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PREFACE

Preface

'1-;’1(3 environmental challenges we face over the coming few decades are daunting. They will require
concerted policy action, and co-operation among countries, different ministries within countries, and
with stakeholder partners. Climate change is particularly high on the political agenda now, but we
also face the challenges of halting biodiversity loss, ensuring clean water and adequate sanitation for
all, and reducing the health impacts of environmental degradation.

The analysis presented in this OECD Environmental Outlook shows that the necessary policies
and solutions are available, that they are achievable and that they are affordable. But we need to act
now, while it is still relatively inexpensive, particularly in the rapidly emerging economies. One scenario
in this Outlook found that if we are willing to accept a 98% increase in global GDP from now to 2030
— rather than the 99% in our Baseline — we could achieve significant improvements in air and water
quality, and progress towards climate targets. This is not a lot to pay (you can call it the cost of
insurance). The consequences and costs of inaction, on the other hand, would be much higher.

This Outlook provides policy-makers with guidance on how to address the more complex and
long-term global environmental challenges, in a way that is cost-effective and can also deal with
the shorter-term concerns of their local constituencies. The OECD is well positioned to provide this
guidance. The analysis in this Outlook is based on an economic and environmental modelling
framework, drawing on expert inputs from across the Organisation — macroeconomic assumptions
from our Economics Department, energy projections from our sister organisation, the International
Energy Agency, agricultural assumptions from our Trade and Agriculture Directorate — and
environmental modelling expertise from the Dutch Environmental Assessment Agency.

Environment Ministries cannot address these challenges alone. They need the support of other
areas, in particular of the Ministries of Finance to provide environmental policy reforms with a strong
financial backing. And they need the support of ministries of energy, agriculture, transport and
industry to implement the sectoral policies required to reduce the environmental impacts of our
production and consumption patterns.

Countries will need to restructure their economies in order to move towards a low carbon,
greener and more sustainable future. The costs of this restructuring are affordable, but the transition
needs to be managed carefully to address social and competitiveness impacts, and to take
advantage of new opportunities, like eco-innovation. Removal of environmentally harmful
subsidies, particularly for fossil fuels and agricultural production, is a necessary first step: it would
shift the economy away from activities that pollute and over-use natural resources while saving
money for tax payers. The focus should be on taxing the “bad”, rather than subsidising the “good”.
The reason is simple: the “bad” is known (e.g. CO, emissions), while the “good” of today can becom
obsolete or be proven to be inefficient tomorrow. Policy simulations carried out for this OECD
Environmental Outlook demonstrate that widespread use of market-based instruments can
considerably lower the cost of action to achieve ambitious environmental goals.
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PREFACE

The most pressing environmental challenges cannot be solved by OECD countries alone. The
OECD Environmental Outlook to 2030 shows that the global cost of action will be much lower if
all countries work together to achieve common environmental goals. To implement cost-effective
solutions, developed countries will need to work closely with emerging economies — especially Brazil,
Russia, India, Indonesia, China and South Africa — as well as with other developing countries.

Governments, businesses, trade unions, NGOs and all citizens need to join forces to ensure that
the ecosystem services that support economic growth and human well-being are not lost. With the
size of the world economy expected to double by 2030, while population is expected to increase by
one-third, continuing or expanding our current patterns of consumption and production is simply
unsustainable. The OECD Environmental Outlook shows that the policies and solutions to address
these challenges over the coming decades are available and affordable. But if we want to avoid
irreversible damage to our environment and the very high costs of policy inaction, we’d better start
working right away.

Angel Gurria
Secretary-General
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BRIICS
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CGSs
CDM
CFC
CH,
co
CO,
CO,eq
CSD
DAC
EJ
EU15

EU25

EUR
FAO
GBP
GDP
GHG
GJ

GNI

Gt

GW
HFC
IEA
IMAGE
IPCC
LULUCF
MAD
MDGs
MEA
MNP
MSA

Acronyms and Abbreviations

Brazil, Russia, India and China

Brazil, Russia, India, Indonesia, China and South Africa

Convention on Biological Diversity

Carbon capture and storage

Clean Development Mechanism

Chlorofluorocarbon

Methane

Carbon monoxide

Carbon dioxide

Carbon dioxide equivalents

Commission on Sustainable Development

OECD Development Assistance Committee

Exajoules

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Netherlands, Portugal, Spain, Sweden, United Kingdom

Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,

Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden,
United Kingdom

Euro (currency of European Union)

Food and Agriculture Organization of the United Nations
Pound sterling

Gross domestic product

Greenhouse gas

Gigajoules

Gross national income

Giga tonnes

Gigawatt

Hydrofluorocarbon

International Energy Agency

Integrated Model to Assess the Global Environment
Intergovernmental Panel on Climate Change

Land use, land use change and forestry

Mutual Acceptance of Data

Millennium Development Goals

Multilateral environmental agreement

Netherlands Environmental Assessment Agency

Mean species abundance
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Mt Million tonnes

MWh Megawatt-hour

NO, Nitrogen dioxide

N,O Nitrous oxide

NO, Nitrogen oxides

ODA Official development assistance

ppb Parts per billion

ppm Parts per million

PFC Perfluorocarbon

PM Particulate matter

PM, 5 Particulate matter, particles of 2.5 micrometres (pm) or less
PM, Particulate matter, particles of 10 micrometres (um) or less
ppmv Parts per million by volume

ROW Rest of world

RTA Regional trade agreement

SO, Sulphur dioxide

SO, Sulphur oxides

SFg Sulphur hexafluoride

TWh Terawatt hour

UNFCCC United Nations Framework Convention on Climate Change
uUsD United States dollar

VoG Volatile organic compound

WHO World Health Organization

WSSD World Summit on Sustainable Development

WTO World Trade Organization
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EXECUTIVE SUMMARY

KEY MESSAGES

The OECD Environmental Outlook to 2030 is based on projections of economic and environmental trends
to 2030. The key environmental challenges for the future are presented according to a “traffic light” system
(see Table 0.1). The Outlook also presents simulations of policy actions to address the key challenges,
including their potential environmental, economic and social impacts.

Table 0.1. The OECD Environmental Outlook to 2030

Climate change

Biodiversity and renewable
natural resources

Forested area in OECD countries

Water Point-source water pollution
in OECD countries (industry,
municipalities)

Air quality OECD country SO, and NO

emissions

Waste and hazardous

chemicals countries

OECD country emissions of CFCs

Waste management in OECD

Declining GHG emissions per unit o Global GHG emissions

of GDP Increasing evidence of an already changing
climate

Forest management Ecosystem quality

Protected areas Species loss

Invasive alien species
Tropical forests

lllegal logging
Ecosystem fragmentation

Water scarcity
Groundmater quality
Agricultural water use + pollution

Urban air quality

Surface water quality and
wastewater treatment

PM and ground-level ozone
Road transport emissions

Municipal waste generation
Developing country emissions
of CFCs

Hazardous waste management and transportation
Waste management in developing countries
Chemicals in the environment and in products

KEY: Green light = environmental issues which are being well managed, or for which there have been significant improvements in
management in recent years but for which countries should remain vigilant. Yellow light = environmental issues which remain a
challenge but for which management is improving, or for which current state is uncertain, or which have been well managed in
the past but are less so now. Red light = environmental issues which are not well managed, are in a bad or worsening state, and
which require urgent attention. All trends are global, unless otherwise specified.

Action is affordable: policy scenarios and costs

The Outlook highlights some of the “red light” issues that need to be addressed urgently. The policy
scenarios in this Outlook indicate that the policies and technologies needed to address the challenges are
available and affordable. Ambitious policy actions to protect the environment can increase the efficiency
of the economy and reduce health costs. In the long-term, the benefits of early action on many
environmental challenges are likely to outweigh the costs.

As an example, a hypothetical
global “OECD Environmental Outlook
(EO) policy package” (EO policy
package, see Chapter 20) was
applied. It shows that, by combining
specific policy actions, some of the
key environmental challenges can be
addressed at a cost of just over 1%
of world GDP in 2030, or about
0.03 percentage points lower average
annual GDP growth to 2030
(Figure 0.1). Thus world GDP would
be about 97% higher in 2030 than
today, rather than nearly 99% higher.
Under such a scenario, emissions of
nitrogen oxides and sulphur oxides
would be about one-third less in 2030
while little change is projected under
a no-new-policy baseline scenario,
and by 2030 growth in greenhouse
gas emissions would be contained to
13% rather than 37%.
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Figure 0.1. Average annual GDP growth, 2005-2030
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KEY MESSAGES (cont.)

More ambitious policy action than the EO policy package would be needed to stabilise greenhouse gas
concentrations at the levels being considered in international discussions. Another simulation was run of
policies needed to stabilise atmospheric concentration at 450ppm CO,eq, one of the most ambitious targets
being discussed. The simulation shows that to reach this target, actions by all countries are needed to
achieve a 39% reduction in global greenhouse gas emissions by 2050 relative to 2000 levels (Figure 0.2). Such
action would reduce GDP by 0.5% and 2.5% below Baseline estimates in 2030 and 2050 respectively,
equivalent to a reduction in annual GDP growth of about 0.1 percentage points per annum on average. The
more countries and sectors that participate in climate change mitigation action, the cheaper and more
effective it will be to curb global greenhouse gas emissions. However, these costs are not distributed evenly
across regions as seen in Figure 0.1. This suggests the need for burden-sharing mechanisms within an
international collaborative framework to protect the global climate. While OECD countries should take the
lead, further co-operation with a wider group of emerging economies, the “BRIICS” countries (Brazil, Russia,
India, Indonesia, China and South Africa) in particular, can achieve common environmental goals at
lower costs.

Figure 0.2. Total greenhouse gas emissions (by region), 1970-2050

GtCO,eq GtCO,eq

80 80

70 | A. OECD Environmental Outlook Baseline 70 | B. 450 ppm stabilisation policy simulation

60 1 ROW 601 Total Baseline

50 I 50 |

40 40 ROW GHG reduction

20 BRIC 20 of 39% by 2050,
BRIC compared to 2000

20 20 F

e o

R S & & X & S S O ST N S
N N T S L S S SO NN N L S L S S

®
StatLink =i=m http://dx.doi.org/10.1787/258472880870
Note: BRIC = Brazil, Russia, India, China. ROW = Rest of world.

The consequences of environmental policy inaction

If no new policy actions are taken, within the next few decades we risk irreversibly altering the
environmental basis for sustained economic prosperity. To avoid that, urgent actions are needed to address
in particular the “red light” issues of climate change, biodiversity loss, water scarcity and health impacts of
pollution and hazardous chemicals (Table 0.1).

Without further policies, by 2030, for example:

Global emissions of greenhouse gases are projected to grow by a further 37%, and 52% to 2050 (Figure 0.2a).
This could result in an increase in global temperature over pre-industrial levels in the range of 1.7-2.4° Celsius
by 2050, leading to increased heat waves, droughts, storms and floods, resulting in severe damage to key
infrastructure and crops.

A considerable number of today’s known animal and plant species are likely to be extinct, largely due to
expanding infrastructure and agriculture, as well as climate change. Food and biofuel production
together will require a 10% increase in farmland worldwide with a further loss of wildlife habitat.
Continued loss of biodiversity is likely to limit the Earth’s capacity to provide the valuable ecosystem
services that support economic growth and human well-being.
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Water scarcity will worsen due .
to unsustainable use and Figure 0.3. People living in areas of water stress,
management of the resource as by level of stress, 2005 and 2030

well as climate change; the number
of people living in areas affected by
severe water stress is expected to B Scvere Medium Low No
increase by another 1 billion to over
3.9 billion (Figure 0.3).

Health impacts of air pollution will
increase worldwide, with the
number of premature deaths linked 2030
to ground-level ozone quadrupling | -1 ..
and those linked to particulate 2005
matter more than doubling.
Chemical production volumes in
non-OECD countries are rapidly 2030
increasing, and there is insufficient | ---- - - oo
information to fully assess the risks 2005
of chemicals in the environment
and in products.

The greatest environmental : ‘ ‘ ‘ ‘ ‘ ‘
impacts will be felt by developing 0 500 1000 1500 2000 2500 3000 3500 4000
countries, which are less equipped Millions of people
to manage and adapt. But the StatLink sa=m http://dx.doi.org/10.1787/258506125571
economic and social costs of policy
inaction or delaying action in these
areas are significant and are already affecting economies - including in OECD countries — directly (e.g.
through public health service costs) as well as indirectly (e.g. through reduced labour productivity). The
costs of policy inaction for biodiversity loss (e.g. fisheries) and climate change could be considerable.

Millions of people

2005

OECD

BRIC

ROW

2030

Key policy options

There is a window of opportunity now to introduce ambitious policy changes to tackle the key
environmental problems and promote sustainable development. Investment choices being made today need
to be steered towards a better environmental future, particularly choices that will “lock-in” energy modes,
transport infrastructure and building stocks for decades to come. The following actions are essential:

Use a mix of complementary policies to tackle the most challenging and complex environmental
problems, with a strong emphasis on market-based instruments, such as taxes and tradable permits, in
order to reduce the costs of action.

Prioritise action in the key sectors driving environmental degradation: energy, transport, agriculture and
fisheries. Environmental ministers cannot do this alone. Environmental concerns need to be integrated
into all policy-making by relevant ministries including finance, economy and trade, and reflected in all
production and consumption decisions.

Ensure that globalisation can lead to more efficient use of resources and the development and
dissemination of eco-innovation. Business and industries need to play a lead role, but governments must
provide clear and consistent long-term policy frameworks to encourage eco-innovation and to safeguard
environmental and social goals.

Improve partnerships between OECD and non-OECD countries to address global environmental
challenges. Brazil, Russia, India, Indonesia, China and South Africa (BRIICS) in particular are key partners
given their growing influence in the world economy and increasing share of global environmental
pressures. Further environmental co-operation between OECD and non-OECD countries can help spread
knowledge and technological best practices.

Strengthen international environmental governance to better tackle trans-boundary and global
environmental challenges.

Strengthen attention to the environment in development co-operation programmes, and promote more
coherent policies.
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OECD countries have made significant progress in
addressing many environmental challenges over the past few
decades. Pollution from industrial sources has been reduced,

Without more
ambitious policies,

forest coverage and the number and size of natural protected  jncreasing pressures on
areas have increased (although the quality of protected areas is the environment could
not always high, and there are still too few marine protected cause irreversible
areas), ozone depleting substances have largely been phased-  damage within the next
out and the use of natural resources, water and energy has to few decades.

some extent been decoupled from continuing economic growth

(i.e. become more efficient per unit of GDP). Policies that

successfully led to these achievements should be maintained and scaled-up. However, in
most cases, the increasing pressures on the environment from population and economic
growth have out-paced the benefits of any efficiency gains.

The remaining environmental challenges (see Table 0.1) are of an increasingly
complex or global nature, and their impacts may only become apparent over long
timeframes. Among the most urgent of these challenges for both OECD and non-OECD
countries are climate change, biodiversity loss, the unsustainable management of water
resources and the health impacts of pollution and hazardous chemicals. We are not
managing our environment in a sustainable manner.

The picture of economic and environmental trends in the coming decades will differ
from region to region. By 2030, the world economy is expected to nearly double and world
population to grow from 6.5 billion today to over 8.2 billion people. Most of the growth in
both income and population will be in the emerging economies of Brazil, Russia, India,
Indonesia, China and South Africa (the BRIICS) and in other developing countries. Rising
income and aspirations for better living standards will increase the pressure on the
planet’s natural resources. The economic prospects of many of the poorest countries are
threatened by unsustainable use of natural resources, uncontrolled pollution in
rapidly-growing cities and the impacts of climate change. Developing countries are the
most vulnerable to climate change as they lack the necessary financial and institutional
capacity to adapt.

The global importance of rapidly emerging economies is growing as they become
major economic and trade partners, competitors, resource users and polluters on a level
that compares to the largest of OECD countries. The primary energy consumption of Brazil,
Russia, India and China together is expected to grow by 72% between 2005 and 2030,
compared with 29% in the 30 OECD countries. Unless ambitious policy action is taken,
greenhouse gas emissions from just these four countries will grow by 46% to 2030,
surpassing those of the 30 OECD countries combined. Already, 63% of the population in
Brazil, Russia, India and China together are living under medium to severe water stress;
this share will increase to 80% by 2030 unless new measures to better manage water
resources are introduced.
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Protecting the environment can go hand-in-hand with
continued economic growth. The Outlook estimates that world

A policy package
GDP will grow by nearly 99% between 2005 and 2030 under a ) (LS8 ST
Baseline projection reflecting no new policies. Without policy of these key
changes, the environmental consequences of this growth will environmental
be significant. But good environmental policies can lead to  challenges could cost as
“win-win” opportunities for the environment, human health little as a loss of 0.03

percentage points
in annual average GDP
growth globally
to 2030.

and the economy. To demonstrate this, a hypothetical global
“OECD Environmental Outlook policy package” (EO policy
package) of a number of specific policy actions to address
several key environmental challenges simultaneously was put
together. The EO policy package would imply a reduction of just
over 1% in world GDP in 2030, such that world GDP would be about 97% higher in 2030 than
today, instead of nearly 99% higher. On average, this would mean a loss of 0.03 percentage
points in annual GDP growth globally to 2030.

Tackling a specific environmental problem can in some cases offer co-benefits in
terms of reduction in other environmental pressures, and solutions to global problems can
also help to address local environmental problems and vice versa. For example, measures to
reduce vehicle emissions can both reduce greenhouse gas emissions and improve local air
quality, while better insulation for homes and offices can cut energy bills for households
and reduce pollution from energy production. For example, the climate policy simulation
of a 450ppm CO,eq stabilisation pathway also found that, in addition to reducing
greenhouse gas emissions, the ambitious climate change policies would also lead to
reductions in sulphur oxides of 20-30% and in nitrogen oxides of 30-40% by 2030. Similarly,
regulations to limit agricultural water pollution from nitrogen fertilisers can also reduce
atmospheric emission of nitrous oxide, a potent greenhouse gas.

