by the end of the century, private sector participation—mainly foreign—will
control roughly two thirds of total copper production (Agacino, 1997).

Thetransnational character of privatization in the copper mining sector is also very apparent,
where an ever increasing number of foreign investors and multinational s are operating. Among the
most important are groups from Australia, Canada, Japan, South Africa, USA (Annex V). Partic-
ipation by Chilean private sector companiesis smaller, mainly because of the limited amounts of
capital they bring to operations; the trend is for them to enter into partnership with foreign firms
which are looking for small-scale investment opportunities.

Change in the relative contributions of the large, medium and small mining enterprises has
also been important. CODEL CO isthe only enterprise classified aslarge (Gran Mineria, hereafter
GM); private enterprises are classified under the medium (Mediana Mineria, hereafter MM) and
small rubrics (Pequefia Mineria, hereafter PM). Thereis a clear decrease in the relative participa-
tion in physical production of the large mining sector (GM) and a correspondingly higher partici-
pation of the medium sector (MM), to the detriment of the small sector( PM). Between the 1987
and 1995, the physical participation of GM went from 77.2 per cent down to 46.4 per cent; that of
MM increased from 20.9 per cent to 51.0 per cent; that of the PM increased dightly, from 0.5 per
cent to 1.0 per cent. The largest change took place between 1990 and 1991, when the participation
in physical production by GM went from 74.0 per cent to 60.7 per cent, that of MM increased from
21.3 per cent to 35.4 per cent and that of PM decreased from 2.7 per cent to 2.2 per cent.(Agancino,
1997)

3.2.3 Technology effects

Competitiveness in the mining sector depends on several factors, including the regulatory
and financial system, the natural endowment and, what concerns us here, the technological system
for the exploitation of minerals. In Chile the State has played a pivota role in the development of
the necessary physical infrastructure, including for energy, roads and port facilities, while the min-
ing companies have been responsible for technological development in all the stages of mineral
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processing. One of the main factors driving technological change and development has been the
concern with reducing costs and increasing competitiveness in world markets.

In addition to the incorporation of commonly used technol ogies—such as satellite imaging
for exploration—foreign mining companies operating in Chile have introduced a series of innova-
tive technologies in the processing of minerals. This has allowed not only a significant reduction
in costs and consequent risein competitiveness, but has al so made possible the use of deposits hith-
erto considered marginal. A related benefit of the widespread use of these advanced technologies
isthe reduction of negative environmental impacts, because of more efficient use of resources and
reduced emissions and wastes. These technological innovations have been accompanied by novel
approaches for management and financing and rising managerial standards.

The most important technical innovation in copper mining is extraction of minerals with sol-
vents (SX) and electroprocessing (EW) for the production of cathodes. Between 1990 and 1995,
the application of the SX-EW methods to copper production has increased fivefold. Since 1994,
both CODEL CO and private enterprises have used these methods. Some companies are also using
various lixiviation methods, including using desalinized sea water (Lince and Manto Verde),
whichisvery effectivein areaswherethere are water shortages; or bacterial lixiviation (TL) ( Min-
era Pudahuel, Cerro Colorado and Quebrada Blanca) which allows recuperation of oxidized min-
erals, mixed materials and secondary sulphur. Combinations of these methods have also been
tested (Escondida). These techniques have revolutionized the copper mining industry, and have
allowed to cut coststo onethird of traditional processing costswhen L1X-SX-EW systemsare used
together with concentration plants and smelters.

3.2.4 Product effects

Product effects are interpreted here as the changes that are taking place, as a result of the
process of liberalization, in the degree of processing of exported goods. Two major trends are vis-
iblein this context and are described below.

First, in the mining sector, there has been a tendency towards exporting a somewhat higher
percentage of more highly refined copper and copper products. However, the highest growth rate
isin copper concentrates, which surpasses copper cathode exports. It isassumed that this may have
greater environmental consequences, athough no corroborating dataisavailable. In 1975, 66.1 per
cent of exportswere blister and refined copper; by 1985, this had gone up to 70.2 per cent. Growth
between 1986 and 1996 was striking: exports of refined copper (cathodes) went from 670,400 tons
to 1,490,600 tons; blister copper went from 199,400 tons to 2,269,000 tons and concentrate went
from 260,500 tons to 1,103,200 tons (COCHILCO, 1996), Projections indicate that by 2002 pro-
duction of fine copper in concentrates will be around 3,300,000 tons. A direct conseguence of the
increased production of concentrates is the need to increase processing capacity. There is a pro-
posal to instal asmelter in Region |1, capable of processing 350,000 tons of fine copper ayear by
the year 2001. Present capacity is only 1,530,000 tons, which is 61 per cent of production, the
remaining 39 per cent must be exported to smelters outside the country; by 2002 local smelting
capacity could rise to 1,695,000 tons (Chilean Mining, Oct. 1997) if the proposed plant is built.

Secondly, the government is also currently promoting export of machinery and other inputs
to mining operations, mainly to Latin American countries that do not have the same mining tradi-
tions and manufacturing capacity, but are close in geographic and cultural terms. Chile’ s compet-
itive advantage in thisareais significant and the products have a high added val ue; because of this,
as the sector develops in the coming years, it could become one of the most important product-
related effects of trade.
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3.25 Regulatory and policy effects

Thereis no clearly discernible relationship between the various regulatory and policy inter-
ventionsin respect of trade liberalization and the economic effects that result. Even specific meas-
ures, such as the DL-600 and the Mining Code and other internal regulations and policies only
achieved the desired effect when external conditions were favourable.

From 1975 to 1976, the effects of DL-600 on state-controlled mining are noticeable, which
showed an increase of roughly 20 per cent; thislevels off until around 1981 when the effects of the
newly introduced Mining Code begin showing. No effects are noticeable in the private sector.
Correlations with the evolution of Foreign Direct Investment also show no unequivocal effects.
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4. ENVIRONMENTAL IMPACTS OF TRADE LIBERALIZATION
IN THE MINING SECTOR IN CHILE

4.1 TheEnvironmental Regulatory Framework

Chile has over two thousand laws and regulations that refer to environmental issues. These
often disparate laws do not provide a coherent framework for harmonization of productive activi-
ties on the one hand and environmental protection on the other. In addition, regulatory responsi-
bility is dispersed among various branches of government. For example, each Ministry can dictate
standards through the expedient of Executive Decrees, so these remain sectoral and piecemeal
interventions. In 1994, in order to remedy this situation and further develop the somewhat rudi-
mentary system, abroad environmental legal framework was put in place, and isstill in the process
of development. Both sets of legal provisions are briefly reviewed here.

4.1.1 General environmental regulations

Regulations concerning air: A 1992 Supreme Decree (DS-185) regulates emissions from
fixed sources of sulphur compounds (SO,) and particulate matter (PM). Normsfor arsenic are cur-
rently under study. Standards for maximum concentration of pollutants are similar to those used
by USA-EPA. Applicability of the existing normsislimited to establishmentsthat have high levels
of emissions (3 tons of SO,) and 1 ton of PM or more per day).

A two-tiered system of standards exists: basic standards regulate protection of human health
and supplementary standards cover ecosystems and natural resources. The latter are applied
according to a differential system based on the degree of vulnerability—e.g. stricter provisions
apply inforested areas in the south, as a safeguard against damage from acid rain. Urban areas are
exempt from supplementary standards.

A zonal classification system ranks areas according to prevailing air quality; provisions for
individual compliance vary in each zone, so asto allow meeting an overall quality standard. Zones
are classified as saturated (pollution levels are above the standard); latent (pollution is within an
80-100 per cent range of the standard); non-saturated (pollution is within a 0-80 per cent range of
the standard); and not classified. Compliance is strictly regulated; there are provisions for moni-
toring and recording of emissions and the approval of permits and plans.

The overal system is managed by the Ministries of Health and Agriculture, through their
regional services; a consultative system between these bodies and the Ministries of the Economy
and Minesisalsoin place; decontamination plans must be approved by the President of the Repub-
lic.

Regulations concerning water: At present, the regulatory system isnot very well devel oped,
athough water use and water quality standards are defined in general terms. To date, the prevailing
approach has been to treat the more important interventions—such as large water management
schemes or mining projects—on a case-by-case basis. There is no provision for integrated plan-
ning and management of water resources over alarger area than the project level—for example at
the level of the river basin—and there are no plans to introduce something of this nature.
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Existing regulationsinclude the Chilean Norm for water quality (N.Ch.-1.333), which estab-
lishes physical, chemical and biological criteria for different uses, including for potable water,
agriculture, leisure and aesthetics, and wildlife. However, regulations concerning water quality do
not provide adequate protection— many of the legal provisions are not backed up by technical
norms or standards. Responsibility for administration is not clearly assigned, and is dispersed
among seven distinct bodies with overlapping functions.

Norms for emissions make a distinction between pollutant dischargesin sewers and in water
bodies; the 1916 Law 3.133 prohibits discharge of contaminants into drinking water supplies and
applies sanctions and fines; a provisional norm regulates liquid industrial residues and wastes in
water bodies. Provisional norms are expected to be overtaken by new standards according to cri-
teria set out by the framework law.

The 1981 Water Code (article 5) establishes that water is a national good for public use;
rightsto use water are accorded to individualsin perpetuity and no payment is required. However,
monetary transactions do take place when individuals transfer their water rights. This has created
aseries of problems, asit encourages waste of water and pollution; there are also many irregular-
itiesin terms of monopolistic control and speculation in water rights. Since 1992 a series of amend-
ments have been before Congressfor approval. The new dispositions call for payment for dormant
water rights; the requirement to justify a petition for use of water; integrated consideration of all
water endowments, including superficial and underground sources when assigning the right to use
water; norms on conservation and protection. This has generated considerable controversy from
those quarters wishing to see a minimum of government intervention, as well as from large con-
sumers of water, such as the hydroel ectric sector.

Regulations concerning soils: There are no specific regulations in this area, athough the
Ministry of Agriculture, through the National Institute for Agricultural Research (INIA) monitors
areas where there are problems. A landmark case concerning sediments from particulate matter
from the Huasco mine and the Potrerillos smelter resulted in the government issuing a Supreme
Decree (DS-4) regulating this specific problem.

Regulations concerning flora and fauna: A National System of Areas Protected by the State
was established in 1967 and covers parks, reserves and national monuments. Thereisamechanism
that allowsto issue exploration permits within protected areas, but thisis exceptional and must be
approved by the President of the Republic, after consultation with CONAF, the National Forestry
Commission.

Regulations specific to mining activities: A 1970 decree (D-86) of the Ministry of Minesreg-
ulates construction of tailing dams. In any case, at present, most of the facilities built by the mining
companies are designed to higher standards than those required by law (Lagos, 1997). There are
no standards for the decomissioning and/or rehabilitation of mining installations, but provisions
are under study (personal communication, E. Oyanader, Ministry of Mining, 1997). Transport of
dangerous wastes is not the subject of any regulation other than those stipul ated by the 1992 Basel
Convention.

4.1.2 Framework law on the environment

The 1994 Ley de Bases del Medio Ambiente (Law 19.300), or basic law on the environment,
is directed, in the first instance, towards ensuring effective coordination of environmental deci-
sion-making at all levels.

The law establishes two levels of institutional structures for this purpose: CONAMA—the
National Commission on the Environment—which has as its main task the coordination and pro-
motion of cooperation among all government bodies concerned with environmental issues. CORE-
MAs—the Regional Environmental Commissions—are the operational authority for environment;
their principal function isto administer the system for environmental impact assessment. In addi-
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tion to a Regional Director and four counsellors, these bodies gather representatives from various
government departments, including the Ministries for Economy, Public Works, Agriculture,
National Patrimony, Health, Mining, Housing and Urban Planning, Transport, Telecommunica-
tions, and Planning and Cooperation.

The more important elements of the framework law include:

A system of environmental impact assessment (SEIA): thisis similar to that applied in many
other countries. Projects to which application of SEIA is mandatory include mining, coal, petro-
leum and gas proj ects. Although SEIA was established in 1994, its application remained voluntary,
but has, since 1997, became mandatory.

