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Forewor

Few global issues are more important than the

environment and climate change. Since taking
office, I have consistently emphasized the dangers
of global warming, environmental degradation,
the loss of biodiversity and the potential for conflict
growing out of competition over dwindling natural
resources such as water — the fopics which are
analysed in the GEO-4 report. Dealing with these
issues is the great moral, economic and social

imperafive of our time.

ENVIRONMENT

Rapid environmental change is all around us. The
most obvious example is climate change, which will
be one of my top priorities as Secretary-General.
But that is not the only threat. Many other clouds
are on the horizon, including water shortages,
degraded land and the loss of biodiversity. This
assault on the global environment risks undermining
the many advances human society has made

in recent decades. It is undercutting our fight
against poverty. It could even come fo jeopardize

internafional peace and security.

These issues transcend borders. Protecting the
global environment is largely beyond the capacity
of individual countries. Only concerted and
coordinated infernational action will be sufficient.
The world needs a more coherent system of
international environmental governance. And we
need fo focus in particular on the needs of the poor,
who already suffer disproportionately from pollution
and disasters. Natural resources and ecosystems

underpin all our hopes for a better world.

ENERGY AND CLIMATE CHANGE

Issues of energy and climate change can have
implications for peace and security. This is
especially frue in vulnerable regions that face
multiple stresses at the same time — pre-existing
conflict, poverty and unequal access to resources,

weak institutions, food insecurity, and incidence of
diseases such as HIV/AIDS.

We must do more to use and develop renewable
energy sources. Greater energy efficiency is

also vital. So are cleaner energy technologies,
including advanced fossil fuel and renewable
energy technologies, which can create jobs, boost
industrial development, reduce air pollution and
help o mitigafe greenhouse gas emissions. This is a
matter of urgency that requires sustained, concerted
and high-level aftention. It has a broad impact not
just on the environment but also on economic and
social development, and needs to be considered in
the context of sustainable development. It should be

a concern tfo all countries, rich or poor.

Energy, climate change, industrial development and
air pollution are critical items on the international
agenda. Addressing them in unison creafes many
win-win opportunities and is crucial for sustainable
development. We need fo take joint action on a
global scale to address climate change. There are
many policy and technological options available

to address the impending crisis, but we need the
political will to seize them. | ask you to join the
fight against climate change. If we do not act, the

true cost of our failure will be borne by succeeding



generations, starting with yours. That would be an
unconscionable legacy; one which we must all join

hands to avert.

BIODIVERSITY

Biodiversity is the foundation of life on earth and
one of the pillars of sustainable development.
Without the conservation and sustainable use of
biodiversity, we will not achieve the Millennium
Development Goals. The conservation and
sustainable use of biodiversity is an essential
element of any strategy to adapt to climate change.
Through the Convention on Biological Diversity

and the United Nations Framework Convention on
Climate Change, the international community is
committed to conserving biodiversity and combating
climate change. The global response fo these
challenges needs to move much more rapidly, and
with more defermination af all levels — global,
national and local. For the sake of current and
future generations, we must achieve the goals of

these landmark instruments.

WATER

The state of the world's waters remains fragile
and the need for an integrated and sustainable
opprooch to water resource management is as
pressing as ever. Available supplies are under
great duress as a result of high population
growth, unsustainable consumption patterns, poor
management practices, pollution, inadequate
investment in infrastructure and low efficiency in

water-use. The watersupply-demand gap is likely fo

grow wider sfill, threatening economic and social
development and environmental sustainability.
Integrated water resource management will be of
crucial imporfance in overcoming water scarcity.
The Millennium Development Goals have helped to
highlight the importance of access to safe drinking
water supplies and adequate sanitation, which
undeniably separates people living healthy and
productive lives from those living in poverty and
who are most vulnerable to various life-threatening
diseases. Making good on the global water and
sanitation agenda is crucial to eradicating poverty

and achieving the other development goals.

INDUSTRY

Increasingly, companies are embracing the Global
Compact not because it makes for good public
relations, or because they have paid a price for
making mistakes. They are doing so because in
our interdependent world, business leadership
cannot be sustained without showing leadership

on environmental, social and governance issues.
/ éf/ W

Ban Ki-moon

Secretary-General of the United Nations
United Nations Headquarters, New York,
October 2007



reface

The Global Environment Outlook: environment for

development (GEO-4) report is published in what
may prove to be a remarkable year — a year
when humanity faced up to the scale and pace of
environmental degradation with a new sense of
realism and honesty matched by firm, decisive and

above all, imaginative action.

It highlights the unprecedented environmental
changes we face today and which we have to
address together. These changes include climate
change, land degradation, collapse of fisheries,
biodiversity loss, and emergence of diseases and
pests, among others. As society, we have the
responsibility to fackle these and the development
challenges we face. The trigger propelling countries
and communities towards a rediscovery of collective
responsibility is the most overarching challenge of

this generation: climafe change.

Humanity's capacity to order its affairs in a stable
and sustainable way is likely to prove impossible if

greenhouse gases are allowed to rise unchecked.

Attempts to meet the Millennium Development Goals
relating to poverty, water and other fundamental
issues may also fail without swift and sustained

action towards de-carbonizing economies.

The difference between this GEO and the third
report, which was released in 2002, is that claims
and counter claims over climate change are in
many ways over. The Intergovernmental Panel on
Climate Change (IPCC) has put a full stop behind
the science of whether human actions are impacting
the atmosphere and clarified the likely impacts

— impacts not in a far away future but within the

lifetime of our generation.

The challenge now is not whether climate change
is happening or whether it should be addressed.
The challenge now is to bring over 190 nations
together in common cause. The prize is not just a
reduction in emissions of greenhouse gases, it is a
comprehensive re-engagement with core objectives

and principles of sustainable development.

For climate change, by its very nature cannot be
compartmentalized info one ministerial portfolio, a
single-line entry in corporate business plans or a sole
area of NGO activism. Climate change, while firmly
an environmental issue is also an environmental
threat that impacts on every facet of government
and public life = from finance and planning to

agriculture, health, employment and transport.

If both sides of the climate coin can be addressed -
emission reductions and adaptation — then perhaps

many of the other sustainability challenges can also
be addressed comprehensively, cohesively and

with a long-term lens rather than in the segmented,

piecemeal and shortsighted ways of the past.

GEO-4 underlines the choices available to policy-
makers across the range of environmental, social
and economic challenges — both known and
emerging. It underlines not only the enormous,
trillion-dollar value of the Earth’s ecosystems and

the goods-and-services they provide, but also



underscores the central role the environment has for

development and human well-being.

The year 2007 is also momentous because it is

the 20th anniversary of the report by the World
Commission on Environment and Development,

Our Common Future. It augurs well that the report’s
principal architect and a person credited with
popularizing the term sustainable development as
the chair of the Commission — former Norwegian
Prime Minister Gro Harlem Brundiland — is one of
three special climate envoys appointed this year by

UN Secretary-General Ban Ki-moon.

The GEO-4 report is a living example of
international cooperation at ifs best. About 400
individual scientists and policy-makers, and more
than 50 GEO Collaborating Centres and other
partner institutions around the world participated in
the assessment with many of them volunteering their
time and expertise. | would like to thank them for

their immense contribution.

I would also like to thank the governments of
Belgium, Norway, The Netherlands, and Sweden
for their financial support to the GEO-4 assessment
that was invaluable in, for example, funding global
and regional meetings and the comprehensive
peer review process of 1 000 invited experts. My
thanks are also extended to the GEO-4 High-level
Consultative Group whose members offered their

invaluable policy and scientific expertise.

%&-—)\5
Achim Steiner

United Nations Under-Secretary General and Executive

Director, United Nations Environment Programme



Reader’s guide

The fourth Global Environment Outlook — environment
for development (GEO-4) places sustainable
development af the core of the assessment,
particularly on issues dealing with infra- and
intergenerational equity. The analyses include the
need and usefulness of valuation of environmental
goods and services, and the role of such services
in enhancing development and human well-being,
and minimizing human vulnerability to environmental
change. The GEO-4 temporal baseline is 1987,
the year in which the World Commission on
Environment and Development (WCED) published ifs
seminal report, Our Common Future. The Brundtland
Commission was established in 1983, under UN
General Assembly resolution 38/161 to look af
critical environment and development challenges.

It was established at a time of an unprecedented
rise in pressures on the global environment, and
when grave predictions about the human future

were becoming commonplace.

The year 2007 is o major milesfone in marking
what has been achieved in the area of sustainable
development and recording efforts — from local

fo global - to address various environmental

challenges. It will be:

m  Twenty years since the launch of Our Common
Future, which defined sustainable development
as a blueprint to address our inferlinked
environment and development challenges.

m  Twenty years since the UNEP Governing Council
adopted the "Environmental Perspective fo the
Year 2000 and Beyond”, fo implement the major
findings of the VWWCED and set the world on a
sustainable development path.

m  fifteen years since the World Summit on
Environment and Development (the Rio Earth
Summit], adopted Agenda 21, providing
the foundation on which to build intra- and
intergenerational equity.

m  Five years since the World Summit on
Sustainable Development (WSSD) in 2002,
which adopted the Johannesburg Plan of

Implementation.

The year 2007 is also the halfway point to the
implementation of some of the internationally
recognized development fargefs, including the
Millennium Development Goals (MDGs). These and

other issues are analysed in the report.

The GEO-4 assessment report is the result of a
structured and elaborate consultative process,
which is outlined af the end of this report.

GEO-4 has 10 chapters, which provide an
overview of global social and economic frends,
and the state-and-rends of the global and regional
environments over the past two decades, as well
as the human dimensions of these changes. It
highlights the interlinkages as well as the challenges
of environmental change and opportunities

that the environment provides for human well-
being. It provides an outlook for the future, and
policy options to address present and emerging
environmental issues. The following are the

highlights of each chapter:

Chapter 1: Environment for Development —
examines the evolution of issues since Our Common
Future popularized “sustainable development,”
highlighting institutional developments and
conceptual changes in thought since then, as well
as the major environmental, social and economic

trends, and their influence on human well-being.

Chapter 2: Atmosphere — highlights how
atmospheric issues affect human well-being and
the environment. Climate change has become the
greatest challenge facing humanity today. Other
atmospheric issues, such as air quality and ozone

layer depletion are also highlighted.

Chapter 3: Land — addresses the land issues
identified by UNEP regional groups, and highlights
the pressures of human demands on the land
resource as the cause of land degradation.

The most dynamic elements of land-use change
are the far-reaching changes in forest cover

and composition, cropland expansion and

intensification, and urban development.



Chapter 4: Water — reviews the pressures that are
causing changes in the state of the Earth’s water
environment in the context of global and regional
drivers. It describes the state-and-frends in changes
in the water environment, including its ecosystems
and their fish stocks, emphasizing the last 20 years,
and the impacts of changes on the environment and

human well-being at local to global scales.

Chapter 5: Biodiversity — highlights biodiversity as a
key pillar of ecologically sustainable development,
providing a synthesis of the latest information on

the state-and-trends of global biodiversity. It also
links frends in biodiversity to the consequences for

sustainable development in a number of key areas.

Chapter 6: Sustaining a Common Future —
identifies and analyses priority environmental issues
between 1987-2007 for each of the seven GEO
regions: Africa, Asia and the Pacific, Europe, Latin
America and the Caribbean, North America, West
Asia and the Polar Regions. The chapter points out
that for the first time since the GEO report series
was first published in 1997, all seven regions

recognize climate change as a major issue.

Chapter 7: Vulnerability of People and the
Environment: Challenges and Opportunities

— identifies challenges to and opportunities for
improving human well-being through analyses of
the vulnerability of some environmental systems

and groups in sociely fo environmental and socio-
economic changes. The export and import of
human vulnerability have grown as a result of the
phenomenal global consumption, increased poverty

and environmental change.

Chapter 8: Interlinkages: Governance for
Sustainability — presents an assessment of the
interlinkages within and between the biophysical
components of the Earth system, environmental
change, the development challenges facing human
society, and the governance regimes developed

to address such challenges. These elements are
interlinked through significant systemic interactions
and feedbacks, drivers, policy and technology
synergies and trade-offs. Governance approaches
that are flexible, collaborative and learning-

based may be more responsive and adaptive to
change, and therefore, better able to cope with the

challenges of linking environment to development.

Chapter 9: The Future Today — builds on previous
chapters by presenting four scenarios to the year
2050 — Markets First, Policy First, Security First
and Sustainability First = which explore how current
social, economic and environmental trends may
unfold, and what this means for the environment
and human well-being. The scenarios examine
different policy approaches and societal choices.
They are presented using narrative storylines and
quantitative dafa at both global and regional levels.
The degree of many environmental changes differs
over the next half-century across the scenarios as

a result of differences in policy approaches and

societal choices.

Chapter 10 From the Periphery to the Core of
Decision Making — Options for Action — discusses
the main environmental problems highlighted in
earlier chapters, and categorizes them along a
continuum from problems with proven solutions to
problems for which solutions are emerging. It also
describes the adequacy of current policy responses,
and possible barriers to more effective policy
formulation and implementation. It then outlines

the future policy challenges, pointing fo the need
for a tworrack approach: extending policies that
have been demonstrated to work for conventional
environmental problems info regions lagging
behind, and beginning fo tackle the emerging
environmental problems through structural reforms to

social and economic systems.

FOURTH GLOBAL ENVIRONMENT OUTLOOK
(GEO-4) ASSESSMENT

GEO-4 conceptual framework

The GEO-4 assessment uses the drivers-pressures-
state-impacts-responses (DPSIR) framework in
analysing the interaction between environmental
change over the past two decades as well as in

presenting the four scenarios in Chapter 9.

The concepts of human well-being and

ecosystem services are core in the analysis.
However, the report broadens its assessment

from focusing exclusively on ecosystems to cover
the entire environment and the interaction with
society. The framework attempts to reflect the key
components of the complex and multidimensional,
spatial and temporal chain of cause-and-effect
that characterizes the interactions between society

and the environment. The GEO-4 framework



is generic and flexible, and recognizes that a Drivers
specific thematic and geographic focus may Drivers are sometimes referred to as indirect or
require a specific and customized framework. underlying drivers or driving forces. They refer

to fundamental processes in society, which drive

The GEO-4 conceptual framework (Figure 1), activities with a direct impact on the environment.
therefore, confributes to sociefy’s enhanced Key drivers include: demographics; consumption
understanding of the links between the and production patterns; scientific and technological
environment and development, human well- innovation; economic demand, markets and trade;
being and vulnerability to environmental distribution patterns; insfitutional and social-political
change. The framework places, together with frameworks and value systems. The characteristics
the environment, the social issues and economic and importance of each driver differ substantially
sectors in the 'impacts’ category rather than from one region to another, within regions and

just exclusively in the ‘drivers’ or ‘pressures’ within and between nations. For example, in the
categories (Figure 1). The characteristics of the area of population dynamics, most developing
components of the GEO-4 analytical framework countries are still facing population growth while
are explained below. developed counfries are faced with a stagnant and

Figure 1 GEO-4 conceptual framework
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ageing population. The resource demand of people

influence environmental change.

Pressures

Key pressures include: emissions of substances
which may take the form of pollutants or waste;
external inpufs such as fertilizers, chemicals and
irrigation; land use; resource exfraction; and
modification and movement of organisms. Human
interventions may be directed towards causing a
desired environmental change such as land use, or
they may be intentional or unintentional by-products
of other human activities, for example, pollution.
The characteristics and importance of each pressure
may vary from one region to another, but is offen a
combination of pressures that lead to environmental
change. For example, climate change is a result

of emissions of different greenhouse gases,
deforestation and land-use practices. Furthermore,
the ability to create and transfer environmental
pressures onfo the environment of ofher societies
varies from one region to another. Affluent societies
with high levels of production, consumption and
trade tend to contribute more towards global and
transboundary environmental pressures than the
less affluent societies which interact in more direct

fashion with the environment in which they live.

State-and-trends

Environmental state also includes trends, which
often refers to environmental change. This change
may be natural, human-induced or both. Examples
of natural processes include solar radiation,
exireme natural events, pollination, and erosion.
Key forms of human induced environmental change
include climate change, desertification and land
degradation, biodiversity loss, and air and water

pollution, for example.

Different forms of natural or human-induced changes
interact. One form of change, for example,

climate change, will inevitably lead 1o ecosystem
change, which may result in desertification and/or
biodiversity loss. Different forms of environmental
change can reinforce or neutralize each other. For
example, a temperature increase due to climate
change can, in Europe, partly be offset by changes
in ocean currents friggered by climate change. The
complexity of the physical, chemical and biological
systems constituting the environment makes it hard

to predict environmental change, especially when

it is subject to multiple pressures. The siate of the
environment and its resilience fo change varies
greafly within and among regions due fo different

climatic and ecological conditions.

Impacts

The environment is directly or indirectly affected by the
social and economic sectors, contribufing to change
(either negative or positive) in human well-being and
in the capacity/ability fo cope with environmental
changes. Impacts, be they on human wellbeing,

the social and economic sectors or environmental
services, are highly dependent on the characteristics
of the drivers and, therefore, vary markedly between

developing and developed regions.

Responses

Responses address issues of vulnerability of

both people and the environment, and provide
opportunities for reducing human vulnerability and
enhancing human well-being. Responses take place
at various levels: for example, environmental laws
and institutions at the national level, and multilateral
environmental agreements and insfitutions af the
regional and global levels. The capacity to mitigate
and/or adapt to environmental change differs
among and within regions, and capacity building is,
therefore, a major and overarching component of the

response components.

The GEO-4 framework has been used in the
analyses of issues in all the 10 chapters, both
explicitly and implicitly. Its utility is in infegrating
the analyses fo befter reflect the cause-and-effect,
and ultimately society’s response in addressing the

environmental challenges it faces.

A variation of Figure 1 is presented in Chapter
8 as Figure 8.2 to better highlight the dual
roles of economic sectors such as agriculture,
forestry, fisheries and tourism — in confributing to
development and human well-being, and also
in exerting pressure on the environment and
influencing environmental change, and in some

cases, fo human vulnerability to such change.
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Gambia Africa Western Africa
Ghana Africa Western Africa
Guinea Africa Western Africa
Guinea-Bissau Africa Western Africa
Liberia Africa Western Africa
Mali Africa Western Africa
Mauritania Africa Western Africa
Niger Africa Western Africa
Nigeria Africa Western Africa
Senegal Africa Western Africa
Sierra Leone Africa Western Africa
Togo Africa Western Africa
Comoros Africa Western Indian Ocean
Madagascar Africa Western Indian Ocean
Mauritius Africa Western Indian Ocean
Mayotte (France) Africa Western Indian Ocean
Réunion (France) Africa Western Indian Ocean
Seychelles Africa Western Indian Ocean

ASIA AND THE PACIFIC
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Name
Mexico
Nicaragua

Panama

Argentina
Bolivia
Brazil
Chile
Colombia
Ecuador
French Guiana (France)
Guyana
Paraguay
Pery
Suriname
Uruguay

Venezuela

NORTH AMERICA
Canada

United States of America

POLAR

Antarctic

Arctic (The eight Arctic countries are: Alaska
(United States), Canada, Finland, Greenland

[Denmark), Iceland, Norway, Russia, Sweden)

WEST ASIA

Bahrain

Kuwait

Oman

Qatar

Saudi Arabia

United Arab Emirates

Yemen

Iraq

Jordan

lebanon

Occupied Palestinian Territory

Syrian Arab Republic

Region
Latin America and the Caribbean
Latin America and the Caribbean

Latin America and the Caribbean

Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean
Latin America and the Caribbean

Latin America and the Caribbean

North America

North America

Polar

Polar

West Asia
West Asia
West Asia
West Asia
West Asia
West Asia
West Asia

West Asia
West Asia
West Asia
West Asia
West Asia

Sub-region
Meso-America
Meso-America

Meso-America

South America
South America
South America
South America
South America
South America
South America
South America
South America
South America
South America
South America

South America

North America

North America

Antarctic

Arctic

Arabian Peninsula
Arabian Peninsula
Arabian Peninsula
Arabian Peninsula
Arabian Peninsula
Arabian Peninsula

Arabian Peninsula

Mashriq
Mashriq
Mashriq
Mashriq
Mashriq
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‘ Overview

Chapter 1 Environment for Development



“The ‘environment’ is where we live;, and
development is what we all do in attempting
to improve our lot within that abode.

The two are inseparable.

Our Common Future
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Main messages

It is 20 years since the report of the World
Commission on Environment and Development
(WCED), Our Common Future, emphasized
the need for a sustainable way of life which
not only addresses current environmental
challenges but also ensures a secure society
well into the future. This chapter analyses
the evolution of such ideas as well as global
trends in relation to environment and socio-
economic development. The following are its
main messages:

The world has changed radically since
1987 - socially, economically and
environmentally. Global population has
grown by more than 1.7 billion, from
about 5 billion people. The global economy
has expanded and is now characterized

by increasing globalization. Worldwide,
GDP per capita (purchasing power parity)
has increased from US$5 927 in 1987 to
US$8 162 in 2004. However, growth has
been distributed unequally between regions.
Global trade has increased during the past
20 years, fuelled by globalization, better
communication, and low transportation
costs. Technology has also changed.
Communications have been revolutionized
with the growth of telecommunications and
the Internet. Worldwide, mobile phone
subscribers increased from 2 people per

1 000 in 1990 to 220 per 1 000 in 2003.
Internet use increased from 1 person per

1 000 in 1990 to 114 per 1 000 in 2003.
Finally, political changes have also been
extensive. Human population and economic
growth has increased demand on resources.

The World Commission on Environment and
Development (WCED) recognized 20 years
ago that the environment, economic and social
issues are interlinked. It recommended that the
three be integrated into development decision
making. In defining sustainable development,
the Commission acknowledged the need

for both intra- and intergenerational equity

— development that meets not only today’s
human needs but also those of more people in
the future.

Changing drivers, such as population growth,
economic activities and consumption patterns,
have placed increasing pressure on the
environment. Serious and persistent barriers
to sustainable development remain. In the past
20 years, there has been limited integration of
environment into development decision making.

Environmental degradation is therefore
undermining development and threatens
future development progress. Development is
a process that enables people to better their
well-being. Long-term development can only
be achieved through sustainable management
of various assets: financial, material, human,
social and natural. Natural assets, including
water, soils, plants and animals, underpin
people’s livelihoods.

Environmental degradation also

threatens all aspects of human well-

being. Environmental degradation has

been demonstrably linked to human health
problems, including some types of cancers,
vector-borne diseases, emerging animal to
human disease transfer, nutritional deficits
and respiratory illnesses. The environment
provides essential material assets and an
economic base for human endeavour. Almost
half the jobs worldwide depend on fisheries,
forests or dgricuhure. Non-sustainable use
of natural resources, including land, water,
forests and fisheries, can threaten individual
livelihoods as well as local, national and
international economies. The environment
can play a significant role in contributing to
deve|opment and human we||-being, but can
also increase human vulnerability, causing
human migration and insecurity, such as in
the case of storms, droughts or environmental



mismanagement. Environmental scarcity can
foster cooperation, but also contribute to
tensions or conflicts.

Environmental sustainability, Millennium
Development Goal 7, is critical to the
attainment of the other MDG goals. Natural
resources are the basis of subsistence in many
poor communities. In fact, natural capital
accounts for 26 per cent of the wealth of
low-income countries. Up to 20 per cent of
the total burden of disease in developing
countries is associated with environmental
risks. Poor women are particularly vulnerable
to respiratory infections related to exposure
to indoor air pollution. Acute respiratory
infections are the leading cause of death in
children, with pneumonia killing more children
under the age of five than any other illness.

A combination of unsafe water and poor
sanitation is the world’s second biggest killer
of children. About 1.8 million children die
annually and about 443 million school days
are missed due to diarrhoea. Clean water
and air are powerful preventative medicines.
Sustainable management of natural resources
contributes to poverty alleviation, helps
reduce diseases and child mortality, improves
maternal health, and can contribute to gender
equity and universal education.

Some progress towards sustainable
development has been made since 1987 when
the WCED report, Our Common Future, was
launched. The number of meetings and summits
related to the environment and deve|opment
has increased (for example, the 1992 Rio

Earth Summit and the 2002 World Summit on
Sustainable Development), and there has been
a rapid growth in multilateral environmental
agreements (for example, the Kyoto Protocol
and the Stockholm Convention on Persistent
Organic Pollutants). Sustainable development
strategies have been implemented at local,
national, regional and international levels. An
increasing number of scientific assessments

(for example, the Intergovernmental Panel on
Climate Change) have contributed to a greater
understanding of environmental challenges. In
addition, proven and workable solutions have
been identified for environmental problems that

are limited in scale, highly visible and acute,
(for example, industrial air and water pollution,
local soil erosion and vehicle exhaust emission).

However, some international negotiations
have stalled over questions of equity and
responsibility sharing. Interlinkages between
drivers and pressures on the global environment
make solutions complex. As a result, action

has been limited on some issues, for example,
climate change, persistent organic pollutants,
fisheries management, invasive alien species
and species extinction.

Effective policy responses are needed at all
levels of governance. While proven solutions
continue to be used, action should also be
taken to address both the drivers of chcmge and
environmental problems themselves. A variety of
tools that have emerged over the past 20 years
may be strategic. Economic instruments, such
as property rights, market creation, bonds and
deposits, can help correct market failures and
internalize costs of protecting the environment.
Valuation techniques can be used to understand
the value of ecosystem services. Scenarios can
provide insights on the future impacts of policy
decisions. Capacity building and education are
critical to generate knowledge and inform the
decision making process.

Society has the capacity o make a difference
in the way the environment is used to
underpin development and human well-being.
The following chapters highlight many of the
challenges society faces today and provides
signposts towards sustainable development.



INTRODUCTION

Imagine a world in which environmental change
threatens people’s health, physical security, material
needs and social cohesion. This is a world beset
by increasingly intense and frequent storms, and

by rising sea levels. Some people experience
extensive flooding, while others endure infense
droughts. Species exfinction occurs at rafes never
before witnessed. Safe water is increasingly limited,
hindering economic activity. Land degradation

endangers the lives of millions of people.

This is the world today. Yet, as the World
Commission on Environment and Development
(Brundtland Commission) concluded 20 years ago
"humanity has the ability to make development
sustainable.” The fourth Global Environment
Outlook highlights imperative steps needed to

achieve this vision.

The fourth GEO assesses the current sfate of the
world's atmosphere, land, water and biodiversity,
providing a description of the state of environment,
and demonstrating that the environment is essential
for improving and sustaining human well-being.

It also shows that environmental degradation

is diminishing the potential for sustainable
development. Policies for action are highlighted to

facilitate alternative development paths.

This chapter examines developments since the
landmark 1987 Brundtland Commission report

— Our Common Fulure — placed sustainable
development much higher on the international policy
agenda. It examines institutional developments
and changes in thought since the mid-1980s, and
explores the relationships involving environment,
development and human well-being, reviews
major environmental, social and economic trends,
and their impacts on environment and human
well-being, and provides options to help achieve

sustainable development.

Subsequent chapters will analyse of environmental
changes in the atmosphere, land, water and
biodiversity, both at global and regional levels,
and will highlight human vulnerability and strategic
policy interlinkages for effective responses. Positive
developments since 1987 are described. These
include progress towards meeting the goals of the

Montreal Protocol, and the reduction in emissions of

SECTION A: OVERVIEW

chemicals that deplete the stratospheric ozone layer.

Yet, the chapters also highlight current environmental

trends that threaten human well-being:

m In some cases, climate change is having severe
effects on human health, food production, security
and resource availability.

m  Exireme weather conditions are having an
increasingly large impact on vulnerable human
communities, parficularly the world's poor.

m  Both indoor and outdoor pollution is sfill causing
many premature deaths.

m  lond degradation is decreasing agricultural
productivity, resulting in lower incomes and
reduced food security.

m  Decreasing supplies of safe water are
jeopardizing human health and economic activity.

m  Drostic reductions of fish sfocks are creating both
economic losses and a loss of food supply.

B Accelerating species extinction rates are threatening
the loss of unique genetic pools, possible sources

for future medical and agricultural advances.

Choices made foday will determine how these
threats will unfold in the future. Reversing such
adverse environmental trends will be an immense
challenge. Ecosystem services collapse is a distinct
possibility if action is not taken. Finding solutions fo

these problems today is therefore urgent.

This chapter provides a message for action today:
The Earth is our only home. Its well-being, and
our own, is imperilled. To ensure long-term well-
being, we must take an alternative approach

to development, one that acknowledges the

importance of environment.

OUR COMMON FUTURE: EVOLUTION OF
IDEAS AND ACTIONS
Two decades ago the Brundiland Commission report
— Our Common Future — addressed the links between
development and environment, and challenged
policy-makers o consider the interrelationships
among environment, economic and social issues
when it comes fo solving global problems. The report
examined emerging global challenges in:

population and human resources;

food security;

energy,

[
u
m  species and ecosystems;
m
m indusiry; and

[

urbanization.



The commission recommended institutional and
legal changes in six broad areas to address these
challenges:

gefting at the sources;

dealing with the effects;

assessing global risks;

making informed choices;

providing the legal means; and

investing in our future.

Recommendations emphasized the expansion of
infernational insfitutions for cooperation, and the
creation of legal mechanisms for environmental
profection and sustainable development, and also
stressed the links between poverty and environmental
degradation. They also called for increased capacity
fo assess and report on risks of irreversible damage to
natural systems, as well as threats to human survival,

security and well-being.

The work of the commission was built on the
foundation of, among others, the 1972 UN
Conference on the Human Environment in Stockholm
and the 1980 World Conservation Strategy,

which emphasized conservation as including

both protection and the rafional use of natural
resources (IUCN and others 1991). The Brundtland
Commission is widely affributed with popularizing
sustainable development internationally (Langhelle
1999). It defined sustainable development as
"development that meets the needs of the present
generation without compromising the ability of
future generations to meet their own needs.” The
commission further explained that, “the concept

of sustainable development implies limits — not
absolute limits but limitations imposed by the present
state of technology and social organization on
environmental resources and by the ability of the
biosphere to absorb the effects of human activities.”
It was argued that, “technology and social
organization can be both managed and improved

to make way for a new era of economic growth”

(WCED 1987].

The most immediate and perhaps one of the most
significant results of Our Common Future was the
organization of the UN Conference on Environment
and Development (UNCED), also known as the
Earth Summit, which gathered many heads of

stafe in Rio de Janeiro in 1992. Not only did this

meeting bring fogether 108 government leaders,

more than 2 400 representatives from non-
governmental organizations (NGOs) aftended, and
17 000 people participated in a parallel NGOs
event. The Earth Summit strengthened interaction
among governments, NGOs and scientists,

and fundamentally changed attitudes towards
governance and the environment. Governments

were encouraged fo rethink the concept of

economic development, and to find ways to half the

destruction of natural resources and reduce pollution

of the planet.

The summit resulted in several important steps
towards sustainable development. Through the
adoption of the Rio Declarafion and Agenda 21,
it helped formalize an international institutional
framework to implement the ideas highlighted

in Our Common Future. The Rio Declaration

contains 27 principles that nations agreed to

follow to achieve the goals articulated by the

ENVIRONMENT FOR DEVELOPMENT

Gro Harlem Brundtland
introduces to the General
Assembly, the report of the World
Commission on Environment
and Development in 1987,
which she chaired. The work
of the Brundtland Commission
challenged policy-makers to
consider the interrelationships
among environment, economic
and social issues in efforts to

solve global problems.

Credit: UN Photo/Milton Grant




Brundtland Commission. Key commitments in the
Rio Declaration included integration of environment
and development in decision making, provision for
polluters to pay for costs of pollution, recognition
of common but differentiated responsibilities, and
application of the precautionary approach to

decision making.

Agenda 21 articulated a comprehensive plan

of action towards sustainable development. It

contains 40 chapters, which can be divided info

four main areas:

m  social and economic issues, such as poverty,
human health and population;

m  conservation and management of natural resources
including the atmosphere, forests, biological
diversity, wastes and toxic chemicals;

m  the role of nine major groups in implementing the
sustainable development agenda (local authorities,
women, farmers, children and youth, indigenous
peoples, workers and trade unions, NGOs,
the scientific and technological community, and
business and industry); and

m  means of implementation, including technology
transfer, financing, science, education and public

information.

Embedded in these four main areas of Agenda
21 are the environmental challenges, as well as
the broad governance issues highlighted in the
Brundtland Commission report. As the blueprint
for sustainable development, Agenda 21 remains
the most significant non-binding instrument in the

environmental field (UNEP 2002).

Funding for the implementation of Agenda 21 was
fo be obtained from the Global Environment Facility
(GEF). As a partnership involving the UNEP, UNDP
and World Bank, GEF was established the year
before the Earth Summit to mobilize resources for
projects that seek to profect the environment. Since
1991, the GEF has provided US$6.8 billion in
grants, and generated more than US$24 billion in
cofinancing from other sources to support about

2 000 projects that produce global environmental
benefits in more than 160 developing countries and
countries with economies in transition. GEF funds
are confributed by donor countries, and in 2006,
32 countries pledged a total of US$3.13 billion to
fund various environment-related initiatives over four

years (GEF 20006).
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The turn of the century brought a sense of
urgency to attempts fo address environment and
development challenges. World leaders sought to
ensure a world free from want. In the Millennium
Declaration, adopted in 2000, world leaders
committed to free their people from the “threat of
living on a planet irredeemably spoilt by human
activities, and whose resources would no longer
be sufficient for their needs” (UN 2000). The
Millennium Summit, adopted the declaration

and created time-bound goals and targets — the
Millennium Development Goals (MDGs) — to better

human well-being.

Two years affer the Millennium Declaration and a
decade after the Rio Earth Summit, world leaders
reaffirmed sustainable development as a central goal
on the international agenda at the 2002 Johannesburg
World Summit on Susfainable Development (WSSD).
More than 21 000 participants attended the

summit, along with representatives of more than 191
governments. The UN Secretary-General designated
five priority areas for discussion: water, including
sanifation, energy, health, agriculture and biodiversity.
These became to be known by the acronym VWEHAB.
These issues can also be traced back to initiatives such
as the Brundiland Commission. The WSSD outcomes
include the Johannesburg Declaration on Sustainable
Development, and a 54-page plan of implementation.
World leaders committed themselves, “to expedite

the achievement of the time-bound, socio-economic
and environmental fargets” confained within the Plan
of Implementation (Johannesburg Declaration on
Sustainable Development). This historic summit also
achieved new commitments on water and sanitation,
poverty eradication, energy, sustainable production
and consumption, chemicals, and management of
natural resources (UN 2002).

The last 20 years has also seen a growth in the
number of scientific assessments, such as the
Intergovernmental Panel on Climate Change, the
Millennium Ecosystem Assessment and the Global
Environment Outlook. The Intergovernmental Panel on
Climate Change was established in 1988 to assess
on an obijective, open and fransparent basis the
scientific, technical and socio-economic information
relevant fo climate change. In 2007, the IPCC
released its Fourth Assessment Report. The Millennium
Ecosystem Assessment was called for by the then

UN Secretary-General Kofi Annan, fo assess the



consequences of ecosystem change for human well
being. These scientific assessments reflect the work
of thousands of experts worldwide, and have led to

greater undersfanding of environmental problems.

As a result of the conferences and assessments
highlighted above, a diversity of multilateral
environmental agreements [MEAs) have been adopted
[see Figure 1.1), and these and several others are
analysed in relevant chapters throughout this report.
The Convention on Biclogical Diversity (CBD) was
signed by 150 government leaders af the Rio Earth
Summit. The CBD sefs out commitments for conserving
biodiversity, the susfainable use of its components,
and fair and equitable sharing of its benefits. The
Cartagena Protocol on Biosafety is based on the
precautionary approach from the Rio Declaration.
Principle 15 of the Rio Declaration states that, “where
there are threats of serious and irreversible damage
lack of full scientific certainty shall not be used as

a reason for postponing cost effective measures to
prevent biological degradafion” [UNGA 1992). The
Protocol promotes biosafety in the handling, transfer

and use of living modified organisms.

Two agreements that have drawn significant attention
during the last 20 years are the Montreal Protocol to
the Vienna Convention on Substances that Deplete

the Ozone Layer and the Kyoto Profocol fo the

UN Framework Convention on Climate Change.

The Montreal Protocol, which became effective in
1989 and had 191 parties af the beginning of
2007, has helped decrease or stabilize atmospheric
concentrations of many of the ozone-depleting
substances, including chlorofluorocarbons. The protocol
is regarded as one of the most successful international
agreements fo dafe. By confrast, despite the urgency
of climate change, it has been much more difficult to
get some countries responsible for significant emissions

of greenhouse gases fo ratify the Kyoto Protocol.

Environmental governance has changed since the
Brundtland Commission. Today, a broader scope of
issues related to environment and development are
discussed. The issues of frade, economic development,
good governance, fransfer of technology, science and
education policies, and globalization, which links
them together, have become even more central fo

sustainable development.

Different levels of government participate in
environmental policy. The postWCED period saw a
strong increase in subnational and local government
action, for example, through local Agenda 21
processes. The Johannesburg Plan of Implementation
stressed that the role of national policies and
development sirategies “cannot be overemphasized.”

It also strengthened the role of the regional level,

Figure 1.1 Ratification of major multilateral environmental agreements
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for example by giving the regional UN economic

commissions new fasks, and establishing a regional

preparation process for the Commission on Sustainable

Development (CSD] (UN 2002).

The number of non-governmental stakeholders involved

in environmental governance has grown considerably,
with organizations playing key roles from local to
global levels. NGOs and advocacy groups devoted
fo public interest and environmental causes have
multiplied exponentially, particularly in countries
undertaking democratic transitions (Carothers and

Barndt 2000).

The private sector should also take action to help

protect the environment. Even though business was

“given litile attention by the WCED ..., more boards

and executive committees are frying to consider all
dimensions of their impacts at once, on the same
agenda, in the same room” (WBCSD 2007). As

consumer demand for “green” products arose,

some businesses developed voluntary environmental

codes, or followed codes developed by non-

governmental organizations and governments

(Prakash 2000). Other companies began to monitor

and report on their sustainability impacts. A study
by eight corporate leaders on what business
success would look like in the future concluded
that it would be tied to helping society cope
with challenges such as poverty, globalization,
environmental decline and demographic change
(WBCSD 2007).

Box 1.1 Environment as the foundation for development

Development is the process of furthering people’s well-being. Good development entails:
m increasing the asset base and its productivity;

m empowering poor people and marginalized communities;

m reducing and managing risks; and

m faking a long-term perspective with regard to intra- and intergenerational equity.

The environment is central to all four of these requirements. Long-term development
can only be achieved through sustainable management of various assets: financial,
material, human, social and natural. Natural assets, including water, soils, plants
and animals, underpin the livelihoods of all people. At the national level, natural
assets account for 26 per cent of the wealth of low-income countries. Sectors such
as agriculture, fishery, forestry, tourism and minerals provide important economic
and social benefits to people. The challenge lies in the proper management of these
resources. Sustainable development provides a framework for managing human and
economic development, while ensuring a proper and optimal functioning over time
of the natural environment.

Sources: Bass 2006, World Bank 2006a
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Finally, decision making is increasingly participatory.
Stakeholder groups interact with each other and

with governments through networks, dialogues and
parierships. Interaction among groups at local,
national and global levels was institutionalized in

the action plans of UNCED and WSSD. Chapter 37
of Agenda 21 urged countries to involve all possible
inferest groups in building nafional consensus on
Agenda 21 implementation, and Chapter 28
encouraged local authorities to engage in dialogue

with their citizens.

Environment as the foundation for development

Before the Brundtland Commission, “development
progress” was associated with industrialization,

and measured solely by economic activity and
increases in wealth. Environmental protection

was perceived by many as an obstacle o
development. However, Our Common Future
recognized “environment or development” as a

false dichotomy. Focus shiffed to “environment

and development,” and then fo “environment for
development [see Box 1.1)." Principle 1 of Agenda 21
states: "Human beings are af the centre of concermns for
sustainable development. They are entitled to a healthy

and productive life in harmony with nature.”

The normative framework for human development is
reflected by the MDGs (UNDP 2006). In signing on to
the MDGs, nations explicitly recognized that achieving
Goal 7 on environmental sustainability is key to
achieving poverty eradication. However, environmental
issues are not highly integrated into other MDGs
[UNDP 2005a). A healthy environment is essential for
achieving all the goals [see Table 1.1). To achieve real
progress, the interlinkages between MDG 7 and the
other MDGs need fo be acknowledged and infegrated

info all forms of planning.

While a healthy environment can support
development, the relationship is not always reciprocal.
Many alternative views exist on the benefits and
disadvantages of modern development (Rahnema
1997). It has been argued that development is
destructive, even violent, to nature (Shiva 1991). As
GEO-4 illustrates, past development practices have
often not been beneficial to the environment. However,

opportunifies exist o make development sustainable.

Environmental degradation due fo development raises

deep ethical questions that go beyond economic



Table 1.1 Links between the environment and the Millennium Development Goals

Millennium Development Goal Selected environmental links

1. Eradicate extreme poverty and | Livelihood strategies and food security of the poor often depend directly on healthy ecosystems, and the diversity of goods
hunger and ecological services they provide. Natural capital accounts for 26 per cent of the wealth of low-income countries.

Climate change affects agricultural productivity. Ground-evel ozone damages crops.

2. Achieve universal primary Cleaner air will decrease the illnesses of children due to exposure to harmful air pollutants. As a result, they will miss fewer

education days of school.
Water-elated diseases such as diarthoeal infections cost about 443 million school days each year, and diminish learning
potential.

3. Promote gender equality, and Indoor and outdoor air pollution is responsible for more than 2 million premature deaths annually. Poor women are

empower women particularly vulnerable to respiratory infections, as they have high levels of exposure to indoor air pollution.
Women and girls bear the brunt of collecting water and fuelwood, tasks made harder by environmental degradation, such as
water contamination and deforestation.

4. Reduce child mortality

Acute respiratory infections are the leading cause of death in children. Pneumonia kills more children under the age of 5 than
any other illness. Environmental factors such as indoor air pollution may increase children’s susceptibility to pneumonia.

Water-related diseases, such as diarrhoea and cholera, kill an estimated 3 million people/year in developing countries,
the majority of whom are children under the age of five. Diarrhoea has become the second biggest killer of children, with
1.8 million children dying every year (almost 5 000/day).

5. Improve maternal health Indoor air pollution and carrying heavy loads of water and fuelwood adversely affect women'’s health, and can make women

less fit for childbirth and at greater risk of complications during pregnancy.

mortality.

Provision of clean water reduces the incidence of diseases that undermine maternal health and confribute to maternal

6. Combat major diseases

Up to 20 per cent of the total burden of disease in developing countries may be associated with environmental risk factors.
Preventative environmental health measures are as important and af times more costeffective than health treatment.

New biodiversity-derived medicines hold promises for fighting major diseases.

7. Ensure environmental

sustainability ecosystems.

Current frends in environmental degradation must be reversed in order fo sustain the health and productivity of the world's

8. Develop a global parinership
for development

regimes.

Poor countries and regions are forced to exploit their natural resources to generate revenue and make huge debt repayments.

Unfair globalization practices export their harmful side-effects to countries that often do not have effective governance

Source: Adapted from DFID and others 2002, UNDP 2006, UNICEF 2006

costbenefit ratios. The question of justice is perhaps
the greatest moral question emerging in relation to
environmental change and sustainable development.
Growing evidence indicates that the burden

of environmental change is falling far from the
greatest consumers of environmental resources,

who experience the benefits of development.

Often, people living in poverty in the developing
world, suffer the negative effects of environmental
degradation. Furthermore, costs of environmental
degradation will be experienced by humankind

in future generations. Profound ethical questions

are raised when benéfits are extracted from the

environment by those who do not bear the burden.

Barriers to sustainable development

Despite changes in environmental governance,
and greater understanding of the links between
environment and development, real progress
towards sustainable development has been slow.
Many governments continue to create policies
concerned with environmental, economic and
social matters as single issues. There is a continued
failure to link environment and development in
decision making (Dernbach 2002). As a result,
development sirafegies often ignore the need fo
maintain the very ecosystem services on which
long-ferm development goals depend. A notable

example, made apparent in the aftermath of

ENVIRONMENT FOR DEVELOPMENT
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Women and girls bear the brunt
of collecting fuelwood, tasks
made harder by environmental

degradation.

Credit: Christian Lambrechts

the 2005 Hurricane Katrina, is the failure of some
government agencies fo see the link between
destruction of coastal wetlands and the increased
vulnerability of coastal communities to storms (Travis
2005, Fischetti 2005). For many, acknowledging
that environmental change could endanger future
human wellbeing is inconvenient, as it requires an
uncomfortable level of change fo individual and

working lives (Gore 20006).

Infernational negotiations on solutions to global
environmental problems have frequently stalled

over questions of equity (Brown 1999). For instance,
in the case of climate change, international
negofiations have slowed down over the question
on how fo share responsibilities and burden among
nations, given different historic and current levels of

national emissions.

Providing widespread participation in sustainable
development decision making called for by
Agenda 21 has also raised significant challenges.
The enormous diversity of issues that need to be
considered in sustainable development policy

making, together with aspirations for transparency,

SECTION A: OVERVIEW

make public participation design daunting. If
participation is treafed superficially, and embodied
merely as a quota of specified groups in decision
making processes, it could easily be no more than
"lip service.” The task of designing modem, cross-
cutting, transparent, evidence-based interdisciplinary
decision making is not only conceptually
challenging, but also necessitates a huge increase
in local capacity for democracy and decision

making [MacDonald and Service 2007).

Many social, economic and technological

changes described later in this chapter have made
implementation of the recommendations in Our
Common Future difficult. As also illusrated in other
chapters, changes such as a growing population and
increased consumption of energy have had a huge
impact on the environment, challenging society’s ability

fo achieve sustainable development.

Finally, the nature of the environmental problems

has influenced the effectiveness of past responses.
Environmental problems can be mapped along
continuum from “problems with proven solutions” to
"less known emerging [or persistent) problems” (Speth
2004). With problems with proven solutions, the cause-
and-effect relationships are well known. The scale tends
to be local or national. Impacts are highly visible and
acute, and victims are easily identified. During the past
20 years, workable solutions have been identified for
several such problems, for example industrial air and
water pollution, local soil erosion, mangrove clearance

for aquaculture, and vehicle exhaust emissions.

However, progress has been limited on harder fo
manage environmental issues, which can also be
referred 1o as “persistent” problems (Jénicke and
Volkery 2001). These are deeply rooted structural
problems, related to the ways production and
consumption are conducted at the household, national,
regional and global levels. Harder to manage
problems tend to have multiple dimensions and be
global in scale. Some of the basic science of cause-
and-effect relationships is known, but oftfen not enough
to predict when a fipping point or a point of no return
will be reached. There is often a need to implement
measures on a very largesscale. Examples of such
problems include global climate change, persistent
organic pollutants and heavy metals, ground level
ozone, acid rain, large-scale deterioration of fisheries,

extinction of species, or infroductions of alien species.



Awareness of the nature of an environmental problem
provides a basis for creating strategies, targefing
efforts, and finding and implementing a sustainable
solution. Possible solutions fo different types of
environmental problems are introduced in the last
section of this chapter, highlighted in the rest of the
report, and discussed further in Chapter 10.

HUMAN WELL-BEING AND THE
ENVIRONMENT

For sustainable development to be achieved, links
between the environment and development must
be examined. It is also important to consider the
end point of development: human well-being. The
evolution of ideas on development has made the
concept of human well-being central to the policy
debate. Human well-being is the outcome of
development. Human well-being and the state of
the environment are strongly inferlinked. Establishing
how environmental changes have impacts on
human well-being, and showing the importance of
environment for human well-being, are among the

core objectives of this report.

Defining human well-being

Defining human well-being (see Box 1.2) is nof
easy, due fo alternative views on what it means.
Simply put, human well-being can be classified
according to three views, each of which has

different implications for the environment:

The resources people have, such as money
and other assets. Wealth is seen as conducive
to well-being. This view is closely linked to the
concept of weak sustainability, which argues
that environmental losses can be compensated
for by increases in physical capital (machines)
(Solow 1991). The environment can only
contribute fo development as a means to
promote economic growth.

How people feel about their lives (their
subjective views|. Individuals’ assessments of
their own living conditions take info account
the infrinsic importance that environment has
for life satisfaction. According to this view,
people value the environment for its tradifional
or cultural aspects (Diener 2000, Frey and
Stutzer 2005).

What people are able fo be and to do.

This view focuses on what the environment
allows individuals to be and to do (Sen
1985, Sen 1992, Sen 1999). It points out
that the environment provides the basis for
many benefits, such as proper nourishment,
avoiding unnecessary morbidity and
premature mortality, enjoying security and
self-respect, and taking part in the life of the
community. The environment is appreciated
beyond its role as income generator, and ifs
impacts on human well-being are seen as

multidimensional.

Box 1.2 Human well-being

Human well-being is the extent to which individuals have the ability and
the opportunity to live the kinds of lives they have reason to value.

People’s ability to pursue the lives that they value is shaped by a
wide range of instrumental freedoms. Human well-being encompasses
personal and environmental security, access to materials for a good
life, good health and good social relations, all of which are closely
related to each other, and underlie the freedom to make choices and
take action:

m Health is a state of complete physical, mental and social well-
being, and not merely the absence of disease or illness. Good
health not only includes being strong and feeling well, but also
freedom from avoidable disease, a healthy physical environment,
access to energy, safe water and clean air. What one can be and
do include among others, the ability to keep fit, minimize health-
related stress, and ensure access to medical care.

m Material needs relate to access to ecosystem goods-and-services.
The material basis for a good life includes secure and adequate
livelihoods, income and assets, enough food and clean water at all

Sources: MA 2003, Sen 1999

times, shelter, clothing, access to energy to keep warm and cool,
and access to goods.

m Security relates to personal and environmental security. It includes
access to natural and other resources, and freedom from violence,
crime and wars (motivated by environmental drivers), as well as
security from natural and human-caused disasters.

m Social relations refer to positive characteristics that define
interactions among individuals, such as social cohesion,
reciprocity, mutual respect, good gender and family relations, and
the ability to help others and provide for children.

Increasing the real opportunities that people have to improve their
lives requires addressing all these components. This is closely linked
to environmental quality and the sustainability of ecosystem services.
Therefore, an assessment of the impact of the environment on
individuals’ well-being can be done by mapping the impact of the
environment on these different components of well-being.

ENVIRONMENT FOR DEVELOPMENT
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Individuals’ assessments of their
own living conditions take into

account the infrinsic importance
that the environment has for life

satisfaction.

Credit: Mark Edwards/Still Pictures

The evolution of these ideas has progressed from
the first to the third, with increasing importance
being given to the real opportunities that people
have to achieve what they wish fo be and to do.
This new understanding of human well-being has
several important aspects. First, multidimensionality
is viewed as an important feature of human well-
being. Consequently, the impact of the environment
on human well-being is seen according fo many

different dimensions.

Second, autonomy is considered a defining feature
of people, and of wellbeing. Autonomy can be
defined broadly as allowing people to make
individual or collective choices. In other words,

to know whether an individual is well requires
considering his or her resources, subjective views,
and the ability to choose and act. This concept

of human well-being highlights the importance

of understanding whether individuals are simply

passive spectafors of policy interventions, or, in

fact, active agents of their own destiny.

SECTION A: OVERVIEW

Context of human we||-being

The potential for individuals, communities and nations
to make their own choices, and maximize opportunities
to achieve security and good health, meet material
needs and maintain social relafions is affected by
many inferlinked factors, such as poverty, inequality
and gender. It is important to nofe how these factors

relate to each other, and to the environment.

Poverty and inequality

Poverty is understood as a deprivation of basic
freedoms. It implies a low level of well-being, with
such outcomes as poor health, premature mortality
and morbidity, and illiteracy. It is usually driven by
inadequate control over resources, discrimination
lincluding by race or gender), and lack of access
to material assets, health care and education

(UN 2004).

Inequality refers to the skewed distribution of an
object of value, such as income, medical care or
clean water, among individuals or groups. Unequal
access to environmental resources remains an
important source of inequality among individuals.
Equity is the idea that a social arrangement
addresses equality in terms of something of value.
Distributive analysis is used to assess features of
human well-being that are unequally distributed
among individuals according fo arbitrary factors,
such as gender, age, religion and ethnicity. VWhen
an analysis of this distribution focuses on its lower

end, it refers to poverty.

Mobility

When seen in a dynamic perspective, inequality and
poverty are better understood through the concepts
of social mobility and vulnerability. Mobility relates o
the ability of people to move from one social group,
class or level to another. Environmental degradation
may be responsible for locking individuals within low-
mobility paths, limiting opportunities to improve their

own well-being.

Vulnerability

Vulnerability involves a combination of exposure and
sensitivity fo risk, and the inability to cope or adapt to
environmental change. Most often, the poor are more
vulnerable to environmental change. Broad patterns
of vulnerability fo environmental and socioeconomic
changes can be identified so that policy-makers

can respond, providing opportunities for reducing



vulnerability, while protecting the environment. Chapter
7 assesses the vulnerability of the human-environment

system to mulfiple stresses (drivers and pressures).

Gender inequality

An analysis of distributive impacts of the environment
on human wellbeing cannot ignore features such as
gender. Gender inequality is one of the most persistent
inequdlities in both developed and developing
countries, with the majority of people living in poverty
being women (UNDP 2005b). VWomen and girls often
carry a disproportionate burden from environmental
degradation compared to men. Understanding the
position of women in society, and their relationship
with the environment is essential for promoting
development. In many cases, women and girls assume
greater responsibilifies for environmental management,
but have subordinate positions in decision making
(Braidotti and others 1994). Women need to be at
the centre of policy responses (Agarwal 2000). At the
same time, it is important to avoid stereotyping these
roles, and fo base responses on the complexities of
local redlities (Cleaver 2000).

Environmental change and human well-being

One of the main findings of the Millennium Ecosystem
Assessment is that the relationship between human
wellbeing and the natural environment is mediated
by services provided by ecosystems [see Box 1.3).

Changes to these services, as a result of changes

in the environment, affect human wellbeing through

Box 1.3 Ecosystem services

Ecosystem services include provisioning services, such as food and water; regulating
services, such as flood and disease control; cultural services, such as spiritual,
recreational and cultural benefits; and supporting services, such as nutrient cycling that

maintain the conditions for life on Earth (see Table 5.2 in Chapter 5 for details).

Source: MA 2005a

impacts on security, basic material for a good life,
health, and social and cultural relations (MA 2003).
All people - rich and poor, urban and rural, and in all

regions — rely on natural capital.

The world's poorest people depend primarily on
environmental goods-and-services for their livelihoods,
which makes them particularly sensitive and vulnerable
fo environmental changes (VWWRI 2005). Furthermore,
many communities in both developing and developed
countries derive their income from environmental
resources, which include fisheries, non-timber forest

products and wildlife.

Health
Shortly before the publication of Our Common
Future, the nuclear accident at Chernoby! illusirated

the cafastrophic impact pollution can have on health.

Twenty years later, as victims of Chernoby! sfill The relationship befween human

well-being and the natural

struggle with disease, the health of countless other ) o
environment is influenced by

people around the world continues to be affected by services provided by ecosystems.

human-induced changes to the environment. Changes Credit: Joerg Boethling,/Still Pictures
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affecting provisioning services, including water, can
influence human health. Changes affecting regulating
services influence health via the disfribution of disease
fransmitting insects or pollutants in water and air (MA
2003). Almost one-quarter of all diseases are caused
by environmental exposure (WHO 20006).

As described in Chapter 2, urban air pollution is one of
the most widespread environmental problems, affecting

health in almost all regions of the world. While

air pollution has decreased in many industrialized
countries, it has increased in other regions, particularly
in Asia. Here, rapid population growth, economic
development and urbanization have been associated
with increasing use of fossil fuels, and a deferioration
of air quality. WHO estimates that more than 1 billion
people in Asian counfries are exposed fo air pollutant
levels exceeding their guidelines (WHO 2000). In
2002, WHO estimated that more than 800 000
people died prematurely due to PM (particulate

Box 1.4 Wild meat trade

The bushmeat trade in Central Africa, and wildlife markets in Asia are
examples of activities that both have impacts on the environment, and
carry risk of disease emergence. In Viet Nam, the illegal trade in wildlife
currently generates US$20 million/year. Wild meat is a critical source
of protein and income for forest dwellers and rural poor. However,
commercial demand for wild meat has been growing as a result of urban
consumption, from wildlife restaurants and medicine shops, but also

from markets in neighbouring countries. Rates of wildlife harvesting are
unsustainable, and threaten species such as the small-toothed palm civet

with extinction.

In wildlife markets, mammals, birds and reptiles come in contact with
dozens of other species and with countless numbers of people, increasing
opportunity for disease transmission. Not surprisingly, during the 2003
Sudden Acute Respiratory Syndrome (SARS) epidemic, several of the
early patients in Guangdong Province, China, worked in the sale or
preparation of wildlife for food. The disease may have first spread to

humans from civet cats or bats in local wildlife markets. Through human

air travel, SARS quickly spread fo 25 countries across five continents.
With more than 700 million people travelling by air annually, disease
outbreaks can easily grow info worldwide epidemics.

It is estimated that every year between 1.1 and 3.4 million tonnes of
undressed wild animal biomass, or bushmeat, are consumed by people
living the Congo Basin. The wild meat frade, commercial hunting of wild
animals for meat, has decimated endangered populations of long-lived
species such as chimpanzees. Trade is global in nature, and primate meat
has even been found in markets in Paris, London, Brussels, New York,
Chicago, Los Angeles, Montreal and Toronto. Contact with primate blood
and bodily fluids during hunting and butchering has exposed people to
novel viruses. Between 2000 and 2003, 13 of 16 Ebola outbreaks in
Gabon and the Republic of Congo resulted from the handling of gorilla or
chimpanzee carcasses. A recent study documents simian foamy virus (SFV)
and human Tlymphotic (HTLV) viruses in individuals engaged in bushmeat

hunting in rural Cameroon.

Sources: Bell and others 2004, Brown 2006, Goodall 2005, Fa and others 2007, Karesh and others 2005, Leroy and others 2004, Li and others 2005, Peiris and others 2004,

Peterson 2003, Wolfe and others 2004, Wolfe and others 2005

Commercial demand for wild meat has been growing and rates of wildlife harvesting are unsustainable.

Credit: Lise Albrechtsen
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matter with a diameter less than 10 micrometers)
outdoor pollution and 1.6 million due to PM; g indoor

air pollufion (WHO 2002) (see Chapter 2).

Chapter 4 highlights how the overexploitation and
pollution of freshwater ecosystems — rivers, lakes,
wetlands and groundwater — has direct impacts on
human wellbeing. Although access to clean water
and sanifation has improved, in 2002 more than

1.1 billion people lacked access to clean water,

and 2.6 billion lacked access to improved sanitation
(WHO and UNICEF 2004). Annually, 1.8 million
children die from diarrhoea, making the disease the
world's second biggest killer of children (UNDP 2006).

Many heavy mefals, such as mercury and lead, are
found in water and sediments, and are a major concern
as they can accumulate in the fissues of humans and
other organisms (UNESCO 2006). Numerous activities
contribute fo heavy mefal contamination. Burning coal,
incineration, urban and agricultural run-off, industrial
discharges, smallscale indusrial activities, mining, and
landfill leckages are among the main ones described in

Chapters 2, 3 and 4.

Changes in the environment have also resulted in

the emergence of diseases. Since 1980, more than
35 infectious diseases have emerged or taken on

new importance. These include previously unknown,
emerging diseases, such as HIV, SARS and avian
influenza (H5NT), as well as diseases once thought
controllable, such as dengue fever, malaria and
bubonic plague (Karesh and others 2005, UNEP
2005a). Human-induced changes fo the environment,
such as climate change, land use change and
interaction with wildlife (see Box 1.4), have driven this
recent epidemiological fransition (McMichael 2001,
McMichael 2004). Growing human confact with
wildlife, caused by population pressure on remaining
relatively undisturbed environmental resources, increases
the opportunity for pathogen exchange (Wolfe and
others 1998). Globalization, in turn, has an effect

on disease emergence as disease agents have the
opportunity fo move info new niches, and meet new,
vulnerable populations. A recent UNEP report on Avian
Influenza and the Environment states: “If the transfer of
Asian lineage H5N 1 between domestic flocks and wild
birds is to be reduced, it will become essential to take
measures o minimize their contact. Restoring wetland

health will reduce the need for migrating wild birds to

share habitat with domestic pouliry” [UNEP 20006).

Material needs

People depend on natural resources for their basic
needs, such as food, energy, water and housing.

In many communities, particularly in developing
countries, environmental resources, including
fisheries, timber, non-timber forest products and
wildlife, directly contribute fo income and other
material assets required to achieve a life that one
values. The ability fo meet material needs is strongly
linked fo the provisioning, regulating and supporting

services of ecosystems (MA 2003).

More than 1.3 billion people depend on fisheries,
forests and agriculture for employment — close to half
of all jobs worldwide [see Box 1.5) (FAO 2004a). In
Asia and the Pacific, small-scale fisheries contributed
25 per cent fo the tofal fisheries production of
Malaysia, the Philippines, and Thailand for the decade
ending in 1997 [Kura and others 2004]. In Africa,
more than 7 in 10 people live in rural areas, with
most engaged in resource-dependent activities (IFAD
2001). The corresponding small-scale production
accounfs for a significant percentage of the GDP in
many African countries (IFPRI 2004). Moreover, small-
scale agriculiure accounts for more than 90 per cent
of Africa’s agricultural production (Spencer 2001).

A study of households in the Masvingo province in
southeast Zimbabwe indicates that 51 per cent of
incomes are from agriculture, and that the total income
from the environment averages 66 per cent (Campbell
and others 2002). Where resources are degraded,

livelihoods are placed af risk. Forest loss may reduce

Box 1.5 Material well-being from fisheries

The fisheries sector plays an important role in material well-being, providing income
generation, poverty alleviation and food security in many parts of the world. Fish

is an important protein source, especially in the developing world, providing more
than 2.6 billion people with at least 20 per cent of their average per capita animal
protein intake. The world’s population growth outpaced that of total fish supply and
FAO projections indicate that a global shortage is expected (see Chapter 4).