Governments have the responsibility to create appropriate
incentives for businesses and consumers to make choices that

) The cost of inaction
can help prevent future environmental problems. The

is high, while ambitious

investment choices being made today will determine future actions to protect
environmental outcomes. For example, the types of energy the environment are
infrastructure put in place today will lock-in for decades to come affordable and can go
emissions of greenhouse gases. Investments in transport hand-in-hand with
infrastructure today will also affect future mobility options and economic growth.

their environmental impacts. The energy efficiency of our

building stock for the coming decades or even centuries is

determined by the construction and building efficiency regulations in place today. Fast
growing economies offer enormous opportunities for investments in new energy efficiency
technologies. For example, China is building new coal-power plants at a rapid pace, and its
urban residential building stock is expected to more than double in the next 20 years.
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For many of these actions, there will be long delays before
their benefits are realised; and in turn, many short-sighted

A window
policy decisions taken today may lead to long-term of opportunity to act
environmental challenges. This makes timing an important is now open where
issue for the design and implementation of environmental investments in
policy over the coming decades. The costs of delaying action, building, energy
however, could be critical, especially where policy decisions and transport
have long-term or irreversible environmental implications or infrastructure will be
where it is impossible to predict with precision the full extent made in the coming
and character of damage. Biodiversity loss and species decades, especially in

extinction are one such example. For climate change, deciding JasEgrotingleconomics

when to act involves balancing the economic costs of more
rapid emission reductions now against the future climate risks
of delay.

A window of opportunity to act is now open, but it will not be open for long. We need
forward-looking policies today to avoid the high costs of inaction or delayed action over the
longer-term.

Ensure efficient resource use and eco-innovation

Trade and investment liberalisation can encourage more efficient allocation of
resources globally, if sound environmental policy and institutional frameworks are in
place. In their absence, globalisation can amplify market and policy failures and intensify
environmental pressures. Effective policies are required at local, national, regional and
global levels.

Globalisation expands markets and promotes competition,
and can motivate businesses to adapt and innovate. Some private

- Globalisation provides
sector leaders are already moving ahead, encouraged by

opportunities
stakeholders and consumer demands for “green” innovation and to promote efficient use
products. Eco-innovation and the wider use of eco-efficient of resources and to spur
techniques not only improve environmental performance, but the development
can also raise economic productivity, making businesses and and spread
leading countries more competitive. The environmental goods of eco-innovation.

and services sector is likely to expand significantly in the future.

Businesses can reap the benefits of globalisation if they seize the

“first mover” advantage of eco-innovation. Technological solutions have already addressed
many environmental problems, and new ones are developing, such as carbon capture and
storage and hybrid vehicles, which are likely to become increasingly cost-competitive within
the next few decades. For example, if “second generation” biofuel technology (based on
biomass waste) becomes widely available by 2030, the projected expansion of agricultural
lands to supply biofuels production, the increased use of pesticides, fertilisers and water, and
the impacts on biodiversity and ecosystems associated with this land use, could be avoided.
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Business has a central role in driving eco-innovation, but governments have an
important responsibility to set the appropriate policy frameworks according to national
circumstances:

Long-term policy frameworks that allow environmental costs to be priced into economic
activities (e.g. through green taxes and tradable permits or regulation) to make green
technologies cost-competitive and provide business with the incentives to innovate.

Well-targeted government support for basic R&D for eco-innovation where justified,
including enhanced government-business partnerships.

Strong policy and institutional frameworks to promote environmental and social
objectives alongside efforts to liberalise trade and investment and to level the playing
field to make environmental protection and globalisation mutually supportive.

Liberalisation of trade in environmental goods and services could help realise this
objective. The number of regional trade agreements is still low but is increasing rapidly,
and many now include commitments for environmental co-operation. Multilateral
instruments such as the OECD Recommendation on Environment and Export Credit and the
OECD Guidelines for Multinational Enterprises encourage environmentally and socially
responsible corporate behaviour and accountability.

While globalisation has a range of potential impacts - both good and bad - on the
environment, the state of the environment and natural resources also affects economic
development and globalisation. Competition for scarce natural resources, harvesting of
some renewable resources such as fish stocks and tropical timber, the impacts of changing
climate on agricultural production, energy prices, the search for alternative energy sources,
and others, may heavily influence trade and investment patterns in the coming years.

Enhance international environmental co-operation
Economic globalisation, as well as the global nature of

many environmental problems, require OECD and non-OECD

countries to work together to address the most pressing global

OECD and non-OECD
countries need to work

environmental challenges and promote sustainable together to achieve
development. common environmental
Developing countries have opportunities to learn from the goals.

experience of other countries and “leapfrog” to more energy-

efficient, resource-efficient and greener development paths,

taking advantage of new know-how and technologies. OECD and non-OECD countries
need to work together to spread knowledge, best practices and technologies to mutually
benefit from more sustainable production and consumption patterns worldwide.

Some of the poorest countries in the world have been left behind by globalisation by failing
to integrate into the world economy due to their lack of capacity to capture the benefits of
globalisation and also due to trade barriers in OECD countries. Further efforts are needed
to integrate environmental concerns into development co-operation programmes.

The BRIICS, in particular, need to be part of international solutions to global
environmental challenges, given their increasing role in the world economy and rapidly
growing environmental impacts. Also, further environmental co-operation between
OECD countries and BRIICS can achieve global environmental goals at lower costs for all.

30 OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008



EXECUTIVE SUMMARY

For climate change, the more countries that participate in mitigation action, and the
more sectors and greenhouse gases that are covered, the cheaper it will be to curb global
emissions. The Outlook indicates that if OECD countries alone implement a carbon tax
starting at USD 25/tonne of CO, in 2008, this would lead to a 43% reduction in OECD
greenhouse gas emissions. However, global emissions would still be 38% higher in 2050
compared to the 2000 levels. If Brazil, China, India and Russia follow suit with the same
policy in 2020, and the rest of the world in 2030, global greenhouse gas emissions in 2050
could be brought down to the 2000 levels (0% increase).

Stronger international environmental governance is needed to ensure implementation of
international agreements to tackle trans-boundary and global environmental challenges.

Prioritise actions in the key sectors affecting the environment: energy, transport,
agriculture and fisheries

Most environmental problems can only be solved by coherent government-wide policy
actions and co-operation with businesses and civil society. Relevant ministries need to work
together to develop better co-ordinated policies so that environmental concerns are
integrated into actions by key ministries such as finance, trade, industry, energy, transport,
agriculture and health. For example, adaptation to climate change that is already locked-in
by past emissions will increasingly need to be integrated into policies governing energy,
transport and water infrastructure, land use planning, and development co-operation. Also,
the development of biofuels needs to take account of their overall life-cycle impacts on the
environment and on food prices. Coherent policy impact assessments need to cover all
relevant policy areas, including energy, agriculture, environment, as well as research and
technology development, in order to avoid a situation where governments subsidise energy
production that can result in dubious environmental benefits and lead to higher agricultural
commodity prices. Government authorities increasingly need to work together, including
across different levels of government (central, regional, state, local), to successfully ensure
the development and implementation of coherent environmental policies.

The OECD Environmental Outlook highlights the priority actions needed in key sectors to
prevent the environmental damage projected to 2030:

Energy. Fossil fuel use is the main source of carbon dioxide
emissions, the principal greenhouse gas that causes climate

> Many environmental
change. The Outlook projects world energy-related carbon

challenges cannot

dioxide emissions to increase by 52% to 2030 under the no- be solved
new-policy Baseline scenario. Meanwhile, world energy by environment
sulphur and nitrogen emissions are projected to remain ministries alone.

stable around or below recent levels. As investments in

energy infrastructure lock-in technologies, fuel needs and related emissions for years to
come, an appropriate policy framework is needed now to promote renewable energy and
low-carbon alternative processes and fuels, including technologies for carbon capture
and storage. Energy pricing that reflects the full cost of carbon is essential, but
regulations and support for research and development of new technologies are also
needed. Governments should avoid policies that lock-in specific technologies or fuel
choices, in particular avoiding technology-specific targets (e.g. for biofuels), in order to
leave all technology options open and to provide incentives for further innovation.
Policies to promote cost-effective energy efficiency measures for buildings, transport
and electricity production are needed urgently, particularly in fast growing economies,
where infrastructure is being put in place today which will last for many decades.
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Transport. Air pollution and greenhouse gas emissions from transport are growing
rapidly, from passenger vehicles, aviation and marine transport, contributing to climate
change globally and causing health problems in many urban areas. The Outlook projects
transport-related carbon dioxide emissions to increase by 58% to 2030, while sulphur
and nitrogen emissions will fall by a quarter to a third from today’s levels. Transport
prices rarely reflect their full social and environmental costs, resulting in over-use and
sub-optimal choices about the type of transport to use. Transport pricing should fully
reflect the costs of environmental damage and health impacts, e.g. through taxes on
fuels (including the removal of tax exemptions) and road pricing. Research and
development of new transport technologies, including vehicles with better fuel
economy, hybrid vehicles, etc., should be promoted, especially to help offset projected
rapid increases in motorisation in non-OECD countries. The availability, frequency and
safety of public transport should be strengthened to provide a viable alternative to
private cars. It is mobility and access that need to be ensured, not “transport” per se.

Agriculture is by far the largest user of water and is responsible for much of its pollution.
The Outlook Baseline projects world primary food crop production to grow by 48% and
animal products by 46% to 2030. OECD countries will account for large shares, particularly
for animal products (37% in 2030 to feed 17% of the world’s population). If no new policies
are introduced, the conversion of natural land to agricultural use will continue to be a key
driver of biodiversity loss. Under current policies, areas for biofuel crops are projected to
increase by 242% between 2005 and 2030. Land-related greenhouse gas emissions are
smaller than from energy sources, but still important. Production-linked subsidies have in
many cases resulted in pollution of water resources and soil, and damaged ecosystems
and landscape. Increasingly, production-linked payments are conditional on farmers
adopting certain practices to reduce environmental harm. While such “cross-compliance”
can help to reduce some of the negative environmental impacts of agricultural production,
a more effective approach would be to remove environmentally harmful subsidies in the
first place. Taxes on farm chemicals also help limit their use, while appropriate pricing of
irrigation water would encourage more rational use of water and cost-recovery for
irrigation infrastructure provision.

Capture fisheries exert pressures on ecosystems and biodiversity through depletion of
fish stocks, destruction of habitats and pollution. Those environmental pressures can
undermine the productivity of affected fisheries and the livelihoods of fishing
communities. Fisheries depend on a healthy marine environment. Fishing opportunities
are influenced by climate change, natural fluctuations and environmental pressures
from other human activities. While progress is already being made in some fisheries
towards an ecosystem-based approach, the worrying outlook for capture fisheries
highlighted in this report could be reversed by further measures to limit total catch
levels, designate fishing seasons and zones, regulate fishing methods and eliminate
subsidies for fishing capacity. Stronger international co-operation is needed in this area.

While policy reforms are achievable and affordable, some obstacles are preventing the
ambitious policy changes needed, including:

Fears of impacts on industrial competitiveness. Possible negative impacts on industrial
competitiveness of environmental policies are a key obstacle to decisive policy actions.
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Resistance by affected sectors often challenges the political feasibility of introducing
environmental measures such as emission standards, targets and green taxes. But
concerns about the competitiveness impacts of environmental policies are often
overstated. Better information is needed on the actual impacts on affected firms and
sectors and this should be compared with the wider and longer term benefits of
environmental improvements and potential economy-wide efficiency gains.
Nevertheless, some sectors can be adversely affected by environmental measures,
especially when such measures are implemented in a non-global manner.

Uncertainty about who should take action and who should bear the costs of action. This is
especially so for global environmental challenges like climate change and biodiversity
loss, for which the costs and benefits of policy action are unevenly distributed amongst
countries and generations. Historically, the majority of greenhouse gas emissions have
come from developed countries, but climate change is expected to have the largest
impacts on developing countries. Looking forward, CO, emissions from non-OECD
countries are projected to double to 2030, accounting for almost 73% of the total increase
to 2030. However, on a per-capita basis, OECD country emissions will still be three to four
times higher than non-OECD countries in 2030. Burden-sharing will be a key issue in the
post-2012 climate architecture.

Underpricing of natural resource use and pollution. “Getting the prices right” is often a very
efficient way of keeping the costs of environmental policies low and greening the
economy. But in practice it is difficult to accurately estimate the full costs of
environmental, health and productivity damages caused by economic activities. If the
full costs are reflected in their prices, polluting activities will be costlier and there will be
clear price incentives for increased resource and energy efficiency. However, in most
countries the use of scarce natural resources remains under-priced or even subsidised,
and the polluter pays principle is rarely implemented fully. Unsustainable subsidies are
pervasive in the industry, agriculture, transport and energy sectors in most OECD
countries. They are expensive for governments and tax payers to maintain, and can have
harmful environmental and social effects.

The OECD work shows that clean and clever growth need not be expensive. Also, the right
policies to protect the environment can lead to long-term net benefits for the economy. To
realise this, the following approaches to policy development and implementation could
be considered:

Phase in the policy to allow for options such as transitional adjustments, recycling of tax
revenues back to affected sectors, border tax adjustments in compliance with World Trade
Organization regulations, and international co-operation to harmonise regulations and
taxes. Improving public awareness of the overall costs and benefits of the proposed
measures will also be important. Transitional measures can be part of the reform package
to smooth the transition and soften any unwanted effects from structural changes on
particular groups in society, such as increased energy bills for low-income families.

Work in partnership with stakeholders, including business, academia, trade unions and civil
society organisations, to find creative and low-cost solutions to many of the environmental
challenges. Public support and buy-in, particularly by consumers and affected industries,
are often needed to ensure successful implementation of ambitious policies.
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Bring OECD and non-OECD countries together to identify environmentally effective and
economically efficient solutions to common environmental challenges. OECD countries need to
take the lead to mitigate and help developing countries adapt to climate change and
realise their mitigation potentials. To stop and reverse biodiversity loss, the need for
action is primarily in developing countries where the richest natural resources are
located, while the benefits of resource conservation extend globally. The long-term costs
to society and the environment of not acting, or of further delaying ambitious action, are
likely to outweigh the costs of early action.

Make widespread use of market-based approaches to enable efficiency gains and market
advantage through innovation. Market-based instruments - such as taxes, tradable permits
and the reform or removal of environmentally harmful subsidies — are a powerful tool for
sending price signals to businesses and households to make their production and
consumption more sustainable.

Develop policy mixes, or combinations of instruments, tailored to specific national circumstances
to tackle many of the urgent remaining environmental problems. Mixes of policy
instruments are needed because of the complex and often cross-sectoral nature of
environmental issues. This typically means combining a robust regulatory framework
with a variety of other instruments, such as strong pricing mechanisms, emissions
trading or tradable permits, information-based incentives such as labelling, and
infrastructure provision and building codes. In a well-designed mix, instruments can
mutually support each other. For example, a labelling scheme can enhance the
responsiveness of firms and households to an environmentally related tax, while the
existence of the tax helps draw attention to the labelling scheme.

The OECD Environmental Outlook demonstrates that meeting the environmental
challenges is both economically rational and technologically feasible. Seen from a long-term
perspective, the costs of early action are far less than the costs of delaying; the earlier we act,
the easier and less expensive the task will be. Policy-makers, businesses and consumers all
need to play their part to implement the ambitious policy reforms which will deliver the
most cost-effective environmental improvements. In that way, options are left open for
future generations to make their own choices about how to enhance their well-being.
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Introduction: Context and Methodology

The purpose of the OECD Environmental Outlook is to help government policy-makers to
identify the key environmental challenges they face, and to understand the economic and
environmental implications of the policies that could be used to address those challenges.

The Outlook provides a baseline projection of environmental change to 2030 (referred to as
“the Baseline”), based on projected developments in the underlying economic and social
factors that drive these changes. The projections are based on a robust general equilibrium
economic modelling framework, linked to a comprehensive environmental modelling
framework (see below, and Annex B, for more details). Simulations were also run of specific
policies and policy packages that could be used to address the main environmental challenges
identified, and their economic costs and environmental benefits compared with the Baseline.

This is the second Environmental Outlook produced by the OECD. The first OECD
Environmental Outlook was released in 2001, and provided the analytical basis on which
ministers adopted an OECD Environmental Strategy for the First Decade of the 21st Century. This
second Outlook:

extends the projected baseline used in the first Outlook from 2020 to 2030, and even 2050
for some important areas;

is based on a stronger and more robust modelling framework;
focuses on the policies that can be used to tackle the main challenges;

expands the country focus to reflect developments in both OECD and non-OECD regions
and their interactions.

Many of the priority issues and sectors identified in this Outlook are the same as those
highlighted as needing most urgent policy action in the first OECD Environmental Outlook
(2001) and in the OECD Environmental Strategy for the First Decade of the 21st Century. These
include the priority issues of climate change, biodiversity loss and water scarcity, and the
key sectors exerting pressure on the environment (agriculture, energy and transport).
Added to these is a new priority issue: the need to address the health impacts of the
build-up of chemicals in the environment. The 2001 Outlook indicated the environmental
challenges expected in the next couple of decades; this Outlook not only deepens and
extends this analysis, it also focuses on the policy responses for addressing these
challenges. It finds that the solutions are affordable and available if ambitious policy
action is implemented today, and if countries work together in partnership to ensure
comprehensive action, avoid competitiveness concerns and share the responsibility and
costs of action fairly and equitably. This latest Outlook analyses the policies that can be
used to achieve the OECD Environmental Strategy. It will provide the main analytical material
to support discussions on further implementation of the OECD Environmental Strategy at the
OECD Meeting of Environment Ministers planned for early 2008.
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Why develop an environmental outlook? Many of the economic or social choices that
are being made today - for example, investments in transport infrastructure and building
construction, fishing fleets, purchase of solar heating panels - will have a direct and lasting
affect on the environment in the future. For many of these, the full environmental impacts
will not be felt until long after the decisions have been taken. These factors make policy
decisions difficult: the costs of policy action to prevent these impacts will hit societies
today, but the benefits in terms of improved environmental quality or damage avoided may
only be realised in the future. For example, the greenhouse gases released today continue
to build up in the atmosphere and will change the future climate, with serious impacts for
the environment, the economy and social welfare.