In general, under the SEIA, only an Environmental Impact Statement (DIA) is called for;
however, if the project has important environmental implications—in line with criteria described
in Article 11 of Law 19.300—an Environmental Impact Assessment (EIA) isrequired. EIAs are
contracted and paid for by the proponent and carried out by an accredited body, such as a Univer-
sity. COREMA isresponsible for reviewing and approving the study. In addition to description of
the project and its effects, the requirement is to present plans for measures directed to the mitiga-
tion, correction, reparation and/or compensation of environmental problems. There is also a sys-
tem for monitoring relevant environmental variables; in those cases where no national guidelines
or standards exist, international ones are applied.

A weakness of the SEIA liesin thelack of explicit definition of terms of reference and scope,
leading either to restrictive or overly detailed studies, based on the personal decision of a govern-
ment official; the fact that EIA is not a definitive step in implementation, and other permits may
be required, is a weakness that is of particular relevance for mining projects (Garcia & Solari,
1995). Other problems include the fact that a system for environmental insurance is not contem-
plated, nor isthere provision for funds for management of the actual closure of projects nor there-
after.

Public participation in the SEIA is enshrined in the framework law, and allows citizens to
post observations on projects and submit appeal s to public authorities. However, in contradiction
to thisprovision, thelaw also stipul ates that thistype of recourse shall not affect the decision which
is being appeaed (Article 29). Experience shows that participation usually comes too late and
there are no structures to deal with conflicts over controversial projects. To date, delays have
occurred in respect of hydroelectric and industrial projects, but no mining project has been con-
tested.

Environmental norms: The basic law provides general guidelines for devel opment of norms
applying to water, air and soils. A 1995 provision establishes the modalities for the formulation of
these norms, including technical and economic analysis, scientific studies, consultation with com-
petent public and private sector bodies and dissemination of information to the public. Norms are
to be re-examined every five years, according to the same procedure.

At present, two types of norms exist, regulating environmental quality and permissiblelevels
of emissions. Quality-related norms are defined as primary or secondary, according to the degree
to which they affect human health. Primary-quality norms have national validity, whereas second-
ary-quality norms and emission norms apply only at the regional level. Norms regulating emission
of liquid industrial wastes into water bodies are currently being developed and will affect mining
operations.

Management plans are an integral requirement of the framework law and are proving to be
a useful mechanism for ensuring a broader system of environmental protection. The main reason
for thisisthat at present they deal with issuesthat are not covered by other laws, including protec-
tion of water courses, soil, landscapes and wildlife species. Government authorities can demand
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development and implementation of these plans from developers and users of natural resourcesin
the areas they administer.

Prevention and correction: The provisions of the basic law are interesting in that they allow
use of avariety of novel instruments as a means of ensuring that preventive and corrective meas-
ures are implemented, including legal and financial instruments (e.g. tradable permits, taxes on
emissions, charges to users). This is in line with similar provisions operating in developed
countries.

4.1.3 Influences on the development of environmental regulations

Trade liberalization, the pressures of the market and the need to comply with international
standards has had a significant influence on the Chilean Government in the development of envi-
ronmental legislation. More specifically, thisinfluence has operated in several different ways.

Perhaps the most significant of these has been the example set by foreign companies operat-
ing in Chile, and which has acted as a stimulus for the development of nationa legislation. These
companies are often subsidiaries of multinational companies that operate according to high envi-
ronmental performance standards; the Chilean divisions have tended to apply the same procedures
and technologies as those used internationally. In many cases, these provisions are more stringent
than those required by Chilean law. A case in point is the application by Exxon of environmental
standards from the parent company to its operationsin Chile.

Other factors, such as repeated pressures (1978, 1984, 1989) by the United States Govern-
ment to introduce more appropriate environmental regulation has aso had an effect. After the US
Government had decided to decrease imports of copper products because of low environmental
standardsin Chile, companies operating in Chileindependently adopted standards compatiblewith
those of the US EPA.

Finally, there has been the indirect pressure of public opinion, influenced in part by develop-
ments in other countries. Thisisillustrated by the case of citizens suing CODEL CO for contami-
nating the Bay of Chafiaral; a sentence was passed by the Supreme Court in their favour, setting a
legal precedent.

More recent developments, such as the signing of a bilateral Agreement on Environmental
Cooperation between Canada and Chile (Annex V) will continue to influence development of
both environmental legislation and management plans.

4.1.4 Application of the environmental regulatory framework

In the early stages of development of environmental regulations—before the provisions of
the basi c environmental law came into force—there was atacit understanding between the govern-
ment and industry, in particular the mining industry, that international norms for the protection of
the environment would continue to be applied by them.

Thereisnow growing evidence that the application of the regulatory framework in a system-
atic manner, rather than reliance on a purely voluntary approach, is beginning to have an effect.
There has been an increment in the EIAs carried out than in the past. The mining industry has
spearheaded this movement. For example, between 1990 and 1995 mining companies carried out
56 ElAs—approximately 50 per cent of the total (Ibacache, 1995)—as compared with 27 by the
energy sector, 17 each by the construction and forestry industries, eight by the agricultural sector
and three by the livestock industry. (Leal, 1997).
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Application of mitigation and corrective measures are on the increase. Five important exam-
ples concern the decontamination plans at state-controlled mines, including CODELCO at Chu-
quicamata, Potrerillos and Caletones, and ENAMI at Hernén Videla Lira /Paipote and Ventanas
(Annex V). These plans are carefully monitored and regularly controlled for performance. Imple-
mentation of broad management plansisaso ontherise (Annex VII), mainly in the private sector.
Finally, there is also evidence that emissions have decreased considerably, partly as a result of
environmental regulation coming into force.

There is still much to be done to refine environmental regulation in Chile, in particular the
approval of pending regul ations and the devel opment of new elementsto fill in the gapsin existing
regulations. Thereis aso a need for more leadership, a global vision and greater co-ordination.

4.2 Environmental Impactsof Mining
4.2.1 The phases of the mining process

Each phase of the mining process involves specific activities that have a greater or lesser
effect on the environment. These generic types of impact lead to the more specific environmental
impacts that are presently occurring in the mining sector in Chile. Understanding what each phase
entails helps to understand where and how environmental pressures occur.

Exploration and development: The initial exploration phase covers large areas and involves
satellite imaging, geol ogical mapping, geomechanical and superficial geological sampling. Thisis
carried out with small equipment; environmental impacts are unlikely in this phase, and if they
occur, are easily remedied. More in-depth exploration covers a smaller area and involves drilling,
digging of trenches and building access roads. Environmental impacts may be significant, but can
be mitigated later by general rehabilitation and revegetation of the area. Only 10 per cent of areas
where deposits are found are eventually developed (Eggert, 1994)—this gives an idea of the mag-
nitude of the problem. During the development phase, installations including infrastructure and
processing plants, are built. Environmental impacts may be serious—depending on the size of the
installation and the building techniques used—but less so than those associated with later stages.

Exploitation: This phase involves extraction of ores through superficial trenches that cause
geological and visual disfigurement. Mining operations generate dust particles asaresult of dyna-
miting, crushing, loading and transportation of ores. It should be noted that most minerals occur in
low concentrations—for example, copper is usually present in aratio of 1 per cent weight; this
givesanindication of the enormous amounts of materialsthat must be processed to extract the pure
metal. At this stage, impacts arise mainly from solid residues, which do not necessarily cause seri-
ous problems, except, possibly, aesthetic impacts. Water interacting with the residues may give
rise to acid waters (sulphuric acid) that can contaminate drinking water and surrounding ecosys-
tems. Thisis the most serious impact in this phase; however, the alkaline nature of Chilean soils
acts, to a certain degree, as a buffer against acid emissions, both in water courses and air (Lagos
& Velasco, 1994). Underground minesusually producelessresidues than open-pit mines. Overall,
the nature and magnitude of environmental damage will depend on the type of mineral, the extrac-
tion technigques and environmental management practices employed, as well as other factors such
as climate and location in relation to settlements.

Processing: Extraction of metals can be done in three ways, or by acombination of methods,
depending on the type and specific characteristics of the mineral being extracted. Hydrometallur-
gica processing, usesliquidsand lixiviation with sulphuric acid. Pyrometallurgy uses dry process-
ing at temperatures between 100°C and 3,000°C and includes calcination and fusion; associated
emissions of sulphur compounds, particulate matter and arsenic cause the most significant envi-
ronmental impacts. Electrometallurgical processing uses electricity to separate metals from the
other associated materials. Technological developments, using modified converters (developed in
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Chile) and flash ovens (developed in Finland) allow an integrated processing that significantly
reduces emissions and energy use. The environmental impacts of this phase revolve around the
generation of solid residues (various solids, acidic sludge and toxic residues); liquid residues
(acidic water, tailings); emissions of gas (particul ate matter, toxic and reactive gases) and noise.

Closure and rehabilitation: Underground mines are usually sealed; surface mines undergo a
process of rehabilitation, regrading, stabilization and revegetation. Environmental problemsinthis
phase include acid leaching and subsidence, as well as aesthetic impacts. Thereisstill little expe-
rienceinthis area, asfew mines have actually been closed.

4.2.2 Current environmental impacts of copper mining in Chile

Recent studies on the environmental impacts of the copper mining sector (Pagani et al. 1992
and 1994; L agos and Velasco, 1994; Ecologiay Desarrollo, 1995; Quirogay Van Hauwermeiren,
1996; Lagos, 1997) show avariety of serious problems. Among the most important are the follow-

ing:

Exhaustion of non-renewable resources: The main environmental impact of copper mining
isthe eventual exhaustion of theresource. At present, because of improvementsin exploration and
exploitation techniques, known copper reserves are till very high, and in no immediate danger of
exhaustion—it is estimated that reserves may last for another 48-100 years. The inevitable effect
istherefore still to come.

Air pollution: The main components of emissions from copper mining that affect the quality
of air are sulphur compounds, arsenic and particul ate matter, released mainly in pyrometallurgical
processing in smelters. Over the last few years, emissions have decreased due to improved tech-
nology and the putting in place of plans to reduce emissions and pollution (Annex VI).

In 1989, emissions of SO, from the copper mining sector accounted for 93.4 per cent of all
emissionsin Chile. Smelters accounted for 91 per cent (874.4 tons/day) and roasting plantsfor 2.4
per cent (22.9 ton/day) (Pagani et al., 1992). Total sulphur emissionsfrom the seven largest smelt-
ers in Chile (Chuquicamata, Caletones, Potrerillos, Ventanas, Paipote, Chagres and Refimet)
amounted to 986,195 ton/day in 1990; 947,192 in 1991; 933,100 ton/day in 1992, and 910.639 in
1993. (Personal communication; L. Olcay, Ministry of Mining, 1997). Emissions of arsenic
accounted for atotal of 4 ton/day in 1988, and 2 ton/day in 1992, although these estimates are
based on partial information only (Artegay Durén, 1994).

Overuse of water resources and pollution: The main problem in terms of water use is the
competition for scarce resources, in particular in the northern regions where most of the mines are
located. At present, enough water is avail able, but projectionsindicate that in future, demand may
be greater than the available supply. The case of Region Il isillustrative of the type of conflicts
that can arise between various users. Water use in the mining sector was 15 per cent of available
resources at the beginning of the 1990s, and it is estimated that thiswill riseto 35 per cent in 2000;
agriculture uses 60 per cent of available resources, which leaves limited amounts for other uses.

Information on water pollutionisnot available, but studies carried out at the end of the 1980s
and early 1990s—based on data from the previous decade (Lagos and Velasco, 1994)—in the
Copiapd (Region 111), Elqui (Region V), Mapocho (Metropolitan Region) and Aconcagua
(Region V) rivers suggest that water quality standards were exceeded on occasion due to effluents
from nearby mines, although without serious effects. The main pollutants are suspended solids
which cause turbidity, metals (lead, copper, mercury, molybdenum, arsenic and nitrates) which
cause high acidity, and percol ation of processing residues, which cause variationsin water salinity;
this last can be a serious problem. At present, the large mines produce minimal amounts of efflu-
ents, because of the processing techniques employed; thishowever isnot the casein smaller mines.
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Soil contamination: Information on contamination of soils—either by direct deposition of
substances or indirectly through leaching—is not readily available. Because mines are located in
areas of low population density, whatever pollution occurs hasgone largely unnoticed. In any case,
itislikely that at least acid pollution is largely neutralized by the akaline soil.