While fish consumption increased in some regions, such as South East Asia, Europe and
North America, it declined in others, including sub-Saharan Africa and Eastern Europe.
The collapse of the Canadian east coast cod fishery in the late 1980s had devastating
impacts on local fishing communities, and illustrates that developed countries are not
immune to the economic implications of mismanaging natural resources. It resulted in
unemployment for 25 000 fishers and 10 000 other workers (see Box 5.2 and Figure
7.17 in Chapters 5 and 7 respectively).

Sources: Delgado and others 2003, FAO 2004b, Matthews 1995
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the availability of food, energy resources and other
forest products, which, in many communities, support

frade and income earning opportunities.

Increasing evidence shows that invesiment in ecosystem
conservation, such as watershed management, results
in increased income for the rural poor. In the Adgaon
watershed in India, the annual days of employment
(wage labour) per worker increased from 75 days
before watershed rehabilitation to 200 days after
resforation was completed (Kerr and others 2002). In
Fiji, strengthening the traditional “notake” management
system to promote recovery of marine life has resulted
in a 35-43 per cent increase in income over a

period of three years (see Box 7.13) (VWRI 2005).

In a pioneering peopleled watershed management
project in India, the implementation of a participatory
resforation scheme led to halving the distance fo

the water table, a doubling of land under irrigation,
and an increase in the total agricultural income of

the village from about US$55 000 in 1996, before
watershed regeneration, fo about US$235 000 in
2001 [D'Souza and Llobo 2004, WRI 2005).

Security

Security incorporates economic, political, cultural,
social and environmental aspects (Dabelko and others
2000]. It includes freedom from threats of bodily

harm, and from violence, crime and war. It means

having sfable and reliable access to resources, the
ability to be secure from natural and human disasters,
and the ability to mitigate and respond to shocks and
stresses. Environmental resources are a crifical part

of the livelihoods of millions of people, and when
these resources are threatened through environmental
change, people’s security is also threatened. “At the
centre of sustainable development is the delicate
balance between human security and the environment”

[CHS 2000).

The Earth has shown clear signs of warming

over the past century. Eleven of the last 12 years
[1995-20006) rank among the 12 warmest

years in the instrumental record of global surface
temperature (since 1850) (IPCC 2007). As
Chapter 2 describes, climate change is very likely
to affect ecological regulating services, resulting

in increased frequency and intensity of exireme
weather hazards in many regions around the globe
[IPCC 2007), and greater insecurity for much

of the world’s population (Conca and Dabelko
2002). The impacts of exireme weather events will
fall disproportionately upon developing countries,
such as Small Island Developing States (SIDS)

(see Figure 1.2), as well as on the poor in all
countries (IPCC 2007). During Hurricane Katrina
in the United Stafes in 2005, impoverished people

without access to private fransportation were unable

e Caribbean
mmm South Pacific

Western Indian Ocean

Note: Excluding earthquakes,
insect infections and volcanic

eruptions.

Source: GEO Data Portal,
compiled from EM-DAT undated
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to leave the city. People in poor health or lacking
bodily strength were less likely to survive the Indian
Ocean tsunami in 2004. For example, in villages
in North Aceh, Indonesia, women constituted up fo
80 per cent of deaths (Oxfam 2005). In Sri Lanka,
a high mortality rate was also observed among
other vulnerable groups: children and the elderly
(Nishikiori and others 2006).

Environmental change can also affect security
through changes in provisioning services, which
supply food and other goods. Scarcity of shared

resources has been a source of conflict and social

instability (deSombre and Barkin 2002). Disputes
over water quantity and quality are ongoing in
many parts of the world. The apparent degradation
of Easter Island’s natural resources by its Polynesian
inhabitants, and the ensuing struggle between clans
and chiefs, provides a graphic illustration of a
society that destroyed itself by overexploiting scarce
resources (Diamond 2005). Natural resources can
play an important role in armed conlflicts. They have
often been a means of funding war (see Box 1.6).
Armed conlflicts have also been used as a means

fo gain access to resources [Lle Billion 2001), and

they can destroy environmental resources.

Box 1.6 Conflict in Sierra Leone and Liberia, and refugee settflement in Guinea

Natural resources, including diamonds and timber, helped fuel civil war
in Liberia and Sierra Leone during the 1990s. Diamonds were smuggled
from Sierra Leone info Liberia and onto the world market. In the mid-
1990s, Liberia’s official diamond exports ranged between US$300 and
US$450 million annually. These diamonds have been referred to as
“blood diamonds,” as their trade helped finance rebel groups and the
continued hostilities. By the end of the war in 2002, more than 50 000
people had died, 20 000 were left mutilated and three-quarters of the
population had been displaced in Sierra Leone alone.

As civil wars raged in Sierra Leone and Liberia, hundreds of thousands

of refugees fled to safefy in Guinea. In 2003, about 180 000 refugees
resided in Guinea. Between Sierra Leone and Liberia, there is a small strip
of land belonging to Guinea known as the “Parrot’s Beak,” because of
the parrot shape contour of the international border between the countries
(depicted as a black line on both images). This strip is where refugees
constituted up to 80 per cent of the local population.

Sources: Meredith 2005, UNEP 2005b, UNHCR 2006a

20k

Credit: UNEP 2005b

The 1974 image shows small, evenly spread, scattered flecks of

light green in the dark green forest cover of the Parrot's Beak and
surrounding forests of Liberia and Sierra Leone. These flecks are
village compounds, with surrounding agricultural plots. The dark areas
in the upper left of the image are most likely burn scars.

In the 2002 image Parrot’s Beak is clearly visible as a more evenly
spread light grey and green area surrounded by darker green forest
of Liberia and Sierra Leone. The light colours show deforestation

in the “safe area” where refugees had set up camp. Many of the
refugees integrated into local villages, creating their own family plots
by cutting more trees. As a result the isolated flecks merged into one
larger area of degraded forest. The forest devastation is especially
obvious in the upper left part, where areas that were green in 1974
now appear grey and brown, also due to expanded logging.

20km
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Insecurity caused by bad governance or war can
contribute to environmental degradation. Security
requires the current and future availability of
environmental goods-and-services, through good
governance, mechanisms for conflict avoidance and
resolution, and for disasfer prevention, preparedness

and mitigation (Dabelko and others 2000, Huggins and

Box 1.7 Chemicals affect Arctic peoples

As described in Chapters 5 and 6, the relationships that indigenous peoples have

with the environment play an important role in their identity and overall well-being.
Scientific assessments have detected persistent organic pollutants (POPs) and heavy
metals in all components of the Arctic ecosystem, including in people. The majority of
these substances are present in the ecosystems and diets of Arctic peoples as a result of
choices (such as using the insecticide toxaphene on cotton fields) by industrial societies
elsewhere. Contaminants reach the Arctic from all over the world through wind, air and
water currents (see Figure 1.3), entering the food chain.

Inuit populations in the eastern Canadian Arctic and Greenland have among the highest
exposures to POPs and mercury from a traditional diet of populations anywhere. A
sustainable lifestyle, with ancient roots in the harvesting, distribution and consumption of

local renewable resources, is endangered as a result.

Sources: Doubleday 1996, Van Oostdam 2005

Figure 1.3 Pollutants paths to the Arctic
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others 2006, Maliais and others 2003). Inequitable
governance and institufions may prevent people from
having secure livelihoods, as illustrated by land tenure
conflicts in Southern Africa (Katerere and Hill 2002),
and by poor management in Indonesia’s peat swamps
[Hecker 2005). In both examples, the resource is
closely linked to local livelihoods, and insecurity is a
result not so much of scarcity but of unequal access o
and distribution of these vital resources. In other cases,
as illusirated in Box 1.6, degradation may result from
changes in sefflement patterns as people are forced 1o

flee an area due to hostilities or war.

It has become clear in recent years that joint
management on environmental matters is needed fo
facilitate cooperation across sociefal and international
boundaries to avoid conflict (Matthew and others
2002; UNEP 2005b). The case of cooperative
endeavours to deal with fisheries decline in Lake
Victoria is an excellent example. Cooperation on water
management and transnational ecosystems can also
foster diplomatic habits of consuliation and dialogue
with positive political results, suggesting that human
and environmental security are very closely linked

[Dodds and Pippard 2005).

Social relations

The environment also affects social relations by
providing cultural services, such as the opportunity to
express aesthefic, cultural or spiritual values associated
with ecosystems [MA 2005a). The natural world
provides opportunities for observation and education,
recreafion and aesthetic enjoyment, all of which are
of value to a given society. In some communities,

the environment underpins the very structure of social
relations. As described in Chapter 5, many cultures,
particularly indigenous ones, are deeply inferwoven

with the local environment.

Climate change is a major concem for SIDS and their
high cultural diversity; SIDS are imperilled by sea-level
rise and increases in the infensity and number of storms
(Watson and others 1997) (see Chapter 7). Tuvalu is
an example of an island vulnerable to environmental
change. Even though its culture is strongly relafed

to the local environment, the islanders may have

to consider relocating fo other countries fo escape
rising sea level as a result of climate change. Coping
mechanisms embedded in such cultures might be lost,
making society less resilient to future natural disasfers

[Pelling and Uitto 2001).



A dief of traditional foods plays a particularly important
role in the social, cultural, nutritional and economic
health of indigenous peoples living in the Arctic
[Donaldson 2002). Hunting, fishing, and the gathering
of plants and berries are associated with important
traditional values and practices that are central to their
identity as indigenous peoples. Their fraditional food is
compromised by environmental contaminants (see Box
1.7 and Figure 1.3) and climate change [see Chapter
6), and this affects all dimensions of indigenous well-
being. The issue becomes magnified in light of the lack
of accessible, culturally acceptable and affordable
alternatives. Store food is expensive, and lacks cultural
significance and meaning. longerm solutions require
that Arctic lifestyles be considered when development
choices are made in industrial and agricultural regions

around the world (Doubleday 2005).

DRIVERS OF CHANGE AND PRESSURES
Environmental changes and the effects on human well-
being are induced by various drivers and pressures.
Drivers such as demographic changes, economic
demand and frade, science and fechnology, as well
as institutional and socio-political frameworks induce
pressures which, in turn, influence the state of the
environment with impacts on the environment ifself,
and on society and economic acfivity. Most pressures
on ecosystems result from, for example, changes in
emissions, land use and resource exfraction. Analyses
of the linkages shown by the drivers-pressures-state-
impactstesponses [DSPIR) framework (described in

the Reader’s Guide to the report) form the foundation
on which the GEO-4 assessment is constructed. In

the two decades since the Brundiland Commission,
these drivers and pressures have changed, often at an
increasing rate. The result is that the environment has
changed dromatically. No region has been spared the
reality of a changing environment, and its immediate,

short- and longferm impacts on human wellbeing.

Population

Population is an important driver behind environmental
change, leading to increased demand for food,

water and energy, and placing pressure on natural
resources. Today’s population is three fimes larger than
it was af the beginning of the 20th century. During

the past 20 years global population has continued to
rise, increasing from 5 billion in 1987 to 6.7 billion

in 2007 (see Figure 1.4], with an average annual
growth rate of 1.4 per cent. However, large differences

in growth are evident across regions, with Africa

Figure 1.4 Population by region
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Source: GEO Data Portal,
compiled from UNPD 2007

and West Asia recording high growth rates, and the
European population stabilizing (see Chapter ¢ for more
detail). Although the world population is increasing, the

rafe of increase is slowing (see Box 1.8).

Forced and economic migrations influence demographic
changes and seflement patterns, particularly at the
regional level. There were 190 million infernational
migrants in 2005, compared to 111 million in 1985.
About one-hird of migrants in the world have moved
from one developing country to another, while another
third have moved from a developing country to a
developed country [UN 2006). Many migrants are
refugees, internally displaced or stateless persons. At
the end of 2005, more than 20.8 million people were
classified as “of concem” to the UN High Commission
for Refugees [UNHCR 2006b). These included
refugees, internally displaced and stateless persons.
Worldwide refugee numbers have decreased since
2000, but there has been an upward trend in numbers
of other displaced groups ([UNHCR 2006b).

The term ecomigrant has been used to describe
anyone whose need to migrafe is influenced

by environmental factors (Wood 2001). It has
been claimed that during the mid-1990s up

to 25 million people were forced fo flee as a
result of environmental change, and as many as
200 million people could eventually be at risk

of displacement [Myers 1997). Other analyses
indicated that while the environment may play a
role in forced migration, migratfion is usually also
linked to political divisions, economic interests and
ethnic rivalries (Castles 2002). A clear separation

between factors is often difficult.
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Box 1.8 Demographic transition

The annual global population growth rate declined from Improved health has led to lower mortality rates and
1.7 per centin 1987 to 1.1 per cent in 2007. Significant higher life expectancies in most regions (see Figure
regional variations are analysed in chapter 6. Demographic 1.5). However, life expectancy in many parts of
transition, the change from high birth and death rates to Africa has decreased during the last 20 years, partly
low birth and death rates, can explain these changes in as a result of the AIDS pandemic. Around the world,
population. As a result of economic development, fertility more than 20 million people have died since the first
rates are falling in all regions. In the period between 2000 cases of AIDS were identified in 1981. It is estimated
and 2005, the world recorded a fertility rate of 2.7 children that 39.5 million adults and children where living

per woman, compared fo a fertility rate of 5.1 children with HIV in 2005, of which 24.7 million were in sub-
per woman 50 years before. Ultimately, fertility may even Saharan Africa. In hardest-hit countries, the pandemic
drop below 2, the replacement rate, leading to a global has reduced life expectancy, lessening the number of
population decline. Some European countries are at this healthy agricultural workers and deepening poverty.

stage, and have ageing populations.

Sources: GEO Data Portal, from UNPD 2007, UNAIDS 2006

Figure 1.5 Life expectancy by region
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Urbanization continues around the world,
particularly in developing countries, where rural
migration continues to fuel urban growth (see
Figure 1.6). By the end of 2007, more people
will be living in cities than in rural areas for the
first time in history ([UN-HABITAT 2006). In North
East Asia and South East Asia, the population
living in urban areas increased from 28-29 per
cenf in 1985 to 44 per cent in 2005, and is
projected to reach 59 per cent by 2025 (GEO
Data Portal, from UNPD 2005]. In some places,
the urban area is increasing faster than the urban
population, a process known as urban sprawl.
For example, between 1970 and 1990, the total
area of the 100 largest urban areas in the United
States increased by 82 per cent. Only half of

this increase was caused by population growth

[Kolankiewicz and Beck 2001) (see Box 1.9).

A growing number of people living in urban areas
are living in slums — inadequate housing with no
or few basic services ([UN-HABITAT 2006). In
many sub-Saharan African cities, children living in
slums are more likely to die from water-borne and
respiratory illnesses than rural children. For 2005,
the number of slum dwellers was estimated at
almost 1 billion [UN-HABITAT 2000).

Migration and urbanization have complex relationships
with environmental change. Natural disasters, and
degradation of land and local ecosystems are among
the causes of migration (Matutinovic 2006). Changing
demographic patterns, caused by migration or
urbanization, alter land use and demand for ecosystem

services (see Box 1.9).

Box 1.9 Urban sprawl, Las Vegas

Las Vegas, the fastest growing metropolitan area in the United States,
exemplifies the problems of rampant urban sprawl. As the gaming

and tourism industry blossomed, so has the city’s population. In 1985,
Las Vegas was home to 557 000 people, and was the 66th largest
metropolitan area in the United States. In 2004, the Las Vegas-Paradise
area was ranked 32nd in size, with a permanent population nearing
1.7 million. According to one estimate, it may double by 2015.
Population growth has put a strain on water supplies.

Source: UNEP 2005b

13 May 1973

Credit: UNEP 2005b

Satellite imagery of Las Vegas provides a dramatic illustration of the
spatial patterns and rates of change resulting from the city’s urban sprawl.
The city covers the mainly green and grey areas in the centre of these
images recorded in 1973 and 2000. Note the proliferation of roads

and other infrastructure (the rectangular pattern of black lines) and the
dramatic increase in irrigated areas.

3 May 2000
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Figure 1.7 Gross domestic product — purchasing power parity per capita
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Urbanization in particular can exert significant
pressure on the environment (see Chapter 6).
Coastal urban areas often cause offshore water
pollution. Coastal populations alone are expected
to reach 6 billion by 2025 (Kennish 2002).

In these areas, large-scale development results

in excessive nufrient inputs from municipal and
industrial waste. As described in Chapter 4,
eufrophication contfributes to the creation of dead
zones, areas of water with low or no dissolved
oxygen. Fish cannot survive, and aquatic
ecosystems are destroyed. Dead zones are an
emerging problem in Asia, Africa and South

America, but are present around the world. With

Box 1.10 Debt repayments continue to be a major impediment to growth

Even though Africa has only 5 per cent of the developing world's income, it carries
about two-thirds of the Global South’s debt burden — over US$300 billion. Despite
extreme poverty, sub-Saharan Africa transfers US$14.5 billion a year to rich nations
in external debt repayments. The average sub-Saharan African country, therefore,
spends three times more on repaying debt than it does on providing basic services to
its people. By the end of 2004, Africa spent about 70 per cent of its export earnings
on external debt servicing. At the 2005 Gleneagles Summit, G8 countries cancelled
100 per cent of debts of a number of eligible Heavily Indebted Poor Countries to
three multilateral institutions — the International Monetary Fund (IMF), International
Development Association (IDA) and African Development Fund. This was a step
towards relieving the burden that debt repayment places on growth and social
services. As a result of debt cancellation and targeted aid increases between 2000
and 2004, 20 million more children in Africa are in school. While G8 countries
reaffirmed Gleneagles commitments at the 2007 Heiligendamm Summit, their ability to

fulfill these promises has been questioned.

Sources: Christian Reformed Church 2005, DATA 2007, Katerere and Mohamed-Katerere 2005
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population growth, and increasing industrialization
and urbanization, dead zones can only continue to
expand. Properly managed, cities can also become
a solution for some of the environmental pressures.
They provide economies of scale, opportunities for

sustainable transport and efficient energy options.

Economic growth

Global economic growth has been spectacular
during the last two decades. Gross domestic
product per capita [at purchasing power parity)
increased by almost 1.7 per cent annually, but
this growth was unevenly spread (see Figure 1.7).
People in Africa, Eastern Europe and Central
Asia, and certain areas of Latin America and

the Caribbean are worse off than those in North
America and Central and Western Europe. Many
countries in these regions experienced no growth
and some even a clear economic decline between
1987 and 2004. Especially in Africa there are
large differences within the region, and even where
there is growth, countries are faced with a heavy
debt burden (see Box 1.10). Income in Asia and
the Pacific is still well below the global average,
but its growth rafe was twice the global average.
These sub-regional differences are highlighted in

Chapter 6.

Economic growth and unsustainable consumption
patterns represent a growing pressure on the
environment, though this pressure is often distributed
unequally. Dasgupta (2002) argues that economic

growth is unsustainable in poor countries, partly




because it is sustainable in wealthy countries.
Countries that export resources are subsidizing the
consumption of importing countries (Dasgupta 2002).
However, consumption patterns among regions are
changing with the emergence of new economies
and powers such as China, India, Brozil, South
Africa and Mexico. China, for example, is expected
to become the world’s largest economy between
2025 and 2035. Its rapid economic development

is influencing global patterns of resource production
and consumption, with both environmental and
geopolitical consequences (Grumbine 2007). Vehicle
ownership patterns illustrate the impact of changing
consumption patterns [see Chapter 2). China had
some 27.5 million passenger vehicles and 79 million
motorcycles in use by 2004 (CSB 1987-2004).
The growing trend in vehicle ownership affects

urban air quality, which has clear consequences

for human health.

Globalization

The world’s economy has been characterized by
growing globalization, which is spurring the increasing
infegration of the global economy through trade and
financial flows, and in the integration of knowledge
through the transfer of information, culture and
technology (Najam and others 2007). Governance
has also become globalized, with increasingly
complex interstate interactions, and with a growing
role for non-state actors. International companies

have become influential economic actors in a global
governance context fraditionally dominated by
nafions. While states “rule the world,” corporations
have publicly sought the global political stage at
gatherings such as the World Economic Forum and

ot multilateral negotiations, such as the Multilateral
Agreement on Invesiment (De Grauwe and Camerman
2003, Graham 2000). Advances in technology

and communications, such as the Internet, have also
boosted the role of individuals and organizations as

key players in a globalized world (Friedman 2005).

Globalization raises both fears and expectations.
Some suggest that increasing inferdependence is
good for cooperation, peace and solving common
problems [Bhagwati 2004, Birdsall and Lawrence
1999, Russeft and Oneal 2001). Economic
integration may offer dynamic benefits, such as
higher productivity. The exchange of goods-and-
services also helps the exchange of ideas and

knowledge. A relatively open economy is better

able to learn and adopt foreign, state-of-the-art
technologies than is a relatively closed economy
(Coe and Helpman 1995, Keller 2002). Others,
however, view growing economic interdependence
as destabilizing. They say that rapid flows of
investment into and out of countries cause job
losses, increase inequality, lower wages (Haass and
Litan 1998) and result in harm to the environment.

It is argued that globalization is exploitative, and is
creating a murkier future for global cooperation and

justice [Falk 2000, Korten 2001, Mittelman 2000).

The environment and globalization are intrinsically
linked. The globalization of frade has facilitated
the spread of exotic species, including the five
most important freshwater suspension feeding
invaders (Dressena polymorpha, D. bugensis,
Corbicula fluminea, C. fluminalis and Limoperna
fortunei). The zebra mussel (Dressena polymorphal)
has spread through North America during the last
20 years, resulting in significant ecological and
economic impacts. lts infroduction corresponds with
dramatic increase in wheat shipments between
the US, Canada and the former Soviet Union
(Karatayev and others 2007). In a globalized
world, important decisions related fo environmental
protection may have more to do with corporate
management and market outcomes than with state-
level, political factors. Countries may be reluctant
fo enforce strict environmental laws, fearing that
companies would relocate elsewhere. However,

it is often forgotten that the environment itself can
have an impact on globalization. Resources fuel
global economic growth and trade. Solutions to
environmental crises, such as climate change, require
coordinated global action and greater globalization

of governance (Najam and others 2007).

Trade

World trade has continued to grow over the

past 20 years, as a result of lower fransport and
communication costs, trade liberalization and
multilateral trade agreements, such as the North
American Free Trade Agreement. Between 1990
and 2003, trade in goods increased from 32.5
to 41.5 per cent of world GDP. Differences exist
between regions. In North East Asia, frade in
goods increased from 47 to 70.5 per cent of GDP,
and high technology exports increased from 16 to
33 per cent of manufactured exports. By contrast,

trade in goods in West Asia and Northern Africa
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only increased from 46.6 per cent to 50.4 per cent
of GDP. High technology exports only accounted
for 2 per cent of manufactured exports in 2002
(World Bank 2005). Since 1990, least developed
countries (LDC) have increased their share of world
merchandise trade, but still accounted for only

0.6 per cent of world exports and 0.8 per cent of
world imports in 2004 (WTO 2006).

As with globalization, a twoway relationship exists
between the environment and trade. Transport has
increased as a result of increasing flows of goods and
global production networks. Transport is now one of
the most dynamic secfors in a modem economy, and
has strong environmental impacts (Bution and Nijkamp
2004 [see Chapters 2 and 6). Trade itself can exert

pressures on the environment. Increases in infernational

grain prices may increase the profitability of
agriculture, and result in the expansion of farming info
forested areas in Latin America and the Caribbean,

for example (see Box 1.11]. The wildlife trade in
Mongolia, valved at US$100 million annually, is
contributing fo the rapid decline of species such as
saiga antelope (World Bank and WCS 20006). In the
presence of market or intervention failures, international
trade may also exacerbate environmental problems
indirectly. For example, production subsidies in the
fishing sector can promote overfishing (OECD 1994).
Noatural disasters, in fumn, can have an impact on
trade at the national level, when exports fall as a result
of physical damage. One example of this linkage

is the hurricane damage to oil refineries in the Gulf

of Mexico in 2005. Oil production in the Gulf of

Mexico, which supplies 2 per cent of the world's crude

Box 1.11 Trade, growth and the environment

In recent years, Chile has been considered one of the most economically
competitive countries in Latin America and the Caribbean. Rapid growth in
Chile’s production and export of forest products is based on the expansion
and management of exotic species in newly planted forests over the past
30 years. To do so, the traditional land-use practices in small-scale logging
of native forests, livestock raising and agricultural cultivation have been

Source: UNEP 2005b

Credit: UNEP 2005b
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replaced by large-scale timber production. Many endangered tree and
shrub species have been affected by this growth of planted forest, which
has also led to a dramatic reduction of landscape diversity as well as
goods-and-services from forests. The two images, taken in 1975 (left) and
2001 (right), show clear reductions in forested land on the one hand (red
arrows), and new forest areas on the other (yellow arrows).
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oil, slowed following Hurricane Katrina, and crude oil
prices jumped to over US$70 a barrel (WTO 2006).

Trade may also be positive for the environment.
Debate rages over whether or not free trade will
raise incomes fo a point where environmental
protection becomes a priority (Gallagher 2004).
At the 2002 WSSD in Johannesburg, commitments
were made fo expand markets for environmental
goods-and-services. Liberalization of trade in goods
that protect the environment may help spur the
creation of industry dedicated to environmental
improvements (OECD 2005). Consumer
preferences can influence production standards,
which can be used to improve environmental
conditions. In 2006, a large grain distributor
imposed a moratorium on the purchase of soy
produced on deforested areas of the Amazon,

as a result of a Greenpeace campaign in Europe
[Cargill 2006, Greenpeace 20006).

Energy

The world is facing twin threats: inadequate

and insecure supplies of energy at affordable
prices, and environmental damage due to
overconsumption of energy [IEA 2006a). Global
demand for energy keeps growing, placing an
everincreasing burden on natural resources and
the environment. For about three decades, world
primary energy demand grew by 2.1 per cent
annually, rising from 5 566 million tonnes oil
equivalent (Mioe) in 1971 to 11 204 Mioe in
2004 (IEA 2006b). Over two-thirds of this increase
came from developing countries, but OECD
countries sfill account for almost 50 per cent of
world energy demand. In 2004, primary energy
use per capita in OECD countries was still 10
times higher than in sub-Saharan Africa. Figure 1.8
highlights primary energy supply per capita.

Global increases in carbon dioxide emissions are
primarily due to fossil fuel use (IPCC 2007), the
fuels that met 82 per cent of the world's energy
demand in 2004. Traditional biomass (firewood
and dung] remains an important energy source in
developing countries, where 2.1 billion people rely
on it for heating and cooking (IEA 2002). Use of
cleaner energy sources, such as solar and wind
power, remains minimal overall (see Figure 5.5,
Chapter 5 for energy supply by source). The need

to curb growth in energy demand, increase fuel

Figure 1.8 Primary energy supply per capita
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supply diversity and mitigate climate destabilizing
emissions is more urgent than ever (IEA 2006aq).
However, expansion of alternative energy sources,
such as biofuels, must also be carefully planned.
Brazil expects to double the production of ethanal,
a "modern” biofuel, in the next two decades
(Government of Brazil 2005). In order to produce
enough crops to reach production targets, the
cultivated area is increasing rapidly. The growth

of farming jeopardizes entire ecoregions, like the

Cerrado, one of the world's biodiversity hot spots

(Klink and Machado 2005).

ENVIRONMENT FOR DEVELOPMENT

Global demand for energy
keeps growing, placing an ever-
increasing burden on natural

resources and the environment.

Credit: Ngoma Photos




Technological innovation

Advances in agriculture, energy, medicine and
manufacturing have offered hope for continued
human development and a cleaner environment.
New farming technologies and practices related

to water use, fertilizer and plant breeding have
transformed agriculture, increasing food production
and addressing undernutrition and chronic famine
in some regions. Since 1970, food consumption

is increasing in all regions, and is expected fo
confinue to increase as a result of economic
development and population growth. Concerns
have been raised over the ability to meet future
demand: 11 per cent of the world's land is already
used for agriculture, and in many places litlle room
exists for agricultural expansion due to land or
water shortages. Biotechnology, including genetic
modification, as well as nanotechnology, has the
potential to increase production in agriculture and
contribute to advances human health (UNDP 2004),
but remains subject fo much controversy over effects
on health and the environment. Earlier lessons from
new technologies show the importance of applying
the precautionary approach (CIEL 1991), because
unintended effects of technological advances can
lead to the degradation of ecosystem services. For
example, eutrophication of freshwater systems and
hypoxia in coastal marine ecosysfems result from

excess application of inorganic fertilizers. Advances

in fishing technologies have contributed significantly

to the depletion of marine fish stocks.

Communications and cultural patterns have

also been revolutionized in the last 20 years,

with the exponential growth of the Internet and
telecommunications (see Figure 1.9). Worldwide,
mobile phone subscribers increased from 2 per

1 000 people in 1990 to 220 per 1 000 in 2003
and worldwide Internet use increased from 1 in

1 000 in 1990 to 114 per 1 000 in 2003 [GEO
Data Portal, from ITU 2005). Many developed
countries lead the way in the number of Internet
users, hosts and secure servers, prompting some

to claim that there is a digital divide between
different regions of the world. In Australia and
New Zealand, for example, only 4 per cent of the
population used Infernet in 1996, but by 2003,
that had risen to 56 per cent of the population

By contrast in 2003, in poor countries such as
Bangladesh, Burundi, Ethiopia, Myanmar and
Tajikistan only 1 or 2 people per 1 000 used the
Internet (GEO Data Portal, from ITU 2005).

Governance

The global and regional political context has
changed considerably since the Brundtland
Commission, with the end of the Cold War

triggering renewed optimism in multilateral and
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Figure 1.9 (a) Mobile phones, per 1 000 people and (b) Internet users, per 100 people, by region
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global governance. The 1990s was a decade of
global summits on a diversity of issues, including
children [1990), sustainable development (1992,
human rights [1994), population (1994), social
development (1995], gender equality (1995 and
human settlements (1996). The new millennium
has been equally active and agenda-setting,
starting with the Millennium Summit in 2000, and
its follow-up in 2005. Normative declarations

and ambitious action plans from all these summits
illustrate an emerging unity in how governments and
the international community understand complex
and global problems and formulate appropriate
responses. The establishment of the World Trade
Organization in 1994 strengthened global
governance through ifs considerable authority in
the areas of trade, while the establishment of the
International Criminal Court of Justice in 2002
aftempted to do the same for crimes against
humanity. Some important reforms have happened
within the UN system, including an approach that
increasingly uses parinerships (such as the Global
Water Partnership) and institutionalized processes to
strengthen the participation of civil society (such as
the UNEP’s Global Civil Society Forum and Global

Women's Assembly on Environment).

At the regional level, countries have expanded or
esfablished institutions to enhance cooperation,
including the European Union (EU), the North
American Free Trade Agreement [NAFTA), the Southern
Common Market (MERCOSUR), the Association of
Southeast Asian Nations (ASEAN) and the African
Union [AU). Regions became more visible in global
deliberations, through, for example, the emphasis on
regional preparation meefings for the World Summit on

Sustainable Development.

The national level remains central in governance,
despite discussions in the confext of globalization
and regionalization. Some counfries are adopting
innovative governance systems and there has
been a frend fowards both political and fiscal
decentralization of governance to sub-national
levels. This does not necessarily mean that local
authorities have been empowered. It has been
argued that decentralization without devolution of
power can be a way to strengthen the presence
of the central authority (Stohr 2001). Local
governments have also engaged much more widely

in infernational cooperation in various arenas,

and their role has been strengthened at the global
level through the establishment in 2000 of the UN
Advisory Committee of Local Authorities (UNACLA)
and the World Urban Forum in 2002, as well

as the founding of the United Cities and Local
Governments Organization in 2004.

RESPONSES

Interactions between drivers and pressures, and
their consequent impacts on ecosystem services
and human well-being present challenges that
could not be foreseen in 1987. There is an urgent
need for effective policy responses at all levels

— infernational, regional, national and local. As
highlighted in the other chapters of this report, the
range and scope of response options available

fo policy-makers has progressively evolved over
the past 20 years (see Box 1.12), with a diversity
of multilateral environmental agreements and
institutions now involved in frying fo address the
challenges. The increase in governance regimes
has brought about its own challenges, including
competition and overlap. An inferlinkages approach
is essential fo managing the environment, not in its
individual parts but more holistically. This approach
recognizes that the environment itself is interlinked;
land, water and atmosphere are connected in many
ways, particularly through the carbon, nitrogen
and water cycles. Chapter 8 highlights both the

biophysical and governance regimes interlinkages.

Chapter 10 highlights the evolution of policy

response measures — from a focus on command-and-

Box 1.12 Types of responses

Command-and-control regulation includes standards, bans, permits and quotas,

zoning, liability systems, legal redress, and flexible regulation.

Direct provisions by government deal with environmental infrastructure, eco-industrial

zones or parks, protected areas and recreation facilities, and ecosystem rehabilitation.

Public and private sector engagement relates to public participation, decentralization,
information disclosure, eco-labelling, voluntary agreements and public-private

partnerships.

Market use includes environmental taxes and charges, user charges, deposit-refund

systems, targeted subsidies, and the removal of perverse subsidies.
Market creation addresses issues of property rights, tradeable permits and rights,

offset programmes, green programmes, environmental investment funds, seed funds and

incentives.
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control policies to creating markets and incentives,
particularly for industry to implement voluntary
measures aimed at minimizing environmental
damage. For conventional, well-known
environmental problems with proven solufions, it

is necessary to continue to apply, and to further
improve upon previously successful approaches.
Countries that have yet to address such problems
should apply these proven, workable solutions o
current problems. Previously successful approaches
have generally addressed changes to pressures, for
example by regulating emission levels, land use or
resource extraction. In order to address lessknown
persistent (or emerging) problems, transformative
policies are needed. These policies address

the drivers of environmental problems, such as
demographic change and consumption patterns.
Adaptive management is essential, to enable policy-
makers fo learn from previous experience as well

as to make use of a variety of new fools that may

be needed.

Economic instruments

Today, greater emphasis is being placed on the
potential use of economic instruments to help
correct market failures. These instruments were
promoted by Principle 16 of the Rio Declaration:
“National authorities should endeavour to promote
the internalization of environmental costs and the

use of economic instruments.”

Natural resources can be seen as a capital

asset belonging to a general portfolio, which

is comprised of other assefs and capitals,
including material, financial, human and social.
Managing this porffolio in a good and sustainable
manner to maximize ifs returns and benefits over
fime is good investment. It is also central to

sustainable development.

A variety of economic instruments exist, including
property rights, market creation, fiscal instruments,
charge systems, financial instruments, liability
systems, and bonds and deposits. There is a mix
of so-called market-based instruments (MBIs) and
command-and-control instruments to enable policy-
makers fo befter manage and get more accurate
information regarding the portfolio of capital
assets. Table 1.2 summarizes different economic
instruments, and how they can be applied fo

different environmental sectors. One of the tools is

SECTION A: OVERVIEW

valuation, which can be used to help better assess
the value of ecosystem services, and the costs of

human-induced changes to the environment.

Valuation

Environmental ministries and agencies are offen the
last to benefit from investments, because economics
and growth generation fake precedence in government
spending decisions. This is often due fo lack of
information on the value and carrying limits of the
Earth’s ecosystems. Measurement of economic
development and progress has often been linked to
measures of economic output such as Gross National
Product (GNP). Such aggregate measurements do not
consider the depletion of natural capital caused by the
consumption and production of goods-and-services.
National accounting systems need revision to better
include the value of the changes in the environmental
resource base due to human activities (Mdler 1974,
Dasgupta and Méler 1999).

Valuing different goods-and-services involves
comparisons across different sets of things. How
these things are accounted for, and how the
services provided by the ecosystems, for example,
improve well-being is called the accounting

price. Table 1.3 illustrates different approaches

to valuation, and how these approaches might

be used fo help assess the impact of policies on

environmental change and human well-being.

A “set of institutions capable of managing the
natural resources, legal frameworks, collecting
resource rents, redirecting these rents into profitable
investments” is key fo effective use of valuation
[World Bank 2006a). Valuing natural resources
and evaluating policies where institutions such as
markets do not exist, and where there is a lack

of individual property rights, pose challenges.
Under such uncertainties, and where divergent sets
of values exist, the economic value of common
resources can be measured by the maximum
amount of other goods-and-services that individuals
are willing fo give up to obtain a given good

or service. Therefore, it is possible to weigh the
benefits from an activity such as the consfruction

of a dam against its negative impacts on fishing,
livelihoods of nearby communities, and changes

to scenic and aesthetic values. Box 1.13 provides
an example of non-market valuation using the

contingent valuation method (CVM).



Table 1.2 Economic instruments and applications

Fiscal Financial Liability Bonds and
Property rights | Market creation instruments Charge systems instruments systems deposits
Forests Communal Concession Taxes and Reforestation Natural Reforestation
rights building royalties incentives resource bonds, forest
liability management
bonds
Water Water rights Water shares Capital gains tax | Water pricing
resources
Water protection
charges
Oceans and Fishing rights, Oil spill bonds
seas Individual
transferable quotas
Licensing
Minerals Mining rights Taxes and land
royalties reclamation
bonds
Wildlife Access fees Natural
resource
liability
Biodiversity Patents Transferable Charges for scientific Natural
Prospecting development rights fourism resource
rights liability
Water Tradeable effluent Effluent charges Water freatment fees | Low-interest
pollution permits loans
Land and soils | Land rights, use Property faxes, Sail land
rights land-use taxes conservation reclamation
incentives (such bonds
as loans)
Air pollution Tradeable emission | Emission charges | Technology subsidies,
permits low-inferest loans
Hazardous Collection charges Deposit refund
waste systems
Solid waste Property taxes Technology subsidies,
low-inferest loans
Toxic Differential Legal liability, Deposit refund
chemicals faxation liability
insurance
Climate Tradeable Tradeable CO, Carbon taxes CFC
emission permits BTU tax replacement
entiflements Tradeable CFC incentives
quotas
Tradeable CFC quota auction Forest compacts
forest Carbon offsets
profection
obligations
Human Land rights Access fees Property faxes, Befterment charges Development
settlements Tradeable land-use taxes Development charges completion
development quotas Land-use charges bonds
Transferable Road folls
development rights Import fees

Source: Adapted from Panayotou 1994
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Table 1.3 Purpose and application of different valuation approaches

Approach

Why it is done How it is done

Determining the total value of
the current flow of benefits from
an ecosystem.

To understand the contribution that
ecosystems make fo sociefy and
to human well-being.

Identify all mutually compatible services provided.

Measure the quantity of each service provided, and multiply by the value of each service.

Determining the net benefits
of an infervention that alters
ecosystem condifions.

To assess whether the intervention
is worthwhile.

Measure how the quantity of each service would change as a result of the intervention,
as compared to their quantity without the intervention.

Multiply by the marginal value of each service.

Examining how the costs and
benefits of an ecosystem (or an
intervention) are distributed.

To identify winners and losers, for
ethical and practical reasons.

Identify relevant stakeholder groups.

Defermine which specific services they use, and the value of those services to that group
[or changes in values resulting from an intervention).

Identifying potential financing
sources for conservation.

To help make ecosystem
conservation financially self- various mechanisms.

sustaining.

Identify groups that receive large benefit flows from which funds could be extracted, using

Source: Adapted from Stephano 2004

Valuation presents a sef of challenges beyond
conflicting value systems or lack of existing market
institutions. It uses nofional and proxy measures

fo estimate the economic values of tangible and
infangible services provided by the environment.

An increasing body of valuation work has been
undertaken on provisioning services of ecosysfems.
It has produced estimates of the value of nondimber
forest products, forestry, and the health impacts of
air pollution and water-borne diseases. However,
studies on less tangible but yef important services,
such as water purification and the prevention of
natural disasters, as well as recreational, aesthetic
and cultural services, have been hard to get. To get
objective monetary estimates of these services remains

a challenge. Market data is limited fo a small number

of services provided by ecosystems. Furthermore,
methodologies such as costbenefit analysis and CVM

may raise problems of bias.

The use of market and non-marketbased instruments
has also shown gaps in addressing distributional and
infergenerational equity issues (MA 2005b), notably
with regard to poverty-related issues. Finally, many
valuation studies estimating the impact of policies

or projects on human well-being fail due to the lack
of sufficiently precise estimates of the consequences
of these policies or projects now and in the future.
Despite these flaws, valuation may be a useful tool
with which fo examine the complex relationships and
feedback involving the environment, economic growth

and human wellbeing.

Box 1.13 Valuing the removal of the Elwha and Glines Dams

An environmental impact analysis using CVM was conducted in

the 1990s to explore the removal of the Elwha and Glines dams in
Washington State in the United States. These two 30- and 60-metre-high
dams, respectively, are old, and block the migration of fish to 110 km of
pristine water located in the Olympic National Park. The dams also harm
the Lower Elwha Klallam Tribe which relies on the salmon and river for
their physical, spiritual and cultural well-being. Dam removal could bring
substantial fishing benefits, more than tripling the salmon populations.
The cost of removing the dams, and especially the sediment build-up is
estimated at about US$100-$125 million. Recreational and commercial
fishing benefits resulting from dam removal would not be sufficient to
cover these costs.

A CVM survey was conducted and yielded a 68 per cent response in
Washington State, and 55 per cent response for the rest of the United

Source: American Rivers 2006, loomis 1997, USGS 2006
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States. Willingness to pay for dam removal ranged from US$73 per
household for Washington to US$68 for the rest of the United States.

If every household in Washington State were to pay US$73, the cost

of dam removal and river restoration could be covered. If the return
stemming from Washington residents’ willingness to pay was added to
the rest of the US willingness to pay (the 86 million households and their
willingness to pay an average of US$68 per head) in excess of US$1
billion dollars would result.

After years of negotiations it has been decided that the dams will be
removed, and the Elwha Restoration Project will go forward. This is
the biggest dam-removal project in history, and an event of national
significance in the United States. It is expected that the two dams will
be removed in stages over the course of three years, between 2009
and 2011.



Non-economic instruments

In addition to economic instruments, a variefy of non-
economic instruments have been employed to address
both wellknown proven and less clear emerging

[or persistent] environmental problems. Today,

the emerging understanding of human well-being

increasingly influences our choice of insfruments.

Public participation

Human well-being depends on the unconstrained
ability of people to participate in decisions, so

that they can organize society in a way that is
consistent with their highest values and aspirations.
In other words, public participation is not only a
matter of procedural justice, but also a precondition
for achieving well-being. While this is challenging,
managers should involve civil society in policy
interventions. The Convention on Biological Diversity
offers several examples of possible stakeholder
engagement in decision making. These include
CBD VII/12, The Addis Ababa Guidelines on the
sustainable use of the components of biodiversity;
CBD VII/ 14 guidelines on sustainable fourism
development; and the CBD VII/16 Akwe, on
voluntary guidelines for the conduct of cultural,
environmental and social impact assessments for
development proposals on sacred sites, lands

and waters traditionally occupied or used by
indigenous and local communities. The development
of similar agreements and protocols that enhance
effective engagement of all sectors of society

should be encouraged.

Education

Access to information and education is a basic
human right, and an important aspect of human
wellbeing. It is also an important tool for
generating knowledge that links ecological analyses
to societal challenges, and is critical to the decision
making process. Women and marginalized
communities must be ensured access to education.
The United Nations launched its Decade of
Education for Sustainable Development (DESD) in
2005 and designated UNESCO as lead agency

for the promotion of the Decade (see Box 1.14.

Justice and ethics

Since the environment affects the very basis of human
wellbeing, it is a matter of justice fo consider the
impacts of environmental degradation on others, and

affempt to minimize harm for both current and future

generations. It has been argued that a “global ethic”
is required to address the problems of the 21st century
(Singer 2002). The intrinsic value of species has also
been recognized (IUCN and others 1991). The pursuit
of some people’s opportunities and freedoms may
harm or limit those of others. It is important that policy-
makers consider the adverse effects their decisions
have on people and the environment in other areas or
regions, since such communities do not participate in

local decision making.

Scenario development

The use of scenarios fo inform policy processes is
growing, providing policy-makers with opportunities
fo explore the likely impacts and outcomes of various
policy decisions. The goal of developing scenarios “is
offen to support more informed and rational decision
making that takes both the known and unknown into
account” (MA 2005¢). Their purpose is to widen

perspectives and illuminate key issues that might

Box 1.14 The UN Decade of Education for Sustainable
Development

The overall goal of the DESD is “to integrate the
principles, values, and practices of sustainable
development info all aspects of education and
learning.”

This educational effort will encourage changes in
behaviour that will create a more sustainable future
in terms of environmental integrity, economic viability,

and a just society for present and future generations.

In the long-term, education must contribute to
government capacity building, so that scientific
expertise can inform policy.

Source: UNESCO 2007
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Imagine a world in which

human well-being for all is
secure. Transforming this into
reality is possible, and it is this
generation’s responsibility to start

doing so.

Credit: T. Mohr/Still Pictures

otherwise be missed or dismissed. Chapter 9 uses four
plausible scenarios to explore the impact of different
policy decisions on environmental change and future

human wellbeing.

CONCLUSION

Two decades after Our Common Future emphasized
the urgency of sustainable development, environmental
degradation continues fo threaten human well-being,
endangering health, physical security, social cohesion
and the ability to meet material needs. Analyses
throughout GEO-4 also highlight rapidly disappearing
forests, deferiorating landscapes, polluted waters and
urban sprawl. The objective is not to present a dark

and gloomy scenario, but an urgent call for action.

While progress fowards sustainable development
has been made through meetings, agreements and
changes in environmental governance, real change
has been slow. Since 1987, changes fo drivers,
such as population growth, consumption patterns
and energy use, have placed increasing pressure on
the state of the environment. To effectively address
environmental problems, policy-makers should design
policies that tackle both pressures and the drivers
behind them. Economic instruments such as market
creation and charge systems may be used fo help spur
environmentally sustainable behaviour. Valuation can
help policy-makers make informed decisions about
the value of changes fo ecosystem services. Non-
economic instruments should be used to address both

wellknown problems with proven solutions and less

SECTION A: OVERVIEW
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clear emerging problems. This chapter has provided
an overview of the challenges of the 21st century,
highlighted conceptual ideas that have emerged to
analyse and understand these environmental problems,

and indicated options on the way forward.

The following chapters highlight areas where society
has contributed to environmental degradation and
human vulnerability. Everyone depends on the
environment. It is the foundation of all development,
and provides opportunities for people and society as a
whole o achieve their hopes and aspirations. Current
environmental degradation undermines natural asses,
and negatively affects human well-being. It is clear
that a deteriorating environment is an injusfice fo both

current and future generations.

The chapters also emphasize that alternative development
paths that protect the environment are available. Human
ingenuity, resilience and capacity to adapt are powerful

forces from which to draw 1o effect change.

Imagine a world in which human wellbeing for all is
secure. Every individual has access to clean air and
water, ensuring improvements in global health. Global
warming has been addressed, through reductions

in energy use, and investment in clean fechnology.
Assistance is offered to vulnerable communities.
Species flourish as ecosystem integrity is assured.
Transforming these images info reality is possible, and

it is this generation’s responsibility to start doing so.
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Climate change affects the warming and
acidification of the global ocean, it influences
the Earth’s surface temperature, the amount,
timing and intensity of precipitation,
including storms and droughts. On land,
these changes affect freshwater availability
and quality, surface water run-off and
groundwater recharge, and the spread of
water-borne disease vectors and it is likely
to play an increasing role in driving changes
in biodiversity and species’ distribution and

relative abundance.
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Main messages

A series of major atmospheric environment
issues face the world, with both short- and
long-term challenges, that are already
affecting human health and well-being.
Impacts are changing in their nature, scope
and regiona| distribution, and there is a
mixture of both worrying developments and
substantial progress.

Climate change is a major global

challenge. Impacts are already evident,

and changes in water availability, food
security and sea-level rise are projected

to dramatically affect many millions of
people. Anthropogenic greenhouse gas
(GHG) emissions (principally CO,) are the
main drivers of change. There is now visible
and unequivocal evidence of climate change
impacts. There is confirmation that the Earth’s
average temperature has increased by
approximately 0.74°C over the past century.
The impacts of this warming include sea-level
rise and increasing frequency and intensity of
heat waves, storms, floods and droughts. The
best estimate for warming over this century
is projected by the Intergovernmental Panel
on Climate Change (IPCC) to be between

a further 1.8 and 4°C. This will intensify

the impacts, leading to potentially massive
consequences, especially for the most
vulnerable, poor and disadvantaged people
on the planet. There is increasing concern
about the likelihood of changes in rainfall
patterns and water availability, thereby
affecting food security. Major changes are
projected for regions, such as Africa, that are
least able to cope. Sea-level rise threatens
millions of people and major economic
centres in coastal areas and the very
existence of small island states. Adaptation
to anticipated climate change is now a

global priority.

To prevent future severe impacts from climate
change, drastic steps are necessary to reduce

emissions from energy, transport, forest

and agricultural sectors. There has been a
remarkable lack of urgency in tackling GHG
emissions during most of the past two decades.
Since the 1987 report of the World Commission
on Environment and Development (Brundtland
Commission), there has been a sharp and
continuing rise in the emissions. There is an
agreement in force, the Kyoto Protocol, but the
global response is far from adequate. Recent
studies show that the total cost of measures

to mitigate climate change would be a small
fraction of the global economy. Mainstreaming
climate concerns in development planning is
urgent, especially in sectors such as energy,
transport, agriculture, forests and infrastructure
development, at both policy and implementation
levels. Likewise, policies facilitating adaptation
to climate change in vulnerable sectors, such

as agriculture, are crucial to minimize adverse
impacts. Transformations in social and economic
structures, with broad stakeholder participation
toward low carbon societies, are critical.

More than 2 million people globally are
estimated to die prematurely each year
due to indoor and outdoor air pollution.
Although air quality has improved
dramatically in some cities, many areas
still suffer from excessive air pollution.
The situation on air po||ution is mixed,

with some successes in both developed and
developing countries, but major problems
remain. Air pollution has decreased in some
cities in different parts of the world through
a combination of technology improvement
and policy measures. However, increasing
human activity is offsetting some of the
gains. Transport demand increases every
year, and is responsible for a substantial
part of both anthropogenic GHG emissions
and health effects due to air pollution. Many
people, especially in Asia where the most
polluted cities are now found, still suffer
from very high levels of pollutants in the



air they breathe, particularly from very fine
particulate matter, the main air pollutant
affecting human health. This is also related
to the massive industrial expansion in many
Asian cities that are producing goods for
the global economy. This pollution also
reduces visibility by creating urban and
regional haze. Many poor communities

are still dependent on traditional biomass
and coal for cooking. The health of women
and children in particular suffers as a
result of indoor air pollution, and a total

of 1.6 million people are estimated to die
prematurely each year. Many air pollutants,
including sulphur and nitrogen oxides,
accelerate damage to materials, including
historic buildings. Long-range transport

of a variety of air pollutants remains an
issue of concern for human and ecosystem
health, and for the provision of ecosystem
services. Tropospheric (ground-level) ozone
is increasing throughout the northern
hemisphere, and is a regional pollutant
affecting human health and crop yields.
Persistent organic pollutants from industrial
economies accumulate in the Arctic, affecting
people not responsible for the emissions.

The “hole” over the Antarctic in the
stratospheric ozone layer that gives protection
from harmful ultraviolet radiation is now the
largest ever. Emissions of ozone-depleting
substances (ODS) have decreased over the
last 20 years, yet the concern about the

state of stratospheric ozone still persists.

On the positive side, precautionary action

on stratospheric ozone depletion was taken

by some industrialized countries before the
impacts were evident. Their leadership was key
to making the reductions in the manufacture
and consumption of ODS a global success
story. Although emissions of ODS have
decreased over the last 20 years, it is estimated
that the ozone layer over the Antarctic will not
fully recover until between 2060 and 2075,

assuming full Montreal Protocol compliance.

Rapid growth in energy demand, transport
and other forms of consumption continue to
result in air pollution, and are responsible
for unprecedented absolute growth in

anthropogenic GHG emissions. Since the
Brundtland Commission emphasized the

urgent need for addressing these problems,

the situation has changed, in some cases

for the better, but in others for the worse.

A number of pressures are still building,
driving up the emissions. The population is
increasing, and people use more and more
fossil fuel-based energy, consume more goods
and travel further, increasingly using cars as
their favourite transport mode. Aviation is
growing rapidly and increased trade, as part
of the globalized economy, leads to growth

in the transport of goods by sea, where fuel
quality and emissions are currently not strictly
regulated. These pressures are being somewhat
offset by increases in efficiency and/or from
implementation of new or improved technology.

Measures to address harmful emissions are
available and cost-effective, but require
leadership and collaboration. Existing
mechanisms to tackle ODS are adequate,
while air quality management in many parts
of the world requires the strengthening of
institutional, human and financial resources
for implementation. Where air pollution has
been reduced, the economic benefits associated
with reduced impacts have far outweighed

the costs of action. For climate change, more
innovative and equitable approaches for
mitigation and adaptation are crucial, and
will require systemic changes in consumption
and production patterns. Many policies and
technologies required to address emissions

of GHGs and air pollutants are currently
available and are cost-effective. Some

nations have started to implement changes.
While additional research and assessment
efforts should continue, dynamic leadership
and international collaboration, including
technological transfer and effective financial
mechanisms, are required to accelerate policy
implementation around the world. The long-term
risks from emissions of substances with long
residence times, especially those that are also
GHGs, should strongly encourage the use of a
precautionary approach now.



Although there have been some
important pollution control
success stories, the atmospheric
problems highlighted by the
Brundtland Commission still exist
(such as here in Santiago de
Chile).

Credit: Luis A. Cifuentes

INTRODUCTION

In 1987 the World Commission on Environment and
Development (WCED), also known as the Brundiland
Commission, recognized problems of regional air
pollution, with its impacts on environmental and cultural
values [see Chapter 1]. It stated that burning fossil fuels
gives rise to carbon dioxide (CO,) emissions, and that
the consequent greenhouse effect “may by early next
century have increased average global temperatures
enough to shift agricultural production areas, raise

sea levels to flood coastal cities and disrupt nafional
economies.” It also said that “Other industrial gases
threaten the planef’s protective ozone shield,” and
“Industry and agriculture put foxic subsfances into

the human food chain,” highlighting the lack of an

approach fo effective chemicals management.

Key conclusions of Our Common Future, the
Brundiland Commission report, were that while
economic activity, industrial production and
consumption have profound environmental impacts,
"poverty is a major cause-and-effect of global
environmental problems.” Human well-being,

especially poverty and equity, are affected by all

of the atmospheric environment issues addressed

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

in this chapter. It is clear that air pollution from
human activities constitutes one of the most important
environmental issues affecting development across
the world. Climate change threatens coasfal areas,
as well as the food security and livelihoods of
people in the most vulnerable regions. Indoor air
pollution, from burning biomass or coal for cooking,
particularly affects women and young children.
Qutdoor air pollution in cities or near major industries
disproportionately kills or harms the health of poorer
people. Tackling emissions will contribute to the
aftainment of the Millennium Development Goals
[UN 2007), especially the goals of eradicating
hunger, ensuring good health for all and ensuring

environmental sustainability.

Amospheric environment issues are complex. Different
primary pollufants emitted, and secondary pollutants
formed in the atmosphere, have very different residence
times, and are transported to varying distances, and this
affects the scale af which their impact is felt (see Figure
2.1). Those subsfances that have very short residence
times affect indoor and local air quality. Subsfances
with residence fimes of days to weeks give rise to

local and regional problems, those with residence

1987-2007



Figure 2.1 Selected pollutants, their average residence times in the atmosphere and maximum extent of their impact
Maximum scale of the problem
global (0, CH, N,0 SF, HFCs PFCs HCFCs CFCs
hemispheric ©
Tropospheric ozone
regional
S0, NO;~ NH,* PMys
local S0, NO, NO NH; PM,,
W N & ® & N
A3 S & N N &
Residence time in the atmosphere

Source: EEA 1995, Centre for
Airborne Organics 1997

times from weeks to months give rise fo continental and
hemispheric problems, and those with residence times
of years give rise fo global problems. Some greenhouse

goses may last up fo 50 000 years in the atmosphere.

There is now a consensus amongst the vast

majority of scienfists that anthropogenic emissions

of greenhouse gases, of which CO, and methane
are the most significant, are already causing climate
change. The global emissions are sill increasing and
the impact will be felt by all regions of the world, with
changing weather patterns and sec-level rise affecting
coastal human setlements, disease patterns, food

production and ecosystem services.

Air pollution is still leading to the premature death of

a large number of people. Although the air quality of
some cities has improved dramatically over the last

20 years, mainly in the richer nations, the air quality of
many cifies in developing nations has deferiorated fo
extremely poor levels. Even in richer countries, in recent
years, improvements in levels of particulate matter

and tropospheric ozone have stagnated, and further
measures are needed. Regional air pollution problems
of acidification have been reduced in Europe and
North America, but are now a growing policy focus in
parts of Asia, where acidic deposition has increased.
Tropospheric [ground-evel) ozone pollution causes
significant reductions in crop yield and quality. The
transfer of pollutants across the northern hemisphere,

especially tropospheric ozone, is becoming an

increasingly important issue. Despite efforts to tackle
air pollution since 1987, emissions of various air
pollutants to the atmosphere are sfill having dramatic
impacts on human health, economies and livelihoods,

as well as on ecosysfem infegrity and productivity.

Emissions of ozone-depleting substances [ODS),
such as chlorofluorocarbons, lead to thinning of

the stratospheric ozone layer, resulting in increased

uliraviolet (UV-B) radiation reaching the Earth's surface.

The ozone hole, or seasonal ozone depletion over
the Antarctic, sfill occurs. Increasing UV-B radiation
affects skin cancer rates, eyes and immune systems,
thus having important public health implications
(WHO 2006b). There are concerns about the UV-B
effect on ecosystems, for example through impacts on

phytoplankion and marine food webs (UNEP 2003).

Since 1987, it has become clear that there are
high levels of persistent organic pollutants [POPs)
and mercury in food chains, with the potential to
affect the health of humans and wildlife, especially
species higher in food chains. POPs represent a
global problem. Some have low residence fimes
in the atmosphere, but are re-volatilized, and can
migrafe over long distances and persist in the
environment. Many POPs are transported through
the atmosphere, but their impacts are mediated by
aquatic and land-based food chains (see Chapters
3 and 4) and accumulated in Polar Regions

([see Chapter 6).
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DRIVERS OF CHANGE AND PRESSURES
Atmospheric composition is affected by virtually all
human activities. Population increases, income growth
and the global liberalization of trade in goods-and-
services all stimulate an increase in energy and fransport
demand. These are drivers of emissions of subsfances
info the aimosphere and, as many costbenefit studies
have shown (Stern 2006), the costs to our collective
wellbeing often outweigh the individual benefits of the
high-consumption lifestyles people have or aspire to
(see Chapter 1). In many cases, emissions result from
satisfying the wants of a rising affluent class rather than
from fulfilling basic needs (see Box 2.1). Significant
downward pressure on emissions has come from
increases in efficiency and/or from implementation of

new or improved technology.

Box 2.1 Energy use in the context of Millennium

Development Goals (MDGs)

Currently, access to energy for heating, cooking,
transport and electricity is considered a basic

human right. Various studies have investigated the
consequences of meeting the minimum standards set

out in the MDGs, and found that the fotal amount of
primary energy required to meet the minimum standards
is negligible on the global scale. Electricity for lighting
(in homes, schools and rural health facilities), liquefied
petroleum gas (LPG) for cooking fuel (for 1.7 billion
urban and rural dwellers), and diesel used in cars and
buses for transport (for 1.5 million rural communities)
would require less than 1 per cent of total annual global
energy demand, and would generate less than 1 per
cent of current annual global CO, emissions. This shows
that energy services could be provided to meet the
MDGs without significantly increasing the global energy

sector’s environmental impacts.

Sources: Porcaro and Takada 2005, Rockstrém and others 2005

The developed world is still the main per capita user
of fossil fuel, and often exports long-lived, outdated
and polluting technology to developing counfries.
The wealthier nations also “transfer” pollution by
purchasing goods that are produced in a less
environmentally friendly manner in lower-income
countries. As a consequence, vulnerable communities
in developing countries are most exposed to the
adverse health effects caused by air pollution (see

Chapters 6, 7 and 10).

Due fo inertia in economic, social, cultural and
institutional systems, transitions to more sustainable
modes of production and consumption are slow and
cumbersome. Typically, it takes 30-50 years or more
before such changes are fully implemented, although
the first improvements can be seen at @ much earlier
stage [see Box 2.2). Understanding how policy
decisions will affect economic activities, and their
associated emissions and impacts can facilitate early-
warning signals and timely actions. Table 2.1 presents

the main drivers affecting the atmosphere.

Production, consumption and population growth
Ultimately, the drivers for atmospheric environment
impacts are the increasing scale and changing form of
human activity. The increasing population on the planet
confributes fo the scale of activity but, of even greater
importance, the continuing expansion of the global
economy has led fo massive increases in production
and consumption (see Chapter 1), indirectly or directly

causing emissions to the atmosphere.

Since the Brundiland Commission report, the
Earth’s population has risen by 34 per cent (see
Chapter 1), with regional increases ranging from

5.1 per cent in Europe fo 57.2 per cent in Africa

Box 2.2 Examples of inertia in drivers

Energy supply Transport

The energy sector requires massive investments in infrastructure to meet Production of road vehicles, aircraft and ships are all examples of steadily
projected demand. The International Energy Agency (IEA) estimates that growing mature markets. It will take time for new concepts, such as hybrid or
the investments will total around US$20 trillion from 2005 to 2030, or hydrogen fuel cell cars, or high-speed magnetic frains, to massively penetrate
US$800 billion/year, with the electricity sector absorbing the majority markets. Technology barriers and standards, cost reductions, new production
of this investment. Developing countries, where energy demand is plants and, finally, market penetration are all challenging obstacles. Old
expected to increase quickly, will require about half of such investments. production facilities often remain operational until they are economically
Often, these investments are long ferm. Nuclear plants, for example, are outdated, and the lifefime of a new car is well over a decade. The penetration
designed for a lifetime of 50 years or more. Decisions made today will time of a new technology, such as the hydrogen fuel cell car will, even under
have effects well into our future. the most optimistic projections, take at least 40 years.

