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The GEO-4 assessment process
Since 1997, UNEP has produced Global Environment

editors. The assessment was also guided and supported

Outlook (GEO) reports providing assessments of the

by a High-level Consultative Group of senior government

interactions between environment and society. With its core

policy-makers, funding partners, scientists and academics as

mandate of “keeping the global environment under review,”

well as representatives of some UN agencies, international

UNEP coordinated a series of scientific assessments that

organizations, the private sector, GEO collaborating centres

included extensive consultations and participatory processes,

and civil society.

resulting in the production of GEO reports in 1997, 1999
and 2002.

In 10 chapters, the GEO-4 assessment provides: an
overview of environmental issues; state-and-trends of the

The fourth assessment, Global Environment Outlook:

environment between 1987 and 2007; human dimensions

environment for development (GEO-4), is the most

of environmental change; an outlook for the future using four

comprehensive GEO process to date. It was designed

scenarios; and the policy options available to sustain our

to ensure synergy between science and policy, while

common future:

maintaining its scientific credibility and making it responsive

Chapter 1: Environment for Development

to policy needs and objectives. The launch in 2007 of

Chapter 2: Atmosphere

the GEO-4 report coincides with the 20th anniversary

Chapter 3: Land

of the launch of the report of the World Commission on

Chapter 4: Water

Environment and Development, Our Common Future.

Chapter 5: Biodiversity

GEO-4 uses it as a reference to assess progress in

Chapter 6: Sustaining a Common Future

addressing key environment and development issues.

Chapter 7: Vulnerability of People and the Environment:

GEO-4 highlights the vital role of the environment in
development and, more importantly, for human well-being.
GEO-4 is more than a report: it is also a comprehensive
consultative process which began in 2004. In February
of that year, an intergovernmental consultation on

Challenges and Opportunities
Chapter 8: Interlinkages: Governance for Sustainability
Chapter 9: The Future Today
Chapter 10: From the Periphery to the Core of Decision
Making – Options for Action

strengthening the scientific base of UNEP, which involved

The Summary for Decision Makers (SDM) was prepared

more than 100 governments and 50 partner organizations,

by UNEP with technical inputs from the coordinating lead

called for a further strengthening of the GEO process. The

authors and inputs from the members of the High-level

global consultation was followed by regional consultations in

Consultative Group. It underwent two rounds of extensive

September-October 2004, which identified key regional and

expert and government peer review. Finally, the SDM was

global environmental issues. Building on these consultations,

subject to in-depth consideration by the Second Global

the scope, objectives and process of the GEO-4 were

Intergovernmental and Multistakeholder Consultation in

finalized and adopted by the First Global Intergovernmental

September 2007. The consultation adopted a statement

and Multistakeholder Consultation in February 2005.

which endorsed the SDM.

The assessment was carried out by 10 chapter expert groups

The basis for this Summary for Decision Makers can be

consisting of coordinating lead authors and lead authors

found in the GEO-4 chapters. Reference sources for graphics

supported by chapter coordinators provided by the UNEP

used in this report are provided at the end of the report.

secretariat. The draft outputs from the expert groups were
subjected to an additional round of regional consultations
and two rounds of extensive expert and government peer
review. The review process was overseen by chapter review
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Key messages for decision makers
Humankind depends on the environment, which is critical for both development and human well-being. Natural resources
– compared to financial, material and human resources – are the foundation for much of the wealth of countries. Environmental
change can affect people’s security, health, social relations and material needs.
There is evidence of unprecedented environmental

salinity, desertification, and the disruption

change at global and regional levels:

of biological cycles. Poor people suffer

n	The Earth’s surface is warming. This is now

disproportionately from the effects of land

evident from observations of increases in

degradation, especially in the drylands, which

global average air and ocean temperatures,

support some 2 billion people, 90 per cent of

widespread melting of snow and ice, and
rising global average sea level. Other major

whom live in developing countries.
n	The per capita availability of freshwater is

impacts, include changes in water availability,

declining globally, and contaminated water

land degradation, food security, and loss

remains the greatest single environmental

of biodiversity. The projected increase in

cause of human sickness and death. If present

frequency and intensity of heat waves, storms,

trends continue, 1.8 billion people will be

floods and droughts would dramatically affect

living in countries or regions with absolute

many millions of people including those in small

water scarcity by 2025, and two-thirds of the

island states and Polar regions. While in the

people in the world could be subject to water

past century the global average temperature

stress. The decline of quantity and quality of

increased by 0.74°C, the best estimate of the

surface and groundwater is impacting aquatic

Intergovernmental Panel on Climate Change
(IPCC) for additional warming over the current

ecosystems and their services.
n	Aquatic ecosystems continue to be heavily

century is projected to be from 1.8 to 4.0°C.

exploited, putting at risk sustainability of

Climate change may further exacerbate the loss

food supplies and biodiversity. Global marine

of biodiversity and degradation of land, soil,

and freshwater fish catches show large-scale

forest, freshwater and oceans.
n	More than 2 million people globally die

declines, caused mostly by persistent overfishing.
n	The great majority of well-studied species are

prematurely every year due to outdoor and

declining in distribution, abundance or both.

indoor air pollution. Although air pollution has

Although the decline in the area of temperate

decreased in some cities due to technological

forest has been reversed, with an annual

and policy measures, increasing emissions

increase of 30 000 km2 between 1990 and

in other cities are intensifying the challenges.

2005, deforestation in the tropics continued

Indoor air pollution due to the improper burning

at an annual rate of 130 000 km2 during the

of solid biomass fuels imposes an enormous

same period. More than 16 000 species have

health burden.

been identified as threatened with extinction.

n	The “hole” in the stratospheric ozone layer
over the Antarctic – the layer that protects

These unprecedented changes are due to

people from harmful ultraviolet radiation

human activities in an increasingly globalized,

– is now the largest it has ever been. Due

industrialized and interconnected world, driven by

to decreased emissions of ozone depleting

expanding flows of goods, services, capital, people,

substances and assuming full Montreal Protocol

technologies, information, ideas and labour, even

compliance, the ozone layer is expected to

affecting isolated populations. The responsibility

recover, but not until between 2060 and 2075

for global environmental pressures is not equally

as a result of long lag times.

distributed throughout the world. For instance, in

n	Unsustainable land use and climate change

2004, United Nations Framework Convention on

are driving land degradation, including soil

Climate Change Annex 1 countries with 20 per cent

erosion, nutrient depletion, water scarcity,

of world population produced 57 per cent of gross

world product based on purchasing power parity

n	
Integrating environmental activities into the

and accounted for 46 per cent of greenhouse gas

broader development framework, including

emissions. Industrial development, natural resource

by ascertaining the environmental impacts of

extraction and carbon-intensive industrial production,

proposed public spending, identifying sectoral

may have significant environmental consequences,

and inter-sectoral environmental targets,

which need to be addressed. Responses include the

promoting best practices, and monitoring long-

use of the best available technologies and practices

term achievements;

as appropriate.

n	Enhancing treaty compliance by overcoming
administrative costs and the heavy reporting

Environmental change affects human development

burden of Parties, improving monitoring and

options, with poor people being the most

compliance, and enhancing coordination,

vulnerable. For example, in the period between
1992 and 2001, floods were the most frequent

particularly at national level;
n	Creating enabling environments for

natural disaster, killing nearly 100 000 people and

innovations and emerging solutions by

affecting more than 1.2 billion people. More than

using economic instruments, new and existing

90 per cent of the people exposed to disasters live

technologies, empowerment of stakeholders,

in the developing world.

and more adaptive approaches which break
away from the traditional segmented institutional

Biophysical and social systems can reach

management and production systems, and

tipping points, beyond which there are abrupt,

result in more sustainable consumption and

accelerating, or potentially irreversible changes.
The four GEO-4 scenarios show an increasing risk

production patterns;
n	Strengthening environmental knowledge,

of crossing tipping points, even as some global

education and awareness by making the

environmental degradation trends are slowed or

best-available scientific research and data

reversed at different rates towards the middle of the

accessible through improved monitoring,

century. Changes in biophysical and social systems

assessments and knowledge infrastructure,

may continue even if the forces of change are

building on the rapid developments in

removed, as evidenced in the stratospheric ozone
depletion and the loss of species.

information and communication technologies;
n	Mobilizing financial resources to address
environmental problems through innovative

The transition towards sustainable development

approaches, including payments for ecosystem

needs to be pursued more intensively by nations

services while achieving an open, non-

and the international community, including

discriminatory and equitable multilateral

through capacity building and technological

trading system as well as meaningful trade

support to developing countries. Actions to

liberalization benefiting countries at all stages

reduce the drivers of environmental change by

of development.

all stakeholders, including the private sector and
consumers, require trade-offs, which may involve

Knowledge on the interlinkages between

hard choices, among different values and concerns.

environment and development, and the impacts
on human well-being, gained since the release

Decision-makers can promote timely action by

of Our Common Future, the report of the World

integrating prevention, mitigation and adaptation

Commission on Environment and Development,

efforts into the core of decision-making through

can be used effectively for the transition towards

sustained efforts which include:

sustainable development. Concerns about the

n	
Reducing people’s vulnerability to

global environment may have reached a tipping

environmental and socio-economic changes

point of their own, with the growing realization

by decentralization, strengthening resource

that, for many problems, the benefits of early action

rights of local people, improving access to

outweigh the costs. Now is the time to pursue

financial and technical support, improving

the transition towards sustainable development

capacities to cope with natural disasters, and

supported by well-governed, innovative and

empowering women and vulnerable groups;

results-oriented institutions.
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Introduction
In 1987, the World Commission on Environment and Development (WCED) presented its report, Our
Common Future. The Brundtland Commission, as it was known, brought international attention to the

concept of sustainable development – a challenge to meet today’s development needs without compromising the
ability of future generations to meet their own needs. Twenty years on, the challenges as set out in the Millennium
Development Goals (MDGs) are even more profound, and the importance of the environment in sustaining
development is becoming ever clearer.

