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1 Law and the Environment

I. Introduction

Environmental protection emerged as a general public concern in the 1960s, although laws to
counter specific local problems like urban air pollution can be found as early as the fourteenth
century, when Edward I prohibited the burning of coal in open furnaces in London. More
recently, as knowledge has spread about transboundary and global environmental problems,
the public has begun seeking widespread preventive and remedial action to ensure that
natural conditions remain conducive to life and to human well-being.

Policy makers responding to these demands increasingly understand that environmental
protection must be addressed in a holistic and expansive manner. Local problems cannot
be separated from national, regional, or even global conditions. As a result, the interface of
domestic (both national and local) and international environmental law has rapidly expanded.
Such an evolution corresponds to the physical reality of a biosphere composed of interdepen-
dent elements that do not recognize political boundaries and the increasingly transnational
character of the human activities that harm nature and its processes. Internationalization of
markets and the emergence of a global civil society present new opportunities as well as new
challenges. Communication networks make possible more rapid knowledge of the existence
and scope of environmental problems, but the widespread movement of persons and products
may also contribute to those problems, for example, through the introduction of alien species
and the spread of pollutants. Overconsumption threatens to exhaust living and nonliving
resources, whereas rising greenhouse gas emissions detrimentally modify the global climate.
Population concentrations strain resources and create levels of pollution beyond the earth’s
assimilative capacity. New problems resulting from technology and changes in the nature or
scope of human activities are constantly being identified, such as the introduction of unpro-
cessed endocrine-disrupting pharmaceuticals into fresh water. As a consequence, there is a
constant need to develop and revise the national and international legal framework.

The geographic scope of environmental law is global, but so are its interdisciplinary require-
ments. Beyond such obvious topics as water law and endangered species legislation, laws and
policies concerning energy, trade, investment, transportation, and consumer protection also
affect environmental conditions. At the center of the problems, impacts, and solutions are
individuals with rights guaranteed by national and international law. The interface between
human rights and the environment is the focus of this book.

The first chapter introduces the problems posed, that is, the environmental stresses that
threaten present and future populations throughout the world and the anthropogenic origins
of those stresses. The chapter then turns to the various legal approaches that are often used
to prevent and remedy environmental degradation, from property law concepts of nuisance

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521747103
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-74710-3 - Environmental Protection and Human Rights
Donald K. Anton and Dinah L. Shelton

Excerpt

More information

2 Environmental Protection and Human Rights

and public trust to rights-based approaches. The chapter also provides a brief introduction to
international environmental law and its sources.

A. Defining the Environment and Its Characteristics

Alegal definition of the environment serves to delineate the scope of the subject, to determine
the application of legal rules, and to establish the extent of liability when harm occurs. The
word environment is borrowed from the French word environner, which means “to encircle.”
It applies broadly to all that surrounds a central point; thus, environment can include the
aggregate of natural, social, and cultural conditions that influence the life of an individual
or community. As such, environmental problems can be deemed to include such problems
as traffic congestion, crime, noise, and poverty. Geographically, environment can refer to
a limited area or encompass the entire planet, including the atmosphere and stratosphere.
Consider the scope of the following definitions:

“Environment”: a complex of natural and anthropogenic factors and elements that are mutually
interrelated and affect the ecological equilibrium and the quality of life, human health, the
cultural and historical heritage and the landscape.

Sec. 1(1) Environmental Protection Act (Supp.) (1991), Bulgaria

“Environment”: that part of nature which is or could be influenced by human activity.

Atrt. 5(1) (1), Environmental Protection Act of June 1993, Slovenia

“Environment” includes

e natural resources both biotic and abiotic, such as air, water, soil, fauna and flora and the
interactions between the same factors;

* property which forms part of the cultural heritage;

® the characteristics aspects of landscape.

Art. 2(1), Convention on Civil Liability for Damage Resulting from Activities Dangerous
to the Environment (Lugano, June 21, 1993)

The sum of all external conditions affecting the life, development and survival of an organism.