Source: IEA 2006
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(GEO Data Portal, from UNPD 2007). Global
economic oufput [measured in purchasing power
parity or PPP) has increased by 76 per cent, almost

doubling the average per capita gross national

income from about US$3 300 to US$6 400. This

average increase in per capita income masks large

regional variations, ranging from virtual stagnation in
Africa to a doubling in some countries in Asia and
the Pacific. Over the same period, urban populations
have risen fo include half of humanity. Although the
rate of population growth is expected to continue

to slow, the world population is sfill expected to be

(see Chapter 1).

in energy and electricity production, improved

27 per cent above current levels by 2030 (GEO
Data Portal, from UNPD 2007 medium variant).
Nearly all population growth expected for the world

in that period will be concentrated in urban areas

In line with population and GDP growth, there is
an increase in production and consumption. Energy
use has been parly decoupled from the growth of

GDP (see Figure 2.2), due fo increased efficiency

production processes and a reduction in material

Table 2.1 Trends and relevance of drivers for atmospheric issues

fires)

confributes
significantly to

GHG emissions

Driver Stratospheric ozone depletion Climate change Air pollution
Situation in Relevance/trend Situation in Relevance/trend Situation in Relevance/trend
1987 2007 1987 2007 1987 2007
Population Important Emission per Important Increases in Important, with Increasing
capifa reduced demand lead to urban areas urbanization has put
dramatically increased emissions | affected most more people af risk
Agricultural Negligible source Methyl bromide Important due to Increases in Ammonia and Emissions have
production is now a more methane and N,O production cause pesticide emissions grown with
significant emissions, and land- | increased emissions increasing
proportion of use change production
remaining ODS
emissions
Deforestation Negligible source Negligible source Important contributor | Continuing CO, PM and NOy Increasing
(including forest of GHG emissions deforesfation emissions frequency of forest

fires

luxury goods

relevance

increasing

emissions

Industrial Largest emission Strong decline in Important Important, but Important emissions | Production
production source ODS production share of emission source decreases in some
decreasing regions, increases
in others
Electricity Negligible source Negligible source Important Increasingly Important emissions | Share of emission
production important driver source decreases in some
regions, increases
in others
Transport Relevant Decline in Important Strong increase in lead, CO, PM, Varies by region
relevance, but still a transport and ifs NOy emissions and pollutant
source emissions
Consumption of Relevant Decline in relevance | Small share in Constant Large emissions Continued high
basic goods emissions from traditional share in rural
biomass communities
Consumption of Important Strong decline in Important Share of emissions Moderate share of Increasing share of

emissions

Scientific and
technological
innovation

Innovation starting

Very important for
solufions

Important for
energy efficiency
improvements

High relevance
for efficiency and
energy generation

Important for all
emissions

Crucial for
improvements in all
sectors

Institutional and
socio-political
frameworks

Frameworks
initiating

Highly advanced

Non-existent

Considerable
improvement

Established in
developed countries

Increasing number
of regions tackling
problems
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Figure 2.2 Energy use per US$1 000 GDP (in PPP for 2000)
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infensity. Nevertheless, the major proportion of
pollutant emissions result from energy-related activities,
especially from the use of fossil fuel. The global
primary energy supply has increased by 4 per cent/
year between 1987 and 2004 (GEO Data Portdl,
from IEA 2007a) since Brundtland, and fossil fuels
still supply over 80 per cent of our energy needs

(see Figure 2.3). The confribution of non-biomass
renewable energy sources (solar, wind, fidal, hydro
and geothermal) to the total global energy supply has

increased very slowly, from 2.4 per cent in 1987 to

2.7 per cent in 2004 (GEO Data Porfal, from IEA
2007a) (see Chapter 5).

The energy infensity of our society (defined as energy
use per unit of GDP in PPP units) has decreased since
Brundtland by an average of 1.3 per cent per year
[see Figure 2.2). However, the impact of total GDP
growth on energy use has outweighed these mitigating

efficiency improvements.

Manufacturing processes can also cause direct
emissions, such as CO, from steel and cement
production, SO from copper, lead, nickel and zinc
production, NOy from nifric acid production, CFCs
from refrigeration and air conditioning, SFs from
electricity equipment use, and perfluorocarbons [PFCs)

from the electronic indusiry and aluminium production.

Humanity's footprint on the planet has grown
correspondingly larger. Natural resource demands
have expanded, the burden on the environment has
grown heavier, and this trend looks set o continue
although there have been shiffs in the sources of the
pressures. The share of total GDP of the agriculture
and industry sectors has decreased from 5.3 and
34.2 per cent in 1987 to 4 and 28 per cent of
GDP in 2004 (GEO Data Portal, from World Bank
20006). The transport sector has shown a consisfently
high growth rate over the same period, with a 46.5
per cent increase in energy used globally by road
transport between 1987 and 2004 (GEO Data
Portal, from IEA 2007a). Reducing the impacts

Figure 2.3 Total primary energy supply by energy source
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of these major drivers of atmospheric pollution

will involve multiple transitions in sectors such as
energy, fransport, agricultural land use and urban
infrastructure. The right mix of appropriate government
regulation, greafer use of energy saving fechnologies
and behavioural change can substantially reduce
CO, emissions from the building sectfor, which
accounts for 3040 per cent of global energy use.
An aggressive energy efficiency policy in this sector
might deliver billions of tonnes of emission reductions
annually (UNEP 2007a).

Increasing demand for such products and services
as refrigeration, airconditioning, foams, aerosol
sprays, industrial solvents and fire suppressants led to
increasing production of a variety of chemicals. Some
of them, after being released into the atmosphere,
can rise info the stratosphere, where they break
apart, releasing chlorine or bromine afoms, which
can destroy ozone molecules. Though the physical
volume of emissions of ozone-depleting substances
has never been very large in comparison to other
anthropogenic emissions to the atmosphere, the risks
associated with potential impacts are enormous.
Fortunately, the response to this problem has been a

success story.

Sectors and technology

Transport

The relatively high growth in passenger car sales
reveals that people put a high preference on car
ownership as they become more affluent (see Figure
2.4). Moreover, there has been a shift to heavier
cars, equipped with an increasing number of energy
demanding features (for example air conditioning
and power windows), which add to a greater than

expected growth in energy use by the fransport sector.

Atmospheric emissions from the fransport secfor
depend upon several factors, such as vehicle fleef
size, age, technology, fuel qudlity, vehicle kilometres
travelled and driving modes. The low fleet turnover
rate, especially for dieselpowered vehicles, and the
export of older vehicles from rich to poor countries,
slows progress in curbing emissions in developing
counfries. In some parts of Asia, a majority of road
vehicles consist of two- and three-wheelers powered
by small engines. They provide mobility for millions
of families. Although inexpensive, and with lower fuel
consumption than cars or light frucks on a per vehicle

basis, they contribute disproportionately fo particulate,

Figure 2.4 Number of passenger cars, by region
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hydrocarbon and carbon monoxide emissions (World

Bank 2000, Faiz and Gautam 2004).

Shifting from public transport systems to private
car use increases congestion and atmospheric
emissions. Poor urban land-use planning, which
leads fo high levels of urban sprawl! (spreading

the urban population over a larger area), results in
more car fravel (see Figure 2.5) and higher energy

consumption. The lack of adequate infrastructure

areas around the world
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Figure 2.5 Activity infensity versus per capita personal car use in 58 higher income meiropolitan

Note: Activity infensity is
defined as the number of
jobs plus the number of

people per urban hectare.

Source: Newman and
Kenworthy 2006
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Credit: Press-Office City of

Minster, Germany

Figure 2.6 Amount of space required to fransport the same number of passengers by car, bus or bicycle. (Poster in city of Muenster Planning Office, August 2001)
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for walking and cycling, which are the most
environmentallyfriendly tfransport modes, also
contributes fo increased vehicle use. Figure 2.6
shows the relative space required fo accommodate
people driving cars, using buses or cycling, with

clear implications for transport strategy and planning.

Air transport is one the fastest rising transport
modes, with an 80 per cent increase in kilometres
flown between 1990 and 2003 (GEO Data Portal,
from UNSD 2007b). This dramatic increase was
driven by growing affluence, more airports, the rise
in low-cost airlines and the promotion of overseas
tourism. Economic efficiency is driving improvements
in energy efficiency, and new commercial aircraft
are claimed to use up fo 20 per cenf less fuel than
those sold 10 years ago (IATA 2007). Shipping
has also grown remarkably since Brundtland,
mirroring the increase in global trade. It has risen
from 4 billion tonnes in 1990 to 7.1 billion tonnes
fotal goods loaded in 2005 (UNCTAD 2000).
Improvements in the environmental performance of
the shipping indusfry have been less pronounced

than for air transport.

Industry

The shift in the regional character of industrial
production, which has decreased in developed
countries and increased in the developing world,
can be illustrated by the changes in secondary
energy use by the industrial sector. In the United
States, increased energy use in the transport and

service secfors has been partially counterbalanced

by the decrease (0.48 tonne oil equivalent/capital
in the industrial sector. In contrast, in Asia and the
Pacific, and Latin America and the Caribbean,
there has been an increase in per capita energy

use in all sectors (GEO Data Portal 2006).

Atmospheric emissions from large stationary sources
in developed counfries have been reduced by using
cleaner fuels, end-ofpipe controls, relocating or
shutfing down high-emitting sources and promoting
more efficient energy use. In many developing
counfries such measures have not been fully
implemented, but have the potential to rapidly reduce
emissions. If 20 per cent of energy was saved in
existing energy generation and industrial facilities in
developing counfries through use of currently available
technologies, the increase in CO, emissions from
developing countries from 2000 to 2020 would only
be about half of what it otherwise be (METI 2004).
Industrial sources that use obsolefe technology, lack
emission controls and are not subject fo effective
enforcement measures, contribute significantly fo the
emission load. In general, the implementation of
governmental regulations has sfimulated the use of
technologies that often reduce costs, and result in

greater benefits than originally foreseen.

Emissions from small factories and commercial sources
are much more difficult to control. Enforcement of
compliance with emission standards is politically
difficult and expensive. Technology solutions are more
challenging, and there is no simple way to check that

best management practices are being used.
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Energy

In the industrialized world, large power plants are
confronted with increasingly fight environmental
standards. A wide range of options for the production
of clean energy exisfs, and has started to penetrate the
market, often stimulated by government subsidies. High
growth rafes in clean energy options since 1987 have
been observed, especially for solar and wind energy.
Energy supply from wind power increased 15 times
by 2004, with an average growth of approximately
30 per cent per year, although its share in global
electricity supply s still very small at about 0.5 per
cent in 2004 (IEA 2007b).

Energy efficiency improvements and energy
conservation are given high priority in the energy
development strategies of many countries, including
developing countries. High efficiency and clean
technology will be crucial fo achieve a low-emission
development path, combined with security of supply.
Among the factors that define the level of emissions

are fuel quality, technology, emission control measures,
and operation and maintenance pracfices. Energy
security considerations and fuel costs often defermine
the choice of fuels, such as coal and nuclear (see
Chapter 7). Thermal power plants buring coal are
major air pollution sources, and emit higher levels of
many pollutants than gasfired power plants fo produce
the same amount of energy. Clean energy sources,
such as geothermal, wind energy and solar power, are
still underutilized. With the recent high oil prices, more
efficient power plants have become more costeffective,
but still require substantial investment in infrastructure.
Many countries in, for example, sub-Saharan Africa,
cannot cope with the rising energy demand, and
continue fo rely on obsolete, low-efficiency power plants

that emit high levels of pollutants.

Land-use practices

In rural areas, customary land-use practices also drive
atmospheric emissions. The clearance of forested land,
and its subsequent use for catfle and crop production,
releases carbon sfored in the trees and soils, and
deplefes its potential as a CO, sink (see Chapter 3).
It may also increase methane, ammonia and nitrogen
oxide emissions. Deforesfation is known to contribute
as much as 20-25 per cent fo annual atmospheric
emissions of CO, (IPCC 2001a). Normal agricultural
land-use practices, such as burning crop residues and
other intentional fires, increase emissions of CO»,

particulate matter and other pollutants (Galanter and

others 2000). Wildfires and forest fires used for land
clearance also release very high levels of particulates.
The Southeast Asian haze of 1997, produced by land
clearance, cost the people of that region an esfimated
US$1.4 billion, mostly in shortterm health costs (ADB
2001). Since 1987, there has been litle progress in
mitigating these unwanted effects. Fine dust particles from

the ground are also a major concern in arid or semi-arid

areas subject fo seasonal or periodic high winds.

Urban settlements

Emissions in densely populated areas tend to be
higher due to the tofal level of emission-related activity,
even though the per capita emissions are reduced by
higher efficiency and shorter fravel distances using
personal fransport (see Figure 2.5). In combination
with low dispersion conditions, this results in exposure
of large populations to poor air quality. Urbanization,
seen in such forms as urban population growth in Latin
America, Asia and Africa, and urban sprawl in North
America and Europe, is continuing as a result of a
combination of social and economic drivers. Urban
areas concenfrate energy demands for fransport,
heating, cooking, air conditioning, lighting and
housing. Despite the obvious opportunities that cities

offer, such as their economic and cultural benefits,

The clearance of forested land
and its subsequent use for cattle
and crop production, releases
carbon stored in the trees and
soils, and depletes its potential
as a CO; sink.

Credit: Ngoma Photos
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they are offen associated with problems that are

aggravated by large increases in population and

limited financial means, which force city authorities o

accept unsustainable shortterm solutions. For example,

there is pressure fo use land reserved as green areas

and for future public transport systems for houses,

offices, industrial complexes or other uses with a high

economic value. Moreover, cities create heat islands

that alter regional meteorological conditions and affect

atmospheric chemisiry and climate. Reversing the trend

of unsustainable development is a challenge for many

city authorifies.

Technological innovation

Technological innovation, coupled with technology

fransfer and deployment, is essential for reducing

emissions. A broad portfolio of technologies is

necessary, as no single technology will be adequate 1o

achieve the desired level of emissions. Desulphurization

technologies, low nitrogen combustors and end-of-

pipe particulate capture devices are examples of

technologies that have contributed considerably fo
SO,, NOy and PM emission reduction. A number of
technologies may play key roles in reducing GHG

emissions. They include those for improved energy

efficiency, renewable energy, integrated gasification

combined cycle (IGCC), clean coal, nuclear and

carbon sequestration (Goulder and Nadreau 2002).

A "technology push” approach, based on large-scale

research and fechnology deployment programmes and
new breakthrough technologies, is needed fo achieve

deeper GHG emission cuts in the long run (2050 and
beyond).

In addition to government and private sector investment
in fechnology research and development, regulations
for energy, environment and health are key drivers for
stimulating the deployment of cleaner technologies

in developing countries. It is also important fo lower
the risk of locking in more COxinfensive energy

technologies in developing counfries.

ENVIRONMENTAL TRENDS AND RESPONSES
In this chapter three major atmosphere-related
environmental issues are analysed in detail: air
pollution, climate change and stratospheric ozone
depletion. For each issue the changes in the
environmental sfate are related to the impacts on both
the environment and on human wellbeing for the
period since 1987. This is followed by descriptions

of what has been done fo curb emissions. Table

2.2 below summarizes the interconnections between
changes in the atmosphere and human well-being,
including changes in state of the atmosphere, the
mechanisms through which impacts occur and changes

in wellbeing over fime.

Table 2.2 Linkages between state changes in the atmospheric environment and environmental and human impacts

State changes

Mediated
environmental/
ecosystem impacts

Impacts on human well-being

Human health

Food security

Physical security
and safety

Socio-economic Other impacts

Outdoor air pollution

related issues

Concentration/

deposition of

criteria pollutants

[not tropospheric

ozone)

4 Developed
countries

¢ Developing
countries

Exposure to poor air

quality:

7 developing
countries

4 developed
countries

$ Respiratory and
cardiac diseases

$ Premature deaths
and morbidity

1 Childhood

asthma

¢ Crop yields

$ Conlflict over
transboundary
movement

4 Tourism potential
4 Visibility
© Haze

$ Health costs

¢ DALYs

1 Cost for control
of pollution

$ Acidification

1 Decline of forests

@ Corrosion of

1 Maintenance

4 Tourism potential

and natural materials costs for physical
ecosystems infrastructure

© Eutrophication 8 Fish supply when | @ Loss of @ Odour nuisance
nutrients enter biodiversity

surface waters
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Table 2.2 Linkages between state changes in the atmospheric environment and environmental and human impacts continued

Mediated
environmental/

Impacts on human well-being

Physical security

(diarrhoea and
vector-borne
diseases)

and 6)

and 8)

2 Loss of economic
properties

State changes ecosystem impacts Human health Food security and safety Socio-economic Other impacts
Outdoor air pollution related issues
Tropospheric ozone | Exposure of crops, |  Respiratory & Crop yields @ Loss of 3 Income
formation and natural ecosystems inflammation biodiversity generation
concentrations and humans @ Mortality and [particularly for
@ Northern morbidity the poor)
Hemisphere © Restricted activity
days
$ Concentrations of | ¢ Air quality ¢ Incidence of © Food chain © Health costs
air toxics (heavy carcinogenic confamination
metals, PAHS, diseases
VOC)
2 POPs emissions @ Deposition on 4 Food safety 4 Sustainability of 4 Commercial fish
natural ecosystems | & Human health fish resources value
& Bioaccumulation in 1 Vulnerability of
food chain Polar
communities
Indoor air pollution related issues
Criteria pollufants @ Exposed @ Mortality and 2 Vulnerability of @ Impact on
and air foxics population respiratory poor women and
© Developing diseases communities children
countries
Climate change related issues
¢ GHG @ Temperature @ Deaths due to © Risk of hunger @ Human @ Energy @ Threatened
concentrations 1 Extreme weather heat stress ¢ Crop production vulnerability requirement for livelihood of
events @ Diseases (see Chapters 3 ([see Chapters 6 cooling communities

@ Vulnerability of
poor communities

@ Sea surface
temperature

$ Precipitation

# land and sea ice
melting

1 Ocean
acidification

See Table 4.2

Stratospheric ozone related issues

8 ODS emissions

¢ ODS
concentrations in
stratosphere

$ UVB radiation

@ Stratospheric
ozone depletion af
the poles

@ Skin cancer

© Damage to eyes
and immune
systems

8 Fish stocks
(impact on
phytoplankion
and other
organisms| [see
Chapter 4)

4 Food production
(altered disease
intensity)

8 Time spent
outdoors (lifestyle
change)

@ Expenditure on
preventing
exposure to UV-B
radiation

¢ Clobal warming
[due to long
residence fimes)

© increasing

¥ decreasing

& variable depending on location
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AIR POLLUTION

Human and environmental exposure to air pollution

is a major challenge, and an issue of global concern
for public health. The World Health Organization
(WHQO) estimated that about 2.4 million people die
prematurely every year due fo fine particles (WHO
2002, WHO 2006c¢). This includes about 800 000
deaths due to outdoor urban PMq (see Box 2.3 for
an explanation), and 1.6 million due fo indoor PM g,
even though the study did nof include all mortality
causes likely to be related to air pollution. Figure

2.7 shows the annual mortality that is attributable to
outdoor PM for different world regions. The highest

number of estimated annual premature deaths occurs

in developing countries of Asia and the Pacific (Cohen

and others 2004).

Figure 2.7 Premature deaths due to outdoor urban PM;, exposure by region in 2000
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Figure 2.8 Emissions of (a) sulphur dioxide and (b) nitrogen oxides, by region
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Beside effects on human health, air pollution has
adverse impacts on crop yields, forest growth,
ecosystem structure and function, materials and visibility.
Once released into the atmosphere, air pollutants can
be carried by winds, mix with other pollutants, undergo
chemical transformations and eventually be deposited

on various surfaces (see Box 2.3).

Atmospheric emissions and air pollution trends
Emissions in the various regions show different trends
for SO, and NOx (see Figure 2.8). There have been
decreases in the national emissions in the more affluent
countries of Europe and North America since 1987.
More recently Europe is as concerned with unregulated

sulphur emissions from international shipping as it is

Box 2.3 Features of different air pollutants




with the regulated land-based sources [EEA 2005).
For the industrializing nations of Asia, emissions have
increased, somefimes dramatically, over the last two
decades. There are no aggregate data for regions
after 2000, and therefore recent changes in emissions
of developing countries are not displayed, especially
in Asia. For instance, from 2000 to 2005 the Chinese
SO, emissions increased by approximately 28 per
cent [SEPA 20006), and satellite dafa suggest that
NOy emissions in China have grown by 50 per

cent between 1996 and 2003 (Akimoto and others
20006). The main result is that global emissions of SO,
and NOy are increasing with respect to 1990 levels.
In Africa, and in Latin America and the Caribbean,

small increases have been reported.

In many large cities in developing countries,
current air pollution concentrations are very high,
especially for PMyq (see Figures 2.9 and 2.10).
However, pollutant levels are decreasing, usually
because of controls on emission sources, changing
fuel use patterns, and closures of obsolete industrial
facilities. For lead, the trends are decreasing, and
ambient levels in most cities are currently below the
WHO guideline (WHO 2006a). In general, PMq
and SO, levels have been decreasing, although
levels of PMq are still many times higher than the
WHO guideline in many developing countries, and
SO;, levels are above the WHO guideline in a
number of cities and differences are considerable
in different regions. Most large cities exceed the
WHO guideline for NO,, and the levels are not

showing any significant decreases.

Figure 2.9 Trends in average annual urban concentrations of pollutants (g/m3) in selected

cities worldwide
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Figure 2.10 Estimated annual average concentrations of PMy in cities with populations greater than 100 000, and in national capitals, for 1999
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Figure 2.11 Calculated annual average tropospheric ozone concentrations in 2000 obtained by combining the outputs of several models
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Modelling indicates the highest levels of fropospheric
ozone — a major component of photochemical

smog — are in a subfropical belt thaf includes
southeastern parts of North America, southern

Europe, northern Africa, the Arabian Peninsula, and
the southern and northeastern parts of Asia (see
Figure 2.11). However, there is currently a lack of
rural measurements in Asia, Africa and Latin America
that could validate these results. There is a trend of
rising annual mean fropospheric ozone concentrations
across the northern hemisphere (Vingarzan 2004 that
implies that several regions may need to cooperate fo

address the problem.

In addition, clouds of tiny aerosol particles from
emissions hang over a number of regions (known as
Amospheric Brown Clouds). These seasonal layers of
haze reduce the amount of sunlight that can reach the

Earth’s surface, which has potential direct and indirect

Box 2.4 Key air pollution issues differ around the world

impacts on the water cycle, agriculture and human
health (Ramanathan and others 2002). The aerosols
and other particulate air pollutants in the atmosphere
absorb solar energy and reflect sunlight back into

space (Liepert 2002).

Effects of air pollution

Air pollution is one of the major environmental
factors causing adverse impacts on human health,
crops, ecosystems and materials, with priorities
varying among regions [see Box 2.4). Both

indoor and outdoor air pollution are associated
with a broad range of acute and chronic impacts
on health, with the specific type of the impact
depending on the characteristics of the pollutant.
The developing nations of northeast, southeast and
southern Asia are estimated to suffer about two-
thirds of the world's premature deaths due to indoor

and outdoor air pollution (Cohen and others 2005).




The most important air pollutant from a disease
perspective is fine particulate matter. WHO estimated
that particulates (see Box 2.5) in urban areas
worldwide cause about 2 per cent of mortality

from cardiopulmonary disease in adults, 5 per cent
of mortality from cancers of the trachea, bronchus
and lung, and about 1 per cent of mortality from
acute respiratory infections in children, amounting

to about 1 per cent of premature deaths in the
world each year (WHO 2002). In addition, the
WHO estimated that indoor smoke from solid

fuel causes about one-third of lower respiratory
infections, about onefifth of chronic obstructive
pulmonary disease, and approximately 1 per cent of
cancers of the trachea, bronchus and lung (WHO
2002). Figure 2.12 presents global estimates of

the burden of disease affributable to indoor and

urban PMo pollution.

The health impacts of air pollution are closely

linked with poverty and gender issues. VWomen

in poor families bear a disproportionate burden

of the impacts of air pollution due fo their greater
exposure fo smoke from poor quality fuel for cooking.
In general, the poor are more exposed to air
pollution due to the location of their residences and
workplaces, and their increased susceptibility due

to such factors as poor nutrition and medical care

[Martins and others 2004).

Air pollution also adversely affects agriculture.
Measurable, regional-scale impacts on crop yields
caused by tropospheric ozone have been estimated
fo cause economic losses for 23 arable crops in
Europe in the range US$5.72-12 billion/year
(Holland and others 2006). There is evidence of

significant adverse effects on staple crops in some

Figure 2.12 Global estimates of disease attributed to (a) indoor and (b) urban PM;, pollution, measured in DALYs
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lost to all causes, whether from
premature mortality or from

some degree of disability.

Source: WHO 2002
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Box 2.5 The health impacts of fine particles

The health impacts of particles depend considerably on their physical and chemical
characteristics. Particle size is important, as this influences how easily and deeply the
particles get info the lungs. The ability of the body to protect itself against inhaled
particles, and the susceptibility of individuals to particles are closely linked with particle
size and chemical composition. Particles larger than 10 pm in diameter generally do
not penetrate into the lungs, and have a short residence time in the atmosphere. As a
consequence, epidemiological evidence generally links PMo and PM; 5 particles with
adverse effects on health.

There has been more interest recently in ultrafine particles (those having a diameter less
than 0.1 pm), because poorly soluble ultrafine particles can move from the lung to the
blood, and then to other parts of the body. Scientists know that chemical composition
and size of particles are often linked fo health effects, and that particle number and
surface area are also important factors in assessing the health effects of particles.
However, there is little detailed understanding yet of the specific chemical components of
particles responsible for adverse health outcomes.

Source: Lippmann 2003, Pope and Dockery 2006

developing countries, such as India, Pakistan and
China, which are now starting to deal with this
issue (Emberson and others 2003) (see also the

example in Figure 2.13).

1987 the regional impacis of acid rain caused
by sulphur and nitrogen deposition were of major

importance in Europe and North America, causing

lake acidification and forest decline, mainly due

to soil acidification. More recently, such declines
have also been documented in Mexico and China,
and are probably occurring in many other counfries
[Emberson and others 2003). There is recent evidence
that emission controls led to a reversal of freshwater
acidification (Skjelkvéle and others 2005), and the
dire warnings related o widespread forest decline
across Europe and North America at the time of the
Brundtland Commission have not materialized. There is
now a risk of acidification in other areas of the world,
particularly Asia (Ye and others 2002, Kuylenstierna
and others 2001, Larssen and others 20006) (see
Chapter 3 and 6.

Over recent decades the eutrophying effect of
nifrogen deposition has also caused significant loss
of biodiversity in some sensitive, nutrient limited
ecosystems, such as heaths, bogs and mires in
northern Europe and North America (Stevens

and others 2004). Nitrogen deposition has been
recognized within the Convention on Biological
Diversity as a significant driver of species loss.
Several major global biodiversity hot spots have
been identified as being at significant risk because
of nifrogen deposition (Phoenix and others 2006)
[see Chapters 4, 5 and 6).

Note: The plants in the centre \ \ . ;

and on the right were both A y

grown in local air, while the 3 S ¥

plant on the left was grown . \

in filtered air. The effect of ﬁE AT o C HAK- H(‘
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filtering the polluted air

increased grain yield by

about 40 per cent.

Credit: A. Wahid

Figure 2.13 The impact of local air pollution on the growth of wheat in suburban Lahore, Pakistan
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The built environment is affected by air pollution in
several ways. Soot particles and dust from transport
are deposited on monuments and buildings, SO,
and acid deposition induces corrosion of stone and
metal structures and ozone aftacks many synthetic
materials, decreasing their useful life, and degrading
their appearance. All these effects impose significant
costs for maintenance and replacement. In addition,
fine particles in urban environments typically reduce

visibility by one order of magnitude (Jacob 1999).

Persistent organic pollutants (POPs| and mercury have
emerged as important issues since 1987. These

toxic substances become volatile when emitted to the
environment, and can then be fransported over long
distances. When pollutants are persistent, concentrations
will build up in the environment, causing a risk of
biocaccumulation in food chains. Many POPs are now
found around the globe, even far from their sources. In
the Arctic environment, harmful health effects have been
observed in northemn wildlife, and the pollution threatens
the integrity of traditional food systems and the health of
indigenous peoples (see Chapter 6).

Managing air pollution

Progress in managing air pollution presents a mixed
picture. Urban air pollution remains a critical issue,
affecting people’s health in many developing counfries,
although progress is evident in high-income countries.
Some regional air pollution issues, such as acid rain,
have been successfully addressed in Europe, but they
pose a threat in parts of Asia. Tropospheric ozone has
emerged as a particularly infractable problem, mainly
in the northern hemisphere, where it affects crops and
health. Burning biomass fuels indoors in developing
regions imposes an enormous health burden on poor
families, especially women and young children. Action
in developing counfries has been inadequate fo date,
but there remains an opportunity fo improve health and

reduce premature mortality.

The considerable progress that has been made in
preventing and controlling air pollution in many
parts of the world has been achieved largely
through command-and-control measures, both at
the national and regional levels. At the national
level, many counfries have clean air legislation
that set emission and ambient air quality standards
to protect public health and the environment.

At the regional level, examples include the

Convention on long-Range Transboundary Air

Pollution (UNECE 1979-2005), the Canado-

U.S. Air Quality Agreement (Environment Canada
20006) and European Union legislation (EU 1996,
EU 1999, EU 2002). Other emerging regional
intergovernmental agreements include the ASEAN
Haze Agreement [ASEAN 2003), the Malé
Declaration on the Control and Prevention of Air
Pollution in South Asia (UNEP/RRC-AP 2006), and
the Air Pollution Information Network for Africa
[APINA), a regional science-policy network. Af the
global level, the Stockholm Convention on Persistent
Organic Pollutants (Stockholm Convention 2000)
regulates the use and emission of certain pollutants
[POPs). Although the Brundiland Commission
highlighted the issue of mercury in the environment,
no global agreement to limit mercury contamination
has been reached. There has been a global
mercury programme operational since 2001, and
changes in technology and the use of alternative
compounds seem fo have reduced emissions

(UNEP/Chemicals 2006).

Transport emissions

Fuel and vehicle fechnologies have improved
substantially during the last two decades, driven

both by technological and legislative developments.
Vehicle emissions have been partially controlled by
the removal of lead from gasoline, requirements for
catalyfic converters, improved evaporative emission
controls, fuel improvements, on-board diagnostic
systems and other measures. Diesel vehicle emissions
have been reduced by improved engine design and,
for some vehicles, particle traps. Widespread use of
particle fraps will await reductions of sulphur in diesel
fuel to below 15 ppm. Current diesel fuel sulphur
levels differ considerably among regions (see Figure
2.14). Reducing sulphur in gasoline to low levels
enables use of more effective catalytic converters, thus
leading to improved emission control. Hybrid gasoline-
electric vehicles, which tend to be more fuel efficient
in urban traffic than gasoline-only vehicles, have been
intfroduced in many developed countries, but their use

is still very limited.

Most developed countries have made substantial
progress in reducing per vehicle emissions, and many
middle-income countries have implemented significant
measures fo confrol vehicle emissions. In addition

fo improved vehicle technologies, effective vehicle
inspection and maintenance programmes have helped

to control vehicle emissions and enforce emission
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standards (Gwilliam and others 2004). However,
progress in some low-income countries has been
slow. Developing countries will not achieve benefits
of advanced emission control technologies unless they

implement cleaner fuel options.

In some Asian countries motorized two- and three-
wheeled vehicles confribute disproportionately to
emissions. However, regulations in some nations are
reducing emissions from these vehicles. The shift from
two-cycle fo fourcycle engines, and the infroduction of
emission standards that effectively ban the sale of new
vehicles powered by two-cycle engines will, in time,
lead fo a significant improvement in vehicle emissions
(WBCSD 2005, Faiz and Gautam 2004).

Mass fransport is an important alternative to private
vehicles, and has been successfully implemented in
many cities by using light rail, underground and rapid
bus transit systems (Wright and Fiellstrom 2005). Fuel
switching from diesel to compressed natural gas has
been implemented for public transport vehicles in
cities such as Delhi and Cairo, leading to reductions
in emissions of particulate matter and SOs. In many
countries, widespread use of mass fransport continues
fo be hampered, however, by inefficiency and

negative perceptions.

Industrial and energy sector emissions

In many developed countries emissions from large
industrial sources have been controlled by fuel changes
and emission control laws. The reduction of SO,

emissions in Europe and North America has been one

of the success stories of recent decades. Agreements
such as the 1979 UNECE Convention on longRange
Transboundary Air Pollution played an important role in
this success. The ECE convention adopted the concept
of critical loads (thresholds in the environment) in 1988
and, in 1999, the Gothenburg Profocol set targets for
national emissions of SO,, NOy, NHy and VOCs. In
Europe, SO, has been reduced considerably, partly
due to these agreements. It is also the result of policies
calling for cleaner fuels, flue gas desulphurization and
new industrial processes. Emissions also fell as the
result because of the demise of many heavy industries,
particularly in Eastern Europe and the former Soviet
Union. However, SO, emissions have increased in

many developing country regions.

Stricter environmental regulation and economic
instruments, such as emissions trading, have triggered
the introduction of cleaner technologies, and promoted

further technological innovation.

Economic policies send important signals to producers
and consumers. For example, Europe is shifting from
taxing labour to taxing energy use fo better reflect the
impacts of emissions (Brown 20006). Other successful
examples include cap-andrade policies in the United
States to reduce SO, emissions from power plants
(UNEP 2000). International use of such economic
instruments is growing (Wheeler 1999). Many cleaner
technologies and cleaner production options are
mature and commercially available, but there is great
need for global cooperation regarding fechnology

transfer to make them more widely available.

Figure 2.14 Global distribution of sulphur levels in diesel fuel in 2007

=1 15 ppm and below
mm 15-50 ppm

[ 50500 ppm

7 500~2 000 ppm
2 000-5 000 ppm
5 000 ppm and above
1 Conflicting/missing data

Notes: Sulphur levels are
maximum allowable as of

February 2007.

Source: UNEP 2007b

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

1987-2007



Indoor air quality

With some 1.6 million people dying prematurely
each year from exposure to polluted indoor air

[WHO 2006¢), many developing countries in Africa,
Asia and Latin America have aftempted fo address the
emissions from the burning of biomass fuels and coal
indoors. Responses include providing households with
improved stoves, cleaner fuels, such as electricity, gas
and kerosene, and information and education to make
people aware of the impacts of smoke on the health of
those exposed, especially women and young children.
A modest shift from solid biomass fuels, such as wood,
dung and agricultural residues, to cleaner fuels has
been achieved, and governments have supported
such measures, but further progress along such lines

is urgently necessary if any major advances are to be

realized (WHO 2006¢).

CLIMATE CHANGE

The trend of global warming is virtually certain,

with 11 of the last 12 years (1995-2006) ranking
among the 12 warmest years since 1850, from
which time there has been systematic temperature
keeping (IPCC 2007). The evidence of this warming
includes a number of shrinking mountain glaciers
[Oerlemans 2005), thawing permafrost (ACIA 2005),
earlier breakup of river and lake ice, lengthening of
mid- to highatitude growing seasons, shifts of plant,
insect and animal ranges, earlier tree flowering,
insect emergence and egg laying in birds (Menzel
and others 2006), changes in precipitation patterns
and ocean currents (Bryden and others 2005), and,
possibly, increasing infensity and lifetimes of tropical
storms in some regions {IPCC 2007, Webster and
others 2005, Emanuel 2005).

Poor communities are most directly dependent for

Many developing countries have

their livelihoods on a stable and hospitable climate. atiempted to address health

. . . concerns from the burning of
In developing countries the poor, often relying on biomass fuels and coal indoors,
rainfed subsistence agriculture and gathered natural through responses such as
resources, are deeply dependent on climate patterns, providing households with

improved, fuel saving stoves.

Credit: Charlotte Thege,/Das
Fotoarchiv/Still Pictures

such as the monsoons, and are most vulnerable to
the devastation of extreme weather events, such as
hurricanes. Vulnerable communities already suffer
from climate variability, for example due fo increasing
frequency of droughts in Africa [AMCEN and UNEP
2002) and, as was demonstrated by the effects of
Hurricane Katrina in 2005, and by the European
heat wave of 2003, it is the poor or vulnerable

who suffer most from weather extremes, even within

relatively affluent societies.

While the Earth’s climate has varied throughout
the prehistoric ages, the last few decades have
witnessed a global climate disruption that is
unprecedented over the recent millennia, a period
of relative climatic stability during which civilization
emerged (Moberg and others 2005, IPCC 2007).
Some regions, particularly the Arctic, will be more
affected by climate change than others closer to
the equator (see Polar Regions section of Chapter
6]. In many regions, the agricultural sector will

be particularly affected. The combination of

high temperatures and decreased soil moisture
projected for parts of Africa will be particularly
hard to adapt to. With the majority of the world's
population struggling to meet basic development
needs, such as those identified in the Millennium
Development Goals, humanity can ill afford this
additional burden of climate change impacts

[Reid and Alam 2005).
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Figure 2.15 Atmospheric concentrations of CO, over the last 10 000 years

Note: Measurements of CO;
are shown from ice cores
(symbols with different colours
for different studies) and
atmospheric samples

(red lines).

Source: IPCC 2007
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The greatest direct human pressure on the climate
sysfem arises from the emission of greenhouse gases,
chief of which is CO,, mainly originating from fossil
fuel consumption. Since the dawn of the industrial
age, the concentrations of these gases have been
steadily increasing in the atmosphere. Figure 2.15
shows the atmospheric concentration of CO, over the
past 10 000 years. The unprecedented recent rise
has resulted in a current level of 380 parts per million,
much higher than the pre-industrial (18th century) level
of 280 ppm. Since 1987, annual global emissions of
CO; from fossil fuel combustion have risen by about
one-hird (see Figure 2.16), and the present per capita
emissions clearly illustrate large differences among

regions (see Figure 2.17).

There has also been a sharp rise in the amount

of methane, another major greenhouse gas, with

an atmospheric level 150 per cent above that of

the 19th century (Siegenthaler and others 2005,
Spahni and others 2005). Examination of ice cores
has revealed that levels of CO, and methane are
now far outside their ranges of natural variability over
the preceding 500 000 years (Siegenthaler and
others 2005).

There are other atmospheric pollutants that affect the
planet's heat balance. They include industrial gases,

such as sulphur hexafluoride, hydrofluorocarbons

and perfluorocarbons; several ozone-depleting gases




that are regulated under the Montreal Protocol;
fropospheric ozone; nitrous oxide; parficulates; and
sulphur- and carbon-based aerosols from burning fossil
fuels and biomass. Elemental carbon aerosols (soot

or "black carbon”) contribute to global warming by
absorbing shortwave radiation, while also contributing
to local air pollution. Removing such pollutants will

be beneficial both with respect fo climate change

and health effects. Sulphurbased aerosol pollutants,
on the other hand, cool the planet through their
influence on the formation of clouds, and by scattering
incoming sunlight, and are thus currently “shielding”
the planet from the full warming effect of greenhouse
gas emissions [IPCC 2007). In the future, the policy
measures needed to reduce public health problems
and local environmental impacts associated with
sulphur-based pollutants will weaken this unintended

but fortunate shielding.

The Earth’s surface temperature has increased by
approximately 0.74°C since 1906, and there is very
high confidence among scientists that the globally
averaged net effect of human activities since 1750
has been one of warming (IPCC 2007). The warming
of the last few decades is exceptionally rapid in
comparison fo the changes in climate during the

past two millennia. It is very likely that the present

temperafure has nof been exceeded during this period.
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Notes: The width of each bar
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thus the area of each bar
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emissions. Land-use change

emissions are not included.

Source: GEO Data Portal, from
UNFCCC-CDIAC 2006 and
UNPD 2007

Figure 2.17 Per capita CO2 emissions at the regional level in 2003
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Earlier discrepancies between surface temperature
measurements and satellite measurements have been
largely resolved (Mears and Weniz 2005). Model
calculations including both natural and anthropogenic
drivers give quite good agreement with the observed
changes since the beginning of the industrial age

(see Figure 2.18). Most of the warming over the lost
century has occurred in recent decades, and this more
rapid warming cannot be accounted for by changes
in solar radiation or any other effects related to the sun

that have been examined (IPCC 2007).

Figure 2.18 Observed warming over the 20th century compared with climate model calculations
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Figure 2.19 The (2000-2005) global carbon cycle

Notes: Pools of carbon (C) are
in billion fonnes and are
bracketed.

Annual fluxes in are billion
tonnes C per year.
Background or pre-

anthropogenic pools and fluxes

are shown in black.

Human perturbation to the pools
and fluxes are shown in red.

Source: Adapted from
UNESCO-SCOPE 2006
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The climate system possesses infrinsic positive and What is known is that the Earth’s climate has enfered

negative feedback mechanisms that are generally a state that has no parallel in the recent prehistory.
beyond society’s control. The net effect of warming is The cumulative result of these feedbacks will be far
a strong positive feedback (IPCC 2001b), with several greater than the “direct” warming caused by the
processes within the Earth’s complex climate system increase in greenhouse gas emissions alone.
(see Figure 2.19 for the stocks and flows of carbon
on a global scale) acting to accelerate warming Effects of climate change
once it starts (see Box 2.6 below). The magnitude Spells of very high temperatures appear to be

of such feedbacks is the subject of infense study. increasing as global femperatures increase. A notable

Box 2.6 Positive feedbacks in the Earth system




recent case is the exceptional heat wave experienced
in much of Europe in the summer of 2003, with over
30 000 estimated premature deaths from heat stress
and associated air pollution (UNEP 2004). In the
Arctic, average temperatures are rising almost fwice
as rapidly as in the rest of the world. Widespread
melting of glaciers and sea ice, and rising permafrost
temperatures present further evidence of strong

Arctic warming. Since 1979, safellite observation

has allowed scientists fo carefully frack the extent of
seasonal melfing of the surface of the Greenland Ice
Sheet (see Figure 2.20). There is now also evidence
of widespread meliing of permafrost, both in Alaska
and Siberia, which is expected fo increase the release
of methane from frozen hydrates, giving rise to a
significant posifive feedback (see Box 2. 6 above
and the Polar Regions section in Chapter 6). This
phenomenon has a precedent, as a vast amount of
methane was emitted some 55 million years ago, and
was associated with a temperature increase of 5-7°C
Dickens 1999, Svensen and others 2004). It took
approximately 140 000 years from the start of the

emission period fo refurn to a “normal” situafion.

Trends in global patterns (Dore 2005) reveal
increased variance in precipitation everywhere: wet
areas are becoming wetter, and dry and arid areas
are becoming dryer. It is nofable that the regions
with the lowest confribution to anthropogenic GHG
emissions, such as Africa, are those projected fo
be most vulnerable to their negative consequences,
especially in the form of water stress [IPCC 2001b)
(see Chapters 4 and 6).

There is observational evidence for an increase of
infense tropical cyclone activity in the North Atlantic
since about 1970, correlated with increases in tropical
sea surface temperatures. There are also suggestions
of more infense tropical cyclone activity in some other
regions, where concerns over dafa quality are greater
(IPCC 2007). The number of the most intense tropical
storms (Class 4 and 5) has nearly doubled over the
past 35 years, increasing in every ocean basin. This
is consistent with model results that suggest this trend
will confinue in @ warming world (Emanuel 2005,
Trenberth 2005, Webster and others 2005). If correct,

this would suggest an increasing frequency in the future

Figure 2.20 Seasonal melting of the Greenland Ice Sheet

Note: The areas in orange/red
are the areas where there is
seasonal melting at the surface

of the ice sheet.

Source: Steffen and Huff 2005




of devastatingly intense hurricanes, such as Katrina

(in 2005) and Mitch (in 1998], and cyclones such

as the super cyclone of Orissa in India in 1999.
However, there has been recent controversy over these
conclusions (landsea and others 2006), and the IPCC
and WMO suggest that more research is necessary

(IPCC 2007, WMO 2006al).

It is believed that the 20th century’s anthropogenic
greenhouse gas emissions, which are blamed for most
of the warming up fo now, have also committed the
Earth to an additional 0.1°C of warming per decade
that is “in the pipeline,” owing to the climate system's
inertia. Some warming would have occurred even

if the concentrations of all greenhouse gases and
aerosols in the atmosphere had been kept constant

af year 2000 levels, in which case the estimated
increase would be 0.3-0.9°C by the end of this
century. The actual temperature change will depend
crifically on choices that society makes regarding the
reduction in greenhouse gas emissions. The potential
future scenarios span a wide range. The increase

in the global mean temperature by 2090-99 is
estimated to be 1.8-4.0°C, relative to 1980-99
(IPCC 2007). This is the best estimate, drawing on six
emissions marker scenarios, while the likely range is
1.1-6.4°C. If CO, concenfrations in the atmosphere
double, the global average surface warming would
likely be in the range 2-4.5°C, with the best estimate
of about 3°C above pre-industrial levels, although
values substantially higher than 4.5°C cannot be
excluded (IPCC 2007). These figures are for global
averages, while the predicted temperature increases

will be greater in some regions.

Searlevel rise is caused by thermal expansion of water,
and melting of glaciers and ice sheets. Projections

by IPCC (IPCC 2007) for a rise by the end of this
century, corresponding fo those for femperature
changes described above, range from 0.18-0.59 m.
It is important fo nofe that possible future rapid
dynamic changes in ice flow are not included in these
estimates. {The maijority of the impact will, however, be
post-2100 (see Figure 2.21). It is estimated that the
Greenland Ice Sheet will become unstable if the global
average temperature increases above 3°C, which

may well occur in this century (Gregory and others
2004, Gregory and Huybrechts 2006). The melting
would raise sea levels by about 7 metres over the

next 1 000 years. However, the mechanisms involved
in melting of ice sheets are not well understood,

and some scientists argue that melting may be much
quicker due to dynamic process not yet incorporated

in model predictions (such as Hansen 2005]. Research
is continuing to evaluate the further potential impacts
on sea levels from the West Antarctic Ice Sheet (Zwally
and others 2005). There are a number of small

island states whose very existence is already being
threatened by sea-level rise associated with climate

change (IPCC 2001c).

The future temperatures in northern Europe are
dependent on the fate of the North Atlantic
Current (Gulf Stream) that fransports warm water
to the Norwegian Sea, and further northwards.
Model predictions vary, but in general forecast a
weakening, but no tofal shutdown in this century
[Curry and Maurtizen 2005, Hansen and others
2004). A significant shift could greatly affect

Note: Even if CO2 emissions
decline over a period of a

couple of centuries, sea-level
rise will continue for several

centuries to millennia.

Source: IPCC 2001a

Figure 2.21 Time scales and sea-level rise
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regional weather patterns, with major ramifications
for ecosystems and human activities [see Chapter 4

and Chapter 6, Polar Regions).

Over the past 200 years the oceans have absorbed
nearly half the CO, produced by human activities.

One effect has been to produce carbonic acid, thus
increasing acidity and lowering the pH of surface
seawater by 0.1 pH unit. Projections based on different
emission scenarios give addifional reductions in average
global surface ocean pH of between 0.14 and 0.35
units by the year 2100 (IPCC 2007). This seawater
acidity is probably higher than has been experienced
for hundreds of millennia, and there is convincing
evidence that such acidification will impair the process
of calcification by which animals, such as corals and
molluscs, make their shells from calcium carbonate

[Royal Society 2005b, Orr and others 2005).

Initially a slight warming, together with the fertilizing
effects of more atmospheric CO,, may increase crop
yields in some areas, but the negative effects are
expected to dominate as warming increases (IPCC
2001¢). Some sub-regions in Africa [see Chapter

0) are especially vulnerable, and studies warn that
there may be an alarming increase in the risk of
hunger (Royal Society 2005a, Royal Society 2005b,
Huntingford and Gash 2005).

Using projections of species distributions for future
climate scenarios, Thomas and others (Thomas and
others 2004a, Thomas and others 2004b) assessed
extinction risks for 20 per cent of the Earth’s terrestrial
surface. They esfimated that a climate warming of 2°C
by 2050 would cause 15-37 per cent of species and
taxa in these regions to be “committed fo exfinction.”
Certfain extinctions have already been attributed to
climate change, such as the loss of numerous species
of Harlequin frog in mountainous parts of South

America [Pounds and others 2000] (see Chapter 5).

Although higher CO; levels promote photosynthesis,
and may help to maintain rain forests in the next
few decades, continued warming and drying could
eventually lead to abrupt reductions in forest cover
[Gash and others 2004). Some models predict a
dramatic dieback of Amazonian rain forests, which
will release CO,, and cause a positive feedback o
climate change. In addition to adding considerably
to global CO, emissions, the loss of large fracts of

the Amazon would radically transform the habitat,

and threaten the livelihoods of local indigenous
communities. Similarly, the melting of the permafrost
will dramatically change the ecosystems and

livelihoods in northern lafitudes (see Chapter 6).

In 2000, climate change was estimated to be
responsible for approximately 2.4 per cent of
worldwide diarrhoea, and 6 per cent of malaria

in some middle-income countries (WHO 2002).
Diarthoea and malaria are already devastating forces
in developing countries, and the likelihood that they
will be exacerbated by climate change is of significant
concemn. Confinued warming is expected fo cause
shifts in the geographic range (latitude and altitude|
and seasonality of certain infectious diseases, including
vecforbome infections, such as malaria and dengue
fever, and food-borne infections, such as salmonellosis,
which peck in the warmer months. Some health
impacts will be beneficial. For example, milder winters
will reduce the winter peck in deaths that occurs in
femperate countries. However, overall it is likely that
negative health impacts of climate change will by far
outweigh the positive ones. WHO and Patz and others
give esfimates of changes in morbidity and mortality
due fo changes in climate by the year 2000, compared
with the baseline climate of 1961-1990 (Patz and
others 2005, WHO 2003). They estimated there were
166 000 more deaths worldwide, mostly in Africa and
some in Asian countries, and mainly from malnutrition,
diarrhoea and malaria. The largest increase in the

risks by 2025 will be from flooding, with more modest
increases in diseases such as diarrhoea and malaria.
The regions facing the greatest burden from climate-
sensitive diseases are also the regions with the lowest

capacity to adapt to such new hazards.

Managing climate change

Climate change is a major challenge fo society’s
exisfing policy making apparatus, as it presents a
threat whose precise magnitude is unknown, but is
potentially massive. The conventional costbenefit
framework is difficult to apply to climate policy. Not
only are both the costs and impacts highly uncertain,
but the costbenefit analyses are critically sensitive

fo parameters, such as the choice of discount rate,
which reflect the relative importance placed on climate
damages suffered by future generations, and the
femperature increase expected. There is no consensus
on the best approach(es) to use in such cases, and
they are inherently value laden (Groom and others

2005, Stern 20006).
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The impacts of decisions made today will continue to
emerge for decades or centuries. Faced with such a
challenge, a precautionary approach seems inevitable.
A minimal response would involve sefting a threshold
for infolerable impacts. Various scientists, analysfs and
policy making bodies have identified a 2°C increase
in the global mean temperature above pre-industrial
levels as a threshold beyond which climate impacts
become significantly more severe, and the threat of
maijor, irreversible damage more plausible. Some
argue for an even lower threshold (Hansen 2005).
Hare and Meinshausen have concluded that staying
under the 2°C threshold will require a very stringent
GHG concentration goal, and the longer the delay
in implementation, the steeper the reduction frajectory
required (see path 2 in Figure 2.22) (Hare and
Meinshausen 2004).

Governments worldwide, in cooperation with

the private secfor and the public, have been
implementing various policies and measures fo
mitigate climate change (see Table 2.3). These
actions comprise a crucial first wave of efforts to
limit GHG emissions, and to ultimately achieve a
fransition away from carbon intensive economies.
While there are many imporfant actions fo address
climate change, such as carbon taxes and carbon
trading in Europe, and the coming into force

of the Kyoto Protocol, the net effect of current

actions is woefully inadequate (see Chapter 6).

Figure 2.22 Paths to reach a 400 ppm CO,-equivalent greenhouse gas concentration target

(Kyoto gas emissions plus land use CO,)

Maximal reduction rate of

—
~3.6%/y
~5.4%/y

Notes: The risk of overshooting
a 2°C threshold increases rapidly
if greenhouse gas concentrations
are stabilized much above
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long term.

Path 2 postpones the peak in
global emissions unfil about 2020,
but requires subsequent annual
emissions reductions at an
exceptionally challenging pace
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A comprehensive system of actions and measures,
including public-private parterships is required (see
Chapter 10). Achieving the required global emission
reductions will clearly require a concerted globoal
effort by both industrialized and developing countries.
Even though per capita emissions in some rapidly
industrializing developing countries are far lower than
in industrialized countries, their emissions are rising as

their economies grow, and their living standards rise.

Several fechnologically feasible options are available
to address climate change in all countries, and many
of them are economically competitive, especially when
the co-benefits of increased energy security, reduced
energy costs and lower impacts of air pollution on
health are considered (Vennemo and others 2006,
Aunan and others 20006). These include improvements
in energy efficiency and a shift to low-carbon and
renewable resources, such as solar, wind, biofuels
and geothermal energy. Social changes that make less
consumptive, less materialintensive lifestyles possible
may also be necessary. Carbon capture and sforage,
for example by storing CO, deep underground, and
other technological options, such as nuclear energy,
may play significant roles in the future, although some
questions remain regarding widespread application

of such options, such as public concerns and political
debate over nuclear energy related fo the future of
used nuclear fuel, the risk of accidents, high costs and

proliferation of nuclear weapons.

Recent studies show that measures to mifigate climate
change do not necessarily imply exorbitant cosfs, and
that total cost would remain a very small fraction of the
global economy (Stern 2006, Edenhofer and others
2000). Azar and Schneider reported that the increase
in the global economy expected over the coming
century would not be compromised, even by the most
stringent stabilization targets (350-550 ppm), and the
point at which the global economy would reach its
2100 level of wealth, according to business-as-usual
projections, would be delayed by only a few years
[{Azar and Schneider 2002). DeCanio attributes the
common perception of high mitigation costs fo the fact
that current modelling frameworks fend to be biased

strongly fowards overestimating costs (DeCanio 2003).

Some impacts of climate change are inevitable
in the coming decades due to the inerfia of
the climate system. Adaptation is necessary,

even if major mitigation measures are rapidly
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implemented. Adaptation to climate change is
defined as “adjustment in natural or human sysfems
in response fo actual or expected climatic stimuli

or their effects, which moderates harm or exploits
beneficial opportunities” (IPCC 2001b). Developing
new variefies of crops that resist droughts and
floods, and climate proofing infrastructure to cope
with future impacts of climate change are a few
examples. Adaplation is often site-specific, and must
be designed on the basis of local circumstances.
National and international policies and financial
mechanisms are crucial to facilitate such efforts.
However, weak insfitutional mechanisms, inadequate
financial resources, insufficient research on
adaptation and the failure to mainstream adaptation
concerns in development planning have so far
hampered progress on adaptation. Adaptation

responses call for additional financial resources, and

the polluter-pays-principle would in general imply that
countries should provide resources in proportion to

their contribution to climate change.

An extensive multilateral infrastructure exists to
address climate change at the international level.
The United Nations Framework Convention on
Climate Change (UNFCCC) was signed in 1992
at the UN Earth Summit, and has been ratified
by 191 counties. It encourages countries to work
together to stabilize GHG emissions “at a level
that would prevent dangerous anthropogenic
interference with the climate system.” Recognizing
that binding obligations are necessary to achieve
the objective, countries adopted the Kyoto Profocol
in 1997, and more than 160 have ratified it.
The profocol acknowledges that the industrialized

countries must lead efforts to address climate

Table 2.3 Selected policies and measures to mitigate climate change

Nature Policies

Measures

International

Targetoriented GHG

36 countries and the European Community accepted targets under the Kyoto Profocol

emissions reduction

measures State or province

14 sfates in the United States, and many provinces in other countries adopted targets (Pew
Centre on Clobal Climate Change 2007)

City or local government

>650 local governments worldwide, and 212 US cities in 38 states adopted targets (Cities for
Climate Protection — CCP)

Private sector

For example, Climate Leaders Programme of USEPA — 48 companies (USEPA 20006)

Regulatory measures
improvements

Energy process and efficiency

Energy efficiency portfolio standards, appliance efficiency standards, building codes,
inferconnection standards

Renewable energy
improvement

Renewable energy portfolio standards (RPS)
Biofuels standard (for example, US Energy Policy Act of 2005 mandates 28.4 billion litres of
biofuel /year in 2012) (DOE 2005)

Raw material improvements

Industrial standards, research development and demonsiration (RD&D)

Fuel swilching

Mandatory standards, RD&D

Recycling and reuse

Mandatory standards, awareness creation, pollution fax

Economic measures Taxation polices

Carbon taxes, pollution tax, fuel faxes, public benefit funds

Subsidy policies

Equipment subsidies for promotion of renewable energy sources

Technological measures Technology commitments

Initiatives on strategic technologies, such as Generation IV Nuclear Partnership, Carbon
Sequestration Leadership Forum, Infernational Partnership for the Hydrogen Economy, Asia
Pacific Partnership on Clean Development and Climate (USEIA 1999)

New technology penetration

Technology standards
Technology transfer, RD&D

Carbon sequestration

Technology transfer, emission taxes

Nuclear

Emission taxes, socio-political consensus

Others

Awareness raising

"Cool Biz" or "Warm Biz" campaigns
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change, and commits those included in Annex B to
the protocol to emissions targets. The United States
and Australia (both included in Annex B) have
chosen not to ratify, so far. The 36 countries with
binding commitments comprise roughly 60O per cent

of total industrialized country baseline emissions.

Besides the actions and measures to be taken by
parties at the national level, the Kyoto Protocol

allows for three flexible implementation mechanisms:
emissions trading, Joint Implementation and the

Clean Development Mechanism (CDM). International
emissions frading is an approach under which Annex
B countries can supplement domestic reductions. Under
the latter two mechanisms, Annex | parties may invest
in mitigation acfivifies in other countries, and thereby
generafe emission reduction credits that can be used
toward compliance with their own obligations. Many
but not all countries appear fo be on track fo meet
their targets during the 2008-2012 compliance
period (UNFCCC 2007).

The CDM had been advanced as a unique
opportunity for promoting sustainable development in
developing countries in return for undertaking emission
reductions, with financial and technological assistance
from developed countries. However, progress to date
suggests that the emphasis has been more on reducing
the cost of mitigation rather than on facilitating
sustainable development. There are growing calls to
strengthen the CDM beyond 2012 to secure more

sustainable development benefits (Srinivasan 2005).

Kyoto commitments end in 2012 and early
clarification of the post2012 regime is required.

At the second meeting of parties in Nairobi in 2006,
countries agreed in principle that there should be no
gap between the 2012 commitments and the next
period of commitments. To that end, they set a target
of complefing a review of the Kyoto Protocol by
2008, in preparation for esftablishing the next set of
commitments. With regard o adaptation, the parties
agreed on principles for governing the Adaptation
Fund — the Kyoto instrument for disfributing resources
fo developing countries to support adaptation — with
hopes that funds might be disbursed within the next

few years.

The ultimate success of global efforts in mitigation
and adaptation can be realized only if climate

concerns are mainstreamed in development

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

planning at national and local levels. Since most
GHG emissions are from energy, fransport and
agricultural land use, it is crucial to infegrate climate
concerns in these sectors, both at policy and
operational levels, fo achieve maximum co-benefits,
such as improvements in air quality, generation

of employment and economic gains. Setting
mandatory targets for renewable energy and energy
efficiency in these sectors may be an example of
policy-level mainsireaming. The replacement of
fossil fuels with biofuels to reduce air pollution and
GHG emissions is an example of mainstreaming at
an operational level. Integrating climate concerns

in planning for sectors such as agriculture and
water resources is crucial fo facilitate adaptation of

communities and ecosystems.

Although political actions to cut greenhouse

gases were slow in starting, a major change in

the political climate began in late 2006 and

early 2007. At least two events played a role in
sensifizing public and political opinion: parts of
Europe and North America had a very mild winter,
and the IPCC released its 2007 assessment report,
saying that climate change was real and evident.
Many influential speakers were carrying the
message, using phofographs and images of melting
glaciers and thinning ice in the Arctic to present
visible evidence of climate warming unprecedented
in the Earth’s recent history. In late 2006, the US
state of California passed legislation mandating

a 25 per cent cut below its current emissions of

greenhouse gases by 2020.

STRATOSPHERIC OZONE DEPLETION

The ozone layer

Stratospheric ozone depletion (see Box 2.7) is present
everywhere fo some degree, except over the fropics.
Seasonal sfratospheric ozone depletion is at its worst
over the poles, particularly the Anfarctic, and the
inhabited areas most affected by the resulting increase
in ultraviolet (UV-B] radiation include parts of Chile,

Argentina, Australia and New Zealand.

Antarctic ozone depletion in the southern
hemisphere spring has been large and increasing in
extent since the Brundiland Commission report. The
average area covered by the ozone hole (an area
of almost total ozone depletion) has increased,
though not as rapidly as it did during the 1980s,

before the Montreal Protocol entered into force.
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The area under the ozone hole varies from year to
year (see Figure 2.23), and it is not yet possible
to say whether it has hit its peak. The largest
"holes” occurred in 2000, 2003 and 2006. On
25 September 20006, it extended over 29 million
square kilometres and the total ozone loss was
the largest on record (WMO 2006b). Chemistry-
climate models predict that recovery to pre-1980
Antarctic ozone levels can be expected around

2060-2075 (WMO and UNEP 2006).

The atmosphere above the Arctic is not as cold

as that above the Antarctic, so ozone depletion
there is not as severe. Ozone deplefion during the
Arctic winter and spring is highly variable, due to
changes in stratospheric mefeorological conditions
from one winter to another, as can be seen from
the unexpected ozone losses over central Europe
in the summer of 2005. A future Arctic ozone hole
as severe as that of the Antarctic appears unlikely,
but the population at risk from stratospheric ozone
depletion in the Arctic is much higher than in the
Antarctic (WMO and UNEP 2006).

