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FOREWORD

In the last decade, concern for environmental and social issues has affected many
business sectors. The emergence of corporate commitments, voluntary codes of con-
duct, and reporting standards signal that corporate leaders have heard societies’
demands for environmentally and socially responsible corporate practices.
Companies doing business in the mining, oil, and gas sectors are among the newest
participants in the corporate social responsibility dialogue. These industries’ recent
commitment to refrain from mining development in World Heritage Sites is an
acknowledgment that protection of sites of exceptional natural and/or cultural value
or sensitivity is socially responsible and worth the cost.

Mineral development is a high-stakes endeavor, and nowhere more so than in areas
where human communities and high-value environmental resources are perceived
to be at risk. Mining companies have faced fines and clean-up costs in the tens of
millions of dollars for pollution-related incidents. Investments of hundreds of mil-
lions have been written off when mining projects were blocked by social unrest and
challenges to environmental destruction.

Mining can provide an important source of jobs and income, but sometimes the
biggest losers of all are isolated rural communities in the vicinity of mining projects,
where too-rapid social and environmental change can tear at the fabric of tradition
and daily life. Such incidents have fueled an often contentious debate about how to
identify areas that should be declared off-limits to mining because of their environ-
mental and social sensitivity. These discussions have yielded general principles, but
no specific framework for highlighting environmentally and socially sensitive areas.

Mining and Critical Ecosystems: Mapping the Risks represents an attempt by the
World Resources Institute and partner organizations in Papua New Guinea and the
Philippines to bridge this gap. It is the first study to systematically assess and map
global indicators of ecosystems and communities that are vulnerable to the negative
impacts of mining. It is also the first to adapt such indicators to the particular cir-
cumstances of two countries where mining plays a large role in the national econo-
my and which face important public policy decisions regarding the future of the
mining sector.

The framework developed in this study is intended to be used by financial institu-
tions and insurance companies who, until now, have relied upon less systematic and
comprehensive methods of assessing environmentally and/or socially vulnerable
areas to mining. We also hope that companies, governments, and non-governmental
organizations will find this work a useful contribution to ongoing efforts to define
“no-go” areas for mining.



However, the pilot framework developed for this study is only one early step in a lengthy
process of risk assessment and stakeholder consultation to identify probable “no go” areas
for mining. Unfortunately, significant uncertainties remain regarding the fragility of ecosys-
tems, and data gaps make it exceptionally difficult to accurately predict the impacts of min-
ing in many areas of high conservation and social value.

“No go” decisions must ultimately be made in the context of what societies are prepared to
accept in terms of risk, based on the environmental and social values attached to the areas in
question. This report argues that some parts of the world hold sufficient natural and social
values to justify their protection from destructive mining practices.

This pilot framework represents the first of a suite of tools that WRI intends to develop to
guide socially and environmentally responsible investments in extractive industries, includ-
ing forestry, mining, and oil and gas development. Over time, we hope to expand our ability
to identify areas of high environmental and social value, where at the very least extreme cau-
tion is warranted in considering mining development.

WRI deeply appreciates the support provided for this project by the David and Lucile Packard
Foundation, the Netherlands Ministry of Foreign Affairs, the Tiffany & Company
Foundation, the World Bank Extractive Industries Review, and the Netherlands Committee
for IUCN.

Jonathan Lash
PRESIDENT
WORLD RESOURCES INSTITUTE

Peter Walpole, S.J.
EXECUTIVE DIRECTOR
ENVIRONMENTAL SCIENCE FOR SOCIAL CHANGE

Yati Bun

CHAIRMAN

PAPUA NEW GUINEA NGO ENVIRONMENTAL WATCH GROUP
DIRECTOR

FOUNDATION FOR PEOPLE AND COMMUNITY DEVELOPMENT, INC.
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Executive Summary

Like many natural resource sectors, the hardrock mining
(metals and precious stones) industry has been under consid-
erable pressure in recent years to improve its environmental
and social performance. The financial and reputational costs
of mining in areas that are environmentally and/or socially
vulnerable have been high for both natural resource compa-
nies and the companies that insure and finance them. For
example, in 1996 the gold mining company Placer Dome
reported a $65 million loss due largely to a spill at its
Marcopper mine in the Philippines (Placer Dome, 1996).

International initiatives have been launched to examine where
and under what circumstances mining is an appropriate land
use and how (or even if) it can contribute to environmentally
and socially responsible development. Nevertheless, much
uncertainty remains in identifying when the potential envi-
ronmental and social costs of mining are too high. Non-gov-
ernmental organizations (NGOs) and companies have devel-
oped general principles and criteria for identifying areas that
should be off-limits to mining, oil, and gas development.
However, to date no attempts have been made to identify
what might constitute “vulnerable ecosystems.”

This study addresses a critical issue that is central to achiev-
ing environmentally and socially responsible mining: the
identification of areas that are too environmentally and/or
socially “sensitive” for mining. It entailed development of a
pilot framework that can be used as preliminary, coarse
screen to identify such areas globally. We also adapted the
methodology and applied the framework at the national level
in two country case studies. This effort represents the first
systematic attempt to develop and apply such a framework.

Companies, governments, and NGOs can use the approach
piloted in this study to identify environmentally and socially
vulnerable areas. The primary audience is insurance compa-
nies and financial institutions that seek to limit their potential
financial losses associated with mining projects that perform
poorly because of environmental and social problems. Other
stakeholders, including mining companies, governments, and
NGOs, should also find it useful as part of an open, transpar-
ent, consultative decision-making process for identifying
probable “no go” areas for mining.

The framework developed for this study is not intended to be
used as a tool for making final decisions on siting, invest-
ment, or “no-go” areas for mining projects. Data uncertainties
and the qualitative nature of the methodology make it unsuit-

able for these purposes. While it does not provide a rigorous,
quantitative risk assessment methodology, the framework can
be used as a first step to highlight areas that may be environ-
mentally or socially vulnerable to mining, and which may
require further assessment. The framework also goes beyond
most other risk assessment tools in the mining sector to
incorporate indicators of governance capacity as well as other
environmental and social indicators for assessing mining
risk, hazards, and vulnerabilities.

THE MINING AND CRITICAL ECOSYSTEMS
FRAMEWORK

This study focuses primarily on hardrock mining (that is,
metals and precious gemstones), although the identification
of environmentally and socially vulnerable areas is also rele-
vant for other extractive industries, such as oil, gas, and
forestry. The analysis was conducted by the World Resources
Institute in partnership with organizations in two countries:
Papua New Guinea (Papua New Guinea NGO Environmental
Watch Group) and the Philippines (Environmental Science for
Social Change).

The framework developed for this study consists of three broad
categories of indicators—vulnerabilities, natural hazards, and
other contributing factors—which were mapped at a global
scale. Case studies in Papua New Guinea and the Philippines
demonstrate application of the global framework and mapping
of indicators at a national level.

The framework’s three categories and the indicators they con-
tain are described below. Because risk assessment terminolo-
gy varies widely in the literature, we first define key terms
used in the analysis. For the purposes of this study, vulnera-
bility, hazard, and risk are defined as follows:

m  Vulnerability is the likelihood of destruction or degradation
arising from a natural or environmental hazard, such as
destruction of an intact ecosystem or damages to an aquat-
ic system from water pollution.

m  Natural Hazards are events, such as earthquakes or floods,
that can cause or exacerbate mine-related problems.

m  Risk is the probability of a hazard occurring, such as the
probability that an earthquake of a given magnitude will
occur in a particular time period.

vii



MINING AND CRITICAL ECOSYSTEMS MAPPING THE RISKS

m  Actuarial risk is the probability of a hazard occurring mul-
tiplied by its consequences. Because data are limited, it is
difficult to measure actuarial risks with respect to mining
at the global level.

m  Other contributing factors are conditions that either increase
or decrease the risk or probability that a hazard will occur,
such as particular mining practices that tend to increase
environmental hazards.

The Mining and Critical Ecosystems Framework is designed
to capture three key environmental challenges associated with
mining: waste management, water quantity and quality, and
habitat destruction (direct and indirect). The social impacts of
mining are less well-documented and difficult to model; thus,
the social element of the framework is limited to measuring
the degree to which communities are equipped to make
informed decisions regarding mining development.

LIMITS OF THE ANALYSIS

Until now, areas that are environmentally and socially vulner-
able to mining have not been systematically mapped. Thus,
the current framework is limited by data availability. Datasets
identifying the location of active mines and exploration sites,
the range of valuable species, and the impacts of mining on
local communities are often incomplete and/or not in the
public domain. Governance practices are difficult to measure
and existing indicators are inaccurate and largely subjective.
Because of these data limitations and the coarse scale at
which the analysis was conducted, some areas not identified
as “highly vulnerable” may, in fact, qualify as such if the
analysis were conducted at a finer scale.