U.S. Environmental Protection Agency, www.epa.gov/OCEPAterm,
CERCLA, 42 U.S. Code ch. 103, § 101(8)

The definitions encompass and reflect realities that shape environmental policy and law.
First, environmental protection measures must take into account the laws of nature. The
science of ecology recognizes that all environmental milieu (air, water, soil) and all species
are interdependent. Harm to one aspect of the environment is thus likely to have broad
and unforeseen consequences on other dimensions of nature, including human well-being.
A toxic chemical spill at a gold mine, for example, not only will pollute the nearby soil
but also can enter streams and rivers, be transported to the sea, and enter the food chain
through absorption by plants and animals. Another reality is that many degraded or exploited
resources are nonrenewable and thus exhaustible; even living resources may become extinct.
Substances that in isolation may be benign can combine with others to produce new and
unforeseen harms.

Planning and regulation is made more difficult by scientific uncertainty about many
aspects of the physical world. Although there is an unprecedented amount of knowledge
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today, no one knows the ecological processes over the s-billion-year history of the earth with
sufficient detail and understanding to be able to predict all the consequences and causal
relationships of various human activities. Scientific uncertainty thus often attends issues of
the nature and scope of adverse environmental impacts of human activities. Exacerbating
the uncertainty, damage often is perceived only years after the causative actions occur.
It becomes difficult to determine future risk and to develop appropriate policies to avoid
long-term harm. Debate centers on whether to adopt policies that assume that harmful
consequences will occur unless activities are proven safe or whether to take a less cautious
approach, knowing thatsome environmental consequences will be irreversible and may be life
threatening.

All human activities have an impact on the environment. Each individual has an “eco-
logical footprint” that represents the sum of that person’s resource use and contributions to
pollution. The ecological footprints of individuals vary considerably both within states and
from one region of the world to another. Taken together, however, these impacts mean that
environmental degradation generally stems from one of two main causes:

1. Use of resources at unsustainable levels
2. Contamination of the environment through pollution and waste at levels beyond the capac-
ity of the environment to absorb them or render them harmless

These realities make it difficult to establish the limits of environmental law as an independent
legal field; indeed, they imply the integration of environmental protection into all areas of
law and policy.

Questions and Discussion

1. Under each of the foregoing definitions, what range of consequences would a proponent
have to evaluate in a legally required environmental impact assessment prior to damming
a river for hydroelectric power or creating a public park?

2. Do the definitions reflect an emphasis on human well-being, or are they seeking to protect
nature independently of its utility to humans? Would environmental law include human
rights issues under these definitions?

B. State of the Planet

Millennium Ecosystem Assessment
Ecosystems and Human Well-Being: Synthesis
1, 9-15, 17-18, 20-22, 23—24 (World Resources Inst., 2005)
(footnotes, figures and tables omitted)

[The U.N. secretary-general Kofi Annan called for preparation of the Millennium Ecosystem
Assessment (MA) in 2000 in his report to the U.N. General Assembly, We the Peoples: The Role
of the United Nations in the 21st Century. With the support of member states, the United Nations
initiated the MA in 2001, with the secretariat coordinated by the United Nations Environment Pro-
gramme. A governing board included representatives of international institutions, governments,
business, nongovernmental organizations (NGOs), and indigenous peoples; the work ultimately
involved more than 1,360 experts worldwide. The objective of the MA was to assess the conse-
quences of ecosystem change for human well-being and to establish the scientific basis for actions
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needed to enhance the conservation and sustainable use of ecosystems and their contributions to
human well-being. The MA findings are contained in five technical volumes and six synthesis
reports on the world’s ecosystems and the services they provide. The following extract is from one
of the synthesis reports. — Eds. ]

...An ecosystem is a dynamic complex of plant, animal, and microorganism communities
and the nonliving environment interacting as a functional unit.. .. Ecosystem services are the
benefits people obtain from ecosystems. These include provisioning services such as food, water,
timber, and fiber; regulating services that affect climate, floods, disease, wastes, and water quality;
cultural services that provide recreational, aesthetic, and spiritual benefits; and supporting services
such as soil formation, photosynthesis, and nutrient cycling. . . . Although the MA emphasizes the
linkages between ecosystems and human well-being, it recognizes that the actions people take
that influence ecosystems result not just from concern about human well-being but also from
considerations of the intrinsic value of species and ecosystems. Intrinsic value is the value of
something in and for itself, irrespective of its utility for someone else.