Effects of stratospheric ozone depletion

UV-B radiation [medium wavelength ultraviolet
radiation) causes adverse effects on human eyes,
skin and immune systems, and the understanding
of the mechanism through which UV-B affects
health has improved in recent years (UNEP 2003).
Specific mechanisms for the development of skin
cancer have been identified. Quantifying the

increased incidence of skin cancer cases due to

Box 2.7 Ozone-depleting substances

Chlorofluorocarbons (CFCs) and other ozone-depleting substances (ODS) include a
range of industrial chemicals first developed in the 1920s. They are stable and non-
toxic, cheap to produce, easy to store and highly versatile. As a result, they came to

be used in a wide range of applications, including as coolants for refrigeration and air
conditioning, for blowing foams, as solvents, sterilants and propellants for spray cans.
When released, they rise into the stratosphere, where they are broken apart by solar
radiation to release chlorine or bromine atoms, which in turn destroy ozone molecules
in the protective stratospheric ozone layer. They are slow to disappear, which means the

emissions of yesterday and today will contribute to ozone depletion for years to come.

stratospheric ozone depletion is difficult, as other
factors, such as lifestyle changes (for example,
spending more fime outdoors), also have an impact.
However, in the case of Australia, where skin-
reddening radiatfion is estimated to have increased
by 20 per cent from 1980 to 1996, it is deemed
probable that some of the increase in cancer

incidence is due fo sfratospheric ozone depletion

[ASEC 2001).

Managing stratospheric ozone depletion

The international community reacted to the threat
of ozone depletion with the Montreal Protocol on
Substances that Deplete the Ozone Layer. This led
fo a phase-out of production and consumption of
CFCs and other ODS. The protocol was signed
by governments in 1987, and entered into force
two years later. Initially, it called for a 50 per cent
reduction in the manufacture of CFCs by the end
of the century. This was strengthened through the
London (1990), Copenhagen (1992, Montreal

Figure 2.23 Size of the Antarctic ozone hole over time
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Box 2.8 UV-B radiation impacts in the Arctic

Although UV-B radiation impacts will affect both polar regions, the Arctic is particularly at
risk because of the extensive wetlands, melt ponds on the pack ice, and many lakes and
ponds that are shallow and clear, permitting considerable UV-B radiation penetration.
Studies have shown direct, harmful effects of UV-B on freshwater aquatic organisms at
all trophic levels, and these effects have the capacity to cascade through the entire food
web. Although there is still much to learn about the harmful effects of UV-B radiation, it is
generally agreed that it affects many physiological and biochemical processes involved
with growth, pigmentation and photosynthesis. Invertebrates in Arctic freshwaters,
especially zooplankton, are vulnerable to UV-B, as it can affect productivity, genetic
material, developmental and growth rates, and pigmentation. Studies of the effects of
UV-B on fish are rare, but laboratory experiments have shown harm at all life stages,
including skin damage and sunburns, increased infections, lesions on the brain and
reduced growth. Studies have shown that present UV-B levels may already challenge the
survival of many fish species. There is some encouraging news from these studies too:
many organisms are folerant of, avoid, repair damage from, or can develop defences
against UV-B. Impacts from climate warming may increase the problems associated with

UV-B radiation exposure of Arctic freshwater ecosystems (see Chapter 6).

Sources: Hansson 2000, Perin and lean 2004, Zellmer 1998

Figure 2.24 Worldwide consumption of CFCs and HCFCs
Consumption of ozone depleting substances in million fonnes of ODP

(FGs 12
HCFCs

0.9

08

0.7

0.6

0.5

04

Note: Ozone-depleting 03

potential (ODP) is the ratio
of the impact on ozone of a 02
chemical compared to the

impact of a similar mass of

CFC-11. Thus, the ODP of 01
CFC-11 is defined as 1.0.

Source: GEO Data Portal, 0
compiled from UNEP-Ozone O N v Q& > &
Secretariat 2006 \Q‘% \o\% \QS‘\ Q?\ Q?\ Q?\ Q?\ ‘\@ ‘\QQ ‘\@ ‘\®

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

[1997]) and Beijing (1999) amendments. It is

now widely regarded as one of the most effective
multilateral environmental agreements in existence.
In addition to CFCs, the protocol covers substances
such as halons, carbon tefrachloride, methyl
chloroform, hydrochlorofluorocarbons (HCFCs],
methyl bromide and bromochloromethane. The
latter was added fo the profocol’s control schedules
in 1999, through the Beijing Amendment.

Such amendments require a lengthy process of
ratification, and other ODS with no commercial
significance have not been added, though five such
substances have been identified in recent years
(Andersen and Sarma 2002).

The phase-out schedules under the Monfreal Protocol
have reduced the consumption of many ODS (see
Figure 2.24). The main exceptions are HCFCs
[transitional replacements for CFCs, with much lower
ozone-depleting potentials) and methyl bromide.
Observations in the froposphere confirm a fall

in ODS levels over recent years. Changes in the
stratosphere lag by a few years, but chlorine levels
there are declining. The bromine concentrations in
the stratosphere have still not decreased (WMO
and UNEP 20006).

Other than for a few essential uses, consumption
of CFCs in the industrialized world was phased
out completely by 1996, except in some countries
with economies in fransition. By 2005, consumption
of all categories of ODS, other than HCFCs and
methyl bromide for approved critical uses, ended
in industrialized countries. Although the protocol
allows developing countries a buffer period for
phasing out CFCs and halons, by 2005 they
were already significantly ahead of schedule.
Among the success factors behind the progress
made under the Montreal Protocol (see Figure
2.25) is the principle of common but differentiated
responsibility, and the financial mechanism of the

protocol (Brack 2003].

Furthermore it is clear that confinued decreases in ODS
production and use, following the Montreal Profocol
provisions, are important for ozone layer recovery, and
such measures will also reduce the ODS confribution
to climate change. However, defailed knowledge
concerning such interlinkages is sfill lacking (see Box
2.9 on inferlinkages between climate change and

ozone deplefion below).
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Figure 2.25 Effect of international agreements on the predicted abundance of ODS in the stratosphere 1980-2100
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Despite the success of the protocol, the struggle
against stratospheric ozone depletion is not yet
over, and the ozone regime still faces a number
of key challenges. Phasing out production and
use of methyl bromide, a gaseous pesticide used
mainly in agriculture, crop storage, buildings and
transport, is one challenge. The development of
alternatives to methyl bromide has been more
complex than for most other ODS. Although
alternatives exist, replacement has been slow.
The profocol has a “critical use” exemption
process where alfernatives are not technologically
and economically feasible, and there have been
a large number of nominations for such critical
uses by industrialized countries for the period after

phase-out (2005 onwards).

Another challenge is the problem of illegal trade
in ODS, mostly for servicing air conditioning and
refrigeration. As the phase-out of CFCs neared
completion in industrialized countries, a thriving
black market in these chemicals started in the
mid-1990s. It was reduced when the demand
from end users for CFCs steadily dropped, and
law enforcement improved. lllegal trade is,
however, widespread in the developing world,
as it proceeds through its own phase-out schedules
[UNEP 2002). The main response at the global
level, an amendment of the protocol in 1997 to
infroduce a system of export and import licenses,
has had some effect. The Multilateral Fund and
the Global Environment Facility (GEF) have also
provided assistance with the establishment of

licensing systems and training for customs officers.

Box 2.9 Climate change and stratospheric ozone - interlinked systems

Stratospheric ozone depletion and global warming share many common physical and

chemical processes. Many categories of ODS, and several of their substitutes are, like

CFCs, greenhouse gases that confribute to climate change. The efforts undertaken under
the Montreal Protocol have reduced the atmospheric abundances of CFCs, but global

observations confirm increasing atmospheric concentrations of some of the common

CFC alternatives, such as HCFCs.

Overall, the understanding of the impact of stratospheric ozone depletion on climate

change has been strengthened, although there are still many aspects of these complex

systems where knowledge is lacking. The same is true for the effects of climate change

on stratospheric ozone recovery. Different processes are simultaneously acting in

different directions. Climate change is projected to lead to stratospheric cooling, which,

in turn, is predicted both to enhance ozone concentrations in the upper stratosphere, but

at the same time delay ozone recovery in the lower stratosphere. It is not yet possible to

predict the net effect of these two processes.

Sources: IPCC/TEAP 2005, WMO and UNEP 2006

UNEP's Green Customs Initiative has established
cooperation among the secretfariats of the
Montreal Protocol and those of other multilateral
environmental agreements, such as the Basel,
Stockholm and Rotterdam conventions, and CITES.
This also involves Interpol and the World Cusfoms
Organization (Green Customs 2007).

CHALLENGES AND OPPORTUNITIES

Our Common Future, the 1987 Brundiland Commission
report, encouraged policy efforts to avoid adverse
effects from climate change and air pollution, and it
called on the infernational community to develop follow-
up activities. The report was followed by renewed
commitments fo solving these issues at the summits

in Rio de Janeiro in 1992 and in Johannesburg in
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2002. Agenda 21 and the Johannesburg Plan of
Implementation were created to guide the international
community. Several global conventions have been
developed fo deal with the atmospheric environment
issues, and all have set fargets for the reduction of

the causes and impacts of the emissions. In Table 2.4
some of the major fargets are summarized. In addition
fo global and regional policy initiatives, there have

been numerous national initiatives.

Two decades of mixed progress

Despite the many efforts initiated the atmospheric
environment issues identified in 1987 still pose problems
foday. Responses fo the challenges of air pollution

and climate change have been patchy. The reduction

in the emission of the sfratospheric ozone-depleting

substances has been impressive. Without this rapid
and precautionary action, the health and environmental
consequences would have been dire. In contrast,

there is a remarkable lack of urgency in fackling the
anthropogenic emissions of greenhouse gases. Every
year of delayed effort will entail the need for more
drastic annual reductions in the future, if the climate

is to be stabilized at a “relatively safe” level. Since

the impacts of climate change are already evident on
vulnerable communities and ecosysfems, more effort on
adapiation fo climate change is urgent. The means to
make rapid progress exist, but if this is to be achieved,
political will and leadership will be crucial. The
following discussion assesses national and international
policy development and other responses to air pollution,

climate change and stratospheric ozone depletion.

Table 2.4 The most recent targets set by international conventions for substances emitted to the atmosphere

Convention/Year Controlled Geographical
of signature Protocol substances coverage Target year Reduction farget/Main component
longRange 1998 Aarhus Protocol Heavy mefals UNECE region 2005-2011 Each party fo reduce ifs emissions below the
Transboundary Air [cadmium, lead [targets not applied level in 1990 (or an aliernative year between
Pollution (LRTAP), and mercury) to North America) 1985 and 1995), by taking effective
1979 measures, appropriate o its particular
circumsfances.
1998 Aarhus Protocol POPs UNECE region 2004-2005 Eliminate any discharges, emissions and losses
[fargefs not applied of POPs. Parties fo reduce their emissions
to North Americal of dioxins, furans, polycyclic aromatic
hydrocarbons (PAHs) and hexachlorobenzene
below their levels in 1990 (or alternative year
between 1985 and 1995).
1999 Gothenburg SOy, NOy, VOCs  UNECE region 2010 Cut sulphur compound emissions by af
Protocol and ammonia [fargets not applied least 63 per cent, NOy emissions by 41
to North Americal per cent, VOC emissions by 40 per cent,
and ammonia emissions by 17 per cent,
compared fo 1990 levels.
Vienna 1987 Montreal Profocol  ODS Clobal 2005-2010 Developing countries to reduce the
Convention, and amendments consumption of CFCs by 50 per cent by
1985 1 January 2005, and to fully eliminate CFCs
by 1 January 2010. Earlier phase-out for
developed countries. Other control measures
apply to other ODS, such as methyl bromide
and HCFCs.
United Nations 1997 Kyoto Profocol GHG emissions 36 counfries 2008-2012 Kyoto Protocol. The individual commitments

Framework
Convention on
Climate Change
(UNFCCC), 1992

Stockholm
Convention, 2000

(CO,, CHy,
N,O, HFCs,
PFCs, SF¢)

accepted emissions
targets

Global

add up fo a tofal cut in greenhouse gas
emissions of at least 5 per cent from
1990 levels from Annex 1 counfries in the
commitment period 2008-2012.

Reduce or eliminate the most dangerous POPs
(Dirty Dozen)*.

* Dirty Dozen: PCBs [polychlorinated biphenyls), dioxins, furans, aldrin, dieldrin, DDT, endrin, chlordane, hexachlorobenzene [HCB), mirex, toxaphene, heptachlor.
Sources: UNECE 1979-2005, Vienna Convention 1987, UNFCCC 1997, Stockholm Convention 2000
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Comparing the responses to different atmospheric
environment issues

Substantial reductions in emissions to the
atmosphere are feasible if all stakeholders act to
remove barriers and promote sustainable solutions.
The removal of lead from gasoline by almost all
nations during the past 20 years is an outstanding
example of a successful measure to reduce air
pollution, with considerable benefits for human

health and the environment (see Box 2.10).

The successful reductions in emissions of SO, mainly
in Europe and North America, is also noteworthy.

It was achieved through a range of different
pollution prevention and control strategies, including
changes in fuel type (from coal to natural gas),
desulphurization of emissions, coal washing, use

of fuels with a lower sulphur content and improved

energy efficiency (UNECE 1979-2005). Despite
enormous economic growth in China, India and
elsewhere, Figure 2.8a shows that global sulphur
emissions have changed litfle since 1990. NOy has
proved to be more difficult to address than sulphur,
and Figure 2.8b shows an overall global increase
in emissions. Even though vehicle technology has
improved, with lower NOy emissions per vehicle,
the number of passenger kilometres has increased.
As a result, total NOy emissions in different countries
have increased, stabilized or, at best, fallen slightly.
Shipping and aviation emissions of NOy are
increasing globally, while power station emissions
have stabilized or reduced.

The Montreal Protocol is a good demonstration of the
precautionary approach in acfion, as governments

agreed fo respond fo stratospheric ozone deplefion

Box 2.10 Worldwide ban on leaded gasoline within reach, with progress in sub-Saharan African countries

Figure 2.26 Progress of leaded gasoline phase out in sub-Saharan Africa

' September 2002

September 2004 '

September 2005

September 2003

January 2006

1 Leaded

=== leaded and unleaded
1 Unleaded

—1 Nodata

June 2001: A sub-regional
agreement reached to phase
out leaded gasoline by

1 January, 2006.

September 2002: PCFV

» launched.

Source: UNEP 2007b




before its effects were fully clear. Even though CO,
and CFCs are both longlived gases, and their
potential consequences are severe, the precautionary
approach has not been sufficiently implemented in
the response fo climate change. The reasons for this
and the factors that affect the successful responses are

summarized in Table 2.5.

The timing of negotiations on the Montreal Protocol
was fortunate. The 1980s saw growing public
concern over the state of the natural environment,
and the dramatic illustrations of the ozone hole
above the Antarctic demonstrated the impact

of human activities. The number of key actors
involved in the negotiations was small, which
made agreement easier, and there was a clear
leadership role exercised, first by the United Stafes,
and, subsequently, by the European Union. The
success of the protocol was largely attributable to
the flexibility designed into it fo allow for its further
development with evolving scientific knowledge and
technologies. Since entering info force in 1989,
the protocol has been adjusted on five occasions,
allowing parties to accelerate phase-outs, without

the need for repeated amendments to the freaty.

The recognition of the special needs of developing
countries through slower phase-out schedules was
imporfant in encouraging low-income countries to
adhere. In addition, the development of an effective
financial mechanism, the Multilateral Fund, which
has disbursed almost US$2 billion to developing
countries to meet the incremental costs of phase-
outs, also enabled institutional strengthening to
carry out the phase-out process, and was an
important contribution fo its success (Bankobeza
2005). Alongside the financial mechanism, the
trade measures of the protocol required signatories
not to trade in ODS with non-parties, providing

an incentive for countries fo join. In addition, the
non-compliance mechanism has proved fo be
flexible and highly effective. In contrast, the climate
convention and Kyoto Protocol express intentions
for technology transfer and assistance, but, to date,
there has been limited implementation or provision
of financial and technological resources to enable

reductions in developing countries.

An important element underlying the success of the
Montreal Protocol lies in the extent to which industry

responded fo the confrol schedules. Despite initial
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resistance, companies raced to compete in the markets
for non-ozone-depleting substances and technologies,
developing cheaper and more effective alfernatives
more rapidly and at lower costs than expected. In the
case of climate change the same market conditions
do not exist. In contrast, after the UNFCCC in 1992,
the timing of the Kyoto Protocol was less fortunate, as
it coincided with declining public and political inferest
in global environmental issues in the mid-1990s. The
number of key stakeholders was large, and, with
powerful opposition in some sectors, it proved difficult

to reach an agreement.

Despite the fact that the design of the climate
profection regime was broadly similar to that
developed for ozone, the level of support from
developed to developing countries, in relation to
the scale of the task, was less generous. Although
alternative, complementary approaches, such as the
Asia-Pacific Partership for Clean Development and
Climate, and the G8 Gleneagles Programme of
Action, which focus on fechnological development
and deployment, have been put forward, the

progress is far from satisfactory.

Only a limited amount of infernational cooperation
has occurred through the CDM, although this

could potentially be considerably higher in
subsequent periods, if developed country targets
are substantially more stringent. A second major
weakness was the ease with which countries could
opt out of the protocol with no adverse responses.
This encouraged “free rider” behaviour, in which
nations that chose not fo ratify the protocol benefit
doubly. They share the climate benefits of mitigation
occurring in other countries, and have a competitive
advantage that arises from avoiding the sometimes
cosfly implementation measures that some Kyoto
signafories are adopfing. Thus, some industrial
sectors that were unfavourable to the Kyofo Protocol
managed successfully fo undermine the political will
to ratify. Even for signatories, incentives are weak,
as the protocol does not yet have a substantial

compliance regime.

Finally, the issue of the future evolution of the
climate regime has been the focus of considerable
discussion, and numerous approaches have been
proposed (Bodansky 2003) (see Chapter 10).
The parties to the UNFCCC have agreed that

they should act to protect the climate system "on
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Table 2.5 Progress from 1987 to 2007 in key factors for successful management of stratospheric ozone, climate change and air pollution

Stratospheric ozone Climate change Air pollution
Success factors 1987 2007 1987 2007 1987 2007
Problem Confidence in Broadly Problem persists, | First signals, Broadly Wide range Reduced to
identification science accepted but under control | potential threat accepted of air pollution fewer, but harder
problems, to solve pollution
Public publicly problems
identification undersfood
"ozone hole =
CFCs in spray
cans”
Economic Social benefits Cosfly measures Cost more Litlle information Numerous Technology Further reductions
evaluations should greatly but worthwhile modest than studies, with options are available at
outweigh the foreseen varying costs of available, with higher costs;
costs both mitigation modest increases | benefits far
and impacts in the cosfs of outweigh the
products cosfs
Negotiation leadership, small | Strong leadership | n.a. n.a. Complex Variable at Increasing
number of key (first US, then EU) process, many national level regional level,
actors stakeholders, start global level
strong vested
interests
Solution Convention, then | Protocol in One profocol None in sight First steps: Few at national Increasing
increasingly tight | place, but with and four UNFCCC, 1992 | or regional level number of
protocols insufficient amendments; Kyoto Protocol, standards,
measures sufficient actfion 1997 mature
technologies
available, some
regional level
agreements
Implementation | Financial support | Scheme in place | Improved global | n.a. Legally binding Mainly national Variable
and control fund for measures implementation, emissions level
and institutions, 191 countries commitments for Some
“sticks” and rafified 2008-12 for regional /global
“carrots” indusfrialized harmonization
countries; 166 (for example,
countries have lead free
rafified gasoline)
Treaties Diplomatic Vienna Four amendments UNFCCC, 1992 | UNECE CIRTAP LRTAP
realised negotiations Convention, added to Convention, strengthened
1985 the protocol; Kyoto Protocal, 1979
stabilization 1997 Other regional
Montreal reached UNECE Protocol | agreements
Protocol, 1987 for SO,, NOy emerging
Outlook Political Phasing out methyl bromide Risk of irreversible effects growing Challenge to disseminate solutions
leadership, (acceptable levels, institufions

efficient control
mechanisms

Development of economically feasible
alternative uses, prevention of illegal

trade

Urgent to successfully define
postKyoto commitment

Equity and burden issues remains to

be solved

and mechanism, technologies), af

the global level; minimum global

standards
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the basis of equality and in accordance with their
common but differentiated responsibilities and
respective capabilities,” (UNFCCC 1997) but are
still struggling to put this into practice. It remains
the case that those who are primarily responsible
for causing climate change are energy users and
their customers, while those who will primarily bear
the brunt of a changing climate are vulnerable
communities with relafively litle responsibility.

As Agarwal and Narain [1991) expressed it,
people have an equal right to the atmospheric
commons, and a climate regime must recognize
the vast differences between those who gain from
overexploiting the atmospheric commons, and those

who bear the costs.

The foregoing analysis suggests that existing
mechanisms of the Montreal Protocol and its
implementation are largely adequate to tackle

the remaining emissions of ODS, while air quality
management in many parts of the world requires the
strengthening of institutional, human and financial
resources for implementing policies. For climate
change, however, current global approaches

are not effective. More innovative and equitable
approaches for mitigation and adaptation at all
levels of society, including fundamental changes to
social and economic structures, will be crucial to

adequately address the climate change issue.

Reducing emissions of chemicals with long
residence times in the atmosphere

The production and release of these substances
constitutes a special challenge. The impacts offen
manifest themselves long after emissions commenced,
as was the case with mercury and POPs. Some
GHGs, such as perfluorocarbons and sulphur
hexafluoride, have estimated lifetimes of many
thousands of years in the atmosphere. The amount
of fluorinated gases used is small relative fo the
emissions of other GHGs. However, their very long
lifetimes in the atmosphere together with their high
global warming potentials add to their contribution
fo climate change. The costs of remediation and
damage repair, if possible, are often higher than
the costs of preventing the release of hazardous

substances (see Chapters 3, 4 and 6).

The global emissions of mercury represent an
imporfant issue, with inadequate infernational and

national responses. The most significant releases
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of mercury are emissions fo air, and once added
to the global environment, mercury is confinuously
mobilized, deposited and re-mobilized. Burning
coal and wastfe incinerafion account for about
70 per cent of total quantified emissions. As
combustion of fossil fuels is increasing, mercury
emissions can be expected fo increase, in the
absence of control technologies or prevention
(UNEP 2003). Current concentrations in the
environment are already high, and have reached
levels in some foods that can cause health impacts
[see Chapter 6.

Opportunities to deal with atmospheric
environment challenges

The major instrument used to address atmospheric
issues has been government regulation. This
instrument of policy has achieved considerable
successes in some areas, such as the removal

of lead from gasoline, reductions in sulphur in
diesel fuel, the widespread adoption of tighter
emission standards (such as the Euro standards)
for vehicles around the world, and, most
importantly, the virtual elimination of production of
CFCs. However, the use of regulation has many
limitations, and there is a growing additional use
of other instruments as part of a tool box of policy

approaches around the world.

In some circumstances economic instruments have
been useful in applying the principle of polluter
pays, addressing market failures and harnessing
the power of markets to find the cheapest way to
achieve policy targetfs. Examples include the cap-
and-rade approach used in the United States as
one way fo achieve major reductions in emissions
of SO,. Other approaches include load-based
emissions charges that provide a direct economic
incentive to reduce emissions, and the removal of
subsidies that encourage use of high-emitting fuels

in some counfries.

Selfregulation and co-regulation are increasingly
being used by large corporations as fools to
improve the environmental performance of

their operations, wherever they are located.
Environmental management systems, such as the
ISO 14000 series, and indusiry codes, such as
Responsible Care, are being used as voluntary
tools, offen going beyond simple compliance

with government regulations to reduce impacts of
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operations on the environment, and at the same

time protect corporate brands.

In some circumstances information and education
can also be powerful tools to mobilize public
opinion, communities, civil society and the private
sector fo achieve environmental goals. They can be
effective where government regulations are weak or
not implemented. They are usually most successful
when used in combination with other approaches,
including regulations and economic instruments,

to make selected high-emission activities both
expensive, and their negative impacts well-known to

the national and infernational community.

The success of policy development and
implementation fo control afmospheric emissions

is largely determined by effective multistakeholder
participation at different scales, and mobilization
of public-private partnerships. Many countries
have extensive regulations, but foo offen they

are not applied effectively because of a lack of
proper insfitutions, legal systems, political will and
competent governance. Strong political leadership
is essential to develop institutional capacity and
effective outreach to the public, to ensure adequate
funding, and tfo increase local, national and

international coordination.

Most economic studies following government
actions to address air pollution, even using
conservative methodologies and cost estimates,
generally show that the costs associated with
impacts far outweigh the costs of these action,
often by an order of magnitude (Watkiss and others
2004, USEPA 1999, Evans and others 2002).
Furthermore, in most cases the costs of action are
considerably lower than anticipated (Watkiss and
others 2004). In addition, the social distribution

of the burden of pollution falls on poorer people,
children, older people and those with pre-existing
health conditions. Emissions can be reduced in a
manner that will protect the climate without major
disruptions to the socio-economic structures (Azar
and Schneider 2002, Edenhofer and others 20006,
Stern 2006).

The future success of efforts to control atmospheric
emissions will ultimately depend on strong
involvement of stakeholders at all levels,

coupled with suitable mechanisms for facilitating

technological and financial flows, and the

strengthening of human and institutional capacities.

Besides the development of innovative clean
technologies, efforts to rapidly deploy currently
available technologies in developing countries
would go a long way to addressing these issues.
Fundamental changes in social and economic
structures, including lifestyle changes, are crucial

if rapid progress is to be achieved.

The future success of efforts to
control atmospheric emissions
will heavily depend on the

involvement of stakeholders at

all levels.
Credit (top): Ngoma Photos

Credit (bottom): Mark Edwards,/
Still Pictures
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Main messages

The demands of a burgeoning population,
economic development and global markets
have been met by unprecedented land-use
change. The following are the main messages
of this chapter:

During the last 20 years, the exponential
expansion of cropland has slackened, but
land is now used much more intensively:
globally in the 1980s, on average a hectare

of cropland produced 1.8 tonnes, but now

it produces 2.5 tonnes. For the first time in
history, more than half of the world’s population
lives in cities, which are growing rapidly,
especially in developing countries. Cities draw
upon extensive rural hinterlands for water and
disposq| of waste, while their demands for food,
fuel and raw materials have a global reach.

Unsustainable land use is driving land
degradation. Land degradation ranks with
climate change and loss of biodiversity as a
threat to habitat, economy and society, but
society has different perspectives on various
aspects of land degradation, according

to political visibility. Inaction means a
cumulative addition to a long historical
legacy of degradation, from which recovery
is difficult or impossible.

Harmful and persistent pollutants, such as
heavy metals and organic chemicals, are still
being released to the land, air and water
from mining, manufacturing, sewage, energy
and transport emissions; from the use of
agrochemicals and from leaking stockpiles
of obsolete chemicals. This issue is politically
visible, effects on human health are direct

and increasingly well understood, and better
procedures and legislation to address chemical
contamination are being developed. There
has been progress in dealing with pollution

in the industrialized countries, where the
problem first emerged, but the shift of industry
to newly-industrialized countries is yet to

be followed by implementation of adequate
measures to protect the environment and human
health. Achievement of an acceptable level

of safety, worldwide, requires strengthening

of institutional and technical capacity in all
countries, and the integration and effective
implementation of existing controls at all levels.
There remains an unacceptable lack of data,
even for proxies, such as total production and
application of chemicals.

Forest ecosystem services are threatened by
increasing human demands. Exploitation of
forests has been at the expense of biodiversity
and natural regulation of water and climate,
and has undermined subsistence support and
cultural values for some peoples. These issues
are increasingly acknowledged, prompting a
range of technical responses, legislation and
non-binding agreements (such as the United
Nations Forum on Forests) to conserve forests,
and financial mechanisms fo support them.
The historical decline in the area of temperate
forest has been reversed, with an annual
increase of 30 000 km2 between 1990 and
2005. Deforestation in the tropics, having
begun later, continued at an annual rate of
130 000 km?2 over the same period. The decline
in forest area may be countered by investment
in planted forest and more efficient use of
wood. More forest is being designated for
ecosystem services, but innovative management
is required to maintain and restore ecosystems.
There is an urgent need to build institutional
capacity, in particular community-based
management; the effectiveness of this response
depends on good governance.

Land degradation in the form of soil
erosion, nutrient depletion, water scarcity,
salinity and disruption of biological cycles
is a fundamental and persistent problem.
Land degradation diminishes productivity,
biodiversity and other ecosystem services,
and contributes to climate change. It is a



global development issue — degradation and
poverty are mutually reinforcing — but is
politically invisible and largely ignored. The
damage can be arrested, even reversed, but
this requires concerted, long-term investment
across sectors, by all levels of government
and by individual land users, research

to provide reliable data, and adaptation

of technologies appropriate to local
circumstances. Such a package of measures
has rqre|y been qﬂempted.

Depletion of nutrients by continued cropping
with few or no inputs limits productivity
over vast tropical and subtropical upland
areas. Research has shown the benefits of
biological nutrient cycling by integration

of legumes into the cropping system,
improved fallows and agroforestry. However,
widespread adoption is yet to be achieved,
and for severely nutrient-deficient soils,

there is no remedy except external nutrient
inputs. The simple addition of manure or
fertilizer may raise crop yields from as

little as 0.5 to between 6 and 8 tonnes of
grain/ha. In contrast to intensive farming
systems that pollute streams and groundwater
by excessive fertilizer application, many
smallholders in poor countries do not have
the means to purchdse fertilizer, despite
favourable benefit-cost ratios.

Increasing water scarcity is undermining
development, food security, public health
and ecosystem services. Globally, 70 per cent
of available freshwater is held in the soil and
accessible to plants, whereas only 11 per cent
is accessible as stream flow and groundwater.
Better soil and water management can greatly
increase the resilience of farming systems

and the availability of water downstream,

but nearly all investment goes into the
withdrawal of water, of which 70-80 per cent
is used for irrigation. Meeting the Millennium
Development Goal on hunger will require
doubling of water use by crops by 2050. Even
with much-needed improvements in efficiency,
irrigation cannot do it alone. A policy shift is
needed towards greater water-use efficiency
in rain-fed farming, which will also replenish
water supplies at source.

Desertification occurs when land
degradation processes, acting locally,
combine to affect large areas in drylands.
Some 2 billion people depend on drylands,
90 per cent of them in developing countries.
Six million km2 of drylands bear a legacy
of land degradation. It is hard to deal with
the problem, because of cyclical swings in
rainfall, land tenure that is no longer well
adjusted to the environment, and because
local management is driven by regional
and global forces. These forces have to be
addressed by national, regional and global
policies. Local responses need to be guided
by consistent measurement of indicators of
long-term ecosystem change.

Demands on land resources and the risks to
sustainability are likely to intensify. There
are opportunities to meet this challenge,
and to avoid potentially unmanageable
threats. Population growth, economic
development and urbanization will drive
demands for food, water, energy and raw
materials; the continued shift from cereal

to animal products and the recent move
towards biofuels will add to the demand for
farm production. At the same time, climate
change will increase water demands, and
increasing variability of rainfall may increase
water scarcity in drylands. Opportunities to
meet these challenges include application of
existing knowledge, diversification of land
use, in particular to farming systems that
mimic natural ecosystems and closely match
local conditions instead of ignoring them,
technological advances, harnessing markets
to the delivery of ecosystem services, and
independent initiatives by civil society and
the private sector. Potentially unmanageable
threats include runaway biological cycles,
climate-related tipping points, conflict and
breakdown of governance.



INTRODUCTION

Twenty years ago, Our Common Future, the report

of the World Commission on Environment and
Development, stated: “If human needs are fo be

met, the Earth’s natural resources must be conserved
and enhanced. land use in agriculture and forestry
must be based on a scientific assessment of land
capacity and the annual depletion of topsoil.” Such

a scientific assessment has yet to be undertaken and
significant data uncertainties remain; the fundamental
principles of sustainable land management, established
at the 1992 UN Conference on Environment and
Development (UNCED), notably in the Agenda 21
Programme of Action for Sustainable Development,

are yet fo be translated into globally effective policies
and tools. Sustainable development remains one of

the greatest challenges, although there have been
some successes: af regional scales there are the
rehabilitation of much of the Loess Plateau in China
and the Great Plains of the United States, as a result of

long-ferm, concerfed acfion.

Over the last 20 years, increasing human population,
economic development and emerging global markets
have driven unprecedented land-use change.
Anticipated human population increases and confinued
economic growth are likely to further increase
exploitation of land resources over the next 50 years
(see Chapter 9). The most dynamic changes have
been in forest cover and composition, expansion and
infensification of cropland, and the growth of urban
areas. Unsustainable land use drives land degradation
through contamination and pollution, soil erosion and

nutrient depletion. In some areas there is an excess

of nutrients causing eutrophication, and there can be
water scarcity and salinity. Beneath land degradation
lies disturbance of the biological cycles on which

life depends, as well as social and development
issues. The ferm deserfification was coined to convey
this drama of pressing and interconnected issues in
drylands, but human-induced land degradation extends

beyond drylands or forests.

Many issues inferact with the atmosphere or

water, or both. This chapter covers those aspects

of water resources that are intimately linked to

land management, ranging from rainfall fo run-off,
infiltration, storage of water in the soil and ifs use by
plants (green water), as well as the uptake of salt,
agrochemicals and suspended sediment. Aspects
related fo the recharge of groundwater and stream
flow (blue water) are covered in Chapter 4, while
carbon storage and emissions are dealt with mainly in
Chapter 2. The green-blue water flows are highlighted

in Figure 3.1, below.

DRIVERS OF CHANGE AND PRESSURES
Drivers of land-use change include great increases

in the human population and density, increased
productivity, higher incomes and consumption patterns,
and technological, polifical and climate change.
Individual land-use decisions are also motivated by
collective memory and personal histories, values, beliefs
and perceptions. Table 3.1 summarizes pressures and
drivers of land-use change, distinguishing between slow
drivers that result in gradual impacts over decades, and
fast drivers that may have impacts in one year (see the

section on desertification).

=== Blue water
mmn Green water

Note: The irrigation value also
includes use of non-renewable

groundwater.

Source: Data from Falkenmark
and Rockstrém 2004

Figure 3.1 Green and blue water, global flows

Rain 100%

Y

Surface water 1.7%
Grasslands 31%

Forest and woodlands 17%
Arid land 5%

Crops 4%
' Other 5%

Accessible base flow 11%

Storm runoff 26%
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Drivers of land-use change themselves change also by new planted forests. Estimates of global land-
over time. For instance, the Brazilian Amazon was

exploited from the late-19th to mid-20th century to

use changes since 1987 are shown in Table 3.2 in

terms of area change by category (the table does not
supply rubber to the world market. In the second show change of composition within these categories).
half of the 20th century, the region was drawn info
the national economy, with large areas cleared Since 1987, the largest forest conversions have
for cattle ranching. Currently, it is responding occurred in the Amazon Basin, South East Asia, and
to national and infernational markets, resulting Central and West Africa. Forest area increased in the
in more intensive land use and continued forest Eurasian boreal forest, and in parts of Asia, North
America, and Latin America and the Caribbean,

mainly due to new planted forests [FAO 2006a).

conversion, mainly fo farmland, including grassland
for beef production.

Forest degradation, from both human and natural
Lland-use change is influenced by local needs, as well causes, is widespread. For instance, 30 000 km?2
as by nearby urban demands and remote economic of forest in the Russian far east have been degraded
over the past 15 years by illegal logging and fires

(WWEF 2005].

forces (see Box 3.1 under Forests). At the global level,
reliable historical data are scarce, but the available
information indicates that the greatest changes over
the last 20 years have been in forests, especially by Cropland has expanded significantly in South East

conversion fo cropland, woodland or grassland and Asia, and in parts of West and Central Asia, the

Table 3.1 Pressures and drivers of land-use change

Changes in human
population and

Changing opportunities
created by markets

Policy and political
changes

Problems of adaptive
capacity and increased

Changes in social
organization, resource

forced population
displacement

Decrease in land
availability due to
encroachment of other
uses, such as natural
reserves

Changes in national or
global macro-economic
and frade conditions
that lead to changes in
prices, such as a surge
in energy prices, or
global financial crisis

New technologies for
intensification of resource
use

such as devaluation
CGovernment instability

War

management vulnerability access and attitudes
Slow Natural population growth; | Commercialization and Economic development Financial problems, such Changes in insfitutions
subdivision of land parcels | agro-industrialization programmes as creeping household goverming access fo
debts, no access to credit, resources by different land
Domestic life cycles that Improvement in Perverse subsidies, policy- lack of alternative income managers, such as shifts from
lead to changes in labour accessibility through induced price disfortions sources communal fo private rights,
availability road construction and fiscal incentives tenure, holdings and fitles
Breakdown of informal
Excessive or inappropriate | Changes in market Frontier development (for social networks Growth of urban aspirations
use of land prices for inputs or example, for geopolitical
outputs, such as erosion reasons, or fo promote Dependence on external Breakdown of extended
of prices of primary interest groups) resources, or on assistfance families
products, unfavourable
global or urban-rural Poor governance and Social discrimination Growth of individualism and
terms of trade corrupfion against ethnic minorities, materialism
women, members of lower
Offfarm wages and Insecurity in land fenure classes or castes Lack of public education,
employment opportunities and poor flow of information
about the environment
Fast Spontaneous migration, Capital investments Rapid policy changes, Internal conflicts Loss of entilements to

Diseases, such as malaria,
and illnesses, such as

HIV/AIDS

Natural hazards

environmental resources
through, for example,
expropriation for large-scale
agriculiure, large dams, forest
projects, tourism and wildlife
conservation

Source: Adapted from lambin and others 2003
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To Woodland/
From Forest Grassland Farmland Urban areas Losses Gains Net change
Forest 39 699 30 Q98 2 -130 57 -73
Woodland/Grassland 14 34 355 10 2 =26 50 24
Farmland 43 20 15138 16 79 108 29
Urban areas n.s. n.s. n.s. 380 0 20 20
Total -235 235

n.s. = not significant; farmland includes cropland and infensive pasture

Source: Holmgren 2006

Great lakes region of Eastern Africa, the southern
Amazon Basin, and the Great Plains of the United
States. In confrast, some croplands have been
converted fo other land uses: to forests in the
southeastern United States, eastern China and
southern Brazil, and to urban development around
most major cities. Viewed in a wider historical
confext, more land was converted to cropland in
the 30 years after 1950, than in the 150 years
between 1700 and 1850 (MA 2005q).

Even more significant than the change in cropland
area, is that land-use intensity has increased
dramatically since 1987, resulting in more
production per hectare. Cereal yields have
increased by 17 per cent in North America,

25 per cent in Asia, 37 per cent in West Asia,
and by 40 per cent in Latin America and the
Caribbean. Only in Africa have yields remained
static and low. Globally, adding together
production of cereals, fruit, vegetables and meat,
output per farmer and unit of land has increased.
In the 1980s, one farmer produced one tonne of
food, and one hectare of arable land produced
1.8 tonnes, annually on average. Today, one
farmer produces 1.4 tonnes, and one hectare of

land produces 2.5 tonnes. The average amount

of land cultivated per farmer remained the same,

at about 0.55 ha [FAOSTAT 2006). However,
world cereal production per person peaked in the
1980s, and has since slowly decreased despite the

increase in average yields.

Towns and cities are expanding rapidly. They
occupy only a few per cent of the land surface, but
their demand for food, water, raw materials and
sites for waste disposal dominate the land around
them. Urban expansion occurred at the expense of
farmland rather than forest, and is currenily highest

in developing countries.

ENVIRONMENTAL TRENDS AND RESPONSES
Land-use changes have had both positive and
negative effects on human well-being, and on the
provision of ecosystem services. The enormous
increase in the production of farm and forest
products has brought greater wealth and more
secure livelihoods for billions, but often at the

cost of land degradation, biodiversity loss and
disruption of biophysical cycles, such as the water
and nutrient cycles. These impacts create many
challenges and opportunities. Table 3.3 summarizes
positive and negative links between changes in

land and human well-being.

Table 3.3 Links between land changes and human well-being

Change in land

Environmental impact

Material needs

Human health

Safety

Socio-economic

Cropland expansion
and infensification

Loss of habitat and
biodiversity; soil water
refention and regulation;
disturbance of biological

Increased food and
fibre production — such
as doubling world
grain harvest in last

Spread of disease vectors
related to vegetation

and water (such as
irigation associated with

Increased hazards
from flood, dust
and landslides
during extreme

More secure
livelihoods and
growth in agricultural
output

cycle; increase of soil 40 years schistosomiasis) weather
erosion, nutrient deplefion, Changes in social
salinity, and eufrophication Competing demands Exposure fo agrochemicals in and power structures
for water air, soil and water
SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT: 1987-2007




Table 3.3 Links between land

ges and human well-being, continued

Change in land

Environmental impact

Material needs

Human health

Safety

Socio-economic

Loss of forest,
grassland and
wetlands

Loss of habifat, biodiversity,
stored carbon, soil water
reention and regulation

Disturbance of biological
cycles and food webs

Diminished variety of
resources

Diminished water
resources and water

quality

Loss of forest ecosystem
services, including potential
new medicinal products

Increased hazard
of flooding and
landslides during
extreme weather
and tsunamis

Loss of forest
products, grazing,
fisheries and drought
reserves

Loss of livelihood,
cultural values and
support for traditional
lifestyles of indigenous
and local communities

Loss of recreation
opportunities and
tourism

Urban expansion

Disruption of hydrological

and biological cycles; loss
of habitat and biodiversity;
concenfration of pollufants,
solid and organic wastes;

urban heat islands

Increased access

to food, water and
shelter: increased
choice, but satisfaction
of material needs
highly dependent on

income

Respiratory and digestive-fract
diseases due fo air pollution,
poor water supply and
sanitafion

Higher incidence of stress-
and industry-related diseases
Higher incidence of heat
stroke

Increased exposure
to crime

Traffic and
transport hazards

Increased hazard
of flooding caused
by soil sealing
and occupation of
hazardous sites

Increased opportunity
for social and
economic interaction
and access to
services

Increased competition
for financial resources

Diminished sense of
community; increased
sense of isolation

Chemical
contamination

Polluted soils and water

Water scarcify and
non-pofable water

Poisoning, accumulation
of persistent pollutants in
human fissue with potential
genefic and reproductive
consequences

Increased risk of
exposure and of
contamination
of food chains;
in severe cases,
areas become
uninhabitable

Loss of productivity
due to ill health

Diminished
productivity of
contaminated systems

water resources, loss of
freshwater habitat

production

Soil erosion Loss of soil, nutrients, habitat | Lloss of food and water | Hunger, malnutrifion, exposure | Risk of floods and Loss of property and
and, property; siltation of security to diseases due to weakened | landslides infrastructure
reservoirs immune system

Accidents due Decreasing hydro-
Turbidity and contaminated to damage to power generation
water infrastructure, due to siltation of
- particularly in reservoirs
% coastal and
B riverine areas Diminished
é%j development in farm
o and forest sectors
2

Nutrient Impoverished soils Diminished farm and Malnutrition and hunger Lack of development

deplefion forest production in farm secfor, poverty

Water Diminished stream flow and | Lloss of food and water | Dehydration Conflict over water | Lack of development,

scarcity groundwater recharge security Inadequate hygiene, water- resources poverty

related diseases

Salinity Unproductive soils, unusable | Diminished farm Non-potable water Loss of farm

production

Increased industrial
costs of corrosion and
water freatment

Damage to
infrastructure

LAND
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Table 3.3 Links between land changes and human well-being, continued

Change in land

Environmental impact

Material needs

Human health

Safety

Socio-economic

Desertification

Loss of habitat and
biodiversity

Reduced groundwater

recharge, water quality and

soil fertility

Increased soil erosion,
dust storms, and sand
encroachment

Diminished farm and
rangeland production

Loss of biodiversity

Water scarcity

Malnutrition and hunger

Waterborne diseases,
respiratory problems

Conflict over
land and water
resources

Increasing flash
floods, dust hazard

Poverty,
marginalization,
decreased social and
economic resilience,
population movements

Carbon cycle

Climate change,
acidification of ocean
surface waters

[see mainly Chapter 2)

Shift from fossil fuels to
biofuels conflicts with
food production

Shift in growing
seasons and risk of
crop failure

Respiratory diseases related
to air pollution

Risk of flood-
related damage
to property,
particularly in
coastal and
riverine areas

Up to 80 per cent
of energy supply

is derived through

manipulation of the
carbon cycle

Nutrient cycles

Eutrophication of inland
and coastal waters,

confaminated groundwater

Depletion of phosphate
resources

Health effects from
bioaccumulation of N or P in
food chains

Non-potable water

Benefits of food
security and biofuel
production

Acidifying cycles

Acid depositions and
drainage damaging land
and water ecosystems

Acidification of ocean and

freshwaters

Freshwater fish
resources declining; risk
of further collapse of
marine fisheries

Poisoning from increased
p|om and animal uploke of
toxic metals

Economic damage to
forests, fisheries and
tourism

Corrosion of
infrastructure and

industrial facilities

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

FORESTS

Changes in forest ecosystems

Forests are not just trees, but part of ecosystems
that underpin life, economies and societies.
Where forests are privately owned, they are often
managed mainly for production. Yet, in addition
to directly supporting such industries as timber,
pulp and biotechnology, all forests provide a
wide range of ecosystem services. These services
include prevention of soil erosion, maintenance of
soil fertility, and fixing carbon from the atmosphere
as biomass and soil organic carbon. Forests

host a large proportion of terrestrial biodiversity,
profect water catchments and moderate climate
change. Forests also support local livelihoods,
provide fuel, traditional medicines and foods to
local communities, and underpin many cultures.
The harvesting of forest products is putting severe
stress on the world's forests. Box 3.1 describes
some of the main pressures that drive changes in

forest ecosystems.

Between 1990 and 2005, the global forest

area shrank at an annual rate of about 0.2 per
cent. Llosses were greatest in Africa, and Lafin
America and the Caribbean. However, forest area
expanded in Europe and North America. In Asia
and the Pacific, forest area expanded after 2000
[see the FAO data in Figure 3.2 and in Figure
6.31 on annual forest change in the biodiversity

and ecosystems section of Latin America and the

Caribbean in Chapter 6).

In addition to the changes in global forest areq,
significant changes also occurred in forest
composition, particularly in the conversion of
primary forest to other types of forests (especially
in Asia and the Pacific). It is estimated that over
the past 15 years there has been an annual loss
of 50 000 km?2 of primary forest, while there has

been an average annual increase of 30 000 km2

1987-2007



Box 3.1 Drivers and pressures affecting forest ecosystems

of planted and semi-natural forests. Primary forests . .
] i Figure 3.2 Total forest area by region
now comprise about one-hird of global forest area
million km?

[see Figure 3.3].

e 1990
10 e 2000
9 | | w2005

Forests are managed for various functions (see
Figure 3.4 ): in 2005, one-third of global forests
were managed primarily for production, one-
fifth for conservation and protection, and the
remaining forests for social and multiple services.
The proportion allocated primarily for production
is largest in Europe (73 per cent] and least in
North America (7 per cent) and West Asia (3
per cent]. Of the total wood production, 60 per

cenf was industrial wood and 40 per cent was

[ — i | - — L
fuel; 70 per cent of industrial wood is produced Mica  Asiaondthe Furope LofinAmerica  North  West Asia

Pacific andthe  Americo Source: GEO Data Portal,

in North America and Europe, while 82 per cent Cabbenn complied from FAO 2005

of fuelwood is produced in the developing world
[FAO 20006a). Non-wood forest products, including

food, fodder, medicine, rubber and handicrafts, are

increasingly acknowledged in forest assessments Figure 3.3 Primary forest area by region

and, in some countries, are more valuable than million km?

wood products. 8 e 1990
w2005

7
More and more forest areas are being designated

o~

for conservation and protfection, partly in

v

recognition of their valuable ecosystem services

such as soil and water protection, absorption of

=~

pollution, and climate regulation through carbon

w

fixation. However, these services have been

~

reduced by the decline in total forest area and

by continued forest degradation, especially in

production and multipurpose forests. For example,

Africa Asiaandthe  Europe  Lafin America

greater than the rafe of decline in forest area Pacific and the Amencu Source: GEO Data Portal,
Caribbean complied from FAO 2005

o

the rate of decline in fixed carbon has been

(see Figure 3.5).




Figure 3.4 Designation of forests by region, 2005
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Ensuring a continued flow of goods-and-services from
forests is essential for human wellbeing and national
economies. Greater emphasis on conservation of
biodiversity may lead to increased benefits in terms

of resilience, social relations, health, and freedom

of choice and action (MA 2005a, FAO 2006a).
Many of the world's poor are direcily and intensely
affected by changes in forest use. A recent synthesis
of data from 17 countries found that 22 per cent of
rural household income in forested regions comes from
harvesting wild food, firewood, fodder and medicinal
plants, generating a much higher proportion of income
for the poor than for wealthy families. For the poor,
this is crucial when other sources of income are scarce
(Vedeld and others 2004).

Managing forests
Despite the extensive impacts of changes in

forest cover and use, forest issues continue to be

Figure 3.5 Declines in carbon in living biomass and in extent of forest

e Extent of forest
= (arbon in living biomass

Source: FAO 2006a
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addressed piecemeal in multilateral conventions and
other legally and non-legally binding instruments
and agreements. However, some regional initiatives
in forest law enforcement and governance break
new ground in addressing illegal activities.
Regional ministerial conferences on forests have
taken place in East Asia (2001), Africa (2003),
and Europe and North America (2005), jointly
organized by the governments of producing and
consuming countries (World Bank 20006).

The concept of sustainable forest management has
evolved over the last two decades, but remains hard
to define. The Forest Principles developed for UNCED
stafe: "Forest resources and forest lands should be
sustainably managed to meet the social, economic,
ecological, cultural and spiritual needs of present and
future generations.” Alternative frameworks to assess
and monitor the stafus and trends of different elements
of sustainable forest management include criteria

and indicators, forest certification and environmental
accounting. At the methodological level, it is difficult
fo integrate information on forest state and trends, and
the contribution of non-marketed, non-consumptive and
infangible forest goods-and-services. A further difficulty
lies in defining thresholds beyond which changes in
values can be regarded as being significant. At the
practical level, spatial and temporal data for assessing
sustainability are offen incompatible, inconsistent

and insufficient. Policies to promote the fixing of
atmospheric carbon by agricultural, pastoral and

forest systems have been more seriously considered,

because fixing carbon by forest plantations is




Table 3.4 Progress towards sustainable forest management

1990-2005 1990-2005
Data Annual change Annual
Thematic element Trends in FRA 2005 variables or derivatives availability | rate (per cent) change Unit
Extent of forest resources Area of forest H -0.21 -8 351 1 000 ha
Area of other wooded land M -0.35 -3 299 1 000 ha
Growing stock of forests H -0.15 -570 million m3
Carbon stock per hectare in forest biomass H -0.02 -0.15 fonnes/ha
Biological diversity B Area of primary forest H -0.52 -5 848 1 000 ha
B Area of forest designated primarily for conservation of H 1.87 6 391 1 000 ha
biological diversity
Total forest area excluding area of productive forest H -0.26 -9 397 1 000 ha
plantations
Forest health and vitality Area of forest affected by fire M -0.49 -125 1 000 ha
B Area of forest affected by insects, diseases and other M 1.84 1101 1 000 ha
disturbances
Productive functions of forest Area of forest designated primarily for production H -0.35 -4 552 1 000 ha
resources M Area of productive forest plantations H 2.38 2165 1 000 ha
Commercial growing stock H -0.19 -321 million m3
Total wood removals H -0.11 -3199 1 000 m3
M Total NWFP removals M 2.47 143 460 tonnes
Profective functions of forest | M Area of forest designated primarily for protection H 1.06 3375 1 000 ha
resources M Area of protective forest plantations H 1.14 380 1 000 ha
Socio-economic functions M Value of total wood removals L 0.67 377 million US$
M Value of total NVWFP removals M 0.80 33 million US$
B Total employment M -0.97 -102 1 000 pers. yrs
M Area of forest under private ownership M 0.76 2737 1 000 ha
M Area of forest designated primarily for social services H 8.63 6 646 1 000 ha
FRA = FAO Global Forest Resources Assessment NWFP = non-wood forest products
M = Positive change (greater than 0.5 per cent) = No major change [between 0.5 and 0.5 per cent) B = Negafive change (less than —0.5 per cenf]
Source: FAO 2006a
eligible for trading under the Kyoto Protocol. Table At the local level, there are many examples of
3.4 summarizes progress towards sustainable forest innovative management, especially community-
management against measures of forest extent, based approaches that are arresting frends in forest
biodiversity, forest health, and productive, protective degradation and loss of forest ecosystem services

and socio-economic functions. (see Box 3.2).

Box 3.2 Sustainable forest management by smallholders in the Brazilian Amazon

Since 1998, Brazilian farmers have had to maintain 80 per cent of The system described here is practised in forest holdings averaging
their land as forest (50 per cent in some special areas) as a legal forest 40 ha each. Cooperative agreements among neighbours facilitate the
reserve. Small-scale forest management enables smallholders to make acquisition of oxen, small tractors and solo-operated sawmills, yielding
economic use of their forest reserves. higher prices in local markets and reducing transportation costs. As a
result, farmers’ incomes have risen 30 per cent. In 2001, the smallholders
Since 1995, a group of smallholders in the state of Acre, supported by created the Association of Rural Producers in Forest Management and
Embrapa (the Brazilian Agricultural Research Corporation), has developed Agriculture to market their products nationwide and, in 2003, they won
sustainable forest management systems based on traditional forest practices as Forest Stewardship Council certification from SmartWood. Surveys have
a new source of income. Forest structure and biodiversity are maintained by been conducted to monitor biodiversity. IBAMA (the Brazilian Environment
low-impact disturbance at short intervals, combined with silvicultural practices, and Renewable Natural Resource Institute) and BASA (the Bank of the
matching the circumstances of the smallholders (small management areq, Amazon) use the sustainable forest management system as a benchmark
limited labour availability and investment) with appropriate management for development and financial policies for similar natural resource
techniques (short cutting cycles, low intensity harvesting and animal traction). management schemes.

Sources: D'Oliveira and others 2005, Embrapa Acre 2006
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LAND DEGRADATION

Land degradation is a longerm loss of ecosystem
function and services, caused by disturbances from
which the system cannot recover unaided. It blights
a significant proportion of the land surface, and as
much as one-hird of the world's population — poor
people and poor countries suffer disproportionately
from its effects. Established evidence links land
degradation with loss of biodiversity and climate
change, both as cause-and-effect (Gisladottir and
Stocking 2005). Direct effects include losses of soil
organic carbon, nufrients, soil water storage and
regulation, and below-ground biodiversity. Indirectly,
it means a loss of productive capacity and wildlife
habitat. For instance, in rangelands it disrupts wildlife
migration, brings changes in forage, introduces
pesfs and diseases, and increases competition for
food and water. Water resources are diminished by
disruption of the water cycle, offsite pollution and
sedimentation. The threat to sustainable development
posed by land degradation has been recognized
for decades, including by the 1992 Earth Summit
and the 2002 World Summit on Susfainable
Development, but responses have been hamstrung by
weaknesses in available data, particularly in relation
to the distribution, extent and severity of the various

facets of degradation.

The only comprehensive source of information has
been the Global Assessment of Human-induced
Soil Degradation [GLASOD), which assessed the
severity and kind of land degradation for broadly-

defined landscape units at a scale of 1:10 million

[Oldeman and others 1991). It was compiled
from expert judgements and, while invaluable as
a first global assessment, it has since proven to
be not reproducible and inconsistent. In addition,
the relationships between land degradation and
policy-relevant criteria, such as crop production
and poverty, were unverified (Sonneveld and
Dent 2007).

A new, quantifative global assessment under

the GEF/UNEP/FAQO project Land Degradation
Assessment in Drylands [LADA) identifies black

spofs of land degradation by trends analysis of

the last 25 years' net primary productivity (NPP

or biomass production). NPP is derived from
safellite measurements of the normalized difference
vegefation index [NDVI or greenness index). A
negative frend in NPP does not necessarily indicate
land degradation, since it depends on several other
factors, especially rainfall. Figure 3.6 combines the
recent frend of NPP with rain-use efficiency (NPP
per unit of rainfall). Critical areas are identified as
areas with a declining trend of NPP and declining
rain-use efficiency over the past 25 years, excluding
the simple effects of drought. For irrigated areas,
only the biomass is considered and urban areas are
excluded. The case study on Kenya highlights some
of the results of the study [see Box 3.3].

By contrast with previous assessments, such as
GLASOD, this new measure does not compound
the legacy of historical land degradation with what

is happening now. It shows that between 1981

Figure 3.6 Global land degradation using biomass production and rain-use efficiency trends between 1981-2003
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mm High degradation
m Severe degradation
1 No change

Source: Bai and others 2007
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and 2003 there was an absolute decline in NPP

across 12 cent of the global land area, with a

Box 3.3 Land degradation in Kenya

strong negative change in a further 1 per cent of
the land area. In respect of rain-use efficiency,

there was an absolute decrease on 29 per cent
of the land area and strong negative change on

2 per cent. The areas affected are home to about

1 billion people, some 15 per cent of the global Figure 3.7 Kenya land use, biomass and rain-use efficiency
population. Apart from the loss of farm and forest Land use, 2000
production, the degraded areas represent a loss of == Croplond

= Grassland
mm Forest and woodlond
1 Other

NPP of about 800 million tonnes of carbon over the
period, meaning this amount was not fixed from the
atmosphere. In addition, there were emissions o
the atmosphere of one or two orders of magnitude
more than this from the loss of soil organic carbon
and sfanding biomass (Bai and others 2007).

Areas of concern include tropical Africa south of
the equator and southeast Africa, southeast Asia

lespecially steeplands), south China, north-central

Australia, Central America and the Caribbean Yar Annual sum NDVI/year
lespecially steeplands and drylands), southeast 5 = -0.2)——0.04
Brazil and the Pampas, and boreal forests in Alaska, Trend of biomass, 1981-2003 mm -0.04--0.03
Canada and eastern Siberia. In areas of historical . —0.03--0.02

mm -0.02--0.01
e -0.01--0.009
1 Water body
— -0.009—-0.005

land degradation around the Mediterranean and
West Asia, only relatively small areas of change are
visible, such as in southern Spain, the Maghreb and

the Iragi marshlands. Comparison of black spots

_ o A =1 ~0.005-0
with land cover reveals that 18 per cent of land 5 ; . . 7 0-0.005
degradation by area is associated with cropland, : e (TR 7 0.005-0.01
25 per cent is in broadHeaved forests and 17 per Gl - 2 1 001-0.02
cent in boreal forests. This is consistent with trends in e TR ] == 0.02-0.03

= 0.03-0.05
= 0.05-0.07
m (.07-0.09
mm 0.09-0.15

forest degradation, even as the area of boreal forests
has increased (see section on Drivers and pressures).
This preliminary analysis will need to be validated

on the ground by the country-level case studies being

undertaken by LADA, which will also determine the
Per cent annual rain-use

different types of degradation. A efficiency/year
' . - <
Changes in land i
Chemical contamination and pollution e
Chemicdl di flfe, includh o
emicals are used in every aspect of life, including : : : — 10
industrial processes, energy, transport, agriculture, : ; —0-1

pharmaceuticals, cleaning and refrigeration. More than 4 2 ; s /1=
50 000 compounds are used commercially, hundreds o S ! = 23
e = 34

are added every year, and global chemical production
e >4

is projected fo increase by 85 per cent over the next
20 years (OECD 2001). The production and use of
chemicals have not always been accompanied by

Source: Bai and Dent 2007
adequate safety measures. Releases, by-products and

degradation of chemicals, pharmaceuticals and other




Figure 3.8 PCDD (dioxin) in the atmosphere and deposition, 2003
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commodities contaminate the environment, and there
is growing evidence of their persistence and their
detrimental effects on ecosystems and on human and

animal health.

Currently, there is insufficient information on the
amounts released, their toxic properties, effects on
human health and safe limits for exposure fo fully
evaluate their environmental and human health
impacts. The magnitude of chemical confamination
can be measured or esfimated by the residue levels
and spatial concentration of substances, but data are
incomplete globally and for many regions. Proxies
that provide some indication include total production
of chemicals, total use of pesticides and fertilizers,
generafion of municipal, indusfrial and agricultural
wastes, and the status of implementation of multilateral

environmental agreements relating fo chemicals.

land is subjected to a wide range of chemicals from

many sources, including municipalities, industries and

agriculture. There are persistent organic pollutants
[POPs) such as DDT, brominated flame refardants and
polyaromatic hydrocarbons heavy metals, such as
lead, cadmium and mercury, and oxides of nitrogen
and sulphur. In mining, for instance, foxic subsfances
such as cyanide, mercury and sulphuric acid are
used fo separafe metal from ores, leaving residues

in the tailings. Toxic chemicals may be emitted from
identifiable point sources, such as stockpiles of
hazardous waste, power generation, incineration
and industrial processes. They also come from diffuse
sources, such as vehicle emissions, the agricultural
application of pesticides and fertilizers, as well as

in sewage sludge containing residues of process

chemicals, consumer products and pharmaceuticals.

Many chemicals persist in the environment,
circulating between air, water, sediments, soil

and biota. Some pollutants travel long distances

to supposedly pristine areas (De Vries and others
2003). For example, POPs and mercury are now
found in high concentrations in both people and
wildlife in the Arctic (Hansen 2000) (see Figure
6.57 in the Polar section of Chapter 6]. Chemical
emissions fo the atmosphere often become fallout on
land or water. Figure 3.8 shows modelling results of
the distribution of polychlorodibenzodioxins (PCDD)

emissions and deposition in Europe for 2003.

Chemical wastes from industry and agriculture

are a big source of contamination, particularly in
developing countries and countries with economies
in transition. The concentrations of persistent

foxic substances observed in many parts of sub-
Saharan Africa indicate that this confamination is
widespread across the region. Stockpiles containing
at least 30 000 tonnes of obsolete pesticides were
recorded in Africa (FAO 1994]. These stockpiles,
often leaking, are up to 40 years old, and contain
some pesficides banned long ago in industrialized
countries. Environmental levels of toxic chemicals
will increase in countries sfill using them in large
quantities ({such as Nigeria, South Africa and
Zimbabwe), and in countries without effective
regulation of their use (GEF and UNEP 2003). In
addition, toxic wastes are still being exported fo
and dumped in developing countries. The dumping
of hazardous wastes, such as the 2006 dumping
of poisonous oil refinery waste containing hydrogen
sulphide and organochloride in Abidjan, Ivory

Coast, is still a major problem. This is despite
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such efforts as the 1991 Bamako Convention on
the Ban of the Import into Africa and the Control
of Transboundary Movement and Management of

Hazardous Wastes within Africa.