2

Environment for Development
Development depends on the environment while its impacts on the environment affect human well-being.
The world has changed radically over the past two decades. Significant changes to geopolitical borders

have occurred. Global population has grown from 5 billion to 6.7 billion. There has been a net annual rise in

gross domestic product (GDP) per person of almost 2 per cent and continued increases in trade volume, CO2
emissions and agricultural land (see Figure 1). Technological innovations have improved livelihoods and health.
Low transportation costs, coupled with market liberalization and the rapid development of telecommunications
have fuelled globalization and altered trade patterns, expanding the flow of goods, services, capital, people,
technologies, information, ideas and labour. While millions have worked their way out of poverty and have
access to improved services, such as healthcare, there are still more than 1 billion poor people in the world. They
lack essential services such as clean water, adequate nutrition, shelter and clean energy, making them especially
vulnerable to environmental and socio-economic changes.
The responsibility for the mounting global
environmental pressures is not equally
distributed throughout the world. For instance,
in 2004, United Nations Framework Convention
on Climate Change Annex 1 countries with
20 per cent of world population, produced
57 per cent of gross world product based
on purchasing power parity and accounted
for 46 per cent of greenhouse gas emissions.
Changing drivers and pressures, including the
large-scale movement of people from rural to
urban areas, the widening gap between the
richest and the poorest, and growth in demand
for energy, among other factors, have led to
a deepening disparity in consumption patterns
and in outsourcing of environmentally damaging
production processes.
Long term sustainable development aimed at
improving human well-being entails:
n	increasing the asset base and its productivity;
n	empowering poor people and marginalized
communities;



n	reducing

and managing risks; and
a long-term perspective with regard
to intra- and inter-generational equity.

n	taking

Ecosystems provide the natural resources
capital needed for development. Natural
resources, account for more than a quarter
of the wealth of low-income countries and
somewhat less in higher income countries.
Changes in ecosystem services can affect
natural resources as well as financial,
material, and human assets. All people
– rich and poor, urban and rural – rely on
natural resources through a complex web of
interactions. The GEO conceptual framework
(see back page) illustrates many of the links
between environmental change and people’s
security, health, social relations and material
needs, all of which are components of human
well-being. Sectors such as agriculture,
fisheries, forestry, tourism and mining are
instrumental in utilizing natural resources and
ecosystem services.

Figure 1: Our “shrinking” Earth
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Changing drivers, such as population growth, economic activities and consumption patterns, have placed increasing pressure on the environment. Since 1987 the
world population has increased by almost 34 per cent, and world trade has increased 2.6 times. The illustration above shows how the land available to each person
on Earth has been figuratively “shrinking” since 1900, from 7.91 ha then to 2.02 ha in 2005 and is projected to further drop to 1.63 ha by 2050. The figure also
shows that global economic output has grown by 67 per cent, also increasing the average per capita income in the same period. The graphs highlight some of the
pressures and environmental changes from human activities.

The normative framework for human
development is reflected in the internationally
agreed development goals in the Millennium
Declaration. Environmental sustainability
is one of the development goals critical to
achieving the other targets. The eradication
of extreme poverty and hunger, for example,
is dependent on sustainable agriculture
which, in turn, relies on soils, water and
ecological processes.
Increasingly, there is evidence that investment
in environmental management results in
increased income generation for the rural
poor. It can also result in income generation
for industries in developed countries

that produce environmental remediation
equipment; for example, the environmental
industry is Denmark’s second largest export.
It is estimated that 80 per cent of people
in developing countries rely on traditional
medicines, and more than half of the most
frequently prescribed drugs in developed
countries derive from natural resources.
Worldwide, more than 1.3 billion people
depend on fisheries, forests and agriculture for
employment. Communities in resource dependent
countries are, therefore, especially vulnerable
to environmental degradation, climate change,
and the loss of services from ecosystems. In the
Adagon watershed in India, for example, the



annual days of employment rose from 75 to
200 after ecosystem restoration was undertaken.
Traditional management in Fiji to promote
recovery of fisheries through a no-take area in
a marine coastal zone resulted in a 35–43 per
cent increase in income over three years.
Knowledge about the value of ecosystem
services and the role of environment in
supporting development has improved over
the last two decades. A further enhancement
of such knowledge can facilitate the transition
to sustainable development. This transition will
require trade-offs, and hard choices, among
different values and concerns in society.

3

Environmental challenges and
opportunities
Changes in the Earth’s environment

We now have evidence of unprecedented environmental changes at
global and regional levels. These unprecedented changes are due
to human activities in an increasingly globalized, industrialized and
interconnected world, driven by expanding flows of goods, services,
capital, people, technologies, information, ideas and labour, even

frequency and intensity of heatwaves, storms,
floods and droughts would dramatically affect
many millions of people. The Intergovernmental
Panel on Climate Change (IPCC) projects an
increase in the global temperature of 1.8–4°C
by the end of this century. This will lead to
potentially massive consequences, especially for
the most vulnerable, poor and disadvantaged
people who contribute to climate change to a
lesser extent. Even if atmospheric concentrations
of GHGs were to be stabilized today, land and
ocean temperatures would increase for decades
and sea levels would rise for centuries.
Adaptation to climate change is necessary
even if major mitigation measures are rapidly
implemented. The array of potential adaptive
responses available to human societies is very
large, ranging from purely technological (such
as sea defences), through behavioural (such
as altered food and recreational choices) to
managerial (such as modified farm practices),
and policy (such as planning regulations).
However, there are formidable barriers to
adaptation. For developing countries, availability
of resources and building adaptive capacity are
particularly important.

affecting isolated populations. The key changes and associated
challenges and opportunities are presented below.
Atmosphere
Atmospheric changes have major implications
for human well-being. Since Our Common
Future considered the topic of climate change,
there has been a sharp and continuing rise in
greenhouse gas (GHG) emissions and in the
concentration of these gases in the atmosphere.
Climate change (including global warming)
is under way, and an average temperature
increase of 0.74°C over the past century
has been recorded. This trend, in which
11 of the last 12 years (1995–2006) rank
among the 12 warmest years since 1850, is
virtually certain. Impacts are already evident
and include changes in water availability,
spread of waterborne disease vectors, food
security, sea-level and ice cover as exemplified
by melting of the Greenland ice sheet (see
Figure 2). Anthropogenic GHG emissions
(principally carbon dioxide, CO2) are the main
drivers of change. The projected increase in



Mitigation and adaptation to climate change
can be integrated into development policies
by pursuing innovative and emerging solutions,
which will also create new opportunities and
jobs. The use of economic policy instruments
and public and private sector investments in
new technologies, clean and renewable energy,
energy efficiency, nuclear energy and carbon
sequestration are some of the many options
already being used.
More than 2 million people are estimated to
die prematurely each year due to indoor and
outdoor air pollution. Severe indoor air pollution
occurs in many poor communities when biomass
and coal are used for cooking and heating in
enclosed places without adequate ventilation.
Outdoor air pollution (see Figure 3) arises from
many sources, including industrial processes,
motor vehicles, energy generation, and wildfires.
Although air quality has improved dramatically in
some cities, many areas still suffer from excessive
air pollution, resulting in severe health impacts.

Figure 2: Seasonal melting of the Greenland Ice Sheet

The areas in orange/red are the areas where there is seasonal melting at the surface of the ice sheet. The total melt extent in 2005 exceeded the previous record of 2002.