Everyone in the world depends completely on Earth’s ecosystems and the services they pro-
vide, such as food, water, disecase management, climate regulation, spiritual fulfillment, and
aesthetic enjoyment. Over the past 5o years, humans have changed these ecosystems more
rapidly and extensively than in any comparable period of time in human history, largely to
meet rapidly growing demands for food, fresh water, timber, fiber, and fuel. This transformation
of the planet has contributed to substantial net gains in human well-being and economic devel-
opment. But not all regions and groups of people have benefited from this process — in fact, many
have been harmed. Moreover, the full costs associated with these gains are only now becoming
apparent. . ..

Finding #1: [Ecosystem Change in the Last 50 Years]

The structure and functioning of the world’s ecosystems changed more rapidly in the second half
of the twentieth century than at any time in human history.

* More land was converted to cropland in the 30 years after 1950 than in the 150 years between
1700 and 1850. Cultivated systems (areas where at least 30% of the landscape is in croplands,
shifting cultivation, confined livestock production, or freshwater aquaculture) now cover one
quarter of Earth’s terrestrial surface.

* Approximately 20% of the world’s coral reefs were lost and an additional 20% degraded in the
last several decades of the twentieth century, and approximately 35% of mangrove area was lost
during this time (in countries for which sufficient data exist, which encompass about half of
the area of mangroves).

* The amount of water impounded behind dams quadrupled since 1960, and three to six times
as much water is held in reservoirs as in natural rivers. Water withdrawals from rivers and lakes
doubled since 1960; most water use (70% worldwide) is for agriculture.

* Since 1960, flows of reactive (biologically available) nitrogen in terrestrial ecosystems have
doubled, and flows of phosphorus have tripled. More than half of all the synthetic nitrogen
fertilizer, which was first manufactured in 1913, ever used on the planet has been used since
198s.

* Since 1750, the atmospheric concentration of carbon dioxide has increased by about 32% (from
about 280 to 376 parts per million in 2003), primarily due to the combustion of fossil fuels and
land use changes. Approximately 60% of that increase (60 parts per million) has taken place
since 1959.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521747103
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-74710-3 - Environmental Protection and Human Rights
Donald K. Anton and Dinah L. Shelton

Excerpt

More information

Law and the Environment 5

Humans are fundamentally, and to a significant extent irreversibly, changing the diversity of
life on Earth, and most of these changes represent a loss of biodiversity.

* More than two thirds of the area of 2 of the world’s 14 major terrestrial biomes and more than
half of the area of 4 other biomes had been converted by 19go, primarily to agriculture.!

* Across a range of taxonomic groups, cither the population size or range or both of the majority
of species is currently declining.

* The distribution of species on Earth is becoming more homogenous; in other words, the
set of species in any one region of the world is becoming more similar to the set in other
regions primarily as a result of introductions of species, both intentionally and inadvertently in
association with increased travel and shipping.

* The number of species on the planet is declining. Over the past few hundred years, humans have
increased the species extinction rate by as much as 1,000 times over background rates typical over
the planet’s history (medium certainty). Some 10-30% of mammal, bird, and amphibian species
are currently threatened with extinction (medium to high certainty). Freshwater ecosystems tend
to have the highest proportion of species threatened with extinction.

* Genetic diversity has declined globally, particularly among cultivated species.

Most changes to ecosystems have been made to meet a dramatic growth in the demand for
food, water, timber, fiber, and fuel.

Some ecosystem changes have been the inadvertent result of activities unrelated to the use of
ecosystem services, such as the construction of roads, ports, and cities and the discharge of
pollutants. But most ecosystem changes were the direct or indirect result of changes made to
meet growing demands for ecosystem services, and in particular growing demands for food, water,
timber, fiber, and fuel (fuelwood and hydropower).

Between 1960 and 2000, the demand for ecosystem services grew significantly as world popula-
tion doubled to 6 billion people and the global economy increased more than sixfold. To meet
this demand, food production increased by roughly two and a half times, water use doubled, wood
harvests for pulp and paper production tripled, installed hydropower capacity doubled, and timber
production increased by more than half.

The growing demand for these ecosystem services was met both by consuming an increasing
fraction of the available supply (for example, diverting more water for irrigation or capturing more
fish from the sea) and by raising the production of some services, such as crops and livestock. The
latter has been accomplished through the use of new technologies (such as new crop varieties,
fertilization, and irrigation) as well as through increasing the area managed for the services in the
case of crop and livestock production and aquaculture.