A legacy of contaminated industrial and urban
sites is common to all old industrial heartlands,
particularly in the United States, Europe and the
former Soviet Union. Across Europe, it is estimated
that there may be more than 2 million such sites,
containing hazardous substances such as heavy
mefals, cyanide, mineral oil and chlorinated
hydrocarbons. Of these, some 100 000 require
remediation (EEA 2005). See Chapter 7 for
additional information on exposing people and the

environment to confaminants.

Increasingly, some of the chemical waste stream
comes from everyday products; increasing
consumption remains coupled fo increased
generation of wastes, including chemical wastes.
Most domestic waste still goes into landfills,
although in Europe there is a shift to incineration

(EEA 2005).

There are growing differences in pollution trends
between industrialized and developing countries.
Between 1980 and 2000, control measures
resulted in lower emissions of pollutants info the
atmosphere and reduced deposition over most of
Europe. Now, pollution as a result of consumer
activities is outpacing pollution from primary
industrial sources. While OECD counfries are sfill
the largest producers and consumers of chemicals,
there has been a shift of chemical production to
newly industrializing countries that, 30 years ago,
had litlle or no chemicals industry. This shift in
production has not always been accompanied by
control measures, increasing the risks of release of

hazardous chemicals into the environment.

The last 25 years have seen accumulating evidence
of the serious consequences of chemicals for the
environment and human well-being. In addition

to directly harming human health, atmospheric
pollutants have been implicated in increasing soil
acidity and forest decline, and acidification of
streams and lokes [see section on acidifying cycles),
and have been linked to the burden of chronic
diseases such as asthma. WHO estimates that each

year, 3 million people suffer from severe pesticide

poisoning, with as many as 20 000 unintentional
deaths (Worldwatch Institute 2002). {See Chapter

2 under effects of air pollution).

Soil erosion

Erosion is the natural process of removal of

soil by water or wind. Soil erosion becomes a
problem when the natural process is accelerated
by inappropriate land management, such as
clearance of forest and grasslands followed by
cropping which results in inadequate ground cover,
inappropriate tillage and overgrazing. It is also
caused by activities such as mining, infrastructural
and urban developments without well-designed and

well-maintained conservation measures.

Loss of topsoil means loss of soil organic matter,
nutrients, water holding capacity (see section on
water scarcity) and biodiversity, leading fo reduced
production on-site. Eroded soil is often deposited
where it is not wanted, with the result that the
off-site costs, such as damage to infrastructure,
sedimentation of reservoirs, streams and estuaries,
and loss of hydropower generation, may be much

higher than the losses in farm production.

Although there is consensus that soil erosion is
often a severe problem, there are few systematic
measurements of its extent and severity. Indicators
include barren ground, removal of topsoil as sheet
erosion over a wide area or concentrated as rills
and gullies, or through landslides. Wind erosion

is the major problem in West Asia, with as much
as 1.45 million km2 — one-third of the region -
affected. In extreme cases, mobile dunes encroach
upon farmland and seftlements [Al-Dabi and others
1997, Abdelgawad 1997). Regional or even
global estimates have, quite wrongly, scaled up
measurements made on small plots, arriving at huge
masses of eroded soil that would reshape whole
landscapes within a few decades. Erosion rates
reported from Africa range from 5-100 tonnes/
ha/yr, depending on the country and assessment
method (Bojo 1996]. Authors including den
Biggelaar and others (2004) estimate that globally,
20 000-50 000 km? is lost annually through land
degradation, chiefly soil erosion, with losses 2-6
times higher in Africa, Latin America and Asia
than in North America and Europe. Other global
and regional spatial data present vulnerability to

erosion, modelled from topographic, soil, land
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cover and climatic variables, but vulnerability is not
the same thing as actual erosion: the most important
factor determining actual erosion is the level of land

management (see Box 3.4).

Nutrient depletion

Nutrient depletion is a decline in the levels of

plant nufrients, such as nitrogen, phosphorous and
potassium, and in soil organic matter, resulting in
declining soil fertility. It is commonly accompanied
by soil acidification, which increases the solubility

of toxic elements, such as aluminium. The causes
and consequences of nutrient depletion are well-
established: in a wet climate, soluble nutrients are
leached from the soil, and everywhere crops take up

nutrients. The removal of the harvest and crop residues

depletes the soil, unless the nutrients are replenished
by manure or inorganic fertilizers (Buresh and others
1997). Nutrient mining refers to high levels of nutrient

removal and no inputs.

Deficiency of plant nutrients in the soil is the most
significant biophysical factor limiting crop production
across very large areas in the fropics, where soils
are inherently poor. Several studies in the 1990s
indicated serious nufrient deplefion in many fropical
counfries, particularly in sub-Saharan Africa. Most
calculations drew up nutrient budgets in which fluxes
and pools were estimated from published data

at country or subregional level. For example, the
influential 1990 study by Stoorvogel and Smaling

calculated budgets for nitrogen, phosphorus and

Box 3.4 Soil erosion in the Pampas

Soil erosion by water is the main form of land
degradation in Latin America. The more extensive the
area under cultivation, the more serious the erosion,
even in the fertile Pampas. It has been an intractable
problem, leading to the abandonment of farmland, for
example, in northwest Argentina.

The most promising development has been the
large-scale adoption of conservation tillage, which

Sources: FAO 2001, KASSA 2006, Navone and Maggi 2005

increases infiltration of rain into the soil compared to
conventional ploughing. The area under conservation
tillage in Latin America increased from almost zero
in the 1980s to 250 000 km2 in 2000, with an
adoption rate of 70-80 per cent among large,
mechanized farms in Argentina and Brazil, although
the adoption rate by small farms is lower.

In the Pampas, rills form during rainstorms when ground cover is sparse, and gradually turn into large gullies.

Credit: J.L. Panigatti
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potassium for the cropland of 38 countries in sub-
Saharan Africa for the years since 1983, and
projected the data to 2000. In nearly every case,
the nutrient inputs were less than the outputs. Some
950 000 km? of land in the region is threatened with
irreversible degradation if nutrient depletion continues

(Henao and Baanante 20006).

There has been criticism of the basis for such
calculations, and debate on the extent and impact of
nutrient deplefion (Hartemink and van Keulen 2005),
but broad agreement on the phenomenon. In some
areas, nufrienfs have been depleted because of
reduced fallow periods in shifting culfivation systems,
and little or no inorganic fertilizer inputs. In other
areas, soil fertility of cropland may be maintained or
improved through biomass fransfer at the expense of
land elsewhere. Where such differences are explored
in more defail, there are complex explanations
including non-agronomic factors, such as infrastructure,
access o markets, political stability, security of land

tenure and investments.

Across most of the tropics, the use of inorganic
fertilizers is limited by availability and cost, although
inorganic fertilizers offen have favourable value-to-cost
rafios (van Lauwe and Giller 2006). In parts of sub-
Saharan Africa, as litle as 1 kilogramme of nutrients
is applied per hectare. This compares with nutrient

additions around 10-20 times higher in industrialized

countries — and also much higher rates in most other
developing countries [Borlaug 2003), where there

is established evidence that leaching of nifrates into
surface and groundwater, and wash-off of phosphates
into sfreams and esfuaries, can cause eutrophication

(see Chapter 4).

Water scarcity

By 2025, about 1.8 billion people will be living in
countries or regions with absolute water scarcity, and
tworthirds of the world population could be under
conditions of water stress — the threshold for meeting
the water requirements for agriculture, industry,
domestic purposes, energy and the environment

(UN Water 2007). This will have major impacts on

activities such as farming (see Chapter 4).

The source of all freshwater is rainfall, most of which
is held in the soil, and refurns to the atmosphere by

evapotranspiration (green water). Globally, only

11 per cent of the freshwater flow is available as usable

stream flow and groundwater that can be tapped for
irigation, urban and indusfrial use, potable and stock
water (see Figure 3.1). Yet, nearly all investment goes
info the management of the water withdrawn from
streams and groundwater. While irrigated agriculture
is overwhelmingly the biggest user of freshwater, and
already draws substantially on groundwater that is nof
being replenished, it faces increasing competition from

other claims (see Figure 4.4). To meet the Millennium

Poor crop performance due to
nutrient deficiency compared
with enhanced fertility around a

farmstead, Zimbabwe.

Credit: Ken Giller
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Development Goal (MDG) of halving the proportion

of people suffering from hunger by 2015, it will be
necessary to manage freshwater resources from the
moment that rainwater hits the land surface. This is
where soil management defermines whether rain runs off
the surface, carrying topsoil with it, or infilirates the soll
fo be used by plants or to replenish groundwater and

stream flows.

Ecosystems and farming systems have adapted

fo water scarcity in various ways [see Table 3.5).
Outside arid and semi-arid areas, absolute lack

of water is not the issue; there is enough water to
produce a crop in most years. For example in Eastern
Africa, meteorological drought (a period when

there is not enough water to grow crops because

of much below average rainfall] happens every
decade. Dry spells of 2-5 weeks in the growing
season happen every 2-3 years (Barron and others
2003). Agricultural drought (drought in the roof
zone) is much more frequent, while political drought,
where various failings are attributed to drought, is

commonplace. Agricultural drought is more common

than meteorological drought because, on cultivated
land, most rainfall runs off the surface, and soil water
storage is diminished by soil erosion, resulting in poor
soil structure, loss of organic matter, unfavourable
texture and impeded rooting. Farmers’ field water
balances show that only 15-20 per cent of rainfall
actually contributes to crop growth, falling to as litlle

as 5 per cent on degraded land (Rockstrém 2003).

Rainfall may not be the main factor limiting crop
production. Tracts of land also suffer from nutrient
deficiency (see section on nutrient depletion). While
commercial farmers maintain nutrient status by applying
fertilizer, risk-averse subsistence farmers do not invest in
overcoming other constraints unless the risk of drought

is under control.

Irrigation is arguably the most successful insurance
against drought. Irrigated land produces 30-40 per
cent of global farm output, and a far higher proportion
of high-value crops, from less than 10 per cent of the
farmed area. Water withdrawals for irrigation have

increased dramatically, fo about 70 per cent of global

Table 3.5 Ecosystem and farming system responses to water scarcity

Extent Rainfall (mm)
(per cent of (Aridity index)
global land | (Rainfall/Potential Growing Rain-fed farming Risk management
Zone surface) evaporation) season (days) | Water-related risks Ecosystem type system strategies
Hyper-arid 7 <200 0 Aridity Desert None None
(<0.05)
Arid 12 <200 1-59 Aridity Desert- desert scrub | Pastoral, nomadic Nomadic society,
(0.05-0.2) or transhumance water harvesting
Semi-arid 18 200-800 60-119 Drought 1 year Grassland Pastoral and Transhumance,
in 2, dry spells agro-pastoral: water harvesfing,
(0.2-0.5) every year, infense rangeland, barley, soil and water
rainstorms millet, cow-pea conservation,
irrigation
Dry sub- 10 800-1 500 120-179 Drought, dry spells, | Crassland and Mixed farming: Water harvesting,
humid (0.5-0.65) infense rainstorms, woodland maize, beans, soil and water
floods groundnut, or conservation,
wheat, barley and supplementary
peas irrigation
Moist sub- 20 1 500-2 000 180-269 Floods, Woodland and Multiple cropping, Soil conservation,
humid (0.65-1) waterlogging forest mosfly annuals supplementary
irrigation
Humid 33 >2 000 >270 Floods, Forest Multiple cropping, Soil conservation,
(>1) waterlogging perennials and drainage
annuals
Note: Droughtsusceptible drylands are highlighted (see Figure 3.9)
Source: Adapted from Rockstrém and others 2006
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water withdrawals (see Figure 4.4). Oneenth of the
world’s maijor rivers no longer reach the sea during
some part of the year, because water is extracted
upstream for irrigation (Schiklomanov 2000). However,
limits to the growth of irrigation are in sight, and much
of further development is likely to be marginal in terms
of returns on investment (Fan and Haque 2000}, and
in terms of frade-offs against salinity (see section on

Salinity) and ecosystem services.

Salinity

Soils, streams and groundwater in drylands contain
significant amounts of naturally-occurring salt,

which inhibits the absorption of water by plants

and animals, breaks up roads and buildings, and
corrodes mefal. Soils confaining more than 1 per cent
soluble salt cover 4 million km?2, or about 3 per cent
of the land (FAO and UNESCO 1974-8). Salinity
is defined by the desired use of land and water; it
is salt in the wrong place when found in farmland,
drinking and irrigation water, and in freshwater
habitats. It is caused by inappropriate forms of

land use and management. Irrigation applies much
more water than rainfall and natural flooding and,
nearly always, more than can be used by crops.
The added water itself contains salt, and it mobilizes
more salt that is already in the soil. In practice,
leakage from irrigation canals, ponding because of
poor land levelling and inadequate drainage raise
the water table. Once the water table rises close

to the soil surface, water is drawn to the surface by
evaporation, further concentrating the salt, which may

eventually create a salt crust on the soil surface.
Increasing water withdrawals for irrigation increase

the likelihood of salinity (see Box 3.5] when there

is inadequate drainage to carry the salt out of the

Box 3.5 Irrigation and salinity in West Asia

soil. This is a threat o livelihoods and food security

in dry areas, where most farm production is from
irigation and farmers use whatever water is available,
however marginal, even on land with a high, saline
water fable. In the long run, this renders the land
unproductive. Salinity will increase unless the efficiency

of irrigation networks, in particular, is greatly improved.

Dryland salinity, as distinct from irrigation-induced
salinity, is caused by the replacement of natural
vegetation with crops and pastures that use less water,
so that more water infilirates to the groundwater than
before. The rising, saline groundwater drives more salt
info streams, and, where the water table comes close

fo the surface, evaporation pulls salt to the surface.

Worldwide, some 20 per cent of irrigated land
(450 000 km2) is saltaffected, with 2 500-5 000 km2

Salinity induced by irrigation in
the Euphrates basin in Syria.

Credit: Mussaddak Janat, Atomic

Energy Commission of Syria




lost from production every year as a result of salinity
(FAO 2002, FAO 2006b). In Australia, for example,
the National Land and Water Resources Audit
INLWRA 2001) estimated 57 000 km?2 of land to be
af risk of dryland salinity, and projected three times as
much in 50 years. There is underlying concern about
the inexorable increase in river water salinity driven by
rising water fables; it is predicted that up to 20 000
kilometres of sireams may be significantly salraffected

by 2050 (Webb 2002).

Disturbances in biological cycles

Water, carbon and nutrient cycles are the basis of

life. The integrity of these cycles determines the health
and resilience of ecosystems, and their capacity fo
provide goods-and-services. Agriculiure depends on
manipulating parts of these cycles, often at the expense
of other parts of the same cycle. Links between the
carbon cycle and climate change are now well
established (see Box 3.6). While the burning of fossil
fuels has greatly disturbed the carbon cycle, land-use
change has been responsible for about one-third of

the increase in afmospheric carbon dioxide over the
last 150 years, mainly through loss of soil organic
carbon. Also well established are the links between soil
erosion and sediment deposition, between fertilizers
and eufrophication, and between emissions of sulphur
and nitrogen oxides fo the afmosphere and acid

contamination of land and water.

Box 3.6 Disturbances in the carbon cycle due to losses of soil organic matter

Land-use change over the past two centuries has caused significant increases in the
emissions of CO; and methane into the atmosphere. There are large uncertainties in the
estimates, though, especially for soils. Clearance of forests causes a significant initial
loss of biomass, and, where native soil organic content is high, soil organic carbon
declines in response to conversion fo pasture and cropland. Under cultivation, soil

organic matter declines to a new, lower equilibrium, due to oxidation of organic matter.

Significant emissions also result from drainage of wet, highly organic soils and peat, as
well as from peat fires. Higher temperatures, for example associated with forest fires and
climate change, increase the rate of breakdown of soil organic matter and peat. Half

of the organic carbon in Canadian peatlands will be severely affected, and permafrost
carbon is likely to be more actively cycled. Warming will also release significant stores

of methane presently trapped in permafrost.

While there has been a decline in the emissions from Europe and North America since
the mid-20th century, emissions from tropical developing countries have been increasing,
resulting in continued increases in overall global emissions due to land use change. The

region of Asia and the Pacific accounts for roughly half of global emissions.

Sources: Houghton and Hackler 2002, Prentice and others 2001, Tamocai 2006, UNFCCC 2006,
Zimov and others 2006
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Nutrient cycles: Soil fertility and chemistry are
closely interwoven. Many elements in the soil
parficipate in cycles of plant nutrition and growth,
decomposition of organic matter, leaching to
surface water and groundwater, and fransport fo the
oceans. Nitrogen and phosphorus are the nutrients
required in largest amounts, and there is concern
about both the prospects of continued availability of
chemical supplements and the resulting disturbance

of these cycles.

The tiny fraction of atmospheric nitrogen made
available to biological cycles through natural fixation
restricted plant production unfil the industrial production
of nitrogen fertilizers in the early 20th century. Today,
the food security of two-thirds of the world's population
depends on fertilizers, particularly nitrogen fertilizer.

In Europe, 70-75 per cent of nitrogen comes from
synthetic fertilizers; at the global scale, the proportion
is about half. Some nitrogen is also fixed by legumes,
with the balance of nitrogen coming mostly from

crop residues and manure. However, crops take up
only about half of the applied nitrogen. The rest is
leached into streams and groundwater, or lost fo the
aimosphere. Losses of nitrogen from animal wasfes
account for 30-40 per cent, half of this escaping into
the atmosphere as ammonia. Very high emissions are
recorded from the Netherlands, Belgium, Denmark and
the province of Sichuan in China. Annual emissions of
reactive nitrogen from combustion of fossil fuels amount
to about 25 million tonnes (Fowler and others 2004,
Li 2000, Smil 1997, Smil 2001).

Enhanced levels of reactive nitrogen are now found
from deep aquifers fo cumulonimbus clouds, and even
in the stratosphere, where N,O attacks the ozone
layer. There are concems that elevated levels of nitrates
in drinking water are a health hazard, particularly

fo very young children. Established evidence links
enhanced concentrations of nitrates and phosphates

to algal blooms in shallow lakes and coastal waters.
Two of the largest blooms are in the Baltic Sea (Conley
and others 2002) and in the Gulf of Mexico, off

the mouth of the Mississippi River (Kaiser 2005). By-
products of the algae are toxic to animals, while the
decomposition of these huge masses of organic matter
deplefes the oxygen dissolved in water, causing fish

kills (see Chapter 4).

Acidifying cycles: Oxides of carbon (CO,), nitrogen
[NOy) and sulphur (SOy) are released fo the
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atmosphere by decomposing organic matter and
burning fossil fuels (see Chapter 2). SOy are also
produced by the smelfing of sulphidic ores. Total
emissions of SOy from human activities are about
equal fo natural production, but they are concentrated
in northern mid-atitudes. Large areas of eastern North
America, wesfern and cenfral Europe, and eastern
China experience SOy deposition in the range of 10~
100 kg S/ha/yr. In addition, NOy deposition now
exceeds 50 kg/ha/yr in central Europe and parts of

North America.

As a result of such emissions, the pH of rainfall in
polluted areas can be as low as 3.0-4.5. Where
soils are weakly buffered, this franslates to more

acid streams and lakes, associated with increased
solubility of toxic aluminium and heavy mefals. Since
1800, soil pH values have fallen by 0.5-1.5 pH
units over large parts of Europe and eastern North
America. They are expected to fall by a further pH
unit by 2100 (Sverdrup and others 2005). Canada
and Scandinavia have been most severely affected

by acidic precipitation in recent decades, suffering
loss of phytoplankion, fish, crustaceans, molluscs and
amphibians. Emission confrols and rehabilitation efforts
have slowed or even reversed freshwater acidification
in some areas (Skjelkvale and others 2005). The

jury is sfill out on the forest decline predicted in

the mid-1980s for Europe and North America, but
acidification may be contributing fo the biomass losses
in boreal forests indicated in Figure 3.3. However, the
risks of acidification from coalpowered industry are

rising elsewhere, particularly in China and India.

Acidification is not just a problem arising from air
pollution. Extreme cases develop when soils and
sediments rich in sulphides are drained and excavated,
for example, through the conversion of mangroves to
aquaculture ponds or urban developments. In these
acid sulphate soils, sulphuric acid produces pH values
as low as 2.5, mobilizing aluminium, heavy metals
and arsenic, which leak into the adjacent aquatic
environment, causing severe loss of biodiversity (van
Mensvoort and Dent 1997).

Managing land resources

Chemical contamination and pollution

Increasing awareness of the negative effects of
chemical contamination and pollution is leading to
stringent regulations in many industrialized countries.

Since the 1992 UN Conference on Environment and

Box 3.7 Soil protection from chemicals in the European Union

In the European Union, evaluation of the effects of chemical pollutants on soil
communities and terrestrial ecosystems provides a basis for soil protection policy. The
Soil Framework Directive will require member states to take appropriate measures to
limit the introduction of dangerous chemicals to the soil, and fo identify and remediate

contaminated sites.

The new REACH legislation (Registration, Evaluation, Authorisation and Restriction of
Chemicals), that entered into force in June 2007, requires manufacturers and importers
of chemicals to prove that substances in widely-used products, such as cars, clothes

or paint, are safe, while the properties of chemicals produced or imported into the

European Union have fo be registered with a central agency.

Source: European Commission 2007

Development, the risks associated with chemicals

and the transboundary movements of pollutants have
been widely recognized. Chemicals management is
now addressed by 17 multilateral agreements and

21 infergovernmental organizations and coordination
mechanisms. The Basel Convention on the International
Movement of Hazardous Wastes, the Rotterdam
Convention on Certain Hazardous Chemicals in
International Trade, and the Stockholm Convention on
Persistent Organic Pollutants aim to control international
iraffic of hazardous chemicals and wastes that cannot
be managed safely. Regional agreements include the
Bamako Convention, which was adopted by African
governments in 1991 and the European Union's

REACH (see Box 3.7).

There has been a significant reduction in the use of
some foxic chemicals, and safer alternatives are being
identified. Voluntary inifiatives, such as the chemical
industry’s Responsible Care programme encourage
companies fo work towards continuous improvement
of their health, safety and environmental performance.
A number of major chemical industries have made

significant reductions in their emissions.

A Strategic Approach fo International Chemicals
Management (SAICM) was agreed to by more

than 100 environment and health ministers in Dubai
in 20006, following the ninth Special Session of

the UNEP Governing Council /Global Ministerial
Environment Forum. It provides a non-binding policy
framework for achieving the goal of the Johannesburg
Plan of Implementation: that, by 2020, chemicals are
produced and used in ways that minimize adverse
effects on the environment and human health. This

requires responsibility for and reductions in pollution.
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Chemicals and materials are 1o be selected for use
on the basis of their non-toxicity, waste should be
minimized, and products af the end of their useful life
should re-enter production as raw materials for the

manufacture of new products.

All these instruments depend on institutional
capacity and political will. They are undermined

by limited political commitment, legislative gaps,
weak inter-sectoral coordination, inadequate
enforcement, poor training and communication, lack
of information, and failure to adopt a precautionary
approach. (Until the 1990s, chemicals were
considered “innocent” unfil proven “guilty”). While
regulations fo confrol environmental loadings have
established maximum allowable limits for releases
of certain chemicals, observed concentrations

are often still much higher than the set limits. In
addition, there are areas of uncertainty that argue
for a precautionary approach. These areas of
uncerfainty include frigger mechanisms that may
suddenly cause potentially toxic contaminants to
become more harmful; triggers include a change

of location, for instance through the rupture of a
retaining dam, or change of chemical state, such as

through oxidation of excavated materials.

Existing multilateral and regional agreements offer

an opportunity fo arrest and eventually reverse

the increasing releases of hazardous chemicals.

Prerequisites for success include:

m full infegration of a precautionary approach in
the markefing of chemicals, shifting the burden of
proof from regulators to indusry;

m  development of adequate chemicals management
infrastructure in all countries, including laws and
regulations, mechanisms for effective enforcement
and cusfoms confrol, and capacity fo test and
monitor;

m  subsfitufion with lesshazardous materials, adoption
of best available technologies and environmental
practices, and easy access fo these approaches
for developing countries and countries with
economies in transition;

m  encouragement of innovation in manufacturing,
non-chemical alternatives in agriculture, and wasfe
avoidance and minimization; and

m  inclusion of environmental issues related to
chemicals in regular educational curricula, and
in partnership processes between academia and

industry.
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Soil erosion

Widespread affempts to mitigate soil erosion have
met with mixed success. National responses have
been directed towards legislation, information, credits
and subsidies, or specific conservation programmes.
Local responses have been generated by land

users themselves (Mutunga and Critchley 2002), or
intfroduced by projects. At the technical level, there

is a wealth of proven approaches and fechnologies,
from improved vegefation cover and minimum fillage
fo ferracing (see photos on facing pagel. These useful
experiences [both positive and negative) are not well
documented. The World Overview of Conservation
Approaches and Technologies network (WOCAT
2007) aims to fill this gap through collection and
analysis of case studies from different agro-ecological
and socioeconomic condifions. But the usual focus
on technical aspects misses the more complex,
underlying political and economic issues that must
also be addressed, an issue already advocated since

the early 1980s (Blaikie 1985).

Substantial investment in soil conservation over past
decades has yielded some local successes, but,
except for conservation fillage (see Box 3.4), adoption
of recommended practices has been slow and seldom
spontaneous. A hisforic success sfory is the programme
undertaken in the United States following the Dust
Bowl in the 1930s, when drought triggered massive
soil erosion in the US Midwest, and millions of people
lost their livelihoods and were forced to migrate (see
Box 3.8). The way the issue was handled provides

an object lesson and inspiration for today. The clear
message is that effective prevention and control of

soil erosion needs knowledge, forceful social and
economic policy, well-founded insfitutions maintaining
supporting services, involvement of all parties, and
tangible benefits to the land users. Nothing less than
the whole package, confinuing over generations,

will be effective (see Box 3.10 and the section on

responses to desertification).

Nutrient depletion

There is no remedy for soils that are deficient in nutrients
other than adding the necessary inputs. Efforts to
improve soil fertility have focused on the replenishment
of nutrients by the judicious use of inorganic fertilizers
and organic manure. This has been very successful in
many parts of the world, and is responsible for a very
large increase in agricultural production. Yields may be

doubled or tripled on a sustained basis by even modest
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application of ferfilizer (Greenland 1994). In Niger,

for instance, sorghum vyields without fertilizer (about
600 kg/ha) were doubled by application of 40 kg/
ha of nitrogen fertilizer (Christianson and Vlek 1991).
However, the use of inorganic fertilizers requires cash,
which can be an insurmountable barrier for most
smallholders in developing countries, where inputs are

rarely subsidized.

There are myriad indigenous practices to mitigate

Soil and water management
measures against erosion and
water scarcity.

Left: Micro-basins;

Centre: Mulch;

Right: Conservation tillage.

Credit: WOCAT

increasing population pressure, and lack of adequate
funds for labour or mechanization. In recent years,
significant research efforts have focused on biological
processes to optimize nufrient cycling, minimize
external inputs and maximize nufrient use efficiency.
Several techniques have been developed, including
the integration of multipurpose legumes, agroforestry
and improved fallows, but scientific breakthroughs
and large-scale adoption by smallholder farmers are

yef fo materialize.

nutrient constraints, such as bush fallow, biomass
transfer fo home fields, and adding compost and
manure on favoured plots. However, these are failing

to keep up with production needs in the face of

Nutrient deplefion is not the same everywhere,
because it depends on a series of interacting

causes, and depletion processes are different for

Box 3.8 The success story of the Dust Bowl

In the United States in the late 1920s, good crop yields and high prices
for wheat encouraged a rapid increase in the cropped area. When
drought hit in the following decade, there was catastrophic soil erosion,
and many were driven from the land; by 1940, 2.5 million people had
left the Great Plains.

During the 1930s, the US Government responded with a comprehensive
package of measures, both to give shortterm relief, mitigating economic
losses, and providing for long-term agricultural research and development.
Examples of these initiatives include:
m the Emergency Farm Mortgage Act — to prevent farm closures by
helping farmers who could not pay their mortgages;
m the Farm Bankruptcy Act - restricting banks from dispossessing farmers
in times of crisis;
the Farm Credit Act — a system of local banks to provide credit;
stabilizing the prices of agricultural commodities;
Federal Surplus Relief that directed commodities to relief organizations;

Source: Hansen and Libecap 2004

m the Drought Relief Service — buying cattle in emergency areas at
reasonable prices;

m the Works Progress Administration — which provided employment for
8.5 million people;

m the Resetflement Administration — buying land that could be set aside
from agriculture; and

m the Soil Conservation Service, set up within the Department
of Agriculture, which developed and implemented new soil
conservation programmes underpinned by a detailed, nationwide
soil survey.

As a result of this long-term, comprehensive package of responses,
natural, social, institutional and financial capital has been rebuilt.
Combined with the good use of science and technology, subsequent
droughts have been ridden out and the US Midwest is now a prime
agricultural region.
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different nutrients. There is a need for much better
spatial information at regional and local scales,
and for better soil management technologies to
improve responses. Techniques fo reduce nutrient
deplefion and enhance soil fertility vary, depending
on the soils and farming systems. Improved soil
management, including rotation of annual with
perennial crops, and the integration of trees info
farming systems, can improve the efficiency of
nutrient cycling by maintaining the confinuity of
uptake, and reducing leaching losses. Nitrogen
stocks can be maintained through biological
nitrogen fixation (by integrating legumes info
cropping systems), but nitrogen fixing is limited
by available phosphorus, which is very low in
many fropical soils. For severely nufrient-deficient
soils, there is no remedy other than additions from

outside sources.

Water scarcity

Achieving the MDG on reducing hunger will require
an increase of 50 per cent in water use by agriculiure
by 2015, and a doubling by 2050, whether by
farming more land or by withdrawing more water for
irrigation (SEI 2005). For developing countries, FAO
(2003) projects an increase of 6.3 per cent in rain-
fed cropland area between 2000 and 2015, and of
14.3 per cent by 2030. It also projects an increase
in irrigated area of almost 20 per cent from 2000 to
2015, and fo just over 30 per cent by 2030. large
dams continue to be built, because they promise
certainty of supply of water and power to downstream
interests, but the same investment has not gone into the
catchments that supply the water. On the contrary, the
last 20 years have seen continued squandering of the
green water resource through soil erosion, and higher
rates of run-off, which has increased floods at the
expense of base flow. This has also resulted in siltation
of reservoirs, such as those behind the Victoria Dam
on the Mahaweli River in Sri Lanka (Owen and others
1987) and the Akasombo Dam on the Volta River in
Ghana (Wardell 2003).

While irrigated yields will always be higher than
rainfed yields, there is much scope for improving
rain-fed farming on vast areas. In Africa, average
cereal yields range from 0.91 tonnes/ha in
Western Africa to 1.73 tonnes/ha in Northern
Africa (GEO Data Portal, from FAOSTAT 2004,
while commercial farmers operating in the same

soil and climatic conditions achieve 5 tonnes/ha
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or more. Established, though incomplete evidence,
suggests that two-thirds of the necessary increase

in production needed from rainfed farming can

be achieved through better rain-use efficiency

[SEI 2005). Analysis of more than 100 agricultural
development projects [Pretty and Hine 2001),
found a doubling of yields in rainfed projects,
compared with a 10 per cent increase for irrigation

(see Box 3.9).

More crop production means more water use by
crops, whether through irrigation or increase in
the cropped area. However, established evidence

also shows that investment in water productivity

Box 3.9 Gains can be made through better water use

efficiency

Low yields with sparse ground cover result in a
large, unproductive loss of water by run-off and
evaporation from bare soil. In semi-arid areas,
doubling of yield from 1-2 tonnes/ha may
increase water productivity from 3 500 m3/tonne
of grain to 2 000 m3/tonne. Improvements in water
use efficiency may be achieved in various ways,
some of which are illustrated, under responses to
soil erosion.

m Shortduration, drought-resistant crops can be
matched to a short growing season.

m  Water can be funnelled to crops from micro-
catchments in the field, which can increase crop
water use by 40-60 per cent without any loss
in groundwater recharge, simply by reducing
evaporation and allowing micro-basins to hold run-
off until it can infiltrate.

m  Mulch can be used to absorb raindrop impact,
and provide organic matter and insulation against
high surface temperatures, enabling soil animals to
create a permeable soil structure.

m  Conventional ploughing can be replaced by deep
ripping with minimum disturbance of the topsoil;
such conservation tillage improves infiltration while
greatly reducing draught-power requirements.

m Dramatic improvements in yield and water-use
efficiency may be achieved by supplementary
irrigation, not to provide the crop’s full water
requirements but to bridge dry spells. At Aleppo,
Syria, application of 180, 125 and 75 mm of
water in dry, median and wet years, respectively,
increased wheat yield by 400, 150 and 30 per
cent. Such volumes of water can be harvested in
micro-catchments outside the cropped area, using
many local systems that can be affordable as
household or small community ventures.

Sources: Oweis and Hachum 2003, Rockstrém and others 2006
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— achieving more crop per drop — can help
maintain water supply downstream (Rockstrém and
others 2006), and appropriate land use and soil
management can increase groundwater recharge

and stream base flow (Kauffman and others 2007).

Responses to water scarcity have focused on run-

off management, water abstraction, and demand

management. New policies need to focus on

rainwater management, and address the competing

claims on water resources. In practice, a package

of mutually supporting measures and concerted

action from interested parties should include:

m  copacity building for land and water management
institutions;

m investment in education, and training of land and
water managers; and

m o mechanism to reward land users for
managing water supply at the source, involving
payments for environmental services (Greig-

Gran and others 2006).

Salinity

FAO and regional organizations have esfablished
collaborative programmes to reduce water losses
from canals, match field application with the needs
of the crop and drain surplus water to arrest rising
water tables (FAO 2006b). However, investment in
management and improvement of irrigation networks,
especially in drainage and onfarm water use, has
rarely been commensurate with the capital investment

in water distribution.

Dryland salinity is caused by changes in the hydrological
balance of the landscape, which are driven as much

by fluctuations in rainfall as by landuse change.
Piecemeal free planting and crop management fo reduce
groundwater recharge has no chance of arresting
groundwater flow systems that are orders of magnitude
bigger. In both cases, successful intervention depends

on information on the architecture and dynamics of
groundwater flow systems (Dent 2007), and the technical
capacity to act on this information. As with soil erosion, a
focus on technical issues has diverted affention from wider
issues of water rights and payments, the need for capacity
building in managing institutions, and implementation

of national and transboundary agreements. Salinity

is somefimes only a symptom of underlying failures in

monogemem OF common resources.

Disturbances in biological cycles

The excess of nutrients in regions such as Europe
and North America has prompted the setting of
legal limits on the application of manure and
fertilizers. For instance, under the EU Nitrate
Directive (Council Directive 91/676/EEC), the
application of nitrate fertilizers has been restricted
in some areas susceptible to groundwater pollution
by nitrates. An evaluation 10 years after the
directive went into force concluded that some farm
practices have positive effects on water quality,
but emphasized that there is a considerable

time lag between improvements at farm level

and measurable improvements in water quality

(European Commission 2002).

The investment in the
management and improvement
of irrigation networks has rarely
been commensurate with the
capital investment in water
distribution.

Credit: Joerg Boethling/
Still Pictures
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Helicopter spreading lime over
an acidified lake in Sweden.

Credit: Andre Maslennikov,/
Still Pictures
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The reductions in acid gas emissions in Europe and
North America has been one of the success stories

of recent decades. It involved domestic regulations,
innovations by some indusfries and infernational
coordination (see mainly Chapter 2). This included
agreements such as the 1979 UN/ECE Convention
on large Transboundary Air Pollution and the Canada-
US Air Quality Agreement. The ECE convention
adopted the concept of critical loads in 1988, and
the Gothenburg Protocol in 1999 regulated emissions
of SOy and NOy, defining critical loads according to

best current evidence.

Clobal emissions of SO, were reduced by about
2.5 per cent between 1990 and 2000 (GEO

Data Portal, from RIVM-MNP 2005), as a result of
clean air acts promoting a switch fo cleaner fuels
and flue gas desulphurization, and the demise of
heavy industries, particularly in Eastern Europe and
the former Soviet Union. However, many areas sfill
receive acid deposition well in excess of critical loads
(for example, Nepal, China, Korea and Japan) and
total global emissions are rising again, driven by
newly industrialized counfries (see Figure 2.8). China
alone accounts for about one-quarter of global SO,
emissions (GEO Data Portal, from RIVM-MINP 2005),
and its coaldired industrial development is likely to
significantly increase acid emissions (Kuylenstierna

and others 2001). long-term liming programmes are

in place in several countries to mitigate enhanced

acidic inputs info inland waters.

When it comes to confrolling acid soil drainage, only
Australia has enacted specific planning regulations

to prevent the formation of acid sulphate soils. Any
response to acid sulphate drainage from mines

and soil has usually been restricted to liming of the
acidified soil or spoil heaps but Trinity Inlef in North
Queensland, Australia, provides a recent example

of remediation through controlled restoration of fidal
flooding, whereby existing acidity is neutralized by
tidewater, and re-establishment of a tidal regime stops
further acid generation (Smith and others 2003).

DESERTIFICATION

Extent and impacts

Desertification occurs when individual land degradation
processes, acting locally, combine to affect large
areas of drylands. As defined by the UN Convention
to Combat Desertification (UNCCD), desertification

is land degradation in arid, semi-arid and dry sub-
humid areas resulting from various factors, including
climatic variations and human activities (UNGA 1994).
It is most sharply expressed in poor countries where
infertwined socioeconomic and biophysical processes
adversely affect both land resources and human well-
being. Drylands cover about 40 per cent of the Earth’s
land surface (see Figure 3.9) and support 2 billion
people, 90 per cent of them in developing countries
[MA 2005b). But desertification is not confined to
developing countries; onethird of Mediterranean
Europe is susceptible (DISMED 2005) as well as 85
per cent of rangelands in the United States (Lal and
others 2004). [See Chapter 7 for more information on

issues related fo drylands).

Desertification endangers the livelihoods of

rural people in drylands, particularly the poor,

who depend on livestock, crops and fuelwood.
Conversion of rangelands to croplands without
significant new inputs brings about a significant,
persistent loss of productivity and biodiversity,
accompanied by erosion, nutrient depletion, salinity
and water scarcity. In 2000, the average availability
of freshwater for each person in drylands was

1 300 m83/year, far below the estimated minimum
of 2 000 m3/year needed for human well-being,
and it is likely to be further reduced [MA 2005b).
Measured by indicators of human wellbeing and

development, dryland developing countries lag
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far behind the rest of the world. For instance, the
average infant mortality rate (54 per thousand) is

23 per cent higher than in non-dryland developing

countries and 10 times that of industrialized countries.

The seriousness of the issue is recognized by the
UNCCD, the Convention on Biological Diversity
(CBD) and the UN Framework Convention on
Climate Change (UNFCCC). The New Parinership
for Africa’s Development also stresses the need to
combat deserfification as an essential component

of poverty-reduction strategies. However, investment
and action to combat desertification have been held
back by the isolation of drylands from mainstream
development, and even by confroversy over the use
of the term. Debate about desertification has been
fuelled by alarming articles in the popular media
about “encroaching deserts,” reinforced by a series of
droughts from the 1960s through the 1980s (Reynolds
and Stafford Smith 2002).

Deserfification is defermined by various social,
economic and biophysical factors, operating at
local, national and regional scales (Geist and Lambin
2004). A recurring combination embraces national
agricultural policies, such as land redistribution and
market liberalization, systems of land tenure that
are no longer suited to management imperafives,
and the infroduction of inappropriate technologies.
Usually, the direct cause has been the expansion of
cropping, grazing or wood exploitation. National
and local policies to promote sustainable practices

must fake account of a hierarchy of drivers, from

the household to the international level. This can be
difficult where the indirect drivers, such as global
frade imbalances, seem remote from these marginal
lands, and when mechanisms for bottom-up decision-

making are poorly developed.

Desertification is a continuum of degradation,

crossing thresholds beyond which the underpinning
ecosystem cannof restore ifself, but requires ever-
greater external resources for recovery. Resilience is
lost when a disturbance, which a sysfem used fo be
able to absorb, tips the system to a less desirable
state from which it cannot easily recover (Holling and
others 2002). loss of ecosystem resilience is often
accompanied by a breakdown in social resilience
and adaptive capacity, when vulnerable people are
forced to draw on limited resources with diminished
coping strategies [Vogel and Smith 2002). For
example, loss of resilience of parklands (integrated
tree-croprlivestock systems] may result when the trees
are cleared, exposing the land to erosion. Adaptive
management aims fo prevent ecosysfems from crossing
these thresholds by maintaining ecosystem resilience as
opposed fo seeking only narrow, production or profit
objectives (Gunderson and Pritchard 2002).

Although indicators of desertification have been
proposed ever since the term was introduced
(Reining 1978, lack of consistent measurement over
large areas and over time has prevented reliable
assessment. Over the long term, ecosysfems are
governed by slowly-changing biophysical and socio-

economic factors. Measurable indicators for these

Fquator

Figure 3.9 Drylands - defined by the long-term mean of the ratio of annual precipitation to potential evapotranspiration

1 Hyperarid
1 Aid

1 Semiarid
= Dry subhumid

Note: Drylands include hyper-
arid areas, while the definition
of desertification relates to arid,
semi-arid and dry sub-humid
areas only (excluding hyper-
arid), sometimes also referred

to as “susceptible drylands.”

Source: UNEP 1992
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Figure 3.10 Trends in greenness index in the Sahel, 1982-1999

mm Decrease > 50%
3 Change <50%
7 Increase  50-100%
1 Increase 100-150%
== Increase 150-200%
m Increose > 200%

Source: Adapted from Olsson
and others 2005

slow variables (such as changes in woody vegetation speculative. Desert dust has longrange impacts, both
cover and soil organic matter) better characterize the good and bad. It is a global fertilizer, as a source
state of ecosystems than fast variables (such as crop of iron and possibly phosphorus, contributing fo the
or pasture yields), which are sensitive to shorterm farmlands and forests of Western Africa (Okin and
events. No systematic national or global assessment others 2004, the forests of the northeast Amazon

of desertification has been made using measurement Basin and Hawaii (Kurtz and others 2001), and the
of slow variables. Some areas thought to have oceans (Dutkiewicz and others 2006). However, it
been permanently degraded during droughts have has also been linked fo toxic algal blooms, negative
subsequently recovered, at least in terms of the amount impacts on coral reefs, and respiratory problems (MA
of green vegefation, although species composition 2005b). Generally, dust from degraded farmland
may have changed. For instance in the Sahel, coarse- probably contributes less than 10 per cent to the
resolution satellite data show significant greening global dust load (Tegen and others 2004). Natural
during the 1990s, following the droughts in the early processes create about 90 per cent of dust in areas
1980s (see Figure 3.10). This can be explained by like northern Chad and western China (Giles 2005,
increased rainfall in some areas but not in others; Zhang and others 2003).

land-use changes as a result of urban migration and

improved land management may have played a part Combating desertification

(Olsson and others 2005). Systematic, interdisciplinary The international response to desertification has
approaches are needed fo provide more clarity and been led since 1994 by UNCCD, which has been
empirical evidence, which should enable more focused rafified by 191 countries. It has evolved as a process
and effective inferventions. seeking fo infegrafe good governance, involvement

Sand hment and land o .
one encroachment and an of non-governmental organizations (NGQOs), policy
reclamation in China.

The argument that regional climate is affected by improvement, and the integration of science and
Left, 2000; right, 2004
planted with Xinjiang poplar desertification through reduction in vegetation and technology with traditional knowledge. National
(Populus alba). soil water retention, and by the generation of dust action programmes have been drawn up by 79
Credit: Yao Jianming (Nicholson 2002, Xue and Fennessey 2002), remains counfries, there are nine subregional programmes
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Box 3.10 Responses needed to deal with desertification

Responses to desertification have focused on drought, shortfalls of food
and the death of livestock, aspects that reflect inherently variable climatic
cycles. Experience shows that policy and action must address long-term
issues by combining a number of elements.

1. Direct action by governments

m Effective early warning, assessment and monitoring — combine remote
sensing with field surveys of key indicators. Measure indicators
consistently, at different scales, over the long-term.

m Integrate environmental issues into the mainstream of decision
making at all levels — aim fo increase system resilience and adaptive
capacity, intervene before a system has crossed key biophysical or
socio-economic thresholds (prevention is better and more cost-effective
than cure). Include valuation of all ecosystem services in policy
development.

2. Engagement of the public and private sectors
m Science and communication - integrate science, technology and

Sources: Reynolds and Stafford Smith 2002, UNEP 2006

targefing transboundary issues and three regional
thematic networks (UNCCD 2005). Activities are now
moving beyond awareness-raising and programme
formulation to providing the financial resources for and
implementing land reclamation projects (see sections
on Africa and West Asia in Chapter 6). Starting

much earlier, a national effort in reclamation of the
severely degraded Loess Plateau in China now shows
up in the Global Assessment of Land Degradation

and Improvement as a 20-year frend of increasing
biomass, in spite of a decrease in rainfall across the
region during the same period (Bai and others 2005).
In China in the 1990s, about 3 440 km?2 of land was

strongly negative.

local knowledge for better monitoring, assessment and adaptive
learning, especially where uncertainty is impeding action.
Communicate the knowledge effectively to all stakeholders,
including youth, women and NGOs.

Strengthen institutional capacity for ecosystem management — support
institutions that can operate at the various scales at which ecosystems
function (local catchments to river basins), and promote institutional
learning, capacity building and the participation of all stakeholders.
Create synergies among UNCCD, CBD, the Ramsar Convention, the
Convention on International Trade in Endangered Species, Convention
on Migratory Species and UNFCCC. Identify the overlaps, enhance
capacity building and use demand-driven research.

3. Develop economic opportunities and markets

Promote alternative livelihoods — grasp economic opportunities that do
not depend directly on crops and livestock, but take advantage of the
abundant sunlight and space in drylands, with approaches such as
solar energy, aquaculture and tourism.

CHALLENGES AND OPPORTUNITIES

Since the publication of Our Common Future (the
Brundiland Commission report), economic growth
has led to improvement of the environment in many
ways, for instance by enabling invesiment in better
fechnologies and some conspicuous improvements in

developed countries. But many global frends are sfill

In the face of mounting evidence that much present
development is unsustainable, global attention has
focused on national strategies to promote susfainable

development, foreshadowed at UNCED. The UN

General Assembly Special Session Review Meeting in
1997 set a target date of 2002 for the infroduction of

such strategies. However, effective responses are still

affected annually by sand encroachment. Since 1999,
1 200 km? has been reclaimed annually (Zhu 20006).
Desertification is a global development issue, driving held back by limited access to information, inadequate
an exodus from the regions affected, yet policy and institutional capacity faced with complex land-use
action are becalmed by uncertainty about the nature issues, and the absence of broad participation or
and exfent of the problem, and about what policies ownership of the responses. Future costs o others
and management strategies will be effective in different  can be offset only by political cost to decision-makers
seffings. Rigorous, systematic studies of the processes now. Sustainability strategies need fo be backed up
of desertification and the effects of intervention at by research fo provide reliable data on biophysical,
different scales and different settings are urgently economic and social indicators of longterm change,
needed fo guide future efforts. There is a great need and they require development or adaptation of
to build local technical and management capacity technologies appropriate fo local circumstances.
[see Box 3.10] and aopplied science needs fo focus

on resolving the uncertainties that are impeding action, Strategies that are environment-driven, rather than
and on integrating science and technology with local focusing on sustainable development, rarely command
knowledge to improve rigour in assessment, monitoring the support needed fo put them info action (Dalal

and adaptive learning. Clayton and Dent 2001). A successful approach
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deals not only with the environment, but also with the
connections between environment and the economic
and social issues to which people relate. For example,
watershed development plans are being implemented
in many places fo secure water supplies and to protect
hydropower facilities, and many multistakeholder
projects on sustainable use of biosphere and forest
reserves, some of which take account of the rights and

needs of indigenous peoples.

The outlook to 2050 sees the emergence of two maijor
sefs of land-related challenges: dominating frends that
are largely unavoidable, and caveats of risks that are
very unpredictable, but which have serious implications

for society that warrant precautions.

Challenges: Dominant land-use trends

Competing claims on the land

Given projections that the world's population will
increase fo over @ billion by 2050, and fo meet the
MDG on hunger, a doubling of global food production
will be required. In addition, a continuation of the

shift from cereal to meat consumption, combined

with overconsumption and waste, will increase food
demand to between 2.5 and 3.5 times the present
figure (Penning de Vries and others 1997). Yet, the
production of cereals per person peaked in the 1980s
and has since slowly decreased despite the increase
in average yields. Reasons may include agricultural
policies in regions of surplus, such as the European
Union, ceilings fo current technology, loss of farmland
through land degradation and the growth of cities and
infrastructure, and market competition from other land

uses (Figure 3.11).

Our capacity to meet these future agricultural demands
is confested. The main biophysical constraints are

related to water, nutrients and land itself. Water

Figure 3.11 Arable land and area under cereals

Source: FAOSTAT 2006
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scarcity is already acute in many regions, and farming
already takes the lion's share of water withdrawn

from streams and groundwater. Other claims on water
resources are growing, particularly for urban water

supplies (see secfion on Water scarcity).

Increases in production over recent decades have
come mainly from intensification rather than from an
increase in the area under cultivation. Intensification
has involved improved technologies, such as plant
breeding, fertilizers, pest and weed control, irrigafion,
and mechanization; global food security now depends
to a large extent on fertilizers and fossil fuels. Limits to
current fechnologies may have been reached in mature
farming systems, where they have been applied for
several decades, and yields may have peaked. While
there is land in poor countries that could respond to
such technologies, most smallholders cannot afford
fertilizers now, and the prices are being driven up

by rising energy costs and the depletion of easily
exploited stocks of phosphate. Food production is also
consfrained by the competing claims of other land
uses, not least for maintenance of ecosystem services,

and large areas may be reserved for conservation.

There is consensus that climate change over the next
20 years will affect farm production, with many
regional differences in impacts. Changes may increase
water requirements of crops, and increasing rainfall
variability may exacerbate water scarcity in drylands
[Burke and others 2006). Quantifying the current
biological production for human consumption requires
better estimates of global productivity of agricultural,
grazed and human-occupied lands (Rojstaczer and
others 2001). In the face of current uncertainty,

it would be prudent to conserve good farmland,
counteract tendencies of overconsumption, and

undertake further needed research.

Bioenergy production

In most global energy scenarios that meet sfringent
carbon emissions constraints, biofuel is assumed to be
a significant new source of energy. The World Energy
Outlook 2006 (IEA 2006) forecasts an increase in
the area devoted to biofuels from the current 1 per
cent of cropland fo 2-3.5 per cent by 2030 (when
using current fechnologies). A major shift in agricultural
production from food to biofuel presents an obvious
conflict, which is already reflected in the futures market
for food grains [Avery 2006). Forest products and the

nonfood cellulose component of food crops have a
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huge potential as an energy source, but technologies
are sfill too costly to compete with fossil fuels at current
prices, and the nonfood component of crops also has

a vital role in maintaining soil organic matter status.

Urbanization and infrastructure development

Half the world population now lives in urban

areas, with positive and negative implications for
the environment and human wellbeing. Densely
populated cities use less land than do sprawling
suburbs, they are easier to serve with public
transportation, and can be more efficient in energy
use, such as for transport and heating, and for waste
reduction and recycling. The construction of housing
and infrastructure in rural areas is often in conflict
with other land uses, such as agriculture, recreation
and other ecosystem services, parficularly in rapidly
industrializing counfries (IIASA 2005).

However, cities are often built on prime farmland, and
nutrients are being transferred from farms to cities with
litle or no refurn flow. The concentration of excrement
and waste from food is often a source of pollution as
well as a waste of resources. Urban areas become
the source of sewage flows, run-off and other forms

of waste that become environmental problems, often
affecting the surrounding rural areas, as well as

degrading water quality.

Challenges: Unpredictable risks to land

Tipping points

Tipping points occur when the cumulative effects of
steady environmental changes reach thresholds that
result in dramatic and often rapid changes. There is
concern that a number of environmental systems may
be heading toward such tipping points. One example
is the bi-stability of the Amazon Basin, implying the
possibility of a flip from a current wet phase to a dry
phase, with profound implications beyond the basin
(Schellnhuber and others 2006, Haines-Young and
others 2000). Another very different tipping point with
global implications might be simultaneous crop failures

in different regions.

Runaway carbon cycle

The global carbon cycle is by no means fully
understood. The missing sink for forty per cent

of known carbon dioxide emissions is generally
thought to be terrestrial ecosystems (Watson and
others 2000, Houghton 2003). Vast areas of peat

and tundra are reservoirs of sfored organic carbon

(one-third of all terrestrial organic carbon is peat)
and methane, and they continue fo fix carbon.

With global warming, there is a risk of unexpected
sudden increases in the atmospheric levels of carbon
dioxide, if these sinks become saturated. The peat
and tundra areas might transform from being a sink
of carbon to become sources of greenhouse gases
(Walter and others 2006).

Eutrophication

Rivers, lakes and coastal waters receive large amounts
of nutrients from the land, and overloading of nutrients
offen results in algal blooms. If this increases in intensity
and frequency, whole ecosystems may be subject to
hypoxia (dead zones due to lack of oxygen| as seen
already in the Gulf of Mexico (Kaiser 2005) and the
Baltic Sea (Conley and others 2002).

Breakdown of governance, conflict and war
Lland-use changes are usually associated with gains

in livelihoods, income opportunities, food security or
infrastructure. lllegal operations do not yield these long-
ferm benefits, so good governance is vital to protect
longterm values from shortterm exploitation. Areas of
exceptional environmental value, such as tropical rain
forest and wetlands, as well as boreal forests, are in
special need of strong structures of governance. War
and civil conflict are always associated with rapid and

farreaching destruction of environmental values.

Opportunities to tackle these challenges

While the dominant trends are driven by demography,
the global state of the environment and decisions
already faken, there are several opportunities fo steer
or oppose them, not least by harnessing existing
knowledge. Chapter 7 analyses successful strategies
that offer opportunities for reducing human vulnerability,
Chapter 8 goes further into biophysical and societal
interlinkages that offer opportunities for more effective
policy responses and Chapter 10 summarizes a range
of innovative approaches to help improve responses.

Some land-specific opportunities are described below.

Precision farming

Precision farming refers to optimizing production
through site-specific choices of crop varieties, fertilizer
placement, planfing and water management, faking
advantage of the variability of soil and terrain in a
field rather than ignoring it. It is also describes the
automation of fechniques employed to do this, such

as recording crop yields with a continuously recording
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monitor. However, the principle can be applied
equally to low capitakinput farming, where crops are
infensively managed, manually: water harvesting is an
example. Precise monitoring of crop performance will
enable farmers to economize on their inputs in ferms
of labour, water, nutrients and pest management. The
advent of reliable and inexpensive electronic devices
offers the opportunity to extend advanced, information-
based agriculture to new areas. Barriers fo the wider
application of precision farming include the scarcity
and high cost of subtle management skills compared
with using chemical inputs, and, among poor farmers,

insecure tenure, lack of credit and low farm-gate prices.

Multifunctional landscapes

Agroforesiry is one of several promising developments
that can simulianeously generate livelihoods and
preserve environmental quality. Successful examples
include palm oil production in semi-natural rain forests,
and gum arabic production in drylands. Carbon fixation
through land management is another opportunity.
Since fixing carbon by planted forests is eligible for
frading under the Kyoto Profocol, most attenfion has
been directed towards capturing carbon by forests and
storing it as the standing crop. But carbon can also be
stored in the longer term as soil organic matter, which
is a much larger and more stable pool of carbon. At
the same time, it would contribute to more sustainable
agriculture by increasing resistance fo erosion,

add to water and nutrient reserves in the soil, and
increase infiliration capacity. Low capital input farming
systems may have a higher potential for net carbon
accumulation than infensive forms of agriculiure, where
the inputs (such as fertilizer and energy) are associated
with high carbon costs (Schlesinger 1999). Putting
organic carbon back info soils, where it will be useful,

is a challenge to soil science and management.

Uptake of agroforestry has slowly increased in recent
years, and further development may be expected if soil
carbon is recognized as an eligible sink by climate
change legislation. Other market mechanisms, such as
Green Water Credits for water management services
in farmed landscapes, would be required to promote

such multifunctional landscapes.

Ecosystem mimicry

Multiple cropping in the same field is well established
in smallholder farming systems. However, very complex
multilayered perennial cropping sysfems, such as

the Kandyan home gardens in Sri lanka, demand
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rare skills and knowledge (Jacow and Alles 1987).
Such biologically diverse systems provide both high
productivity and better insurance against the risks of
erosion, weather, pests and disease. Aquaculiure is

an important contribution fo the world protein supply,
but is offen associated with high environmental costs
and risks. One option fo reduce the negative impact
on aquatic ecosystems is fo fransfer such schemes to
land, where tanks or reservoirs might be better suited
for cultivation of protein [Soule and Piper 1992). There
is also rich experience of fish and shrimp production in

rice paddies [Rothuis and others 1998).

Crop breeding

One area with significant potential, but which is
contested in several aspects, is the development

and use of genetically modified (GM) crops (Clark
and lehman 2001). In contrast to the development
of Green Revolution crops, the development of GM
crops is almost exclusively privately funded, and
focuses on crops with commercial potential. There
are several sources of uncertainty, including unwanted
environmental impacts, social acceptance of the
technologies and their agronomic potential. Currently,
there is polarization between proponents of the
technology, mainly from the fields of genetics and
plant physiclogy, and sceptics, mainly from the fields
of ecology and environmental sciences. Outcomes fo
date mainly concem crop traits related fo herbicide
tolerance and resistance fo pests. These may be
significant, because losses due to insect pests have
been estimated at about 14 per cent of tofal global
farm production (Sharma and others 2004). Negatives
include higher costs to farmers, dependency on big
companies and specific agrochemicals, and the fact
that, over time, crossfertilization will mean that there

will be no non-GM crops.

As an alternative fo infroducing new genes info

crop species, the new fechnology of markerassisted
selection assists the location of desirable fraits in other
variefies, or in wild relafives of existing crops, which
can then be cross-bred in the conventional way to
improve the crop, halving the time required fo develop
new plant variefies (Patterson 2006 and avoiding the
possible harm associated with GM crops. However
achieved, salt- and droughtfolerance would be
valuable for increasing food security in drylands, but
we are far from understanding the mechanisms of such
adaptations, lef alone operational seed technologies

(Bartels and Sunkar 2005).
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Main messages

Human well-being and ecosystem health in
many places are being seriously affected by
changes in the global water cycle, caused
largely by human pressures. The following
are the main messages of this chapter:

Climate change, human use of water
resources and aquatic ecosystems, and
overexploitation of fish stocks influence
the state of the water environment.

This affects human well-being and the
implementation of internationally agreed
development goals, such as those in the
Millennium Declaration. Evidence shows
that implementing policy responses to
environmental problems enhances human
health, socio-economic growth and aquatic
environmental sustainability.

The world’s oceans are the primary
regulator of global climate, and an
important sink for greenhouse gases.

At continental, regional and ocean basin
scales, the water cycle is being affected by
long-term changes in climate, threatening
human security. These changes are affecting
Arctic temperatures, sea- and land ice,
including mountain glaciers. They also
affect ocean salinity and acidification,

sea levels, precipitation patterns, extreme
weather events and possibly the ocean’s
circulatory regime. The trend to increasing
urbanization and tourism development has
considerable impacts on coastal ecosystems.
The socio-economic consequences of all
these changes are potentially immense.
Concerted global actions are needed to
address the root causes, while local efforts
can reduce human vulnerability.

Freshwater availability and use, as well
as the conservation of aquatic resources,
are key to human well-being. The quantity
and quality of surface- and groundwater
resources, and life-supporting ecosystem

services are being jeopardized by the
impacts of population growth, rural to urban
migration, and rising wealth and resource
consumption, as well as by climate change.
If present trends continue, 1.8 billion people
will be living in countries or regions with
absolute water scarcity by 2025, and two-
thirds of the world population could be
subject fo water stress.

Practical implementation of Integrated
Water Resource Management (IWRM) at
the basin scale, including consideration

of conjunctive groundwater aquifers

and downstream coastal areas, is a key
response fo freshwater scarcity. Because
agriculture accounts for more than 70 per
cent of global water use, it is a logical target
for water savings and demand management
efforts. Stakeholders who pay attention

to increasing the productivity of rain-fed
agriculture and aquaculture, which can
contribute to improved food security, are
proving to be successful.

Water quality degradation from human
activities continues to harm human and
ecosystem health. Three million people die
from water-borne diseases each year in
developing countries, the majority of whom
are children under the age of five. Pollutants
of primary concern include microbial
pathogens and excessive nutrient loads. Water
contaminated by microbes remains the greatest
single cause of human illness and death on

a global scale. High nutrient loads lead to
eutrophication of downstream and coastal
waters, and loss of beneficial human uses.
Pollution from diffuse land sources, particularly
agriculture and urban run-off, needs urgent
action by governments and the agricultural
sector. Pesticide pollution, endocrine-disrupting
substances and suspended sediments are also
hard to control. There is evidence that IWRM
at the basin scale, improved effluent treatment



and wetland restoration, accompanied by
improved education and public awareness,
are effective responses.

Aquatic ecosystems continue to be heavily
degraded, putting many ecosystem services
at risk, including the sustainability of

food supplies and biodiversity. Global
marine and freshwater fisheries show large-
scale declines, caused mostly by persistent
overfishing. Freshwater stocks also suffer
from habitat degradation and altered thermal
regimes related to climate change and water
impoundment. Total marine catches are being
sustained only by fishing ever further offshore
and deeper in the oceans, and progressively
lower on the food chain. The trend of fish
stock degradation can be reversed when
governments, industry and fishing communities
work together to reduce excess fishing effort,
subsidies and illegal fishing.