But politicians tend to reflect the short-term interests of the voting public, not the long-
term needs of future generations. They also tend to focus on the immediate costs and benefits
to their own populations of a given policy approach, rather than on the global impacts. But
many of the main environmental challenges countries face in the early 21st century are global
or transboundary in nature, including global climate change, biodiversity loss, management of
shared water resources and seas, transboundary air pollution, trade in endangered species,
desertification, deforestation, etc. Building public understanding and acceptance of the
policies that are needed to address these challenges is essential for policy reform.

These political challenges are exacerbated by uncertainty about the future. Often the
exact environmental impacts of social and economic developments are poorly understood or
disputed. In some cases, scientific uncertainty about environmental or health impacts is a
main cause of policy inaction, while in others it is used as a justification for precautionary
action. Scientific understanding and consensus about environmental change has been
developing rapidly in a number of areas in recent years, for example through the 2005
Millennium Ecosystem Assessment and the 2007 IPCC Fourth Assessment Report on the
Science of Climate Change. Despite the improvements in the scientific understanding of
such issues, a gap remains in the development and implementation of effective
environmental policies based on this scientific understanding.

This Environmental Outlook examines the medium to long-term environmental impacts of
current economic and social trends, and compares these against the costs of specific policies
that could be implemented today to tackle some of the main environmental challenges. The
purpose is to provide more rigorous analysis of the costs and benefits of environmental
policies to help policy-makers take better, more informed policy decisions now.

Many environmental problems are complex and inter-connected. For example, species
loss is often the result of multiple pressures - including hunting, fishing or plant
harvesting, loss of habitat through land use change or habitat fragmentation, impacts of
pollutants - and thus a mix of policy instruments is needed to tackle the various causes of
this loss. These policy packages need to be carefully designed in order to achieve the
desired environmental benefits at the lowest economic cost. This Outlook examines the
policy packages that could be used to tackle some of the key environmental challenges,
and the framework conditions needed to ensure their success.

The transboundary or global nature of many of the most pressing environmental
challenges identified in this Outlook require countries to increasingly work together in
partnership to address them. The ways in which OECD environment ministries can work
together in partnership with other ministries, stakeholder partners and other countries are
explored in this Outlook.
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This Outlook identifies the main emerging economies as the most significant partners for
OECD countries to work with in the coming decades to tackle global or shared environmental
problems. This is because these countries are responsible for an increasingly large share of
the global economy and trade, and thus have an increasing capacity to address these
challenges, in part because their economies are so dynamic. Moreover, the pressures that
they exert on the environment are also growing rapidly.

In some chapters, where data are available and relevant, the BRIICS countries (Brazil,
Russia, India, Indonesia, China and South Africa) are highlighted for attention as a country
grouping. In other chapters, the smaller country grouping of BRIC (Brazil, Russia, India and
China) is examined, or even further disaggregated to each of these four countries
individually. The BRIC grouping is used for most of the modelling projections and
simulations in the Outlook.

The analysis presented in this Environmental Outlook was supported by model-based
quantification. On the economic side, the modelling tool used is a new version of the OECD/
World Bank JOBS/Linkages model, operated by a team in the OECD Environment Directorate
and called ENV-Linkages. It is a global general equilibrium model containing 26 sectors and
34 world regions and provides economic projections for multiple time periods. It was used to
project changes in sector outputs and inputs of each country or region examined to develop
the economic baseline to 2030. This was extended to 2050 to examine the impacts of policy
simulations in specific areas, such as biodiversity loss and climate change impacts. The
economic baseline was developed with expert inputs from, and in co-operation with, other
relevant parts of the OECD, such as the Economics Department, the International Energy
Agency and the Directorate for Food, Agriculture and Fisheries.

The Integrated Model to Assess the Global Environment (IMAGE) of the Netherlands
Environmental Assessment Agency (MNP) was further developed and adjusted to link it to
the ENV-Linkages baseline in order to provide the detailed environmental baseline. IMAGE
is a dynamic integrated assessment framework to model global change, with the objective
of supporting decision-making by quantifying the relative importance of major processes
and interactions in the society-biosphere-climate system. The IMAGE suite of models used
for the Outlook comprises models that also appear in the literature as models in their own
right, such as FAIR (specialised to examine burden sharing issues), TIMER (to examine
energy), and GLOBIO3 (to examine biodiversity). Moreover, for the Outlook the IMAGE suite
included the LEITAP model of LEI at Wageningen and the WaterGap model of the Center for
Environmental Systems Research at Kassel University. IMAGE and associated models
provided the projections of impacts on important environmental endpoints to 2030, such
as climate, biodiversity, water stress, nutrient loading of surface water, and air quality.
Annex B provides a more detailed description of the modelling framework and main
assumptions used for the Outlook report.

The Baseline Reference Scenario presents a projection of historical and current trends
into the future. This Baseline indicates what the world would be like to 2030 if currently
existing policies were maintained, but no new policies were introduced to protect the
environment. It is an extension of current trends and developments into the future, and as
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such it does not reflect major new or different developments in either the drivers of
environmental change or environmental pressures. A number of major changes are
possible in the future, however, that would significantly alter these projections. A few of
these were examined as “variations” to the Baseline, and their impacts are described in
Chapter 6 to show how these changes might affect the projections presented here.

Because the Baseline reflects no new policies, or in other words it is “policy neutral”, it
is a reference scenario against which simulations of new policies can be introduced and
compared. Simulations of specific policy actions to address key environmental challenges
were run in the modelling framework. The differences between the Baseline projections
and these policy simulations were analysed to shed light on their economic and
environmental impacts.

The simulations undertaken for the Environmental Outlook exercise are illustrative
rather than prescriptive. They indicate the type and magnitude of the responses that might
be expected from the policies examined, rather than representing recommendations to
undertake the simulated policy actions. As relevant, some of the policy simulation results
are reflected in more than one chapter. The table below summarises the policy simulation
analyses and lists the different chapters containing the results.

Sensitivity analysis was undertaken to test the robustness of key assumptions in
ENV-Linkages, and some of the results of this analysis are presented in Annex B. This, in
conjunction with the Baseline variations described in Chapter 6, provides a clearer picture
for the reader of the robustness of the assumptions in the Baseline.

Throughout the Outlook, the analysis from the modelling exercise is complemented by
extensive data and environmental policy analysis developed at the OECD. Where evidence
is available, specific country examples are used to illustrate the potential effects of the
policies discussed. Many of the chapters in this Outlook have been reviewed by the relevant
Committees and Expert Groups of the OECD, and their input has strengthened the analysis.

The Outlook is released at about the same time as a number of other forward-looking
environmental analyses, such as UNEP’s Fourth Global Environment Outlook (GEO-4); the
IPCC Fourth Assessment Report (AR-4); the International Assessment of Agricultural
Science and Technology for Development supported by the World Bank, FAO and UNEP; and
the CGIAR Comprehensive Assessment of Water Use in Agriculture. Through regular
meetings and contacts, efforts have been made by the organisations working on these
reports to ensure co-ordination and complementarity in the studies, and to avoid overlap.
The OECD Environmental Outlook differs from most of the others in its emphasis on a single
baseline reference scenario against which specific policy simulations are compared for the
purpose of policy analysis. Most of the others explore a range of possible “scenarios”,
which provide a useful communication tool to illustrate the range of possible futures
available, but are less amenable to the analysis of specific policy options. The OECD
Environmental Outlook also looks at developments across the full range of environmental
challenges, based strongly on projected developments in the economic and social drivers
of environmental change, while many of the other forward-looking analyses focus on a
single environmental challenge.
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Table 1.1. Mapping of the OECD Environmental Outlook policy simulations by chapter

Chapters in which the results

Simulation title Simulation description Models used
are reflected
Baseline The “no new policies” Baseline used throughout the OECD Environmental All chapters ENV-Linkages; IMAGE suite
Outlook.
Globalisation variation ~ Assumes that past trends towards increasing globalisation continue, including 4. Globalisation ENV-Linkages; IMAGE suite
increasing trade margins (increasing demand by lowering prices in importing 6. Key variations to the
countries) and reductions in invisible costs (i.e. the difference between the price standard expectation
at which an exporter sells a good and the price that an importer pays).
High and low growth Variation 1: High economic growth — examines impacts if recent high growth 6. Key variations to the ENV-Linkages
scenarios in some countries (e.g. China) continues, by extrapolating from trends standard expectation
from the last 5 years of growth rather than the last 20 years.
Variation 2: Low productivity growth — assumes productivity growth rates
in countries converge towards an annual rate of 1.25% over the long-term,
rather than 1.75% as in the Baseline.
Variation 3: High productivity growth — assumes productivity growth rates
in countries converge towards an annual rate of 2.25% over the long-term.
Greenhouse gas taxes  Implementation in participating countries of a tax of USD 25 on CO»eq, 7. Climate change ENV-Linkages; IMAGE suite
increasing by 2.4% per annum. 13. Cost of policy inaction
OECD 2008: only OECD countries impose the tax, starting in 2008. (Delayed 2020)
Delayed 2020: all countries apply the tax, but starting only in 2020. 17. Energy
Phased 2030: OECD countries implement the tax from 2008; BRIC countries 20. Environmental policy
from 2020, and then the rest of the world (ROW) from 2030 onwards. packages
All 2008: in a more aggressive effort to mitigate global GHG emissions,
all countries implement the USD 25 tax from 2008.
Climate change Optimised scenario to reach a pathway to stabilise atmospheric concentrations 7. Climate change ENV-Linkages; IMAGE suite
stabilisation simulation  of GHG at 450 ppm CO,eq over the longer term and limit global mean 13. Cost of policy inaction
(450 ppm) temperature change to roughly 2 °C. 17. Energy
A variation on this case was developed to explore burden-sharing, using acap  20. Environmental policy
and trade approach to implementation. packages
Agriculture support Gradual reduction in agricultural tariffs in all countries to 50% of current levels 9. Biodiversity ENV-Linkages
and tariff reform by 2030. 14. Agriculture
Gradual reduction in production-linked support to agricultural production
in OECD countries to 50% of current levels by 2030.
Policies to support Demand for biofuels growing in line with the IEA World Energy Outlook (2006)  14. Agriculture ENV-Linkages

biofuels production
and use

Fisheries
Steel industry CO, tax

Policy mix

scenario.

DS: a scenario whereby growth in biofuel demand for transport is driven

by exogenous changes, keeping total fuel for transport close to the Baseline.

QilS: a high crude oil price scenario to determine the profitability of biofuel in

the face of increasing costs of producing traditional fossil-based fuels.

SubS: a subsidy scenario in which producer prices of biofuels are subsidised

by 50%.

Global fisheries cap and trade system, representing a 25% reduction in open 15. Fisheries and aquaculture ENV-Linkages
fisheries catch, with trading allowed within six geographical regions.

Implementation of a carbon tax of 25 USD per tonne CO,, applied respectively ~ 19. Selected industries — ENV-Linkages

to OECD steel industry only, all OECD sectors, and all sectors worldwide. steel and cement

Three variations of policy packages were modelled, depending 8. Air pollution ENV-Linkages; IMAGE suite
on the participating regions: 10. Freshwater

OECD countries only 12. Health and environment

OECD + BRIC 20. Environmental policy

Global packages

The policy packages included:
reduction of production-linked support and tariffs in agriculture to 50%
of current levels by 2030.
tax on GHG emissions of USD 25 tax CO,eq, increasing by 2.4% per annum
(phased with OECD starting in 2012, BRIC in 2020, ROW in 2030).
moving towards, although not reaching, Maximum Feasible Reduction in air
pollution emissions, phased over a long time period depending on GDP/capita.
assuming that the gap to connecting all urban dwellers with sewerage will be
closed by 50% by 2030, and installing, or upgrading to the next level, sewage
treatment in all participating regions by 2030.
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The OECD Environmental Outlook is divided into two main parts:

i) The World to 2030 - the Consequences of Policy Inaction: describes the Baseline, i.e. the
projected state of the world to 2030 in terms of the key drivers of environmental
change and the developing environmental challenges, as well as analysing some
possible variations to the Baseline.

ii) Policy Responses: focuses on the policy responses at both the sectoral level and in terms
of implementing a more comprehensive and coherent policy package.

The first part describes the key elements of the Baseline to 2030, including the main
drivers of environmental change (consumption and production patterns, technological
innovation, population dynamics and demographic change, economic development,
globalisation, and urbanisation) and the key environmental challenges (climate change, air
pollution, biodiversity, freshwater, waste and material flows, health and environment). For
each of these, the key recent trends and projections to 2030 are presented, as well as some
of the policy approaches that are being used to address the environmental challenges.
Chapter 6 describes some key variations to the Baseline - for example, how the Baseline
would differ if key economic drivers (such as economic growth or global trade) were
changing faster than projected in the Baseline. The chapter also explores other sources of
uncertainty in the Outlook projections. Finally, this first part of the report examines the
consequences and costs of policy inaction - essentially the environmental, health and
economic impacts embodied in the “no new policies” Baseline scenario.

The second part of the Outlook report examines the possible policy responses to address
the key environmental challenges, and assesses the economic and environmental impact of
these responses. The key sectors whose activities affect the environment are examined, with
a brief summary of the trends and outlook for their impacts, followed by an assessment of the
policy options that could be applied in that sector to reduce negative environmental impacts.
This section assesses the environmental benefits of specific policy options and their potential
costs to the sector involved and/or economy-wide (and disaggregated by region where
appropriate). This analysis can be used by environment ministries in discussing specific policy
options for tackling environmental challenges with their colleagues in other ministries, such
as finance, agriculture, energy or transport. The sectors examined include those that were
prioritised in the OECD Environmental Strategy — agriculture, energy and transport — and also
other sectors which strongly affect natural resource use or pollution, such as fisheries,
chemicals and selected industries (steel, cement, pulp and paper, tourism and mining).

In addition to analysing sector-specific policies, this part of the Outlook also examines
the effects of a package of policies (the EO policy package) to tackle the main environmental
challenges. The analysis of this EO policy package highlights the potential synergies between
policies (i.e. where the benefits of combining two or more policies may be greater than the
simple sum of their benefits as separate policies), or potential conflicts where policies may
undermine each other. Chapter 21 outlines the key framework conditions needed to ensure
the successful identification and implementation of appropriate environmental policies at
the national level, in particular institutional capacity and policy implementation concerns.
Chapter 22, on global environmental co-operation, highlights the issues for which OECD
countries will need to work together in partnership with other countries in order to reduce
overall costs of policy implementation and maximise benefits. It also assesses the costs
of inaction.
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Traffic lights in the OECD Environmental Outlook

As with the 2001 Outlook, this report uses traffic light symbols to indicate the magnitude
and direction of pressures on the environment and environmental conditions. Traffic
lights are used to highlight the key trends and projections in the summary table in the
Executive Summary, in the Key Messages boxes at the start of each chapter and throughout
the chapters. The traffic lights were determined by the experts drafting the chapters, and
then refined or confirmed by the expert groups reviewing the report. They represent the
following ratings:

7| Red lights are used to indicate environmental issues or pressures on the environment
© thatrequire urgent attention, either because recent trends have been negative and are

@ expected to continue to be so in the future without new policies, or because the trends
have been stable recently but are expected to worsen.

is uncertain, changing (e.g. from a positive or stable trend toward a potentially
negative projection), or for which there is a particular opportunity for a more positive
outlook with the right policies.

Yellow lights are given to those pressures or environmental conditions whose impact
@

® Green lights signal pressures that are stable at an acceptable level or decreasing, or
environmental conditions for which the outlook to 2030 is positive.

O

While the traffic light scheme is simple, thus supporting clear communication, it
comes at the cost of sensitivity to the often complex pressures affecting the environmental
issues examined in this Outlook.

While each of the individual chapters discusses the regional developments for the
drivers or environmental impacts analysed, Annex A also provides an easily accessible
“summary” of the economic, social and environmental developments in the Baseline for
each region. Annex B provides a more detailed analysis of the modelling framework used
in the development of the OECD Environmental Outlook. A number of background working
papers, which provide further information on specific issues addressed in the Outlook, were
developed to complement the report (see: www.oecd.org/environment/outlookto2030).
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Chapter 1

Consumption, Production
and Technology

This chapter explores patterns in consumption and production to 2030, as well as
developments in technological innovation which can either ameliorate or exacerbate
some of the environmental impact of this growth. Environmental pressure from
households is projected to significantly increase over the next few decades, in
particular in the main emerging economies, as populations and incomes increase
and consumption patterns change. Firms are increasingly factoring environmental
concerns into their business strategies, but the scale of increasing production
outweighs most efficiency gains. The chapter provides a series of policy responses
that could help tackle the growing pressures of consumption and production on the
environment, including setting clear environmental targets for firms, promoting
environmental research and development, and using policy mixes (e.g. energy tax
along with an energy-efficiency label).




1.

CONSUMPTION, PRODUCTION AND TECHNOLOGY
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KEY MESSAGES

e Environmental pressure from households is projected to significantly increase to 2030.
Residential energy use in OECD countries is expected to increase on average by 1.4% per
year to 2030, while passenger kilometres travelled will increase by about 1% per year.

® Household consumption levels are projected to grow even more rapidly in non-OECD
countries, particularly for electricity, personal transport, residential water use and
demand for waste management services.

® One of the key determinants of consumption and production patterns is economic
growth, with the relative economic importance of countries such as China and India
increasing. Population dynamics will also be an important driver of consumption and
production to 2030 in non-OECD countries. The trend towards ageing of the population,
urbanisation and changing lifestyles will also influence the structure of consumption.

Environmental implications

The bulk of the increase in energy use is expected to come from fossil fuels, which are
the main contributors to air pollution and CO, emissions. Fossil fuels are expected to
represent 90% of total energy supply in 2030.

Some promising technologies are emerging which may help to reduce environmental
pressure by reducing pollution or encouraging more efficient use of resources. These
include hybrid vehicles and solar cells. But some technological developments can also
increase pressures on the environment, and it is projected that improvements in
energy efficiency of transport vehicles will be more than offset by increases in the
number of vehicles owned and in average vehicle utilisation.

While public expenditures on environmental R&D are increasing, their share in total
R&D remains small. Environment-related patent activity is also increasing, but no
faster than the general rate of patenting.