Known instances of pollution include sulphur and arsenic emissions from the Paipote
smelter, which affect nearby vineyards; particul ate matter and toxic gasesfrom theiron pellet plant
of Huasco, which has affected olive groves to such an extent that, in 1992 the Chilean Supreme
Court of Justice ordered a decontamination plan to be undertaken; emissions of particul ate matter
from the Chagres smelter may be affecting surrounding agricultural land; particulate matter, sul-
phur compounds and arsenic depositions from the V entanas smelter, aswell asthe nearby thermo-
electric plant, also are affecting surrounding agricultural land.

L and use changes and subsi dence phenomena are not a problem in the copper mining sector.

Decrease in species. To date, there has been only a negligible impact on flora or fauna,
because most mines are located in the desert, where there are few species. This could well change
in the future, as more areas are explored. Recently, exploration has been approved in the ecol ogi-
cally interesting and vulnerable Andean ecosystem; there is also a case of exploration in a pro-
tected area, which was removed from the system for this purpose.

Environmental risks associated with abandoned mining sites: The main concern are residues
remaining in tailing dams and waste disposal sites after the closure of a mine. In the past, there
have been some serious incidents, such as that which occurred in 1965, when the installations at
El Cobre collapsed, killing 220 people, or 1987 when the Perez Caldera install ations nearly over-
flowed. At present, there are 717 tailing dams with liquid wastes and 149 sites with solid wastes;
299 are unstable, and have a degree of leaching into water courses; an indeterminate amount of
these instalations have been abandoned (Lagos y Velasco, 1994). Most of the mines currently
operating have an expected life of 8-30 years, so that additional problems are not expected to arise
until they are decommissioned.

4.2.3 Factorsinfluencing environmental impactsin the mining sector

On the basis of available information—which isindeed very limited—it would seem that the
most important environmental problems arising as aresult of mining activities are connected to air
and water pollution. But an important question is to determine the causal factors involved. Ulti-
mate causes of, and responsibility for, environmental impacts are very difficult to determine une-
quivocally.

The large mining companies, which manage the major projects and process upwards of
10,000 ton/day (Annex V), because of the volume of production, arelikely to cause more damage.
However, because they employ more advanced technologies and management practices in all
phases of the mining process, they produce a smaller degree of unit/impact, athough overall
impacts are still significant.

The situation of medium mining operations is somewhat different. Older installations have a
significant unit/impact, in spite of the small volume of production, due to the use of inappropriate
and antiquated technology. More recent installations, pressured by market forces as well as regu-
lation, are incorporating advanced technologies and management methods, which will reduce the
magnitude of the unit/impact.

The 2,000 small installations that are operating at present—mostly gold mines processing
less than 200 ton/day—have not yet incorporated modern technologies and environmental man-
agement practices; they also have little managerial capacity and access to credit, which suggests
that the environmental problems that arise from these operations are likely to continue for some
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time. However, because these operations are widely dispersed and are so small, they only account
for very localized impacts.

Present mitigation measures (Annex V1) appear to befairly limited in terms of the companies
involved, although this is changing, as more and more companies take action to protect the envi-
ronment. From the evidence, it would seem asif environmental management by larger companies
is thorough and reasonably effective (Annex VI1).

4.3 TheMining Sector and Environmental Problemsin Chile

The environmental problems caused by mining activities must be seen in the context of
Chile' s natural environment, as well asin relation to national and regional environmental prob-
lems.

4.3.1 Geographic Profile

Chileislocated on the southern Pacific coast of South America. It is4,352 km long, and has
an area of 756,946 km?. Topographical and climatic conditions vary considerably. The rainless
northern desert gives way gradually to a Mediterranean type climate in the central region and then
to atemperate climate with high precipitation in the south. The north iswell endowed with mineral
deposits, the central and southern zones provide good conditions for agriculture and forestry and
coastal fisheries are abundant. Population, is 13.8 million (85 per cent urban); the most densely
inhabited areas are the Metropolitan Region (5.3 million), Region VIII (1.7 million) and the
Region V (1.4 million). The northern areas, where most of the mines are located, are sparsely
popul ated.

4.3.2 National level environmental problems

Below isabrief review of the main environmental problems affecting Chile over the national
territory; those connected to the mining sector are highlighted where they occur, giving an indica-
tion of theroleit playsin the overall environmental problems of the nation.

Air pollution: This affects urban areas, mainly the capital Santiago. Pollutants include sus-
pended particulate matter (from dirt roads, diesel engines), carbon monoxide and nitrous oxides
(from vehicles) and sulphur oxides (from industry). Non-urban areas are affected by pollution
from mining, aswell asfrom cellulose and fish meal processing plants. Pollutants include sulphur
dioxide, arsenic and nitrous oxides. Overall SOz from fixed sources exceeded 900.000 tons in
1989, coming from copper smelters (91 per cent), roasting plants (2.4 per cent), thermoelectric
plants (5.2 per cent) and petrol refineries (1.4 per cent).

Water pollution: Microbiological contamination of water is a serious problem caused by
inadequate trestment of wastes from both domestic and industrial sources. This affects rivers and
coastal waters adjacent to urban centers; pollution of groundwater is an emerging issue. Industrial
effluents from copper mining, cellulose and fish processing plants are also a serious problem.

Land and soil deterioration: Desertification, erosion and soil deterioration are the most
important problems; causes are linked to local environmental conditions, climate, and the lack of
appropriate management practices. Desertification affects approximately 33 million haand is esti-
mated to be increasing by 300,000 halyear. Erosion and loss of soil fertility occur throughout the
agricultural areas and are estimated to be increasing at arate of 40,000 ha/year. Overall estimates
of the percentage of land affected vary between 50 per cent and 70 per cent of the national territory.
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Endangered species and habitats: Chile does not have a high humber of species, those that
occur are characterized by a high level of endemism; ecosystem diversity is relatively high.
Approximately 8.3 per cent of the 4,758 plant species are endangered. Faunais also threatened—
overal 50 taxa are endangered, 93 are vulnerable and 53 are rare; 52 out of atotal of 91 mammal
species are also endangered. Freshwater fish are endangered by pollution and introduction of
exotic species; marine species are threatened by over-exploitation. Ecosystem deterioration is
prevalent, and although 17.5 per cent of the national territory is designated as protected, and it has
been suggested that additional protection is necessary for around 80 sites.

4.3.3 Regional environmental problems

The relationship between regional environmental problems and problems connected to the
mining sector are even more obvious than at the national level. It should be noted however that
only areas where mining activities are located have been described. There has been an attempt to
rank theimportance and/or severity of theregional environmental problems; here, the top ten prob-
lems are taken as the base range. (Sources. Hayek et al., 1990; Ecology y Desarrollo, 1995)

Region |—Tarapaca: Pollution caused by fish processing plants is a problem near urban
areas; water shortages and water losses because of bad management practices and inadequate
infrastructure is the most serious problem related to water, followed by pollution caused by the
fishing industry. Rivers contain high levels of natural pollutants. Eight of the first 10 problems
ranked are related to water management, three to the fishing industry.

Region II—Antofagasta: Air pollution is a serious problem and is caused by industry, tradi-
tional mining and the metallurgical sector aswell as by energy generation. Water is contaminated
with naturally occurring boron and arsenic; fluorides and nickel are also prevalent. Soil over a
2,000 haareais contaminated by the Chuquicamata smelter. Eight of thefirst 10 problems ranked
arerelated to water management and industrial air pollution.

Region I1l—Atacama: Air pollution is caused by traditional mining, metallurgy and energy
generation. Water pollution is associated mainly with boron, but iron and fluorides are aso
present. Soil contamination from the Paipote copper smelter and the Huasco iron pellet plant
affects 3,200 ha. Four of the first 10 problems ranked relate to water management.

Region IV—Coquimbo: The main problem is pollution of water with copper, boron, arsenic
and iron coming from the ore depositsin the area. Ecosystem deterioration by dryland agriculture
and by mining and industrial activitiesisaso aproblem. Three of the first 10 problems ranked are
connected with water management.

Metropolitan Region: Air pollution is serious and is caused mainly by transportation and
industry located around the capital. Water pollution isalso important. Soil contamination by mines
and cement plants affects around 5,000 ha. The first 10 problems ranked are connected to water
pollution by domestic and industrial wastes, air pollution from fixed and mobile sources and waste
disposal.

Region V—Valparaiso: Local air pollution and acid rain is caused by copper smeltersand a
petroleum refinery. Water pollution from copper and iron mining discharges are a problem. Soil
contamination is associated with the smelters at V entanas and Chagres (15,000 ha) and the Melon
cement plant (4,000 ha). Four of the first 10 problems ranked are connected to water management.

Region VI—Libertador General Bernardo O'Higgins. Problems are related to lack of urban
planning and poor infrastructure. There are concerns about copper contamination in soil, and sul-
phate and molybdenum pollution from the Teniente mine; 30,000 ha are affected by pollution from
the Caletones foundry.
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4.3.4 Influence of mining activities on overall environmental problems

Considering the evidence, it is clear that mining activities have a significant influence on
environmental problems at the national level. However, in terms of population affected, the envi-
ronmental impacts of mining have lesser importance than desertification, erosion, urban growth
and water pollution from waste water (Lagos, 1997). Mining activities accounted for 92 per cent
of the sulphur emissions (Regions I1-111); 5 per cent of the water use and for a significant amount
of water pollution; contamination with copper is the most serious problem connected to soil pol-
lution at the national level (Gonzalez, 1994).

At the regional level, the environmental impact caused by mining activities is even more

striking. It is clear that in Regions 11, 111 and 1V, environmental problems are caused principally
by copper mining. A more detailed analysis shows that air pollution caused by smelters and water
pollution areaproblemin Regionsl|l, 111, V and VI; water pollutionisaproblemin Region IV and

water useisaproblemin Regions |l and I11.
4.4 Environmental Effectsof Trade Liberalization
4.4.1 Evaluating the evidence and establishing links

The economic effects of trade liberalization in Chile have been significant. The scale of the
economy hasincreased and there have been changes in the structure of the economy itself, with a
move to greater diversification of activities; these changes have also brought about a shift in the
types of productsthat are being exported. Transfer of technology, particularly in the mining sector,
has been facilitated by tradeliberalization; at the sametime, the new technologiesthat have entered
the country have affected the manner in which the mining sector operates. Finally, regulatory and
policy factors have both fostered the process of liberalization and subsequently been influenced by
liberalization itself.

Environmental impacts occur during the various phases of mining and affect air, water, soils,
biota and ecosystems; these impacts also have significant regiona and national significance.

Applying the hypothesis of the assessment framework, the question is: to what extent is it
possibleto link the economic changes that have taken place as aresult of trade liberalization with
the environmental impacts that are clearly visible? Put another way, it is necessary to determine
the environmental effect that trade liberalization has had, or is having.

For the purpose of theanalysis, trade liberalization isunderstood in its broadest sense—going
beyond issues such as trade agreements and lifting of trade barriers—to encompass the overall
process of opening up of the Chilean economy to world markets, the internal factors that caused
and strengthened this, and indeed, the evolving ideas on the nature of the economy.

While quantitative evaluation of the effects of trade on the environment is impossible here,
it is certainly possible to make a qualitative assessment, based on the data presented earlier. But,
in the end, it is difficult to state categorically whether the overall effect has been positive or nega-
tive in environmental terms.

What isclear isthat thereisavery complex interplay of economic and environmental effects,
and each type of effect is linked with various factors and conditioned by them. Thus, effects of
scale are mitigated by technology; structural and product effects are intertwined, and regulation
and policy influence, are in turn influenced by, the other effects. In the analysis below, only the
environmental aspects will be examined, but it is understood that there are various economic and
social elements that come into play, both in terms of present as well as future effects of trade on
the environment.
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442 Scaleeffects

It is obvious from looking at scale effects in isolation from technology, product and other
effects that as mining activities expand environmental impacts increase. Even though in the Chil-
ean case there have been technol ogical advancesthat have tended to reduce environmental impacts
(see“Technology effects’) caused by the new production, therewill still be effects from increased
mining production. Growth in exportswill continueto rise astrade and globa economic exchanges
develop further. Consideration of scale effects in isolation in the case where virtually the total
stock of mineralsis exported shows that the link between trade and environmental impactsis une-
quivocal.