Long-range transport of a variety of air pollutants
also remains an issue of concern for human and
ecosystem health.
The “hole” in the stratospheric ozone layer over
the Antarctic – the layer that protects people
from harmful ultraviolet radiation – is now the
largest it has ever been. Due to decreased
emissions of ozone depleting substances
(ODS), the ozone layer is expected to recover,
assuming full Montreal Protocol compliance,
but not until between 2060 and 2075 as a
result of long lag times. Early precautionary
action on stratospheric ozone depletion was
taken before the impacts were fully evident.
In 1987, the international community, through
cooperation among developing and developed
countries, agreed to phase out production
and consumption of chlorofluorocarbons and
other ODS, through the Montreal Protocol on

Figure 3: Premature deaths due to outdoor urban PM10 exposure by region in 2000
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Human and environmental exposure to air pollution is a major challenge, and an issue
of global concern for public health. The World Health Organization (WHO) estimates that
about 2.4 million people die prematurely every year due to inhaling fine particles. This figure
shows the annual mortality that is attributable to outdoor air pollution for different world
regions. The highest number of estimated annual premature deaths occurs in developing
countries of Asia and the Pacific.



Substances that Deplete the Ozone Layer. These
substances have undergone a massive phaseout over the last 20 years. Consequently, by
2004 the emissions of ODS are about 20 per
cent of their 1990 level. As ODS were also
GHGs, the treaty has simultaneously contributed
to mitigating climate change. The protocol
represents a global success story brought
about, among others, by use of economic
incentives, increased private investments, and
enhanced public awareness.

Land
Unsustainable land and water use, and the
impacts of climate change are driving land
degradation, including soil erosion, nutrient
depletion, water scarcity, salinity, chemical
contamination and disruption of biological
cycles. The cumulative effects of these changes
threaten food security, biodiversity, and carbon
fixation and storage. Poor people suffer
disproportionately from the effects of land
degradation, especially in the drylands, which
support some two billion people, 90 per cent of
whom live in developing countries.
One example of long-term success in combating
land degradation is in the Great Plains of the
United States, where a comprehensive package of
measures was first introduced in the 1930s. As a
result, natural, social, institutional and financial
capital has been rebuilt and maintained to the
present day. The Land Care programme in Australia

Unsustainable landuse contributes to land
degradation, including
soil erosion and nutrient
depletion, which adversely
affect human health,
food security, and limit
livelihood options.

10

is another successful example. In Africa and other
developing regions, many countries have embarked
on national action programmes to combat
desertification within the framework of the UN
Convention to Combat Desertification (UNCCD).
The decline in the area of temperate forest
has been reversed with an average annual
increase of 30 000 km2 between 1990 and
2005. However, deforestation in the tropics
has continued at an average annual rate of
130 000 km2, with serious implications for GHG
gas concentrations and biodiversity loss. Declines
in natural forest area are partially countered by
ecological restoration efforts, investment in planted
forests, and more efficient use of wood products.
More forest is being designated for ecosystem
services but effective management is required to
maintain and restore ecosystems.
The release of harmful and persistent pollutants,
such as heavy metals and organic chemicals,
from mining, manufacturing, sewage, energy
and transport emissions, the use of agrochemicals, and from leaking stockpiles of
obsolete chemicals and products, remains a
problem for terrestrial and aquatic ecosystems.
Although there has been progress in dealing
with pollution in the industrialized countries,
mainly through regulation, achieving an
acceptable level of safety worldwide requires
strengthening of institutional and technical
capacities in all countries.

Figure 4: Coastal population and shoreline degradation
Population living within 100 km
of the coast
None
Less than 30%
30 to 70%
More than 70%
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Altered
Least altered
Selected coastal cities of more
than one million people

Rapid and poorly planned urbanization in ecologically sensitive coastal areas increases vulnerabilities to coastal hazards and climate change impacts.

The average population density in coastal areas
is now twice as high as the global average.
More than 100 million people live in areas no
more than one metre above mean sea-level (see
Figure 4); 21 of the world’s 33 mega-cities are
located in coastal areas, with most of them in
developing countries. Poor planning and the loss
of key ecosystems such as wetlands, mangroves
and coral reefs, and sea level rise due to climate
change, are increasing the risk of flooding and
reducing coastal protection from storms, tsunamis
and erosion.

Water
Contaminated water remains the greatest cause
of human sickness and death on a global
scale. The per capita availability of freshwater
is declining, in part because of excessive
withdrawals of surface and groundwater. If
present trends continue, many countries will
not meet their MDGs relating to water. About
1.8 billion people will be living in countries or
regions with absolute water scarcity by 2025
and two-thirds of the people in the world could
be subject to water stress, with the GEO-4
scenarios indicating that there could be more
than 5.1 billion people living under such
conditions in 2050.
Since agriculture accounts for more than 70 per
cent of global water-use, it is a logical target for
conservation management. Development and

implementation of Integrated Water Resources
Management (IWRM) has enhanced many
aspects of human well-being and ecosystem
health, through improved water availability and
quality both in catchments and in their respective
coastal zones.
The world’s oceans are the primary regulator of
global climate and an important sink for GHGs
(see Figure 5), leading, for example, to ocean
acidification. At watershed, regional and ocean
basin scales, the water cycle is being affected by
long-term changes in climate, altering precipitation
patterns. Climate changes are also causing
major reductions in Arctic sea ice cover, and the
accelerated melting of permafrost and mountain
glaciers, and Arctic land ice. These in turn have
serious impacts on the security of communities in
the Arctic, in glacier-fed river basins and deltas,
and in low-lying coastal areas, including Small
Island Developing States (SIDS) worldwide.
Concerted global actions are needed to address
the root causes, while local efforts can reduce
human vulnerability.
Eutrophication of inland and coastal waters
caused by excessive nutrient loads from sources
such as agricultural fertilizer causes sporadic
major fish kills, and threatens human health
and livelihoods. The deterioration of inland
and coastal water quality is being exacerbated
by other pollutants from land-based sources,
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Figure 5: The Global Ocean Conveyor
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Ocean circulation – the global ocean conveyor – is driven by differences in seawater density, determined by temperature and salt content. This circulation is of
enormous significance to the world, carrying carbon dioxide (CO2) to the deep ocean, distributing heat and dissolved matter, and strongly influencing climate regimes
and the availability of nutrients to marine life.

particularly, municipal wastewater, and
urban run-off.
Aquatic ecosystems continue to be heavily
exploited, putting at risk sustainability of food
supplies and biodiversity. Global marine
and freshwater fish catches show largescale declines, caused mostly by persistent
overfishing. Total marine catches are being
sustained only by fishing ever further offshore
and deeper in the oceans and progressively
lower down the food chain. Freshwater stocks
suffer from habitat degradation and altered
thermal regimes related to climate change and
water impoundment.

Biodiversity
Biodiversity decline and loss of ecosystem
services continue to be a major global threat to
future development. The reduction in distribution
and functioning of land, freshwater and marine
biodiversity is more rapid than at any time
in human history. Ecosystems such as forests,
wetlands, and drylands are being transformed
and, in some cases, irreversibly degraded.
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Rates of species extinction are increasing.
The great majority of well-studied species,
including commercially important fish stocks,
are declining in distribution or abundance or
both. Genetic diversity of agricultural and other
species is widely considered to be in decline.
Despite the importance of terrestrial and aquatic
ecosystems, they are being modified in extent
and composition by people at an unprecedented
rate, with little understanding of the implications
this will have in terms of their ability to function
and provide services in the future. Figure 6
highlights the status of terrestrial ecosystems.
Biodiversity plays multiple roles in the daily
lives of people through the supply of ecosystem
services. In agriculture, biodiversity contributes
to regulating and supporting services through
soil formation, nutrient cycling, and pollination.
Biodiversity is the basis for cultural services
through spiritual and aesthetic benefits,
and amenity values from ecotourism. Some
economic estimates are available, for example,
the value of the regulating services provided

Figure 6: Status of terrestrial ecoregions
Critical or endangered
Relatively stable or intact
Vulnerable
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.

Despite the importance of terrestrial and aquatic ecosystems, they are being modified in extent and composition by people at an unprecedented rate, with
little understanding of the implications this will have in terms of their ability to function and provide services in the future.

by honeybees as pollinators for crops has been
estimated at well over US$2 billion per year,
and the annual world fish catch is valued at
US$58 billion.
In recognition of the importance of biodiversity
and the fact that poor people in rural and remote
areas tend to be the most directly affected by
the deterioration or loss of ecosystem services,
many governments have established and adopted
the 2010 biodiversity target to reduce the rate
of loss of biodiversity at global, regional and
national scales. The target was adopted by
the Convention on Biological Diversity (CBD),
and endorsed by the 2002 World Summit on
Sustainable Development (WSSD).
There have been local success stories with the
conservation and sustainable use of biodiversity,
particularly where economic incentives have
been made available, such as for ecotourism,
biodiversity-friendly agricultural practices,
certification schemes and various initiatives on
payments for ecosystem services. However,
at a global level, and in most regions of the
world, biodiversity continues to be lost because
current policies and economic systems do not
incorporate the values of biodiversity effectively
in either the political or the market systems, and
many policies that are already in place are yet
to be fully implemented.