A continuing challenge for the management
of water resources and aquatic ecosystems is
to balance environmental and developmental
needs. It requires a sustained combination of
technology, legal and institutional frameworks,
and, where feasible, market-based approaches.
This is particularly true where efforts are
designed to share the benefits of water-
related ecosystem services rather than merely
sharing the water resource alone. In addition
to capacity building, the challenge is not

only to develop new approaches, but also to
facilitate the practical, timely and cost-effective
implementation of existing international and
other agreements, policies and targets, which
can provide a basis for cooperation on many
levels. Although many coastal environments
are benefiting from existing Regional Seas
agreements, there is a paucity of international
agreements addressing transboundary
freshwater systems, a significant source

of potential conflict in the future. A range

of perverse subsidies also hampers the
development and implementation of effective
management measures at many levels. The
benefits of tackling well-understood problems,
especially those at the basin scale, are likely
to be greatest when efforts are coordinated
effectively among different levels of society.



INTRODUCTION

In 1987 the World Commission on Environment
and Development (Brundiland Commission) warned
in the final report, Our Common Future, that water
was being polluted and water supplies were
overused in many parts of the world. This chapter
assesses the sfate of the water environment since
the mid-1980s, and its impacts on human well-
being with respect to human health, food security,
human security and safety, and livelihoods and

socio-economic development.

Figure 4.1 Global distribution of the world’s water

Note: see Chapter 3 on water

that is easily available to plants.
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The ocean is the source of most of the world's
precipitation (rainfall and snowfall), but people’s
freshwater needs are met almost entirely by precipitation
on land (see Figure 4.1), with a small though increasing
amount by desalination. Due fo changes in the stafe of
the ocean, precipifation patterns are altering, affecting
human wellbeing. Ocean changes are also affecting
marine living resources and other socio-economic
benefits on which many communities depend. The
availability, use and management of freshwater, and of
aquafic ecosystems in general, are key fo development

and human well-being.

Solar energy absorbed by the Earth’s surface,
particularly the ocean, drives the circulation of the
globe's water. Most water transfer occurs between
ocean and atmosphere by evaporation and
precipitation. Ocean circulation — the global ocean
conveyor (see Figure 4.2) — is driven by differences
in seawater density, determined by temperature and
salt confent. Heat moves via warm surface water
flows towards the poles, and returns in cooler, deep
water towards the equator. The cooler refurning
water is saltier and denser through evaporation, and,
as it sinks, it is replaced by warmer water flowing
poleward. This circulation is of enormous significance
to the world, carrying carbon dioxide (CO,) fo the
deep ocean (see Chapter 2), distributing heat and
dissolved matter, and strongly influencing climate
regimes and the availability of nutrients to marine
life. The 1982-1983 intense El Nifio provided

the evidence that large-scale fluctuations in ocean
and afmosphere circulation are coupled, having
profound global climatic impacts [Philander 1990).
There are concerns that climate change might alter
global ocean circulation patterns, possibly reducing
the amount of heat that is carried north in the Gulf
Stream, warming western Europe and the Arctic (see
Chapters 2 and 6).

The water environment and development

are strongly interdependent. The state of the
hydrological regime, its water quality and
ecosystems are major factors contributing to human
well-being. These linkages are shown in Tables
4.1 and 4.4, demonstrating the implications

of the state of water in meeting the Millennium
Development Goals (MDGs). The world’s inland
and marine fisheries are a crucial part of aquatic

living resources that are vital to human well-being.

The chapter assesses how these have responded,




Figure 4.2 The Global Ocean Conveyor
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and are responding, to the impacts of environmental
change. The range of international, regional and
national policies and management responses, and
indications of their success are summarized in Table

4.5 at the end of the Chapter.

International water policy is increasingly emphasizing
the need fo improve govemnance as it relates fo water
resources management. A global consensus has
emerged on the need fo implement ecosystem-based
management approaches fo address sustainable water
resource needs. Through responses such as Infegrated
Water Resources Management (IWRM), social and
economic development goals can be achieved in

a manner that gives the world sustainable aquatic
ecosysfems o meet the water resource needs of future
generations. An increasing realizafion of the limits

of traditional regulation has led to the infroduction

of more participatory regulatory approaches, such

as demand management and volunfary agreements.

These necessitate education and public involvement.

DRIVERS OF CHANGE AND PRESSURES

The Earth system is modified by natural factors, but
human activities have increasingly driven change over
the last few decades. The drivers of change in the water
environment are largely the same as those influencing

change in the atmosphere and on land (see Chapters

2 and 3). The world's population, consumption

and poverly have confinued to grow, along with
technological advances. Increased human acfiviies
are putting pressures on the environment, causing
global warming, altering and intensifying freshwater
use, destroying and pollufing aquatic habitats, and
overexploiting aquatic living resources, particularly fish.
The modification of the Earth system is faking place
both at the global scale, notably through increasing
greenhouse gas emissions, leading to climate change,
and af the scale of discrete river basins and their

associated coastal areas (Crossland and others 2005).

Human pressures at global to basin scales are
substantially modifying the global water cycle, with
some major adverse impacts on ifs inferconnected
aquatic ecosystems — freshwater and marine — and
therefore on the wellbeing of people who depend on

the services that they provide.

Overexploitation and pollution of water, and
degradation of aquatic ecosystems directly affect
human wellbeing. Although the situation has improved
(see Figure 4.3), an estimated 2.6 billion people are
without improved sanitation facilities. And if the 1990
2002 trend holds, the world will miss the sanitation
target of the Millennium Development Goals by half a
billion people (WHO and UNICEF 2004).

WATER




Figure 4.3 The situation in relation to (a) drinking water and (b) sanitation coverage, 2004
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Climate change

Warming of the climate system is unequivocal

(IPCC 2007). Climate change affects the warming
and acidification of the global ocean (see Chapters
2 and 6). It influences the Earth’s surface temperature,
as well as the amount, timing and intensity of
precipitation, including storms and droughts. On
land, these changes affect freshwater availability

and quality, surface water run-off and groundwater
recharge, and the spread of waterborne disease
vectors (see Chapters 2 and 3). Some of the most
profound climate-driven changes are affecting the
cryosphere, where water is in the form of ice. In the
Arcfic, the increase in temperature is 2.5 times the
global average, causing extensive melting of sea-
and land ice as well as thawing of permafrost [ACIA
2004) (see Chapters 2 and 6). Climate change is
expected fo exacerbate pressure, directly or indirectly,

on all aquatic ecosystems.

Water use

The past 20 years have seen increasing water use for
food and energy production to meet the demands of
a growing population and fo enhance human well-
being, a continuing global trend (WWAP 2006).
However, the changes in the way water is used have
significant adverse impacts, which require urgent
affention fo ensure sustainability. Unlike the pressures
of climate change, those of water use are exerted
mostly within basins. Some of their drivers are global,
but their remedies may be local, though enabled by

transboundary conventions.

Current freshwater withdrawals for domestic, industrial
and agricultural use, as well as the water evaporated
from reservoirs, are shown in Figure 4.4. Agriculture is
by far the biggest user. The expansion of hydropower
generation and irrigated agriculture, now happening

mosfly in developing countries, is vital for economic




development and food production. But, the consequent . .
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their processes — confinues to decline (MA 2005), 0
reducing their capacity to provide clean freshwater, i I I Source: UNEP/GRIDArendal
food and ofh . h wami 0 2002, based on Shiklomanov
ood and otfher services such as confaminant 1900 1925 1950 1975 2000 2025 and UNESCO 1999
aftenuation, and to buffer against extreme climatic
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Suspended mud trails made by
shrimp trawlers (the small black
dots) as they churn along in
the ocean off the mouth of the

Yangtze River.

Credit: DigitalGlobe and MAPS

geosystems
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events. Therefore, changes in the hydrosphere bear
heavily on achieving the clean water, health and food
security targets of the MDGs.

Fisheries

Several direct pressures contribute fo overexploitation
of fish stocks, and to the decline of marine mammals
and turtles around the world. Population growth and
rising wealth have resulted in an almost 50 per cent
increase in fish production from 95 million tonnes in
1987 to 141 million tonnes in 2005 (FAO 2006¢).
The demand, especially for high-value seafood and
fo meet population growth, is expected to increase
by about 1.5 per cent annually in coming decades.
Meeting this demand will be a challenge. For
instance, rapid income growth and urbanization

in China from the early 1980s to the late 1990s
were accompanied by a 12 per cent/year rise in
consumption [Huang and others 2002). Another
factor is changing food preferences as a result of the
markefing of fish in developed countries as part of

a healthy diet. Aquaculture continues to grow and,
with it, the demand for fish meal and fish oil for use

as feed, both of which are derived and primarily

available only from wild fish stocks (Malherbe 2005).

Fish represent the fastest-growing food commodity
traded infernationally, causing increasingly serious
ecological and management problems (Delgado

and others 2003).

Subsidies, estimated at 20 per cent of the value

of the fisheries sector (WWF 2006), have created
excess fishing capacity, which is outstripping available
fisheries resources. Global fishing fleets are estimated
fo have a capacity 250 per cent greater than needed
fo cafch what the ocean can sustainably produce
(Schorr 2004). Furthermore, technological advances
have allowed industrial and artisanal fleets to fish with
greater precision and efficiency, and further offshore

and in deeper water. This affects the spawning and

nursery grounds of many species, and decreases

the economic possibilities of fishers in developing
countries, who are unable to afford such fechnology
[Pauly and others 2003). Destructive fishing gear and
practices, such as botiom trawlers, dynamite and
poison, also compromise the productivity of global
fisheries. Trawlers in particular produce by-catch, often
consisting of large quantities of nonarget species,
with an estimated 7.3 million tonnes/year discarded
globally (FAO 2006a).

Inland fish stocks are subject to a combination of direct
pressures, including habitat alteration, and loss, altered
flows and habitat fragmentation due to dams and other
infrastructure. They also face pollution, exofic species
and overfishing. With much of inland fisheries catches
destined for subsistence consumption or local markets,
food demand for growing populations is a major factor

driving exploitation levels in inland waters.

Superimposed on unsustainable fishing practices and
ofher pressures is global climate change. This may
affect aquatic ecosystems in many ways, although the
capacity of fish species fo adapt to such change is
not fully understood. Changes in water temperatures
and especially in wind patterns, however, suggest
climate change can disturb fisheries, an important
emerging issue with potentially serious impacts on

global fishery resources.

ENVIRONMENTAL TRENDS AND RESPONSES
Human well-being and environmental sustainability
are infrinsically interconnected. The state of the
global water environment is related to climate
change, changes in water use and the exploitation
of aquatic living resources, notably fisheries. The
consequences of environmental change for human
wellbeing are analysed in relation to these three
issues. Table 4.1 highlights major links between

water and human well-being.
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Table 4.1 Linkages between state changes in the water environment and environmental and human impacts

STATE CHANGES

Mediating
environmental/
ecosystem impacts

HUMAN WELL-BEING IMPACTS

Human health

Food security

Physical security
and safety

Socio-economic

Climate change related

issues — disturbances fo the hydrological regime mai

nly at the global scale

© Sea surface
femperature

< Trophic structure
and food web

8 Food safety!

« Fishery species
distribution2
& Aquaculiure production?

8 Profits (loss of
product sales)?

£ Coral bleaching

& Artisanal fishers?

8 Coast protection3

& Tourism attraction?

1 Seclevel rise

& Aquaculture facilifies?

© Coastal/inland
flooding!

© Damage to property,
infrastructure and
agriculture!

@ Tropical storm
and hurricane
frequency and
infensity

& Disruption of utility
services!

& Crop damage'!
@ Aquaculture damage!

@ Drowning and
flood damage!
8 Coast profection!

4 Energy production!

8 law and order!

© Damage fo property
and infrastructure!

1 8 Precipitation

@ Flood damage

1 Waterrelated
diseases!

& Crop destruction!

@ Drowning and
flood damage!

1 Property damage!

& Drought

1+ Malnutrition!

@ Crop reduction!

2 land- and sea ice
wasting

© Ocean circulation
change

£ Mountain glacier
wasting

1 Searlevel

& Traditional food sources!
{ Available irrigation
water?

1+ Coastal erosion
and inundation?

@ Improved shipping
access!
& Downstream livelihoods!

1 Permafrost thaw

@ Tundra ecosystem

@ Agriculiural development

4 Ground stability!

4 land transportation!

changes possibilities2 © Buildings and
infrastructure damage!
© Ocean acidification | & Biocalcifying & Coasfal fisheriesd 4 Coasfal § Reef tourism3
organisms profection3 & Fisheries as livelihoods?

including reef
coral

Human water-use relate:

d issues — disturbance to

the hydrological regime at

basin and COGSfCII sca|e

& Stream flow
modification

& Downstream drinking
water!

@ Irrigated agriculture!
8 Inland fish stocks!
@ Salinization!

@ Waterbome
diseases!

& Floodplain cultivation!

@ Flood control!
+ Community
displacement!

8 Freshwater fisheries!

4 Transportation by water!
2 Hydropower!

@ Irrigated agriculture!

1 Allocation conflicts!

1 Ecosystem
fragmentation,
wetland infilling
and drainage

8 Coastal wetland food
resources?
8 Prawn fishery!

& Sediment transport

to coasts

4 Reduces floodplain

sediment!

1+ Cooastal erosion!

& Reservoir lifecycle!
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Table 4.1 Linkages between state changes in the water environment and environmental and human impacts continved

HUMAN WELL-BEING IMPACTS
Mediating
environmental/ Physical security
STATE CHANGES ecosystem impacts Human health Food security and safety Socio-economic

Human water-use related issues — disturbance to the hydrological regime at basin and coastal scale

8 Groundwater levels | © Drying of shallow 8 Available irrigation water! | © Competition for @ Access costs!

wells! 8 Water quality! groundwater’ & Premature well

@ Salinity and abandonment!
pollution @ Inequity!

4 Discharge to & Available surface 4 Freshwater for irrigation!
surface water water!

© Land subsidence @ Buildings and

infrastructure damage!

1 Saline water & Available drinking 4 Available irrigation water! @ Water treatment costs!

infrusion water! © Salinization!

8 Water quality!

Reverse groundwater | 4 Pollution from land 3 Water quality! & Treatment costs for public

flow surface and canals! supply!

© Downward
movement

Human water-use related issues — water quality changes at the basin and coastal scale

© Microbial 1 Waterbome 8 Working days?
confamination diseases! 8 Recreation and fourism!

@ Fish, shellfish
contamination'

© Nutrients © Eutrophication © Nitrate contamination | ¢ Production of macrophytes @ Cost of water treatment!
of drinking water! for animal fodder!
© Harmful algal © Fish and shellfish U Livestock health! { Recreation and tourism
blooms contamination! 8 Food available for 8 Livelihood income!
1 Neurological and humans!
gastroinfestinal
illnesses!
@+ Oxygendemanding | & Dissolved oxygen in & High oxygendemanding & Recreation and tourism3
materials waterbodies species!
@ Suspended sediment | & Ecosystem integrity & Fish and livestock health! @ Cost of water freatment!
Persistent organic © Fish and livestock 8 Commercial fish value!
pollutants (POPs) confamination!

@ Chronic disease?

Heavy metal pollution @ Seafood @ Flood contamination of @ Cost of water freatment]
contamination! agricultural lands!
@ Chronic disease!

@ Solid waste 1 Ecosystem and 1 Threat to human & Recreation and tourism?2
wildlife damage health (infections and 8 Fisheries?
injuries)!

Arrows show trends of state and impact changes
@ increase 0 decrease & no slatistically proven change

1 well established 2 established but incomplete 3 speculative

MDG Goal 1, Target 1: Halve, between 1990 and 2015, the proportion of people whose income is less than US$1 a day.

Target 2: Halve, between 1990 and 2015, the proportion of people who suffer from hunger.

MDG Coal 6, Target 8: Halt by 2015 and begin fo reverse the incidence of malaria and other major diseases.

MDG Goal 7, Target 9: Integrate the principles of sustainable development into country policies and programmes, and reverse the loss of environmental resources.

MDG Goal 7, Target 10: Halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation.
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Various management responses have been
adopted fo address the water environment
challenges. Although actions that should be taken
by individuals and agencies at different levels
have been identified, the primary focus is on
decision-makers facing water-related challenges.
In providing management guidance, the linkages
and interactions between the water environment
and other components of the global environment
[atmosphere, land and biodiversity) must also

be considered. For example, the quantity and
quality of water resources can defermine the types
of fisheries that occur. The management options
include actions and strategies for prevention, and
for mitigation and adaptation (the former seeks
to solve the problems and the latter focuses on

adjustment to the problems).

CLIMATE CHANGE INFLUENCE

Ocean temperature and sea level

At the global scale, ocean temperatures and sea
level continue their rising frends. Observations
since 1961 show that the average temperature

of the global ocean has increased at depths of

at least 3 000 metres, and that the ocean has
been absorbing more than 80 per cent of the heat
added fo the climate system. Such warming causes
seawater fo expand, contributing to sea-level rise
[IPCC 2007). The global sea level rose at an
average of 1.8 mm/year from 1961 to 2003,
and the rate of increase was faster (about 3.1
mm/year) from 1993 to 2003 (see Table 4.2).
Whether the faster rate reflects decadal variability

or an increase in the longerterm trend is unclear.

There is high confidence that the rate of observed
sea-level rise increased from the 19th to the 20th

century. The fotal 20th century rise is estimated to

be 0.17 m (IPCC 2007).

Sea surface temperatures and surface currents
influence wind patterns in the lower atmosphere,
and so defermine regional climates. Warming
ocean waters and changes in surface currents
directly affect marine plant and animal
communities, altering fish species disfribution and
stock abundance. In the fropics, unusually high

sea surface water tfemperatures are becoming
increasingly frequent, causing widespread coral
bleaching and mortality (Wilkinson 2004). There is
observational evidence for an increase of infense
fropical cyclone activity in the North Atlantic since
about 1970, correlated with increases of tropical
sea surface temperatures, but there is no clear trend
in the annual numbers of tropical cyclones (IPCC

2007) [see Chapter 2).

The warming of the ocean, in parficular its

surface waters, and the feedback of heat to the
afmosphere are changing rainfall patterns, affecting
the availability of freshwater and food security,

and health. Due to the ocean'’s great heat storage
capacity and slow circulation, the consequences of
its warming for human well-being will be widespread.
Both past and future anthropogenic greenhouse gas
emissions will continue to contribute to warming and
sea-level rise for more than a millennium, due to the
timescales required for removal of this gas from the

atmosphere (IPCC 2007).

Table 4.2 Observed sea-level rise, and estimated contributions from different sources

Average annual sea-level rise (mm/year)
Source of sea-level rise 1961-2003 1993-2003
Thermal expansion 042 £0.12 1.6+0.5
Glaciers and ice caps 0.50 +£0.18 0.77 +0.22
Greenland ice sheet 0.05+0.12 0.21 £0.07
Anfarctic ice sheet 0.14 +0.41 0.21 +0.35
Sum of individual climate contributions to seclevel rise 1.1+0.5 28+0.7
Observed fofal sealevel rise 1.8+0.5 3107
Difference (Observed minus sum of estimated climate contributions) 0.7 +0.7 03+10

Note: Data prior fo 1993 are from tide gauges; those from 1993 onwards are from satellite altimetry.

Source: IPCC 2007
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Precipitation

Since at least the 1980s, the average atmospheric
water vapour content has increased over land and
ocean, and in the upper froposphere. The increase

is broadly consistent with the extra water vapour that
warmer air can hold (IPCC 2007). There is increasing
evidence that precipitation patterns have changed
worldwide as a result of atmospheric responses o
climatic change (see Figure 4.5) (see Chapter 2).
Significantly increased precipitation has been observed
in the eastern parts of North and South America,
northern Europe and northern and central Asia (IPCC
2007). Although precipitation patterns are believed

to be increasingly influenced by largescale warming
of ocean and land surfaces, the exact nature of the
change is uncerfain, though knowledge is improving.
Clobal land precipitation has increased by about

2 per cent since the beginning of the 20th century.
While this is stafistically significant, it is neither spatially
nor femporally uniform. Such spatial and temporal
variability is well illustrated in the Sahel region of
Africa, which has experienced a succession of
comparafively rainy periods allernating with droughts.
Following droughts in the 1980s, changes in monsoon
dynamics resulted in increased rainfall over the African
Sahel and the Indian subcontinent in the 1990s,
leading to increased vegetation cover in those areas
(Enfield and Mestas-Nufez 1999) (see Figure 3.10

— greenness index Sahel).

More infense and longer droughts have been
observed over wider areas since the 1970s,

particularly in the tropics and subtropics, and

drying has been observed in the Sahel, the
Mediterranean, southern Africa and parts of
southern Asia (IPCC 2007). The decreasing rainfall
and devastating droughts in the Sahel since the
1970s are among the least disputed and largest
recent climate changes recognized by the global
climate research community (Dai and others 2004,
IPCC 2007) (see Figure 4.5). The reduced rainfall
has been affributed to ocean surface temperature
changes, particularly to warming of the southern
hemisphere oceans and the Indian Ocean, leading
to changes in atmospheric circulation (Brooks
2004). In 2005, the Amazon region suffered one

of its worst droughts in 40 years.

For many mid- and high-latitude regions, there has
been a 2-4 per cent increase in the frequency

of heavy precipitation events over the latter half
of the 20th century. An increased frequency and
intensity of drought in parfs of Asia and Africa
was observed over the same period (Dore 2005).
Increasing variance of continental precipitation is
likely, with wet areas becoming wetter and dry
areas drier. Recent trends are likely to continue.
Increases in the amount of precipitation are very
likely in high latitudes, while decreases are likely
in most subtropical land regions. It is very likely
that heat waves and heavy precipitation events will
continue to become more frequent. The frequency
of heavy precipitation events has increased over
most land areas, consistent with warming and

observed increases of atmospheric water vapour

(IPCC 2007).

Figure 4.5 Annual precipitation trends, 1900-2000
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The roles of soil moisture and terrestrial biomes, such
as forests, in regulating global water quality and
quantity are described in Chapter 3. Depending on
local conditions, the effects of irrigation on water
vapour flows may be as important as those of
deforestation when accounting for the climatic effects
of human modification of the land surface that lead fo
major regional transformations of vapour flow patterns
(Gordon and others 2005).

An increasing frequency and severity of droughts
and floods is leading to malnutrition and water-borne
diseases, threatening human health and destroying
livelihoods. In developing countries, an increase

in droughts may lead, by 2080, to a decrease of
11 per cent in land suitable for rainfed agriculture
[FAO 2005). The likely increase of torrential

rains and local flooding will affect the safety and
livelihoods of mostly poor people in developing
countries, as their homes and crops will be exposed
to these events (VWRI 2005).

Cryosphere

Continental ice sheets and mountain glaciers have
continued to melt and retreat over the last 20 years
(see Figure 4.6) (see Chapters 2 and 6). Losses
from the ice sheets of Greenland and Antarctica
have very likely contributed to global sea-level

rise between 1993 and 2003 (see Table 4.2).
Flow speed has increased for some Greenland

and Anfarctic outlet glaciers that drain ice from

the interior of the ice sheets (IPCC 2007). Arctic

average temperatures are rising about twice as

rapidly as temperatures in the rest of the world,
attributed mainly to feedback related to shrinking
ice and snow cover [ACIA 2005] (see Chapter
6). The total Arctic land ice volume, an estimated
3.1 million cubic kilometres, has declined since
the 1960s, with increasing quantities of meltwater
discharged to the ocean [Curry and Mauritzen
2005). The Greenland ice sheet has been melting
for several decades at a rate greater than that at
which new ice is being formed (see Chapter 2).
The extent of ice sheef melting was a record high
in 2005 (Hanna and others 2005). Sea ice cover
and thickness have also declined significantly
(NSIDC 2005) (see Chapter 6).

Permafrost also is thawing at an accelerating rate,
with an increase in temperature of 2°C over the
last few decades. The maximum area covered by
seasonally frozen ground has decreased by about
7 per cent in the northern Hemisphere since 1900,
with a decrease in spring of up to 15 per cent
(IPCC 2007). The thawing is causing the drainage
of many tundra lakes and wetlands in parts of

the Arctic, and is releasing greenhouse gases —
especially methane and CO, — to the atmosphere.
The winter freezing period for Arctic rivers is
becoming shorter (ACIA 2005] (see Chapters 2
and 6).

The effects of global warming on the state of the
cryosphere — increasing permafrost thaw-depth,
reducing sea ice cover and accelerating land

ice (including mountain glacier] melting — are

Annual variability in km3/year s
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Figure 4.6 Global glacier mass — annual variability and cumulative values
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Source: adapted from Dyurgerov
and Meier 2005
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already having major impacts on human well-being
([see Chapter 6). The predicted rise in sea level
due to melting land ice will have huge global
economic consequences. Over 60 per cenf of the
global population lives within 100 kilometres of
the coastline (WRI 2005), and sea-level rise is
already threatening the security and socio-economic
development of communities and cities inhabiting
low-lying coastal areas. It affects whole nations
comprising small islands, including Small Island
Developing States (SIDS). There is likely to be a
need for major adaptation, with the relocation of
millions of people in coming decades (IPCC 2001
([see Chapter 7).

While the progressive thawing of permafrost is
increasing opportunities for agriculture and the
commercial capture of methane gas, it is restricting
road transportation, and creating instability in the
built environment (ACIA 2004). It is very likely that
the circulation of the North Atlantic will slow down
during the 21st Century (Bryden and others 2005,
IPCC 2007), with possible significant impacts

on human well-being in northwestern Europe [see

Chapter 6).

Rainwater and ocean acidification

Acidity in rainwater is caused by the dissolution

of atmospheric CO,, as well as by atmospheric
transport and deposition of nitrogen and sulphur
compounds [see Chapters 2 and 3). This is
important because biological productivity is closely
linked to acidity (see Chapter 3). The box on
acidifying cycles in Chapter 3 describes some of
the impacts of acid deposition on the world’s forests

and lakes.

The oceans have absorbed about half of the
global CO; emissions to the atmosphere over
the past 200 years [see Chapter 2], resulting

in the increasing acidification of ocean waters
(The Royal Society 2005). Acidification will
continue, regardless of any immediate reduction
in emissions. Additional acidification would take
place if proposals to release industrially produced
and compressed CO; at or above the deep

sea floor are put info practice (IPCC 2005).

To date, injection of CO, into seawater has
been investigated only in small-scale laboratory
experiments and models. Although the effects

of increasing CO, concentrafion on marine

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

organisms would have ecosystem consequences,
no controlled ecosystem experiments have been

performed in the deep ocean nor any environmental

thresholds identified.

The impacts of ocean acidification are speculative, but
could be profound, constraining or even preventing the
growth of marine animals such as corals and plankion.
They could affect global food security via changes in
ocean food webs, and, at the local scale, negatively
affect the potential of coral reefs for dive tourism and
for protecting coastlines against extreme wave events.
It is presently unclear how species and ecosystems

will adapt to sustained, elevated CO; levels (IPCC
2005). Projections give reductions in average

global surface ocean pH (acidity) values of between
0.14 and 0.35 units over the 21st century, adding to
the present decrease of O.1 unifs since pre-industrial

times (IPCC 2007).

Managing water issues related to climate change
Global-scale changes to the water environment
associated with climate change include higher sea
surface temperatures, disruption of global ocean
currents, changes in regional and local precipitation
patterns, and ocean acidification. These issues

are typically addressed through global efforts,

such as the UN Framework Convention on Climate
Change and its Kyoto Protocol (see Chapter

2). Management at the global level involves
numerous actions at regional, national and local
scales. Many global conventions and treaties are
implemented on this basis, with their effectiveness
depending on the willingness of individual counfries
to contribute to their achievement. Because these
changes are linked to other environmental issues
(for example, land use and biodiversity), they must
also be addressed by other binding or non-binding

treaties and instruments (see Chapter 8).

Major responses fo the drivers of climate change
— primarily the increased burning of fossil fuels

for energy — are analysed in Chapter 2. These
responses are generally af the international level,
and require concerted action by governments
over the long-term, involving legal and market-
driven approaches. Focus is on responses to
climate change-related impacts affecting the water
environment that involve regulation, adaptation
and restoration (see Table 4.5 at the end of this

Chapter). These actions are implemented mostly at
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national or even local levels, although usually in
accord with regional or international conventions.
All such responses should be considered in the
context of continuing climate change and its
consequences, partficularly the longer-term impacts
of global sea-level rise on human safety, security

and socio-economic development.

At the global level, measures to adapt to

climate change are being addressed by the
Intergovernmental Panel on Climate Change
(IPCC]J. At regional and local levels, measures
include wetland and mangrove restoration and
other ecohydrological approaches, as well as
carbon sequestration, flood control and coastal
engineering works (see Table 4.5). Some
responses, such as the restoration of coastal
wetlands by the managed retreat of sea defences
can serve several purposes. These include
reducing the impacts of sform surges, recreating
coastal and inland ecosystems, and enhancing or
restoring ecosystem services, such as the provision
of fish nurseries, water purification and recreational
and fourism qualities, particularly for the benefit of

local communities.

WATER RESOURCES AND USE

Freshwater availability and use

Left of a breached sea-wall near
Tollesbury, UK, a managed

. . ) retreat site with recurring
Available water resources continue to decline as a

wetland; to the right a natural
result of excessive withdrawal of both surface- and marsh.
groundwater, as well as decreased water run-off due Credit: Alastair Gront
to reduced precipitation and increased evaporation
affributed to global warming. Already, in many parts
of the world, such as West Asia, the Indo-Gangetic
Plain in South Asia, the North China Plain and the
High Plains in North America, human water use
exceeds annual average water replenishment. Use
of freshwater for agriculture, industry and energy
has increased markedly over the last 50 years

(see Figure 4.4).

Freshwater shortage has been assessed as moderate
or severe in more than half the regions studied in

the Global International Waters Assessment (GIVWA)
assessment (UNEP-GIWA 2006a). By 2025,

1.8 billion people will be living in countries or regions
with absolute water scarcity, and tworthirds of the
world population could be under conditions of water
stress, the threshold for meefing the water requirements
for agriculture, industry, domestic purposes, energy
and the environment ([UN Water 2007).
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An average of 110 000 km3 of rain falls on the land
annually (SIWI and others 2005). About one-third of this
reaches rivers, lakes and aquifers (blue water), of which
only about 12 000 km3 is considered readily available
for human use. The remaining twothirds (green water)
forms soil moisture or returns to the atmosphere as
evaporation from wet soil and transpiration by plants
(Falkenmark 2005) (see Chapter 3). Changes in land
and water use are altering the balance between, and
availability of, "blue” and “green” water. They are also
exacerbating fragmentation of riverine ecosysfems,
reducing river flows and lowering groundwater

levels. Increasing water loss through evaporation from
reservoirs contribufes fo downstream flow reductions

[see Figure 4.4).

Alteration of river systems, especially flow regulation by
impoundment, is a global phenomenon of staggering
proportions (Postel and Richter 2003). Sixty per cent
of the world's 227 largest rivers are moderately to
greatly fragmented by dams, diversions and canals,
with a high rate of dam construction threatening

the integrity of the remaining freeflowing rivers in

the developing world (Nilsson and others 2005).
Maijor changes in drainage systems will result from

the engineered fransfer of water between basins
currently being advocated or undertaken in parts of
South America, southern Africa, China and India. In
southern Africa, water transfers have altered water
quality, and infroduced new species info the recipient
basins. Excessive upstream water use or pollution can
have adverse consequences for downstream water
demand. In transboundary systems, such as the Nile
basin, downstream water uses can threaten the stability
of upstream stafes by constraining their development
opfions. Some large rivers, such as the Colorado

[see Box 6.32], Ganges and Nile, are so heavily

Box 4.1 Sediment trapping is shortening the useful lifespan of dams

In the Moulouya basin of Morocco, annual rainfall is scarce and concentrated over

a few days. Construction of dams has many socio-economic benefits, boosting the
economy through agricultural development, improving living standards through
hydropower and controlling floodwaters. Because of high rates of natural and human-
induced soil erosion, however, the reservoirs are quickly becoming silted. It is estimated
the Mohammed V reservoir will be completely filled with sediment by 2030, causing
an estimated loss of 70 000 ha of irrigated land and 300 megawatts of electricity. The
dams have also modified the hydrological function of the Moulouya coastal wetlands,
and caused biodiversity losses, salinization of surface- and groundwater, and beach
erosion at the river’s delta, affecting tourism.

Source: Snoussi 2004
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used that none of their natural run-off reaches the sea
(Vorésmarty and Sahagian 2000). The boundaries

of major aquifer systems often do not reflect national
borders. The political changes in the former Soviet
Union and the Balkans, for example, have greatly
increased the number of such transboundary situations
[UNESCO 2006), and emphasize the need fo jointly

manage water resources.

There are more than 45 000 large dams in

140 countries, about two-thirds of these in the
developing world (WCD 2000), with half in China.
These dams, with an estimated potential sforage
volume of 8 400 km3, impound about 14 per cent
of global run-off [Vérésmarty and others 1997). New
dam construction is limited largely to developing
regions, particularly Asia. In the Yangtze River basin in
China, for example, 105 large doms are planned or
under construction (WWF 2007). In some developed
countries, such as the United States, construction of
new large dams has declined in the past 20 years.
A few dams have even been decommissioned
successfully to benefit humans and nature. In many
reservoirs, siliation is a growing problem. Changes in
land use, notably deforestation, have led to increased
sediment transport through soil erosion and increased
run-off. More than 100 billion tonnes of sediment

are esfimated fo have been refained in reservoirs
consfructed in the past 50 years, shortening the
daoms' lifespans, and significantly reducing the flux

of sediment to the world's coasts [Syvitski and others
2005) (see Table 4.1).

Reductions in freshwater discharge and seasonal
peak flows caused by doamming and withdrawal

are lowering downstream agricultural yields and fish
productivity, and causing the salinization of estuarine
land. In Bangladesh, the livelihoods and nutrition

of up to 30 million people have declined because
of stream-flow modifications (UNEP-GIWA 2006a).
Over the last two decades, reservoir development in
tropical areas, particularly in Africa, has exacerbated
waterrelated diseases, including malaria, yellow
fever, guinea worm and schistosomiasis, for
example in the Senegal River basin (Hamerlynck
and others 2000). Reduced sediment discharge

to coasfal areas is contributing fo the vulnerability

of low-lying coastal communities to inundation, for
example, in Bangladesh. Where reservoir lifespan

is being reduced by sediment trapping (see Box

4.1), irrigation schemes and hydropower production

1987-2007



Table 4.3 Impacts of excessive groundwater withdrawal

Consequences of excessive withdrawal

Factors affecting susceptibility

Reversible inferference Pumping lifts and costs increase
Borehole yield reduction

Spring flow and river base flow reduction

Phreatophytic vegetation stress (both natural and agricultural)
Ingress of polluted water (from perched aquifer or river)

Irreversible deterioration  Saline water infrusion

Aquifer compaction and fransmissivity reduction

Lland subsidence and related impacts

Aquifer response characteristics
Drawdown below productive horizon
Aquifer storage characteristics

Depth to groundwater table
Proximity of polluted water

Proximity of saline water
Aquifer compressibility

Vertical compressibility of overlying and/or interbedded aquitards

Source: Foster and Chilton 2003

will be consfrained over the coming decades. can cause or contribute fo degraded water quality.

Decommissioning silted-up dams may restore sediment ~ The highest water quality is typically found upstream
fluxes, but is likely to be difficult and costly, and and in the open oceans, while the most degraded is
alternative reservoir sites may be difficult to find. found downstream and in estuarine and coasfal areas.
As well as absorbing vast quantities of atmospheric

Severe groundwater depletion, often linked with fuel gases as the global climate regulator [see Chapter
subsidies, is apparent at aquifer or basin scales in 2), the ocean’s huge volume provides a buffer against
all regions. Excessive groundwater withdrawal, and degradation from most water pollutants. This is in
associated declining water levels and discharges, contrast fo inland freshwater systems and downstream
can have serious human and ecosystem impacts that esfuarine and coasfal systems. Point and non-point
must be weighed against anticipated socio-economic sources of pollution in drainage basins ensure a steady
benefits. Increasing competition for groundwater also pollutant load into these water systems, highlighting
can worsen social inequity where deeper, larger- river basin—coastal area linkages.
capacity boreholes lower regional water levels,

increasing water cosfs, and eliminating access by Human health is the most important issue related to
individuals with shallower wells. This may provoke an water quality [see Table 4.1). Pollutants of primary
expensive and inefficient cycle of well deepening, with concern include microbial contaminants and excessive
the premature loss of financial invesiment as existing, nutrient loads. Groundwater in parts of Bangladesh

and adjacent parts of India has a high natural arsenic

content (World Bank 2005), and in many areas

shallower wells are abandoned. Severe, essentially
irreversible effects, such as land subsidence and
saline water intrusion, can also occur [see Table 4.3). fluoride of geological origin produces problematic
In the Azraq basin in Jordan, for example, average groundwater concentrations; both have major health
groundwater withdrawal has risen gradually to impacts. Important pointsource pollutants are microbial
58 million cubic mefres/year, with 35 million m3 used pathogens, nutrients, oxygen-consuming materials,
for agriculture and 23 million m3 for drinking water heavy metals and persistent organic pollutants (POPs).
supply. This has decreased the level of the water table Major non-pointsource pollutants are suspended

by up fo 16 m between 1987 and 2005. By 1993,
springs and pools in the Azrag Oasis had dried up

sediments, nutrients, pesficides and oxygen-consuming
materials. Although not global-scale problems, highly
completely. The reduced groundwater discharge also saline water and radioactive materials may be
resulted in increased water salinity (Al Hadidi 2005). pollutants in some locations.
Water quality

Changes in water quality are primarily the result of

Microbial pollution, primarily from inadequate

sanitation facilities, improper wastewater disposal
human activities on land that generate water pollutants, and animal waste, is a major cause of human
or that alter water availability. Increasing evidence illness and death. The health impacts of wastewater
pollution on coastal waters have an economic cost

of US$12 billion/year (Shuval 2003). In at least

eight of UNEP's Regional Seas Programme regions,

that global climate change can change precipitation
patterns, affecting human activities on land and the

associated water run-off, suggests global warming also
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over 50 per cent of the wastewater discharged into
freshwater and coastal areas is untreated, rising to
over 80 per cent in five of the regions [UNEP-GPA
2006ba). This unireated waste has major impacts
on aquatic ecosystems and their biodiversity. In
some developing countries, only about 10 per cent
of domestic wastewater is collected for treatment
and recycling, and only about 10 per cent of
wastewater freatment plants operate efficiently. The
number of people without, or served by inefficient,
domestic wastewater treatment systems is likely to
grow if investment in wastewater management is not
significantly increased (WHO and UNICEF 2004).
This would make it harder to achieve the MDG

target on sanitation (see Figure 4.3).

An estimated 64.4 million Disability Adjusted

Life Years (DALYs) are attributed to water-related
pathogens (WHO 2004). The prevalence

of hepatitis A (1.5 million cases), intestinal

worms (133 million cases), and schistosomiasis
(160 million cases) has been linked to inadequate

sanifation. Swimming in wastewater-contaminated

coastal waters causes more than 120 million cases
of gastrointestinal disease, and 50 million cases
of respiratory diseases annually. A strong increase
in cholera cases, caused by ingestion of food or
water containing the bacterium Vibrio cholerae,
was reported between 1987 and 1998 ([see
Figure 4.7) (WHO 2000). It is estimated that in
developing countries some 3 million people die of
water-related diseases every year, the majority of
whom are children under the age of five (DFID and
others 2002). The predictions that global warming
may change habitats, leading to the spread of
waterrelated disease vectors, poses risks for human

health, something that warrants increased concern.

The pH of an aquatic ecosystem, a measure of the
acidity or alkalinity of water, is important because it
is closely linked to biological productivity. Although
the tolerance of individual species varies, water

of good quality typically has a pH value between
6.5 and 8.5 in most major drainage basins.
Significant improvements in pH have been made in

parts of the world, likely as a result of global and

Figure 4.7 Reported cholera cases and fatalities by region
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regional efforts to reduce sulphur emissions (UNEP-
GEMS/Water 2007).

The most ubiquitous freshwater quality problem is
high concentrations of nutrients (mainly phosphorus
and nitrogen| resulting in eutrophication,

and significantly affecting human water use.
Increasing phosphorus and nitrogen loads to
surface- and groundwater come from agricultural
run-off, domestic sewage, industrial effluents and
atmospheric inputs (fossil fuel burning, bush fires
and wind-driven dust). They affect inland and
downstream (including estuarine) water systems
around the world (see Chapters 3 and 5). Direct
wet and dry atmospheric nufrient inputs are
similarly problematic in some waterbodies, such
as Lake Victoria [Lake Basin Management Initiafive
20006). Projected increases in fertilizer use for food
production and in wastewater effluents over the
next three decades suggest there will be a 10-20
per cent global increase in river nitrogen flows

to coastal ecosystems, continuing the frend of an

increase of 29 per cent between 1970 and 1995

[MA 2005). Nitrogen concentrations exceeding

5 mg/! indicate pollution from such sources as
human and/or animal wastes, and fertilizer run-

off due fo poor agricultural practices. This results

in aquatic ecosystem degradation, with adverse
effects on ecosystem services and human well-being

(see Figure 4.8 and Table 4.4).

Nutrient pollution from municipal wastewater treatment
plants, and from agricultural and urban non-point
source run-off remains a major global problem, with
many health implications. Harmful algal blooms,
affributed partly to nutrient loads, have increased in
freshwater and coastal systems over the last 20 years
(see Figure 4.9 in Box 4.2). The algal toxins are
concentrated by filterfeeding bivalves, fish and other
marine organisms, and they can cause fish and
shellfish poisoning or paralysis. Cyanobacterial toxins
can also cause acute poisoning, skin irrifation and
gastrointestinal illnesses in humans. Global warming
may be exacerbating this situation, in view of the
competitive advantage of cyanobacteria over green

algae at higher temperatures.
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A harmful algal bloom of

the dinoflagellates Noctiluca
scintillans, known as a red tide
(note the scale in relation to
the boat).

Credit: |.S.P. Franks

Box 4.2 Increasing frequency and area of harmful algal blooms (HABs) in the East China Sea

In the East China Sea, the number of harmful algal blooms
increased from 10 in 1993 to 86 in 2003, when they
covered an area of 13 000 square kilometres. Fertilizer
application in the sea’s catchment area has increased by as
much as 250 per cent, notably in the upstream and coastal

provinces of Anhui and Jiangsu, contributing a high nutrient
load to the sea. The blooms, which mostly occur in the inner
shelf of the Yangtze River, have a range of human well-
being and ecosystem implications. High mortality rates of
fish and benthic organisms have also been observed.

Figure 4.9 Algal blooms in the East China Sea
Frequency of algal blooms/year
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Organic materials, from such sources as algal
blooms and discharges from domestic wastewater
treatment plants and food-processing operations,
are decomposed by oxygen-consuming microbes in
waterbodies. This pollution is typically measured as
the biochemical oxygen demand (BOD). High BOD
levels can cause oxygen depletion, jeopardizing
fish and other aquatic species. Lake Erie's oxygen-

deplefed bottom zone, for example, has expanded

since 1998, with negative environmental impacts.
Some coastal areas also undergo oxygen depletion,
including the eastern and southern coasts of North
America, southern coasts of China and Japan,

and large areas around Europe (WWAP 20006).
Oxygen depletion in the Gulf of Mexico has

created a huge "dead zone,” with major negative
impacts on biodiversity and fisheries [MA 2005)
[see Chapter 6).

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:
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Persistent organic pollutants (POPs) are synthetic
organic chemicals that have wide-ranging human
and environmental impacts (see Chapters 2, 3 and
6). In the late 1970s, studies of the North American
Great Lakes highlighted the existence of older,
obsolete chlorinated pesticides [so-called legacy
chemicals) in sediments and fish (PLUARG 1978).
As regulations curtailing their use were implemented,
chemical levels have declined in some water systems
since the early 1980s (see Chapter 6) [see Box
6.28). Similar declines have since been observed in
China and the Russian Federation (see Figure 4.10).
The estimated production of hazardous organic
chemicalbased pollutants in the United States by
industry alone is more than 36 billion kilogrammes/
year, with about 90 per cent of these chemicals not
being disposed of in an environmentally responsible

manner (WWDR 2006).

The chemicals in pesticides can also contaminate
drinking water through agricultural run-off. There

is growing concern about the potential impacts

on aquatic ecosystems of personal-care products
and pharmaceuticals such as birth-control residues,
painkillers and antibiotics. Litlle is known about their
long-ferm impacts on human or ecosystem health,

although some may be endocrine disruptors.

Some heavy metals in water and sediments
accumulate in the tissues of humans and other
organisms. Arsenic, mercury and lead in drinking
water, fish and some crops consumed by humans
have caused increased rates of chronic diseases.
Marine monitoring conducted since the early 1990s
in Europe indicates decreasing cadmium, mercury and
lead concentrations in mussels and fish from both the
northeast Atlantic Ocean and Mediterranean Sea.
Most North Sea states achieved the 70 per cent
reduction target for these metals, except for copper,

and fributyltin (EEA 2003).

Although occurring in some inland locations, such as
the Upper Amazon, oil pollution remains primarily

a marine problem, with major impacts on seabirds
and other marine life, and on aesthetic quality. With
reduced oil inputs from marine transportation, and
with vessel operation and design improvements,
estimated oil inpufs info the marine environment are
declining (UNEP-GPA 20060 (see Figure 4.11),
although in the ROPME Sea Area about 270 000

tonnes of oil are sfill spilled annually in ballast water.
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Figure 4.10 Declines in organic contaminant concentrations in selected Russian
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The total oil load to the ocean includes 3 per cent
from accidental spills from oil platforms, and 13 per
cent from oil transportation spills (National Academy
of Sciences 2003).

Despite international efforts, solid waste and litter
problems continue to worsen in both freshwater and
marine systems, as a result of inappropriate disposal of
non- or slowly degradable materials from land-based
and marine sources (UNEP 2005q).
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Figure 4.11 Global volume of oil from accidental tanker spills exceeding 136 tonnes (1 000 barrels)

Source: Environment

Canada 2006
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Ecosystem integrity

Since 1987, many coasfal and marine ecosystems
and most freshwater ecosystems have continued to
be heavily degraded, with many completely lost,
some irreversibly (Finlayson and D'Cruz 2005,
Argady and Alder 2005) (see Box 4.3). It has
been projected that many coral reefs will disappear
by 2040 because of rising seawater temperatures
(Argady and Alder 2005). Freshwater and marine
species are declining more rapidly than those of
other ecosystems (see Figure 5.2d). Wetlands, as
defined by the Ramsar Convention, cover 9-13
million km2 globally, but more than 50 per cent

of inland waters (excluding lakes and rivers) have
been lost in parts of North America, Europe, and
Australia [Finlayson and D'Cruz 2005). Although
data limitations preclude an accurate assessment
of global wetland losses, there are many well-
documented examples of dramatic degradation or
loss of individual wetlands. The surface area of the
Mesopotamian marshes, for example, decreased
from 15 000-20 000 km? in the 1950s to less
than 400 km2 around the year 2000 because

of excessive water withdrawals, damming and
industrial development [UNEP 2001) but is now
recovering (see Figure 4.12). In Bangladesh,

more than 50 per cent of mangroves and coastal
mudflats outside the protected Sunderbans have

been converted or degraded.

Reclamation of inland and coastal water systems
has caused the loss of many coastal and
floodplain ecosystems and their services. VWetland
losses have changed flow regimes, increased
flooding in some places, and reduced wildlife
habitat. For centuries, coastal reclamation practice
has been to reclaim as much land from the sea as

possible. However, a major shift in management

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

practice has seen the infroduction of managed
refreat for the marshy coastlines of Western Europe
and the United States.

Although limited in area compared to marine

and ferresirial ecosystems, many freshwater
wetlands are relatively speciesich, supporting

a disproportionately large number of species of
certain faunal groups. However, populations of
freshwater vertebrate species suffered an average
decline of almost 50 per cent between 1987

and 2003, remarkably more dramatic than for
terrestrial or marine species over the same time
scale {Loh and Wackernagel 2004). Although
freshwater invertebrates are less well assessed,

the few available data suggest an even more
dramatic decline, with possibly more than 50 per
cent being threatened (Finlayson and D'Cruz
2005). The continuing loss and degradation of
freshwater and coastal habitats is likely to affect
aquatic biodiversity more strongly, as these habitats,
compared to many ferrestrial ecosystems, are
disproportionately species-rich and productive, and

also disproportionately imperilled.

The introduction of invasive alien species, via ship
ballast water, aquaculture or other sources, has
disrupted biological communities in many coastal
and marine aquatic ecosystems. Many inland
ecosystems have also suffered from invasive plants
and animals. Some lakes, reservoirs and waterways
are covered by invasive weeds, while invasive

fish and invertebrates have severely affected many

inland fisheries.
Declines in global marine and freshwater fisheries

are dramatic examples of large-scale ecosystem

degradation related to persistent overfishing,
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pollution, and habitat disturbance and losses.
Although there are limited data, marine fish stock
losses and declines in marine frophic levels suggest
large areas of marine shelf areas have been
degraded by trawling over the last few decades.
While most deep-sea communities are likely to
remain relatively pristine, seamount and cold-water

coral communities in the deep sea are being

severely disrupted by frawling, and urgently require

profection (see Chapter 5] (see Box 5.4).

Aquatic ecosystems provide many services
confributing to human well-being (see Table 4.4).
Maintenance of the integrity and the restoration of
these ecosystems are vital for services such as water

replenishment and purification, flood and drought

Box 4.3 Physical destruction of coastal aquatic ecosystems in Meso-America

Coastal development represents one of the main threats to the Meso-
American coral reefs and mangroves. Construction and the conversion of
coastal habitat has destroyed sensitive wetlands (mangroves) and coastal
forests, and led to an increase in sedimentation. The effects of coastal
development are compounded by insufficient measures for the treatment
of wastewater.

Tourism

Tourism, particularly when it is coastal- and marine-based, is the fastest
growing industry in the region. The state of Quintana Roo in Mexico

is experiencing significant growth in the fourism infrastructure all along

the Caribbean coast to Belize. The conversion of mangrove forest info
beachfront tourist resorts along the Mayan Riviera, south of Cancun, has
left coastlines vulnerable. Playa del Carmen, at 14 per cent, has the fastest
growth in tourism infrastructure in Mexico. Threats to the aquifers come from
increasing water use, of which 99 per cent is withdrawn from groundwater,

Sources: CNA 2005, INEGI 2006, UNEP 2005b, World Bank 2006

Credit: UNEP 2005b

and wastewater disposal. Much of the attraction of the Quintana Roo
coast is provided by its cavern systems, and their preservation is a major
challenge. This trend is echoed in Belize, where ecotourism appears to be
giving way to large-scale tourism development, involving the transformation
of entire cays, lagoons and mangrove forests to accommodate cruise ships,
recreational facilities and other tourism demands.

Aquaculture

The rapid growth of shrimp aquaculture in Honduras has had serious
impacts on the environment and local communities. The farms deprive
fishers and farmers of access to the mangroves, estuaries and seasonal
lagoons; they destroy the mangrove ecosystems and the habitats of
fauna and flora, thus reducing the biodiversity; they alter the hydrology
of the region and contribute to degraded water quality; and they

contribute to the decline of fish stocks through the indiscriminate capture
of fish for feed.

A5 Nov 1999
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Table 4.4 Linkages between state changes in aquatic ecosystems and environmental and human impacts

HUMAN WELL-BEING IMPACTS

SELECTED STATE Physical security
Aquatic ecosystems | Pressures CHANGES Human health Food security and safety Socio-economic
Inland ecosystems
Rivers, streams and | Flow regulation © Water residence | & Freshwater 4 Inland and © Flood protection! | & Tourism3
floodplains by damming and time quantity! coastal fish 8 Smallscale
withdrawal © Ecosystem 4 Water stocks! fisheries!
Water loss by fragmentation purification and @ Poverty!
evaporation @ Disruption quality! 8 Livelihoods!
Eutrophication of dynamic
Pollution belween river @ Incidences of
and floodplain SO WelEr
& Disruption fo fish bome diseases!
migration
@ Bluegreen algal
blooms
Lakes and reservoirs | Infilling and 8 Habitat 4 Water 8 Inland fish 4 Smallscale
drainage & Algal blooms purification and stocks! fisheries?
Eutrophication @ Anaerobic quality! @ Displacement
Pollution condifions of human
Overfishing @ Alien fish species communities’
Invasive species @ Water hyacinth 8 Tourism?
Global warming 8 Livelihoods!
induced changes
in physical
and ecological
properties
Seasonal lakes, Conversion through | 8 Habitat and 8 Water 2 Flash flood 4 Flood, drought
marshes and infilling and species replenishment! frequency and and flow-elated
swamps, fens and drainage 8 Flow and water 8 Water magnitude ! buffering effects!
mires Change in flow quality purification and & Mitigation of & Livelihoods!
regimes @ Algal blooms quality! floodwaters!
Change in fire @ Anaerobic 8 Mitigation of
regimes conditions droughts!
Overgrazing @ Threat to
Eutrophication indigenous
Invasive species species
Forested marshes Conversion Partly irreversible & Water @ Flash flood & Flood, drought,
and swamps through tree felling, | ecosystem loss replenishment! frequency and and flow-related
drainage and Direct contact 8 Water magnitude? buffering effects?
burning between wild birds purification and & livelihoods?
and domesticated quality!
fowl
Alpine and tundra Climate change Expansion of 8 Water & Reindeer @ Flash flood & livelihoods?
wetlands Habitat scrubland and purification and herding?2 frequency and
fragmentation forest quality? 4 Inland fish magnitude?
Shrinking of surface stocks2
waters in tundra
lakes
Peatlands Drainage 8 Habitat and 8 Water @ Flash flood
Withdrawal species replenishment! frequency and
@ Soil erosion 4 Water magnitude?
@ Loss of carbon purification and
storage quality!
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Table 4.4 Linkages between state changes in aquatic ecosystems and environmental and human impacts continved

Aquatic ecosystems

Pressures

SELECTED STATE
CHANGES

HUMAN WELL-BEING IMPACTS

Human health

Food security

Physical security
and safety

Socio-economic

Inland ecosystems

quality!

Oases Water withdrawal © Degradation of 8 Water 2 Conlflicts and 2 Drought events!
Pollution walter resources availability and instability! 4 livelihoods!
Eutrophication quality!

Aquifers Water withdrawal 8 Water 8 Reduced @ Conflicts and 3§ Livelihoods!
Pollution availability and agriculture! instability!

Coastal and marine ecosystems

Mangrove forests
and salt marshes

Conversion fo other
uses

Freshwater scarcity
Overexploitation of
timber

Storm surges and
tsunamis
Reclamation

8 Mangroves

4 Tree density,
biomass,
productivity and
species diversity

1 Risk of malaria
due fo sfanding
water!

8 Coastal fish and
shellfish stocks!

8 Buffer capacity
along coasf?

8 Timber products!

8 Small-scale
fisheries!

1 Displacement
of human
communities?

& Tourism3

3§ livelihoods?2

Coral reefs

Eutrophication
Sedimentation

T Reef coral
bleaching and

8 Coastal fish and
shellfish stocks!

4 Buffer capacity
along coasf?

8 Tourism!
§ Small-scale

Persistent organics
and heavy mefals
Mineral exiraction

Overfishing mortality fisheries!
Destructive fishing @ Associated 2 Poverty!
High sea surface fisheries loss 8 livelihoods!
temperature
Ocean acidification
Storm surges
Estuaries and Reclamation < Intertidal & Coastal water 8 Coastal fish and | 8 Buffering 8 Tourism3
infertidal mudflats Eutrophication sediments quality and shellfish stocks! capacity along 8 Small-scale
Pollution and nutrient purification’ coasts? fisheries!
Overharvesting exchange 2 Sedimentation’ @ Poverty!
Dredging 1 Oxygen 3§ livelihoods!
depletion
& Shellfish
Seagrass and algal | Coastal 4 Habitat 8 Coastal fish 8 Buffer capacity 8 Livelihoods!
beds development stocks! along coasf2
Pollution
Eutrophication
Siltation
Destructive fishing
practices
Dredging
Conversion for
algal and other
mariculture
Softbottom Trawling 8 Habitat 8 Coastal water 3§ Fish sfocks and 3§ Shellfish
communities Pollution quality? other livelihoods! production!

Subtidal hard-

bottom communities

Trawling

Pollution (as for soft-
bottom communities)
Mineral extraction

Seamount and
cold-water coral
communities
severely disrupted

3§ Fish sfocks!
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Table 4.4 Linkages between state changes in aquatic ecosystems and environmental and human impacts continved

HUMAN WELL-BEING IMPACTS

Invasive species

SELECTED STATE Physical security

Aquatic ecosystems | Pressures CHANGES Human health Food security and safety Socio-economic
Coastal and marine ecosystems
Pelagic ecosystems | Overfishing Disturbance of 4 Coasfal water & Fish stocks! & livelihoods!

Pollution trophic level quality!

Sea surface balance, changes

temperature change | in plankion

Ocean acidification | communities

Arrows show trends of state and impact changes

@ increase 0 decrease & no statistically proven change

1 well established

2 established but incomplete

3 speculative

MDG Goal 1, Target 1: Halve, between 1990 and 20135, the proportion of people whose income is less than US$1 a day.

Target 2: Halve, between 1990 and 2015, the proportion of people who suffer from hunger.

MDG Goal 6, Target 8: Halt by 2015 and begin fo reverse the incidence of malaria and other major diseases.

MDG Goal 7, Target 9: Integrate the principles of sustainable development into country policies and programmes, and reverse the loss of environmental resources.

MDG Goal 7, Target 10: Halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation.
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mitigation, and food production. Fish production

is among the most prominent of the services from
inland and marine aquatic ecosystems, with an
estimated 250 million people dependent upon small-
scale fisheries for food and income (VWRI 2005).
Change in the flow regime of the Lower Mekong
basin, due to such factors as the construction of
dams for hydropower, the diversion of river water
for irrigation, industrial development and human
setlements, affects the well-being of 40 million
people who depend on seasonal flooding for

fish breeding [UNEP-GIWA 2006b). Loss and
degradation of mangroves, coral reefs and intertidal
mudflats reduces their value for human well-being,
mainly affecting the poor, who are reliant on their
ecosystem services. Coastal wetlands on the Yellow
Sea have suffered losses of more than 50 per cent
over the last 20 years (Barter 2002).

The primary functions of aquatic ecosystems are
commonly compromised by the development of
one single service, as for example the profective
function of mangrove forest that is lost due to
aquaculture development. The protection of coastal
communities from marine flooding has become less
effective with wetland loss, mangrove clearance
and the destruction of coral reefs. Reefs are

losing their value for human well-being in terms of

diminished food security and employment, coastal
protection, and reduced potential for tourism

and pharmaceutical research and production

[see Chapter 5) (see Box 5.5]. The bleaching of

corals due fo climate change may result in global
economic losses of up to US$104.8 billion over

the next 50 years (IUCN 2006).

In cases such as the impacts of dam building on
fish migration and breeding, conflicting water
interests are often evident, even if not transparent.
Many become apparent only affer catastrophic
events, when the wider functions and values of
these ecosystems become more obvious. Prominent
examples include the devastating hurricane-induced
flooding of New Orleans in August 2005 (see

Box 4.4), and the tsunami-induced inundation in
southern Asia in December 2004. In both cases,
the impacts were worsened because human
alterations had reduced coastal wetland functions.
Numerous other examples, from Asia to Europe,
demonstrate increased risks of flash floods caused
by land-use changes, including the infilling and loss
of wetlands. Changes in water flows from increased
urban drainage can also increase the severity

of such floods. An increase in flooding events

in London has been linked to the paving of front

gardens for car parking.
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Box 4.4 Coastal wetlands provide buffers to storm

surges and exireme wave events

The impact of Hurricane Katrina on the Gulf Coast
of the United Stafes in 2005 was particularly
disastrous in the low-lying coastal area of New
Orleans, at the mouth of the Mississippi River. The
natural sea defences had been substantially reduced
by human alteration of the coastal ecosystems,
making the coast especially vulnerable to extreme
wave and surge events. Conflicting interests of
different basin and coastal stakeholders (such as
flood control, fisheries, and oil and gas production)
become particularly apparent after catastrophic
events, such as tsunamis and storm-induced surges,
highlighting the wider integrating functions and
values of coastal ecosystems. In the case of the
New Orleans flooding, the coastal wetlands
around the delta, lost as a consequence of human
activities, could have considerably lessened the
impacts. These wetlands were deprived of sediment
replenishment by river embankment construction,
which increased the river flow, but reduced the
extent of the delta. Storm surges and extreme waves
generally can be mitigated, though not entirely
prevented, by healthy coastal ecosystems, such as

salt marshes, mangrove forests and coral reefs.

Sources: America’s Wetlands 2005, UNEP-WCMC 2006

Managing water resources and ecosystems

Human water use issues relate to the quantity and

quality of the available water resources, as well

as to the aquatic ecosystems that provide life-

supporting ecosystem services fo humanity. Good

governance for addressing these issues in a context

of matching water demands to the supply of water

resources and related ecosystem services, requires

attention to three major groups of approaches:

suitable laws and policies and effective instfitutional

structures;

effective market mechanisms and technologies;
and

adaptation and restoration (see Table 4.5 af the

end of this Chapter).

A variety of regional level treaties strengthen

cooperation among stafes on such water resource
issues. Examples are the 1992 OSPAR Convention,
the 1992 Helsinki Convention for the Baltic Sea
and its additional profocols, the 1986 Cartagena

Convention for the Wider Caribbean Region and
its additional protocols, and the 1995 African
Eurasion Waterbird Agreement (AEWA)|. The

European Union has made water protection a
priority of its member states (see Box 4.5). These
examples highlight the importance of regional
framework agreements in strengthening national and
local laws and policies [the enabling environment)
and institutional structures, such as cooperation
among states. Another example is the UN
Watercourses Convention, signed by 16 parties to
date. A recent acfion plan by the UN Secretary-
General’s advisory board calls upon national
governments to ratify the 1997 UN Watercourses
Convention as a means of applying IWRM
principles to international basins (UN Secretary-
General's Advisory Board on Water and Sanitation
2006). However, there still are many regions that
urgently require binding agreements and institufions,
and need fo strengthen existing frameworks,
including those relating to fransboundary aquifers

and regional seas.