Ultimately, consideration of “no go” areas will involve value-
based judgments, requiring decision-makers to weigh poten-
tial economic benefits against social and environmental costs.
The values adopted in the analysis will bear importantly on
whether these costs are perceived to outweigh economic bene-
fits. The analysis conducted for this study deliberately attach-
es great importance to ecological integrity and healthy com-
munities, because these values are consistent with the
missions of conservation and development organizations
undertaking the analysis. Using the framework to emphasize
other values would yield different results.

RESULTS AND CONCLUSIONS

To date, mining has had a poor record in terms of its contri-
bution to sustainable development. While some communities
and nations have benefited significantly from mining, many
who should have benefited did not. Based on the global analy-
sis conducted for this study, we conclude that:

viii

= Although global and national policy debates often center
on “no go” areas on land that is already subject to legal
protection, mining in important ecosystems that are not
adequately protected may pose an even greater threat.
Three quarters of active mines and exploratory sites over-
lap with areas of high conservation value and areas of high
watershed stress.

m  Many mineral-dependent countries in the developing
world lack important safeguards to ensure that responsible
mining occurs, such as the ability to enforce laws, control
corruption, and foster a strong civil society. Nearly one
quarter of active mines and exploration sites are located in
countries where governance structures are weakest. In
these countries, continued investment in mining will be
less likely to contribute positively to economic develop-
ment unless governance improves.

Our analysis indicates that:

m  More than one quarter of the world’s active mines and
exploration sites overlap with or are within a 10-kilometer
radius of a strictly protected area.

m  Nearly one third of all active mines and exploration sites
are located within areas of intact ecosystems of high con-
servation value (see Map 2).

m  Almost one third of all active mines are located in stressed
watersheds (see Map §5).

m  Nearly one fifth of active mines and exploration sites are
in areas of high or very high seismic hazard (see Map 11),
and more than one third are in areas that may be predis-
posed to water quality problems (see Map 13).

Based on case studies in Papua New Guinea and the
Philippines, we conclude that:

= Although mining in legally protected areas and ancestral
domain claims is difficult to justify in the Philippines,
some mine claims overlap with these areas, producing
latent claim conflicts.

m  Because so many areas of active mining and/or explo-
ration in Papua New Guinea and the Philippines are sub-
ject to multiple vulnerabilities and hazards (75 percent and
40 percent, respectively), investment in mining projects in
these countries is likely to require greater due diligence to
ensure that development does not result in high environ-
mental and social costs.

m  The Porgera and Ok Tedi mines in Papua New Guinea
demonstrate the danger of dealing with multiple hazards
by adopting environmentally risky alternatives in a country



EXECUTIVE SUMMARY

where governance and the capacity for informed decision-
making are low.

Our maps indicate that:

m  More than one quarter of Papua New Guinea’s fragile
forests occur within oil, gas, and mining concessions (see

Map 3).

m  In the Philippines, more than half (56 percent) of all
exploration areas and mining leases overlap with areas of
high ecological vulnerability (see Map 4).

m  Two thirds of exploratory concessions and more than half
of active mines in the Philippines are located in areas of
high seismic risk (see Map 12).

USING THE FRAMEWORK TO SUPPORT OPEN AND
TRANSPARENT CONSULTATIVE PROCESSES

Identifying 'no go' areas is inherently part of a successful
business strategy, especially in the extractive industries sector.
Mining companies routinely assess whether investments pose
greater corporate risks (e.g., loss of reputation, loss of the
social license to operate, disruptions in operations) than

financial benefits. Besides mining companies, the indicators
developed for this study should also be useful to insurers and
providers of project finance, which are especially sensitive to
potential risks posed by mining, as they stand to lose the
most if the consequences of these risks result in disrupted
operations and/or large claims.

Project evaluators can use the data provided in this report to
answer questions in the table below. Answering positively to
one or more of these questions should trigger addtional inves-
tigation, including consultation with local NGOs and stake-
holders to determine if the proposed project conflicts with
regional conservation or social objectives. In addition, the
table can be used to identify some probable "no go" issues,
such as projects proposed in officially designated protected
areas or those with proposed riverine tailings disposal sys-
tems.

Because the process of deciding whether a project warrants a
"no go" decision is complex, it should not be reduced to a
checklist approach. Such decisions will require careful infor-
mation gathering, thoughtful analysis, and stakeholder
engagement. Although the questions listed below can be used
as an initial filter for project evaluation, they are not compre-
hensive and project evaluators may need to consider addition-
al issues.

Coarse-Scale Screen of Environmental and Social Sensitivity

Question Maps Sample Indicators*
1. Does the proposed project fall in high conser- 2, 3, 4 = Officially designated protected areas
vation value areas? = Intact, unique, or rare ecosystems
= Areas representing the last or most important examples of habitat types
= Fragile forests of Papua New Guinea
m Protected/ critical watersheds in the Philippines
2. Does the proposed project fall within 56,7 = Stressed watersheds
other environmentally vulnerable areas? = Groundwater availability in the Philippines
3. Does the project propose environmentally risky 2, 3, 4,9, 10 = Riverine tailings disposal
practices? = Submarine tailings disposal in areas of environmental or social vulnerability
4. Is the project located in an area of 11,12, 13 m FEarthquake-prone areas
high natural hazards? = Predominantly wet, humid climates
5. Is the project proposed in areas with 8,9, 10 = Impoverished communities with low levels of education
disadvantaged communities?
6. Is the project proposed in a country 14,15 = High corruption levels
with poor governance? = Low adherence to the rule of law

Lack of freedom of expression in civil society

*Note: The examples listed are by no means exhaustive, but reflect the indicators that were incorporated in this study. They are meant to be illustrative of the types

of information risk evaluators can use in their coarse-scale analyses.




MINING AND CRITICAL ECOSYSTEMS

MAPPING THE RISKS

RECOMMENDATIONS

Based on the results of this analysis and the conclusions we
draw from them, we recommend that financial institutions,
governments, NGOs, and the mining industry take the follow-
ing actions.

I.

Banks and insurers should use indicators like those devel-
oped for this study to rate the environmental and social
sensitivity of mining projects. Although banks and insur-
ance companies routinely apply environmental screens to
identify sensitive projects, the criteria for and application
of such tests appear to vary broadly and depend upon the
discretion of project evaluators. A more rigorous approach
would be to systematically develop and use indicators that
would assess proposed mining projects and classify any
with characteristics such as those listed in the table above
as “environmentally or socially sensitive.”

Financial institutions should subject all environmental
and social impact assessments of proposed mining proj-
ects to review by an independent, external panel of
experts. A key weakness of current risk evaluation proce-
dures used by the financial sector is reliance on company-
funded environmental impact assessments to evaluate the
potential risks to investors. A more rigorous risk evalua-
tion process would entail external review of all environ-
mental and social impact assessments by a panel of
experts not employed by the mining company and prefer-
ably independent of the institution considering project
finance.

These expert reviews should be made publicly available,
further raising the level of oversight. For especially sensi-
tive projects, free prior informed consent with local stake-
holders should be considered a necessary condition for
project financing. Client confidentiality rules may make
some private banks reluctant to require transparency as a
condition of project finance. However, failure to identify
potential environmental and social pitfalls may prove
more costly in the long term, especially if community
opposition is strong enough to halt operations.

Government policymakers and NGOs should use method-
ologies like the one developed for this study to identify
areas that may be socially and environmentally sensitive to
mining. Despite the development of international stan-
dards for companies and financial institutions engaged in
the mining sector, governments and civil society will con-
tinue to bear the primary responsibility for ensuring the
long-term health of ecosystems and communities.

Thorough, rigorous assessments by governments and
NGOs of areas that are environmentally and socially vul-
nerable to mining could lead to more informed debates
and better environmental and social outcomes.

Governments should support anti-corruption measures
aimed at the mining sector, such as mandatory disclosure
of payments made to governments by mining companies.
Such information should be disaggregated to show indi-
vidual company revenue flows as well as the distribution
of payments at a sub-national level. Lack of transparency is
a major problem in the mining sector, especially in coun-
tries that depend heavily on mineral wealth. Although
some argue that a voluntary approach would reflect a true
commitment to transparency, mandatory measures will be
far more likely to ensure that benefits are used effectively
to promote development.

. The mining industry should use indicators like the ones

developed for this study to identify areas that are environ-
mentally and socially vulnerable to the impacts of mining
and to identify probable “no go” areas. While adoption of a
Sustainable Development Framework put forward by the
global mining industry association (the International
Council on Metals and Mining, or ICMM) is an important
first step, more needs to be done to make general princi-
ples operationally relevant. Principle #4 commits the
industry to “implement[ing] “risk management strategies
based on valid data and sound science.” Using the frame-
work indicators developed for this study to identify envi-
ronmentally and socially vulnerable areas would be a good
start toward operationalizing this principle.