Finding #2: [Gains and Losses from Ecosystem Change]
DEGRADATION AND UNSUSTAINABLE USE OF E.COSYSTEM SERVICES

Approximately 60% (15 out of 24) of the ecosystem services evaluated in this assessment
(including 70% of regulating and cultural services) are being degraded or used unsustain-
ably.. .. Ecosystem services that have been degraded over the past 5o years include capture
fisheries, water supply, waste treatment and detoxification, water purification, natural hazard

! [A biome is the largest unit of ecological classification recognized below the level of the entire globe. It includes such groupings
as deserts, tundra, temperate broadleaf forests, and flooded grasslands and savannas. Considerable ecological data have been
reported and modeling undertaken using this categorization, making it a convenient basis for assessment. — Eds.]
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6 Environmental Protection and Human Rights

protection, regulation of air quality, regulation of regional and local climate, regulation of ero-
sion, spiritual fulfillment, and aesthetic enjoyment. The use of two ecosystem services — capture
fisheries and fresh water — is now well beyond levels that can be sustained even at current demands,
much less future ones. At least one quarter of important commercial fish stocks are overharvested
(high certainty). From 5% to possibly 25% of global freshwater use exceeds long-term accessible
supplies and is now met either through engineered water transfers or overdraft of groundwater
supplies (low to medium certainty). . . . Some 15-35% of irrigation withdrawals exceed supply rates
and are therefore unsustainable (low to medium certainty). While 15 services have been degraded,
only 4 have been enhanced in the past 5o years, three of which involve food production: crops,
livestock, and aquaculture. Terrestrial ecosystems were on average a net source of CO, emissions
during the nineteenth and early twentieth centuries, but became a net sink around the middle of
the last century, and thus in the last 5o years the role of ecosystems in regulating global climate
through carbon sequestration has also been enhanced.

Actions to increase one ecosystem service often cause the degradation of other services. For
example, because actions to increase food production typically involve increased use of water
and fertilizers or expansion of the area of cultivated land, these same actions often degrade other
ecosystem services, including reducing the availability of water for other uses, degrading water
quality, reducing biodiversity, and decreasing forest cover (which in turn may lead to the loss
of forest products and the release of greenhouse gasses). Similarly, the conversion of forest to
agriculture can significantly change the frequency and magnitude of floods, although the nature
of this impact depends on the characteristics of the local ecosystem and the type of land cover
change. . ..

* Most resource management decisions are most strongly influenced by ecosystem services entering
markets; as a result, the nonmarketed benefits are often lost or degraded. These nonmarketed
benefits are often high and sometimes more valuable than the marketed ones. For example, one
of the most comprehensive studies to date, which examined the marketed and nonmarketed
economic values associated with forests in eight Mediterranean countries, found that timber
and fuelwood generally accounted for less than a third of total economic value of forests in
each country. Values associated with non-wood forest products, recreation, hunting, watershed
protection, carbon sequestration, and passive use (values independent of direct uses) accounted
for between 25% and 6% of the total economic value of the forests.

* The total economic value associated with managing ecosystems more sustainably is often higher
than the value associated with the conversion of the ecosystem through farming, clear-cut logging,
or other intensive uses. Relatively few studies have compared the total economic value (including
values of both marketed and nonmarketed ecosystem services) of ecosystems under alternate
management regimes, but some of the studies that do exist have found that the benefit of
managing the ecosystem more sustainably exceeded that of converting the ecosystem.

* The economic and public health costs associated with damage to ecosystem services can be
substantial.

* The early 199os collapse of the Newfoundland cod fishery due to overfishing resulted in the
loss of tens of thousands of jobs and cost at least $2 billion in income support and retraining.
* In 1996, the cost of U.K. agriculture resulting from the damage that agricultural practices
cause to water (pollution and eutrophication, a process whereby excessive plant growth
depletes oxygen in the water), air (emissions of greenhouse gases), soil (off-site erosion dam-
age, emissions of greenhouse gases), and biodiversity was $2.6 billion, or 9% of average
yearly gross farm receipts for the 199os. Similarly, the damage costs of freshwater eutrophi-
cation alone in England and Wales (involving factors including reduced value of waterfront
dwellings, water treatment costs, reduced recreational value of water bodies, and tourism
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losses) was estimated to be $105 [million]-$160 million per year in the 199os, with an addi-
tional $77 million a year being spent to address those damages.