In purely environmental terms, trade liberalization has led directly to two distinct types of
effect. First, there istheinevitable depletion of non-renewable mineral resources. While the extent
of known reserves has increased due to more effective exploration methods, it is aso true that
some of the mines—for example, Chuquicamata—are beginning to see the effects of a declining
resource. As efforts are made to offset decline in production by more intensive exploration and the
opening of new mines, it islikely that environmental impacts will also increase.

From a regional perspective, export-led growth in mining activities has had extensive and
pervasive effects in the north of the country, where most of the mines are located. Although
detailed dataare not available, it would appear that there may, in future, be particularly seriousand
long-term damages to unique ecosystems in the high mountain plateau (altiplano). Thisis an area
of global significance, among other things, because it is the habitat of the Andean flamingo.

4.4.3 Sructural effects

Chile's comparative advantage has been, and continues to be, based on natura resources;
since the beginning of the century, trade patterns which have mainly focused on minerals have
reflected this. As a result of trade liberalization, exports have diversified considerably, moving
away from non-renewable minerals towards renewable natural resources.

The environmental effects of this diversification and shift towards renewable natural
resources is not well documented, but there seems to be an emerging tendency towards an unsus-
tainable pattern of exploitation. This concerns not only the eventual collapse of some resources
through exploitative pressure (e.g. fisheries) but also generalized pressure on the ecosystem,
including pollution, erosion, desertification and loss of habitats and species. Thus, the shift from
non-renewable mineral resources can be considered as generally positive, but the long-term envi-
ronmental viability of exporting renewables will depend on various factors extraneous to trade
itself.

In addition to structural changes within the larger economic arena, there have al so been struc-
tural changes within the mining sector itself. There has been a shift away from State-controlled
companies, towards the private sector, made up mainly by multinational companies, athough
smaller local companies also are playing arole. The effects that this has on the environment are
not very clear, but it would appear that, because of greater managerial capacity and accessto inter-
national-level technologies, the multinational companies are likely to manage environmental
impact more effectively; thisis offset however, by the scale of their operations.

4.4.4 Technology effects

Trade has had direct and clearly identifiable effect on technological factors. It has allowed
the transfer of environmentally sound and ‘ clean’ technologies. Most of the technologiesin ques-
tion concern the exploitation and processing phases of mining, but also, to alesser extent, fall into
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other categories. There has been arelated transfer of environmental management methods as well
as broader manageria skills.

Both technol ogies and management practices are being applied on anincreasingly large scae
and are already having beneficial effects on the environment. The evidence shows that pollution
originating in the mining sector is steadily decreasing in terms of loads per unit of output; effi-
ciency in the direct use of resources has also increased, both in terms of the ratio of minerals
extracted from ores as well asin terms of resources used for processing, such as water, chemicals
and energy. Recycling is also increasingly common.

At present, it ismostly the large mining companies that have applied improved technologies
and management methods, but thereis evidence of this spreading to medium and small companies,
which will eventually contribute to diminishing the overall negative effects of mining.

There are no studies indicating the spill-over effect of technology transfer from the mining
sector to other sectors of the Chilean economy, but it is likely that this may be occurring; if not
now, then in the future. One case in pont is the use of desalinization technology, which has clear
application in various other industrial sectors and can contribute significantly to conservation of
freshwater resources.

445 Product-related effects

As aresult of changesin demand in international markets, there has been a noticeabl e shift
in the types of products exported, both at the level of the economy as awhole, as well as within
the mining sector itself. In terms of copper exports, there is a greater emphasis on concentrates,
rather than refined copper. The relative proportion of each product has changed dramatically, with
export of concentrates increasing 375.2 per cent since 1990.

It is difficult to judge the environmental effect of this product shift, because it has been
accompanied by growth in absolute terms. In addition, the degree of environmental impact of con-
centrates varies according to the nature of the ores and type of processing technology used, rather
than being a fixed effect. Asthereis such variation in both factors, it is not possible to determine
in an unequivocal manner what the overall environmental effect of this shift in product exportsis.

However, it would seem that, in environmental terms, the focus on concentrates is more
benign, because smelting isavoided. What iscertain isthat improved pyrometallurgical and hydro-
metallurgical technology is contributing to reduce the environmental impact of concentrates per
unit of output, thereby offsetting to some degree increases in the scale of production.

4.4.6 Regulatory and policy effects

The process of economic and trade liberalization has had asignificant influence on the devel -
opment of environmental regulations, management practices and policy in Chile. In the 1980s
environment was still accorded low priority by the Chilean Government, but because of external
influences as well as direct pressure from trading partners, this has begun to change.

There has been a move to rationalize existing environmental legislation and modernize the
system by introducing new regulations and procedures. Broader environmental management pro-
cedures are being influenced to a significant degree by the practices introduced by large foreign
companies operating in the mining sector and conform to international environmental standards.
Chile's continuing emphasis on liberalization indicates that a market-based approach to environ-
mental protection is emerging as the preferred management route.
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Environmental issues are also now becoming part of the political agenda and have even been

the focus of agreements for international co-operation on environmental matters, as part of trade
agreements.

447 Effectson environmental media

It would be useful to have a precise indication of the net effects of trade on the various envi-

ronmental media. However, because of lack of data, the dynamic nature of both the causal factors
and effects, and the presence of countervailing forces, thisis not really possible.

Correlation of various categories of economic effect and related causal factors operating in

the mining sector alow to assess the effects on environmental media, using asimple scaleto meas-
ure the degree of the impact (Borregaard, Blanco and Wautiez, 1997). But overall only an approx-
imate picture of the present situation emerges:

Effects on mineral resources: In the long term, the overall effect will be severely negative:
exhaustion of the resource; in this particular case, the associated economic and socia effects
of an unsustainable activity are also severe;

Effects on air: The overall effect appears negative, although increases in pressure are being
offset by improved technology;

Effects on water: The overall effect on water quality appears mildly negative; the effect on
water availability appears negative; in both cases, increases in pressure are being offset by
improved technology;

Effects on soil: The overall effect appears mildly negative and localized; increases in pressure
are being offset by improved technology;

Effects on ecosystems and biota: From the scant data available, the overall effect appears
mildly negative and localized; pressures may increase in future;






5. LEARNING FROM EXPERIENCE

5.1 The Assessment Process
5.1.1 Thequestion of relevant data

Assessing the environmental impacts of trade liberalization has been a novel undertaking in
the context of Chile. Although there are studies concerning the economic dimension of the mining
sector as well as its importance for trade, environmental aspects have not been dealt with before
in this manner.

A serious difficulty encountered in carrying out this task has been the lack of relevant data.
In spite of the fact that al possible sources were tapped, including government and industry
reports, bibliographic compendiums, the research literature, written questionnaires and personal
interviews, very little was obtained.

Economic data are comprehensive and readily available; however, they are not in a form
amenable to interpretation in terms of environmental issues. Data on the mining sector—on pro-
duction, extraction and processing, technology and management—was accessible but not really
relevant to thetask at hand. Thereal difficulty waswith environmental data, which were extremely
limited. What is most striking is the nature of the data that is available—most refers to pollutants,
presented in the form of point/source pressures; but there seemsto be no information on the effects
of these pressures—that is, the actual environmental impacts. In the absence of baseline data on
the state of resources and ecosystems; in the absence of adequate monitoring to record changesin
these systems as the result of human induced pressures, there is no basis for understanding how
the environment is affected or is changing as aresult of economic activity or trade.

In these conditions, the case study analysis was very difficult. The question is now, how to
overcome the problem until such time when data become readily available. There are, unfortu-
nately, no ready answers—for the moment, improvisation in the way data are gathered and ana-
lysed is probably inevitable.

5.1.2 Application of the Trade-Environment Assessment Framework to the Chilean
case

The study in Chile was used to test the applicability and usefulness of the proposed Trade-
Environment Assessment Framework. Because of time and resource constraints, it was used as a
means of organizing the existing data ex-post facto, rather than as an instrument for shaping a
research and evaluation programme.

As expected, the most pervasive difficulty was the blurring between the overall effects of
economic activity and the specific effects of trade. Establishing robust causal links was also diffi-
cult, but this was mainly due to the lack of information aready alluded to, rather than to method-
ological problems.

Specific methodological difficulties encountered concerned the analytical categories. Their
discrete application, focusing on one el ement at atime was not wholly productive, resulting in con-
siderable overlap between the economic, trade and environmental analysis, aswell as between the
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categories concerning effects. This has led to iteration of the findings rather than alowing new
insights.

A related issue was the difficulty in distinguishing between positive and negative effects. For
example, economic effects were often associated with environmental effects which balanced each
other out, making it difficult to arrive at an unequivocal assessment; new technologies (technology
effect) have had on the whole, a beneficial environmental impact, but these same technologies
have allowed massive increases in production (scale effect), which in itself has negative impacts.
Disentangling the different causes and effects was simply not possible.

Finally, the analysis did not alow the full complexity of the environmental impacts to be
reflected. Thiswas partly afunction of the unavailability of data, and also because the framework
itself did not seem to lend itself readily to including other elements, even though thisisrecognized
by it as an important part of the approach.

5.1.3 Refining the Assessment Framework

The insights gained here may allow to fine-tune the approach embodied in the Assessment
Framework, so as to dea with the difficulties encountered in its application to a real situation.
Many of the problems had, in any case, already been identified as possible stumbling blocks when
the approach was developed. Below are suggestions on how some of the difficulties may be over-
come.

Focusing on a qualitative, selective and in-depth analysis: Given that availability of datawill
aways be a problem, afrankly qualitative focus on selected and representative items, analysed in
depth, is probably the best option at present. A thorough understanding of how environmental sys-
temswork coupled with an analysis based on deduction, inference and extrapolation can go along
way in helping to understand what is happening. Thisis not * settling for second best’ ; on the con-
trary, with such complex phenomena as those that concern us here, it is probably more useful to
reflect on the issues, rather than draw faulty conclusions from imperfect data.

Application of analytical categories. Difficulties encountered in applying the various cate-
gories of effectsto the analysis can be overcome by being more flexible. Rather than considering
them as fixed categories that occur in al cases, they should be considered as possible but not nec-
essary effects. Thus, they should serve as a backdrop to assist consideration of the issues, rather
than as obligatory stepsin the analysis.

Focusing on the interaction of systems: In order to overcome the tendency towards overlap
and iteration, it would be useful to consider all the elements of the analysis together as an interact-
ing system, rather than as separate (albeit linked) elements to be reviewed in a sequential manner.
Thus, instead of studying each type of process separately, it would be helpful to carry out a multi-
dimensional matrix analysis, considering economic, social and environmental systems on the one
hand and effect categories on the other, simultaneously. Such a complex analysis will necessarily
focus on qualitative interactions, as suggested above, rather than attempt quantification. Even if
the techniques for this type of analysis are not well developed, it is probable that results would be
more illuminating than sequential analysis and more robust than in the case of quantification with
little reliable data.

Focusing on the dynamic nature of environmental impacts: Considering the dynamic inter-
actions between the various types of pressure— the manner in which environmental pressures act
together and result in synergistic and cumulative effects over time and space—can help to givea
clearer idea of the complexity and real nature of environmental impacts. Other el ements that can
be analyzed selectively includelocal, regional and global effects; effects on ecosystemsrather than
single environmental media; considering the entire life cycle of processes or products, from the
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extractive/ productive stage, to distribution, use, disposal and possible recycling. Here again, a
multidimensional matrix system can be useful.

The overall focus: In order to overcome the basic difficulty of distinguishing between the
effects of economic development and the effects of trade, it might be better to modify the focus of
the analysis slightly. Rather than emphasizing the need to determine the links between trade and
environmental impact, it might be more productive to accept the overall influence of trade on the
economy as agiven; as both areinextricably linked, it is not clear that they can, or even should be
separated. It would then be possible to focus more deliberately on the mechanisms at work—that
is, the economic mechanisms mediated by trade—that are causing environmenta impacts. We
should not ask whether trade is a causal factor in environmental impacts, but rather how and why
this occurs. In this manner, the levers of policy intervention are made clear.