Mining companies should make firm commitments not to
develop mines in an expanded set of “no go” areas, includ-
ing those identified using this and related methodologies.
The ICMM principles also call on mining companies to
“respect legally protected areas.” As a first step, ICMM
members should support [IUCN Amman Resolution 2.82
and commit not to develop mines in strictly protected
areas, that is, IUCN categories I-IV. Moreover, this study
demonstrates the need for companies to go beyond the
Amman Resolution to consider other areas that are envi-
ronmentally and/or socially sensitive to mining and
should be designated probable “no go” areas. Companies
should use the framework indicators developed for this
study to help them identify such areas and avoid costly
investments in properties that are likely to be unfeasible
for environmental or social reasons.
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8. Mining companies should also agree to disclose payments

made to governments as called for in the Extractive
Industries Transparency Initiative. The Extractive
Industries Transparency Initiative seeks to address corrup-
tion in the mining, oil and gas sectors by encouraging
companies to disclose payments made to governments.
Such a commitment would be in keeping with ICMM
principles, which commit member companies to “imple-
ment policies and practices that seek to prevent bribery
and corruption.”

9. Metal product buyers, such as jewelry retailers, electronics

manufacturers, and telecommunications companies,
should commit to sourcing their materials only from envi-
ronmentally and socially responsible mines. Such a com-
mitment would require metal product buyers to consider
the environmental and social risks associated with sourc-
ing materials from specific mines and thus could help per-
suade mining companies to change their practices.
Although further detailed analysis is necessary to identify
site-specific risks, mines located in areas that are environ-
mentally or socially vulnerable, or that use risky practices,
should be of concern to metal product buyers seeking to
implement responsible purchasing commitments.

Xi






Chapter 1

Mine incidents are costly for
companies.

There are no global standards
for responsible mining.

Introduction and Background

Like many natural resource sectors, the mining industry has been under considerable pres-
sure in recent years to improve its environmental and social performance. High-profile disas-
ters have been costly for both natural resource companies and the companies that insure and
finance them (see Table 1). In recent years, a plethora of international initiatives have sought
to address the environmental and social performance of the mining, oil, and gas industries
(see Box 1). These initiatives attempt to address the lack of international standards governing
where and how these companies should operate. Each initiative has a different focus, but
nearly all recognize that some parts of the world may not be suitable for mineral develop-
ment. Inherent in all these processes is a vigorous debate on where mining should or should
not occur and what should be taken into account when such decisions are made.

Unfortunately, there is as yet no consensus on international standards for the mining, oil,
and gas industries, and much less on what areas may be unsuitable for development.
Despite the wealth of existing information on the social and environmental impacts of these
sectors, much of it is limited to case study analyses. Very little has been done to quantify the
impacts of mining on specific ecosystems, much less to identify ecosystems that are vulnera-
ble to the impacts from mining at a global level. The lack of independent data at a global
level makes it difficult to understand the threat posed by mining in remote areas, which are
increasingly being developed for mineral extraction. And without such data, it is difficult to
develop comprehensive international standards for environmentally and socially responsible
mining.

Table 1. Costs to Mining Companies from Environmental Incidents

Mine Incident Company Financial Cost to Company (in $US)
Marcopper, Marinduque, Philippines (1996) Placer Dome (40% owner); m Total of $43 million in after-tax charges to earnings (including
Marcopper Mining (60% owner) $18 million in clean-up and remediation) reported by Placer Dome

= $2 million fine from the Philippine government
m $2.5 million in fines between 1975 and 1988

Los Frailes, Spain (1998)

Boliden m $24.5 million in direct and indirect costs

OK Tedi, Papua New Guinea

BHP m $416 million write-off in 2001 due to withdrawal from project for
environmental and social reasons

= $49 million in compensation to landowners in 1996

Paracale, Camarines Norte, Philippines,

United Paragon Mining Corporation = $60,000 in fines

unauthorized discharge of wastewater, 1995-1998

Note: Includes fines and costs to companies from mine incidents for which information is available.
Sources: Marcopper—Placer Dome, 1996; DENR-PAB, 2000. Los Frailes—UNEP/World Bank /MMSD, 2002b. OK Tedi—BHP, 2002. Paracale—DENR-PAB, 2000.
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The goal of this study was to develop a qualitative framework for identifying ecosystems and

communities vulnerable to the environmental and social impacts of mining. Financial insti-
tutions, mining companies, governments, and nongovernmental organizations (NGOs)
could then use the methodology tested by this research in Papua New Guinea and the
Philippines to guide the development of a set of standards for environmentally responsible
mining, or the identification of areas that should be placed off-limits for mineral develop-
ment—so-called “no go” zones. The methodology used in this report is especially relevant for
financial institutions and insurance companies, which may be exposed to financial losses if

investments in mining projects result in environmentally or socially costly outcomes.

Box 1. International Mining Initiatives

The last 2 years have witnessed several large international
initiatives aimed at addressing mining and its environmen-
tal and social impacts:

The World Summit on Sustainable Development (WSSD): In
2002, in Johannesburg, South Africa, governments adopted
an implementation plan for sustainable development, which
committed states to: address the environmental, economic,
health, and social impacts and benefits of mining; promote
transparency and accountability for sustainable mining and
minerals development; enhance the participation of stake-
holders, including local and indigenous communities and
women, in all stages of mining; and, foster sustainable min-
ing practices by providing financial, technical, and capacity-
building support to developing countries and countries with
economies in transition (WSSD 2002).

The Mining, Minerals and Sustainable Development Project
(MMSD): MMSD was a 2-year research and public consulta-
tion effort commissioned by the World Business Council for
Sustainable Development (WBCSD), and sponsored princi-
pally by mining companies. The project was executed by the
International Institute for Environment and Development
(IIED). In its final report Breaking New Ground, released in
2002, MMSD identifies the challenges faced by the minerals
sector and proposes an agenda for change (MMSD 2002).

The Extractive Industries Review (EIR) of the World Bank: In
2001, the World Bank launched a review with concerned
stakeholders of its future role in the extractive industries.
The objective of this ongoing process is to produce a set of
recommendations that will guide the Banks’ involvement in
the oil, gas, and mining sectors. The review is taking place
within the context of the Bank’s overall mission of poverty
reduction and promotion of sustainable development (EIR
2002).

IUCN, Mining, and Biodiversity: During the WSSD, the
World Conservation Union (IUCN) and the International
Council of Mining and Metals agreed to a dialogue to
improve the performance of the mining industry with
respect to biodiversity conservation and protected areas. The
initial focus of the dialogue includes “best practice guide-
lines/principles,” “reporting criteria” for the mining indus-
try, and a review of the application of the protected areas cat-
egory system to mining (IUCN 2003).

The International Council on Mining and Metals (ICMM): An
industry association, ICMM was formally launched during a
high-profile meeting on mining in Toronto in 2002 and
includes among its members most of the world’s major min-
ing companies. Its mission is “to be the clear and authorita-
tive global voice of the world’s mining and metals industries,
developing and articulating their sustainable development
case, discovering and promoting best practice on sustainable
development issues within the industries and acting as the
principal point of engagement with the industries for stake-
holders at the global level” (ICMM 2003). ICMM has estab-
lished various task forces to implement its work program,
such as Sustainable Development Framework, Interaction
with Key International Fora, Community and Social
Development, and Mining and Biodiversity.

Global Mining Campaign and other NGO Networks: The
Global Mining Campaign (GMC) was launched at an inter-
national meeting of community activists and NGOs in 2001.
The GMC is a network of groups that exchange information
and coordinate campaign efforts on mining issues. Other
NGO networks have also been created in other parts of the
world (e.g., U.S., Asia-Pacific), allowing increased collabora-
tion among NGOs and community activists on mining-relat-
ed issues.



1. Introduction and Background

The analysis focuses
primarily on hardrock mining.

At the global level, our analysis identifies indicators that should be taken into account when
considering areas that may be too vulnerable to the impacts of mining. However, global level
indicators are not sufficiently detailed to allow decision-makers to identify vulnerable areas
and site-specific risks. For this reason, we engaged partners in two countries—Papua New
Guinea (Papua New Guinea NGO Environmental Watch Group) and the Philippines
(Environmental Science for Social Change)—to develop the global methodology and adapt it
to the realities in their respective countries (see Map 1). Both case studies are intended to
demonstrate how the global framework can be applied at a national level, using nationally
available datasets for each country.