4

Regional perspectives
The UNEP regions share common concerns about a number
of critical environmental and sustainability issues, yet face

tremendous differences in their challenges. Strong interdependencies
exist and are reinforced by globalization and trade, with growing
demand on resources in and across the regions.
Significant improvements in human wellbeing have been achieved globally over
the last 20 years. However, there are still
more than 1 billion poor people who lack
essential services and who are not buffered
against environmental and socio-economic
changes. Many countries will not meet the
2015 targets of the MDGs. Addressing
vulnerability provides opportunities to meet
these goals.
Throughout the world, recurring patterns
of vulnerability can be found, including in
industrialized and developing regions, and
urban and rural areas. Examples of these
include contaminated sites, drylands, energy
security and, urbanization in coastal zones.
The most vulnerable groups include the
poor, indigenous populations, women and
children in both developed and developing
countries. Analysis of representative patterns
of vulnerability in different regions shows the
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unequal distribution of risks for specific groups
of people. Although vulnerability is contextand-site-specific, certain common elements
can be observed across regions, scales
and contexts. Table 1 lists the environmental
issues which were identified by regional
consultations in September-October 2004.

Table 1: Key regional priority issues selected for GEO-4

Africa

Land degradation and its cross-cutting impacts on
forests, freshwater, marine and coastal resources, as
well as pressures such as drought, climate variability
and change, and urbanization

Asia and the Pacific

Transport and urban air quality, freshwater stress,
valuable ecosystems, agricultural land use, and
waste management

Europe

Climate change and energy, unsustainable
production and consumption, air quality and
transport, biodiversity loss and land-use change,
and freshwater stress

Latin America and the
Caribbean

Growing cities, biodiversity and ecosystems threats,
degrading coasts and polluted seas, and regional
vulnerability to climate change

North America

Energy and climate change, urban sprawl and
freshwater stress

West Asia

Freshwater stress, land degradation, degrading coasts
and marine ecosystems, urban management, and
peace and security

Polar Regions

Climate change, persistent pollutants, the ozone layer,
and development and commercial activity

The following sections highlight environmental
challenges and opportunities of the regions.
Africa’s land is under pressure from a growing
population, natural disasters such as drought
and floods, desertification, the inappropriate
use of technology and chemicals, and
poverty. In addition to threatening the
livelihoods of the rural poor, land degradation
has widespread effects on Africa’s river
catchments, forests and agricultural land,
and ecosystem services. Per capita access to
land is declining even as the region struggles
to increase food production per unit area.
Per capita agricultural production declined
by 0.4 per cent between 2000 and 2004.
Climate change and more frequent droughts
and floods in Africa, are exacerbating land
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degradation. Africa is one of the regions most
vulnerable to climate change and has the
least adaptive capacity. Water and sanitation
are also priority issues for most African
countries. Despite an overall improvement in
the coverage of water supply between 1990
and 2002, the regional projection to 2015
still falls below the MDG target of 75 per
cent coverage.
The region continues to be at risk from
hazardous and electronic waste dumping
due to inadequate monitoring capacities
and institutional mechanisms to manage
such waste. Africa holds at least 50 000
tonnes of obsolete pesticides which threaten
both people and the environment. Lack of
environmentally friendly technology is a major
problem in Africa that should be dealt with
through technology transfers, taking into
consideration the preservation of cultural
heritage. Although there are efforts to manage
the environment through the African Ministerial
Conference on the Environment (AMCEN),
initiatives such as the New Partnership for
Africa’s Development (NEPAD) environment
action plan, land and agrarian reforms,
and integrated land and water management
programmes, policy shortcomings still exist,
and so do unfair agricultural subsidies in
developed regions which undermine the
profitability of farming and livelihoods of small
landholders in Africa.
In Asia and the Pacific, environmental
change is driven by rapid population growth,
changing consumption patterns accompanying
higher incomes, and burgeoning industrial
and urban development. Various factors have
led to an increase in urban air pollution: a
highly urbanized population; poorly planned
municipal development and transport services;
a 2.5 times increase in the use of passenger
cars over the last two decades (see Figure
7); and haze pollution from forest fires and
peri-urban industries in Southeast Asia. Air
pollution causes the premature deaths of
about 500 000 people annually. Many
countries have, in recent years, initiated a
switch from conventional fossil fuels to cleaner
renewable forms of energy. Excessive and

Soil erosion is widespread in Africa, affecting food production and food security. In addition to threatening the livelihoods of the rural poor, land degradation has
widespread effects on Africa’s river catchments, forests and agricultural land, and ecosystem services.

inefficient use of water, industrial pollution,
climatic variability and natural disasters
are major causes of water stress. Although
there has been remarkable progress in the
provision of improved drinking water over
the last decade, some 655 million people in
the region (17.6 per cent) still lack access to
safe water.
The population pressure on marginal land
and climate-related extremes in the past
few decades pose a risk to terrestrial and
marine biodiversity in the region. Rapid
changes in consumption patterns have led

to the generation of large quantities of
electric and electronic waste, and toxic
and hazardous waste. The illegal traffic in
these wastes poses new, growing challenges.
Although most countries have developed
extensive domestic laws, regulations and
standards related to the environment
and participate in global action through
multilateral and bilateral agreements, the
challenging task is to implement those
laws and regulations. Rapid introduction of
innovative and energy efficient technology
should improve environmental conditions in
the region.
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Figure 7: Trend in use of passenger cars
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The exploding growth in motorized vehicles is the key factor in both traffic congestion and the
levels of urban air pollution in many cities in the region. Between 1987 and 2003, the use of
passenger cars increased about 2.5 times.

Europe is a region of great environmental and
socio-economic diversity. Economic recovery
in the past two decades has resulted in an
increase of national income in many countries
across the region. This, together with the
growing number of individual households,
is driving environmental change. The region
has made progress in decoupling economic

Figure 8: Trends in total greenhouse gas emissions
EU–25
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While greenhouse gas emissions from the energy sector have been reduced in Western Europe
since 1987, the trend since the end of the 1990s shows that these emissions have increased
across the European region. This is partly because of increasing natural gas prices which have reestablished coal as a key fuel.
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Despite much progress, poor water and urban
air quality still cause substantial problems in
some parts of Eastern and Southern Europe.
Intensification and land abandonment are the
two major trends in agriculture having impacts
on biodiversity, as well as increasing the
risk of land degradation and desertification,
especially in southern parts of the region.
Transport infrastructure is fragmenting
landscapes and reducing biodiversity.
With its many action plans, environmental
institutions and legal instruments, the region
has extensive experience with environmental
cooperation. Easier to manage environmental
problems (e.g., point-source air and water
pollution) have been effectively addressed
in much of Central and Western Europe, but
remain challenges in many Eastern European
countries. The use of market-based instruments
in environmental policy has gained ground
substantially in Europe, especially in the area
of taxes, charges and tradeable permits.
Comprehensive systems of pollution charges
for air and water are being implemented
and resource use and waste taxes are being
introduced. More efficient production and
consumption patterns need to be established,
and good governance mechanisms and
lessons learned exchanged within the region,
to achieve sustainable development.
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growth from resource use, although per capita
household consumption is steadily increasing.
Recently, growing public awareness
underpinned by rising prices, has given
new political momentum to climate change
policies. Since 1987, GHG emissions (see
Figure 8) from the energy sector have been
reduced in some countries in Western Europe,
although they have increased across the
region as a whole. Emissions of air pollutants
are largely driven by the demand for greater
mobility, including increasing use of private
transport and deterioration of public transport
systems in many countries.

The Latin America and the Caribbean region
is the most urbanized in the developing world,
with 77 per cent of the total population
living in cities, and urbanization rates are still

Figure 9: Number of storms in the North Atlantic basin
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increasing. The challenge for developing and
implementing urban environmental policies
is, therefore, considerable. There has been
relative success in improving the quality
of fuels, public transport systems (Bogotá,
Colombia, and Curitiba, Brazil), air quality
management (major Mexican cities), water law
reforms (Chile), and community-based solid
waste management schemes. Nevertheless,
urban air pollution is high and increasing in
smaller cities, untreated and domestic and
industrial waste and waters are a growing
problem, and domestic waste is generally not
treated, contributing to water pollution.