While far from being universal, a large percentage of companies and firms are
increasingly factoring environmental concerns into their business decisions, either in
response to government policies, or to improve profits (through increased efficiency,
reduced waste, or through a “green” image).

®)

Policy implications

® Use policies that set clear environmental targets, without prescribing specific
technologies, to provide the right framework conditions to encourage firms to move
towards more efficient pollution abatement and resource use.

@ Promote environment related innovations (e.g. research capacity, intellectual property
rights) by providing the right incentives and using complementarities between
instruments. Market-based instruments and well-designed performance standards
broaden the potential space for innovation. Firms’ investments in environmental R&D
increase with the flexibility of the environmental policy instrument.

® Use policy packages, such as economic instruments (e.g. an energy tax) along with
information-based instruments, to tackle households’ growing environmental impact.

® Address equity concerns through general policy reforms, rather than through changes
in the design of environmental policy.
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Introduction

Production and consumption can have major environmental impacts, such as loss of
natural resources, climate change, and other environmental damage caused by emissions
and waste. This aspect of sustainable development has been addressed several times at the
global level by the United Nations. The 2002 Johannesburg World Summit on Sustainable
Development! called for the development of a 10-year framework of programmes to
promote sustainable consumption and production patterns. This challenging task is
co-ordinated under the UN-led Marrakech process. This chapter explores patterns in
consumption and production to 2030, as well as patterns in technological innovation which
may ameliorate some of the environmental impact of this growth. Each section concludes
with some policy implications.

Key trends and projections: consumption and the environment

Environmental pressures from households are significant and their impacts are likely
to intensify to 2030 in areas such as residential energy consumption, personal travel, food
consumption, waste generation and water use? (see Figure 1.1).

Total residential energy use® in OECD countries is expected to increase by an average
of 1.4% per year from 2003 to 2030 (IEA, 2006a; see also Chapter 17 on energy). This increase
will be more rapid in non-OECD countries than in OECD countries. Forecasts indicate that

Figure 1.1. Change in household expenditure, 2005-2030

Food Energy Motor vehicles I Other goods Services Dwellings I water

OECD Europe
OECD Pacific
OECD

North America
OECD Total
BRIC

Non-OECD
Il Il J

0 100 200 300 400 500
Total % change

StatLink =P http://dx.doi.org/10.1787/258506536357

Source: OECD Environmental Outlook Baseline.
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non-OECD residential energy use is projected to surpass the OECD total in 2010, and to be
nearly 30% higher than the OECD total in 2030. China and India are projected to account for
one-half of the total increase in residential energy use in non-OECD countries to 2030. The
bulk of the increase in energy use is expected to come from fossil fuels, which are the main
contributors to air pollution and CO, emissions. Fossil fuels are expected to represent 90%
of total energy supply in 2030 (IEA, 2006a).

Passenger kilometres travelled (on rail, air, buses and light duty vehicles) are projected
to grow 1.6% per year worldwide to 2030 (see Chapter 16 on transport). Growth rates in
passenger transport differ widely by region (Figure 1.2) and are expected to average about
3% in China, 2% in India and about 1% in the three OECD regions (OECD Europe, North
America and Pacific) (WBCSD, 2004). Transport-related greenhouse gas (GHG) emissions are
also expected to grow significantly, especially in developing countries. Improvements in
the energy efficiency of transport vehicles will be more than offset by increases in the
number of vehicles owned and in average vehicle use. However, other transport-related air
pollution emissions (e.g. nitrous oxides [NOy], volatile organic compounds, carbon
monoxide [CO] and particulates) are forecast to decline sharply in developed countries over
the next two decades (WBCSD, 2004 and Chapter 8 on air pollution).

Figure 1.2. Projected personal transport activity by region to 2050

Average Annual Growth Rates

Trillions (10%) of passenger-kilometres/year 2000-2030 2000-2050
80 - - = = Total 1.6% 17%
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Source: WBCSD, 2004.

Beyond public policies, a number of other factors influence household consumption
and its environmental impact. These include economic growth and income, relative prices
of goods and services (e.g. energy and water pricing), demographics (e.g. population growth,
ageing of population, household size), and lifestyle changes (e.g. the trend towards single
occupant households).

Projected per capita annual economic growth between 2001 and 2030 is 2.37% globally,
and above 4% for the BRIC group of countries (Brazil, Russia, India and China). A steady
increase in per capita disposable income tends to be closely associated with an increase in
the consumption of products and services, and consequently more energy consumption,
water use and waste generation. Some of these effects may be partly counteracted by
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technological innovations which improve resource efficiency (see below). For instance, in
some OECD countries, there has been a partial decoupling of environmental pressure from

economic growth (e.g. water consumption).*

Consumption patterns are also affected by population
dynamics and demographics. The Outlook Baseline projects a
sharp increase in world population (from approximately
6 billion in 2000 to over 8.2 billion in 2030), which will have a
direct impact on consumption levels. Other demographic
changes, such as population ageing in OECD countries, will also

influence consumption. This trend is driving the demand for :
Environmental pressures

in the food industry
are increasing as a result
of the globalisation
of food supply chains.

tourism travel, as retirees generally have high levels of
disposable income and large amounts of free time (see
Chapter 2 on population dynamics and demographics). In
addition, growing urbanisation in developing regions and
changes in household size and composition will affect
consumption. The trend in OECD countries towards smaller households and more people
living alone intensifies environmental pressures as smaller households tend to use more
water and energy per person than larger households.

The relative prices of environment-related goods and services are also an important
driving force behind household consumption. The effects of price changes on demand will
however vary according to the nature of the good. For example, “necessity” goods (such as
energy) are less responsive to price changes than “luxury goods”.

Some of the specific effects of income on consumption patterns include:

® Food consumption: Food consumption is driven by rising per capita incomes, prices and
availability. The OECD Baseline projects that world economic development and
population growth will cause agricultural production to grow by an average of 1.8% per
year between 2001 and 2030 to meet increasing food demand. Global per capita food
consumption (kcal/person/day) is projected to rise to 3 050 kcal in 2030, compared to
2 800 for 1997-99. It is likely to reach 3 500 kcal in industrial countries (FAO, 2003). The
growth in caloric intake implies a larger share of animal products (meat and dairy
products) in the diet, requiring more land per kilo of product. Productivity gains in
agriculture and increasingly intensive production partly counteract this trend, but will
also have environmental impacts. Demographic changes, such as higher levels of
urbanisation, are also associated with higher caloric intakes of animal products, oils and
fats, as well as greater demand for processed food (OECD-FAO, 2006; FAO, 2003) (See also
Box 1.1).

@ Residential energy use: As people’s incomes grow, so does household energy demand as
households increase their stock of electrical appliances. This results in a rise in energy
consumption overall, despite energy efficiency gains. Strong economic growth in non-
OECD countries is also increasing demand for household appliances, heating, cooling
equipment and other energy-consuming devices. Together with household income and
population growth, energy prices are considered to be the most important determinants
of household energy consumption.

e Waste generation: Households with higher incomes tend to dispose of more waste, but do
not necessarily invest more (or less) time in recycling activities than poor households.
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® Personal transport: The number of cars owned by a household tends to increase with
incomes, as do car use and total travel. Increased incomes are also linked to longer and
more frequent trips. In addition, increased income results in a higher value of time, which
encourages people to choose faster transport (WBCSD, 2004).

Box 1.1. Sustainability in the food and beverage industry

The food and beverage industry in OECD countries has significant environmental
impacts. The industry is undergoing structural changes to meet consumer demands for
year-round availability of fresh products, greater choice, convenient pre-packed food and
as a response to health concerns. It is also increasing its use of energy and other inputs
through intensification of the food production and manufacturing system. Food is also
travelling further than ever before (both for processing and to find markets), and food-
related waste is increasing.

To work towards environmental sustainability, we need to look at the entire life-cycle of
the industry (from production to consumption) to identify the environmental impacts and
responsibilities of each sector. The nature of distribution and retail systems can play an
important role in determining environmental impacts. Agriculture and fisheries production
are “upstream” in the food life-cycle. Food crop area is projected under the Outlook Baseline
to increase by 25% by 2030 in OECD countries. Rapid growth of intensive farming and
increasing use of greenhouses will lead to increases in energy, chemical and water use (see
Chapter 14 on agriculture). The rapid expansion of aquaculture requires increased energy,
feed, and chemical inputs, while by-catch from capture fisheries remains a problem (see
Chapter 15 on fisheries and aquaculture). Downstream in the food life-cycle, the final
disposal of food wastes requires energy for incineration and causes methane emissions from
landfill (see Chapter 11 on waste and material flows). In between, food processing,
packaging, transport and consumption each generate other environmental impacts. The
globalisation of the food supply system has significantly increased the distance that food
travels, known as “food miles”. For example, some cod caught in the North Sea are shipped
to China, processed there, and shipped back to Europe for consumption, travelling a total of
44 000 km (WWEFE, 2006). However, the environmental impacts of products must be assessed
from a life-cycle perspective,  and on a case-by-case basis.

The food and tobacco industry accounted for more than 8% of the total final energy
consumption of the industry sector in 2005 in OECD countries (International Energy
Agency, Energy Balances of OECD Countries). Energy and chemical inputs in food
manufacturing are increasing as consumers demand more prepared and packaged food.
For example, pre-packed salad requires chemical inputs such as chlorine. Other major
challenges are the treatment of biodegradable wastes and the generation of associated by-
products. A Swiss study estimated that at least one-quarter of total municipal wastes was
caused by food consumption (OECD, 2002). The food and beverage industry has a distinct
role in influencing household behaviour through product and packaging design, pricing
and waste recycling collection.

A number of countries have been looking into the sustainability of the food and beverage
industry. For example, Japan has implemented a food recycling law that aims at 20%
reduction of food waste. The UK has launched a multi-sectoral strategy aiming to reduce
by 10-20% the energy and water use in the food and beverage industry, as well as waste
emissions, and environmental costs of food transport (DEFRA, 2006).

* See, for instance, the Environmental Impacts of Products (EIPRO) project to support the development of an
EU Integrated Product Policy (http://susproc.jrc.es/pages/r4.htm).
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Policy implications

Environmental pressures from households are increasing, so better understanding of
households’ environment-related behaviour (including future trends in household
consumption) is essential for successful environmental policies (see OECD, 2008 forthcoming).

Regulatory approaches are predominant in OECD member countries. In the area of
personal transport, measures include emission standards (fuel, vehicle) and parking
restrictions (e.g. access restrictions). To reduce residential energy use, performance and
technical standards for appliances are applied, as well as standards associated with the
thermal quality of new or existing dwellings.

However, there is ample evidence that households respond to the use of economic
instruments, which are increasingly being used by member countries in environmental
policy. In the energy sector, residential electricity taxes have been introduced
(e.g. Germany). Households facing higher energy prices can respond in a number of ways,
such as adjusting indoor temperatures, changing heating/cooling systems, making energy
conservation investments (e.g. insulation), or moving to more energy-efficient housing.

Household personal transport choices are strongly influenced by prices, which are
significantly affected by tax policy (e.g. petrol taxes, differentiated vehicle taxes). Demand for
transport is generally found to be fairly price inelastic in the short-run, but more elastic in
the long-run. Indeed, households generally have a much wider range of options available for
responding to price increases in the long-run. For example they can buy smaller or more
efficient cars, change their place of residence or work, etc. However, the choices made are
likely to differ according to household characteristics (e.g. income, age). Congestion charges
are increasingly being used to influence personal transport choice and manage traffic in
urban areas (e.g. London, Seoul, Stockholm) (see also Chapter 5 on urbanisation).

User fees that vary according to the amount of waste generated are better at reducing
waste and/or at increasing recycling than flat fees, and these are being implemented more
widely for household waste (e.g. Korea) and for household water use.

Environmental policy, like all public policies, is likely to affect some members of
society more than others. Low-income households may therefore bear a disproportionate
share of the cost of some environmental policies, whether economic instruments or
regulatory approaches. In general, however, these concerns are better addressed in overall
economic policy - for example through adjustments to tax and social policies - than in
environmental policy measures themselves (Serret and Johnstone, 2006; OECD, 2006).

Important complementarities exist between the different types of policy instruments
that can be applied (e.g. economic instruments, information-based instruments, direct
regulation, integrated product policy and extended producer responsibility). Some mixes
are likely to be more effective than others in addressing household consumption patterns.
To influence residential energy use, for example, it may be preferable to use an economic
instrument such as an energy tax along with an information-based instrument (such as an
energy-efficiency label) or more general environmental information awareness
programmes, rather than applying either instrument on its own. Similarly, unit-based
pricing may be more effective in reducing waste if it is combined with a recycling
programme and/or a deposit-refund system (see OECD, 2007c).

OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008 53



1. CONSUMPTION, PRODUCTION AND TECHNOLOGY

Key trends and projections: production and the environment

In OECD countries industrial emissions of air pollutants have been greatly reduced
over recent decades. Relevant measures have included the use of low sulphur fuels
(e.g., switching from coal to oil to gas) and end-of-pipe measures like flue gas
desulphurisation techniques, the use of low nitrogen combustors and particulate capture
devices. Energy efficiency improvements have also lowered air pollutant emissions. Less
polluting renewable energy sources with low air pollution effects have shown high growth
rates, particularly solar and wind, but their share in global electricity production is still
only around 2% (IEA, 2007).

Figures 1.3 and 1.4 show energy-related nitrogen and sulphur emissions from
industrial sectors in four OECD regions. While the trend in recent decades has generally
been downward, the projections to 2030 from the Outlook Baseline, which reflects no new
policies, indicate that they will not continue at the same rate.

Figure 1.3. Baseline forecasts of energy-related industrial nitrogen emissions, 1970-2030 (Mt)
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Source: OECD Environmental Outlook Baseline.
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Abatement policies are also starting to emerge in several
non-OECD countries, particularly for flue-gas desulphurisation,
but thus far have been insufficient to decouple emissions from
economic growth. Although several industries in China are
equipped with flue-gas desulphurisation techniques, until
recently they have not always been used (OECD, 2007e). This
situation has now improved, as fines have been increased to a
level that it is no longer profitable to disable their use. However,
effective use will require a system to adequately monitor
emissions, and to apply sufficiently high penalties for non-
compliance.

Firms are increasingly
factoring environmental
concerns into
their business

. . strategies.
The extent to which firms address environmental concerns

and how they do so differs markedly. A good understanding of
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Figure 1.4. Baseline forecasts of energy-related industrial sulphur emissions, 1970-2030 (Mt)
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Source: OECD Environmental Outlook Baseline.

manufacturing firms’ commercial motivations, decision-making procedures and
organisational structure is essential for improving the design and implementation of public
environmental policies. An OECD survey of 4 000 facilities in seven countries offers lessons
about firms’ environmental management practices.® The percentage of firms reporting that
they have introduced an environmental management system (EMS) ranged from 30% in
Germany and Hungary to almost 57% in the United States. The total number of ISO 14001
certifications has increased dramatically in recent years - from 14 106 applications at the end
of 1999, to 90 569 at the end of 2004, with registered certifications in 127 different countries.”

Firms also vary in their institutional set-up for environmental responsibility,
depending on their size. Table 1.1 shows the percentages of facilities with a designated
employee responsible for environmental matters. It is clear that big firms are much more
likely to have designated somebody for this purpose than small firms. However, this person
is most frequently located in an environmental health and safety department (and less
frequently in senior management, finance or production and operations).

Table 1.1. Designation of responsibility for environmental matters
in manufacturing facilities

Number of employees

<100 100-249 250-499 > 500 Total
% of firms with a staff member responsible for env. matters 54.6% 68.0% 87.1% 93.4% 70.3%

StatLink sizm http://dx.doi.org/10.1787/256624034320
Source: Johnstone, 2007.

While interesting, data on environmental management practices reflect intentions,
rather than concrete actions, to improve environmental performance. According to the
OECD (2007d), most countries have a similar share of their GDP allocated to private sector
pollution abatement (approximately 0.5% on average). These percentages have remained
relatively constant over time. Figure 1.5 shows the evolution in the share in GDP of total
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private sector pollution abatement control expenditures for a selection of OECD countries
for which some time series data are available.® The spikes in the Polish and Czech data are
particularly striking.

Figure 1.5. Estimated private sector pollution abatement and control expenditures (% of GDP)
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Source: OECD (2007d).

To improve its environmental performance, a facility can decide either to change its
production process (CPP) or to treat pollution with an end-of-pipe (EOP) technology. In the
early years following the widespread introduction of environmental regulations, firms
tended to invest in end-of-pipe technologies, such as flue-gas desulphurisation or
membrane technologies, which reduce air pollution emissions or wastewater effluent
following production. However, it is often more cost-effective and environmentally effective
to change the production process in order to generate fewer unwanted by-products, allowing
facilities to adopt such strategies through the use of less prescriptive policies.

The reported share of CPP investment to total investment in the manufacturing sector is
relatively high in the UK and Finland: 52% and 49% respectively in 1999 (OECD, 2003). On the
other hand, in 1999 Polish and Spanish firms reported that 77% and 73% of their
environmental investment expenditures were for EOP investments. There is, however, some
evidence that the share of CPP investment has increased over the last two decades. Indeed,
the vast majority of firms responding to the OECD survey reported that their main approach
for addressing environmental concerns was best described as CPP, rather than EOP. The
highest percentages were for the machinery, instruments, motor vehicles and transport
equipment sectors, with over 80% reporting that integrated changes in production processes
were their primary means for addressing production-related environmental concerns.

Policy implications

A variety of environmental policy measures can be used to reduce the environmental
impacts associated with production processes. The two most common types of policies are
direct forms of regulation (i.e. technology-based standards and performance-based
standards) and, increasingly, economic instruments such as environmentally related taxes
and tradable permits.
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It has long been argued that economic instruments such as
tradable permits or environmentally related taxes are more
economically efficient than more direct forms of regulation.
While concerns about their environmental effectiveness have
often been raised in the past, if well-designed and properly
enforced they can be more environmentally effective,
particularly tradable permits.’ Whilst evidence is still being
gathered, there is increasing empirical support for this
assertion. The US Acid Rain Policy which involves an SO,
emissions trading programme is, by all measures, a success
(Ellerman, 2004). However, design is key. For instance, the
widespread use of exemptions from environmentally-related
taxes for many low-cost abaters is neither efficient nor effective
(OECD, 2006).