These two countries were chosen as case studies in part due to the interests of supporters of
this research in the Asia/Pacific region. In addition to the importance of mining to the
economies of these countries, both are characterized by exceptionally high ecological value,
although the condition of remaining ecosystems is vastly different between the two. While
Papua New Guinea is fortunate to retain many of its ecosystems intact, the Philippines has
suffered extensive habitat destruction. Thus we believe these two countries are representative
of the challenges that decision-makers are likely to face when identifying “no go” areas in
countries where ecosystems remain intact or, alternatively, where ecological values are highly
threatened.

The analysis in this study focuses primarily on hardrock mining (i.e., metals and precious
gemstones), although the identification of environmentally and socially vulnerable areas is
also relevant for other extractive industries (e.g., oil and gas, forestry). Within this scope, we
have chosen to emphasize issues most closely associated with large-scale mining.! For the
purposes of this study, “small-scale mining” refers to individual operators who may be
organized locally in cooperatives, but whose activities are typically not captured in formal
concession agreements with the state.

This report is organized primarily according to kinds of indicators we developed to examine
environmental and social vulnerabilities to mining impacts. First, the remainder of this
chapter provides a brief overview of the mining industry and key environmental and social
issues covered in this study, and Chapter 2 outlines the methodological framework used in
this study. Then, Chapter 3 examines the results of analysis using indicators aimed at identi-
fying areas that are environmentally vulnerable with respect to mining. Chapter 4 outlines a
method for using indicators to identify socially vulnerable areas. Chapter 5 examines indica-
tors of the types of natural hazards that must be taken into account when considering poten-
tial mine development. Chapter 6 examines indicators of other factors that contribute to
mining risks, such as destructive mining practices and weak governance. Chapter 77 identi-
fies financial institutions exposed to social and environmental risks from mining. Chapter 8
presents conclusion and recommendations to those seeking to establish “no go” zones or

! This is not to suggest that small-scale mining does not pose a major challenge to the health of ecosystems and
communities around the world. Indeed, despite the limited scale of their operations, individual miners have had a
significant impact on disproportionately large stretches of forests and riverine ecosystems. For example, since its
discovery in 1983, the Mount Diwalwal small-scale mining area in the Philippines has produced considerable mer-
cury pollution, mine accidents, crime, and social disintegration (Beinhoff and Calvez, 2000; Manila Times, 2002).
However, small-scale mining is difficult to track. In most cases, small-scale miners operate illegally, making it nearly
impossible to identify their location within a given country, much less represent the collective impact of their activi-
ties on global maps.
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international standards for the mining sector (i.e., financial institutions, government policy-
makers, and the private sector). Chapters 3—7 present the findings of our analysis, with each
chapter beginning with highlights of these findings, followed by an examination of the ana-
lytical methods used and a more detailed discussion of the results.

MINING INDUSTRY TRENDS

Metal mining is a volatile and Metal mining is a volatile and competitive industry. Over the past 25 years, the minerals

competitive industry. industry has found it more difficult to meet its capital costs and turn a profit (MMSD, 2002:
58). During the 1990s, major players in the mining industry became increasingly interna-
tional, with exploration peaking during the middle of the decade. Since then, exploration
expenditure has dropped dramatically worldwide, due to low mineral prices and the Asian
economic crisis (Kuo et al., 2000). Production of major metals occurs primarily in the
Americas and the Asia-Pacific region, with Africa claiming the majority of diamond produc-
tion (see Figure 1).

FIGURE 1. Share of Production hy Global Region for Selected Minerals, 2000! FIGURE 2. Entries in Mines Database hy
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Source: USGS, Minerals Yearbook, 2000.
Notes: 1) Primary production only; 2) Includes Australia; 3) Includes NIS and Russia. Source: InfoMine, 2003.

The mines database used in this study was purchased from InfoMine, a private, for-profit
provider of mining data and information. It includes nearly 4,500 mining areas, of which
half are exploration sites (see Figure 2). Most of the active mines and exploratory sites
included in this database are located in North and South America, which likely reflects gaps
in the quality of the global data.

PHILIPPINES
The Philippine government is During the 198o0s, the Philippines ranked among the top 10 producers of gold, copper, nick-
seeking to attract new el, and chromites (ESSC, 1999b). In 2000, the Philippines ranked second only to Indonesia
investments. in terms of prospective minerals and resources (Kuo et al., 2000). The approval of explo-

ration applications slowed considerably from 1999 to 2001, although it picked up again in
2002 (see Figure 3). The proposed National Minerals Policy indicates that the government
seeks to attract new investments in this sector. As of the first quarter of 2003, there were two
large mines and seven medium-sized mines in operation, dominated primarily by national
companies (MGB, 2003). One gold mine (Rapu-Rapu) is scheduled to come on line in 2004.
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Exploration in Papua New
Guinea is expected to
increase.

PAPUA NEW GUINEA

Mining contributes nearly three quarters of export revenue and 17 percent of Papua New
Guinea’s gross domestic product (GDP). It is the second most important sector in the coun-
try’s economy after agriculture. However, exploration in Papua New Guinea has stalled in
recent years. The government has received only nine new applications for exploration licens-
es in the last 4 years, down from a peak of more than 8o in 1987 (GoPNG, 2003).
Approximately 85 exploratory concessions have been granted, most of which remain largely
unexplored. Five mines ranking among the world’s top 10 producers of gold and copper pro-
vide the majority of Papua New Guinea’s mining production. Two of these mines are sched-
uled to close in the next 5 years. Notwithstanding these mine closures, the country is consid-
ered to be vastly under-explored and the importance of mining revenue to central
government coffers has made discovery of new deposits a high priority (GoPNG, 2003).
After stagnating in the last few years, the number of new exploration licenses is expected to
climb significantly in 2003 (see Figure 4).

FIGURE 3. Approved Exploration and Mining Permits in the Philippines, 1990-2002

50 -

40 - . -
e Vlineral Production

30 - Sharing Agreements

20 -

10 mm Fxploration Permits

Source: MGB, 2003.
Note: Includes applications for all metal and non-metal exploratory permits.

FIGURE 4. Approved Exploration Licenses in Papua New Guinea, 1980-2003
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Box 2. The Potential Scale of Mining Impacts

Ranging from 2,000 to 5,000 hectares, mining concessions
or licenses typically are smaller than logging concessions.
Unlike forestry, a mine site does not occupy the entire con-
cession area and may encompass a few square kilometers.
However, companies may conduct exploration activities (i.e.,
drilling, vegetation clearing) in the entire concession allocat-
ed to them. In addition, mines require supporting infra-
structure (such as roads and electricity), processing facilities
(wWhich may be located far from the extraction site), and ports
for the export of raw materials. Thus the environmental and
social impacts of mining can extend well beyond the conces-
sion area, depending on the stage of mining. Some exam-
ples of the extent of known impacts include:

Road building: For every kilometer of pipeline built in the
Amazon Basin, an estimated 400-2,400 hectares of forest
has been cleared for colonization (Ledec, 1990:592).

Riverine tailings disposal: Mine waste dumped in the Jaba
River in Papua New Guinea resulted in fish loss in 480
square kilometers (km2) of the watershed (Boge, 1998:212).
About 1,300 km= of vegetation died in the Fly River water-
shed in Papua New Guinea and fish stocks have fallen
70—90 percent due to riverine waste disposal from the OK
Tedi mine (WRI, 2003).

Acid drainage: As of 1993, the U.S. Forest Service estimated
that 5,000-10,000 miles of streams within U.S. national
forests were severely affected by acid drainage, in some cases
from mines abandoned more than 100 years ago (USDA-FS,

1993).

Tailings spills: In 2000, approximately 100,000 cubic meters
(m3) of cyanide-laced tailings spilled into the Tisza River
from an impoundment at the Baia Mare mine in Romania.
Cyanide was carried downstream into the Danube River in
Hungary.

Processing: In the 1980s, a decline in wetland plant species
attributed to smelter emissions was reported 30 kilometers
from the Sudbury smelter in Ontario, Canada (Ripley,
1996:170-180).

Groundwater Depletion: As of 1996, mining was the largest
industrial user of groundwater in Tucson, Arizona, account-
ing for 15 percent of groundwater consumption.

Human Health: In 2000, a truck spilled 300 pounds of mer-
cury near the Yanacocha mine in Peru. Contamination from
mercury poisoning resulted in the hospitalization of 200 to

300 people.

KEY ENVIRONMENTAL AND SOCIAL IMPACTS OF MINING

Environmental and social
impacts may extend well
beyond the mine site.

The potential environmental and social impacts of mining range from limited, site-specific
contamination to large-scale, sometimes indirect ecosystem degradation. Although mines
may appear to generate smaller-scale impacts than other more land-extensive activities (e.g.,

agriculture and forestry), the environmental and social impacts of mining may extend well

beyond the mine site (see Box 2). Table 2 provides a summary of potential mining-related

impacts on ecosystems and local communities.