Collaboration among institutions with
complementary environmental and economic
development functions is equally important.
Institutional integration for managing extreme
hydrological events, for example, is found with the
EU (2006) and UN ECE (2000) approaches to
flood management, and with the 1998 Rhine and
2004 Danube basin action plans. All emphasize
cooperation among various organizations,
institutions, users and uses of the river basin,
including (APFM 2006):
m  clearlyestablished roles and responsibilities;
m  ovailability and accessibility of basic data and
information for informed decision making; and
m  an enabling environment for all stokeholders to

participate in collective decision making.

Box 4.5 Implementation of European Union Water Framework Directive

A useful illustration of the role of legislation in implementing IWRM is seen in
the adoption of the European Union Water Framework Directive (WFD). The
directive obliges all 27 EU member states to achieve “good water status” in
all EU waters (inland surface waters, transitional waters, coastal waters and
groundwater) by 2015. To achieve “good water status,” member states are
required to establish river basin districts, assign competent basin authorities and
adopt river basin management plans. The WFD also provides for stakeholder
involvement. To assist with WFD implementation, EU member states and the
European Commission have developed a Common Implementation Strategy.
Implementation of the directive has been relatively successful to date, with an
apparent strong commitment by most parties.

Source: WFD 2000
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Box 4.6 Watershed markets

In addition, public-private parinerships can be

employed in water supply and demand management.

This could be done by increasing supply (through
dams, for example], by reducing demand (through
technological improvements and increased efficiency
in the delivery of water services), or by appropriate
pricing of water resources and metering of water
use as a means of recovering the costs of providing
water supplies. Other marketbased instruments may
include (tradeable) quotas, fees, permits, subsidies

and taxation.

Market-based instruments can operate by valuing
public demand for a good or service, then paying
suppliers directly for changes in management
practices or land use. These instruments may

have positive or negative impacts. “VWatershed
markets” is a positive example involving payments
from downstream users to upstream landowners to
maintain water quality or quantity (see Box 4.6).
But agricultural subsidies, for instance to increase
food production, may lead to inefficient water uses,

and pollution and habitat degradation.

Since the Brundiland Commission report, tradeable

quota systems and permits have emerged as

effective fools for encouraging users to develop and

use more efficient technologies and fechniques to

reduce water demand and pollutant emissions, and

achieving the sustainable use of common resources

and ecosystems. Some examples are:

m  the Total Maximum Daily load (TMDL) programme
in the United States;

m  reducing fishing pressure on inland and marine
fisheries (Aranson 2002);

m  managing groundwater salinity (Murray-Darling
river basin in Australia); and

m  opfimizing groundwater withdrawal.

Watershed markets are a mechanism, typically involving payments for ecosystem

services, such as water quality. This mechanism can take the form of upstream

conservation and restoration actions. As an example, farmers’ associations in the Valle

del Cauca in Colombia pay upstream landowners to implement conservation practices,

revegetate land and protect critical source areas, all of which reduce the downstream

sediment loads. About 97 000 families participate in this effort, the funds being

collected through user charges based on water use. Similar water user associations have

been formed across Colombia. Sixty one examples of watershed protection markets in

22 countries were identified, many focusing on water quality improvement.

Source: LlandelMills and Porras 2002
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To be effective, such approaches require moniforing
use of the resource. If monitoring results show
negative frends, quotas or permits may have fo be
revoked. The Dufch government, for example, put

a complefe ban on cockle fishing in 2005, after

it was demonstrated that cockle dredging caused
degradation of mudflats and other adverse effects on
the coastal ecosystems and their species in the Dutch

Wadden Sea (Piersma and others 2001).

Quota systems may be particularly useful in managing
water demand in arid and semi-arid areas with limited
supplies, but they can be problematic where resources
are undervalued, leading to overuse and degradation.
Quota mechanisms are best suited fo countries with
high levels of insfitutional development. They can
prove problematic for economically stressed states and
communities that lack the financial base 1o invest in

compliance and enforcement.

Technological responses to water scarcity (see
Table 4.5) include reducing water consumption with
such approaches as more efficient irrigation and
water distribution techniques, wastewater recycling
and reuse. Water availability can be increased
through artificial groundwater recharge, damming,
rainwater harvesting and desalination. Rainwater
harvesting (see Chapter 3) has been used
successfully in China (20 per cent of the land relies
on it), as well as in Chile and India (fo recharge
underground aquifers) (WWAP 2006). Japan and
Korea have systems for harvested rainwater use

in disaster situations. Managed aquifer recovery
[MAR) and arfificial storage and recovery [ASR)
have also been used with some success. Another
low-tech solution for reducing water demand is

the use of reclaimed water instead of potable
water for irrigation, environmental restoration, toilet
flushing and industry. This approach has gained
significant public acceptance, having been used
successfully in Israel, Australia and Tunisia (VWWVAP
2006). Environmental problems arising from
large-scale damming are being addressed by a
number of approaches. They include the increasing
use of smaller dams, fish ladders and managed
environmental flows that keep freshwater, estuarine
and coastal ecosystems healthy and productive,

maintaining ecosystem services (IVWMI 2005).

Technology has long been an important tool

in preventing and remediating water quality
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degradation [see Table 4.5), particularly to facilitate
industrial and agricultural development. Its use

has been recognized in infernational agreements,
which, over the last 20 years, have often evolved
from reactive responses to proactive approaches.
There is also increasing use of standards such as
Best Available Technology, Best Environmental
Practice and Best Environmental Management
Practice. These approaches are intended fo
stimulate improved technology and practices, rather
than to set inflexible standards. Technological
responses are best known in water and wastewater
treatment and re-use applications (mainly point-
source controls). They range from source control of
contaminants [composting toilets, clean fechnology,
recycling municipal and industrial wastes) to
cenfralized, high-tech wastewater freatment plants,
utilizing energy and chemicals to clean water

prior fo its discharge to natural watercourses
[Gujer 2002). Access to wastewater freatment and
disinfection technology (using low- and high-tech
methods) is largely responsible for the reduction in
water-borne diseases since 1987. Other treatment

technologies remove hazardous materials before

e s eV
o s

discharge. Non-point source pollution is less
readily addressed by high-tech approaches, and its
effective control requires improved education and

public awareness.

Justifying technology-based interventions in

the decision making process should include
consideration of the long-ferm values of the

aquatic resources being managed. Technological
approaches to pollution reduction may be ineffective
over the long-term unless the underlying roof causes

of problems are addressed.

The economic valuation of ecosystem services
provided by the water environment (such as
water filtration, nutrient cycling, flood control and
habitat for biodiversity) can provide a powerful
tool for mainstreaming aquatic ecosystem integrity

info development planning and decision making.

Ecological restoration efforts have also become
) Fields under plastic with drip
important management responses since the irrigation in Israel’s drylands.

Brundfland Commission report, especially for Credit: Fred Bruemmer/

disturbances to the hydrological regime, water Still Pictures
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Box 4.7 Restoration of ecosystems

quality and ecosystem integrity. Efforts are usually
directed fo restoring degraded ecosysfems to
enhance the services they provide. Examples
include ecological engineering, controlling invasive
species, reintroducing desired species, resforing
hydrological flow patterns, canalization, damming
and reversing the impacts of drainage (see Table
4.5). Restoration of riverine ecosystem integrity has
also been achieved in Europe and in the United
States by the removal of existing dams that are

no longer economically or ecologically justifiable
(see Box 4.7).

Although global statistics on riparian, wetland and
lake restoration are difficult to obtain, the US National
River Restoration Science Synthesis database identifies
over 37 000 river and stream restoration projects. It
shows the number of projects increased exponentially
between 1995 and 2005, and most were local
inifiatives not recorded in national databases. The
primary listed river and stream resforation goals are:
improved water quality, management of riparian
zones, improved in-stream habitats, fish passage

and bank stabilization (Bernhardt and others 2005).
Estimated costs of these projects between 1990 and

Figure 4.12 Restoration of the Mesopotamian marshes in Iraq
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2003 were at least US$ 14 billion. Although global
estimates of restoration efforts are not readily available,
several large projects have been underfaken since
1987 in Europe, Africa and Asia. These involve the
Danube River delta in Romania, Aral Sea in Central
Asia and, most recently, the Mesopotamian marshes in
Iraq (Richardson and others 2005) (see Figure 4.12).
In the last case, more than 20 per cent of the original
marshland area was reflooded between May 2003
and March 2004, with the marshlands exhibiting a
49 per cent extension of wefland vegetation and water
surface area in 2006, compared fo that observed in
the mid-1970s. Another example is the Waza Llagone
floodplain in Cameroon, where restoration measures
have produced an annual benéfit of approximately
US$3.1 million in fish catches and productivity,
availability of surface freshwater, flood farming, wildlife
and a range of plant resources (IUCN 2004]. But
resforation is more costly than prevention, and should

be a response of last resort (see Chapter 5).

FISH STOCKS

Marine and inland fish stocks show evidence

of declines from a combination of unsustainable
fishing pressures, habitat degradation and global
climate change. Such declines are major factors in
terms of biodiversity loss. They also have serious
implications for human wellbeing. Fish provide more
than 2.6 billion people with at least 20 per cent of
their average per capita animal profein intake. Fish
account for 20 per cent of animal-derived protein in
Llow-Income Food Deficit (LIFD) countries, compared

to 13 per cent in industrialized countries, with many

countries where overfishing is a concemn also being
LIFD countries (FAO 2006b). While fish consumption
increased in some regions, such as southeast Asia and
Western Europe, and in the United States, it declined
in other regions, including sub-Saharan Africa and
Eastern Europe (Delgado and others 2003). According
to FAO projections, a global shortage of fish supply

is expected. Although its severity will differ among
countries, the forecast is for an average increase in
fish prices, in real terms, of 3 per cent by 2010 and
3.2 per cent by 2015 (FAO 2006al).

Marine fisheries

The mid-20th century saw the rapid expansion of
fishing fleets throughout the world, and an increase

in the volume of fish landed. These trends continued
until the 1980s, when global marine landings reached
slightly over 80 million tonnes/year, following which
they either stagnated (FAO 2002) or began fo slowly
decline (Watson and Pauly 2001). Aquaculiure
accounts for the further increase in seafood production.
Output [excluding aquatic plants) grew at a rafe

of 9.1 per cent/year between 1987 and 2004,
reaching 45 million tonnes in 2004 (FAO 2006al).
However, this growth has not improved food security
in places where aquaculture products are primarily for

export [Africa, Latin America).

Data on fish stocks [in terms of volume) exploited
for af least 50 years within a single FAO area
highlight an increase in the number of stocks either
overexploited or that have crashed over the last few

years (see Figure 4.13]. Based on refined definitions,

Figure 4.13 Exploitation status of marine fish stocks
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Figure 4.14 Fish trophic level changes in the North Atlantic and coastal areas at water depths less than 200 m, and total marine landings
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more than 1 400 sfocks were fished. Of the 70
stocks fished in 1955, at most only one per cent had
crashed, compared to nearly 20 per cent of at least
1 400 stocks fished in 2000 (240 stocks crashed).
Many areas have passed their peak fish production,
and are not refurning fo the maximum caich levels
seen in the 1970s and 1980s. Another imporfant
trend is the declining frophic levels of fish captured
for human consumption (see Figure 4.14), indicating
a decline in top predator fish cafches [marlin, tuna)
and groupers [Myers and Worm 2003). These stocks
are being replaced by generally less desirable, less
valuable fish [mackerel and hakel, highervalued
invertebrates (shrimp and squid) or highervalued

aquaculture products (salmon, tuna and invertebrates).

More recently, some deep-sea fish stocks, such as the
Patagonian toothfish, deepwater sharks, roundnose
grenadier and orange roughy, have been severely
overfished. Orange roughy stocks off New Zealand,
for example, were fished to 17 per cent of their
original spawning biomass within eight years (Clarke
20071), with recovery taking much longer. Deep-

sea species possess biological characteristics (long
lifespan, late maturity and slow growth) that make
them highly vulnerable to intensive fishing pressure (see
Chapter 5) (see Box 5.1).

Exploitation of West Africa’s fish resources by EU,
Russian and Asian fleefs has increased sixfold between

the 1960s and 1990s. Much of the catch is exported
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or shipped directly to Europe, and compensation

for access is often low compared to the value of

the landed fish. Such agreements adversely affect
fish stocks, reducing arfisanal catches, affecting

food security and the wellbeing of coastal VWest
African communities (Alder and Sumaila 2004). The
overexploitation of fish is forcing artisanal fishers from
coastal West Africa to migrate to some of the regions
that are exploiting their resources. Senegalese fishers
emigrating fo Spain claim the reason for leaving their
homes is the lack of their traditional fisheries livelihood.
Based on FAO profiles, countries in Africa with

high per capita fish consumption, including Ghana,
Nigeria, Angola and Benin, are now importing large

quantities of fish to meet domestic demands.

A maijor issue is lost opportunities in jobs and hard
currency revenues (Kaczynski and Fluharty 2002).
After processing in Europe, the end value of seafood
products from these resources is estimated at about
US$110.5 million, illustrating a huge disparity in value
of the resources faken by EU companies, and the
licence fee paid to the countries, which is only 7.5 per
cent of the value of the processed products (Kaczynski
and Fluharty 2002). Fisheries sector employment has
also decreased. In Mauritania, the number of people
employed in fraditional octopus fishing decreased

from nearly 5 000 in 1996 fo about 1 800 in 2001
because of the operation of foreign vessels (CNROP
2002). In 2002, fisheries provided direct employment

to about 38 million people, especially in developing
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Figure 4.15 Fish meal usage in 2002 and 2012 (projected)
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regions such as Asia (87 per cent of world fofal) and
Africa (7 per cent of world total) (FAO 2006al). In
developing countries, however, fisheries employment
has decreased. In many industrialized countries,
nofably Japan and European countries, employment in
fishing and associated land-based sectors has been

declining for several years, in part because of lower
catches (Turner and others 2004).

Aquaculture and fish meal

While output from capture fisheries grew at an annual
average rafe of 0.76 per cent (total fish captures
during 1987-2004, including freshwater), output
from aquaculture (excluding aquatic plants) grew af
a rate of 9.1 per cent, reaching 45 million tonnes

in 2004 (FAO 2006c¢|. Aquaculture produced 71
per cent of the total growth in food fish production
by weight during 1985-1997. Although the catch is
stable, the use and/or demand for wild-caught fish
as feed in aquaculture is changing, being more than
46 per cent of fish meal in 2002 (Malherbe 2005),
and over 70 per cent of fish oil used in aquaculture.
About two-thirds of the world's fish meal is derived
from fisheries devoted entirely to its production (New

and Wijkstrom 2002).

Growth in aquaculiure will help compensate for some
shortfall in wild-caught fish, although much of the
aquaculture increase has been in highvalue species
that meets the demands of affluent societies, and the
use of fish meal from wild-caught fish for aquaculture
is predicted fo increase at the expense of fish meal
for poultry feed (see Figure 4.15). Aquaculture growth
in Africa and Latin America (for example, Chile]
[Kurien 2005 is primarily for export, doing litile to
improve food security in these regions. The frophic
level of species used for fish meal also is increasing
[see Figure 4.16), implying that some fish species
previously destined for human consumption are being
diverted to fish meal. Therefore, food production and

food security in other countries could be affected.

Figure 4.16 Trends in aquaculture production, and trophic levels of fish used in fish
meal production
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Inland water fisheries

In 2003, the estimated total catch from inland waters
(excluding aquaculture) was @ million tonnes (FAO
20006a). Most inland capture fisheries based on wild
stocks are overfished or are being fished af their
biological limits (Allan and others 2005). For instance,
in Loke Victoria, the Nile perch fishery decreased
from a record catch of 371 526 tonnes in 1990 to
241 130 tonnes in 2002. Sturgeon cafches in the
countries surrounding the Caspian Sea have also
decreased from about 20 000 tonnes in 1988 fo less
than 1 400 fonnes in 2002. In the Mekong River,
there is evidence that stocks are being overfished

and threatened by damming, navigation projects

and habitat destruction. Several species are now
endangered, with at least one, the Mekong giant

caffish, close to extinction (FAO 2006a).

Inland fishes have been characterized as the most
threatened group of vertebrates used by humans
(Bruton 1995). Allan and others [2005) suggest that
the collapse of particular inland fish stocks, even as

overall fish production rises, is a biodiversity crisis
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Box 4.8 Economic value of wetlands in the Middle Mun and Lower Songkhram River Basins

The Middle Mun and Lower Songkhram River Basins in Thailand provide a number

of valuable services to 366 villages, with the following annual monetary values per

household:

Product Us$
Non-timber forest products 925
Fish for personal consumption 1125
Commercial fish 27
Mushroom cultivation 500
Total 2577

Source: Choowaew 2006
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more than a fisheries crisis (see Chapter 5). Increasing
caiches have been accompanied by changes in
species composition, as catches of large and late-
maturing species have declined (FAO 2006q).
According to the IUCN Red List, most of the world's
largest freshwater fish are at risk, and in a number

of cases, overfishing has been a contributing factor.
Recovery of fish stocks from historical overfishing

is hindered or even impossible because of a

host of current pressures. Now living in altered
conditions, these native stocks are more vulnerable to
disturbances, such as species invasions and diseases.
Some inland fisheries have been enhanced through
stocking programmes, the introduction of alien species,

habitat engineering and habitat improvement.

At the global scale, inland fisheries represent an
important source of nufriion. In the lower Mekong
River basin, for example, 40 million fishers and fish
farmers are dependent on such fisheries for their
livelihood (see Box 4.8).

Managing the world’s fish stocks

Fisheries management involves ecosysfem maintenance
and efforts o reduce overfishing. Since the Brundtland
Commission report, efforts in improved fisheries
management have focused on three main themes:
govermance, economic incentives and property

rights. Global responses include reducing fishing
efforts, implementing ecosystem-based management
([ESBM\) approaches, property rights, economic and
market incentives, marine protected areas [MPAs),
and enforcement of fishing regulations (see Table
4.5). Infernational governance inifiatives, including
establishment of conventions and associated regional
fish management bodies (RFMOs), have facilitated

negotiations among countries exerting pressure on fish
stocks. Their effecfiveness in addressing declining stocks
has been highly variable, depending on the stock and
location. In northern Europe, where members of the
Northeast Atlantic Fisheries Council reached consensus
on reducing fishing efforts for species such as herring,
the rebuilding of sustainable stocks has been effective.
Where no agreement has been reached (such as for

blue whiting), stocks are at risk of collapse.

The FAO's 1988 International Plan of Action 1o tackle
seabird by-catch has been effective in reducing seabird
mortality associated with long fishing lines used to
capture tuna. Other infernational governance initiatives
[such as managing funa in the Atlantic) have been less
successful, with many stocks in danger of crashing.
WelHinanced RFMOs, mostly in developed countries,
are generally more effective than those that are less well

financed, mostly in developing countries.

Further action is needed fo induce govermnments fo
increase their political commitment to reduce fishing efforts
globally, and to provide funds for RFMOs to develop and
implement new approaches, such as ESBM and benefit
sharing models. RFMOs providing services to developing
nations must receive increasing levels of catalytic funding
assistance. Funding fo the fisheries sector has declined
since the 1990s, with far less support for improving
fisheries management, compared fo capital, infrastructure

and fechnical assistance fransfers.

At the national level, many countries have revised or
rewritten their fisheries legislation and policies fo reflect
current trends, including multi-species fish management,
ESBM, greater stakeholder participation in decision
making and property rights. The FAO Code of Conduct
for Responsible Fisheries Management provides

ample guidance for incorporating these measures info
legislation and policy. The Faroe Islands, for example,
highly dependant on their marine fishery resources, have
embraced ESBM (UNEP-GIWA 2006a). However,
many developing and developed countries are still
struggling with methods for implementing ESBM for both
marine and freshwater fisheries. Further development and

testing of models for implementing ESBM are needed.

National and sfate fisheries management agencies
also are implementing programmes to rebuild declining
or crashed stocks through fishing effort reductions,
including closures of fishing grounds and effective

enforcement of regulations (such as with the Namibian
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hake fisheries), as well as habitat protection by MPAs.
Habitat restoration, such as mangrove rehabilitation

in tsunami-affected areas, and enhancement, using,

for example, fish aggregation devices (FADs), is also
underway in some countries. While habitat resforation
can be effective in providing fish habitat, it requires
significant financial and human resources. Thailand, for
example, has major efforts underway with public and
indusry finance and support. Habitat enhancement,
using sfructures such as artificial reefs and FADs, must be
underiaken with caution. In the tropical Pacific (as in the
Philippines and Indonesia) FADs used to improve pelagic
calches also capture large numbers of juvenile tung,
highlighting the need to carefully consider the impacts of
proposed responses [Bromhead and others 2003).

Over the last 20 years, the number and sizes of MPAs
have been increasing, contributing to effective fisheries
management by protecting existing stocks or rebuilding
deplefed stocks. In the Philippines, many MPAs

have been effective in rebuilding sfocks, but further
research is needed fo assess their overall contribution
to fisheries management. Despite calls under the
Convention on Biological Diversity and the World
Summit on Sustainable Development for more and
larger MPAs, none of the fargets will be met within the
deadlines, given current frends. Other management
responses include increased enforcement of fishing
regulations through the use of technology, especially
vessel monitoring systems using satellite technology.
Despite the training and costs involved, this approach
is effective in covering large areas of the ocean under
all weather conditions, and helps in the effective and

efficient deployment of enforcement officers.

The removal of marketdistorting subsidies, as discussed
at World Trade Organization negotiations, is being
promoted fo address concerns of overfishing. The

EU Common Fisheries Policy has provided subsidies,
resulfing in increased fishing effort and distorted
competition. Progress in removing subsidies has been
slow, with many developing countries requesting
subsidies fo befter manage their fisheries. There also

is considerable debate among governments regarding
what consfitutes “good” versus “bad” subsidies.
Certification schemes, such as the one used by the
Marine Stewardship Council (MSC), are influencing
wholesale and consumer purchases. Certification of
farmed fish is an emerging issue but, since fish used for
feed for many farmed species are not certified, it will be

difficult for these fisheries to meet MSC criteria.

Some countries have been successful in reducing fishing
efforts through a range of schemes, including buying

out licenses, transferring property rights, and using
alternative income-generating options fo compensate
fishers leaving the industry. But, buyouts are expensive,
and must be carefully crafted fo keep fishing effort

from regrowing, or shifting to other sectors within the
industry. Another response, considered effective in New
Zealand, but less so in Chile, where small-scale fishers
have been marginalized, is the transfer of property rights
to fishers in various forms, such as individual transferable
quotas (as discussed under Managing water resources

and ecosysfems).

CHALLENGES AND OPPORTUNITIES

As the Earth's primary integrating medium, water

has a wide potential fo reduce poverty, increase
food security, improve human health, confribute fo
sustainable energy sources, and strengthen ecosystem
integrity and sustainability. These waterrelated goods-
and-services represent significant opportunities for
society and governmentfs fo jointly achieve the goals
of susfainable development, as recognized in the
Millennium Declaration and af the World Summit on
Sustainable Development, in the context of the MDGs.
Table 4.5, at the end of this chapter, summarizes the

relative effectiveness of existing responses.

Water for poverty and hunger eradication

There is compelling evidence that a subsfantial
increase in global food production is needed fo feed
growing populations, and to reduce or eliminate
situations where people have insufficient food for their
daily needs. This increase in production will require
more water (see Figure 4.4). On a global scale, the
agricultural sector uses the vast majority of freshwater
resources, and so is a logical farget for economizing
water use and developing methodologies for growing
more food with less water (more crop per drop).
Because agriculture and healthy ecosystems can be
compatible goals, the major challenge is to improve
irrigation for food production by increasing water and
land productivity, supporting ecosystem services and
building resilience, while mitigating environmental
damage, especially within the confext of ecosystem-

based IWRM approaches (see Box 4.9).

Since groundwater levels are falling, and aquifer
water stores are shrinking in many highly-populated
countries, much of the additional water required for

agricultural production must come from dammed
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Box 4.9 Integrated water resources management (IWRM)

As promulgated by the Global Water Partnership (GWP) in 2000,
IWRM is based on three pillars: the enabling environment, institutional
roles and management instruments. In 2002, the Johannesburg Plan

of Implementation (adopted at the World Summit on Sustainable
Development) recommended that all countries “develop integrated water
resource management and water efficiency plans by 2005.” This was

to include identifying actions needed to reform policies, legislation and
financing networks, institutional roles and functions, and enhancing
relevant management instruments to address water resource issues. The
GWP (2006) subsequently surveyed 95, primarily developing, countries
regarding the status of IWRM policies, laws, plans and strategies within
their water resource management efforts in response to the WSSD
mandate. Although the concept of an ecosystem-based approach for
addressing water resources management and use issues is, like IWRM,
a recent infroduction to the international water arena, the survey revealed
that 21 per cent of the surveyed countries had plans or strategies in
place or well underway, and a further 53 per cent had initiated a
process for formulating IWRM strategies. For example, South Africa has
developed legislation translating IWRM into law, including provisions for
its implementation. Burkina Faso defines IWRM within its national water
policy. It is supporting enhanced IWRM awareness among its population,
and the creation of local water committees including the private sector.

Source: ILEC 2005, GWP 2006, WWAP 2006, UNEP-GPA 2006b

rivers. While acknowledging the environmental

damage and socio-economic dislocation associated

The IWRM approach embraces variants such as Integrated River

Basin Management (IRBM), Integrated Lake Basin Management (ILBM)
and Integrated Coastal Management (ICM), all of which represent a
fundamental change from single issue, command-and-control regulatory
approaches for managing the water environment. A global-scale,
GEF-funded ILBM project highlighting this integrated approach to lake
and reservoir basin management was conducted by The World Bank
and the Infernational Lake Environment Committee. These integrated,
adaptive management approaches share common principles, while also
being tailored to the unique characteristics, problems and management
possibilities of specific aquatic ecosystems. IWRM incorporates social
dimensions, such as gender equity and empowerment of women, cultural
factors and the ability to make choices. Integrated Coastal Area and River
Basin Management (ICARM) is an even more comprehensive approach
which links the management needs of inland freshwater basins and their
downstream coastal ecosystems, while Large Marine Ecosystem initiatives
represent another important step, moving from single stock to ecosystem-
based fisheries management. However, it has been difficult to transform
these principles and recommendations into practical actions at the
international, national and local levels, due partly to a lack of experience
in their application, and the challenges in overcoming institutional,
scientific and other significant barriers to integration.

already facilitates such changes, these approaches

require close cooperation between producing and

with construction of some dams, the building of more
dams cannot be dismissed, since they can provide
significant sources of water. But, more affention

must be directed to understanding and balancing
the environmental and socio-economic impacts
associated with dam construction and operation
against the benefits to be derived from them.
Augmenting the resources of waterscarce regions
by interbasin transfer is another established option,
although proposed schemes must demonstrate the
social, environmental and economic benefits to both

the donating and the receiving basins.

While the impacts of increasing water demand for
agriculture may be acceptable in countries with
ample water resources, the escalating burden of
water demand will become intolerable in water-
scarce counfries. Such situations can be alleviated to
some degree by waterscarce countries shiffing their
food production to “water-rich” ones, deploying their
own limited water resources info more productive
economic sectors. This would address the need for
energy- and technology intensive transport of water
fo distant areas of demand. Although globalization

in the agriculture and related food production sectors

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

receiving countries.

Befter management of marine, coastal and inland
waters and their associated living resources improves
the infegrity and productivity of these ecosystems.
Although there s litfle scope fo expand or develop
new fisheries, there is considerable opportunity fo
improve the management of existing fisheries and
food production. Governments, industry and fishing
communities can cooperate in reducing fish stock
losses by making much needed changes to reduce
excess fishing effort, subsidies and illegal fishing.
Aquaculture currently helps to address the issue of food
security, and has the potential to contribute further both
by increasing fish supplies cost effectively, and by
generating foreign income by exporting increased fish
production, which can improve local livelihoods. But,
aquaculture development to meet food security needs
must include species that are not dependent on fish
meal and fish oil, and that are palatable to a wide

range of consumers.
Combating water-borne diseases

Although safeguarding human health ranks first among

the priorifies of water resources management, direct
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human consumption and sanitation are among the
smaller uses of freshwater in terms of volume. Even
though the percentage of the world's population

with access fo improved water supply rose from 78

to 82 per cent between 1990 and 2000, and the
percentage with access fo improved sanitation rose
from 51 to 61 per cent during this same period,
contaminated water remains the greatest single cause
of human sickness and death on a global scale.

In 2002, then UN Secretary-General, Kofi Annan,
pointed out that “no single measure would do more to
reduce disease and save lives in the developing world
than bringing safe water and sanitation to all” (UN
2004). Improved sanitation alone could reduce related
deaths by up to 60 per cent, and diarrhoeal episodes
by up to 40 per cent. The UN has designated 2008
as the International Year of Sanitation, in recognition of

its key role in human wellbeing.

Controlling many diseases that are either waterborne
or closely linked fo water supplies depends on the use
of specific technological measures, the maintenance or
resforation of aquatic ecosystems, and public education
and awareness. Technological approaches, such as
the construction and operation of costeffective water
treatment plants and sanitation facilities for freating
human wastes, provide effecfive measures against
waterborne diseases. Many industrial water pollutants
with human health implications also are amenable

fo freatment with fechnologies that capture materials

from water. These technologies can sometimes recover

useful products (such as sulphur) from waste streams. Properly managed fish farms
Ecosysfem restoration may reduce the incidence of have much potential o address

food security and improve local

some waterborne diseases, but it can also lead to y
livelihood:s.

an increase in the incidence of others. This negative Crodit: UNEP/Sil Pictures
aspect may be countered by improved understanding

of the ecological requirements of disease vectors, and

incorporating this knowledge info restoration projects.

Tradifional approaches, such as rainwater harvesfing,

can provide sources of safe drinking water, particularly

in water-scarce areas or locations that experience

natural disasters and other emergencies.

Safe drinking water saves lives.

Credit: . Uwanaka — UNEP/
Still Pictures
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Global water responses and partnerships

The world’s oceans remain a huge, almost entirely

untopped reserve of energy. Governments and

another area of active investigation, though the

the private secfor can cooperate in exploring the

energy production possibilities of the oceans,
including the development of more efficient
technologies for harnessing tidal and wave power
as renewable sources of hydropower. The use of

the oceans for large-scale carbon sequestration is

potential impacts on the chemical composition of

the oceans and its living resources remain unknown.

International water policy is increasingly

emphasizing the need to improve governance

as it relates to water resources management.
The 2000 Ministerial Declaration of The Hague
on Water Security in the 21st Century identified

Table 4.5 Selected responses to water issues addressed in this chapter

Ocean acidification

Precipitation
change

Increasing
storminess rising
sea level

Freshwater
acidification

International Research
frameworks

Infernational advocacy NGOs

(such as WWW\VF)

Local authorities

M National CO,
reduction and

adapfation law and
policy

Law, policy and Market-based Technology and
Issue Key Institutions management instruments adaptation Restoration
Climate change related issues
Rising ocean Intergovernmental Panel on International M Infernational M Carbon Coral reef
temperatfure Climate Change agreements, (such emissions capping sequestration (see restoration
as Kyoto) and trading Chapter 2)

M Rainwater harvesfing
Factoring climate
change in planning
future water
development
projects

land-use zoning and
regulation

Insurance instruments

Flood and coastal
profection

B Coastal managed
refreat
Wetland restoration

M Industrial nitrogen
and sulphur
scrubbing

Human water use and related ecosystem impact issues

Clean water supply

Water and sanitation service

delivery authorities

River basin organizations

National policy
and law

IWRM Catchment
management
Improved water
distribution
Stakeholder
parficipation
Empowering women

Private sector
involvement
Private-public
partnership

Tariffs and taxes
Agricultural and
other subsidies as
incentives

Water re-use

Llow cost water and
sanitation
Desalination

Catchment
rehabilitation

Stream-flow
modification

Excessive surface
water withdrawal

Excessive
groundwater
withdrawal

— ecosystem
fragmentation

— physical alteration
and destruction of
habitats

Infernational and Regional
organizations [such as UN-

Water, MRC)

Infernational research

frameworks, (such as CGIAR)

International advocacy NGOs

(GWF, WWC, IUCN, WWVF)
National water apex bodies

River basin organizations

IWRM, ILBM, IRBM,
ICARM, ICAM
International
agreements
National policy
and law
Strategic planning
Ecosystem
approaches

W Protected areas

M Licensing supply
sources and
withdrawals
Realistic water
pricing
Reduce or eliminate
energy and
agricultural subsidies
and subsidized
credit facilities
Valuing ecosystem
services

W Construction of large
dams

W Avtificial recharge
More efficient
irigation techniques
Less water-
demanding crops
[see Chapter 3)
Improved rainfed
agriculture (see
Chapter 3)

B Environmental flows

M Fish ladders

Dam removal
B Wefland restoration
Basin reforestation
Upland habitat
resforation
Coastal restoration
B Coastal managed
refreat
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Table 4.5 Selected responses to water issues addressed in this chapter

Issue

Key Institutions

Law, policy and
management

Market-based
instruments

Technology and
adaptation

Restoration

Human water use and related ecosystem impact issues

Waterborne
diseases

Noutrient pollution

— ecosystem
pollution

Pesticide pollution

Health care extension
organizations

Municipalities,
wastewater freafment

River basin organizations

Farming, forestry and other
stakeholder organizations

IVWRM, I1BM, IRBM,
ICARM, ICAM
Infernational
agreements
National policy
and law (such as
Regional Seas,
Helsinki Convention)
M Enforceable water
quality standards,
land-use controls
and best practices

Agricultural and
other subsidies as
incentives for clean
water

B Tradeable emission
permits
Organic farming
certification

B Wastewater
treatment and re-use

Wetland restoration

B Wastewater
treatment and re-use

M Source reduction
Fertilizer application
methods

Wetland restoration
and creation
Ecohydrology

Integrated pest
management
Development of
safer pesticides

Basel Convention)
International
agreements, (such
as MARPOIL)

M National law

Treatment technology
Accident

and disaster
preparedness

Ecosystem
Suspended approaches Soil conservation Reforestation
sediments Adherence to (see Chapter 3) Dam removal
— ecosysfem published guidelines and other sediment
pollution Infernational control efforts
agreements, (such
as Ramsar, AEWA)
Hazardous Disaster preparedness M Infernational M Regulation and Clean production
chemicals organizations agreements (such as penalties technology

Fish stocks issues

Pollution and
habitat degradation

UNESCO/I0OC, UNEP-GPA,
Local stakeholders, (such as

LMMA (see Chapter 6)

International
agreements, (such
as MARPOIL)

| OSPAR

Private-public
parinerships for
MPAs, (such as
Komodo, Chimbe)

B Source reduction

M Double-hulled vessels

M Resfocking
programmes

Coastal habitat
restoration

M Fish ladders

Overexploitation

Regional, national and local
fisheries management bodies

Traditional communities

M licensing, gear
restrictions
Ecosystem-based
management

B Marine Protected
Areas [MPAs)

M International
agreements, (such
as, UNCLOS, EC,
CITES)

Individually
fradeable quotas
(ITQ)

Adequate pricing
Elimination of
subsidies
Certification

B Breeding and
releasing young fish

M By-catch reduction
devices and other
gear modifications
[such as circle hooks
for tuna)

Ecosystem rebuilding

llegal Unreported
Unregulated
Fisheries (IUU)

Judiciary (such as fishery courts
in South Africa)

Fishery commissions (such as in
European Union)

FAO International
Plan of Action
Improved
surveillance and
enforcement
including harsher
penalties

Supply chain
documentation
(such as Pafagonian
toothfish)

W Vessel monitoring
systems (satellite
technology)

M Parficularly successful responses

Responses partially successful, successful in some places, or with a potential for success

M Less successful responses

Responses with insufficient information, or not yet adequately tested
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inadequate water governance as a main obstacle
to water security for all. The 2001 International
Conference on Freshwater in Bonn stressed that
the essential issue was a need for stronger, better
performing governance arrangements, noting that
the primary responsibility for ensuring sustainable
and equitable management of water resources rests
with governments. Governance and water policy
reforms were a core element of the Johannesburg
plan for sustainable development in 2002.

The Global Water Partnership (GWP| defined
water governance as the exercise of economic,
political and administrative authority to manage

a nation’s water affairs at all levels. It consists

of the mechanisms, processes and institutions
through which citizens and groups define their
water inferests, exercise their legal rights and
obligations, promote transparency and mediate their
differences. The need tfo strengthen existing legal
and institutional frameworks for water management
at both the national and international levels is
central to all these efforts. The acknowledgement
of the centrality of integrated approaches, full
implementation, and compliance and enforcement

mechanisms is also key fo success.

Decision-makers are increasingly adopting integrated,
adaptive management approaches, such as IWRM |[see
Box 4.9), rather than single issue, command-and-control
regulatory approaches that previously dominated water
resources management efforts. An integrated approach
is fundamental in achieving social and economic
development goals, while working for the sustainability
of aquatic ecosystems fo meet the water resource needs
of future generations. To be effective, such approaches
must consider the linkages and inferactions between
hydrological entities that cross multiple “boundaries,” be
they geographic, polifical or administrative. Ecosysfem-
based management approaches also provide a basis
for cooperation in addressing common water resources
management issues, rather than allowing such issues to
become potential sources of conflict between countries

or regions.

There are a number of key components for
achieving cooperation among water stakeholders.
They include international agreements, such as
the 1997 UN Watercourses Convention, the
Ramsar Convention, the Convention on Biological
Diversity, and the Global Programme of Action for

the Protection of the Marine Environment from Land-

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

based Activities. There is also a need to apply an
ecosystem-based approach, as promulgated in the
principles of IWRM, as well the Good Governance
approach, developed at 1992 Rio Earth Summit
and the 2002 World Summit on Sustainable
Development. These approaches facilitate the
sustainable and equitable management of common
or shared water resources and, help achieve the
goal of sustainable development in protecting
freshwater and coastal sites to secure their vital

ecosystem services.

More participatory regulatory approaches, such as
demand management and voluntary agreements, have
been infroduced, due fo an increasing realization of
the limits of traditional regulation. These necessitate
education and public involvement. Accordingly, public
education curricula at all levels should vigorously

address the issues of the water environment.

To enhance international cooperation in addressing
the exploitation and degradation of water resources,
the United Nations proclaimed 2005-2015 as the
International Decade for Action, “Water for Life.”

A major challenge is focusing attention on action-
orienfed acfivities and policies directed fo sustainable
management of the quantity and quality of water
resources. In 2004, the United Nations established
UN-Water as its system-wide mechanism for
coordinating its agencies and programmes involved in
waterrelated issues. A complementary mechanism will
facilitate integrative crosslinkages between activifies
coordinated under UN"Water with UN-Oceans,
strengthening coordination and cooperation of UN
activities related to oceans, coastal areas and Small

Island Developing States.

In developing responses fo the impacts of change
in the water environment, nafional governments and
the international community face a major challenge.
They need to not only develop new approaches,
but also to facilitate the practical, timely and cost-
effective implementation of existing international
and other agreements, policies and fargets (see
Table 4.5). Continuous monitoring and evaluation
of the responses — with adjustments as necessary —
are required to secure the sustainable development
of the water environment for the benefit of

humans, and for the maintenance of life-supporting

ecosystems over the long-term.
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Main messages

Biodiversity provides the basis for ecosystems
and the services they provide, upon which all
people fundamentally depend. The following
are the main messages of this chapter:

People rely on biodiversity in their daily
lives, often without realizing it. Biodiversity
contributes to many aspects of people’s
livelihoods and well-being, providing
products, such as food and fibres, whose
values are widely recognized. However,
biodiversity underpins a much wider range
of services, many of which are currently
undervalued. The bacteria and microbes
that transform waste into usable products,
insects that pollinate crops and flowers, coral
reefs and mangroves that protect coastlines,
and the biologically-rich landscapes and
seascapes that provide enjoyment are only
a few. Although much more remains to be
understood about the relationships between
biodiversity and ecosystem services, it is
well established that if the products and
services that are provided by biodiversity are
not managed effectively, future options will
become ever more restricted, for rich and
poor people alike. However, poor people
tend to be the most directly affected by the
deterioration or loss of ecosystem services,
as they are the most dependent on local
ecosystems, and often live in places most
vulnerable to ecosystem change.

Current losses of biodiversity are restricting
future development options. Ecosystems
are being transformed, and, in some cases,
irreversibly degraded, a large number of
species have gone extinct in recent history
or are threatened with extinction, reductions
in populations are widespread and genetic
diversity is widely considered to be in
decline. It is well established that changes
to biodiversity currently underway on land
and in the world’s fresh and marine waters
are more rapid than at any time in human

history, and have led to a degradation in
many of the world’s ecosystem services.

Reducing the rate of loss of biodiversity, and

ensuring that decisions made incorporate

the full values of goods-and-services

provided by biodiversity will contribute
substantially towards achieving sustainable
development as described in the report of
the World Commission on Environment and

Development (Brundiland Commission report).

m Biodiversity plays a critical role in
providing livelihood security for
people. It is particularly important for
the livelihoods of the rural poor, and for
regulating local environmental conditions.
Functioning ecosystems are crucial as
buffers against extreme climate events,
as carbon sinks, and as filters for water-
borne and airborne pollutants.

m From the use of genetic resources to
harnessing other ecosystem services,
agriculture throughout the world is
dependent on biodiversity. Agriculture
is also the largest driver of genetic
erosion, species loss and conversion
of natural habitats. Meeting increasing
global food needs will require one or
both of two approaches: intensification
and extensification. Intensification is
based on higher or more efficient use
of inputs, such as more efficient breeds
and crops, agrochemicals, energy and
water. Extensification requires converting
increasing additional areas of land to
cultivation. Both approaches have the
potential to dramatically and negatively
affect biodiversity. In addition, the loss
of diversity in agricultural ecosystems
may undermine the ecosystem services
necessary to sustain agriculture, such as
pollination and soil nutrient cycling.

m  Many of the factors leading to the
accelerating loss of biodiversity are
linked to the increasing use of energy



by society. Dependence on and growing
requirements for energy are resulting

in significant changes in species and
ecosystems, as a result of the search for
energy sources and of current energy
use patterns. The consequences can

be seen at all levels: locally, where the
availability of traditional biomass energy
is under threat, nationally, where energy
prices affect government policies, and
globally, where climate change driven
by fossil-fuel use is changing species
ranges and behaviour. The latter is likely
to have very significant consequences for
livelihoods, including changing patterns
of human infectious disease distribution,
and increased opportunities for invasive
alien species.

m  Human health is affected by changes
in biodiversity and ecosystem services.
Changes to the environment have altered
disease patterns and human exposure
to disease outbreaks. In addition,
current patterns of farming, based on
high resource inputs (such as water and
fertilizers) and agricultural intensification,
are putting great strains on ecosystems,
contributing to nutritional imbalances and
reduced access to wild foods.

m Human societies everywhere have
depended on biodiversity for cultural
identity, spirituality, inspiration, aesthetic
enjoyment and recreation. Culture can
also play a key role in the conservation
and sustainable use of biodiversity. Loss
of biodiversity affects both material and
non-material human well-being. Both the
continued loss of biodiversity and the
disruption of cultural integrity represent
obstacles towards the attainment of the

Millennium Development Goals (MDGs).

Biodiversity loss confinues because current
policies and economic systems do not incorporate
the values of biodiversity effectively in either

the political or the market systems, and many
current policies are not fully implemented.
Although many losses of biodiversity,
including the degradation of ecosystems, are
slow or gradual, they can lead to sudden
and dramatic declines in the capacity of

biodiversity to contribute to human well-
being. Modern societies can continue to
develop without further loss of biodiversity
only if market and policy failures are
rectified. These failures include perverse
production subsidies, undervaluation of
biological resources, failure to internalize
environmental costs into prices and failure to
appreciate global values at the local level.
Reducing the rate of biodiversity loss by
2010 or beyond will require multiple and
mutually supportive policies of conservation,
sustainable use and the effective recognition
of value for the benefits derived from the
wide variety of life on Earth. Some such
policies are already in place at local,
national and international scales, but their
full implementation remains elusive.



INTRODUCTION

The understanding of the importance of biodiversity
has developed in the 20 years since the report of the
World Commission on Environment and Development
(Brundtland Commission). There is increased
recognition that people are part of, not separate from,
the ecosystems in which they live, and are affected
by changes in ecosystems, populations of species
and genetic changes. Along with human health

and wealth, human security and culture are strongly
affected by changes in biodiversity, and associated

impacts on ecosystem services.

As the basis for all ecosystem services, and the
foundation for fruly sustainable development,
biodiversity plays fundamental roles in maintaining
and enhancing the well-being of the world’s more than
6.7 billion people, rich and poor, rural and urban
alike. Biodiversity comprises much of the renewable
natural capital on which livelihoods and development
are grounded. However, ongoing, and in many
cases, accelerafing declines and losses in biodiversity
over the past 20 years have decreased the capacity
of many ecosystems to provide services, and have
had profound negative impacts on opportunities for
sustainable development around the planet. These
impacts are particularly pronounced in the developing
world, in large part due to the patterns of consumption
and trade in the industrial world, which themselves are

not sustainable.

If future concerns are not taken into account, and

the products and services provided by biodiversity

Box 5.1 Life on Earth

Biodiversity is the variety of life on Earth. It includes diversity at the genetic level, such
as that between individuals in a population or between plant varieties, the diversity of
species, and the diversity of ecosystems and habitats. Biodiversity encompasses more
than just variation in appearance and composition. It includes diversity in abundance
(such as the number of genes, individuals, populations or habitats in a particular
location), distribution (across locations and through time) and in behaviour, including
interactions among the components of biodiversity, such as between pollinator species
and plants, or between predators and prey. Biodiversity also incorporates human cultural
diversity, which can be affected by the same drivers as biodiversity, and which has

impacts on the diversity of genes, other species and ecosystems.

Biodiversity has evolved over the last 3.8 billion years or so of the planet’s
approximately 5 billion-year history. Although five major extinction events have

been recorded over this period, the large number and variety of genes, species and
ecosystems in existence today are the ones with which human societies have developed,

and on which people depend.

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

are not managed effectively, future options become
limited or are eliminated, for rich and poor people
alike. While technological alternatives to some of
the services provided by biodiversity are available,
they are typically more costly, compared to the
benefits derived from well-managed ecosystems.
Biodiversity loss particularly affects the poor, who
are most directly dependent on ecosystem services
at the local scale, and are unable to pay for
alternatives. Although the private, more restricted,
financial benefits of activities that result in the loss of
biodiversity, such as the conversion of mangroves to
aquaculiure enterprises, are usually high, they often
externalize many of the social and environmental
cosfs. The overall benefits are frequently considerably
less than the societal, more distributed, benefits that
are lost along with the biodiversity, but for which the
monetary value is often not known. For example, the
loss of mangrove ecosystems contributes to declining
fisheries, timber and fuel, the reduction of storm
protection, and increased vulnerability fo the impacts

of exireme events.

In addition to the values of biodiversity for the
supply of parficular ecosystem services, biodiversity
also has infrinsic value, independent from its
functions and other benefits to people (see Box
5.1). The challenge is to balance the cultural,
economic, social and environmental values so that
the biodiversity of today is conserved and used in
a manner that will allow it fo be available for and
to sustain the generations of the future. Biodiversity
management and policies have an impact upon

all sectors of society, and have strong cross-cultural
and cross-boundary implications. Policies relating
to issues such as trade, transport, development,
security, health care and education all have impacts
on biodiversity. Discussions on access and benefit
sharing relating to genetic resources, one of the
provisions of the UN Convention on Biological
Diversity [CBD), show that understanding the full
value of biodiversity is not simple. In addition

to the gaps remaining in the understanding of
biodiversity and ecosystem functioning, each
individual stakeholder may hold different values

for the same atfribute of biodiversity. Building a
fuller understanding of these values will require
considerable additional research, and increasingly
comprehensive, interdisciplinary and quantified
assessments of the benefits that biodiversity provides

to people’s health, wealth and security.
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The relationships among biodiversity and the five

main themes assessed in this chapter — livelihood
security, agriculture, energy, health and culture — clearly
demonsrate the importance of biodiversity fo these
aspects of human wellbeing. Biodiversity forms the basis
of agriculiure, and enables the production of foods,
both wild and cultivated, confributing to the health and
nutrifion of all people. Genetic resources have enabled
past and current crop and livestock improvements,

and will enable future ones, and allow for flexibility
according to market demand and adaptation according
to changing environmental conditions. Wild biodiversity
is perhaps of greatest direct importance to the one
billion people around the world who live a subsistence

lifestyle. The decline of this diversity has considerable

implications for their health, culture and livelihoods.
Supporting services, such as nutrient cycling and soll
formation, and regulating services, such as pest and
disease control, flood regulation and pollination,
underpin successful agricultural systems, and contribute

fo livelihood security.

Cultural ecosystem services are being increasingly
recognized as key determinants of human wellbeing,
including through the maintenance of cultural traditions,
cultural identity and spirituality. Among the wide range
of other benefits from biodiversity, it has enabled the
production of energy from biomass and fossil fuels.
Such use of biodiversity has brought tremendous

benefit to many people [see Box 5.2, but has had

Box 5.2 Value of biodiversity and ecosystem services

The supply of ecosystem services depends on many attributes of
biodiversity. The variety, quantity, quality, dynamics and distribution
of biodiversity that is required to enable ecosystems to function, and
the supplying benefits to people, vary between services. The roles of
biodiversity in the supply of ecosystem services can be categorized
as provisioning, regulating, cultural and supporting (see Chapter 1),
and biodiversity may play multiple roles in the supply of these types
of services. For example, in agriculture, biodiversity is the basis

for a provisioning service (food, fuel or fibre is the end product), a

supporting service (such as micro-organisms cycling nutrients and soil
W

formation), a regulatory service (such as through pollination), and

potentially, a cultural service in terms of spiritual or aesthetic benefits,

or cultural identity.

The contributions of biodiversity-dependent ecosystem services

to national economies are substantial. The science of valuation
of ecosystem services is new, and still developing basic
conceptual and methodological rigour and agreement, but it has
already been very instructive, since the value of such services

is generally ignored or underestimated at decision and policy
making levels. Identifying economic values of ecosystem services,
together with the notions of intrinsic value and other factors,

will assist significantly in future decisions relating to trade-offs in
ecosystem management.

Value of:

m Annual world fish catch — US$58 billion (provisioning service).

m Anticancer agents from marine organisms — up to US$1 billion/year
(provisioning service).

m Global herbal medicine market - roughly US$43 billion in 2001
(provisioning service).

m Honeybees as pollinators for agriculture crops — US$2-8 billion/year
(regulating service).

m Coral reefs for fisheries and tourism — US$30 billion/year
(see Box 5.5) (cultural service).

Honey bees (Apis mellifera, Apis mellifica) provide regulatory services through pollination.

Credit: J. Kottmann,/WILDLIFE/Still Pictures

Cost of:

m Mangrove degradation in Pakistan — US$20 million in fishing losses,
US$500 000 in timber losses, US$1.5 million in feed and pasture
losses (regulating provisioning services).

m Newfoundland cod fishery collapse — US$2 billion and tens of
thousands of jobs (provisioning service).

Of those ecosystem services that have been assessed, about 60 per cent
are degraded or used unsustainably, including fisheries, waste treatment
and detoxification, water purification, natural hazard protection, regulation
of air quality, regulation of regional and local climate, and erosion control
(see Chapters 2, 3, 4 and 6). Most have been directly affected by an
increase in demand for specific provisioning services, such as fisheries,
wild meat, water, timber, fibre and fuel.

Sources: Emerton and Bos 2004, FAO 2004, MA 2005, Nabhan and Buchmann 1997, UNEP 2006a, WHO 2001
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some significant negative knock-on effects in the

form of human-induced climate change, and habitat
conversion. These trade-offs, inherent in so much of
biodiversity use, are becoming increasingly apparent,

as there are greater demands for ecosystem services.

People directly use only a very small percentage

of biodiversity. Agriculture reduces diversity to
increase productivity for a component of biodiversity
of particular interest. However, people rely indirectly
on a much larger amount of biodiversity without
realizing it. There are bacteria and microbes that
transform waste into usable products, insects that
pollinate crops and flowers, and biclogically diverse
landscapes that provide inspiration and enjoyment
around the world. Such ecosystem services, or the
benefits derived from biodiversity, are ultimately
dependent on functioning ecosystems. However, the
amount of biodiversity required to enable ecosystems
fo function effectively varies enormously, and how
much biodiversity is needed for the sustainable supply
of ecosystem services in the present, and info the

future, remains largely unknown.

Despite the critical need for more effective
conservation and sustainable use, the loss of
biodiversity confinues, and in many areas is
currently increasing in magnitude. Rates of species
exfinction are 100 fimes higher than the baseline
rate shown by the fossil record (see Box 5.3). The
losses are due to a range of pressures, including
land-use change and habitat degradation,
overexploitation of resources, pollution and the
spread of invasive alien species. These pressures
are themselves driven by a range of socio-economic
drivers, chiefly the growing human population and
associated increases in global consumption of
resources and energy, and the inequity associated
with high levels of per capita consumption in

developed countries.

Box 5.3 The sixth extinction

All available evidence points to a sixth major extinction event currently underway. Unlike
the previous five events, which were due to natural disasters and planetary change (see
Box 5.1), the current loss of biodiversity is mainly due to human activities. The current
rapid rates of habitat and landscape changes and modifications, increased rates of
species extinction, and the reduction in genetic variability due to population declines,
are having impacts on natural processes and on the needs of people. The details of
many of these impacts remain uncertain, but their major negative influences can be

foreseen and avoided or mitigated.
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Responses to the continuing loss of biodiversity are
varied, and include further designation of protected
areas, and, increasingly, the improved management
for biodiversity in production landscapes and
seascapes. There are recent signs of an emerging
consensus that biodiversity conservation and
sustainable development are inextricably linked, as
for example illustrated by the endorsement by the
2002 Johannesburg World Summit on Sustainable
Development (WSSD) of the CBD's 2010 target,
and its subsequent incorporation info the Millennium

Development Goals.

GLOBAL OVERVIEW OF THE STATUS OF
BIODIVERSITY

Ecosystems

Ecosystems vary greafly in size and composition,
ranging from a small community of microbes in a drop
of water, fo the entire Amazon rain forest. The very
existence of people, and that of the millions of species
with which the planet is shared, is dependent on the
health of our ecosystems. People are putting increasing
strain on the world’s ferrestrial and aquatic ecosystems
[see Chapters 3 and 4). Despite the importance of
ecosystems, they are being modified in extent and
composition by people af an unprecedented rafe, with
litle understanding of the implications this will have in
terms of their ability fo function and provide services in
the future (MA 2005). Figure 5.1 depicts an analysis

of the status of terrestrial ecosystems.

For more than half of the world’s 14 biomes, 20-50
per cent of their surface areas have already been
converted fo croplands (Olson and others 2001).
Tropical dry broadleaf forests have undergone the most
rapid conversion since 1950, followed by temperate
grasslands, flooded grasslands and savannahs.
Approximately 50 per cent of inland water habitats
are speculated fo have been transformed for human
use during the twentieth century (Finlayson and
D'Cruz 2005) (see Chapter 4). Some 60 per cent
of the world's major rivers have been fragmented

by doms and diversions [Revenga and others

2000, reducing bicdiversity as a result of flooding
of habitats, disruption of flow patterns, isolation of
animal populations and blocking of migration routes.
River systems are also being significantly affected by
water withdrawals, leaving some major rivers nearly
or completely dry. In the marine realm, particularly
threatened ecosystems include coral reefs and

seamounts (see Box 5.4).
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Figure 5.1 Status of ferrestrial ecoregions

mmm (rifical or endangered
1 Relatively stable or infact
1 Vulnerable

1 Ecoregions with no
ongoing threat

Note: An ecoregion is
a large unit of land
containing a

- geographically distinct
assemblage of species,
natural communities, and

environmental conditions.

Source: WWF 2006

Box 5.4 Deep-sea biodiversity

The deep sea is increasingly recognized as a major reservoir of
biodiversity, comparable to the biodiversity associated with tropical

rain forests and shallow-water coral reefs. The wealth of diverse deep-

sea habitats — hydrothermal vents, cold seeps, seamounts, submarine
canyons, abyssal plains, oceanic trenches and recently-discovered asphalt
volcanoes — contain a vast array of unique ecosystems and endemic
species. Although the magnitude of deep-sea diversity is not yet understood
(only 0.0001 per cent of the deep seabed has been subject fo biological
investigations), it has been estimated that the number of species inhabiting
the deep sea may be as high as 10 million. It is believed that the deep
seabed supports more species than all other marine environments. Marine
biodiversity and ecosystems are threatened by pollution, shipping, military
activities and climate change, but today fishing presents the greatest threat.
The emergence of new fishing technologies and markets for deep-sea fish
products has enabled fishing vessels to begin exploiting these diverse, but
poorly understood deep-sea ecosystems.

The greatest threat to biodiversity in the deep sea is bottom trawling.
This type of high seas fishing is most damaging to seamounts and the
coldwater corals they sustain. These habitats are home for several
commercial bottom-dwelling fish species. Seamounts are also important

Sources: Gianni 2004, UNEP 2006b, WWF and IUCN 2001

spawning and feeding grounds for species, such as marine mammals,
sharks and tuna, which make them very attractive fishing grounds. The
long life cycles and slow sexual maturation of deep-sea fish make them
particularly vulnerable to large-scale fishing activities. The lack of data
on deep-sea ecosystems and associated biodiversity makes it difficult to
predict and control the impacts of human activities, but current levels of
bottom trawling on the high seas is unlikely to be sustainable, and may
even be unsustainable at greatly reduced levels.

Effective management measures for deep-sea fisheries and biodiversity
need to be established. Conservation of marine ecosystems has recently
extended to the deep sea with the designation in 2003 of the Juan de
Fuca Ridge system and associated Endeavour Hydrothermal Vents (2 250
metres deep and 250 kilometres south of Vancouver Island, Canada) as
a marine protected area. There are several mechanisms to conserve deep
seas, such as the 1982 UN Convention of the Law of the Sea (UNCLOS),
1995 UN Fish Stocks Agreement (UNFSA), International Seabed Authority
(ISA), 1992 Convention on Biological Diversity (CBD) and the 1973
Convention on Trade in Endangered Species (CITES). However, these
mechanisms need more effective implementation if deep-sea ecosystems

are to be conserved and sustainably used.

Examples of species inhabiting the deep sea. False boarfish, Neocytlus helgae (left)

The seafloor off Northwest Australia showing dense populations of corals and sponges

and cold water coral, Lophelia (right). before trawling (left) and after trawling (right).

Credit: Deep Atlantic Stepping Stones Science Party, IFE, URHAO and NOAA (lefi], UNEP Credit: Keith Sainsbury, CSIRO

2006b (right)
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Invertebrates, including
butterflies, comprise the vast
majority of species.

Credit: Ngoma Photos

The fragmentation of ecosystems is increasingly
affecting species, particularly migratory species that
need a contiguous network of sites for their migratory
journeys, species that rely on particular microhabitats
and those that require multiple types of habitats during

different life cycle stages.

Species

Although about 2 million species have been
described, the total number of species range between
5 and 30 million (IUCN 2006, May 1992). Much of
this uncertainty relates to the most species-ich groups

such as invertebrates.

Current documented rates of extinction are estimated
fo be roughly 100 fimes higher than typical rafes in
the fossil record [MA 2005). Although conservation
success in the recovery of several threatened
species has been noted (IUCN 2006), and a few
species that were presumed extinct have been
rediscovered (Baillie and others 2004), it is feasible
that extinction rates will increase to the order of

1 000-10 000 fimes background rates over the
coming decades (MA 2005).

Fewer than 10 per cent of the world's described
species have thus far been assessed to determine

their conservation status. Of these, over 16 000
species have been identified as threatened with
extinction. Of the major vertebrate groups that have
been comprehensively assessed, over 30 per cent of
amphibians, 23 per cent of mammals and 12 per cent
of birds are threatened (IUCN 2006).

SECTION B: STATE-AND-TRENDS OF THE ENVIRONMENT:

To understand trends in extinction risk, the conservation
stafus of an enfire species group must be assessed

at regular infervals. Currently, this information is only
available for birds and amphibians, both of which
indicate a continuing increase in the risk of extinction
from the 1980s to 2004 (Baillie and others 2004,
Buichart and others 2005, IUCN 2006).

The threat status of species is not evenly distributed.
Tropical moist forests contain by far the highest
number of threatened species, followed by fropical
dry forests, montane grasslands and dry shrublands.
The distribution of threatened species in freshwater
habitats is poorly known, but regional assessments
from the United States, the Mediterranean Basin
and elsewhere indicate that freshwater species are,
in general, at much greater risk of extinction than
terrestrial taxa (Smith and Darwall 2006, Stein

and others 2000. Fisheries have also been greatly
depleted, with 75 per cent of the world’s fish stocks
fully or overexploited (see Chapter 4.

The Living Planet Index measures frends in the
abundance of species for which data is available
around the world [loh and Wackernagel 2004).
Despite the fact that invertebrates comprise the vast
majority of species, frend indices for invertebrate
groups only exist for a very small number of species
groups, such as butterflies in Europe (Van Swaay
1990, Thomas and others 2004a). The existing limited

information suggests that invertebrate and vertebrate

population declines may be similar, but further studies
are required (Thomas and others 2004b).
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Genes

Genefic diversity provides the basis for adaptation,
allowing living organisms to respond to natural
selection, and adapt fo their environment. Genes
therefore play a strong role in the resilience of
biodiversity fo global changes, such as climate
change or novel diseases. Genes also provide direct
benefits to people, such as the genetic material
needed for improving yield and disease resistance of
crops [see the Agriculture section) or for developing
medicines and other products (see the Health and

Energy sections).