* The incidence of discases of marine organisms and the emergence of new pathogens is
increasing, and some of these, such as ciguatera, harm human health. Episodes of harmful
(including toxic) algal blooms in coastal waters are increasing in frequency and intensity,
harming other marine resources such as fisheries as well as human health. In a particularly
severe outbreak in Italy in 1989, harmful algal blooms cost the coastal aquaculture industry
$10 million and the Italian tourism industry $11.4 million.

* The frequency and impact of floods and fires has increased significantly in the past 50 years,
in part due to ecosystem changes. Examples are the increased susceptibility of coastal popu-
lations to tropical storms when mangrove forests are cleared and the increase in downstream
flooding that followed land use changes in the upper Yangtze River. Annual economic losses
from extreme events increased tenfold from the 1950s to approximately $70 billion in 2003,
of which natural catastrophes (floods, fires, storms, drought, earthquakes) accounted for 84%
of insured losses.

* The impact of the loss of cultural services is particularly difficult to measure, but it is espe-
cially important for many people. Human cultures, knowledge systems, religions, and social
interactions have been strongly influenced by ecosystems. A number of the MA sub-global assess-
ments found that spiritual and cultural values of ecosystems were as important as other ser-
vices for many local communities, both in developing countries (the importance of sacred
groves of forest in India, for example) and industrial ones (the importance of urban parks, for
instance).

The degradation of ecosystem services represents loss of a capital asset. Both renewable
resources such as ecosystem services and nonrenewable resources such as mineral deposits, some
soil nutrients, and fossil fuels are capital assets. Yet traditional national accounts do not include
measures of resource depletion or of the degradation of these resources. As a result, a country
could cut its forests and deplete its fisheries, and this would show only as a positive gain in [gross
domestic product (GDP)] (a measure of current economic well-being) without registering the
corresponding decline in assets (wealth) that is the more appropriate measure of future economic
wellbeing. Moreover, many ecosystem services (such as fresh water in aquifers and the use of the
atmosphere as a sink for pollutants) are available freely to those who use them, and so again their
degradation is not reflected in standard economic measures.

When estimates of the economic losses associated with the depletion of natural assets are
factored into measurements of the total wealth of nations, they significantly change the balance
sheet of countries with economies significantly dependent on natural resources. For example,
countries such as Ecuador, Ethiopia, Kazakhstan, Democratic Republic of Congo, Trinidad and
Tobago, Uzbekistan, and Venezuela that had positive growth in net savings in 2001, reflecting a
growth in the net wealth of the country, actually experienced a loss in net savings when depletion
of natural resources (energy and forests) and estimated damages from carbon emissions (associated
with contributions to climate change) were factored into the accounts.

While degradation of some services may sometimes be warranted to produce a greater gain
in other services, often more degradation of ecosystem services takes place than is in society’s
interests because many of the services degraded are “public goods.” Although people benefit
from ecosystem services such as the regulation of air and water quality or the presence of an
aesthetically pleasing landscape, there is no market for these services and no one person has an
incentive to pay to maintain the good. And when an action results in the degradation of a service
that harms other individuals, no market mechanism exists (nor, in many cases, could it exist) to
ensure that the individuals harmed are compensated for the damages they suffer.
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Wealthy populations cannot be insulated from the degradation of ecosystem services. Agri-
culture, fisheries, and forestry once formed the bulk of national economies, and the control of
natural resources dominated policy agendas. But while these natural resource industries are often
still important, the relative economic and political significance of other industries in industrial
countries has grown over the past century as a result of the ongoing transition from agricultural
to industrial and service economies, urbanization, and the development of new technologies to
increase the production of some services and provide substitutes for others. Nevertheless, the
degradation of ecosystem services influences human well-being in industrial regions and among
wealthy populations in developing countries in many ways:

* The physical, economic, or social impacts of ecosystem service degradation may cross bound-
aries. . .. For example, land degradation and associated dust storms or fires in one country can
degrade air quality in other countries nearby.

* Degradation of ecosystem services exacerbates poverty in developing countries, which can affect
neighboring industrial countries by slowing regional economic growth and contributing to the
outbreak of conflicts or the migration of refugees.