The framework adopted in this study addresses the following key challenges:

m  Waste management, which may affect water and habitat quality

m  Natural resource access (land and water)

m  Uneven creation and distribution of wealth, which may lead to social upheaval and, in

extreme cases, violent conflict

Although some practices can play a role in minimizing the social and environmental impacts

of mining, data on the implementation of such practices are not globally available. Thus the
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Table 2. Potential Environmental and Social Impacts of Mining

Stage

Activities

Potential Impact

Exploration .

Geophysical/ airborne surveying
Drilling/trenching

Trench blasting

Exploration camp development
Road construction

Habitat loss/ fragmentation

Runoff of sediments/ increased suspended sediment load to surface
water

Disturbance to wildlife and local communities
Increased demand for local water resources
Spills of fuels and other contaminants
Increased colonization due to road development
Species loss due to hunting

Site Preparation/ Mineral =
Extraction -

Mine construction (vegetation removal, stripping of soils)

Mine infrastructure development (power lines, roads,
etc.)

Construction of plants, offices, buildings

Mine camp construction

Creation of waste rock piles

Creation of low- and high-grade ore stockpiles
Blasting to release ores

Transport of ore to crushers for processing

Habitat loss/ fragmentation

Chemical contamination of surface and ground waters
Declining species populations

Toxicity impacts to organisms (terrestrial and aquatic plants and
animals)

Altered landscapes

Increased demand for water resources

Increased demand for electrical power

Increased erosion and siltation

Altered patterns of drainage and runoff

Dust/fumes from explosives

Increased colonization due to road development
Species loss due to hunting

Processing/Smelting .

Milling/grinding ore
Chemical leaching/concentration of ore
Smelting/refining ore

Discharge of chemicals and other wastes to surface waters
Emissions of sulfur dioxide and heavy metals
Increased demand for electrical power

Transport to final markets =

Packaging/loading of final product
Transport of product

Noise disturbance
Dust/fumes from stockpiles

Mine closure/ Post- .
Operation -

Reseeding/ revegetation
Re-contouring waste piles/ pit walls
Fencing dangerous areas
Monitoring seepage

Persistent contaminants in surface and groundwaters

Expensive, long-term water treatment

Persistent toxicity to organisms

Loss of original vegetation/biodiversity

Abandoned pits/shafts that pose hazards and health risks to humans
Windborne dust

Source: Adapted from Miranda et al., 1998; Ashton et al, 2002.

framework used in this study does not adjust for the implementation of “best” practices. A

more detailed discussion of the social and environmental impacts of mining is provided in

Appendix 2 to this report, which is available on WRI’s website (http://www.wri.org/).

WASTE MANAGEMENT

Open-pit mining usually involves the movement of mass quantities of material, as well as
processing to extract valuable metals. In general, there are three types of mining waste:
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MAPPING THE RISKS

Waste management is a key
challenge for environmentally
and socially responsible
mining.

Mining may have far-reaching
indirect impacts.

m  Overburden and waste rock: This includes soil, vegetation, and earth located above a
deposit (known as overburden), as well as rock that has been mined and is deemed
uneconomical for further processing (known as waste rock). Overburden is often saved
for future use in revegetation and some mineralized waste rock may be stockpiled for
processing when the mine closes.

m  Tailings: The residual slurry that remains once ore has been processed. Tailings are often
liquid (usually at least 50 percent water) and are disposed of in impoundments on land or
in the aquatic environment. A key risk with tailings impoundments is the potential for
containment failure, releasing many tons of toxic effluent into local waterways.

m  Leach heap spent ore: This is the residual material that remains from processing ore in a
heap leach facility. Heap leaching is most frequently used in North America and consists
of crushing ore, placing it on a liner, and spraying it with a cyanide solution. Heap leach-
ing allows companies to process low-grade ores more economically.

Many of the environmental problems associated with mining stem from the management of
these types of waste. Environmental challenges having the greatest impact on ecosystems
include:

m  Sedimentation: Sediments from waste dumps and tailings may be disposed of or erode
into waterways, harming fish and other aquatic wildlife.

m  Acid Drainage (AD): AD occurs when sulfide-bearing rock reacts with air and water, pro-
ducing acidic waters containing dissolved metals that may drain as runoff into water bod-
ies, killing aquatic flora and fauna. AD is arguably the most severe environmental impact
associated with mining because once it occurs, costly and perpetual water treatment is
often the only solution.

m  Metals Deposition: Tailings often contain heavy metals as well as reagents used in pro-
cessing, such as cyanide. Poor tailings management may result in the release of metal-
laden waste into the environment. In addition, heavy metals may be leached as a result of
acid drainage.

NATURAL RESOURCE ACCESS

Mines require access to land and water, and may compete with other uses (Ashton et al.,
2002). Such access can result in indirect effects such as colonization from road-building
(and associated wildlife hunting and deforestation), displacement of communities and
indigenous peoples, increased prostitution, and alcoholism. These indirect impacts may con-
stitute the worst long-term legacy of mining. Because mineral processing requires substan-
tial energy and water, mining may conflict with other land uses if water resources are already
scarce.
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Mining does not always result
in the equitable distribution
of wealth.

POVERTY ALLEVIATION AND WEALTH DISTRIBUTION

Mining companies often point to the wealth generated from mining as evidence of the posi-
tive contributions mining can generate, especially in developing countries. However, some
researchers contend that a higher proportion of the population in mineral-dependent states
live below the poverty line. In addition, mineral-dependent countries are characterized by
greater gaps between the rich and the poor (Ross, 2001a; Gelb et al., 1988). Rural communi-
ties dependent upon mineral development are especially vulnerable to the boom and bust
cycles typical of the industry (Kuyek and Coumans, 2003). New evidence suggests that min-
ing has contributed to civil wars by providing revenue for warring factions (Ross, 2001b;
Sherman, 2000). For example, in Africa control over diamond mines has become a primary
objective for rebels seeking income to finance civil wars (Sherman, 2002).
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The framework assesses
environmental and social
vulnerability to mining.

The Methodological Framework

The need to assess a broad range of environmental and social factors when considering the
impacts of potential mining projects has been a recurring theme in recent international dia-
logues on mining. The final report of the Mining, Minerals and Sustainable Development
project stressed the need for a “rigorous risk assessment process” that would allow compa-
nies and other stakeholders to identify which areas should be off-limits to mineral extraction
(MMSD, 2002: 169). Unfortunately, there are few models for such a process. Prior efforts
produced preliminary criteria and indicators for a range of goals, but these initiatives do not
provide consistent definitions of what may constitute environmentally and socially vulnera-
ble areas with regard to mining (see Box 3). To date, none of these efforts has developed
maps to identify areas vulnerable to the impacts of mining.

The framework developed for this study sought to complement these ongoing efforts by pro-
viding a set of indicators that will allow decision-makers to define areas that may be environ-
mentally or socially vulnerable to mining. These indicators are represented in mapped data
layers and are based largely on publicly available information. Thus, others seeking to identify
environmental and social vulnerabilities at finer scales can replicate the methodology adopt-

ed in this study.

The framework is meant to fit
within a hroader risk
assessment process.

The framework is not intended to provide performance standards for mining projects,
although it can inform the development of such standards. It is also not a tool for conducting
cost-benefit analysis of mining projects, nor does it provide the business case for defining

“no go” areas. Instead, the framework is designed to address the needs of companies that are

Box 3. Developing Criteria and Indicators for “No Go” Zones

Several initiatives have addressed the concept of “no go”
zones or the development of indicators to measure sustain-
ability in the extractive industries sectors:

“No Go” Zones in the Extractive Industry Sector: A World
Wildlife Fund discussion paper released in 2002 identified
criteria and indicators for designating “no go” areas for min-
ing. The paper proposed a decision tree consisting of three
filters: 1) protection status, 2) potential threats to biodiversity,
and 3) potential threats to human communities (Dudley and
Stolton, 2002). Conservation International recently released
a similar “site selection” decision-tree framework for the oil
and gas industry, which considers biodiversity impacts only
(EBI, 2003).

Identifying “High Conservation Value Forests”: Principle g of
the Forest Stewardship Council’s Principles and Criteria of

Forest Stewardship introduced the concept of “high conser-
vation value forests.” Such forests do not necessarily consti-
tute “no go” areas; however, Principle 9 stipulates that any
industrial use of these forests must maintain or enhance
their conservation values. Efforts are underway to define spe-
cific criteria to identify such forests.