Some emerging
technologies may reduce
environmental pressure
by preventing pollution

or encouraging more
efficient use of resources.

However, some

technological developments
The wid f “flexible” policy inst t h i ; b
e wider use or more exiple” policy instruments, suc can increase pressures

as market-based instruments and performance standards on the environment.
which are not excessively prescriptive, can have far-reaching

consequences for how firms address environmental concerns, perhaps resulting in
secondary benefits in areas which are not directly targeted by the policy itself. For instance,
economic instruments can encourage facilities to adopt an EMS and other environmental
management tools. Similarly, more flexible policy measures encourage oversight of
environmental matters by senior management and finance/accounting positions
(Johnstone, 2007). The “mainstreaming” of environmental concerns in the facility can lead
to more pro-active environmental strategies.

Designing environmental policies for small and medium-sized enterprises (SMEs) is
an increasing focus of OECD governments. Their relatively small size makes environmental
policy a particular burden for SMEs. Sweden and Australia attach particular importance to
this issue, and their special Regulatory Impact Analyses focus on the effects of
environmental regulations on SMEs. In addition, they are inducing measures to reduce the
administrative costs associated with environmental permits.

And finally, the public policy framework is only one influence on firms’ environmental
practices, with many other stakeholders providing incentives for “corporate environmental
responsibility”. Recent work in the OECD and elsewhere has shown that other stakeholders,
including financial markets, local communities, consumers and employees can also have an
important influence (see Johnstone, 2007 for a review of recent work in this area).

Key trends and projections: technology and the environment

Technological change can take on different forms, such as innovations in production
processes or the invention of new products, with different potential impacts on the
environment. While some innovations help reduce environmental pressures — for example,
through reductions in pollution emissions or more efficient use of resources - other
innovations can increase environmental pressures. In many cases, the overall effects are
ambiguous or uncertain. For example, biofuels and nanotechnologies may have positive
effects in one area, but negative effects in another such as increased pressure on land
resources. There is a need to better understand the environmental impacts of technologies
to make informed policy decisions. Decision-making can be supported by early
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quantitative environmental assessments of emerging technologies and comparison of the
effects of competing technologies. More generally, the development of indicators for
environment-related innovation would support efficient policy design.

Several recent key innovations have significantly contributed to environmental
protection, and may continue to do so in the future. For instance, carbon capture and
storage methods can reduce CO, emissions by absorbing the CO, emitted from particular
production processes. It is estimated that by 2030, the cost of carbon capture and storage
technologies could fall below USD 25 per tonne of CO, (IEA, 2006b). In wastewater and solid
waste treatment, micro-organisms are now being used to transform hazardous material
into less dangerous compounds, and to decrease odour and dust generation. Innovation in
the fabrication of solar cells (for instance, through the use of nanotechnology) has
increased their efficiency significantly. Multi-junction solar cells now provide a 35%
increase in available power per solar panel area, compared to existing technologies. In
Japan, over 20% of biotechnology applications sold are for industrial-environmental
applications. In China, the figure is over 10%; much higher than many OECD countries
(Beuzekom and Arundel, 2006). Hybrid vehicle innovations have already resulted in the
production of cars using a combined gas-electricity engine, while further research is
underway to facilitate the use of hydrogen fuel cells. However, this latter example
illustrates the complexity of the environmental assessment of different innovations — while
emissions of some local air pollutants may decrease, there may be concerns about
end-of-life disposal.

One area which has seen significant innovation in recent years is renewable energy.
Following the development of “first-generation” (e.g. hydropower, biomass combustion)
and “second-generation” (solar heating, wind power, etc.) technologies, some “third-
generation” technologies presently being commercially exploited include concentrating
solar power, ocean energy, enhanced geothermal systems and integrated bio-energy
systems (IEA, 2006c). Partly as a result of such innovations, costs are coming down and the
use of renewables is increasing (Figure 1.6). The role of the public sector in providing

Figure 1.6. Annual average % change in renewable energy production, 1990-2004
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Source: IEA, 2006c.
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incentives for such technologies has been significant. Many governments have dedicated
research and development (R&D) programmes for this field. Moreover, diffusion of such
technologies to developing countries is an important element in a number of multilateral
environmental agreements (e.g. the Clean Development Mechanism, see Chapter 7 on

climate change).

Innovations in information and communications
technology (ICT) can affect the cost and quality of monitoring
environmental policy in several ways. Innovations in product-
tracking technologies are improving tracking of potentially
hazardous or recyclable products. Satellite-based mapping
technologies reduce the cost of monitoring resource
exploitation. Monitoring costs of emissions from large
stationary and smaller non-point and mobile sources are falling
with innovations in sensors. According to the OECD’s Triadic
Patent Family (TPF) Database? (see Figure 1.8), patents granted
for technologies to monitor environmental impacts increased
seven-fold in the last two decades. This is significant, since
improved monitoring through ICT can increase the
environmental effectiveness of policy measures.

Many OECD countries have been increasing their
investment in environmental R&D to boost technological
developments that improve environmental quality. Figure 1.7

While environmental
R&D is increasing,
its share in total R&D
remains small.
Environment-related
patent activity is also
increasing, but no faster
than the general rate
of patenting.

shows the evolution over time of the share of environmental R&D in total R&D for several
OECD countries.!! In the OECD’s Science, Technology and Industry Outlook (2004b), a majority of

countries cite environment-related concerns in their science

and technology priorities,

including: Australia (environmentally sustainable Australia); Austria (environment, energy

and sustainability); France (development of renewable energy);

Germany (clean processes

Figure 1.7. Share of environmental R&D in total government R&D, 1981-2005

Source: OECD (2005).
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and production technologies); Hungary (environmental protection); Norway (energy and
environment); United Kingdom (sustainable energy) and the United States (climate, water
and hydrogen).

Japan’s increase in the share of environmental R&D in total R&D since the 1990s has
been significant, but the share is still low compared to some European countries and recent
Korean figures. Since the late 1990s, the share has been lowest in the US (although this may
be due to discrepancies in data collection). Collecting harmonised data on environmental
R&D expenditures would allow a better comparison of the innovation priorities of different
countries.

To explore environment-related innovation further, patent data from the OECD’s
Triadic Patent Family (TPF) Database were extracted.'? As Figure 1.8 illustrates, there has
been continuous growth over recent years (particularly in air and water pollution
innovations) except for solid waste and recycling, which peaked in the early 1990s.
However, the rate of growth is generally lower than for overall TPF patent activity.

Figure 1.8. Number of TPF patents in the environmental area, 1978-2002
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Source: Data drawn from the OECD Project on Environmental Policy and Technological Innovation www.oecd.org/env/cpe/firms/.

More recent work has looked more closely at patent activity in a number of areas,
including waste-related technologies, motor vehicle emissions abatement and renewable
energy (see Figure 1.9).13 While patent activity in solid waste management is growing less
quickly than TPF patenting in general, the growth rate is higher for the other two
categories. It is important to note that within these broad categories some specific
technologies are growing faster than others. For instance, in the area of motor vehicle
emissions abatement, there is a trend towards engine re-design patents rather than post-
combustion patents. Renewable energy, solar and (particularly) wind exhibit very high
growth rates.
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Figure 1.9. Growth rates in patents in selected environmental areas, 1995-2004
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Policy implications

There are two types of externality which public policies can help to internalise in order
to increase private returns on innovation and provide for the socially optimal reduction in
environmental pollution.'® The first is the fact that it is often difficult for innovators to
capture the benefits of their inventions due to information spillovers. OECD governments
introduce a wide variety of policies to internalise such externalities (Jaumotte and Pain,
2005b). The second type of externality involves market failures which mean that users of
environmental resources like clean air or fresh water treat them as costless factors of
production. Policies are therefore needed to tackle both sources of externality.

However, using a single instrument to internalise both externalities —e.g. through
subsidies for environment-related R&D or for investments in specific environmental
technologies - is unlikely to efficiently achieve both objectives. In general, separate policy
instruments will be needed to address each externality. The use of only one instrument
requires the regulator to have a very detailed knowledge of the market (development path,
technological opportunities, etc.) that is to be regulated. As such, co-ordination between
policy-makers in the innovation and environmental areas is key.

While the evidence is still being gathered, there is some support for the hypothesis
that market-based instruments can be particularly effective in inducing innovation
(Vollebergh, 2007). On the one hand, a market-based instrument gives firms continuous
incentives to innovate. In the case of more direct forms of regulation, when the required
standard is met the firm has no further incentive to innovate, unless the regulation is made
more stringent.’® This will, however, depend in part upon the nature of the regulation. In
practice, it is likely to be administratively easier for the regulatory authority to adjust
performance-based standards than technology-based standards through time. Moreover,
under technology-based regulations, potential innovation is constrained by the nature of
the standard itself. It is likely that not all emission-reducing innovations will be permitted
by regulatory authorities. Market-based instruments and well-designed performance
standards broaden this potential space for innovation, since any emission-reducing
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innovation will meet regulatory requirements. Thus, Johnstone and Labonne (2006) find
that facilities’ investments in environmental R&D increase with the flexibility of the
environmental policy instrument. A greater understanding of the drivers of innovation in
the environmental sphere is needed.

Notes
1. See www.un.org/jsummit/html/basic_info/basicinfo.html.
2. See also Chapters 17 (Energy), 11 (Waste and material flows), and 10 (Freshwater).

3. Residential sector energy use is defined as the energy consumed by households, excluding
transport-related energy use.

4. “Decoupling” occurs when the growth rate of an environmental pressure is less than that of its
economic driving force (e.g. GDP) over a given period.

5. Excluding hydropower.

6. For further information, see wwuw.oecd.org/env/cpe/firms. A collection of papers reviewing some of
the main findings arising out of the project can be found in Johnstone, N. Environmental Policy and
Corporate Behaviour (Edward Elgar/OECD, 2006).

7. See: www.iso.org/iso/iso_catalogue/management_standards/iso_9000_iso_14000.htm.
8. A sub-set of countries provide data on such expenditures by business.

9. The effectiveness of tradable permits is attributable to the fact that they are unique among policy
instruments in setting a cap on total emissions, thus obviating the need for policy adjustments in
the face of economic growth or arrival of new firms.

10. This database only includes patents granted by the Japanese Patent Office, the European Patent
Office, and the US Patent and Trademark Office (Dernis and Kahn, 2004).

11. While government R&D is only a small proportion of total R&D (and may even crowd out some
private R&D), private sector R&D data disaggregated by socio-economic objective are not available.
For R&D data, government budget appropriations or outlays for R&D provided by the Government
Budget Outlays or Appropriations of R&D (GBOARD) database were used (OECD, 2005).

12. In order to extract the relevant environmental patents from the database, a search filter
(Schmoch, 2003) is applied, consisting of a combination of International Patent Classifications (IPC)
that are closely related to the environmental sector, as well as keywords to exclude or to include in
order to take into account all patents fitting the description. This provides a measure of the
number of environmental patents deposited in all three offices in six different environmental
areas. Work is on-going at the OECD Environment Directorate to refine the search algorithms.

13. Data drawn from the OECD Project on Environmental Policy and Technological Innovation. A
publication summarising initial outputs from the project is forthcoming.

14. See Johnstone and Labonne (2006).

15. To foster innovation, standards can be gradually updated with stricter requirements. The
legislation can also specify short-term and long-term limit values.
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Chapter 2

Population Dynamics
and Demographics

This chapter examines the close relationship between population growth and
demographics and the environment. Between 2005 and 2030, world population is
expected to grow from 6.5 to 8.2 billion people. The enlarging population, mostly in
developing countries, will put more pressure on the environment through increased
production and consumption. The demographic features of ageing and migration are
particularly relevant from an environmental perspective. Ageing populations have
specific consumption patterns, some of which — such as expanded leisure time and
income for travel — are associated with increasing environmental impacts. Migration
can exacerbate pressures on local environments by increasing density in receiving
regions. Environmental conditions will also influence population dynamics, such as
through environmental refugees and environment-related disease outbreaks. The
number of environmental refugees is expected to grow in the coming decades as a
result of the impacts of climate change.
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® Between 2005 and 2030, it is projected that world population will grow from 6.5 to
8.2 billion people. Almost all of the global increase in population will originate in the
developing world; the OECD’s share of world population will drop from 23% in 1980
to 15% in 2030.

e In addition to the general population growth, two demographic features are particularly
relevant from an environmental perspective — ageing and migration:

— The number of people aged over 60 will increase from 0.7 to 1.9 billion between 2005 and
2050; three out of four of these people will live in the developing world. In 2050, the grey
dependency ratio —i.e the number of people over 65 years of age that are “dependent”
economically on those of working age — will reach 46 to 100 in the USA, 60 in Europe,
and 70 in Japan (compared to 20, 27, and 28 in 2005 respectively).

- Over the same period, 98 million people (net number) will migrate, mainly within
regions or from less developed to more developed countries.
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Environmental implications

The growing population will put increasing pressure on the environment, through
increased production and consumption.

Ageing populations have specific consumption patterns, some of which - such as
increased leisure time and income for travel - are associated with increasing
environmental impacts.

Migration, which can also be driven by environmental degradation, can exacerbate
pressures on local environments by increasing density in receiving regions and
contributing to desertification in sending ones. It can also increase vulnerability to
disasters.

Consequences of inaction

Environmental conditions will also influence population dynamics, as is apparent from
environmental refugees and environment-related disease outbreaks. The number of
environmental refugees* is expected to increase in the coming decades as a result of the
impacts of climate change. This might exacerbate security issues.

* Note that the notion is not an official category, which explains why there is no systematic collection of data.
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Introduction

Population dynamics are a key driver of environmental change for a number of
reasons. People are a driver of economic growth, putting demands on services which have
impacts on the environment, and putting direct pressures on the environment by
consuming natural resources (including land for food cultivation, housing and
infrastructure; energy and wood for fuel; and water) and causing pollution (to air, soil,
water, etc.) Population dynamics also affect labour,’ which is a major driver of growth (in
numbers and via labour productivity) in this OECD Environmental Outlook Baseline.

Human impacts on the environment vary with changes in
levels and modes of consumption and the technologies
involved (Prugh and Ayres, 2004). The increasing consumption
of the global consumer class, rising population and increasing
incomes in developing countries will accelerate environmental
pressures from energy, transport, water use and waste

production. Chapter 1 on consumption, production and Continuing environmental

technology sheds some light on expected trends in degradation in some
consumption patterns for households in both OECD and regions will generate
developing countries. It analyses the relationships between additional migrations

consumption patterns and population dynamics, economic by the most vulnerable
development, ageing and changing lifestyles. Income dynamics clusters of the population.
and income disparities will matter. So will sociological trends:

the declining number of people living in each household generates additional per capita
levels of consumption of land and energy. At the same time, each urban area has a specific
ecological footprint, linked to the efficiency of its use of land, energy and other resources
and its capacity to manage housing, develop collective transport systems, collect and treat
waste, and secure urban safety.

In turn, the environment is a driver of population dynamics. Environmentally stressed
areas are subject to specific migrations, as testified by the number of environmental
refugees (25 million people in 1994, according to UNEP, half of them in Africa). The situation
is likely to deteriorate further, as the number of people living in medium to high water-
stressed areas is expected to increase by 60% from 2005-2030 under the OECD Baseline (see
also Chapter 10 on freshwater). The increasing frequency of extreme weather events,
changes in regional food production patterns and, in the longer term, sea level rise, are
likely to result in migrations. Environment-related disease outbreaks can also affect
population dynamics (see also Chapter 12 on health and environment).

The combination of increasing population density and environmental degradation in
many areas worldwide accelerates vulnerability to disasters, for example in the
Philippines. Poverty is generally recognised as one of the most important causes of
vulnerability to environmental threats (UNEP, 2002).
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Keys trends and projections
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Population projections

Under the OECD Environmental Outlook Baseline, global population is expected to
increase from slightly under 6.5 billion in 2005 to 8.2 billion in 2030. The OECD Baseline is
based on the medium projection of the United Nations (see United Nations, 2005), in which
global population is expected to stabilise at around 9.1 billion inhabitants by the middle of
this century. This projection assumes that there will be no demographic catastrophe, and
that progress in medical technology will be incremental (see Box 2.1).

Box 2.1. Assumptions and key uncertainties
The projections presented in this chapter are based on a number of assumptions:

e The United Nations’ medium projections for population are based on the hypothesis
that total fertility in all countries converges toward 1.85 children per woman. However,
if every second woman in the world has one child more than anticipated, the world
population would be 10.6 billion by 2050 instead of 9.1 billion; the population would be
7.7 billion if every second woman in the world has one child less than anticipated. On a
country basis, the pace of convergence towards the 1.85 fertility rate may alter the
projections by 2030.

e The United Nations’ projections on the number of old and very old people only partially
incorporate the increases in life-span longevity that have been seen recently (Oeppen
and Vaupel, 2002). Additional increases in life expectancy would significantly increase
the size of the ageing population, with resulting consequences for consumption
patterns, and the social and economic demand for pensions, health-care and other age-
related services.

® Hypotheses about labour participation modify economic growth projections, as the
contribution of employment to growth is expected to decline, and labour productivity
will increasingly become the major factor in economic growth. Should labour
participation rates stabilise in OECD countries, macroeconomic projections would not
be expected to change significantly (labour would substitute for capital, and production
costs in labour-intensive industries would decrease), but the consequences are unclear
for migration (e.g. would a higher participation rate affect immigration policies and
international flows of migrants?) and environmental pressures (e.g. what are the
environmental consequences of a more or less labour-intensive growth pattern?).

® Migration is an uncertain factor in population and labour force projections.

e In this chapter, countries are considered as single entities. This fails to account for sub-
national discrepancies, especially in very large countries.” A disaggregated approach
or one focused on ecosystems would provide a more accurate understanding of the
environmental consequences of demographic trends.

* See OECD (2003) for an analysis of differences in the structure of population at sub-national level in a
number of OECD countries (especially Canada, Portugal, USA, France, Spain, Mexico and Australia).