* Changes in ecosystems that contribute to greenhouse gas emissions contribute to global climate
changes that affect all countries.

* Many industries still depend directly on ecosystem services. The collapse of fisheries, for exam-
ple, has harmed many communities in industrial countries. Prospects for the forest, agriculture,
fishing, and ecotourism industries are all directly tied to ecosystem services, while other sectors
such as insurance, banking, and health are strongly, if less directly, influenced by changes in
ecosystem services.

* Wealthy populations of people are insulated from the harmful effects of some aspects of ecosys-
tem degradation, but not all. For example, substitutes are typically not available when cultural
services are lost.

* Lven though the relative economic importance of agriculture, fisheries, and forestry is declining
in industrial countries, the importance of other ecosystem services such as aesthetic enjoyment
and recreational options is growing.

It is difficult to assess the implications of ecosystem changes and to manage ecosystems
effectively because many of the effects are slow to become apparent, because they may be
expressed primarily at some distance from where the ecosystem was changed, and because the
costs and benefits of changes often accrue to different sets of stakeholders. Substantial inertia
(delay in the response of a system to a disturbance) exists in ecological systems. As a result, long
time lags often occur between a change in a driver and the time when the full consequences of that
change become apparent. For example, phosphorus is accumulating in large quantities in many
agricultural soils, threatening rivers, lakes, and coastal oceans with increased eutrophication. But
it may take years or decades for the full impact of the phosphorus to become apparent through
erosion and other processes. Similarly, it will take centuries for global temperatures to reach
equilibrium with changed concentrations of greenhouse gases in the atmosphere and even more
time for biological systems to respond to the changes in climate.

Moreover, some of the impacts of ecosystem changes may be experienced only at some distance
from where the change occurred. For example, changes in upstream catchments affect water flow
and water quality in downstream regions; similarly, the loss of an important fish nursery area in a
coastal wetland may diminish fish catch some distance away. Both the inertia in ecological systems
and the temporal and spatial separation of costs and benefits of ecosystem changes often result in
situations where the individuals experiencing harm from ecosystem changes (future generations,
say, or downstream landowners) are not the same as the individuals gaining the benefits. These
temporal and spatial patterns make it extremely difficult to fully assess costs and benefits associated
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with ecosystem changes or to attribute costs and benefits to different stakeholders. Moreover, the
institutional arrangements now in place to manage ecosystems are poorly designed to cope with
these challenges.

INCREASED LIKELTHOOD OF NONLINEAR (STEPPED) AND POTENTIALLY ABRUPT CHANGES
IN ECOSYSTEMS

... Changes in ecosystems generally take place gradually. Some changes are nonlinear, however:
once a threshold is crossed, the system changes to a very different state. And these nonlinear
changes are sometimes abrupt; they can also be large in magnitude and difficult, expensive, or
impossible to reverse. Capabilities for predicting some nonlinear changes are improving, but
for most ecosystems and for most potential nonlinear changes, while science can often warn
of increased risks of change[,] it cannot predict the thresholds at which the change will be
encountered. Examples of large magnitude nonlinear changes include:

* Disease emergence. If, on average, each infected person infects at least one other person, then
an epidemic spreads, while if the infection is transferred on average to less than one person, the
epidemic dies out. During the 1997-98 El Nifio, excessive flooding caused cholera epidemics
in Djibouti, Somalia, Kenya, Tanzania, and Mozambique. Warming of the African Great Lakes
due to climate change may create conditions that increase the risk of cholera transmission in
the surrounding countries.

* BEutrophication and hypoxia. Once a threshold of nutrient loading is achieved, changes in
freshwater and coastal ecosystems can be abrupt and extensive, creating harmful algal blooms
(including blooms of toxic species) and sometimes leading to the formation of oxygen-depleted
zones, killing most animal life.

e Fisheries collapse. For example, the Atlantic cod stocks off the east coast of Newfoundland
collapsed in 1992, forcing the closure of the fishery after hundreds of years of exploitation. Most
important, depleted stocks may take years to recover, or not recover at all, even if harvesting is
significantly reduced or eliminated entirely.

* Species introductions and losses. The introduction of the zebra mussel into aquatic systems in
the United States, for instance, resulted in the extirpation of native clams in Lake St. Clair and
annual costs of $100 million to the power industry and other users.