Measuring Mining Indicators: The U.S. Geological Survey
recently completed its Minerals Roundtable indicator devel-
opment process, which culminated in a final report listing
key indicators that measure sustainability issues in the min-
ing sector. The goal of the project was to develop a set of
indicators that measure the contributions of mining to sus-
tainable development in the U.S. (Shields et al., 2003). The
indicators were developed for use in the United States and
are of limited value for most developing countries, where
data are lacking.
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already convinced of the need to identify areas that are sensitive to the impacts of mining
and are seeking methodologies and tools to help them define “no go” areas. Although the
results of this study lead to the definition of some “probable no go” areas or issues, the
framework is meant to fit within a broader risk assessment process that includes transparent
stakeholder dialogue and consultation with independent experts.

The remainder of this chapter outlines the basic framework used in this study. Appendix 1
provides a summary of the indicators and data used. Details on the sources and methodolo-
gies used are available on WRI’s website (http://www.wri.org/).

GLOBAL FRAMEWORK

The indicator framework used in this study is organized according to categories describing
vulnerabilities, natural hazards, and other factors contributing to the probability of hazards
occurring (see Figure 5). Each category is divided into sub-categories as follows:

VULNERABILITY CATEGORY

m  Biological, cultural, and natural values
m  Watersheds

® Human communities

NATURAL HAZARD CATEGORY
m  Earthquakes

m  Excess Moisture

OTHER CONTRIBUTING FACTORS CATEGORY

m  Governance
= Mine practices

m  Building codes

The framework is designed to capture three key environmental challenges associated with
mining: waste management, water quantity and quality, and habitat destruction (direct and
indirect). The social impacts related to mining are less well documented and are difficult to
model. For this reason, the social element of the framework is limited to measuring the
degree to which communities are equipped to make informed decisions regarding mining.
Governance (e.g., transparency, public participation, and control of corruption) and mine
practices are considered “other contributing factors” that may influence whether mining
projects produce positive or negative environmental and social impacts.

"
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FIGURE 5. Mining and Critical Ecosystems Indicators Framework

Categories Sub-categories Indicators

Vulnerabilities Biological, cultural, - Location of protected areas
and natural values ~ ——» = Areas of high conservation value
= Intactness of ecosystems

Watersheds - Water availability per capita

« Groundwater availability

Human - Capacity for informed
L —
communities decision-making
Natural Earthquakes - Ground motion hazard
Hazards /Y
\" Excess moisture = Chemical weathering
—

(water quality problems)

Other Building codes = Construction standards for
Contributing ’ mine structures
Factors
/ Governance = Voice and accountability
=« Corruption
—> - > « Political stability
\ = Government effectiveness
= Rule of law
Mine practices = Type of operation
g

= Waste disposal method

Risk assessment terminology varies widely in the literature.2 This study defines vulnerability,
hazard, and risk as follows:

m  Vulnerability is the likelihood of destruction or degradation arising from a natural or envi-
ronmental hazard. For example, a coral reef may be vulnerable to mining because poten-
tial release of mine waste would destroy corals and the fish that depend upon them. A
community may be considered vulnerable if its residents lack the capacity to make
informed decisions regarding a potential mine. In this report, the terms vulnerability and
sensitivity are used interchangeably and sensitivity does not refer to the degree to which a
vulnerable community or ecosystem is affected by exposure to a particular stress.

2 Weyman and Anderson-Berry (2002) define risk as a function of hazard (comprised of spatial and temporal char-
acteristics) and vulnerability (exposure of the elements at risk). Clark et al. (2000) identify human vulnerability to
environmental change as a function of exposure, sensitivity, and resilience. UNEP (2000) defines vulnerability
according to exposure to hazard, coping capacity, population density, and time.
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m  Natural hazards are events, such as earthquakes or floods, that can cause or exacerbate
mine-related problems. The release of mine waste into the environment can be consid-
ered an environmental hazard.

m  Risk is the probability of a hazard occurring, such as the probability that an earthquake
with a certain magnitude will occur in a given timeframe.

m  Actuarial risk is the probability of a hazard occurring multiplied by its consequences.
Because data are limited, it is difficult to measure actuarial risks with respect to mining
at the global level.

m  Other contributing factors are conditions that either increase or decrease the probability of
a hazard occurring, for example, particular mine practices that may contribute to environ-
mental hazards or the status of local and/or national governance structures, which may
affect a given community’s capacity for informed decision-making about proposed min-
ing projects. Although an analysis of governance is not often included in risk assessment
frameworks, these factors were considered critical for evaluating the degree to which
ecosystems and communities are exposed to risk.

APPLICATION OF THE FRAMEWORK

The indicators were mapped at a global scale as well as in country case studies in Papua New
Guinea and the Philippines. The resulting analysis identifies areas that may be environmen-
tally or socially vulnerable to the impacts of mining, based on ecological values, the existence
of hazards, and the presence of other contributing factors. For example, as a hypothetical sce-
nario, a mine with a proposed submarine tailings disposal facility may be under considera-
tion in a small island nation in the tropics. The unique, diverse aquatic ecosystems and fish-
ing communities depending upon these areas for their livelihoods are considered potentially
vulnerable to the impacts of the mine. The release of mine tailings into the marine environ-
ment constitutes a hazard. The design of the tailings disposal system and whether govern-
ment officials overlooked flaws in its design in exchange for bribes are defined as other con-
tributing factors that could increase the exposure of the marine environment and local
fishing communities to risk.

Defining the extent to which the marine environment and nearby fishing communities are
vulnerable to mining-related risks requires understanding the probable impact mine-related
hazards will have on these areas. In many cases, the relationship between species and their
habitats are poorly understood. For example, the relationship between aquatic species that
may be destroyed by deep-sea disposal of mine tailings and the importance of these organ-
isms as food sources for other species in the marine ecosystem may not have been
researched by scientists. In addition, data may be lacking on the likely extent of the area in
which tailings dumped in the deep sea will smother bottom-dwelling organisms. In this con-
text, the mining and critical ecosystems framework cannot provide a final determination of
the effect of tailings released in the marine environment. However, this study argues that
some areas may be too vulnerable to be exposed to the high degrees of uncertainty posed by
certain mine practices.

13
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LIMITATIONS OF THE APPROACH

Data limitations constrained Ideally, definitions and data would be available to address each of the categories and its asso-
the indicators used in this ciated indicators. However, this was not the case, at either the global or national levels. Data
study. on the social impacts of mining are lacking, especially at the global scale. Thus the frame-

work is weighted more heavily toward consideration of environmental issues, for which
more information was available. It was also not possible to calculate the probabilities of
events occurring (e.g., earthquakes) or to accurately measure the consequences of these
events, due to lack of mine-specific data at either the global or national scales. The applica-
tion of the framework to Papua New Guinea and the Philippines required adjusting the indi-
cators. Thus, the analysis presented in this report uses one or both case studies to illustrate
the various indicators selected, depending on the quality of the data and the relevance of the
indicator for each country. For example, a watershed stress analysis was conducted for the
Philippines, where water availability is problematic, but not for Papua New Guinea, where it

is not.
The framework does not At a global level, the framework is necessarily coarse. As such, it cannot be used to make
define “no go” areas for definitive “no go” decisions with respect to specific mining projects. Instead, it is meant to
mining. be used as a preliminary filter, beyond which further investigation is required to make a final

determination regarding whether mining is appropriate at a particular site. For decision-
makers, the global maps provide a coarse assessment of areas where mining may be more
problematic, but not necessarily where it should be allowed. The case studies are designed to
enhance and expand upon the global framework by applying the concepts outlined globally
to nationally available data. Even at the national scale, however, the definition of “no go”
zones must take place in the context of a transparent stakeholder process.

Data availability and quality pose problems. Additional details on data limitations are
included in Appendix 1 and on WRI’s website. However, general limitations include:

m  Ecological value: Not enough is known regarding the number, habitat requirements, and
distribution of many critical species at a global level. In addition, some ecosystems (in par-
ticular marine and freshwater) have been poorly studied and are thus underrepresented in
this study.

m  Governance and social data: Global governance indicators are largely subjective and
some, such as degree of corruption, are characterized by a lack of data. Data on the social
impacts of mining are limited. Sub-national data on income and education are not consis-
tently available globally, which limited the scale of analysis.

m  Mining data: Global data on location, status, and type of mine operations are limited and
incomplete. The dataset used for this project is a summary of information on known
mine and exploration sites provided by mining companies to a private data organization.
In many cases, data points are estimates based on the distance to the nearest landmark,
and the data are limited by the accuracy and completeness of information provided by
mining companies. Thus, the mining dataset is likely an underestimate of existing and
potential mines. Although mine location is determined by the existence of economically
viable deposits, there is currently no publicly available dataset that describes the location
of such deposits at a global level.
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Despite these limitations, the methodology for the global-level analysis provides a first
glimpse into vulnerable areas that should be treated with caution when considering future
mine projects. Some global datasets, such as seismic hazard and water scarcity, are relatively
complete and detailed. As can be expected, the national datasets contain much more detailed
data, such that our degree of confidence in these analyses is relatively high.