The fundamental dynamic affecting word population trends is that fertility decreases
in a country as the country develops. Economic development, then, is a key factor
underlying demographic trends and explaining the contrasted patterns between developed
and developing countries, and their convergence over time.
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Ninety-five per cent of the global population growth to 2030 will take place in
developing countries (Figure 2.1), with the 50 least developed countries experiencing
especially rapid population growth. In contrast, the population in OECD countries is
expected to stabilise; the share of OECD countries in the world population will drop from
23% in 1980 to 15% in 2030. Note that half the global population growth will come from nine
countries only, including India, the USA and China,? while in 51 countries (including
Germany, Italy, Japan, and the Community of Independent States), population is expected

to be lower in 2050 than in 2005.

Figure 2.1. Population growth by region, 1970-2030
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Source: Based on UN, 2004.

The significant population growth in developing countries
to 2030 will place additional pressures on the environment,
both in growing cities and in rural areas where populations are
increasing. Without appropriate infrastructure (housing,
energy, transport) and environment-related services, new
urban dwellers will generate additional pressures on the
environment. In rural areas the poorest people tend to have a
high dependence on natural resources. In turn, the increased
land and resource pressure is likely to deepen poverty and fuel
migration.

The different dynamics between developed and developing
economies result from varied mixes of fertility and mortality
trends, which are linked to poverty and to economic growth
(Figure 2.2) The link with migrations will be discussed in the
following section.

Further population growth
to 2030 will place
additional pressures
on the environment
unless accompanied by
improved environmental
policies and infrastructure.

Most industrialised countries already have below-replacement fertility levels, at
1.56 children per woman in 2005. The United Nations expects this will remain so to 2050,
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Figure 2.2. Fertility rates by region, 1970-2040
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when the fertility rate is expected to be about 1.85 children per woman. At the same time,
mortality rates are low in these countries, and still decreasing.

By contrast, least developed countries are expected to experience high fertility rates
to 2030. These rates will on average remain above replacement level over the
2005-2030 period, although they will decline from the current 5 children per woman to an
expected 3.36 children by 2030. In the rest of the developing world, the steady decline in
fertility rates which started in the 1960s will continue, and below-replacement levels are
likely to be reached in most countries by 2030 (2.01 children per woman, compared to
2.51 in 2005). These countries are also experiencing declining mortality rates, though this
trend is being shattered by the HIV/AIDS epidemic in heavily-affected countries.

Countries of the former Soviet Union have a specific profile reflecting the degradation
of social and sanitary services which has increased mortality rates. The Russian Federation
and the Ukraine in particular are witnessing higher mortality than in the 1960s, and life
expectancy in these countries is shorter than it used to be.

Population structure: ageing of populations

Ageing has (favourable and less favourable) consequences on the environment
through consumption patterns (housing and land use, transport, tourism, food and drugs,
etc.) and sensitivity to environmental constraints (e.g. vulnerability to heat-related,
illnesses and air pollution effects on respiratory systems). It is associated with population
influxes into sunbelts, coastal areas and river valleys, in OECD countries and elsewhere. It
has macroeconomic consequences as well, due to public spending and related services -
such as pensions, health care, long-term care, education and unemployment transfers —
and to age-related trade-offs between current consumption and saving for future
generations (ECFIN, 2006). Ageing also affects labour force participation rates, standards of
living, urban planning and mobility.
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The ageing of the population is a result of the combination of declining fertility and
longer life expectancy. It is a dominant trend in OECD countries (see Figure 2.3), especially
in North America, Europe, Korea and Japan. UN projections (United Nations, 2005) now
show that ageing will occur even faster in the developing world. By 2050, the world is
expected to host 1.9 billion people aged over 60 years, 1.2 billion more than it did in 2005. A
projected 80% of these over 60-year-olds will live in the developing world. Over the same
period, the number of people aged 80 years or more will be multiplied by 4.6: from
86 million in 2005, to 394 million in 2050.

Figure 2.3. The grey dependency ratio
Selected countries, 1970-2030
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Note: Ratio of people aged 65 years and over to those of working age.
Source: Based on UN, 2004.

One consequence of ageing is a decrease in labour force participation (see also
Chapter 3 on economic development). Between 2000 and 2030 the Baseline projects that
labour force participation in OECD countries will fall due to a combination of demographic
changes and downward pressures from government policies. Thus, by 2030 it projects that
labour force participation rates will vary from 49-71% in most OECD regions. However, most
countries are likely to employ policies to maintain or increase labour force participation.
European economies have set an employment rate target of 70%, which should be reached
by 2020.

In this area, policies may influence the decisions of members of the working-age
population (particularly women) to participate in the labour force. Indeed, female
employment rates, which are very uneven across OECD countries and worldwide, are likely
to rise, making them a major driver of change in the workforce. Raising the age of
retirement is also being implemented or considered by a number of OECD countries.
Migration is yet another option to enlarge the labour force. These policies will have specific
environmental consequences. Typically, migration will reallocate people across territories
(see below).
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Migrations, international and domestic

Migrations change the distribution of population across countries and lands; they can
be domestic or international. International migrations directly connect OECD and non-
OECD countries. From an environmental perspective, they can add pressures on regions
which are already stressed (e.g. aggregating people into over-crowded urban areas, or
contributing to desertification). They can also be fuelled by environmental pressures. In
some circumstances, migrations can exacerbate tensions and security issues.

According to the United Nations, between 2005 and 2050, migrations to more
developed countries will more than offset the natural population decline in these countries
(United Nations, 2005). Over this period, 98 million migrants will leave the less developed
regions (less than 4% of the expected population growth in these regions), and the same
amount will reach more developed countries (net figure3). However, most migrants to the
world’s rich countries do not come from among the world’s poorest, but from middle-
income countries or from the middle and upper reaches of the income distribution of low-
income countries (Goldin, 2006).

The United Nations anticipates that the countries which will be major net receivers of
international migrants are the USA (which will account for half of the annual flow, on
average), Germany (thus reversing the current trend of population decline), Canada, the
UK, Italy and Australia (United Nations, 2005). Major senders include China, Mexico, India,
Indonesia and the Ukraine.

In a survey of recent trends, OECD (2005) suggests that migration flows to OECD
countries are largely stable. They predominantly take place within a given region, and
follow traditional routes, although some countries emerge as prominent sources of
migrants, e.g. China and Russia. The share of labour-related migrations is rising, in
particular for qualified migrants. This work confirms the strength of sub-regional flows,
typically in sub-Saharan Africa, Latin America and Europe. Central and Eastern Europe
tend to receive an increasing number of migrants from neighbouring countries, attracted
by the new European Union member states; the region is also a source of migration to
nearby OECD countries, in particular Austria, Germany and Italy. In Latin America,
migrations within the region remain strong, but flows towards OECD countries keep
growing; the USA, obviously, but also Europe (the UK and Italy, in particular), via Spain, are
the primary destinations. Sub-Saharan Africa experiences essentially sub-regional flows.

New routes from Asia have changed the picture since the late 1960s. Migrants from
Asia constitute a major and growing share of the populations received in OECD countries,
typically in the USA (34% of migrants received by the USA originated in this region), Canada
and Australia (the share of Asian population amounts to 50% of migrants in these
countries), and the UK. Asian migrants form a dominant share of temporary, qualified
migrants. An increasing variety of routes lead to migration between countries with cultural
and historical similarities and it is expected that such routes will be increasingly crowded
under demographic pressure.

Domestic migrations change the distribution of a population across a given territory.
Rural-to-rural migration - for example, people moving to forest frontiers or to the coasts
for new land and resources - can affect biodiversity through loss of species and genetic
material, habitat loss and fragmentation, and disruption of ecosystem processes.
Increasing migration to regions that are particularly at risk from natural hazards can
increase vulnerability, a challenge that is likely to be exacerbated in the future by the
impacts of a changing climate.
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The distinction between rural and urban settlements (which is sometimes not clear-
cut), and the move from city centres to suburbia, also modify both the pressures on the
environment and the opportunities to mitigate them. Major impacts relate to land use
(competition between natural habitat, agriculture, and human settlements) and
environmental pressures, typically in and around big cities (urban sprawl), mountainous
areas, coastal areas and internal seas. These make land and urban planning even more
relevant from an environmental perspective (see Chapter 5 on urbanisation).

From 2005 to 2030, the world’s urban population is expected to increase by more than
2 billion people. Urban conglomerations and mega-cities affect air pollution, and the
demand (and opportunities) for environmental services (water and sanitation, waste
management). Local environments are particularly deteriorated in slum areas, where it is
estimated that 1 billion people (30% of city dwellers) now live. The United Nations Human
Settlements Programme anticipates that this number could double by 2030 (UN-Habitat,
2003), a trend fuelled by migration from rural to urban areas.

Notes

1. Via age structure and participation rates, defined as the share of the adult population that
considers itself as part of the labour force.

2. Chinese authorities expect the Chinese population to peak at 1.43 billion in 2020.

3. These anticipations are based on past trends, supplemented by an assessment of the policy stance
of countries on international migration flows.
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Chapter 3

Economic Development

This chapter highlights key trends and developments in the world economy to 2030
and outlines the consequences of the projected economic growth on the environment.
The implications of productivity growth are examined at both the regional and
sectoral levels. Given the projected expansion of the global economy to 2030, failure
to act on environmental challenges will have even more impact in the future than it
does today. Natural resource sectors will find demand increasing for their output as
large economies like Brazil, the Russian Federation, India and China (BRIC
countries) continue to experience rapid growth. Sectors such as agriculture, energy,
fisheries, forestries and minerals will need to have strong policies in place to reduce
the environmental impact of this rapid growth.
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KEY MESSAGES

The global economy is projected to grow by 2.8% a year from 2005 to 2030 under the Outlook Baseline.
The annual average growth rate over this period is projected to be 2.2% for OECD countries, 4.6% for
BRIC countries, and 4% for the rest of the world (see figure below).

Growth is expected to be higher at first
(3.4% global growth for 2005-10), then
slowing to 2.7% for 2010-20, and 2.5%
for 2020-30. This is because the Baseline
reflects “no new policies”, so assumes that
some historical trends - such as trade
growth — which contribute to economic
growth (but are influenced by government
policies) slow over the reference period.
As a result, the Baseline is somewhat
conservative, given that in 2004 and 2005
global growth was 5.1% and 4.9%
respectively.

Economic growth is affected by labour
supply, which in OECD countries will
decline in some regions as a result
of ageing populations. In other OECD
regions, ageing populations will be
offset by immigration and sufficiently
high birthrates. Aggregate labour
productivity growth rates are converging
in OECD and non-OECD countries, but
this does not necessarily mean a
convergence in living standards.

Environmental implications
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Increasing aggregate demand and productivity growth will increase demand for material
inputs from the environment and increase the amount of by-products that have to be dealt

with as waste.

Differences in sectoral growth rates will continue to be manifested as a “decoupling” of economic
growth from environmental impacts. This reflects the changing structural composition of
economies. The shift towards service-based industries from energy-intensive, polluting industries
and agriculture is projected to continue to 2030, reflecting changes in consumer demand.

Technological developments reflected in productivity growth will continue to increase the effi-
ciency of industrial production and reduce levels of pollution and waste per unit of output.

Consequences of inaction

The scale of economic growth anticipated to 2030 under the Baseline is such that failure to act on
environmental challenges will have even more impact than it currently does. Natural resource
sectors will find demand increasing for their output as large economies like the BRIC countries
continue to experience rapid growth. Sectors such as agriculture, energy, fisheries, forestry and
minerals will need to have strong policies in place to keep the environmental impact of this rapid
growth at an acceptable level. But since all economies will see increasing material wealth, the
demand for clean environments will also grow everywhere.
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Introduction

Economic growth in OECD regions has been robust for a considerable period of time
now and many developing regions have been growing at a rapid pace for at least the past
15 to 25 years. Since the conditions that made that growth possible still prevail
(e.g. institutional stability, etc.), a fundamental view of the Baseline for this Outlook is that
the same deep drivers of economic growth will continue into the future — though not at the
same intensity as in the recent past (Box 3.1).

Box 3.1. Sources of assumptions for the modelling framework

The drivers of economic growth underlying the Outlook are largely taken from work by
the OECD Economics Department, the International Energy Agency, the OECD Agriculture
Directorate, and the UN Food and Agriculture Organization. These drivers include long-
term labour productivity growth and labour force participation rates, as well as medium-
term developments in trade and the working out of business cycle imbalances. Projections
of these economic drivers were constructed to 2030 (2050 for the work related to climate
change). They were then transformed into a full economic baseline - both for examining
pressures on environmental factors, as well as for looking at mitigating policies — using the
ENV-Linkages model.

Other key aspects of the Baseline with respect to economic development include:

® Energy: The energy system has been largely calibrated to the 2004 edition of the IEA’'s World
Energy Outlook (IEA, 2004; referred to here as WE02004), although some aspects were
updated to the 2006 edition. This essentially means that energy technologies represented
in WEO2004 are reproduced for this Baseline. However, even though the technologies are
similar, the results obtained for this Outlook may be substantially different. The reason for
this is that projections for population growth and productivity gain (i.e. economic growth)
will be different, and have an impact on energy use. Since the World Energy Outlook also
uses a reference scenario for projecting energy demand, there is a high degree of
consistency between that work and the OECD Environmental Outlook.

® Agriculture: Trends in agricultural productivity will be important to 2030. The trends for
yields used in this Environmental Outlook were largely adapted from the FAO study World
Agriculture: Towards 2015/2030 (Bruinsma, 2003) where macroeconomic prospects were
combined with the views of regional experts. Key agricultural trends emerging from the
analysis reported below have been checked for consistency with the OECD-FAO Agricultural
Outlook 2006-2015 (OECD/FAO, 2006). The overall pattern is consistent, so major driving
forces are similar between the results of this Baseline and the Agricultural Outlook.

@ Technology: The future is essentially envisioned as a world that is very similar to today’s
in terms of the role and size of government, policy priorities, taxes, technology diffusion,
intellectual property rights, liability rules and resource ownership. It is also similar to
today’s world in terms of dietal preferences, mobility demand and other consumption
habits for given income levels. Since incomes in developing countries will change, there
will be some change in consumption patterns, but in a manner that will make them look
more like today’s developed countries.
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Decoupling the environment from economic growth

Although the relationship between the economy and the environment is complex (the
Environmental Kuznets Curve® illustrates that complexity), inter-relations are strong
(Box 3.2). One dimension is illustrated in Figure 3.1, which shows the relationship between
GDP and domestic material consumption (DMC). The material input is a straightforward
measure of some material flows into the economy (OECD, 2007). The amount of physical
inputs into OECD economies rose by roughly 27% between 1980 and 2005, so even in
advanced economies there is continued growth in the use of raw materials, highlighting
the increased impact that the economy has on the environment.

Figure 3.1. Domestic material consumption and GDP, 1980-2005
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Source: OECD (2007).

78

An important reason for the divergence between the
growth rates of GDP and DMC was that sectors that affect the
environment (e.g. agriculture, fishing, forestry, minerals, fossil
fuels, water, etc.) have been growing more slowly than the rest
of the economy. The information and communication
technology sectors, the health sectors, the entertainment
sectors, etc., are all much bigger today than they were 30 years

Some relative decoupling
of environmental impacts
from economic growth
can be expected.

ago. Even though the sectors that affect the environment are
bigger than before, they are a smaller part of the overall
economy and thus appear to have “decoupled” from economic
growth.
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Box 3.2. Interactions between economy and environment

Another dimension of economy/environment interaction is shown in Figure 3.2. The two
lines — economic activity (world GDP) and environmental impact (total ecological footprint,
EF) — are represented as indices where both equalled 1 in 1980. The concept of EF (proposed by
Rees, 1992, and further developed by the World Wide Fund for Nature, WWF) is controversial,
partially because it includes land needed to absorb the CO, emitted from burning fossil fuels.
As such, we treat it as reflecting overall environmental trends rather than as a detailed
measure that policy could target. Moreover, the EF is less problematic when used relative to a
base year — many of the constituent parts are better measured as changes than as levels.

While there has been some relative “decoupling” between GDP and EF, they both grew
between 1961 and 2003: GDP by more than four times, EF by more than three times. With
the scale of economic growth projected under the Outlook Baseline, an even stronger
divergence between GDP and EF will have to be achieved just to maintain current levels of
environmental quality. The divergence shown in the figure is an average for all countries.
Some will have stronger divergence than others. If the upward trend in the ecological
footprint incorporated all environmental and inter-generational impacts, then the
outcome would not necessarily be problematic: there would be no basis for arguing that
there are limits to growth. However, conditions for market failure are common when
dealing with environmental issues (i.e., externalities, non-rivalry, non-excludability), and
hence environmental policies will be needed to correct these failures.

Figure 3.2. Economy and environment, 1961-2003
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Source: WWF (2006); World Bank (2006).

Key trends and projections

Much of the economic growth that will occur to 2030 can be explained using a limited
number of primary drivers: labour force growth, labour productivity growth and trade
growth. The latter two, productivity and trade growth, require large investments, so they
are associated with substantial structural change. Long-term projections of how these
drivers will evolve give a good indication of how growth in GDP might develop, including
consumption of goods and services that affect the environment. Figure 3.3 outlines trends
in these variables from 1980 to 2001. Since data on labour force growth in non-OECD
countries are inconsistent, population growth has sometimes been used instead. Each of
these three drivers is assessed in more detail below:.
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Figure 3.3. Growth trends (average % per year), 1980-2001
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Population is expected to continue to increase (see Chapter 2 on population dynamics
and demographics), leading to a larger labour force, and more capacity for production and
consumption (see Chapter 1 on consumption, production and technology). Population
growth has been, and will continue to be, a strong driver of economic growth even in some
OECD countries. The US economy, for example, has had an average GDP growth of just over
3% for the past decade, while labour productivity growth was just over 2%; increases in
population (labour force) account for the discrepancy between the two trends. Strong
population growth is expected to continue in the US in the Baseline.