Extreme climate events affecting the region have already increased over the last 20 years. The

The rich biodiversity in the region is threatened
by forest conversion to pastures, infrastructure
and urban areas. These threats are contributing
to habitat loss and fragmentation, as well as
the loss of indigenous cultures and knowledge.
Land degradation, resulting from deforestation,
overgrazing and inappropriate irrigation is
affecting 15.7 per cent of the region. Integrated
prevention and control programmes are helping
to decrease annual deforestation rates in some
areas, and protected areas have almost doubled
over the last two decades now covering 10.5
per cent of the land base. New efforts are
being made to conserve terrestrial and marine
corridors, such as the Meso-American Biological
Corridor and those in the Amazon.
Although Latin America is responsible for only
5 per cent of the global GHG emissions
and represents 8 per cent of the total world
population, climate change is projected to
significantly affect the region. The impacts
include rising sea levels, more hurricanes and
storms (see Figure 9), more pronounced droughts
and floods associated with El Niño events,
decline in water supplies stored in glaciers
and declines in crop and livestock productivity.
Particularly vulnerable are tropical rain forests,
mangroves and coral reefs, mountain ecosystems,
coastal wetlands and SIDS. Extreme climatic
events have increased over the past 20 years.
The development of national climate change
strategies is critical in this regard. Declining water
quality, climate change and algal blooms have
contributed to the rise in water-borne diseases in
some coastal regions.

number, frequency, duration and intensity of tropical storms and hurricanes in the North Atlantic
Basin have increased since 1987. The 2005 season was the most active and the longest on
record, with 27 tropical storms, 15 of which became hurricanes.

Most successful responses to environmental
issues in the region have involved commandand-control measures. However, emerging
policies have combined these approaches with
economic instruments (including application
of the polluter-pays-principle). Payments for
ecosystem services are being implemented in
several countries (such as Costa Rica, Brazil,
Ecuador and Mexico) to protect biodiversity.
The use of economic instruments and effective
compliance with environmental law need
coupling with participatory and ecologically
oriented urban planning as the strategic basis
for sustainability.
In North America, the multi-stakeholder process
identified energy and climate change, freshwater
stress, and sprawl as major environmental issues
facing the region. North America’s growing
economy and population contribute to the
ongoing environmental challenges. The region is
a leader in research in environmental science and
reporting, integrating the public into environmental
decision making, providing timely access to
information on environmental conditions, and the
production of goods-and-services that mitigate
or prevent environmental damage. A solid
foundation of legislation from the 1970s, and
newer innovative market-based programmes and
modes for paying for ecosystem services, provide
incentives for controlling pollution and conserving
natural resources. Canada has signed the Kyoto
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Geothermal 0.5%

Figure 10: Energy production by fuel type
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The past two decades have seen a marked shift in energy production in North America, with crude oil, natural gas liquids and feedstocks declining, and coal and
coal products, natural gas and nuclear production increasing.

Protocol and produced a plan to become more
energy-efficient.
As a measure of progress, energy use per unit of
GDP has declined; however, in absolute terms,
energy use and associated GHG emissions
have increased. Figure 10 shows trends in
energy production in the region over the past
two decades. With only 5.1 per cent of world
population, North America consumes just over
24 per cent of global primary energy. Increasing
domestic energy exploration is leading to
new threats from air pollution, the potential for
additional releases of oil to the environment and
the fragmentation of landscapes, with impacts
on biodiversity.
Continued urban sprawl and growing exurban
development are leading to pressures on
water quality, biodiversity, and air pollution.
In response, many states, provinces and
municipalities have implemented smart growth
and other strategies to manage sprawl, preserve
farmland and green space, and protect
ecosystem services. For example, the master
plans of most Canadian cities include the
control of sprawl, and in the US, 22 states have
enacted laws to curb sprawl.
Water quality and availability vary across the
region. Per capita water consumption is the
highest in the world; however, this includes
significant water contained in food exports;
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agriculture use accounts for 41 per cent of annual
water withdrawals in the US and 12 per cent in
Canada. Excessive groundwater withdrawal in the
US remains a challenge. Steps are being taken to
improve water use efficiency through conservation
programmes in agriculture and for household
use. Overall water quality in the region is the
cleanest in the world. However, there is significant
variability and approximately 20 per cent of US
watersheds face serious water quality challenges.
Significant gains have been made in point-source
pollution, but non-point source pollution remains a
major difficulty and has become a priority for both
countries. Excess nutrient run-off is an important
problem, contributing to eutrophication of many
US estuaries. Both countries are responding to
water problems with national and transboundary
Integrated Water Resource Management (IWRM)
approaches to improve policy measures for
these complex water issues. The human health
consequences of environmental impacts are an
emerging issue.
West Asia has made strides in environmental
governance since Our Common Future,
including establishing environmental institutions,
enacting environmental regulations, developing
environmental and sustainable development
strategies, such as the sustainable development
initiative in the Arab Region, and joining many
of the MEAs. Nevertheless, continued population
growth, military conflicts, and rapid development
have resulted in a significant increase in
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Although urban demand for water is high in the region, the agricultural sector consumes most
water, accounting for more than 80 per cent of total water used. During the past few decades,
economic policies favouring food self-sufficiency and socio-economic development have prioritized
the development and expansion of irrigated agriculture.

The Polar regions influence major
environmental processes, and have direct
impacts on global biodiversity and human
well-being. The regions are interlinked with
global climate change impacts, such as
altered ocean currents and rising sea levels.
The Arctic is warming twice as fast as the
world average, causing shrinking sea ice (see
Figure 12), melting of glaciers as well as
changes in vegetation. The Greenland and
Antarctic ice sheets are the largest contributors

Figure 12: Summer Arctic sea ice is shrinking at a rate of 8.9 per cent per decade
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Unsustainable agricultural practices,
overgrazing and rangeland cultivation,
recreational activities, and urbanization
have degraded vast land areas. Measures
to mitigate land degradation and to protect
threatened areas are well defined in national
action plans to combat desertification.
However, in many countries these plans
are ineffective because they are not
mainstreamed into national socio-economic
development policies. Marine and coastal
areas are threatened by urbanization, tourism
infrastructure, industry, oil pollution, chemical
contamination, invasive alien species and
overfishing. Efforts to introduce Integrated
Coastal Zone Management (ICZM) should
be reinforced with strict protection and
conservation measures to meet the fast-paced
development. The urban environment is facing
escalating challenges related to increased air
pollution and increased wastes. Policies and
successful measures have been implemented in
several countries, such as phasing-out leaded
gasoline, adopting zero-flaring policies,
enhancing the use of natural gas as energy,
and introducing effective waste management
systems. Armed conflict has harmed human
well-being, expanded the number of refugees,
and resulted in the degradation of natural
resources and ecological habitats. Regional
cooperation in transboundary environmental
problems and environmental management are
undertaken by the Council of Arab Ministers
Responsible for the Environment (CAMRE).
However, strengthening of institutions,
capacity building, environmental legislation
and enforcement are urgently required.
Finally, peace and stability are essential for
sustainable development in the region.

Figure 11: Current and projected water demand in West Asia

19

environmental challenges and pressures on
natural resources. The region is one of the most
water-stressed in the world. Per capita freshwater
availability is decreasing, while consumption is
increasing. Water resources are overexploited
with 80 per cent used for agriculture (see Figure
11). Institutional and policy reforms have been
emphasizing a shift from water supply to demand
management. An additional major challenge that
impacts planning is the absence of agreements
regulating shared water resources.

The Arctic is warming almost twice as fast as the world average, and most increases occurred in
the past 20 years.
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to the sea level rise from melting land ice.
Persistent organic pollutants, although banned
in most industrialized countries, are still used
elsewhere and persist and accumulate in
polar regions where they enter marine and
terrestrial ecosystems, and accumulate in
food chains. These toxic substances pose
a threat to the integrity of the traditional
food system and the health of indigenous
peoples in the Arctic. Mercury from industrial
emissions can pose a similar threat because
it can be transported over long distances and
transformed into methyl mercury, a Persistent
Organic Pollutant (POP). Ozone depletion has
resulted in increased ultraviolet radiation, with
impacts on ecosystems and human health.

5

Lessons and progress from the past
two decades
Environmental changes affect human development options,

with poor people being the most vulnerable. Environmental changes
impact human well-being, human vulnerability, and people’s ability
to cope or adapt. For example, conflicts, violence and persecution
displace large civilian populations, forcing millions of people into
marginal ecological areas within countries and across international
boundaries. This undermines, sometimes for decades, sustainable
livelihoods, economic development, and the capacity of ecosystems
to meet an increased demand for resources.
More than 90 per cent of the people exposed
to disasters live in the developing world. Millions
are also affected in developed countries. Over
the past 20 years, natural hazards (see Figure
13) such as earthquakes, floods, droughts,
storms, tropical cyclones and hurricanes,
wildfires, tsunamis, volcanic eruptions and
landslides have claimed more than 1.5 million
lives and affected more than 200 million
people annually. Between 1992 and 2001,
floods were the most frequent natural disaster,
killing nearly 100 000 and affecting more than
1.2 billion people worldwide. The capacity to
adapt to and withstand hazards in some parts
of the world is being eroded through reduced
state protection schemes, the undermining of
informal safety nets, poorly built or maintained
infrastructure, conflict, and chronic illness.
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However, progress has been made on several
fronts over the last 20 years. The historical
decline of the temperate forests has reversed,
some regional air pollution problems, such as
acid rain in Europe and North America, have
been successfully addressed, major research
advances have been made in agriculture
on innovations for integrating conservation
and development to ease biodiversity
loss, reverse land degradation and foster
environmental sustainability and, in some
cities, environmental quality is better today
than when Our Common Future was published
in 1987.
There are also many cases in which problems
persist even though proven solutions are
known. In these cases, progress requires
concerted, focused implementation of best
practices, as in the example of recent
initiatives to extend the leaded-petrol ban
to countries where it is still used. There is
substantial experience with a wide range of
policy instruments that can be transferred,
adapted and implemented (Table 2).
At the global level, strengthening UNEP
and better cooperation among United
Nations bodies and other institutions
to make environment and sustainable
development governance more efficient
and effective has long been a goal
of the international community. These
efforts are ongoing in UNEP in followup to the Cartagena agreement on
International Environmental Governance
(IEG). Discussions on how to strengthen
environment and sustainable development
are also underway through the United
Nations General Assembly (UNGA).
Various secretariats of MEAs and United
Nations bodies have signed Memoranda of
Understanding. Environmental cooperation
also provides opportunities to create
pathways for peace by promoting sustainable
resource use between countries.
Regional environmental cooperation has also
been strengthened since 1987. A number
of regional environmental ministerial fora
have been established, including the African