15



Chapter 3.

Protected areas, areas of
ecological value, and
stressed watersheds are
considered vulnerable.

Unprotected, high value
ecosystems are most
vulnerable to the impacts
from mining.

Overlap between mining
areas and important
ecosystems is apparent
in Papua New Guinea and
the Philippines.

Mining in Environmentally Vulnerable Areas

Habitat destruction is the most important cause of biodiversity loss, especially in the humid
tropics (McNeely et al., 1995:751). The most obvious impact on biodiversity from mining is
the removal of vegetation, which in turn alters the availability of food and shelter for wildlife.
At a broader scale, mining may affect biodiversity by changing species composition and
structure. To identify areas that might be especially vulnerable from an ecological perspec-
tive, we developed three global indicators: protected areas, ecological value, and watershed
stress. A comparative analysis of these indicators with the InfoMine database revealed the
following:

More than one quarter of active mines and exploration sites overlap with or are within a
10-kilometer radius of a strictly protected area (IUCN I-1V).

m  Nearly one third of all active mines and exploration sites are located within intact areas of
high conservation value.

m  Nearly one third of all active mines are located in stressed watersheds.

m  Nearly three quarters of active mines and exploration sites are located in areas deemed by
conservation organizations to be of high ecological value.

Mining in strictly protected areas has received considerable attention to date and the issue
will likely remain contentious in countries where legislators are considering opening protect-
ed areas to mining, such as Ghana and Indonesia. However, the results of this analysis sug-
gest that at the global level the overlap between mines and areas of high ecological value will
likely present even greater challenges in the future, especially in areas that are not yet for-
mally protected or where protected area boundaries are poorly defined.

Such challenges are particularly apparent when considering the results of the two country
case studies examined in this study. In Papua New Guinea, more than one third of the coun-
try’s forests and nearly half of the country’s mangroves have already been allocated in oil,
gas, or mining concessions. More than one quarter of forests classified as “fragile” in Papua
New Guinea government data overlap oil, gas, and mining concessions. In the Philippines,
more than half of all exploratory and mining concessions overlap with areas of high ecologi-
cal vulnerability. Although mining is prohibited in intact forests and protected areas, approxi-
mately one third of concessions overlap with these areas. Lack of clarity regarding protected
area boundaries and uncertainty regarding the definition of intact forests provides an oppor-
tunity for land use conflicts between mining and conservation objectives. The remainder of
this chapter examines in detail each of the ecological value indicators.



3. Mining in Environmentally Vulnerable Areas

Protected areas reflect
natural and cultural values
held by societies.

Many areas of high ecological
value are not yet formally
protected.

MINING AND PROTECTED AREAS

Societies routinely seek to formally protect areas of high cultural and natural value by estab-
lishing protected areas, such as wildlife refuges, national parks, natural monuments, and
biosphere reserves. Some areas are considered protected for conservation purposes while
others may be considered valuable for their scenic or landscape values. The World
Conservation Union (IUCN), an international, quasi-governmental body consisting of gov-
ernments and conservation NGOs has developed a system for categorizing protected areas
according to the degree of protection. Categories I-IV are protected for conservation purpos-
es, while categories V and VI are considered “mixed use” areas. Although all categories are
considered equally important, a gradation of human intervention is implied, such that
Categories Ia and Ib are the least influenced by human activity and Categories V and VI are
often modified landscapes. Strictly protected areas (IUCN I-1V) represent approximately 10
percent of the world’s land surface while World Heritage sites represent only 1 percent.

In addition, the United Nations Educational, Scientific and Cultural Organization (UNESCO)
maintains a list of designated “World Heritage Sites” and “Ramsar Sites.” Both designations
are subject to international conventions that establish listed sites as worthy of special atten-
tion due to their global natural or cultural significance. Of the 138 natural World Heritage
sites, more than one quarter are threatened by mining or oil and gas development
(UNESCO, 2003). Two of the natural areas listed as World Heritage in Danger sites are cur-
rently threatened by mining.

A key goal for biodiversity conservation is ensuring representation of ecosystems and the
species that live within them. Although the total area under protection has increased nine-
fold in the last 40 years, many regions and ecosystems remain poorly represented. The
Pacific region has the fewest number of protected areas globally. In addition, grasslands,
coastal, and marine ecosystems are poorly represented in protected areas (Chape et al.,
2003).

Although governments have not explicitly prohibited mining in all [UCN I-IV protected
areas, some countries, including the Philippines, have passed laws making it illegal to mine
in these protected areas. In 2000, IUCN members passed Resolution 2.82, calling on all
governments to prohibit mining, oil, and gas development in IUCN I-IV protected areas and
recommending that any extractive activity in categories V and VI should take place only if it
is compatible with the objectives for which the protected area was established (IUCN, 2000).

OTHER ECOLOGICALLY VULNERABLE AREAS

Officially designated protected areas are only one component of ecologically vulnerable
ecosystems. Many conservationists argue that protected areas are insufficient to protect the
world’s biodiversity (Soule, 1986). On one hand, much of the world’s biodiversity is found
outside of designated protected areas (McNeely et al., 1990). On the other hand, many exist-
ing protected areas suffer from poor management, lack of funding, and isolation from other
areas of high biodiversity (Miller et al., 1995).

In light of the challenges inherent in conserving the world’s biodiversity through protected
areas, conservation organizations such as Conservation International, World Wildlife Fund,
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Birdlife International, and The Nature Conservancy have identified important ecosystems for
conservation purposes. Some approaches (e.g., Conservation International’s “hotspots”)
focus on “the last of the best” places—that is, those critical remnants of habitat that could
disappear within a few years absent aggressive, near-term intervention. The World Wildlife
Fund has identified globally important ecoregions, some of which have been subsequently
evaluated at a regional scale to identify conservation priority areas based on biological value,
conservation status, and degree of threat.

Other approaches, such as WRI’s intact forests assessments, focus on identifying large areas
of relatively undisturbed habitat, which if managed carefully could sustain human liveli-
hoods and provide basic natural resources for many years to come (Bryant et al., 1997;
Aksenov et al., 2002). Although approaches to identifying areas of conservation value differ,
they typically take into account several common themes (see Table 3). We aggregated these
approaches and compared them with active mines and exploration sites. Nearly three quar-
ters of active mines and exploration sites overlap with areas of high conservation value.

Conservation mapping approaches may be useful for establishing institutional priorities, but
they provide little insight into which areas may be vulnerable to the potential impacts of min-
ing. Depending on the methodologies used, high values are placed either on biologically
important remnants that may disappear without immediate conservation interventions
(“hotspots” approach) or large blocks of intact landscapes that should be conserved for future
generations (wilderness and ecosystems approaches). However, none of these approaches
adequately addresses whether and under what conditions development should occur. In fact,
high-value, highly threatened remnants and intact, remote ecosystems could be equally vul-
nerable if development activities were to proceed in an unsustainable manner.

Our analysis identifies intact Ideally, an assessment of areas ecologically vulnerable to mining would take into account
areas of high conservation many of the criteria listed in Table 3. However, data for most of these criteria are lacking at a
value and classifies these global level. For this reason, we chose to use ecosystem intactness as a measure of ecological
areas by size. value because it is a necessary condition for maintaining key species and ecosystem func-

tion. Scientists at Columbia University and the Wildlife Conservation Society recently under-
took a global mapping effort to assess the relative condition of the world’s natural habitats
and identify the degree of human influence on the Earth’s surface. They estimated that less
than 15 percent of the Earth’s terrestrial habitats remain uninfluenced by human activities
(Sanderson et al., 2002).

We combined this analysis of human influence with the aggregated conservation value layer
to identify areas of high conservation value that are relatively undisturbed. These intact areas
were further stratified by size (see Map 2). The smaller areas (< 1,000 km2) may be especial-
ly vulnerable to mining if they are home to the last representative samples of a given com-
munity type or ecosystem that will not survive in smaller habitat patches. For example, many
mammals may not survive in patches smaller than 1oo kmz. The largest game mammals are
more likely to require patches larger than 10,000 km?2 (Armbruster, 1993; Beier, 1993;
Terborgh, 1992).




3. Mining in Environmentally Vulnerable Areas

Mining in areas of high
conservation value should
only proceed if these areas
will retain their ecological
values after development.

Other parameters, such as
uniqueness, should also he
considered.