* Regional climate change. Deforestation generally leads to decreased rainfall. Since forest exis-
tence crucially depends on rainfall, the relationship between forest loss and precipitation
decrease can form a positive feedback, which, under certain conditions, can lead to a nonlinear
change in forest cover.

The growing bushmeat trade poses particularly significant threats associated with nonlinear
changes, in this case accelerating rates of change. Growth in the use and trade of bushmeat is
placing increasing pressure on many species, especially in Africa and Asia. While the population
size of harvested species may decline gradually with increasing harvest for some time, once the
harvest exceeds sustainable levels, the rate of decline of populations of the harvested species will
tend to accelerate. This could place them at risk of extinction and also reduce the food supply of
people dependent on these resources in the longer term. At the same time, the bushmeat trade
involves relatively high levels of interaction between humans and some relatively closely related
wild animals that are eaten. Again, this increases the risk of a nonlinear change, in this case the
emergence of new and serious pathogens. Given the speed and magnitude of international travel
today, new pathogens could spread rapidly around the world.

The increased likelihood of these nonlinear changes stems from the loss of biodiversity and
growing pressures from multiple direct drivers of ecosystem change. The loss of species and
genetic diversity decreases the resilience of ecosystems, which is the level of disturbance that an
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ecosystem can undergo without crossing a threshold to a different structure or functioning. In
addition, growing pressures from drivers such as overharvesting, climate change, invasive species,
and nutrient loading push ecosystems toward thresholds that they might otherwise not encounter.

EXACERBATION OF POVERTY FOR SOME INDIVIDUALS AND GROUPS OF PEOPLE AND CONTRIBUTION
TO GROWING INEQUITIES AND DisPARITIES ACROSS GROUPS OF PEOPLE

Despite the progress achieved in increasing the production and use of some ecosystem services,
levels of poverty remain high, inequities are growing, and many people still do not have a sufficient
supply of or access to ecosystem services.

* In 2001, 1.1 billion people survived on less than $1 per day of income, with roughly 70% of
them in rural areas where they are highly dependent on agriculture, grazing, and hunting for
subsistence.

* Inequality in income and other measures of human wellbeing has increased over the past
decade. A child born in sub-Saharan Africa is 20 times more likely to die before age 5 than a
child born in an industrial country, and this disparity is higher than it was a decade ago. During
the 1990s, 21 countries experienced declines in their rankings in the Human Development
Index (an aggregate measure of economic well-being, health, and education); 14 of them were
in sub-Saharan Africa.

* Despite the growth in per capita food production in the past four decades, an estimated 852
million people were undernourished in 20002, up 37 million from the period 1997—99. South
Asia and sub-Saharan Africa, the regions with the largest numbers of undernourished people,
are also the regions where growth in per capita food production has lagged the most. Most
notably, per capita food production has declined in sub-Saharan Africa.

* Some 1.1 billion people still lack access to improved water supply, and more than 2.6 billion
lack access to improved sanitation. Water scarcity affects roughly 1—2 billion people worldwide.
Since 1960, the ratio of water use to accessible supply has grown by 20% per decade.

The degradation of ecosystem services is harming many of the world’s poorest people and is
sometimes the principal factor causing poverty.

* Half the urban population in Africa, Asia, Latin America, and the Caribbean suffers from one
or more diseases associated with inadequate water and sanitation. Worldwide, approximately
1.7 million people die annually as a result of inadequate water, sanitation, and hygiene.

* The declining state of capture fisheries is reducing an inexpensive source of protein in develop-
ing countries. Per capita fish consumption in developing countries, excluding China, declined
between 1985 and 1997.

* Desertification affects the livelihoods of millions of people, including a large portion of the
poor in drylands.

The pattern of “winners” and “losers” associated with ecosystem changes — and in parti-
cular the impact of ecosystem changes on poor people, women, and indigenous peoples —
has not been adequately taken into account in management decisions. Changes in ecosystems
typically yield benefits for some people and exact costs on others who may either lose access to
resources or livelihoods or be affected by externalities associated with the change. For several
reasons, groups such as the poor, women, and indigenous communities have tended to be harmed
by these changes.

* Many changes in ecosystem management have involved the privatization of what were formerly
common pool resources. Individuals who depended on those resources (such as indigenous
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