Figure 13: Highest risk hot spots by natural hazard type
High total economic loss risk
top 3 deciles at risk from:
Drought only
Geophysical only
Hydro only
Geophysical and hydro
Drought and geophysical
Drought and hydro
Drought, hydro and geophysical

Notes: Geophysical hazards
include earthquakes and
volcanoes.
Hydrological hazards
include floods, cyclones and
landslides.

Natural hazards, such as earthquakes, floods, droughts, storms, tropical cyclones and hurricanes, wildfires, tsunamis, volcanic eruptions and landslides threaten people
around the world. Two-thirds of all disasters are hydrometeorological events, such as floods, windstorms and extreme temperatures. More than 90 per cent of the
people exposed to disasters live in the developing world, and more than half of disaster deaths occur in countries with a low human development index.

Ministerial Conference on the Environment
(AMCEN), and Conference of Europe
Environment Ministers (CEEM), the Forum
of Ministers of the Environment of Latin
America and the Caribbean, the Association
of Southeast Asian Nations (ASEAN), and
Council of Arab Ministers Responsible for the
Environment (CAMRE). The North American
Free Trade Agreement (NAFTA) has an
environmental accord that is overseen by the
Commission for Environmental Cooperation
(CEC). The European Union (EU) provides
a good example of the added value of
strong political cooperation among nations,

especially in establishing environmental
regulations on a wide range of issues.
Coordination on environment and sustainable
development issues is equally important at
the national level. Here, coordination among
MEA focal points and among ministries
representing governments in various fora on
development, finance, foreign affairs and
environment needs to be encouraged.
Direct regulation plays a major role in
achieving progress and is likely to continue
doing so, even if the use of market forces

Table 2. Classification of environmental policy instruments

Command-and-control
regulations
n

Standards

n

Bans

n

Permits and quotas

n

Zoning

n

Liability

n

Legal redress

n

Flexible regulation

Direct provision by
governments
n

n

n

n

Environmental
infrastructure
 co-industrial zones or
E
parks
 ational parks,
N
protected areas and
recreation facilities
Ecosystem
rehabilitation

Engaging the public and
the private sectors
n

Public participation

n

Decentralization

n

Information disclosure

n

Eco-labelling

n
n

Using markets
n

Removing perverse
subsidies

Creating markets
n
n

Property rights
Tradeable permits and
rights

 nvironmental taxes
E
and charges

n

Voluntary agreements

User charges

Offset programmes

n

n

Public-private
partnerships

Deposit-refund systems

Green procurement

n

n

n

Targeted subsidies

n

n

Self-monitoring (such
as ISO 14000)

n

n

Environmental
investment funds
Seed funds and
incentives
Payment for ecosystem
services
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and soft instruments, such as the provision of
information and technology transfer, play a
more important role than before. By compiling
successful experiences from global, regional,
sub-regional, national and local initiatives
the GEO process can provide some valuable
lessons learned on general principles for
public policy formulation and implementation.
Effective diffusion of innovative policies often
results from governments and other actors
learning from each other. Best practices
are spread most effectively when there is
monitoring and reporting of policies and
outcomes. Almost all successful policy
initiatives from the past two decades have
been supported by robust environmental
monitoring programmes. Such programmes
are lacking in regard to many of the high
priority problems identified in GEO-4.
Civil society and the private sector are also
playing a growing role in decision-making
and in the delivery of solutions through
extended opportunities for environmental
technology and innovation in some regions.
The growing awareness of environmental
problems, and better education programmes
have also led to a broadening of corporate
social responsibility (CSR). CSR and corporate
financing of certain social and environmental
activities have been encouraged by global
initiatives that have stimulated companies to
report not only on their economic activities
but, also, on their social and environmental
performance. The Principles for Responsible
Investment (PRI), launched at the New York
Stock Exchange in April 2006, had after six
months been accepted by 94 institutional
investors from 17 countries representing
US$5 trillion in investments.
Through the GEO-4 scenario exercise,
stakeholders explored the interplay between
some of the environmental issues in
atmosphere, land, water and biodiversity.
The scenarios are based on assumptions
related to institutional and socio-political
effectiveness, demographics, economic
demand, trade and markets, scientific and
technological innovation, value-systems
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and social and individual choices, and
highlighted those areas of uncertainty in the
coming decades. The following are the main
elements of the four scenarios:
n	Markets First: the private sector, with
active government support, pursues
maximum economic growth as the best
path to improve the environment and
human well-being for all.
n	Policy First: the government sector, with
active private- and civic-sector support,
implements strong policies intended to
improve the environment and human wellbeing, while still emphasizing economic
development.
n	Security First: the government sector and
the private sector vie for control in efforts
to improve, or at least maintain, human
well-being for mainly the rich and powerful
in society.
n
Sustainability First: the civic, government
and private sectors work collaboratively
to improve the environment and human
well-being for all, with a strong emphasis
on equity.
There is an increasing understanding of how
the environmental changes being recorded
around the world are linked through time
and space via a complex set of biophysical
and social processes. These changes may
continue even if the forces of change are
removed, as evidenced by the stratospheric
ozone depletion and the loss of species.
Such time lags have implications for the
formulation and implementation of policy
interventions. Biophysical and social systems
can also reach tipping points, beyond
which there are abrupt, accelerating, or
potentially irreversible changes. The four
GEO-4 scenarios show an increasing risk
of crossing tipping points, even as some
global environmental degradation trends are
slowed or reversed at different rates towards
the middle of the century.

6

Going forward
The pressing environmental issues facing decision-makers today can be mapped along a continuum from
those where proven solutions are available, to those where both the understanding of the problem and its

solutions are still emerging. In all cases, science has a key role to play in providing the best available information
to enable informed decision-making. The long-term knowledge base of indigenous peoples in providing such
knowledge should also be considered.
Existing institutions are vital in creating the right
conditions for change. Further achievements
can be brought about by following a two-track,
complementary approach (see Figure 14):
n	Expanding institutions and adapting policies
that have already worked effectively for
conventional problems into areas lacking
such policies, especially in developing
regions, and financing this endeavour;

n	Supporting

innovation that pursues new
and emerging solutions for persistent
environmental problems by using economic
instruments and more adaptive approaches.

Building on recent gains
Over the last 20 years, the range of
institutions and policy options for dealing
with environmental problems has expanded

Figure 14: Two tracks to address environmental problems with proven and emerging solutions

From the periphery to the core of decision making – a road map

environmental problems

Proven solutions are available (“conventional” problems)