Table 3. Criteria Used to Define Biodiversity Conservation Priorities

Category Criteria Definition
Biological Species richness Number of species in a given area
Rarity Least common species or ecosystems
Endemism Degree of separation of a population, species, or ecosystem from its
closest comparable analogue
Representativeness Degree to which a given area contains examples of all species or
ecosystems
Threat Degree of imminent danger or harm from human activities
Function Role of species, communities, or ecosystems in determining sur-
vival of other species, communities, or ecosystems
Condition Relative condition of ecosystems or populations based on degree of
intactness
Social/ Institutional Utility Importance of biodiversity elements known to have utilitarian value
to humans
Feasibility Potential success of conservation efforts based on political, eco-

nomic, and logistical factors

Other Ethnic, religious, and/or cultural values assigned by local cultures

Source: Adapted from Johnston, 1995.

The existence of high conservation values does not automatically preclude mineral develop-
ment. However, such industrial activities should proceed only if it can be demonstrated that
these areas’ ability to retain their wilderness values and ecosystem services will remain intact
after development. Ultimately, decisions regarding which ecosystems may be too fragile to
withstand the impact of mining development will largely depend on local species require-
ments, as well as the potential for conflict with restoration goals in ecosystems that have
already been degraded.

In addition to intactness, other parameters, such as uniqueness and representativeness,
should also be considered. For example, the Asia-Pacific region is characterized by small
islands, which are rich in endemic species. Uninhabited small islands in this region often
serve as important refugia for critical species, warranting protection from human interven-
tion. The coral reef and coastal ecosystems in the Asia-Pacific region harbor the highest
degree of aquatic biodiversity in the world (Burke et al., 2002). Mining poses significant
challenges on small islands due to the lack of safe and acceptable waste disposal sites, as well
as the inherent ecological fragility of these unique terrestrial and aquatic ecosystems.
Competing land uses and the high levels of biodiversity may justify a “no go” decision with
regards to mining on the smaller islands in this region.

The intactness analysis also offers little guidance with respect to mining in areas that
demonstrate high biological value but have suffered significant disturbance. Indeed, such
areas often coincide with highly threatened ecosystems, especially in countries where human
influence on natural habitats is high (e.g., the Philippines). The fact that some areas of high
ecological value may already be significantly disturbed does not imply that mining is a com-
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patible land use. Finer-scale analysis is required to determine whether potential mineral
development will have a negative impact on these habitats.

ECOLOGICALLY VULNERABLE AREAS IN PAPUA NEW GUINEA

Papua New Guinea’s forests The island of New Guinea is considered a major tropical wilderness area, containing one of

are vulnerable to mining. the world’s largest tracts of intact tropical forest. These forests are home to unique plants
and animals, including the world’s largest butterfly (Queen Alexandra’s Birdwing Butterfly)
and 42 species of birds of paradise. Much of the wildlife found in New Guinean forests is
highly dependent upon trees for its survival. Map 3 displays vulnerable ecosystems and min-
ing, oil, and gas concessions in Papua New Guinea. Nearly 9o percent of the country is
forested, with more than one third of all forests already allocated to oil, gas, or mining con-
cessions. A significant proportion (30 percent) of remaining forests within concession
boundaries is already fragmented, especially in the highlands region. These forests may be
especially vulnerable to additional clearing from road building, land clearing, and human
migration typically associated with mining in remote areas.

Papua New Guinea’s mangroves may also be especially vulnerable to mining, oil, and gas
development. Less than 1 percent of the country’s forests is classified as mangroves, and 42
percent of mangrove forest areas have been allocated in mining, oil, and gas concessions.
Located largely on the southern coast of the country, these large tracts of mangrove forests
are considered to be internationally significant as spawning and nursery grounds for prawn
and fin fisheries, and are a source of subsistence for a substantial artisanal fishery (Sekhran
and Miller, 1994).

Establishing formal protected areas has posed unique challenges in Papua New Guinea,
given that nearly all of the country’s land is owned communally. Forty-seven protected areas
have been established, more than half of which are community-controlled Wildlife
Management Areas (WMAs). Although WMAs present a key conservation opportunity, man-
agement of such areas has been plagued by a lack of central government support, abuse of
license fees and other management mechanisms, and a backlog in requests for new areas.
Unfortunately, recent conservation efforts have focused mostly on the establishment of iso-
lated, “pristine” wilderness areas rather than strengthening community-based approaches
that are better suited to the cultural realities of Papua New Guinea (Hunnam, 2002).

Fragile forests are especially The government of Papua New Guinea has identified “fragile forests” that experience slow

vulnerable to mining. regeneration as a result of human-induced change. Occurring predominantly in the high-
lands region, these forests are likely to be especially vulnerable to mining, as the highlands
contain a disproportionate share of the country’s biodiversity and are subject to high popula-
tion pressures. Slightly more than one quarter of the country’s forests can be classified as
fragile, with 26 percent of fragile forests occurring within oil, gas, and mining concessions.
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High value ecosystems in the
Philippines are critically
threatened.

Lack of clarity can exacerbate
conflicts between mining and
conservation uses.

Access to clean water poses
a significant challenge in
some parts of the world.

ECOLOGICALLY VULNERABLE AREAS IN THE PHILIPPINES

The Philippines has been designated by scientists as one of the world’s top 20 “megadiversity”
countries. The country is richly endowed with marine biodiversity; the archipelago boasts
500 of more than 8oo known coral species, more than 2,000 fish species, and over 40
species of mangrove plants (Ong, 2002). However, only 5 percent of the country’s coral reefs
remain in excellent condition and mangroves and sea grasses have shrunk to less than one
quarter of their original extent (Ong, 2002). Mining has been identified as a threat to the
marine environment due to impacts from releases of mine waste, resulting in fish kills and
coastal pollution (ESSC, 2003). Philippine terrestrial ecosystems are also critically threat-
ened. More than 93 percent of Philippine forests have been lost in the last 500 years and 418
species are already listed as threatened.

Protected areas constitute the main legal mechanism through which the Philippine govern-
ment has sought to conserve the nation’s biodiversity. Approximately 8 percent of the coun-
try’s total land area has been designated as protected areas, and is consequently off-limits to
mineral development. Mining also is not allowed in the country’s remaining intact forests,
due to the highly fragmented state of these ecosystems. However, more than two thirds of
existing protected areas have not been ratified by law and forest cover estimates are subject
to large uncertainties due to lack of data. Moreover, according to the Philippine Biodiversity
Priority Setting Program (PBCPP), only 41 percent of protected areas retain original vegeta-
tion and the protected areas system does not include some areas of high biodiversity
(Mackinnon in Ong, 2002).

For this study we identified areas of high ecological value according to the location of exist-
ing protected areas and intact forests (see Map 4). These areas also correlate well with high-
priority areas identified by the PBCPP. More than half (56 percent) of all exploration areas
and mining leases overlap with areas of high ecological vulnerability shown on Map 4. Six
percent of mining leases and exploration areas overlap with protected areas (see Table 4).
More than one quarter of approved mining leases and 8 percent of exploration areas overlap
with intact forests, covering an area of approximately 60,000 hectares. According to the
terms of mineral agreements, protected areas and intact forests are excised from mineral
contracts. In practice, however, the lack of clear delineation of protected area boundaries and
uncertainty regarding the definition of intact forests provides the opportunity for land use
conflicts between mining and conservation uses.

WATERSHED STRESS

Mining is most likely to compete with other water users in places where water resources are
already scarce and demand is high. According to some estimates, global industrial demand
for water is projected to supersede that of agriculture by 2075 (Alcamo et al., 1997). At the
same time, the availability of clean water for human consumption is declining due to indus-
trial discharges and urban and agricultural runoff. This problem is especially serious in
developing countries, where pollution regulations and water conservation technologies are
less well developed (Revenga et al., 2000). Certain parts of the world, such as Africa, face
considerable challenges in ensuring equitable and sustainable access to water resources,
which can only be addressed through judicious management of water resources (Ashton et
al., 2001).
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Table 4. Overlaps Between Approved Mines And Protected Areas

Overlap
License # Contractor Location Area Affected (%) Date Granted
156-00-CAR Philex Mining Corp. Tuba & Itogon, Benguet Lower Agno Watershed Forest Reserve 57 April 2000
157-00-CAR Philex Mining Corp. Tuba & ltogon, Benguet Lower Agno Watershed Forest Reserve 31 April 2000
012-92-VIll Hinatuan Mining Corp. Manicani Island, Eastern Samar  Guiuan Protected Landscape and Seascape 98 October 1992
063-97-1X Philex Gold Phil., Inc. Sibutad, Zamboanga del Norte  Jose Rizal Memorial Protected Landscape 3 April 1997
094-97-XI Alsons Development & Investment Nabunturan, Davao del Norte Mainit Hotspring Protected Landscape 12 November 1997
Co., Inc.
EP-006-97VII Philippine National Oil Company  Amlan to Valencia in Negros Balinsa