The participation of the adult population in the labour force is evolving in the Baseline.
The participation rate is generally defined as the percentage of the adult population that
considers itself part of the labour force (i.e. those who are either working, or looking for
work). In OECD countries, government policies are seen as complementing demographic
changes by exerting downward pressures on participation rates (OECD, 2003).

For non-OECD countries, the trend of labour force participation is projected to slowly
move toward the OECD average. In OECD countries the unweighted average participation
rate has been approximately 60% for more than 30 years. A convergence to this 60% average
was thus assumed for non-OECD countries (but only 1% of the gap is closed per year).

The OECD region is projected to increase its labour force by 10% between 2005
and 2030, while those in the BRIC countries and the rest of the world increase by 27% and
50%, respectively (Figure 3.4).

Global productivity has been growing steadily, in aggregate, since at least 1980 (for
most OECD countries productivity has been increasing for the past two centuries). The
importance of productivity growth is that it implies that each person will produce more
economic output for each hour worked. This raises living standards, but also increases
demand for material inputs from the environment and increases by-products that have to
be dealt with.
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Figure 3.4. Labour force projections, 2005-2030
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Source: OECD, using United Nations (2005) data.

Long-term productivity growth in the Baseline is set at 1.75% per year. This is a rough
(and somewhat understated) historical average for OECD countries, and is generally
consistent with some long-term historical trends that are shown in Table 3.1.

In the Outlook Baseline, all countries eventually move toward 1.75% per year
productivity growth (albeit at a very slow rate). This is applied at a national level (GDP per
hour, or day, worked) so it implies that eventually everyone is producing 1.75% more per
year of value-added.

Table 3.1. Productivity in historical perspective for the UK
and USA: average annual % rate of change

UK USA

1780-1831 0.4 1800-1855 0.4
1831-73 1.2 1855-90 1.4
1873-1913 0.9 1890-1927 2.0
1913-50 16 1929-66 25
1950-73 3.1 1966-89 1.2

StatlLink u=m http://dx.doi.org/10.1787/256624436857
Source: Crafts, 2003.

Trade is another issue that is crucial for understanding future growth. Trade allows
countries to specialise according to their strengths, so that the productive capacity of all
countries is increased (see also Chapter 4 on globalisation). Figure 3.3 shows that the
import/GDP ratio has been growing; in other words imports grew substantially more
rapidly than GDP. In the Baseline, there is a continued growth of trade, but it stabilises
relative to GDP (see below for more discussion). This implies that there is an ongoing
expansion of trade, but that the proportion of goods and services that are traded
internationally does not change.
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Aggregate economic growth

The aggregate rate of economic growth projected in the Baseline is shown in Table 3.2.
The first five years show a continuation of recent rapid growth rates, though some
deceleration is evident (consistent with a return to potential growth rates — a view generally
held by the OECD, International Monetary Fund, African Development Bank and others).

Over the long term, labour productivity and population growth are the primary
determinants of the scale of economic activity. Productivity and population determine the
amount of production and consumption that occurs, and thus the potential for
environmental impacts. Since the growth of labour productivity is not uniform across
countries or regions, the Baseline for the Outlook reflects different regional growth rates.
However, since labour productivity is ultimately determined by technologies that are
discoverable by all countries, the Baseline assumes that growth rates across regions will
ultimately be the same, asymptotically converging towards 1.75% per year, based on a
rough historical average for OECD countries.? This convergence of long-term labour
productivity growth towards 1.75% (although most countries do not reach this level
by 2030),% implies a steady decline in global GDP growth from a peak that is achieved
roughly in 2005. Comparing developing country growth rates with those of developed
countries, Table 3.2 shows that developing countries will continue to grow at much higher
rates than developed countries.

Table 3.2. Global annual average GDP growth (%, 2005-2030): Baseline

2005-10 2010-20 2020-30 2005-30

OECD 2.8 2.2 2.0 2.2
North America 3.5 25 2.3 3.1
US and Canada 34 24 23 26
Mexico 53 36 3.1 3.7
Europe 2.5 21 1.8 2.1
Pacific 1.6 1.8 1.3 1.6
Asia 1.4 1.7 12 1.5
Oceania 35 25 22 26
Transition economies 4.7 3.7 3.4 4.6
Russia 47 39 3.6 3.9
Other transition economies 48 35 3.2 4.4
Developing countries 5.6 4.2 3.9 5.2
China 7.2 49 41 5.0
East Asia 5.3 43 3.7 43
Indonesia 57 4.5 3.9 45

Other East Asia 52 4.3 37 42
South Asia 6.5 5.1 45 51
India 6.5 52 4.5 5.2

Other South Asia 6.5 4.8 4.4 5.0
Middle East 46 3.6 3.9 3.9
Africa 5.4 42 4.4 45
Latin America 3.8 2.9 2.8 3.6
Brazil 34 28 25 2.8

Other Latin America 39 3.0 3.0 3.2
World 3.4 2.7 2.5 2.8

StatLink si=r http://dx.doi.org/10.1787/256624520840
Source: OECD Environmental Outlook Baseline.

82 OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008



3. ECONOMIC DEVELOPMENT

Technology and productivity

Technology plays an important part in determining productivity since it affects a
worker’s activity (consider the difference between OECD farmers today and farmers
500 years ago). Since labour productivity is assumed to continue to grow following past
trends, there is an implicit assumption that new technologies will continue to be
developed. Current trends in information and communication technologies (ICT) are
therefore assumed to continue, as are trends in biotechnologies and nanotechnologies.
New technologies can be assumed to transform societies over the coming decades to the
same extent that they have over past decades, even if the specific areas of technological
development have been changing. What is key for the Outlook, however, is how these
technologies affect the environment. In looking to 2030, productivity growth in the
Baseline has been assumed to be environmentally neutral. That is, technology does not, by
itself, reduce environmental impacts.

The long-term trend in productivity growth of 1.75% means that there is more value
added for each hour worked. Having each worker increasing value added per hour worked
means that consumption is increasing. This means that even if population growth were to
fall to zero, there would still be increases in the volume of production and consumption. In
the goods-producing sectors, the environmental impact results from the fact that as they
grow, they will require more material inputs, but not as much as would be implied by the
increase in output: future growth will thus be less environmentally damaging per unit of
output. How much more material input is required will depend on how productivity growth
affects production and prices. The relative decoupling that was illustrated in Figure 3.1 will
be manifested in the Baseline to 2030 as a result of both productivity growth and growth
differences between material-using and other sectors.

Other assumptions can be made that would change the amount of material per unit of
value added. That is, the nature of technological change could be changed in the Baseline.
However, these other assumptions are more interesting as consequences of policy actions
rather than as general characteristics that are embedded in the Baseline.

A number of regions encompassed in Table 3.2 warrant additional comments.

North America

Labour force growth is an important driver of economic growth in North America. Of
the growth shown in the table, 1.2% annually is the result of increases in the labour force
between 2005 and 2030. An important part of that increase in labour force in the US and
Canada will be migration into the region from developing countries (average labour force
growth in the US and Canada is 1% between 2005 and 2030).

China

China’s labour productivity growth averaged just over 5% per annum from 1980
to 2001. Since GDP growth was significantly higher than that, a substantial part of its past
growth clearly originated in increases in the employed labour force (i.e. population
increases). Indeed, between 1980 and 2001, China’s population increased by roughly 30%. In
the future, this source of economic growth is not expected to continue as strongly and the
existing population will begin to become more dependent on younger cohorts. In spite of
these downward pressures, the long-term projection for China is for GDP and productivity
growth to both remain over 4% through 2030.
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South Africa

South African productivity growth from 1980 to 2001 was actually lower than for many
of its sub-Saharan neighbours. Moreover, it is projected to have one of the lowest
population growth rates of that region; thus its labour supply will grow more slowly than
many of its neighbours and its economy will not perform as strongly as many of the other
sub-Saharan economies. It will remain a strong regional power, but some of its neighbours
will be catching up.

Central Europe

Productivity growth has been (and will likely remain) robust in Central Europe, but this
is combined with a slowing population growth; in many cases the population is declining.
Underlying this is a low fertility rate which is aggravated by migration to Western Europe.
Central Europe, therefore, will generally show rising standards of living, even while
aggregate GDP growth does not reflect the strength of that rise.

Eastern Europe, the Caucasus and Russia

Given the change in economic systems that occurred with the political opening of
the 1980s and 90s, these regions have limited data for gauging future growth potential. This
is particularly the case for sectoral productivity growth, where the considerable structural
change of the post central-planning regimes will contribute to a higher long-term growth
path. To address this dearth of data, this region is assumed here to converge to the relative
sectoral growth of Western Europe. That is, aggregate productivity growth reflects the
region’s own trend, but sectoral proportions become similar to developed Western trends.

Japan

Japan is assumed to continue to have strong productivity growth, but demographic
trends will pull down aggregate GDP growth. While this is similar to the trend in much of
Europe, it is expected to be stronger and more keenly felt in Japan.

Middle East

A history-based view of economic growth in the Middle East is necessarily rather
pessimistic. The volatility of that region has resulted in uneven periods of growth which,
on average, are very low. Even some of the better performers in the region turn out to be
less than extraordinary when examined more carefully. For example, while overall growth
in Israel has generally been very good, per capita growth is only mediocre. It turns out that
much of Israel’s economic growth was the result of immigration that expanded the labour
force. Since Israel now has no net migration, that channel of growth has been eliminated
and is not assumed to re-open during the projection period. Some countries in the region
are currently doing well as a result of the upward spike in oil prices. However, an oil-
commodity boom is not something that can be counted on for the long-term.

Latin America

Latin America has a long experience with development and with alternative strategies
to achieve it. Many of the countries in Latin America have gone through bursts of rapid
growth, followed by downturns where much of the gains are lost. The two largest
economies in the region, Brazil and Argentina, both have been through numerous cycles of
growth and retraction which go back over a 60-year period. One should therefore be rather
cautious in projecting optimistic long-term growth for the region.
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Sectoral results

The Baseline to 2030 illustrates a changing structure of the economy with productivity
growing at different rates in different sectors. In particular, agricultural productivity is
generally higher than manufacturing productivity, and manufacturing productivity is
generally higher than service-sector productivity. These trends in the future are particularly
important because they lead to changes in the composition of output, and the environmental
impacts of various areas of the economy. Growth in individual sectors is also an important
source of overall economic growth since growth can occur through re-allocation of resources
away from low-value (high-productivity) sectors to higher-value (low-productivity) sectors.

Table 3.3 shows the relative sectoral size (measured as the production share of each
sector in the gross output of the economy) in the Baseline. Comparing 2001 and 2030 for
each sector illustrates the change in the economies’ composition. For illustrative purposes,
the 26 sectors available in the model have been aggregated to seven sectors (see also
Figure 4.5 in Chapter 4, Globalisation).

Table 3.3. Shares of sectors in 2001 and 2030 (in gross economic output)

0ECD BRIC ROW

2001 2030 2001 2030 2001 2030
Agriculture 2% 1% 9% 6% 8% 6%
Forestry and fishing 0% 0% 1% 1% 1% 2%
Energy and mining 3% 2% 6% 4% 9% 7%
Non-durable man. 10% 7% 12% 8% 14% 10%
Durable manufacturing 23% 17% 32% 29% 24% 21%
Trade and transport 18% 18% 15% 16% 16% 16%
Services 44% 54% 25% 37% 28% 38%

StatLink &i=r http://dx.doi.org/10.1787/256642330685
Source: OECD Environmental Outlook Baseline.

Underlying these changes are projections of different productivity growth across
sectors that move workers out of sectors like agriculture and manufacturing. Technological
developments mean that goods and services can often be supplied more cheaply, lowering
the prices of various goods and the wages paid to produce them. This leads workers to
move to other sectors where wages are higher. Thus, underlying changes in composition
are technological developments that make some goods and services easier to produce than
others (other sources of change include consumer tastes, see also Chapter 1 on
consumption, production and technology).

Trade results

In both the short and medium terms, reductions in various transaction and
communication costs can be expected to continue and will encourage trade. In both OECD and
non-OECD countries, the ratio of imports to GDP will thus continue to increase, as the
production of goods and services are gradually rationalised on a global basis. However, the
sheer potential size of economies like China and India suggests caution in projecting increases
in imports as a percentage of GDP. Large developed economies like the United States and Japan
have a low import-to-GDP ratio because the service sectors are much larger than
manufacturing, agriculture and other sectors that produce tradable goods. For an economy like
China, which is expanding very rapidly, a projection that trade will keep increasing as a share
of GDP would imply that manufacturing-driven growth would continue at a pace that seems
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implausible. Analyses of China’s growth already show that it is having a strong impact on its
neighbours.* A reasonable conjecture is that, at some point, the ratio of imports to GDP will
level off (in China’s case, even a levelling off may be optimistic, since it will imply a ratio of
imports to GDP that is more than three times that of other large economies, such as the US).

Even with imports levelling off in relation to GDP, the Baseline still projects
considerable growth in imports to 2030. This is because GDP itself is increasing strongly.
Figure 3.5 illustrates the growth of imports in the aggregate regions.

Figure 3.5. Baseline import growth to 2030

OECD BRIC

Change relative to 2005

Bl ROW

2010 2020

2030

StatLink si=r http://dx.doi.org/10.1787/260144407002

Source: OECD Environmental Outlook Baseline.

Even without increased imports relative to GDP, the amount of trade in absolute terms
(imports) is projected to grow considerably by 2030, implying greater environmental
impacts from factors such as invasive alien species, CO,, NO, and SO, from fossil fuel use,
PM (particulate matter) and ozone, and accidents such as oil spills (see Chapter 4,

Globalisation, for further discussion).

Policy implications

86

The Baseline developed here represents future projections
assuming no new government policy. The implications of this
Baseline are increasing environmental pressures across the
board. These are discussed in detail in the chapters in the second
part. However, it is worth noting some trends here that are
related to the economic development projected in the Baseline.

Natural resource sectors will see greater demand as large
economies like the BRIC countries continue to experience rapid
growth (Figure 3.6). Sectors such as agriculture, energy,
fisheries, forestry and minerals will need to have strong
policies in place that keep the environmental impacts at
acceptable levels. All economies are expected to experience

Rapidly growing
economies will lead
to increasing demand
for natural resources
to 2030.
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increasing material wealth, leading to greater demand for clean environments. But
economic growth will occur in the context of a global ecosystem that cannot be easily
expanded - so without strong policies, the impact of the economy on the ecosystem is
likely to increase. This observation is not to suggest that there are limits to growth, rather
that there are inevitable choices to be made between ecosystem and economy if global
material well-being is to approach the level that advanced economies currently enjoy.

Figure 3.6. Baseline gross output growth of natural resource-using sectors, 2005 to 2030

Agriculture, forestry, fishing, fossil fuels, minerals, water

Cumulative change to 2030

OECD BRIC ROW

StatLink =i=m http://dx.doi.org/10.1787/260248515355

Source: OECD Environmental Outlook Baseline.

In this context, failure to act on environmental issues will have even more impact
than it does today. The time between first recognition of a problem and national or global
consensus to correct it will be much shorter when the world economy is that much more
disruptive of ecological systems. Long periods of debate about the need and scale of
action on environmental issues may not be possible when the global economy is twice its
current size.

Notes
1. Grossman and Krueger (1995).

2. This convergence in growth rates does not imply, however, that income levels will also converge.
Convergence in income levels would imply that policies and social preferences would ultimately
be identical across countries, whereas convergence in growth rates only implies that countries
have access to the same production technologies.

3. Countries slowly converge to that rate by closing the growth rate gap by 2% per year (implying that
half the gap is closed in about 35 years).The process of moving toward growth convergence occurs
in two stages: i) moving from current productivity growth rates to the average for 1980-2001 (this is
largely completed by 2015) ii) then moving to the 1.75% growth target, by closing the growth rate
gap by 2% per year. In other words, a country whose productivity is growing at 5% at the beginning
of the convergence process will grow at 4.94% in the following year, 4.87% the next year, and so on.

4. McKibbin and Woo (2002) suggest that China’s accession to the World Trade Organization was
already a strong enough factor to cause its neighbours to potentially de-industrialise.
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Chapter 4

Globalisation

Globalisation is one of the key drivers of economic and environmental change. The
interactions between globalisation and the environment occur at different levels,
and the impacts can be both positive and negative. The quality of environmental
governance at all levels is crucial for realising the potential environmental gains
from globalisation. However, current environmental policies and institutions are not
keeping pace with economic globalisation, especially in developing countries, and
need to be reinforced. Better integration of environmental issues with trade and
investment policies is needed. Governments have an important role to play in
creating a framework that promotes and supports environmental innovation and
the dissemination of more environmentally-friendly technologies in global markets.
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20

KEY MESSAGES

@ Globalisation is one of the key drivers of economic change. The interactions between
globalisation and the environment occur at different levels, and the impacts can be both
positive and negative, depending on the assimilative capacity of the environment,
natural resource endowments and governments’ capacity to put in place and enforce
adequate environmental policies.

® Anincreasing number of bilateral and regional trade agreements deal with environmental
issues, offering new opportunities for making trade and environment objectives mutually
supportive. However, these are still relatively few, their treatment of the environment
varies and governments and companies have to deal with rapidly evolving and
increasingly complex sets of rules. Recent investment agreements also tend to deal with
a broader set of issues, including concerns related to health, safety, and the environment,
and may thus help create a more sustainable framework for foreign investment.

e Multinational enterprises are key vectors of globalisation. While delocalisation of
polluting activities to countries with lower environmental standards may occur in some
instances, many multinational enterprises apply high environmental standards to their
activities worldwide, thus contributing to the globalisation of better corporate practices.
However, recent accidents involving large multi-nationals from OECD countries, and the
questionable environmental performance of enterprises from emerging economies,
underline the need for continued vigilance.

Environmental implications

The quality of environmental governance at all levels is crucial for realising the
potential environmental gains from globalisation. However, current environmental
policies and institutions are not keeping pace with economic globalisation, especially
in developing countries, and need to be reinforced.

Globalisation is changing the patterns of trade and investment activities, with emerging
economies playing an increasing role. As the economic weight of emerging economies
continues to grow, their contribution to environmental pressures grows as well.

The number of trade and investment agreements which include commitments to
co-operate on environmental matters is increasing, although these are still comparatively
few.