Cooperative approaches to the assessment process and an interdisciplinary focus can help
overcome skewed perspectives (as occur when the analysis is done from a preponderantly eco-
nomic or environmenta point of view), as well as the problems linked to lack of data. Involving
the main stakeholders—local communities, research institutions, the public and private sector—
brings to bear their accumulated knowledge and various points of view, needs and capabilities; it
also makes subsequent action possible because it engages people through participation.

5.2 Lessonsfrom the Mining Sector in Chile

5.2.1 The Chilean experience

The introduction of neo-liberal policies in Chile in the early 1970s was accompanied by
deliberate movesto lessen the role of the state, create afavourable climate for private investment,
open up the economy and increase trade exchanges. This process coincided, internationally, with
an overall expansion of the world economy and increasing globalization.

Thisconjunction led to aremarkable growth in the Chilean economy, fuelled to agreat extent
by exploitation of natural resources at an ever increasing rate. This has affected the quality of the
environment and even raises questions as to the long-term sustainability of this pattern of eco-
nomic devel opment.

Following this process through the case of the Chilean mining sector, it is possible to estab-
lish achain of causa eventsthat have led to the current impacts on the environment:

e The process of economic liberalization in Chile resulted in the opening up to world markets
and a freeing of trade and economic exchanges; this in turn resulted in a marked growth in
exports in the mining sector;

» Increased trade, in turn, resulted in structura changes in the mining sector aswell asin a shift
in production patterns and changes in the type of products exported;

» Scale effectsresulting in great part from trade, contributed to increasing environmental pres-
sure which, in terms of waste disposal, site abandonment, social and economic sustainability
of mining communities and water scarcity is a significant concern;

» External factors—e.g., thelobbying of the United States copper producers not to allow Chilean
copper in their market, in terms of environmental dumping, or the pressure by multinational
companies on the Chilean authorities to obtain clear environmental regulations—have played
asignificant role in environmental management in the Chilean mining sector and have influ-
enced the manner in which these impacts were perceived and dealt with, spurring the govern-
ment to set in place aregulatory framework to address environmental impacts;
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« Atthesametime, tradeliberalization also encouraged transfer of more environmentally effec-
tive management practices and technol ogiesto deal with the emerging environmental impacts;

« Improved environmental regulation, management and technologies are allowing, and in future
will continueto allow, reduction of the negative environmental effects of mining activities per
unit of production, thereby offsetting at |east part of the effects of growth;

* Although the information available makes an overall environmental baance difficult, the
increase in production and trade of mining products is responsible for the following negative
impacts and concerns. waste disposal (especially solid waste), social and economic sustaina
bility of mining communities, water scarcity, site abandonment; environmental progress, on
the other hand, has been achieved with respect to air and water quality; and,

» Ultimately, because the mining sector is based on anon-renewabl e resource, its activities will
be greatly reduced and then cease; abandonment of mining sites may leave alegacy of residual
environmenta problems.

This step-by-step review of the findings of the study shows clearly that trade liberalization
has indeed had an important and negative environmental impact, but that countervailing forces—
also directly linked to the liberalization process—are contributing to their mitigation.

5.2.2 Managing the environmental effects of trade

Experience in Chile shows that, to date, the most effective way of addressing the environ-
mental impacts of mining activities has been through regulation and improved technology.
Although both factors are operating reasonably well, there is room for further improvement and
for specific actions to support and extend the beneficial influences.

It is therefore suggested that additional measures be undertaken, principally by the govern-
ment, although the private sector can aso make a significant contribution to their implementation.
Only the main categories of activities that should be addressed will be suggested here.

Environmental policy framework: It would be desirable to develop an explicit policy frame-
work to deal with environmental issues, that would give purpose and direction to the various ini-
tiatives and provisions that currently exist. Among the main elements that should be considered is
theintroduction of along-term perspective to devel opment policy and the integration of economic,
social and environmenta elementswithinit. Thisframework should inform government activities,
including legally binding agreements connected to trade—for example, when negotiating the pro-
posed accession of Chileto NAFTA.

Environmental planning and management: Going beyond the current approach to environ-
mental protection that focuses principally on point intervention and regulation, the introduction of
abroad system of regional planning and management, covering entire ecosystems or river basins,
would allow to deal with the interactions between different environmental pressures and the com-
peting demands of economic sectors more effectively. This approach would also make systematic
collection of data on the environment and monitoring changes over time feasible.

Environmental regulatory framework: It isdesirableto rationalize both the regul atory system
as well as the associated institutional structures. As part of this move, a comprehensive set of
norms and standardsfor environmental quality should be developed, including not only the present
thresholds on pollutants, but also indicators of ecosystem integrity and status of biota and habitats.

Development and transfer of technology: These two elements have been shown to be the
most effective means of integrating environmental protection with economic activity. Setting in
place explicit provisions to encourage this to take place at a larger scale, both within the mining
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sector as well as throughout the economy, would contribute to enhancing environmental protec-
tion.

Soecific action programmes. The development of a strategy to ensure the transition towards
amore sustainabl e pattern of development in mining areas should be seen asapriority. Thiswould
entail exploring development of other forms of economic activity that do not rely solely on non-
renewabl e resources. Other supportive actions could be to undertake studies on how to address the
historically accumulated impacts of mining and issues of similar strategic importance.

Financing of environmental protection: This could be secured by the creation of afund spe-
cificaly for this purpose. The mechanisms employed to build up the fund will depend on many
factors, but possible options include reform of the tax regime and direct contributions by the min-
ing sector.

5.2.3 Understanding the implications of trade liberalization

Having examined the effects on the environment of trade liberalization, it might be useful to
reflect on the broader implications. Isit possible to extend the same kind of analysisto the overall
effects of tradeliberalization in the mining sector on Chilean society asawhole?What isthe nature
of these effects? Are they, on balance, positive or negative? It might appear a rhetorical question,
because trade liberalization is undoubtedly beneficial—but in what circumstances, at what price?

Based on the experience in the mining sector, we might frame some questions. Trade liber-
aization has undeniably influenced the direction and growth of the Chilean economy. But how has
the overall economy benefited? How much has trade served to stimulate national internal growth
and employment? How much hasit contributed to the welfare of Chileans? What are thelong-term
prospects for the country? What is the long-term significance of the growing dependence on for-
eign investment and foreign ownership of productive resources?

These points apply to the case of the mining sector in Chile. But it would seem that thereis
amore general mechanism of cause and effect at work, which applies not only to other economic
sectors, but to the overall economy of Chile, and of other countries as well.

These questions need to be addressed primarily as a means of pinpointing weaknesses and
identifying where effects might be negative in the long term. Only then will it be possible to man-
age the process of trade liberalization so that it can truly benefit the country, and people, rather
than the global economy—that somewhat elusive entity of ever moving investment and profit that
feeds on itself.

5.3 Lookingtothe Future: Towardsan Improved Policy Framewor k

5.3.1 Addressing effects of trade

It seems clear that trade liberalization has a series of effects that need to be examined. It is
useful to understand what the specific effects are—on the environment, on the economy, on the
social fabric of countries. But these factors also need to be considered as a system.

To date, the tendency has been to focus on trade principally from the economic point of view.
Thisisnatural, in that trade is after all an economic activity. But we know that this economic activ-
ity hasfar reaching consequencesthat affect both social and environmental factors. Thus, the prac-
tice of giving primacy to the economic dimension of trade, and, in the best of circumstances, deal-
ing with the other effects in side agreements, no longer seems desirable.
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If we consider the many cases when the economic dimension of trade has been given primacy
over social considerations (as in the case of the WTO ruling against the EU’s ban on hormone-
treated beef) or the environment (asin the GATT ruling on tuna import restrictions), we see that
this approach is ultimately self-defeating.

If we accept that the economy is an instrument to promote human welfare, not an end initself,
then this imbalance between the weight accorded to the different dimensions of trade needs to be
redressed.

5.3.2 Moving towards policy integration

It is becoming increasingly recognized that it is necessary to integrate the various dimension
of development—including trade. Efforts towards greater policy integration are already under
way, but need to be extended and applied more vigorously.

A deterrent to progress in this endeavour is the complexity of integrating the disparate ele-
ments in a world that is organized along sectoral lines. All levels of human endeavour, and all
stages of decision-making are sectoral. The current approach is to try and achieve integration at
the level of action by trying to reach a balance among competing interests and needs, all of which
are legitimate within their own bounds. Often, none is served adequately, or the strongest sector
has primacy. Thisiswhat is happening at present, where economic factors are acquiring an ever
growing influence over all other aspects of society.

A way to address this dilemmamay be to integrate the various interests and needs at the ini-
tial stage of policy formulation—that is, where goals are defined. At this level, goals should refer
to the overall goals of society—not to the narrow, purely sectoral ones. The problem isthat these
very broad goals are seldom defined explicitly—they constitute the unspoken direction of society.
But because they are not explicit, because they are not defined in a stringent manner, they are often
overlooked, and indeed, society inadvertently moves counter to them.

Recognizing this problem, it would seem possible to state these broad goals explicitly, and
from thereto devise abroad strategy—the focus of the actions of society. From there, it ispossible
to devise an integrated policy framework that gives a balanced direction to sectoral policies. It is
not the place here to describe al the intricate steps towards putting such a framework in place.
Indeed, there is abundant advice as to how this must be done. Just to name one instance, Agenda
21, the internationally recognized strategy for sustainable development, outlines such a frame-
work, most notably when describing the means to integrate environment and development in deci-
sion-making (Chapter 9).

This framework should aso inform trade policy, and steps need to be taken to ensure, on a
global level, that trade agreements are truly balanced and not favouring one need against another.
The steps towards this are perhaps complex, but certainly clear. What is lacking, is the collective
will to reach balance. Recognizing thisis thefirst step to achieving this balance.
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ANNEX |

ASSESSMENT OF THE EFFECTS OF TRADE
ON THE ENVIRONMENT: CURRENT ANALYTICAL TOOLS

A variety of analytical methods and approaches are currently being employed to assess the effects
of trade on the environment. Asis apparent from this brief review, most are not structured nor formal
methodol ogies, but are primarily ad hoc approaches.

1. Application of Environmental Impact Assessment Methodologies to Trade

To date, no trade-specific methodology has been developed; most of the stages of classic Envi-
ronmental Impact Assessment (EIA) and Strategic Environmental Assessment (SEA) have been
directly transferred and adapted to the examination of trade-environment relationships. A combination
technique has been used in some cases, such as that devel oped by the North-South Center of the Uni-
versity of Miami (Harwell et a., 1994). The assessment is organized on the basis of qualitative ranking
of known environmental risks; it catalogues known ecosystem types and their locations, connects
important economic sectors to affected ecosystem and extrapolates information from data on the
changes in economic sectors already known to be occurring in the wake of liberalization of trade. The
method is based on the scenario-consequence approach and progresses through four stages, using the
results of each previous scenario:

« Trade scenario: Identification of the potential changes in the trade regime between countries
engaged in the liberalization process and modifications in the structure of imports and exports;

»  Economic sector scenario: Estimation of the changesin economic activity in acountry asthe result
of trade;

e Sressscenario: Estimation of the magnitude and type of environmental effects and risks induced
by economic change;

« Trade/environment impact assessment: Estimation of the impacts on ecosystems, both with and
without additional environmental controls being imposed on the critical ecosystem components, as
measured by the stress scenario;

2. Macro-Modeling Approaches for Identifying Environmental I mpact

Economic modelling is used in many of the current studies, including models for economic
assessment, environmental assessment or a combination of both; this last category includes specific
trade-environment models. Macro-economic models are also being used to identify indirect effects of
tradeliberalization. Examplesinclude the Global Trade AnalysisProject (GTAP), ageneral equilibrium
(GE) model and the computable equilibrium (CGE) model. Environmental assessment models have
been developed to identify correlations between economic variables and environmental effects by
using environmental data sets that are absent in economic models. However, most of these models do
not provide information specific to trade, asthey tend to focus on environmental problems (e.g. climate
change).The combination of models has permitted development of sophisticated analytical tools. The
OECD TEQUILA model (Trade and Environmental Equilibrium Analysis model) is based on a
dynamic, multisectoral CGE model to assess how trade liberalization and changes in production pro-
cesses affect emissions of different pollutants.
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3. Focus on the Effects on Growth Resulting from Trade Liberalization

The *environmental Kuznets curve’ (EK C)—the hypothesis which postulates an inverted U-rela
tionship between environmental improvement and growth—is being applied to analyse the effects of
trade liberalization. This approach attempts to show that economic growth is not a threat to global sus-
tainability, and that it alone might solve the problems of environmental degradation (Beckerman,
1995).