Solutions are emerging (“persistent” problems)

policy options

proven policies
addressing pressures, state and impacts

transformative policies
addressing structural drivers

management approach

Conventional management, simple policy targets

Track 1

Structural change and adaptive management

Track 2

The two tracks are expected to merge over time as the environmental policy agenda is progressively moved from the periphery to the core of economic and social
development decision making. Both tracks need greater focus to address underlying societal and cultural values, increased education, empowerment of citizens and
decentralized governance structures.
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and diversified. Investing in results-based
management of existing environmental
institutions can help strengthen capacities for
determining environmental risks and trade-offs,
promoting timely action, reducing the costs
of inaction and integrating environment with
development. Table 2 summarizes a simple
categorization of environmental policies,
which have evolved over the last two decades
from command-and-control regulations to the
creation of markets.
Direct regulation still plays a major role and
is likely to continue doing so, even if the use
of market forces and soft instruments (such as
providing information) play a more important
role than before. An effective toolbox would
include a wide variety of instruments, often
used together, that are customized to specific
institutional setups, as well as the prevailing
social and cultural situations.
When a new approach works well – whether
in forest management, irrigation techniques
or the protection of threatened species – the
lessons learned during the process can help
establish what becomes a new standard for
best practices in that sector. Even if these
practices do not provide the whole solution to
an environmental problem, they are important
incremental steps along the way towards
solutions. Experiences from global, regional,
national and local initiatives that address
complex environmental issues across sectors
have also provided some valuable lessons on
general principles for public policy formulation
and implementation. To increase the chance
of success, policy-makers may:
n	Stimulate political will, through public
awareness, education, and conflict-mediation
systems;
n	Create the necessary legislative basis
and environmental judiciary, minimize
delays between policy decisions and
implementation, and ensure sustainable
financing systems are safeguarded from
corruption;
n	Strengthen and reinforce the capacity of
agencies and staff operating at local,
national and international level;
n	Decentralize power to the lowest level
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appropriate for the decision, where it is
usually more timely and meaningful;
n	Involve relevant stakeholders, such as through
formal or informal partnerships, and transfer
authority to stakeholders who have a relative
advantage, stake and competence in
assuming the responsibility;
n	Support and facilitate the active participation
of women, local communities and
marginalized and vulnerable groups in
decision making;
n	Support research, monitoring, and
information networking and develop
specific management objectives, selecting
appropriate and measurable indicators, and
monitoring and assessing progress against
these objectives.
Strong organizations are crucial for effective
implementation of public policy. Since 1987,
there has been an overabundance of
organizational arrangements, especially at
the global level. Significant opportunities for
increased effectiveness are offered by the
UN reform process initiated by the 2005
World Summit. The process identified the
need for more efficient environmental activities
within the UN, and is consistent with the
IEG initiative. Coordination within the UN
can be enhanced through joint programming
and practical cooperation between UN
agencies, such as UNEP and UNDP, and
within the “One UN” approach at the country
level. Calls for a UN or World Environment
Organization (UNEO or WEO) have been
made since the early 1970s. There is still
much debate about whether there is a need
for such an organization, however, and what
form it could take.
Better treaty compliance can be achieved
by overcoming the material limitations for
Parties to meet their obligations, including
administrative costs and the heavy reporting
burden. There are now more than 500
international treaties and other agreements
related to the environment, of which 323
are regional, and 302 date from the period
between 1972 and the early 2000s (see
Figure 15 on ratification of MEAs). Improved
monitoring and compliance mechanisms,

Figure 15: Ratification of major multilateral environmental agreements
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As a result of various global and regional conferences and assessments, a diversity of multilateral environmental agreements (MEAs) has been adopted, providing
the legal and institutional framework to tackle various environmental challenges. One of the agreements that has drawn significant attention during the last 20 years
is the Montreal Protocol to the Vienna Convention on Substances that Deplete the Ozone Layer. The Montreal Protocol, which became effective in 1989 and
had 191 parties at 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 to date.

such as the establishment of a voluntary
peer-review mechanism on compliance,
can also contribute. Identified interlinkages
and synergies between environmental
challenges can serve as areas for cooperation
among the treaties and for more effective
implementation and capacity building at the
national level.
The integration of environmental activities
into the broader development framework
is at the heart of the MDG on achieving
environmental sustainability. Improved
efficiency and coherence can be achieved
by integrating environmental mitigation and
adaptation efforts into development policies.
A key role for environmental institutions to
achieve this goal is to provide knowledge
and promote awareness; identify targets,
policies, regulations, tools and best practices;
and monitor long-term achievements.

Striving to ensure more sustainable patterns
of consumption and production is a key
approach to mainstreaming the environment.
Opportunities exist in the implementation
of the multi-stakeholder Marrakech process,
which supports regional and national
initiatives to promote the shift towards such
patterns. Efforts to link environmental policies
with major public budgets represent another
effective option for integration. A relatively
small number of countries, including Canada
and Norway, for example, review their
budgets to ascertain the environmental
impacts of proposed public spending. The EU
requires an environmental impact assessment
for spending on national projects from
structural and regional funds.
Strengthened environmental knowledge
about interactions between people and the
environment at all scales, based on the best-
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Figure 16: Research and development (R&D) intensity
Gross expenditure on R&D as percentage of GDP
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The potential for science and technology to enhance our understanding of environmental and
social processes and to reduce vulnerability remains very unevenly distributed worldwide.
There is great need to strengthen research and development and to improve technology
transfers between regions.

available scientific research (see Figure 16)
and data, can be achieved by improving
knowledge infrastructure and capacities,
promoting interoperability of data systems and
tools, and information networking, particularly
in developing regions. Effective implementation
of the Bali Strategic Plan on Technology
Support and Capacity Building, adopted
in February 2005 by the UNEP Governing
Council, will strengthen the capacity of states
on environmental issues at all levels. It calls for
a bottom-up approach in identifying specific
objectives, strategies and activities that need
support. It also stresses the importance of,
and national ownership and South-South
cooperation for assessing overall needs and
setting priorities. Learning about best practices
can be facilitated, for instance, through webbased learning platforms and networks. These
incremental gains should not be forgotten in
pursuing solutions to all pressing environmental
problems at the same time.
There is considerable scope for mobilizing
financial resources to address environmental
problems. Building intergovernmental
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partnerships and implementing outcomes
of the Monterrey Conference on Financing
for Development can provide much-needed
support. There may also be environmental
and economic benefits in phasing out some
subsidies. For instance, an International
Atomic Energy Agency study of energy
subsidies in eight developing countries,
mostly in Asia, concluded that their annual
economic growth would increase by over
0.7 per cent, while their CO2 emissions
would go down by nearly 16 per cent,
if the subsidies were eliminated. Green
budgeting, the creation of conservation funds
and economic instruments, such as user fees
and charges, are among the tools that have
been applied in various countries. Financing
plans that allow local resource conservation
to pay for itself over time can be developed,
but local communities or domestic financial
sources are often unable to make the initial
seed investment. Liberalization of trade in
goods-and-services of interest to developing
countries could generate additional financial
flows totalling about US$310 billion yearly.
Realizing this potential, however, will
depend on success in achieving an open,
non-discriminatory and equitable multilateral
trading system, which benefits countries at all
stages of development. It will also depend on
meaningful trade liberalization which takes
into account impacts on the environment,
and which does not compromise effective
management of the environment.
Reducing people’s vulnerability to
environmental and socio-economic changes is
one component of protecting and extending
recent gains. This can involve strengthening
local rights by, for example, developing
institutional forms that are more inclusive
of local concerns or strengthening resource
tenure to give people secure access to their
livelihood assets and increased control over
how local resources are used. Reducing
vulnerability includes access to better financial
and technical support and information, and
investing in the capacity to cope with natural
disasters and adapt to climate change.
Empowering women not only contributes to
the widely shared objective of equity and

justice, but also makes good economic,
environmental and social sense. Evidence
shows that finance schemes that target women
can have higher-than-usual payoffs and
more sustainable outcomes. Better access to
education improves maternal health, creating
a better starting point for the next generation.

Innovations and emerging solutions
For many problems, the benefits from early
and ambitious action outweigh the costs.
Scenarios on future global environmental
changes suggest that implementing determined
action in the present is cheaper than waiting
for better solutions to come along. Delayed
action also unfairly shifts the burden of
paying such costs onto future generations,
contradicting the principle of inter-generational
equity. In particular, recent IPCC reports about
the costs of inaction on climate change have
raised the alarm about the need for action,
and suggest that immediate measures are
affordable for many countries. Innovative
approaches are needed for society to make
the necessary transition to a sustainable, lowcarbon economy.
A number of structural innovations could
form the basis of a more ambitious global
policy agenda to enable such a transition.
Contemporary approaches are moving, for
example, towards collective learning and
adaptive management. Effective adaptive
governance depends on leadership and
bridging organizations. Leaders are
imperative for establishing a vision, building
trust, generating knowledge, initiating
partnerships among relevant actors, managing
conflicts, and mobilizing broad support for
change. Bridging organizations are often
at the interface of scientific knowledge
and policy or of local experience and
research and policy. They reduce the cost of
collaboration significantly and often perform
important conflict resolution functions.
Adaptive governance approaches are well
placed to manage uncertainty and periods of
change. The rising price of oil, for example,
has led to increased interest in other energy
sources. Broad-based energy policies may

benefit from an integrated multisectoral
approach that addresses both the need to
maintain biodiversity and vital ecosystem
services, and the need to mitigate and adapt
to climate change.
Greater emphasis is also being placed
on economic instruments (see Table 3
for different types of instruments and
applications). Natural resources – compared
to financial, material and human resources
– are the foundation for much of the wealth
of countries. Managing this natural resources
portfolio to maximize its returns and benefits
over time is good investment.
The policy options available to influence
economic drivers include green taxes, the
creation of markets for ecosystem services,
and environmental accounting. Governments
are beginning to gain experience in
implementing these instruments, although
typically only at relatively small scales.
Learning by doing can help develop new
policy approaches to move development
decisions in a sustainable direction.
Used properly, economic instruments provide
market corrections, promote production
efficiency or cost minimization, and facilitate
flexible responses to changing circumstances.
They can help economic development to
foster environmental protection and viceversa. Economic instruments may provide
signals concerning resource scarcity and
environmental damage which, in turn, can
trigger more-efficient resource use and
waste minimization. Instruments such as
green taxes can raise revenues that may be
used to improve environmental quality or
reduce income taxes for the poor. Table 3
provides some examples of various economic
instruments being applied to different
environmental sectors.
In ecological tax reform and tax shifting, taxes
on energy use and the consumption of other
resources are increased, and corresponding
reductions are often made on income tax.
Although this has encountered stiff resistance
from vested interests, ecological tax reforms have
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Table 3 Examples of economic instruments and applications