Over the past two decades, many of the world's most
important agricultural crops have lost genefic diversity
due fo changes in agricultural practices [Heal and
others 2002). The continued loss of genetic diversity
of such crops may have major implications on food
security [see Agriculture section). The amount or

rafe of loss of genetic diversity is poorly known, but
inferences can be made from documented extinctions
and population declines, which suggest that substantial

genetic loss is occurring (IUCN 20006).

Global responses to curb biodiversity loss

In 2002, parties to the CBD committed themselves
to actions to “achieve, by 2010, a significant
reduction of the current rate of biodiversity loss

at the global, regional and national levels as a
contribution to poverty alleviation and to the benefit
of all life on earth” (Decision VI/26, CBD Strategic
Plan). Setting this target has helped to highlight the
need for improved biodiversity indicators, capable
of measuring frends in a range of aspects of global
biodiversity. It has also helped to galvanize the
scientific community to iry to develop indicators
capable of measuring frends in the various aspects
or levels of biodiversity. Figure 5.2 provides

a sample of global biodiversity indicators that

will be used to measure progress fowards the

2010 target. They measure trends in vertebrate
populations, extinction risks for birds, global
consumption and the establishment of protected
areas (SCBD 2006).

The population and extinction risk indices
demonstrate a continuing decline in biodiversity,
and the ecological footprint indicates that
consumption is rapidly and unsustainably
increasing. These trends do not bode well

for meeting the 2010 biodiversity target at

Figure 5.2 Examples of state, pressure and response indicators that have been adopted by
the Convention on Biological Diversity to measure progress towards the 2010 target
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a global scale. Responses to the continuing

loss of biodiversity are varied, and include

further designation of land and areas of water
within protected areas, and increasingly,

the improved management for biodiversity in
production landscapes and seascapes. The
protected areas coverage indicator demonstrates a
promising frend in the form of a steady increase in

the area under protection.

During the past 20 vyears, the number of protected
areas grew by over 22 000 (Chape and others
2005) and currently stands af more than 115 000
(WDPA 20006). However, the number of profected
areas and their coverage can be misleading
indicators of conservation (especially for marine
areas), as their esfablishment is not necessarily
followed by effective management and enforcement
of regulations [Mora and others 2006, Rodrigues
and others 2004). Also the percentage and
degree to which each ecosystem is profected
varies greafly. Roughly 12 per cent of the world’s
land surface is included within some kind of
protected area, but less than one per cent of the
world's marine ecosystems are protected, with the
Great Barrier Reef and the northwestern Hawaiian
islands making up one-third the area of all marine
protected areas [Figure 5.3) (Chape and others
2005, SCBD 2006).

In addition to ensuring the effective management of
protected areas, emphasis will increasingly need

fo be placed on the conservation of biodiversity

outside protected areas, and in conjunction with
other land uses if the rafe of loss of biodiversity
is fo be reduced. The establishment of new
policies and processes af all scales, the re-
emergence of sustainable agricultural practices,
the further development of collaboration among
secfors, including corporate parinerships between
conservation organizations and exfractive industries,
and the mainstreaming of biodiversity issues into
all areas of decision making, will all contribute
to a more secure future for biodiversity, and for

sustainable development.

Over the last 20 years environmental issues have
increasingly been recognized as important in

the development secfor at a global scale. The
commitment by parties to the CBD to achieve a
significant reduction in the rafe of biodiversity

loss by 2010 as a contribution fo poverty
alleviation and the benefit of all life on Earth, the
endorsement by the 2002 Johannesburg World
Summit on Sustainable Development (WSSD) of
the CBD's 2010 target, and the incorporation of
the 2010 biodiversity target into the Millennium
Development Goals as a new target under Goal 7
on environmental sustainability are some examples.
A framework for action was proposed at VWSSD

to implement sustainable development policies,
which covered five key areas (water, energy,
health, agriculture and biodiversity), This “WEHAB"
framework provided a focus, and confirmed the
recognition of biodiversity as a key component of

the sustainable development agenda.

Figure 5.3 Degree of protection of terrestrial ecoregions and large marine ecosystems (per cent)
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DRIVERS OF CHANGE AND PRESSURES
Currently, population growth and patterns of
consumption, which lead to increased demand for
ecosysfem services and energy, are the most important
drivers affecting biodiversity. These drivers result in
pressures that have direct impacts on ecosystems,
species and genetic resources (see Table 5.1). Human
activiies cause changes in both the living and nonrliving
components of ecosystems, and these pressures have

increased dramatically over the past few decades.

Drivers and pressures seldom act in isolation. They
tend fo inferact in synergistic ways, and their impacts
on biodiversity are more than the sum of the effects of
the individual drivers and pressures themselves (MA
2005). Additionally, the inferaction shows considerable
regional variation [see Chapter ). Drivers and
pressures act at different temporal and spatial scales.
For example, sediments from deforestation in the
headwaters of the Orinoco River, deep in South
America, have impacts far out in the Wider Caribbean
Sea basin, changing the nufrient availability and

turbidity of the waters (Hu and others 2004).

Since the Brundtland Commission report, the
globalization of agriculture and inappropriate
agricultural policies have emerged as leading
drivers influencing the loss of species and ecosystem
services. Globalization is leading fo major changes
in where, how and who produces food and other
agricultural commodities. Global market demand for
high value commodities such as soybeans, coffee,
cotton, oil palm, horticultural crops and biofuels

has resulted in substantial habitat conversion and
ecosystem degradation. This has replaced diverse
smallholder farms with larger monoculture enterprises.
In other cases, globalization has concentrated and
intensified production on the most productive lands,

reducing net deforestation rates.

Virtually all of the factors leading fo the accelerating
loss of biodiversity are linked to the development of and
increasing demand for energy by society. Of particular
importance are the high levels of per capita energy use
in the developed world, and the potential growth in
energy use in the large emerging economies. The rapid
increase in demand for energy has profound impacts
on biodiversity at two levels (Guruswamy and McNeely
1998, Wilson 2002): impacts from the production
and distribution of energy, and those resulting from

the use of energy. Exploration for hydrocarbons,

pipeline consfruction, uranium and coal mining,
hydroelectric dam construction, harvesting for fuelwood
and, increasingly, biofuel plantations can dll lead to

significant biodiversity loss, both on land and at sea.

The widespread anthropogenic changes fo the
environment have altered patterns of human disease,
and increased pressures on human wellbeing. The
loss of genetic diversity, overcrowding and habitat
fragmentation all increase susceptibility to disease
outbreaks (Lafferty and Gerber 2002). Some
ecosystem changes create new habitat niches for
disease vectors, for example, increasing the risk of
malaria in Africa and the Amazon Basin (Vittor and

others 20006).

Deforestation in Serra Parima,

Orinoco River basin.

Credit: Mark Edwards/Still Pictures

The Orinoco River carries
sediment that originates from
land degradation far away

in the Andes all the way to
the Caribbean. By contrast,
the Caroni river water is clear
blue, as it drains the ancient
landscapes of the Guyana
Highlands, where erosion is

much slower.

Credit: NASA 2005

Orinoco River
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The Telestes polylepis, a critically
endangered freshwater species

found in Croatia.

Credit: Jorg Freyhof

Trends in biodiversity over the next few decades will
largely depend on human actions, especially those
relating fo land-use changes, energy production

and conservation. These actions will, in turn, be
affected by various factors including advances in our
understanding of ecosystem services, development of
viable alternatives to natural resources (especially fossil
fuels), and the emphasis placed on the environment
and conservation by developed and developing
couniry governments alike. Efforts made to predict the
prospects for specieslevel biodiversity have indicated
that extinctions are likely o confinue at a pace well
above the background rate, with as many as 3.5 per
cent of the world’s birds (BirdLife International 2000),
and perhaps a greater proportion of amphibians and
freshwater fish, being lost or committed fo extinction by

the middle of the century.

Climate change is likely to play an increasing role

in driving changes in biodiversity, with species’
distributions and relative abundances shifting as their
preferred climates move fowards the poles and higher
altitudes, leaving those endemic to polar and high
mountain regions most at risk. In addition, changes in
the ranges of vector species may facilitate the spread
of diseases affecting humans and other species, for
example, malaria and the amphibian fungal disease,

chytridiomycosis.

Further pressure on biodiversity will result from the
continuing increase in the global human population,
which is predicted fo reach 8 billion by 2025 (GEO
Data Portal, from UNPD 2007). All will require access to
food and water, leading to an unavoidable increase in
stresses on natural resources. The increased infrastructure

required 1o support such a global population of more

than 8 billion people will likely have particular effects on
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biodiversity in the future [see Chapter 9). The increased
need for agricultural production to feed the population
will likely be met largely by commercial intensification,
with negafive consequences for the genetic diversity

of agricultural crops and livestock. Extensification will
also help to meet the need, with a predicted addifional
120 million hectares required by 2030 in developing
counfries, including lands of high bicdiversity value

(Bruinsma 2003).

Tropical forests are the terrestrial system likely to be
the most affected by human actions in the first half

of this century, largely through habitat conversion for
agricultural expansion [including the growth of biofuel
plantations). Ongoing fragmentation will result in the
degradation of the largest remaining areas of species-
rich forest blocks in Amazonia and the Congo basin.
Marine and coastal ecosystems are also expected to
continue to be degraded, with existing impacts, such
as fishing, eutrophication from ferrestrial activities and
coastal conversion for aquaculture, increasing (Jenkins
2003]. Llarge species, including top predators, will be
particularly affected, with considerable declines and

some exfinctions likely.

Changes, both positive and negative, in biodiversity
trends over the next few decades are inevitable,
yet the defails of these changes are nof yet set

in stone. Their magnitude can be somewhat
reduced and mitigated by the further integration of
biodiversity considerations into national policies,
increasing corporate social responsibility activities
and conservation actfions. With commitment from
governments, the private sector, scientific institutions
and civil society, acfion can be taken fo ensure
progress towards the CBD 2010 target, the

Millennium Development Goals, and beyond.
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ENVIRONMENTAL TRENDS AND RESPONSES
Biodiversity is closely linked fo livelihood security,
agriculture, energy, health and culture, the five themes
analysed in this chapter. Of these themes, agriculture
[in terms of food security) and energy were explicitly
considered in the Brundiland Commission report, and
with a focus on water and health, fie together the
WEHAB framework for action arising from WSSD.
These linkages are likely to emerge as the most
crifical in implementing actfions that will result in truly
sustainable development. Table 5.1 summarizes
some of the impacts of major drivers on biodiversity,

ecosystems and human well-being.

LIVELIHOOD SECURITY

Ecosystems provide critical services

Biodiversity contributes directly and indirecly to livelihood
security [MA 2005). Functioning ecosystems are crucial
buffers against extreme climate events, and act as
carbon sinks and filiers for waterborne and airborne
pollutants. For example, the frequency of shallow
landslides appears to be strongly related to vegetation
cover, as roofs play an important role in slope stability,
and can give the soil mechanical support at shallow
depth. In coastal areas, mangroves and other wetlands
are particularly effective in providing shoreline stability,

reducing erosion, frapping sediments, foxins and

Table 5.1 Impacts on biodiversity of major pressures and associated effects on ecosystem services and human well-being

Potential implications for ecosystem

composition
m Fragmentation of landscapes
m Soil degradation

m Reliance on fewer species

m Decreased fisheries

m Decreased coastal protection
m Loss of traditional knowledge

Pressures Impacts on biodiversity services and human well-being Examples
Habitat m Decrease in nafural habitat m Increased agricultural production Between 1990 and 1997, about 6 million hectares of tropical
conversion m Homogenization of species m Loss of water regulation potential humid forest were lost annually. Deforestation trends differ

from region fo region, with the highest rates in Southeast Asia,
followed by Africa and Latin America. Additionally, about 2
million ha of forest are visibly degraded each year [Achard and

others 2002). (See Chapter 3.)

Invasive alien
species

m Competition with and
predation on native species

m Changes in ecosystem
function

m Extinctions

m Homogenization

m Genetic confamination

m Loss of traditionally available
resources

m Loss of potentially useful species

m Losses in food production

m Increased costs for agriculture,
forestry, fisheries, water
management and human health

m Disruption of water fransport

The comb jelly, Mnemiopsis leidyi, accidentally introduced

in 1982 by ships from the US Atflantic coast, dominated the
entire marine ecosysfem in the Black Sea, direcﬂy competing
with native fish for food, and resulting in the destruction of 26

commercial fisheries by 1992 (Shiganova and Vadim 2002).

Overexploitation

m Exfinctions and decreased
populations

m Alien species introduced after
resource deplefion

m Homogenization and changes
in ecosystem functioning

m Decreased availability of resources

m Decreased income earning
potential

m Increased environmental risk
(decreased resilience)

m Spread of diseases from animals
to people

An estimated 1-3.4 million tonnes of wild meat (bushmeat)
are harvested annually from the Congo Basin. This is believed
to be six times the sustainable rate. The wild meat trade is a
\orge, but offen invisible contributor to the national economies
dependent on this resource. It was recently estimated that the
value of the trade in Céte d'Ivoire was US$150 million/year,
representing 1.4 per cent of the GNP [POST 2005). (For more
on overexploitation of fish stocks, see Chapter 4.)

Climate change

m Extinctions

m Expansion or contraction of
species ranges

m Changes in species
compositions and interactions

m Changes in resource availability

m Spread of diseases o new ranges

m Changes in the characteristics of
profected areas

m Changes in resilience of
ecosystems

Polar marine ecosystems are very sensitive to climate change,
because a small increase in temperature changes the thickness
and amount of sea ice on which many species depend.

The livelihoods of indigenous populations living in sub-arctic
environments and subsisﬁng on marine mammals are Ihreofened,
since the exploitation of marine resources is directly linked fo the
seasonalify of sea ice [Smefacek and Nicol 2005). (For more on
climate change, see Chapter 2.)

Pollution

m Higher mortality rafes
m Nufrient looding
m Acidification

m Decreased resilience of service

m Decrease in productivity of service

m Loss of coastal profection, with
the degradation of reefs and
mangroves

m Eutrophication, anoxic waterbodies
leading to loss of fisheries

Over Q0 per cent of land in the EU-25 countries in Europe

is affected by nifrogen pollution greater than the calculated
critical loads. This friggers eufrophication, and the associated
increases in algal blooms and impacts on biodiversity, fisheries
and aquaculture (De Jonge and others 2002). (See Chapters 4
and 6.)

Source: Adapted from MA 2005
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Pita, Aechmea magdalane,

a thorny-leaved ferrestrial
bromeliad, grows naturally in
lowland forests of southeast
Mexico. It is harvested for

the commercial extraction of
fibre used in the stiching and
embroidering of leatherwork.
One hectare of forest can
provide up to 20 kilogrammes of
pita fibre per year, generating
an average cash income of

US$1 000/ha.
Credit: Elaine Marshall
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nutrients, and acting as wind and wave breaks fo buffer
against storms. The role of inland wetlands in sforing
water and regulating streamflow is both a function of
their vegefafive composition, which helps to maintain solil

structure, and their characterisfically gentle slopes.

Current trends in land degradation and habitat loss
continue fo confribute to reducing livelihood options
while heightening risks. Changes in land management,
particularly the replacement of fire-adapted systems
with other forms of land cover, can increase the
infensity and extent of fires, increasing the hazard

to people. land-use change also influences climate

at local, regional and global scales. Forests, shrub
and grasslands, freshwater and coastal ecosystems
provide critical sources of food and complementary
sources of income (see Box 5.2). Fish and wild meat
provide animal protein, while other forest resources
provide diefary supplements. These ecosystem goods
act as critical safety nets for millions of rural poor.
Traditionally, access rights and tenure arrangements
for these public goods have evolved fo enable
equitable distribution of such extractive activities. More
recently, due fo increased population densities and

the introduction of market models, access to these

common property resources has been increasingly

restricted, with resulting impacts on rural livelihoods.
With reliable access to markets, the commercialization
of many wild-harvested products can be exiremely
successful in contributing to sustaining rural livelihoods

(Marshall and others 2006).

Box 5.5 Coral reefs in the Caribbean

The global net value of coral reefs relating to fisheries,
coastal protection, tourism and biodiversity, is
estimated to total US$29.8 billion/year. However,
nearly two-thirds of Caribbean coral reefs are
reported to be threatened by human activities. The
predominant pressure in the region is overfishing,
which affects approximately 60 per cent of Caribbean
reefs. Other pressures include large quantities of dust
originating from deserts in Africa, which are blown
across the Atlantic Ocean and settle on reefs in the
Caribbean, leading to significant coral mortality. It
has been proposed that this phenomenon led to a
coral bleaching event that began in 1987, correlating
with one of the years of maximum dust flux into the
Caribbean. Coral degradation has negative impacts
on coastal communities, including the loss of fishing
livelihoods, protein deficiencies, loss of tourism
revenue and increased coastal erosion.

Sources: Burke and Maidens 2004, Cesar and Chong 2004,
Giriffin and others 2002, MA 2005, Shinn and others 2000
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Environmental degradation, combined with
heightened exposure and vulnerability of human
setlements to risk, contributes to vulnerability to
disasters. Almost 2 billion people were affected
by disasters in the last decade of the 20th century,
86 per cent of them due to floods and droughts
[EMDAT). Long spells of drought associated with
the El Nifio Southern Oscillation phenomenon
[ENSO) contributed to forest fires in the Amazon
Basin, Indonesia and Central America in 1997-
1998. In Indonesia alone, an estimated 45 600
square kilometres of forest were destroyed (UNEP
1999). In Central America, the loss of over 15
000 km? of forests due to wildfires reduced the
capacities of natural forests to buffer the impacts
of heavy rainfall and hurricanes, and contributed
to the devastating impact of Hurricane Mitch in
1998 (Girot 2001). These impacts spread beyond
the tropics, as the large forest fires of California,
Spain, Portugal and other Mediterranean countries
in 2005 illustrated (EFFIS 2005). Furthermore,
coral degradation has negative impacts on coastal

communities (see Box 5.5).

The clustering of climate-related and biological
risks will also contribute to impacts on human

well-being through events such as heat waves

and crop failures. The impact on human health
has been addressed in greater detail in the

Health section.

Ecosystems minimize risks

The linkages between biodiversity and livelihood
security are complex, and based on the infrinsic
relationship between societies and their environment.
Policies that can address both the risks and
opportunities posed by rapid environmental changes
will require a combined focus on ecosystem
management, sustainable livelihoods and local

risk management. For example, policies aimed

af the improved management of water resources

and the non-sfructural mitigation of weatherrelated
hazards can contribute to the reduction of disaster
risks by enhancing landscape restoration, coastal
forest management and local conservation and
sustainable use initiatives. In coastal ecosystems,
restoring mangroves in cyclone-prone areas increases
physical protection against storms, creates a reservoir
for carbon sequesration and increases livelihood
options by generating much-needed income for local

communities [MA 2005). Although the evidence

Box 5.6 Mangrove restoration for buffering storm surges in Viet Nam

In Viet Nam, tropical cyclones have caused a considerable loss of livelihood
resources, particularly in coastal communities. Mangrove ecosystem rehabilitation
along much of Viet Nam’s coastline is an example of a cost-effective approach to
improving coastal defences while generating local livelihoods. Since 1994, the Viet
Nam National Chapter of the Red Cross has worked with local communities to plant
and protect mangrove forests in northern Viet Nam. Nearly 120 km?2 of mangroves
have been planted, with substantial resulting benefits. Although planting and
protecting the mangroves cost approximately US$1.1 million, it saved US$7.3 million/
year in dyke maintenance.

During the devastating typhoon Wukong in 2000, project areas remained unharmed,
while neighbouring provinces suffered huge losses in lives, property and livelihoods.
The Viet Nam Red Cross has estimated that some 7 750 families have benefited from
mangrove rehabilitation. Family members can now earn additional income from selling

crabs, shrimp and molluscs, while increasing the protein in their diets.

Source: lIED 2003

base is varied, communities hit by the 2004 tsunami
in South Asia reported less damage in areas with
healthy mangrove forests than those with few natural
sea defences (Dahdouh-Guebas and others 2005).
India and Bangladesh have come to recognize the
importance of the Sunderbans mangrove forest in the
Gulf of Bengal, not only as a source of livelihoods
for fishing communities, but also as an effective
mechanism for coastal protection. Viet Nam is also
investing in mangrove resforation as a costeffective
means for increased coastal protection (see Box 5.6).
Similar benefits can be derived from coral reefs (UNEP-

WCMC 2006b).

AGRICULTURE

Links between biodiversity and agriculture
Agriculture is defined broadly here to include crops
and agroforestry products, livestock and fisheries
production. Of some 270 000 known species of
higher plants about 10 000-15 000 are edible,
and about 7 000 of them are used in agriculture.
However, increased globalization threatens to
diminish the variefies that are traditionally used in
most agricultural systems. For example, only 14
animal species currently account for QO per cent

of all livestock production, and only 30 crops
dominate global agriculture, providing an estimated
Q0 per cent of the calories consumed by the
world's population (FAO 1998). Despite its crucial
importance in supporting societies, agriculture
remains the largest driver of genefic erosion, species
loss and conversion of natural habitats around the

world (MA 2005) (see Figure 5.4).
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Figure 5.4 Contemporary extent of agricultural systems

1 Agriculture <20% of land area
or no growing season
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[ Grazing land, > 50%

= Grazing land, > 85%

Sources: Redrawn from Sebastian
2006, derived from FAO and
IASA 2000, Ramankutty 2002,
Ramankutty 2005, and Sieber
and others 2006
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Both cultivated and wild biodiversity provide services
necessary for agriculture (see Table 5.2). Although
seldom valued in economic terms, these services

play a very significant role in nafional and regional
economies. Different types of agricultural production
systems [such as commercial infensive, smallholder,
pastoralism and agroforesiry systems| use these
services to varying degrees and infensity. For example,
the use of nitrogendixing legume trees in maize-based
systems of Eastern and Southern Africa is helping local
farming populations to increase per hectare production
of maize without otherwise investing in inorganic
fertilizers (Sanchez 2002). In addition, environmental
benefits are gained through carbon sequestration and

provision of fuelwood.

Habitat conversion is often justified as essential to
increasing agricultural production, and trends in

agricultural land use over the past 20 years are

presented in Chapters 3 and 6. Although more
than 300 000 km? of land have been converfed
to agricultural use in the tropics alone (Wood

and others 2000), much of this is of marginal use
for agriculture or particular crops. This has led

to inefficient use of resources, often resulting in
degradation of land and ecosystem services (see
Chapter 3). Some 1.5 billion people, about half
of the world’s total labour force and nearly one-
quarter of the global population, are employed in
agriculture, or their livelihoods are directly linked to
it (MA 2005), and women make up the majority of
agricultural workers. When agriculture on marginal
lands is reduced and these lands are appropriately
managed, ecosystems can recover, as demonstrated
by the expansion of forests in parts of Europe,
North America, Japan, China, India, Viet Nam,
New Zealand and latin America (Aide and Grau
2004, Mather and Needle 1998).

Table 5.2 Biodiversity benefits to agriculture through ecosystem services

Provisioning

Regulating

Supporting Cultural

m Food and nutrients

m Fuel

m Animal feed

m Medicines

m Fibres and cloth

m Materials for industry

m Genetic material for
improved varieties and
yields

m Pollination

m Pest resistance

m Pest regulation

m Erosion control

m Climate regulation

m Natural hazard regulation
[droughts, floods and fire)

m Soil formation m Sacred groves as food

m Soil profectfion and water sources

m Nufrient cycling m Agricultural lifestyle

m Water cycling varieties

m Genetic material reservoirs
for improved variefies and
yields

m Pollinator sanctuaries
m Erosion control

Source: MA 2005
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Meeting global food needs poses increasing
challenges, and will require either infensification or
extensification to increase agricultural productivity
(Tillman and others 2002). Intensified systems fend to
be dominated by only a few varieties. This approach
is usually associated with higher levels of inputs,
including technology, agrochemicals, energy and
water use. The latter three, at least, have serious

negative impacts on biodiversity.

Extensification relies on lower inputs, and generally on
more land being used, often through habitat conversion.
In many parts of the world, agricultural extensification
involves converting more land for the cultivation of
major commodities such as soybeans (Latin America
and the Caribbean), oil palm and rubber (Asia and

the Pacific), and coffee (Africa, Latin America and
Asia), and it is exacerbated by the emergence of new
markets for export. In Brazil, for example, the area of
land used for growing soybeans (most of which are
exported to China) grew from 117 000 km2 in 1994
to 210 000 km2 in 2003. This was driven by a 52 per
cent increase in world consumption of soybeans and
soybean products (USDA 2004), and these figures

continue fo rise dramatically.

A maijor agricultural biotechnology innovation during
the past two decades is the use of “fransgenic” or
living modified organisms (LMOs) fo provide new
affributes in different crops and breeds (FAO 2004,
IAASTD 2007). The technology is very young, and
major investments are being made fo enhance its
confribufions fo human well-being and business
stability. Research on LMOs has focused mainly on
mitigating the impacts of pests and diseases, and
there is evidence of reduced needs for pesticides and
herbicides in some crops, such as cofton and maize,
through genetic modification (FAO 2004). The global
production of genefically modified crops [mainly
maize, soybean and cotfon) was estimated fo cover
more than @00 000 km2 in 2005 (James 2003).
The use of IMOs is, as for many new fechnologies,
highly controversial, specifically in relation to the
uncertain impacts on ecosysfems (through escape
and naturalization in the landscape), human health
and social sfructures. There are concerns about

how its infroduction will affect poor people, whose
livelihoods depend primarily on traditional low input
agricultural practices. Increased research, monitoring
and regulation are needed fo ensure these negative

impacts are avoided as this fechnology is developed

(see Chapter 3). The Cartagena Profocol on Biosafety
was negotiated and adopted under the CBD to
develop a global framework for managing and

regulating LIMOs (FAO 2004, Kormos 2000).

More recently, increasing attention is being given to
the existing and potential impacts of climate change
on agriculture. Issues include the timing of growth,
flowering and maturing of crops, and the impacts

of (and on| pollinators, water resources and the
distribution of rainfall. There are also issues of changes
in market structures, yields for different crops and
strains, and the impacts of exireme weather events on
fraditional methods and livelihoods (Stige and others
2005). Models show that in some areas, specifically
where low temperature is a growth-limiting factor,
agricultural productivity may increase with climate
change. In other areas, where water and heat are
limiting factors, productivity may be severely curtailed
(IPCC 2007).

Changes in production practices and loss of diversity
in agro-ecosystems can undermine the ecosystem
services necessary fo sustain agriculture. For example,
pollinator diversity and numbers are affected by habitat
fragmentation [Aizen and Feinsinger 1994, Aizen and
others 2002), agricultural practices (Kremen and others
2002, Partap 2002), the land-use matrix surrounding
agricultural areas (De Marco and Coelho 2004, Klein
and others 2003) and other land-use changes (Joshi
and others 2004). Although some of the crops that
supply a significant proportion of the world's major
staples do nof require animal pollination [such as rice
and maize), the decline of pollinators has long-ferm
consequences for those crop species that serve as
crucial sources of micronutrients and minerals (such as

fruit frees and vegetables) in many parts of the world.

Genetic erosion, loss of local populations of species,
and loss of cultural traditions are offen intimately
intertwined. While rates of genefic erosion are poorly
known, they generally accompany the fransition

from traditional to commercially developed varieties
[FAO 1998). In crop and livestock production systems
throughout the developing world, genefic erosion
reduces smallholder farmer options for mitigating
impacts of environmental change and reducing
wulnerability, especially in marginal habitats or
agricultural systems that are predisposed to extreme
weather conditions (such as arid and semi-arid lands

of Africa and India).
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Agriculture in a rain forest in
Ghana, growing cassava and
fruits such as bananas and
papayas.

Credit: Ron Giling/Still Pictures
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Implications for agricultural technologies and policy
Methodological and technological innovation

Since the Brundiland Commission report, agricultural
research and development has made major advances
in infegrating conservation and development to
mitigate loss of biodiversity, reverse land degradation
and foster environmental sustainability. Much remains
fo be done fo create the appropriafe enabling
environment in many counfries, rich and poor alike,
especially in eliminating anfi-conservation regulations

and inappropriate agricultural production subsidies.

A particular area of advancement is the use of
innovative agricultural practices fo enhance production
while conserving native biodiversity (Collins and
Qualset 1999, McNeely and Scherr 2001, McNeely
and Scherr 2003, Pretty 2002). Efforts to foster
biodiversityfriendly practices by integrating trees on
farms (agroforestry), conservation agriculture, organic
agriculture and infegrated pest management are all
contributing towards the sustainability of production
landscapes (see Chapter 3). Agroforesry, for
example, has emerged as a major opportunity for
achieving biodiversity conservation and sustainability
in production landscapes (Buck and others 1999,
McNeely 2004, Schroth and others 2004, through

three major pathways: reducing pressure on natural

forests, providing habitat for nafive plant and animal

species and serving as an effective land use in

fragmented landscapes (see Box 5.7).

Infegrated land management approaches are also
helping to enhance ecosystem resilience through
participatory processes that engage and empower
farmers, sirengthen local institutions and create options
for value-added income generation. These approaches
offer significant prospects for restoring degraded
lands fo enhance habitat connectivity and ecosystem
processes. In the tropical forest margins, where slash-
and-burn farming is a major cause of deforestation,
knowledge of land-use dynamics has helped to
identify practical options that are profitable for small
scale farmers and af the same fime environmentally
sustainable (Palm and others 2005). However, a
major challenge to wide-scale implementation of
these approaches is the lack of appropriate policy
frameworks that align rural and agriculiural policies
with the protection of biodiversity and ecosystem
services. Without such links, the value of integrated
natural resource management (Sayer and Campbell
2004 and ecoagriculture (McNeely and Scherr
2003 innovations will remain marginal in ensuring

the long-term viability of biodiversity.

Very substantial collections of plant genetic resources

for food and agriculture are now maintained
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around the world through the Consultative Group

on Infernational Agricultural Research (CGIAR)

system. These institutional gene banks are vital for
safeguarding germplasm. Farmers have much to
confribute at the local level in maintaining the viability
of different varieties, such as is being done in an
innovative partnership between the International Potato
Center and local communities in Peru, an approach
that produces income for the farmers while conserving
genetic variability. This also helps maintain local

ecological knowledge.

Policy options and governance mechanisms

Llocal and community inifiatives remain crucial for
supporting agricultural approaches that maintain
biodiversity. It is challenging to expand these
initiatives, since they are based on local differentiation
and diversity, rather than homogenization and mass
production. The development of recognized standards
and cerfification for production methods can help give
producers in these initiatives greater weight and value

in the global market.

However, litlle progress has been made overall

on insfitutionalizing a more diverse approach to
production systems, and in monitoring its effects. The
techniques that would support reduced pesticide or
herbicide use, for example, have yet to be adopted
in most countries, and the full value of the ecosysfem
services provided by ecologically oriented agricultural
systems are only very slowly being recognized.
Increased research, and the adoption of fechniques,
such as infegrated pest management, can reduce the
use of chemicals while providing important biodiversity
conservation services. Similarly, remedial measures
required fo resfore productivity to degraded lands are
not being implemented on the scale required. The
ecosystem approach can provide a framework for
developing practices, such as riparian buffer systems,
to both support biodiversity conservation, and assist in

water management and purification.

National level legislative and policy measures on
land tenure and land-use practices will be key to
facilitating wide-scale adoption of proven biodiversity-
supporting methodologies and technological options
in agriculiure. The options offer practical solutions
that reduce the impacts of agriculture on biodiversity,
but need fo be considered within a supportive policy
framework that encompasses both commercial and

small-scale agricultural production landscapes.

Box 5.7 Serenading sustainability: rewarding coffee farmers in Central America for

biodiversity-friendly practices

Research info the disappearance of songbirds in the US Midwest is leading to
innovations in the production practices and marketing of high-value coffee produced
in Central America. Smithsonian Institution researchers found that conversion of forests
in Central America for coffee plantations substantially reduced the winter habitats

for many migratory birds, reducing their breeding success and their numbers. They
worked with coffee producers to test methods of “bird friendly” planting, using intact
or minimally-thinned forests for coffee tree planting. This method of planting produces
somewhat fewer coffee beans, but they are of higher quality, and require fewer
pesticide and fertilizer inputs. Additionally, the coffee can be marketed as coming
from environmentally-friendly sources, potentially bringing in higher prices. Different
certification systems, for example for Bird Friendly® and Shade Grown coffee, show the

development and limitations of markets for more sustainably grown crops.

Sources: Mas and Dietsch 2004, Perfecto and others 2005

Box 5.8 Initiatives for implementation by biodiversity

Multilateral Environmental Agreements

In 1996, parties to the CBD adopted a programme
of work on conservation and sustainable use of
agricultural biological diversity. In addition, the CBD
has established the International Initiative for the
Conservation and Sustainable Use of Pollinators,
and the International Initiative for the Conservation
and Sustainable Use of Soil Biodiversity, both to

be implemented in cooperation with FAO and the
Global Strategy for Plant Conservation. Although
much remains to be done, global policy processes
are helping national governments, particularly

in developing countries, to better understand the
implications of globalization in agriculture for
national policies and development priorities. The
entry into force in June 2004 of the International
Treaty on Plant Genetic Resources for Food and
Agriculture represents another step in governance of
the conservation and use of crop genetic resources,
especially for large-scale commercial agriculture.
This provides for a multilateral system of exchange
for some 30 crops and 40 forage species, and
should greatly facilitate use and stimulate the

development of effective benefit sharing mechanisms.

At the global scale, ongoing international
negotfiations are addressing imbalances in markets,
subsidies and property rights, all of which have
direct links to land use in agriculture (see Box
5.8). However, there are still major challenges to
the conclusion and implementation of the kind of
agreements that would generate tangible impacts
on biodiversity and agriculture, particularly in the

developing world.
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ENERGY

Links between biodiversity and energy

Many forms of energy are the result of a service
provided by ecosystems, now or laid down in

the form of fossil fuels far in the past. Conversely,
society’s growing requirements for energy are
resulling in significant changes in those same
ecosystems, both in the search for energy sources,
and as a result of energy use patterns. Given that
energy is a fundamental requirement for supporting
development in all economies, the challenge is to
sustainably provide it without driving further loss of
biodiversity. It is necessary to define the trade-offs
required, and develop appropriafe mitigation and

adaptation strategies.

Demand for energy is projected fo grow at least

53 per cent by 2030 (IEA 2006). Energy from
biomass and waste is projected to supply about 10 per
cent of global demand until 2030 (see Figure 5.5).
However, this assumes that adequate fossil fuels will

be available to address the maijority of the increase

in demand, and some have suggested this may nof

be realistic (Campbell 2005). Energy-related carbon
dioxide emissions are expected fo increase slightly

faster than energy use by 2030 (see Chapter 2).

Energy use has impacts at local, national and global
levels. Pollution from burming fossil fuels, and the
associated effects of acid rain have been a problem
for European and North American forests, lakes and
soils, although the impacts on biodiversity have not
been as significant or widespread as cautioned in the
Brundiland Commission report. While emission controls

in Europe and North America led fo a reversal of

acidification trends, there is now a risk of acidification
in other areas of the world, particularly Asia (see
Chapters 2 and 3). Use of thermal and nuclear power
results in waste disposal problems, as do solar cells,
which can result in soil contamination by heavy metals.
Desertification in the Sahel and elsewhere in sub-
Saharan Africa has been linked in part to fuel demand
from biomass (see Box 5.9) (Goldemberg and
Johansen 2004). Indirect effects of energy use include
both overexploitation of natural resources and greatly
facilitated spread of invasive alien species through
global trade, both made possible through cheap and

easily-available energy for transport.

The impacts noted above are relafively localized
and small in comparison fo the potential impacts
of climate change, which results largely from
energy use [see Chapters 2, 3 and 4). As a result
of climate change, species ranges and behaviour
are changing (see Box 5.10 and Chapter 6], with
consequences for human well-being, including
changing patterns of human disease distribution,
and increased opportunities for invasive alien
species. Species most likely to be affected include
those that already are rare or threatened, migratory
species, polar species, genetically impoverished
species, peripheral populations and specialized
species, including those restricted to alpine areas
and islands. Some amphibian species exfinctions
have already been linked with climate change
(Ron and others 2003, Pounds and others 20006),
and a recent global study estimated that 15-37
per cent of regional endemic species could be
committed to exfinction by 2050 (Thomas and
others 2004 b).

Figure 5.5 Primary energy supply from various sources and projections to 2030
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Box 5.9 Biodiversity and energy supply for the poor

Figure 5.6 Relationship between income and energy use in urban areas of 12 developing countries
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Climate change is also having impacts af ecosystem
scales. By 2000, 27 per cent of the world's coral
reefs had been degraded in part by increased water
temperatures, with the largest single cause being

the climate-related coral bleaching event of 1998.
For some reefs recovery is already being reported
[Wilkinson 2002). Mediterranean-ype ecosystems
found in the Mediterranean basin, California, Chile,
South Africa and Western Australia are expected to
be strongly affected by climate change (Lavorel 1998,
Sala and others 2000).

Box 5.10 Examples of climate change impacts on species

25242 422117 Source: ESMAP studies

(in Barnes and others 2002)

Managing energy demand and biodiversity impacts
Few energy sources are complefely biodiversity
neufral, and energy choices need to be made with an
understanding of the trade-offs involved in any specific
situation, and the subsequent impacts on biodiversity
and human wellbeing (see Table 5.3). Biodiversity
management is emerging as a key tool for the
mitigation of and adaptation to the impacts of climate
change - from avoided deforestation fo biodiversity
offsets — while contributing to the conservation of a

wide range of ecosystem services.
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There are a number of management and policy
responses to the increasing demand for energy
and the impacts on biodiversity. One important
response fo the rising price of oil is increasing
interest in other energy sources. Prime among
these are biofuels, with several countries investing
significant resources in this field (see Box 5.11).
The world output of biofuels, assuming current
practice and policy, is projected fo increase almost
fivefold, from 20 million tonnes of oil equivalent
[Mtoe) in 2005 to 92 Mioe in 2030. Biofuels,
which are produced on 1 per cent of the world's
arable land, support 1 per cent of road transport
demand, but that is projected to increase to 4 per
cent by 2030, with the biggest increases in United
States and Europe. Without significant improvement
in productivity of biofuel crops, along with similar
progress in food crop agricultural productivity,
achieving 100 per cent of transport fuel demand
from biofuels is clearly impossible {IEA 2006). In
addition, large-scale biofuel production will also
creafe vast areas of biodiversity-poor monocultures,
replacing ecosystems such as low-productivity
agricultural areas, which are currently of high

biodiversity value.

Current acfions fo address the impacts of climate
change can be both beneficial and harmful

fo biodiversity. For example, some carbon
sequestration programmes, designed to mitigate
impacts of greenhouse gases, can lead fo adverse

impacts on biodiversity through the establishment

of monoculture forestry on areas of otherwise

Box 5.11 Top biofuel producers in 2005 (;

Biodiesel

Germany 1 920
France 511
United States 290
Italy 270
Austria 83
Bio-ethanol

Brazil 16 500
United States 16 230
China 2 000
European Union 950
India 300

Source: Worldwatch Institute 2006
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high biodiversity value. Avoiding deforestation,
primarily through forest conservation projects, is an
adaptation strategy that may be beneficial, with
multiple benefits for climate change mitigation,
forest biodiversity conservation, reducing
desertification and enhancing livelihoods. It must
be recognized that some “leakage” in the form

of emissions resulting from those conservation
efforts can occur (Aukland and others 2003).
Climate change will also affect current biodiversity
conservation strategies (Bomhard and Midgley
2005). For example, shifts from one climate zone
to another could occur in about half of the world’s
protected areas (Halpin 1997), with the effects
more pronounced in those at higher lafitudes and
altitudes. Some protected area boundaries will need
to be flexible if they are to continue to achieve their

conservation goals.

The impacts of energy production and use on
biodiversity have been addressed as a by-

product of several policy responses in the past

few decades. Examples include Germany's effort
to reduce subsidies in the energy and transport
sectors, promoting increases in the proportion

of organic farming and reducing nitrogen use in
agriculture (BMU 1997, OECD 2001). However,
responses have not been comprehensive,
coordinated or universal. Commitments, including
shared plans of action, have been made in various
fora, but implementation has proved fo be extremely
challenging, due both to problems of securing

required finance and lack of political will or vision.

The world output of biofuels, assuming current practice and policy,

is projected to increase almost fivefold. Above, an experimental

farm for the production of biodiesel in Gujarat, India.

Credit: Joerg Boethling/Still Pictures
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Table 5.3 Energy sources and their impacts on biodiversity

Energy source *

Impacts on biodiversity

Subsequent impact on human well-being

Fossil fuels

Crude oll
Codl
Natural gas

m Global climate change and associated disturbances, particularly when coupled with
human population growth and accelerating rates of resource use, will bring losses in
bioclogical diversity.

m Air pollution (including acid rain) has led to damage to forests in southern China
amounting to US$14 billion/year. Losses from air pollution impacts on agriculture are
also substantial, amounting to US$4.7 billion in Germany, US$2.7 billion in Poland
and US$1.5 billion in Sweden (Myers and Kent 2001).

m The direct impact of oil spills on aquatic and marine ecosystems are widely reported.
The most infamous case is the Exxon Valdez, which ran aground in 1989, spilling
37 000 tonnes of crude oil into Alaska’s Prince William Sound (ITOPF 2006).

m Impacis also come through the development of oil fields and their associated
infrasfructure, and human activifies in remote areas that are valuable for conserving
biodiversity (such as Alaska’s Arctic National Wildlife Refuge that may be threatened
by proposed oil development.

m Changes in disfribution of and loss of natural
resources that support livelihoods.
m Respiratory disease due fo poor air quality.

Biomass

Combustibles,
renewables and
waste

m Decreased amount of land available for food crops or other needs due to greatly
expanded use of land o produce biofuels, such as sugar cane or fastgrowing frees,
resulting in possible natural habitat conversion to agriculture, and intensification of
formerly extensively developed or fallow land.

m Can contribute chemical pollutants into the atmosphere that affect biodiversity (Pimentel
and others 1994).

m Burning crop residues as a fuel also removes essential soil nutrients, reducing soil
organic matter and the waterholding capacity of the soil.

m Infensively managing a biofuel plantation may require additional inputs of fossil fuel
for machinery, fertilizers and pesticides, with subsequent fossil fuel related impacts.

® Monoculture of biomass fuel plants can increase soil and water pollution from fertilizer
and pesticide use, soil erosion and water run-off, with subsequent loss of biodiversity.

m Cardiovascular and respiratory disease from
reduced indoor air quality, due to wood-
burning sfoves, especially among poor women
and children.

m Decreased food availability.

Nuclear energy

m Waiter used to cool reactors is released to environment at significantly above ambient
temperatures, and accentuates ecological impacts of climatic extremes, such as heat
waves, on riverine fauna.

m Produces relatively small amounts of greenhouse gases during construction.

m Because of the potential risks posed by nuclear energy, some nuclear plants are
surrounded by protected areas. For example, the Hanford Site occupies 145 000 ha
in southeastern Washington State. It encompasses several protected areas and sites of
longferm research (Gray and Rickard 1989}, and provides an important sanctuary for
plant and animal populations.

m A nuclear accident would have grave implications for people and biodiversity.

m Health impacts of ionising radiation include
deaths and diseases due fo genefic damage
(including cancers and reproductive
abnormalities).

Hydroelectricity | m Building large dams leads fo loss of forests, wildlife habitat and species populations, m Building large dams can result in displacement
disruption of natural river cycles, and the degradation of upstream catchment areas of people.
due to inundation of the reservoir area (WCD 2000). m Alterations in availability of freshwater resources
m Dam reservoirs also emit greenhouse gases due fo the rotting of vegetation and [both improved and declining, depending on
carbon inflows from the basin. the situation) for human use.
m On the positive side, some dam reservoirs provide productive fringing wetland
ecosystems with fish and waterfow! habitat opportunities.
Alternative m Ecosystem disruption in terms of desiccation, habitat losses at large wind farm sites m Decreased species populations to provide basic

energy sources

Geothermal
Solar, wind,
tidal and wave

and undersea noise pollution.

m Tidal power plants may disrupt migratory patterns of fish, reduce feeding areas for
waterfowl, disrupt flows of suspended sediments and result in various other changes
at the ecosystem level.

m Large photovoltaic farms compete for land with agriculture, forestry and protected areas.

m Use of toxic chemicals in the manufacture of solar energy cells presents a problem
both during use and disposal (Pimentel and others 1994).

m Disposal of water and wastewater from geothermal plants may cause significant
pollution of surface waters and groundwater supplies.

m Rotors for wind and tidal power can cause some mortality for migratory species, both
terrestrial and marine (Dolman and others 2002).

m Strong visual impact of wind farms.

materials of life.

m Toxins released to the environment may cause
public health problems.

m Decreased economic value of lands near wind
farms, due tfo strong visual impacts.

* See Figure 5.5 for percentage of total primary energy supply
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There are also attempts to address this issue through
impact management within the private sector, and
especially in the energy industry. The private sector

is increasingly accepting ifs responsibilities as a
steward of the environment. It is collaborating with
non-governmental organizations, through fora such

as the Energy and Biodiversity Initiative (EBI 2007,

fo befter understand impacts and possible mitigation
and adaptation strategies that make business sense.
Beyond legislation and regulation, the use of payments
for ecosystem services, as exemplified by the emerging
carbon market, represents an innovative though
somewhat confroversial approach to addressing the
impacts of energy use on the environment. The State
of the Carbon Market 2006, which covers the period
from 1 January, 2005 to 31 March, 20006, records a
burgeoning global carbon market, worth over US$10
billion in 2005, 10 times the value of the previous
year, and more than the value (US$7.1 billion) of the
enfire US wheat crop in 2005 (World Bank 2006).

Ensuring access to energy while maintaining

biodiversity and vital ecosystem services will require an

integrated multi-sectoral approach (see Chapters 2 and

10) that includes:

m  an ecosystem approach fo management of
biodiversity and natural resources that ensures
inclusion of lessons learned in ongoing
management of natural resources affected by
energy production and use;

m  a major shift in environmental governance to
incorporafe policies and incentives promoting
energy production and use that mainsireams action
fo address biodiversity concerns, especially with
respect fo climafe change; and

m  increasing partership with the private sector,
including extractive industries and the financial
sector, fo promote energy programmes that
infernalize the full costs on biodiversity and

livelihoods.

HEALTH

Biodiversity change affects human health

Although there is limited understanding of the
consequences of many specific changes in biodiversity
for health and the incidence of disease in people and
other species, the conceptual links between broader
environmental changes and human health are well
understood, as seen in Figure 5.7. Emerging diseases
resulting from the destruction and fragmentation of

tropical forests and other ecosystems, wildlife-human
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disease linkages (for example, lyme disease, VWest
Nile virus and avian influenza), the many known and
as yet undiscovered pharmaceutical products found in
nature, the confribution of ecosystem services to human
health and the increasing recognition of the impacts of
endocrine disrupters on both animal and human health,
all underline the links between biodiversity and human
health (Chivian 2002, Osofsky and others 2005).

About 1 billion people live a subsistence lifestyle, and
loss of ecosystem productivity (for example through
loss of soil fertility, drought or overfishing] can rapidly
lead to malnutrition, stunted childhood growth and
development, and increased susceptibility fo other
diseases. There is a profound global nutriional
imbalance, with a billion overnourished [mainly

rich) people and a similar number undernourished
[mainly poor people]. Historically, this imbalance

has been driven primarily by social and economic
factors, but ecological factors will probably play an
increasingly important role in the future. Some 70 per
cent of infectious diseases originate in animals, and
conservation issues are central fo their epidemiology.
Increased risks of infectious disease spread and
crossover can result from land-use changes, many forms
of infensive animal production, invasive alien species
and the infernational wildlife frade. Climate change

is expanding the range and activity level of disease
vectors, particularly insectbome vectors. The recent
infernational scares over Sudden Acute Respirafory
Syndrome (SARS) and avian influenza have brought a

dramatic new dimension fo the global health debate.

Along with biodiversity changes, there are a
number of other factors that are increasing the
exposure fo and risk of disease. An increasing
human population provides an increased number
of hosts for disease agents; climate change

raises femperatures, altering the wider disfribution
of disease vectors, such as mosquitoes; drug
resistance fo conventional freafments is increasing;
and continuing poverty and malnutrition make
many people more susceptible to disease. Recent
experiences with West Nile virus, hantavirus,
avian influenza and tuberculosis provide evidence
that disease causing micro-organisms are rapidly
adapting to changing circumsfances, and emerging
or increasing rafes of infectious diseases are the
result (Ayele and others 2004, Campbell and
others 2002, Harvell and others 2002, Zeier and

others 2005). However, changes to ecosystems
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Environmental changes, loss of biodiversity,

Figure 5.7 Harmful effects of ecosystem changes on human health

and ecosystem impairment

~——— LAND DEGRADATION AND DESERTIFICATION

~— FOREST CLEARANCE AND LAND COVER CHANGE

Escalating
human
pressure

on global
environment

~—— FRESHWATER DEPLETION AND CONTAMINATION

URBANIZATION AND ITS IMPACTS

—— DAMAGE TO COASTAL REEFS AND ECOSYSTEMS

~— L0SS OF SPECIES AND GENETIC RESOURCES '

sl - WETLANDS LOSS AND DAMAGE s>

) Examples of health impacts

1 Direct health impacts
FLOODS, HEATWAVES, WATER SHORTAGE, LANDSLIDES,
EXPOSURE TO POLLUTANTS

2 “Ecosystem-mediated” health impacts
ALTERED INFECTIOUS DISEASE RISK, REDUCED FOOD FIELDS
(MALNUTRITION, STUNTING), DEPLETION OF NATURAL MEDICINES,
MENTAL HEALTH (PERSONAL, COMMUNITY), IMPACTS OF
AESTHETIC/CULTURAL IMPOVERISHMENT

3 Indirect, deferred, and displaced health
impacts
DIVERSE HEALTH CONSEQUENCES OF LIVELIHOOD LOSS, POPULATION
DISPLACEMENT (INCLUDING SLUM DWELLING), CONFLICT,
INAPPROPRIATE ADAPTATION AND MITIGATION

Note: This figure describes the
causal pathway from escalating
human pressures on the
environment through to
ecosystem changes resulting in
diverse health consequences.
Not all ecosystem changes are
included. Some changes can
have positive effects (such as

food production).

Source: Adapted from
WHO 2005

and their services, especially freshwater sources,
food-producing systems and climatic stability, have
been responsible for significant adverse impacts on
human health in the past 20 years, predominantly in
poor countries. Wealthy communities are often able
to avoid the effects of local ecosystem degradation
by migration, substitution or by appropriation of

resources from less-affected regions.

Biodiversity is also the source for many cures.

In 2002-2003, 80 per cent of new chemicals
infroduced globally as drugs could be fraced to or
were inspired by natural products. Profits from such
developments can be enormous. For example, a
compound derived from a sea sponge fo freat herpes
was estimated to be worth US$50-100 million
annually, and estimates of the value of anti-cancer
agents from marine organisms are up to US$1 billion

a year (UNEP 2006a).

Traditional medicines, mainly derived from plants, are
a mainstay of primary health care for a significant
proportion of the population in developing countries.
It is speculated that some 80 per cent of people in
developing countries rely on traditional medicines,
mostly derived from plants, and more than half of

the most frequently prescribed drugs in developed

countries derive from natural sources.

Loss of biodiversity may decrease our options for
new freatments in the future. WHO has identified

20 000 species of medicinal plants for screening,
and there are many more species whose medicinal
values are only just being discovered, or may prove
important in the future. The value of the global
herbal medicine market was estimated at roughly
US$43 billion in 2001 (WHO 2001).

The capacity of ecosystems to remove wastes from
the environment is being degraded, due to both
increased loading of wastes and degradation of
ecosystems, leading to local and sometimes global
waste accumulation (MA 2005). Examples include
the accumulation of particles and gases in the air,
and of microbial confaminants, inorganic chemicals,
heavy metals, radioisotopes and persistent organic
pollutants in water, soil and food. Such wastes have

a wide range of negative health impacts.

Managing biodiversity change and human health
impacts

Access to ecosystem services is not equitably
distributed, and far from optimal from a population
health perspective. Essential resources, such

as shelter, nutritious food, clean water and
energy supplies, are top priorities in effective
health policies. Where ill health is directly or
indirectly a result of excessive consumption of
ecosystem services, subsfantial reductions in
consumption would have major health benefits,
and simultaneously reduce pressure on ecosystems

(WHO 2005). For example, in rich countries,
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where overconsumption is causing increasing
health impacts, the reduced consumption of animal
products and refined carbohydrates would have
significant benefits for both human health and for
ecosystems globally (WHO 2005). Integration of
national agricultural and food security policies with
the economic, social and environmental goals of
sustainable development could be achieved, in
part, by ensuring that the environmental and social
costs of production and consumption are reflected

more fully in the price of food and water.

Responses that mitigate the impacts of ecosystem
changes on human health often involve policies and
actions outside the health sector. Action to mitigate
impacts of climate change will require cooperation
across multiple sectors. However, the health sector
bears responsibility for communicating the health
impacts of ecosystem changes, and of effective and
innovative inferventions. Where there are frade-
offs, such as between mitigation of negative health
impacts and economic growth in other sectors, it

is imporfant that the health consequences are well
undersfood, so that they can be included when

sefting priorities and determining frade-offs.

CULTURE

Interactions between biodiversity and culture

Over the past two decades, there has been
growing recognition of the relevance of culture
and cultural diversity for the conservation of
biodiversity and for sustainable development, as
made explicit during the WSSD in 2002 (Berkes
and Folke 1998, Borrini-Feyerabend and others
2004, Oviedo and others 2000, Posey 1999,
Skutnabb-Kangas and others 2003, UNDP 2004,
UNEP and UNESCO 2003).

In each society, culture is influenced by locally
specific relationships between people and the
environment, resulting in varied values, knowledge
and practices related to biodiversity (Selin 2003].
Cultural knowledge and practices have often
contributed specific strategies for the sustainable use
and management of biodiversity (see Anderson and
Posey 1989, Carlson and Maffi 2004, Meilleur
1994, for examples). The diversity of cultures that
have developed globally provides a vast array of
responses to different ecosystems, and fo variation
and change in environmental conditions within

them. This cultural diversity forms an essential part
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of the global pool of resources available to address
the conservation of biodiversity (ICSU 2002,
UNESCO 2000). However, cultural diversity is
being rapidly lost, in parallel to bioclogical diversity,
and largely in response to the same drivers
[Harmon 2002, Maffi 2001). Taking linguistic
diversity as an indicator of cultural diversity, over
50 per cent of the world's 6 000 languages are
currently endangered [UNESCO 2001), and it

has been speculated that up to Q0 per cent of
existing languages may not survive beyond 2100
[Krauss 1992). With loss of languages comes the
loss of cultural values, knowledge, innovations and
practices, including those related to biodiversity

[Zent and Lopez-Zent 2004).

In addition fo the importance of culture for the
conservation and sustainable use of biodiversity, human
sociefies everywhere are themselves dependent on
biodiversity for their livelihoods, as well as for cultural
identity, spirituality, inspiration, aesthefic enjoyment and
recreation (MA 2005). Loss of biodiversity thus affects

both material and non-material human well-being.

Although societies in industrialized countries may

be further removed from the immediate impacts of
biodiversity loss, they are nevertheless adversely
affected by loss or decline in ecosystem services.
Cerfain categories of people are especially vulnerable
to drastic environmental and social change. They
include the poor, women, children and youth, rural
communities, and indigenous and fribal peoples.

The latter constitute the majority of the world's cultural

diversity (Posey 1999).

Correlations have been identified between

the respective geographic distributions of

cultural and biological globally and regionally
(Harmon 2002, Oviedo and others 2000,

Stepp and others 2004, Stepp and others 2005).
Figure 5.8 highlights this, showing the worldwide
distributions of plant diversity and linguistic
diversity. Areas of high biodiversity tend to be
areas of a higher concentration of distinct cultures.
Meso-America, the Andes, Western Africa, the
Himalayas, and South Asia and the Pacific, in
parficular, present this pattern of high "biocultural”
diversity. This pattern is supported by research
that combines indicators of cultural diversity with
indicators of biodiversity into a global biocultural

diversity index [Loh & Harmon 2005).
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Figure 5.8 “Biocultural” diversity in the world
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While correlations are evident at the global level,
the identification of any causal links between
biodiversity and cultural diversity requires research
at the local level. Empirical evidence that supports
the interrelationships between cultures and
biodiversity includes:

m  anthropogenic creation and maintenance of
biodiverse landscapes through traditional low-
impact resource management pracfices (Baleé
19093, Posey 1998, Zent 1998);

m large contribution of traditional farmers fo the
global stock of plant crop variefies and animal
breeds (Oldfield and Alcorn 1987, Thrupp 1998);

m  customary beliefs and behaviours that
contribute directly or indirectly fo biodiversity
conservation, such as sustainable resource
exfraction techniques, sacred groves, ritual
regulation of resource harvests and buffer zone
maintenance (Moock and Rhoades 1992,
Posey 1999); and

m  dependence of socio-cultural integrity and survival

of local communities on access o and tenure of

traditional territories, habitats and resources, which
also importantly affect food security (Maffi 2001).

These findings point to significant ecological and
societal implications of the increasing threats to
the world's cultural diversity. Global social and
economic change (see Chapter 1), is driving the
loss of biodiversity, and disrupting local ways

of life by promoting cultural assimilation and
homogenization. Cultural change, such as loss

of cultural and spiritual values, languages, and
traditional knowledge and practices, is a driver
that can cause increasing pressures on biodiversity,
including overharvesting, widespread land-use
conversion, overuse of Ferti|izers, reliance on
monocultures that replace wild foods and traditional
cultivars, and the increase and spread of invasive
alien species that displace natfive species (MA
2005). In turn, these pressures impact human
well-being. The disruption of cultural integrity

also impedes the aftainment of the Millennium

Development Goals (MDGs) [see Table 5.4).

Table 5.4 Impacts of loss of cultural diversity

Impact on vulnerable groups dependent on local resources

Relevance to MDGs

m Local food insecurity due fo reduction of fraditional variefies of crops and access fo wild foods

(IUCN 1997)

m Coal 1
Eradicate exireme poverty and hunger

m Devaluation of genderspecific knowledge of biodiversity, especially women’s knowledge of

medicines and food sources (Sowerwine 2004)

m Goal 3
Promote gender equality and empower women

m Loss of traditional and local knowledge, practices and language relevant to conservation and

sustainable use of biodiversity (Zent and Lopez-Zent 2004)

m Goal 7
Ensure environmental sustainability
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The spread of invasive alien
species such as the water
hyacinth can have adverse

impacts on biodiversity.

Credit: Ngoma Photos
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Managing biological and cultural diversity

The growing recognition over the past two decades
of the importance of culture and cultural diversity to
the environment and human wellbeing has led o
significant developments in ferms of policy and other
responses relevant fo sustainable development and
biodiversity conservation af international, national and
local levels (see Chapter 6, Arctic). The policies and
activities of UNEP, UNESCO, IUCN and the CBD
now include a focus on the interrelationships between
biodiversity and cultural diversity, and the indicators for
measuring progress fowards meefing the CBD's 2010
target include a focus on trends in cultural diversity.

In 2006, the UN Human Rights Council adopted the
UN Declaration on the Rights of Indigenous Peoples,
recognizing that “respect for indigenous knowledge,
cultures and fraditional practices contributes fo
sustainable and equitable development and proper

management of the environment.”

National policies have also taken the initiative o
strengthen the links between biodiversity and cultures
in accord with the CBD. For example, the Biological
Diversity Act of India [2002) stipulates that central
government shall endeavour to respect and protect
the knowledge of local people relating to biodiversity.
In doing so, the act provides that forests protected

as sacred groves in the context of local communities’

belief systems may be recognized as heritage sites. In
Panama, legal recognition has been given in the form
of sovereignty fo the seven major groups of indigenous
peoples in that country. Panama was the first
government in Lafin America fo recognize this class of
rights for its indigenous populations, and 22 per cent
of the national territory is now designated as sovereign

indigenous reserves.

Effective biodiversity conservation, particularly that
outside of protected areas, relies on integrating local
participation, knowledge and values in land-use
planning, for example in the co-management of forests,
watersheds, wetlands, coastal areas, agricultural lands
and rangelands, fisheries, and migratory bird habitats
[Borrini-Feyerabend and others 2004). Successful co-
management offen involves parterships between local
communities and governments, infernational and local
organizations (see Chapter 6, the Polar Regions) and

the private sector, including ecofourism ventures.

Incorporating local and traditional knowledge in
policy decisions and onthe-ground action calls for
mainstreaming the links befween biodiversity and
culture info social and secforal plans and policies
[UNESCO 2000). This approach involves developing
and sfrengthening institutions at all scales, so that local

knowledge for the conservation and sustainable use of
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biodiversity can be successfully transferred to landscape
and national scales. It also involves sfrengthening the
refention of traditional knowledge through education,
conservation of languages and support for passing on

knowledge between generations.

An infegrative approach to biodiversity conservation
for sustainable development takes into account the
importance of maintaining the diversity of culturally-
based knowledge, practices, beliefs and languages
that have contributed to the conservation and
sustainable use of local biodiversity. The adoption
of this integrative approach in infernational and
national policy directives and on-the-ground
interventions signals positive change. Further
recognition of impacts on the most vulnerable
societies and social cafegories of people, and
efforts to strengthen the contribution of local

and fraditional ecological knowledge to policy
recommendations (Ericksen and Woodley 2005,
will assist in the maintenance of sustainable

relationships between people and biodiversity.

CHALLENGES AND OPPORTUNITIES
CHALLENGES

Undervaluation of biodiversity

Biodiversity loss continues because the values of
biodiversity are insufficiently recognized by political
and market systems. In part this is due fo the cosfs
of biodiversity loss not being borne solely by

those responsible for its loss. An added complexity
is that the global nature of many biodiversity
values results in the impact of biodiversity loss
being felt far beyond national boundaries. Losses
of biodiversity, such as the erosion of genetic
variability in a population, are often slow or
gradual, and are often not seen or fully recognized
until it is too late. The dramatic and immediate
problems typically receive greater policy atfention
and budgetary support, so funding is often more
available for charismatic megafauna, such as tigers
or elephants, than for 