4. Focus on Specialization in Pollution-Intensive Industries

This approach, based on econometric methods, examines the structural effects of freer trade and
investigates whether there is a direct causal link between trade liberalization and specialization in pol-
lution-intensive activities, leading to higher levels of environmental deterioration.

5. Focus on National Level Effects

Thevarious national studies, although focusing on the same general issue, are concerned with dif-
fering economic and environmental domestic conditions and distinct policies, regulations and enforce-
ment. Most have been carried out on a case-by-case basis, using a variety of ad hoc methodologies,
including combinations of various well known methods. Because of this lack of uniformity, it is not
possible to compare them.

6. Methods Used to Review Trade Agreements

Governmental reviews of trade agreements and policies generally are qualitative rather than
guantitative and are intended primarily as a means of alerting policy makersin advance of the environ-
mental consequences of proposed trade measures. A uniform methodology does not exist, but each
review has interesting elements:

The EC Commission approach to the environmental review of the Single European Act (SEA) (EC
Commission, 1990) focuses on the sectoral and spatial distribution of environmental impacts generated
by economic activity linked to the European Internal Market. Existing macro-economic modelling is
used to quantify growth in pollution, but it is recognized that the uncertaintiesinherent in economic and
environmental modelling do not allow precise quantification of impacts.

The USapproach to the review of NAFTA includes application of alternative economic scenarios
followed by assessment of environmental effects; quantification is only applied to air pollution.

The Canadian approach to the review of NAFTA focuses on analysis of the environmental provi-
sions of the agreement; assessment of their impact on Canada’'s environment; review of potential mit-
igation processes and follow-up mechanisms. Screening for potential environmental effects includes:
global and atmosphericissues; air and water; renewable and non-renewabl e resources; toxic substances
and waste management.

The USapproach to the review of the Uruguay Round of Agreements (URA) focuses on how envi-
ronmental considerations were taken into account in the URA negotiations; assesses the possible
effectson US laws and regulations, as well as on the US environment and on economic sectors such as
agriculture, transport and energy. The approach pinpoints the difficulty of assessing and quantifying
impacts stemming from the economic changes spearheaded by trade liberalization.

The Canadian approach to the review of URA focuses on the policy and regulatory implications
that the agreement will have for Canadaand identifiesthe extent to which it is consistent with Canadian
government goals for environmental protection and promotion of sustainable development. This is
done on an agreement-by-agreement basis, describing the treaty provisions and then assessing potential
environmental implications. Among theissuesraised isthe need to consider environmental impacts not
only at the national and regional levels but also at the global level, particularly for problems such as
ozone depletion, climate change and |oss of biodiversity.

The Dutch approach to the review of URA (Kuik, 1996) focuses on the potentia conflicts between
the agreement and the national and international environmental policy of the Netherlands. Areas exam-
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ined include precautionary approaches in relation to product standards and regulations; ecolabelling
and life-cycle requirements for products; and climate change policy.

7. Guidelines for Assessing the Effects of Trade on the Environment

The OECD Procedural Guidelines on Trade and Environment (1993) were developed as a stan-
dard approach for use by member States. Procedural aspects of the assessment process are defined; in
terms of methodol ogy, no specific approach isrecommended, but available options arelisted, including
environmental assessment (EIA), forecasting models, scenario evaluation, case studiesand policy eval-
uation techniques such as Cost-Benefit Analysis (CBA).
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ENVIRONMENTAL IMPACT OF TRADE
LIBERALIZATION: REVIEW OF THE EMPIRICAL EVIDENCE

Below are highlights of the results of various studies undertaken to assess the environmental
impacts of trade liberalization.

1. Results of Application of Models to Assess the Effects of Trade on the Environment

Modelling of NAFTA's effect on Mexico’s environment: The study indicates potential increasesin
real GDP of 3.2 per cent accompanied by an increase of 2.8-4.8 per cent in all major pollutants. It was
shown that, in the absence of appropriate environmental policies, freer trade induces negative scae
effectsin all sectors. The study & so suggests that the introduction of pollution abatement taxes would
achieve areduction in effluents. Overall, the negative effects of growth were shown to be small.

Modelling applied to the case of Chile: Three policy scenarios are considered against areference,
business-as-usual scenario. The first scenario imposes taxes on pollutants, one at a time; the second
considers gradual trade liberalization accompanied by a modest improvement in the terms of trade; the
third combines the first two, analysing coordinated trade and environmental reforms. (Beghin et a.,
1996). The findings are that unilateral trade liberalization, in the absence of environmenta policies,
induces higher growth and patterns of specialization that are damaging to the environment. The study
also shows that pollutant-specific taxes have unintended and damaging consequences on emissions of
‘substitute’ substances.

2. Reaults of Cross-Country Sudies

Below are examples of two distinct types of cross-country studies, focusing on growth-induced
changes on the one hand and specialization in polluting industries on the other.

Analysis of the relationship between national income gains, trade and environmental quality:
Two separate studies examined theimpacts of NAFTA and the links between economic growth and the
environment (Grossman and Krueger, 1992, 1995). The relationship between ambient air quality and
per-capita income in a set of between 50 and 120 cities in developed and developing countries was
examined, regressing indicators on SO, levels and suspended particulates against a set of independent
variables, including GDP per capita, national trade intensity, population density and others. The con-
clusions of these studies suggest that pollution intensity is generally higher in the early stages of indus-
trialization and subsequently decreases as incomes rise, but it is acknowledged that the correlation
between income growth and environmental protection is not automatic. Similar conclusions were
reached in an OECD study (Beghin, Roland-Host, and van der Mensbrugghe, 1994).

Analysis of the relationship between income growth and indicators of environmental quality: A
study (Shafik and Bandyopadhyay, 1992) covering the period 1960-1990 in 149 countries, examined
10 separateindicatorsincluding for air and water quality, waste disposal, emission levels and resource
degradation. The findings show that both wastes and emissions unambiguously rise with rising
incomes.

Analysis of the Kuznets curve for carbon dioxide emissions: A study (Holty-Eakin and Seldan,
1995) of 130 countries covering the period 1951-1986 found that levels of emissions start to decrease
at income levels (US$ 35,000 per capita, in 1986 values) that are far higher than those found in most
countries and suggest a great difficulty in reaching reductions of CO, emissions.
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Analysis of the relationship between the rate of growth of pollution and the level of environmental
degradation: In a study (Birdsall and Wheeler, 1992) covering 25 Latin American countries over the
period 1960-1988, econometric methods were used to analyse the relationship between the rate of
growth of pollution intensity, per capitaincome, and the degree of openness of the domestic economy
tointernational trade. It was found that, in the 1980s the higher the degree of openness of the economy,
the higher the reduction in pollution. It was estimated that switching from afully closed to afully open
economy would probably reduce growth in pollution from 35.1 per cent to 4.7 per cent per annum. For
the 1970's, the impact was similar.

Analysis of the environmental impact of trade liberalization in the Latin American and Caribbean
Region (LAC): The study (Ruge et al., 1997) reviewed changes in nationa and regional trade policies
in the LAC region over the last 30 years and assessed the resulting sectoral economic and environmen-
tal impacts. The releases of 14 categories of pollutants were related to production and exports of eight
major industrial sectorsin the 16 countries of the region; this data was correlated to exports, to deter-
mine the related pollution. The study showed that there is no clear link between growth in exports and
intensity of pollution: export-focused industry showed a slight trend towards sectors with a lower pol-
lution intensity, but at the same time, pollution-intensive sectors expanded in response to export
demand. Overall, the study shows that positive structural effects are accompanied by scale, product,
technology and regulatory effects and that freer trade is likely to put pressure on environmenta
resources. Theresearchers concluded that the analysis did not explain the actual dynamics of the effects
of trade liberalization and implementation of environmental policies.

3. Results of National Level Sudies

A number of national studies have been carried out, many of which have been done since 1993
by UNCTAD/UNDP. For the most part they focus on the possible effects of environmental require-
ments for exports or the environmental implications of outward looking policies. An interesting caseis
that of Poland, discussed below; other studiesinclude thosein Argentina, Bolivia, Brazil, Chile, China,
Colombia, Costa Rica, India, the Philippines, Turkey and Zimbabwe.

The case of Poland: The study focuses on the market reforms that have been central to the eco-
nomic changesin the recent period of transition (Fiodor et al., 1994). When assessing the environmental
impact, no distinction was made between these general reforms and trade liberalization. The study
showsthat as priceswereliberalized internally and trade shifted towards adecentralized pattern, Poland
specialized in exports of pollution-intensive goods and environmental damage resulted.

The case of Venezuela: The study (Harwell et al., 1994) assesses the range of environmental
effects resulting from the free trade agreement with the United States. Twenty major economic sectors
were considered in the context of three scenarios of no free trade and free trade with and without envi-
ronmental side-agreements. The study concluded that export sectors—except those with an inherent
competitive advantage—might be affected by stringent environmental requirements; changes in the
economy were expected to be followed by adverse environmental effects in various high-risk areas
including habitats, biological diversity and climate. In some cases (e.g. habitat damage) environmental
impacts could be reduced, but in the case of species depletion, the prospects for reducing adverse
impacts appeared low. Overall, the study showed that afree trade agreement would expand the existing
process of growth, including associated environmental impacts and that those impacts could be miti-
gated through the instrument of an environmental side-agreement.

The case of Colombia: The study (Gaviriaet al., 1994) examined the relationship between pollu-
tion intensity and international competitiveness, but no significant correlations were found except in
products such as textiles, leather, wood products and refined petroleum. Trends in average pollution
intensity over periods differing from each other in terms of trade regime were also examined; the con-
clusion wasthat industrial pollution appeared to be independent from trade policy. Significant environ-
mental effects associated with export expansion in primary products were identified. Coffee isaclear
case whereinternational market forces shaped the nature of the production process and where the envi-
ronmental impact has been justified on economic grounds.
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4. Results of Governmental Reviews of Trade Agreements

Variousreviews have been conducted, either of aspecific agreement, or studies of the same agree-
ment by different countries.

4.1 Environmental review of the Single European Act (SEA)

The review (EC Commission, 1990) identified various economic sectors where environmental
effects resulting from the European Internal Market were likely to be significant: energy, transport,
tourism, the manufacturing industry (including micro-electronics, textiles, chemicals and pharmaceu-
ticals) and agriculture (including food processing). Among the more important findings was the likeli-
hood that SO, and No, would increase, by the year 2010, by 8-9 per cent and 12-14 per cent respec-
tively, above thelevels reached in the absence of the Internal Market. It is suggested that legislative and
technological changes would not be sufficient to offset the effects of projected growth, and that struc-
tural changesin the transport sector would be necessary. An important spatial component to the distri-
bution of environmental impacts was also suggested: serious problems may arise in peripheral regions
and traditional industrial regions (TIR) unless established European level management measures are
complied with. The conclusion of the study isthat in the absence of an adequate framework to stimulate
the further decoupling of economic growth and pollution and the use of ecologica thresholds as the
basic reference for policies, there is no guarantee that the growth of the Internal Market islikely to be
sustainable and lead to an increase in welfare (EC Commission, 1990).

4.2 Review of the North American Free Trade Agreement (NAFTA)

The USreview identifies some areas of concern where environmental impacts might be impor-
tant; among these are the United States-Mexico border areas, where fragile semi-arid ecosystems are
already under stress; the question of water supply and quality, and correlated problems of solid and haz-
ardous waste management. Another area where pressure might increase is for wildlife and endangered
species. The report concludes that, overall, short-term negative environmental effects would be offset
by longer-term beneficial ones and that NAFTA would be positive for environmental quality, whereas
the opposite would be the case if it did not to enter into force.