Property rights

Market creation

Fiscal
instruments

Forests

Communal
rights

Concession
building

Taxes and
royalties

Water
resources

Water rights

Water shares

Capital gains
tax

Charge
systems

Financial
instruments

Liability
systems

Bonds and
deposits

Reforestation
incentives

Natural
resource
liability

Reforestation
bonds, forest
management
bonds

Water pricing
Water
protection
charges

Fishing rights,
Individual
transferable
quotas

Oceans and
seas

Oil spill bonds

Licensing
Minerals

Mining rights

Biodiversity
and wildlife

Patents
Prospecting
rights

Transferable
development
rights

Land rights,
use rights

Tradeable
emission permits

Air pollution

Charges for
scientific
tourism
Effluent
charges

Water
treatment fees

Emission
charges

Technology
subsidies, lowinterest loans

Land
reclamation
bonds

Collection
charges
Property taxes

Toxic
chemicals

Differential
taxation
Tradeable
emission
entitlements
Tradeable
forest
protection
obligations
Land rights

Tradeable CO2
permits
Tradeable CFC
quotas

Deposit refund
systems
Technology
subsidies, lowinterest loans
Legal liability,
liability
insurance

Carbon taxes

Deposit refund

CFC
replacement
incentives

BTU tax

Forest
compacts

CFC quota
auction
Carbon offsets
Access fees
Tradeable
development
quotas
Transferable
development
rights

Property taxes,
land-use taxes

Betterment
charges
Development
charges
Land-use
charges
Road tolls
Import fees
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Low-interest
loans
Soil
conservation
incentives
(such as loans)

Solid waste

Human
settlements

Natural
resource
liability

Property taxes,
land-use taxes

Hazardous
waste

Climate

Land
reclamation
bonds

Access fees
Tradeable
effluent permits

Water
pollution
Land and soils

Taxes and
royalties

Development
completion
bonds

proved to be a stimulus for innovation and new
employment opportunities. When introduced
gradually and in ways that are revenueneutral and easy to administer, these reforms
may encourage environmentally conscious
consumption patterns without having significant
negative social distribution effects. Certain
instruments, such as carbon taxes, that have a
potentially significant impact on industry and
national competitiveness, have been used by
some countries. To date, however, carbon taxes
have been introduced in only 12 countries, and
their diffusion has been very slow.
A relatively new approach called payments
for environmental or ecosystem services (PES)
attempts to address the overexploitation
of ecosystems by paying the individuals
and communities that secure the supply of
ecosystem services; the beneficiaries must
pay for the services themselves. Costa Rica,
Brazil, Ecuador, Mexico and other developing
countries have pioneered PES schemes for the
preservation of freshwater ecosystems, forests
and biodiversity. Many PES schemes have
originated in developed countries, particularly
in the US, where it is estimated that the
government spends at least US$1.7 billion a
year to induce farmers to protect land. While
the conservation goals may be laudable, the
trade-distorting nature of some agricultural
subsidies also needs to be considered.

to 31 March 2006 witnessed a booming
global carbon market worth over US$10
billion, 10 times the value of the previous
year and more than the value of the entire
US wheat crop in 2005 (US$7.1 billion).
Market failures are, however, not necessarily
solved solely through market solutions,
A combination of market-based mechanisms
and regulatory structures is often needed.
The cap-and-trade model, in the case
of carbon emissions, is an example of
a regulatory framework defining overall
emission limits before a market for emission
credits can be established.

Three main markets are emerging for
payments for ecosystem services:
n	Watershed management, which may
include control of floods, erosion, access
to nutrients, sedimentation and water
quality, as well as maintenance of aquatic
habitats and dry season flows;
n	Biodiversity protection, which includes
eco-labelled products, ecotourism and
payments for conservation of wildlife
habitat;
n	Carbon sequestration, in which, for
example, international buyers pay to plant
new trees to absorb carbon, offsetting
carbon emissions elsewhere.
Experiences from global, regional, national and local initiatives that address complex

Indicative of the growing interest in market
mechanisms, the period from 1 January 2005

environmental issues across sectors have provided some valuable lessons on general principles for
public policy formulation and implementation.
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7

Conclusion
The intertwined environmental and developmental challenges that Our Common Future warned about in 1987
still exist, as do the associated policy challenges. Knowledge of the interlinkages between environment and

development, and the impacts on human well-being, gained in the past two decades, can be used effectively for the
transition towards sustainable development. Concerns about the global environment may have reached a tipping point
of their own, with the growing realization that for many problems, the benefits of early action outweigh the costs.
Now is the time to pursue the transition towards sustainable development supported by well-governed, innovative and
results-oriented institutions, which can effectively respond to environmental challenges, particularly persistent ones.

The complexity, magnitude and the interconnectedness of environmental change do not mean
that decision-makers are faced with the stark choice of “doing everything at once in the name of
integrated approaches or doing nothing in the face of complexity.” Identifying interlinkages offers
opportunities for more effective responses at national, regional and global levels. Current gaps
and needs relating to existing national and international infrastructure and capacities for integrating
environment into development should be identified and addressed.

30

GEO-4 conceptual framework

global
regional
local
drivers (d):

human society

material, human and social capital
Human development:
• Demographics
• Economic processes (consumption, production,
markets and trade)
• Scientific and technological innovation
• Distribution pattern processes (inter- and intragenerational)
• Cultural, social, political and institutional (including
production and service sectors) processes

responses (r)
to environmental challenges:
Formal and informal adaptation to, and
mitigation of, environmental change (including
restoration) by altering human activity and
development patterns within and between the D,
P and I boxes through inter alia: science and
technology, policy, law and institutions.

pressures (p):

environment

Human interventions in the environment:
• Land use
• Resource extraction
• External inputs (fertilizers, chemicals, irrigation)
• Emissions (pollutants and waste)
• Modification and movement of organisms

state-and-trends (s):
Natural capital:
atmosphere, land, water and biodiversity

Environmental impacts and change:
• Climate change and depletion of the stratospheric
ozone layer
• Biodiversity change
• Pollution, degradation and/or depletion of air,
water, minerals and land (including desertification)

natural processes:
• Solar radiation
• Volcanoes
• Earthquakes
retrospective
time:

1987

impacts (i):
change in human well-being
broadly defined as human freedoms of choice and
actions, to achieve, inter alia:
• Security
• Basic material needs
• Good health
• Good social relations
which may result in human development or poverty,
inequity and human vulnerability.
demographic, social (institutional)
and material factors determining
human well-being
environmental factors determining
human well-being
• Ecological services such as provisioning services
(consumptive use), cultural services (nonconsumptive use), regulating services and
supporting services (indirect use)
• Non-ecosystem natural resources ie hydrocarbons,
minerals and renewable energy
• Stress, inter alia diseases, pests, radiation
and hazards

outlook
2007

2015 (short-term)

2050 (medium-term)

(long-term)

The GEO-4 conceptual framework is based on the drivers-pressures-state-impacts-responses (DPSIR) concept. It draws on different types of assessments that have taken
place over the years, including previous GEO reports, the Intergovernmental Panel on Climate Change (IPCC) and the Millennium Ecosystems Assessment (MA),
especially with regard to the concepts of human well-being and ecosystem services. The framework reflects the key components of the complex chain of cause-andeffect, taking place in space and time that characterizes the interactions between society and environment. Environmental changes are induced by drivers and caused
by pressures, but they do also affect each other. These changes interact with demographic, social and material factors in determining human well-being. Responses
include measures by society for mitigating and adapting to environmental changes. These processes take place at all spatial scales, from the global to the local.
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Figure 14: Two tracks to address environmental problems with
proven and emerging solutions
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Figure 15: Ratification of major multilateral environmental
agreements
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Figure 16: Research and development intensity
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Delegates consider the Summary for Decision Makers during the Second Global Intergovernmental and Multistakeholder Consultation held in Nairobi in
September 2007.

Rapid environmental change is all around us. 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 to
jeopardize international peace and security.
Ban Ki-moon, Secretary-General, United Nations

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.
Achim Steiner, Executive Director, United Nations Environment Programme
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