The Canadian review identifies vulnerable spots; for water quality, it concludes that chemical
contamination from industrial sources, particularly in the Great Lakes region is of concern, but that
NAFTA would not have a significant influence on increases nor would it hamper remedial action. Itis
expected that NAFTA will leverage growth in forestry, but that thiswill have negligible environmental
effects, including on wildlife and habitats. | mportant transboundary problems such aslong-range trans-
port of persistent organic pollutants are expected to persist, irrespective of NAFTA and it is suggested
that cooperation in monitoring and research on their control would be useful. Increase in trade with
Mexico, given the overall modest volume, is not expected to have measurable effects. On balance, the
conclusion was that NAFTA would be largely positive.

4.3 Review of the Uruguay Round of Agreements (URA)

The US review concludes that the URA will increase economic activity worldwide, and that
growth will generate the resources necessary to address environmental concerns. It is estimated that
global allocative efficiency in ecosystem-based activities—such as agriculture—will increase, thus
reducing adverse environmental effects. Technological changeisidentified asacrucial factor in deter-
mining the ultimate environmental impact of increased economic activity, particularly for sectors such
as the transport and energy sectors.

The Canadian review contains many references to the positive growth, scale, structural and reg-
ulatory effects of trade liberalization. The review concludes—without really substantiating the
claims—that the URA will promote more efficient allocation and use of resources, increase production
and incomes and lessen pressures on the environment.

The Dutch review, although somewhat speculative, singlesout areaswhereit isbelieved that there
may be conflict between national legislation and WTO provisions and recommends that an interna-
tional environmental code be developed to deal with the issue.
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INSTITUTIONAL ARRANGEMENTS FOR ENVIRONMENTAL
ASSESSMENT OF TRADE

Below are examples of national procedures and institutional structuresto dea with environmental
issues, including the assessment of the effects on the environment of trade policies and trade-rel ated
activities.

Australia: Full reviews of proposals and submissions related to trade and environment policies
are arequirement. Before these reviews go to Cabinet, they are discussed through a system of inter-
departmental cooperation at the level of Ministries and Departments.

Belgium: Responsibility for trade and environment policies are dispersed among federal and
regional departments and coordination is required. To date, no reviews have been carried out, as Bel-
gium believes that this should be done by the European Union.

Canada: A Cabinet directive requires that all federal departments and agencies apply a non-leg-
islated environmental assessment to policiesand programmes submitted toit for consideration. In 1993
a Task Force on Trade and Environment was established to provide advise; it is composed of represen-
tatives from the environmental, business and academic communities.

Finland: At the administrative level, there is a coordination agreement between the Ministries of
Trade and Industry and of Environment. In 1992 a national Advisory Expert Group was established; it
is composed of government officials, representatives from industry and NGOs. To date, no formal
reviews have been carried out.

France: To date, no formal procedures exist, and the government is undertaking a research pro-
gramme (1997-1998) to devel op an assessment methodology and framework.

The Netherlands: There is no requirement for trade policy to be the subject of environmental
review; policy integration is based on inter-departmental consultation. To date, studies on the effects of
trade agreements (e.g., of the Uruguay Round of Agreements) have been carried out.

Norway: Policy integration relies on coordination and cooperation between departments dealing
with trade and environment; an inter-ministerial ‘core group’ made up by members from Foreign
Affairs and the Ministry of Environment has been set up. In 1992 a ‘national reference group’, acting
as an advisory body, was established.

Sweden: Thereisaformal requirement for al legal decisions (such as agreements on trade) to be
the subject of an environmental impact assessment before approval. Policy integration is carried out by
asmall group of officialswithin the Trade Department of the Ministry for Foreign Affairsand the Min-
istry of Environment; there is also an interministerial working group made up of al ministries inter-
ested in trade and environment issues. A ‘ Reference Group’ made up of representatives of the govern-
ment, industry and NGOs meets regularly to exchange views and provide inputs to the government.

Switzerland: The Federal Government requires consultation between agencies proposing policies
or legidation and interested parties in the private sector. Environmental reviews (e.g. of the Uruguay
Round of Agreements) have been carried as a collaborative effort between economic and environmen-
tal departments of the government and independent experts.

United Kingdom: In 1992, the Department of Environment issued aguide on ‘Political Appraisal
and the Environment’ to assist civil servants in integrating environmental issues in policy making,
including. To date, no specific review of trade policies has been undertaken.
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United Sates: The National Environment Policy Act (NEPA) requires that an Environmental
Impact Statement be prepared for all major federal initiatives affecting the quality of the human envi-
ronment; under this provision, assessments of trade agreements have been prepared. In 1994 a Trade
and Environment Policy Advisory Committee (TEPAC) was established to provide adviseto the United
States Trade Representative's Office and the EPA.

Going somewhat beyond the strictly national scope, but affecting national level procedures, one
can mention that the European Commission reguires screening all of its actions for significant environ-
mental impacts. However, no formal environmental assessment process is required, leaving the
approach flexible, with each department (directorate) free to choose a position, after consultation with
the Environment Directorate. To date, no specific guidelines have been developed for trade-related
issues.
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AGREEMENTS ON ENVIRONMENTAL COOPERATION
BETWEEN CHILE AND CANADA

Chile and Canada have embarked on a process of trade negotiations, in view of the future acces-
sion of Chileto NAFTA. Aspart of this process, a series of documents have been signed, including the
Canada-Chile Free Trade Agreement (CCFTA), as well as aMemorandum of Understanding on Envi-
ronmental Co-operation and the Canada-Chile Agreement on Environmental Cooperation (CCAEC),
which entered into force in June 1997.

This last is patterned on the North American Agreement on Environmental Cooperation. Both
documents concerning environmental issues define the parameters within which trade exchanges will
take place and also detail the areas of specific cooperation between both Governments. It will also pre-
pare the way for Chile to initiate a process of institutional, managerial and technological change.

The Memorandum of Understanding on Environmental Cooperation describes, among other
things, transfer of technology as well as of management practices concerning natural resources. Spe-
cific topics include mining, water management, forestry, protection and conservation of biodiversity,
as well as the application of environmental impact assessment (EIA) and the use of economic instru-
ments for the purpose of environmental management.

The Canada-Chile Agreement on Environmental Cooperation includes commitments on the part
of both countries to enhance environmental cooperation and enforce environmental |aws and regula-
tions governing air, water, toxic substances, wildlife and others. The agreement covers 160 laws and
stipulates that any changes that need to be done will be phased in over atwo-year period. This clause
was inserted specifically because Chile has a considerable number of obsolete laws which should be
repealed, and aso does not yet have effective enforcement provisions.

Citizens and non-governmental organizations will be able to make submissions in cases where
they believe that governments have failed to effectively enforce environmental laws. These submis-
sionswill be evaluated by an independent dispute resolution panel. Fines will be levied if the govern-
ment in question fails to implement actions called for by the panel. The level of these fines shall not
exceed US$ 10 million; thisislower than the similar provisionin NAFTA, and reflects the reduced vol -
ume of trade between Chile and Canada.
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MAJOR FOREIGN INVESTMENT PROJECTS IN THE MINING SECTOR

(Source: COCHILCO, 1996)

IN CHILE

Estimated total
investment
Project Investors (inmillion USS$) Phase Production Sart
| REGION
Cerro Colo- Rio Cerro Inc., 198 Operatingand  Copper Cath- 1999
rado Canada Extension odes/
(extension) Rio Chilelnc., studied actual
Canada 58,000 ton/year
(subsidiaries Copper Cath-
Rio odes/ proj.
Algom) 40,000 ton/year
Collahuasi Falconbridge- 1,760 Construction Copper in Con- 1998-1999
Canada centrates:
Minirco- 330,000 ton/
Luxemburg year
Mitsui Group- Copper
Japan Cathodes
50,000 ton/year
Il REGION
El Abra CODELCO- 1,050 Operating Copper 1996
Chile Cathodes
Cyprus Amax- 225,000 ton/
USA year
Tuina Yuma Copper 30 Study Copper 1999
Corp. Cathodes
Canada 12,000 ton/year
Leonor/Tesoro  Equatorial 220 Study Copper 1999
Treasure Cathodes
Ltd., 60,000 ton/year
Australia
Grupo Luk-
sic—Chile
Lomas Bayas Gibraltar 246 Construction Copper 1998
Mines Ltd., Cathodes
Canada 60,000 ton/year
(Westmin
Resources
Ltd.,
Canada)
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Estimated total
investment
Project Investors (inmillion USS$) Phase Production Sart
Mantos Anglo-Ameri- 137 Operating Copper Cath- 1996
Blancos can Group, odes
South 31,500 ton/year
Africa Copper in Con-
cen-
trate
46,000 ton/year
Fundicion American Bar- 58 Operating Blister Copper 1997
LaNegra ric, & inexpansion  180.000 ton/
Canada year
Noranda Inc. Sulphuric Acid
Canada 278,000 ton/
Others—Chile year
Aguas Tedlin Quimi- 6969 Financing lodine: 1,000 1998
Blancas casde ton/year
Chile Sodium
Inc., Canada Sulphate
Atacama 150,000 ton/
Chemicals year
Co. Can- Potassium
ada Nitrate
70,000 ton/year
El Pefion Meridian Gold Pre-feasibility Gold:
Corp., 3,100-6,200
Canada Kglyear
Chim-borazo Inmet Mining, Study Copper
Canada Cathodes
Agate Bay, 50,000 ton/year
Canada
Escondida BHP Utah, 470 Extension Fine Copper 1998
Australia (1996)
RTZ, England 841,000 ton/
JECO, Japan year
IFCO,. I. Oxides Plant
(Fine Copper)
120,000 ton/
year
Yolanda Kap Resources 20 Construction lodine: 1997
Ltd., 330,000
Canada ton/ year
10224 Yukon- Sodium and/or
Canada Potassium
Corporacion Nitrate
Interameri- 300,000 ton/
canade year
Inversiones-
O.l.
REGION 111
Manto Verde Anglo-Amer- 178 Operating Copper cath- 1996
ica Group odes
South 42,000 ton/year

Africa
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Estimated total
investment
Project Investors (inmillion USS$) Phase Production Sart
El Hueso Homestake 8 Construction Gold: 1,200 kg/ 1997
Aguadela Mining year
Falda Company of
Cadlifornia,
USA
CODELCO,
Chile
Chimberos Placer Dome, 30 Study Silver: 1998
Canada
TVX Gold,
Canada
Lobo/Marte Minera Santa 350 Study Gold: 2000
Rosa 9,000-
(Anglo, 11,000 kg/
American), year
South
Africa
Refugio Bema Gold- 130 Operating Gold: 7,200 kg/ 1996
Canada year
Amax Gold
Refugio
Inc., USA
Candelaria Phelps Dodge, 337 Operating Copper in Con- 1998
USA and Exten- centrates
Sumitom, sion 137,000 ton/
Japan year/actual
Additional
Copper in
Concen-
trates
40,000 ton/year
Aldebaran/ Arizona Star Study Gold
Cerro Casale Resources 1,000-6,000
Canada kolyear
Bema Gold
Corp.,
Canada
REGION IV
Andacollo Enami-Chile 84 Operating Copper 1996
Cobre Tungsten Int. Cathordes
Inc.-Canada 20.000 ton/year
LosPelambres  NipponMining 1.322 In study Fine Copper in 1999
and Metals- Concentrates
Japan 220.000 ton/
Mitsubishi year
Corp-
Japan
Marubeni
Corp.-
Japan
Mitsui and Co.-
Japan
Grupo Luksic-
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Estimated total
investment
Project Investors (inmillion USS$) Phase Production Sart
REGIONSV AND VI AND METROPOLITAN REGIONS
Pullalli Pegasus Gold 50 In study Gold: 2.800 1998-99
Corp. Kglyear
USA
Zotman
Mining-
USA
Fundicion Exxon Miner- 209 Operating Blister Copper 1995
Chagres asint. Corp 120.000 ton/
USA year
Los Bronces Exxon Miner- 550 Operating Fine Copper 2000
and Las asint. Extensionin (1996)
Tértolas Corp. study 120.000
USA ton/year
Fine (ext)
240.000 ton/
year
REGIONSVII-XII
Fachnial/ CDE Chilean 68 Operating Gold: 1.400 1996
Laguna Mining Kglyear
Verde Corp. Silver: 62.000
USA Kglyear




ANNEX VI

ENVIRONMENTAL POLICY AND EMISSION REDUCTION PLANS
IN THE MINING SECTOR

Below isabrief review of the environmental policy and management plans in the mining sector,
aswell as decontamination and pollution reduction plans at some of the major copper mines and smelt-
ers. For the latter, only incomplete information is available, and not all of it covers exactly the same
ground (e.g., period covered; basis of calculation of emissions; types of emissions). In spite of these
inconsistencies, it is possible to form an impression of the level of reductions.

1. Public Sector Operations
1.1 Environmental policy and management

Public sector operations defined explicit environmental policies only in 1990, and subsequently,
modern environmental management practices have been adopted relatively quickly. Thisis of critical
importance, because many of the installations use outdated technology—some are more than 50 years
old.

CODELCO has established an Environmental Management Unit within the corporate structure;
functionsinclude devel opment of policy and guidelines, coordination of the work of the corporate divi-
sions, control of implementation of environmental goals and objectives and compliance with environ-
mental regulations. This work is supported by environmental units in the Operational Divisions. The
Corporate Plan for Decontamination of Smeltersisthe main environmental programme; it aimsat com-
plying with national regulations and achieving a 95 per cent capture of pollutants (higher than the
national norm and equivalent to what is current practice in developed countries). To achieve this,
CODEL CO has developed original technology—the Teniente Process. This has been applied in all of
its own smelting facilities, aswell asin two national and threeinternationally owned smeltersin Chile.
In addition, the technology is being exported. Investments in decontamination have grown from
10.1 per cent of the total investment budget in 1990-1993, to 25 per cent in 1997-1999.

ENAMI: A Corporate Environmental Division has been established, and a programme —Envi-
ronmental Management in the Smelter and Refinery of Ventanas: a Participatory Processin Action—
has recently been launched to deal with conflictswith local communities. Overall, ENAMI hasinvested
USS$ 60 million in the first part of the decade; investment in 1996 alone was US$ 32.7 million, an
increase of 76.8 per cent over the previous year.

1.2 Mitigation plans and measures

With the entering into force of new environmental legislation, most of the public sector compa-
nies either have already started implementing mitigation measures or are planning to do so. These
PLANS are briefly described below:

Chuquicamata (CODELCO): Average production is 5,000 ton/day of copper. It has been declared
a SO, saturated zone. Emissions in 1992 were 261,000 ton/year of sulphur and 1.1 ton/day of arsenic.
Emission reductions for sulphur are planned to go from 252,000 ton/year in 1993, to 198,000 ton/year
in 1995, to 162,000 ton/year in 1998. For particulate matter, the plans are to go from 9,700 ton/year in
1993, to 3,240 ton/year in 1995, to 3,240 ton/year in 1998. For arsenic, the plans are to go from 2,700
ton/year in 1993 to 1,870 ton/year in 1995. All emissions are planned to be within established norms
by 1999. Changes in technology—amounting to a US$ 600 million investment—have already taken
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place; two Teniente converters and one Flash oven as well as four sulphuric acid plants which process
75 per cent of gases that are generated have been installed. Further improvements—amounting to a
USS$ 150 million investment—uwill set in place another Teniente converter and Flash oven; future plans
include reduction in the pyrites contained in the concentrate and expansion in capture of acid gases, to
achieve a 75 per cent rate.

Caletones (CODELCO): Average production is 3.500 ton/day of copper. It has been declared a
SO, and particulate matter saturated zone. Emissions in 1992 were 405,549 ton/year of sulphur and
0.3 ton/day of arsenic. Emission reductions for sulphur are planned to go from 375,000 ton/year in
1998, to 115,000 ton/year in 2001, and to be within established norms by 2003. For particulate matter,
the plansare to go from 3,017 ton/year in 1998, to 1,987 ton/year in 2000, and to be within established
norms by 2001. Teniente technology is in operation; there are plans to introduce two sulphuric acid
plants, first reducing emissions by 37 per cent and a transition plan with a view of eventually
complying with established norms. Investments in these measures are US$ 150 million.

Potrerillos (CODELCO): Average production is 1,500 ton/day of copper. It has been declared a
SO, and particulate matter saturated zone. Emissions in 1992 were 161,769 ton/year of sulphur and
0.3 ton/day of arsenic. Emissions for sulphur are planned to stabilize around 170,000 ton/year in 1997-
1998, and for particulate matter, the plans are to stabilize at 10,800 ton/year during the same period.
Tenientetechnology isin operation; thereare planstoinstall equipment to process waste gases, amount-
ing to an investment of US$200 million.

Ventanas (ENAMI): Average production is 380 ton/day of copper. It has been declared a SO, and
particulate matter saturated zone, and produces 95 per cent of total SO, and 11per cent of particulate
matter in the area. Emissionsin 1992 were 57,700 ton/year of sulphur and 0.3 ton/day of arsenic. Emis-
sion reductions for sulphur are planned to go from 62,000 ton/year in 1993, to 45,000 ton/year in 1998.
For particulate matter, the plans are to go from 3,400 ton/year in 1993, to 2,000 ton/year in 1998. All
emissions are planned to be within established norms by 1999. There are plans for installation of
improved technology and construction of a sulphuric acid plant.

Paipote (ENAMI): Average production is 170 ton/day of copper. It has been declared a SO, satu-
rated zone. Emissions in 1992 were 26,922 ton/year of sulphur. Emission reductions for sulphur are
planned to go from 39,900 ton/year in 1995, to 30,000 ton/year in 1998, to 19,992 ton/year in 1999, and
to be within established norms by 2000. For particul ate matter, the plans are to go from 1,500 ton/year
in 1995, to 1,000 ton/year in 1998, to 600 ton/year in 1999. For arsenic the plans are to go from 84 ton/
year in 1995 to 42 ton/year in 1999. A project to modify the smelters and increase the capacity of the
sulphuric acid plant is under way.

2. Private Sector Operations

The Chilean Association of Industrial Producers (SOFOFA) produced an environmental policy in
1989 and thisis having a positive effect on the environmental performance of the private sector mining.
Environmental management practices were introduced first by the larger companies, based on interna-
tional standards. These are often more stringent than the requirements by Chilean law (Ministry of Min-
ing, 1996. For example, Chagres—the only private sector smelter—has installed equipment that
reduces SO, by 94 per cent , and is thus the only smelter in Chile that complies with air quality stan-
dards.

In addition to following the overall environmental policies of their Headquarters outside Chile,
the companies have high level executives responsible for environmental management. Specific actions
required by the companies include use of environmentally benign technology, application of EIA to
operations, as well as monitoring, follow-up and audits. Provision of information to the public is based
on apolicy of transparency; a system of consultation with employees, the community and interested
groupsisalso in place (CEPAL, 1997).

Medium and small companies generally do not apply environmental management practices, nor
do they have modern installations allowing reduction of emissions.



ANNEX VII

ENVIRONMENTAL POLICY AND MANAGEMENT
AT ESCONDIDA MINE

(Source: CEPAL, 1997 and interviews)

Environmental management is a priority issue at the Escondida Mine. In keeping with interna
tional trends in the mining sector, specia structures and procedures have been established to deal with
environmental issues. Thereisawell defined environmental policy and system of environmental man-
agement, supported by a specific Office for Natural Resources and Environment, attached to the Vice-
presidency for Operations. A monitoring system to review the effects of operationsisalso in place.

1. Environmental Policy

The policy framework at Escondida—in line with that of the main shareholder, the Australian
Broken Hill Proprietary Ltd. (BHP)—promotes the achievement of the highest standards of environ-
mental protection in its operations, incorporating technol ogical advances and scientific knowledge, as
well astheinterests of workers, the surrounding community and the natural environment. To facilitate
this task, the mine is affiliated with environmental organizations such as the Industrial Association of
Antofagasta, the National Oceanographic Committee and the Chilean Society for Ocean Sciences.

2. The Environmental Management System

Environmental management is approached in an integrated and rigorous manner; the goal of the
system is to implement best practices according to international standards and is structured around
identification of potential impacts; establishment of control standards; measurement of parameters;
evaluation of results; and correction and mitigation. Overall environmental management procedures
currently in place include establishment of baseline data, environmental impact studies of planned
interventions, monitoring of the status of the environment and external environmental audits. Thelatter
are carried out by the owner BHP and its British partner RTZ every three years and are designed to
ensure implementation of best practices.

The environmental management system revolves around two main elements, namely the working
environment and the natural environment. The former covers security measures, use of materials and
management of pollutants according to national and international standards; thereis an associated Total
Health Plan designed to protect the workers and includes education and training programmes on vari-
ous aspects of environmental management.

3. The Environmental Management Programme

The environmental management programme focuses on three main elements, namely:

Water quality: Water for mining operationsisreused and recycled at various areasin the mine and
shipping port of Coloso. A 100 km gravitational hydraulic system for the transport of minera to the
port ensures dust-free and energy efficient operations. Thiswater isal so recycled and used for industry,
irrigation, cleaning of the plant and firefighting. Residues are disposed of at seain such amanner asto
have as little environmental impact as possible—since 1991 residues are well below required thresh-
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olds. Water for human consumption is treated in four on-site plants and is then recycled for irrigation.
All water is subject to strict quality control.

Air quality: The programme includes regular monitoring of total particulates and of concentra-
tions of CO, NO and NO,; at present, contamination levels are below those required by law. Thereisa
network of eight monitoring stations in Coloso and norms have been met most of the time, except in
1992, when suspended dust particle requirements were exceeded and corrective measures put in place.
A technological contribution —devel oped by BHP—for treating copper used in the production of cath-
odes uses ammonia-based leaching procedures at normal temperatures and pressures; this allows to
avoid additional processes and consequent air pollution. The procedureis carried out at aspecially built
plant and the ammoniais recycled.

Management of residues: Solid mining residues are sorted and separated into reusable material;
the non-usabl e residues are disposed of in asanitary landfill; toxic residues are placed in sealed drums.
Industrial residues, including non-ferrous metals, wood and plastics are disposed of at another desig-
nated site, while domestic residues are consigned to the municipal refuse facility.

4. Special Focus on Water Management

Water isafundamental element in the production process as well asin the welfare of workers. Its
management therefore is considered to be a matter of priority, and shall be described here in greater
detail. At the start of mining operations in 1989-1990, studies were undertaken to examine the func-
tioning of the local ecosystem, water regime and subterranean aquifer. The water used by the mine was
discovered during explorations; being a new source, potential conflicts with established users in the
area are avoided. Among the various stages and activities around which water management is articu-
lated, the following can be mentioned:

Use and reuse of water: Efficiency in the use of water is stressed. Demand for fresh water has
decreased significantly, from a historically high 1.1 cubic meters per ton of processed ore to 0,7, cm/
ton today. This has been made possible by investmentsin improved processes and plant.Water for min-
ing requirementsis mostly recycled, and only one third comes from direct sources.

Recycling plants at Escondida and Coloso: A system of closed basins to treat used mine water
and reduce water lost to evaporation is in place; high density polyethylene liners and tubing are used
throughout the system to reduce possibility of leakage to the surrounding areas, subterranean aquifers
and the marine environment.

Desalinizing plant: The system for desalinization uses sea water; intake is mixed, with direct
intake from the sea as well as indirect intake from the return flux of the cooling system used in the
ammoniacal leaching process mentioned above. It is very efficient as well as non-polluting.

Hydraulic transport system: Water used for transport of ores is put through a series of filtering
systems, including decanting ponds that remove most particulate matter; a secondary system of auto-
matic recycling through three sand filters is also used. Water that is not used or stored is disposed of
at sea

Drinking water and sanitation: Potable water isbrought in from the city of Antofagasta, but efflu-
ents are treated in situ and reused in mining operations.

Water management and green areas. A system of green areas has been created using recycled
water before final discharge; a holding pond and a drip system ensure irrigation. The plant species are
adapted to arid and saline conditions; although currently introduced ornamental species are the norm,
aprogramme for conservation of native cacti is under consideration.
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