Governments in emerging economies and developing countries are becoming
increasingly aware of the need to improve their domestic investment frameworks in
line with sustainable development objectives and some are starting to better integrate
environmental concerns into such frameworks.

Globalisation can contribute to the wider use of environmentally-related technologies.

Policy implications

@ Support emerging economies to play a role in maximising the positive environmental
benefits of globalisation and minimising its negative impacts. This will require new and
strengthened approaches to international environmental co-operation and better
integration of environmental issues with trade and investment policies.

@ Enable domestic co-ordination between ministries of environment and ministries of
industry, and other innovation policy-makers to promote a consistent and effective
innovation strategy that also allows environmental innovations to be competitive in
global markets. Governments have an important role to play in creating a framework
that promotes and supports environmental innovation and the dissemination of more
environmentally-friendly technologies in global markets.
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Introduction

The term “globalisation” has been widely used to describe a process in which the
structures of economic markets, technologies and communication patterns become
progressively more international over time. Higher levels of investment, deeper
liberalisation of international trade regimes, intensified competition and rapid
technological change, including in the area of information technologies, are some of the
main drivers of this process. While economic integration is a dominant feature of
globalisation, social, cultural, political and institutional aspects are also important.
Changes in consumption patterns through growing demands and easier access to goods
and services, increased transport and energy needs, global access to innovation and
knowledge, all play a role in globalisation — and all have an impact on the environment.

This chapter focuses primarily on the economic aspects of
globalisation, which relate particularly to a dynamic and
multidimensional process of economic integration whereby
national resources become more and more internationally
mobile while national economies become increasingly
interdependent (OECD, 2005a). The chapter describes those
aspects of economic globalisation which have the closest links
to environment, and which are primarily manifested through policies and institutions
increased trade and investment and the growing role of are not keeping pace
multinational enterprises in contributing to environmental with economic
outcomes. Other aspects of globalisation are dealt with  globglisation, especially
in Chapter 1 (Consumption, production and technology), in developing countries,
7 (Climate change), 14 (Agriculture), 16 (Transport), 17 (Energy) and need to be reinforced.
and 22 (Global environmental co-operation).

Current environmental

The pace and scale of today’s globalisation is without precedent. One of its distinctive
features is the emergence of large players such as Brazil, Russia, India and China
(OECD, 2007a). Another feature is the increasing role of non-state actors, such as
multinational enterprises (MNEs) and financial institutions in shaping the global economic
agenda. A further aspect of globalisation is that economies become more intertwined and
local developments have impacts beyond national boundaries and jurisdictions.

The environment is not confined by national boundaries: there is a single shared
atmosphere, ecosystems and watersheds cross national borders, and pollution moves across
entire continents and oceans. Countries have recognised that responding to global
environmental challenges requires global solutions and international co-operation.
Emerging challenges due to economic globalisation, such as the rapidly increasing
greenhouse gas emission levels in emerging economies and growing competition for energy
and natural resources, as well as the expanding role of non-state actors and increasingly
complex interactions between states, present new challenges for environmental governance,
including at the global level (Najam et al., 2007; and see Box 4.1).

OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008 91



4. GLOBALISATION

Box 4.1. Discussion of globalisation and environment in UNEP

Environment ministers discussed globalisation and environment at the February 2007
meeting of the United Nations Environment Programme’s (UNEP) Governing Council/
Global Ministerial Forum. They recognised that globalisation created and enhanced many
opportunities for better promoting sustainable development. At the same time, they
agreed that appropriate environmental policies and institutions were required if the
opportunities provided by globalisation were to be realised and the risks minimised. There
was wide agreement that while the international community had created a variety of
bodies to deal with environmental issues, deterioration of natural resources had not been
successfully halted or reversed. Unco-ordinated approaches at global, regional and
national level, as well as duplication and fragmentation of mandates had exacerbated this
situation. Lack of co-ordination was not limited to the UN system, but also involved
governments, the private sector and civil society.

The current UN reform process provides an opportunity to discuss how global
environmental governance arrangements could be strengthened. However, at this time
there is no consensus on how this might be done. Some countries favour the
establishment of a “UN Environmental Organisation” to provide better political guidance,
legitimacy and effective co-ordination. Others are not convinced that such an organisation
is either necessary or desirable, and are instead looking to improve the efficiency and
co-ordination of existing arrangements (see Box 22.3 in Chapter 22).

Source: UNEP (2007).

The interactions between globalisation and the
environment occur at different levels, and the impacts can be
both positive and negative, depending on a variety of factors.
These include the assimilative capacity of the environment,
natural resource endowments and governments’ capacity to
put in place and enforce adequate environmental policies. The
overall environmental impact of globalisation is difficult to
anticipate and will be largely determined by the balance  Globalisation can lead

between the efficiency gains and increased pollution and to both positive
resource consumption associated with more globalised ~ @nd negative impacts
economic activity. The efficiency and effectiveness of on the environment.

environmental and natural resource governance regimes will
also be crucial factors.

The impacts of globalisation on the environment will also vary from country to country.
For example, increased trade liberalisation can allow for more efficient use of resources in
one country, but can also exacerbate resource extraction in other countries. In the case of
China, increased imports of timber will relieve pressures on the country’s forests; on the
other hand, China’s huge demand for raw materials is putting more pressure on exporting
countries, and can result in overall negative impacts (OECD, 2007b) (see Box 4.2).

Inevitably, the distribution of benefits and environmental pressures will differ, raising
issues of equity and social justice. The linkages between globalisation and environment
work in both directions: the economic changes brought about by globalisation have an
impact on the environment, but changes in environmental conditions and measures also
have an impact on the economy.
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Box 4.2. Environmental impacts of China’s accession
to the World Trade Organization

A study conducted by the China Council for International Cooperation on Environment
and Development assessed the environmental impacts of China’s accession to the WTO in
several sectors. For agriculture, the report considered that the impact could be positive if
increased trade liberalisation shifted production from products requiring high levels of land,
water and chemical inputs to more labour-intensive products. It recommended that this
shift should be supported by measures to reduce subsidies for chemical inputs, increase
support for advisory services, disseminate information about foreign environmental
requirements for agricultural products, and strengthen domestic standards.

Timber imports are projected to increase five-fold from 1995 to 2010, in part to support the
production of wood products, notably furniture, for export. While this may have a beneficial
impact on Chinese forests, particularly if accompanied by improved forest management, it
may also contribute to unsustainable forestry practices in supply countries in Asia and
beyond. The report recommended that China should consider reducing escalating tariffs on
finished wood products, and strengthen its international co-operation to combat illegal
logging and to promote sustainable forestry throughout the entire product chain.

WTO accession has contributed to a sharp rise in aquaculture exports, whose volume
currently is roughly equivalent to China’s net imports of agricultural products. Environmental
problems have been exacerbated by this trend (e.g. nutrient and chemical pollution, substrate
eutrophication and red tides). However, the report argued that these costs could be
outweighed by the economic and environmental benefits if appropriate policies are put in
place to ensure high product standards, strengthen control of land-based marine pollution,
manage resources effectively to optimise the quality and quantity of products produced,
disseminate information, provide technical support, and participate in international activities
related to standards for aquaculture.

Source: CCICED (2004).

Globalisation, growth and the environment

Globalisation contributes to accelerated economic growth, particularly through increased
trade and investment activity. While this is undoubtedly a positive development, it needs to be
accompanied by adequate environmental policies to address the negative impacts of such
growth on the environment. Globalisation also stimulates economic development by
integrating emerging economies into the global economy. Developed countries have a special
responsibility for leadership on environmental and sustainable development issues
worldwide, historically and because of the weight that they continue to have in the global
economy and the environment. However, as the economic weight of emerging economies
continues to grow, their contribution to environmental pressures grows as well, and so does
the expectation that they will help to address global environmental challenges.

Globalisation can promote more efficient and less-environmentally damaging patterns
of economic development; for example, by helping to concentrate production in countries
that have a comparative advantage in energy and natural resource endowments. It can also
help to promote the development and diffusion of cleaner technologies. Economic growth
and poverty reduction generally also lead to an increased demand for better environmental
quality, and the additional wealth can be directed towards environmentally related
investments and increasing capacity for environmental protection.
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On the other hand, growing economic activity increases overall resource and energy
consumption, generates more waste, higher pollution levels, etc. The latter can be due, for
example, to extending areas under cultivation for agricultural production destined for
export, or increased trade in energy-, materials- or pollution-intensive goods. Subsidies to
support such economic activities may reinforce the negative environmental impacts.

Globalisation can also promote structural changes in the patterns of economic activity,
including its sectoral distribution. These changes may have positive environmental
impacts - e.g., a shift from manufacturing to the service sector — or negative environmental
impacts, such as an expansion of energy and material-intensive industries.

Competition and the environment: a race to the bottom or to the top?

A salient feature of globalisation is increased competition. Questions about whether,
or how, stringent environmental standards affect the competitiveness of an economy are
not new. But globalisation and growing competition with new market entrants have
brought the issue again to the fore. At the centre of this debate are the ways in which
countries are addressing climate change and how this affects their competitiveness
in global markets (see also Chapter 21 on institutions and approaches for policy
implementation).

Countries are competing to retain production centres and jobs and attract foreign
capital; companies are facing stronger competition both from existing actors and new
entrants. Globalisation is also associated with the rapid emergence of global value chains.
This is motivated by a number of factors, one of which is to enhance efficiency. The growth
of international sourcing has also resulted in the relocation of activities abroad, sometimes
involving total or partial closure of production in the home country and the creation of new
affiliates abroad (OECD, 2007c; Berger, 2005).

The relocation of industries and globalisation of value chains is often associated with
the “pollution haven” hypothesis, according to which industries will relocate to countries
where environmental standards are low. A related effect is that of a “regulatory chill” of
environmental standards, in order to attract or retain investments or create competitive
advantages for exporters. There is a vast literature on the “pollution haven” hypothesis, but
there is little actual evidence to support it (OECD, 2002). The prevailing opinion is that the
empirical evidence is lacking to support the race to the bottom in response to inter-
jurisdictional competition (Porter, 1999).

In fact there are examples of where investment activity has actually helped raise the
standards of environmental regulation. This is consistent with the “Porter hypothesis”,
according to which stronger environmental policies can improve a country’s
competitiveness by fostering innovation and efficiency (Porter, 1990). One reason is that
host governments are becoming more selective about the types of investment they allow,
refusing or restricting the relocation of brown industries. Another reason is that many
multinational enterprises are applying high environmental standards and management
practices to their activities worldwide, and are requiring their sub-contractors to apply
similar standards as well (OECD, 2004; 2007d). This also provides a basis for governments to
adopt or endorse the standards employed by the “front-runners”.
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Key trends and projections
Trade

International trade is a major driver of growth in the world
economy, as trade flows continue to increase. Emerging
economies are becoming important players, and their shares in
world trade are steadily increasing. Since the early 1990s,

South-South trade has expanded at a more rapid rate than The number of trade
either North-North or North-South trade, though starting from and investment
a much lower base (OECD, 2006a and b). agreements which include

The United States’ economy remains the main engine of commitments to co-operate
global economic growth and international trade, but the growth on environmental matters
of world exports of goods and services from China, India and a s increasing, although
few other large developing economies such as Brazil is these are still
becoming increasingly important (see Figures 4.1 and 4.2). comparatively few.
China, for example, absorbed about 6% of world imports
in 2005, up from 3.3% in 2000 (WTO Statistics Database, 2007).

Sustained economic development and rising standards of living in China and India
have been accompanied by a dramatic increase in Asia’s share of world exports and raw
material consumption. Russia is likely to continue to benefit from higher prices for oil and
other primary commodities such as gas and metals, as well as expansion in domestic
demand due to rising real wages and expansionary policies. As the largest and one of the
most influential countries in Latin America, Brazil has emerged as a leading voice for
developing countries in setting regional and multilateral trade agendas.

Figure 4.1. Exports of merchandise and services by selected countries and regions,
annual average growth rates, 2000-2006

I Agricultural products Fuels and mining products I Transportation Travel
Manufactures Other commercial services
% change % change
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StatLink Susm http://dx.doi.org/10.1787/260262376628
Note: “Other commercial services” include: communication; construction; computer and information services; insurance; financial services;
royalties and licence fees; other business services; other personal, cultural and recreational services. Government services are not included.

Source: WTO Statistics Database, 2007.
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Figure 4.2. Total merchandise exports, % of world total per region, 1996 and 2006
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Note: Geographical regions in this figure refer to the UNCTAD classification as follows: Developed economies include OECD countries plus
Estonia, Latvia, Lithuania, Malta and Israel. Developing economies: Africa, America (Central and South America and the Caribbean), Asia
(eastern, southern, south-eastern and western Asia) and Oceania. Transition countries: Central and Eastern Europe, Caucasus and

Central Asia.
Source: UNCTAD Handbook of Statistics on-line, available at http://stats.unctad.org/, accessed July 2007.
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Since 1980, intra-regional trade has grown in nearly all regions with the exceptions of
Central and Eastern Europe, and has steadily accounted for over half of all global trade
(UNCTAD, 2007a). The expansion and deeper economic integration of regional trading
groups will likely remain a key feature of globalisation towards 2030. The substantial
increase in the number of regional (and sub-regional) trade agreements (RTAs) signed over
the past 30 years has contributed to intensified trade and has allowed countries to profit
from expanding exports. An increasing number of RTAs include environmental provisions
(see Box 4.3).

Future projections for trade

The Baseline developed for the OECD Environmental Outlook is a reference scenario, and
thus it projects recent developments into the future, excluding the adoption of any new
policies. As such, policies and agreements that have already been implemented and which
will increase trade and investment liberalisation are reflected, but no new policies aimed
at further liberalisation are assumed to be adopted in the Baseline. As a result, the Baseline
projections for trade to 2030 reflect growth in trade that is increasing faster than economic
growth up to about 2015 as existing policies continue to play out, but which levels off
thereafter (see Figure 4.3). Thus, without new policies or other trade-inducing factors, the
import-to-GDP ratio will stabilise (the ratio is largely unchanged after 2015).

However as this chapter suggests, it is likely that recent trends towards increasing trade
and investment will continue in the future, as a result of new or strengthened agreements
between countries and liberalisation policies. Chapter 6 presents a key variation on the
current Baseline which reflects this continued increase in trade and investment
liberalisation - this “globalisation” variation is also shown in Figure 4.3 for comparison.
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Box 4.3. Regional trade agreements and the environment

Multilateral trade rules provide the best guarantee for securing substantive gains from
trade liberalisation for all WTO members. Nevertheless, WTO rules also allow the
possibility of regional integration and bilateral agreements for members who wish to
liberalise at a quicker pace. In this sense, regional trade agreements (RTAs) should be seen
as a complement rather than an alternative to multilateral agreements.

Over the last few years, the number of RTAs has significantly increased. While the
purpose of many RTAs is to reduce tariffs, a growing number of agreements also deal with
other trade-related issues, such as labour and environment. Today, RTAs negotiated by
most OECD members include some type of environmental provision.

The scope and depth of environmental provisions in RTAs varies significantly. Among
OECD members, Canada, the European Union, New Zealand, and the United States have
included the most comprehensive environmental provisions in recent RTAs. The
agreements by the United States are unique in that they put trade and environmental
issues on an equal footing. Among non-OECD countries, Chile’s efforts to include
environmental provisions in its trade agreements are particularly noteworthy.

So far, the most ambitious agreements, from an environmental point of view, include a
comprehensive environmental chapter, or are accompanied by an environmental side
agreement, or both. Some countries consider environmental issues before entering into an
agreement, by carrying out a prior assessment of its potential environmental impacts. A
few RTAs which did not originally include environmental provisions, have later been
complemented by an environmental agreement. This is the case for the MERCOSUR
agreement, which has been complemented by a Framework Agreement for Environment.

Environmental elements typically found in many RTAs are environmental co-operation
mechanisms. These range from broad arrangements to co-operation in one specific area of
special interest to the parties. The areas of co-operation in different RTAs vary
significantly, and depend on a range of factors, e.g. whether the trade partners have
comparable levels of development or not (in which case, co-operation often focuses on
capacity building), or whether they have common borders, as is the case between
members of the North American Free Trade Agreement (NAFTA).

Environmental standards also figure in a range of agreements, in various forms. The
obligation for parties to enforce their own environmental laws is included mainly in
agreements involving the United States and Canada. A few RTAs refer more generally to the
parties’ commitment to maintain high levels of environmental protection. Others, such as
those recently negotiated by New Zealand, include references to the inappropriateness of
lowering environmental standards. Most RTAs contain clauses reiterating the compatibility
between parties’ trade obligations and their right to adopt or maintain environmental
regulations and standards. Some also include a reference to the compatibility between the
agreement and multilateral or regional environmental agreements.

In spite of these developments, the number of RTAs including significant environmental
provisions remains small, and some countries, especially developing countries, are
reluctant to deal with environmental issues in the context of trade agreements.

Source: Environment and Regional Trade Agreements (OECD, 2007a).
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Figure 4.3. Share of imports in GDP: Baseline and globalisation variation
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Source: OECD Environmental Outlook Baseline and globalisation variation.

Large developed economies like the United States and Japan have a low import-to-GDP
ratio because the service sectors are much larger than manufacturing, agriculture and
other sectors that produce tradable goods. For an economy like China, which is expanding
very rapidly, a projection that trade will keep increasing as a share of GDP would imply that
manufacturing-driven growth would continue at an extraordinary pace. For the Baseline, it
was conjectured that rapid levelling off will occur in the ratio of imports to GDP for China.
Even a levelling off may be optimistic, since it will imply a ratio for China that is more than
three times that of other large economies, such as the United States (see also Chapter 3 on
economic development).

For the globalisation variation, Figure 4.3 illustrates continued growth in imports in a
number of OECD countries, and rapid import growth in the rest of the world (ROW)
economies. The very small import growth in BRIC countries reflects the argument that
these are large economies that are growing rapidly.

Even with trade agreements that favour particular types of goods, the continued
growth of the RoW countries and increasing trade in goods-producing sectors is projected
in the Baseline to lead to some movement of polluting industries to those regions.
Figure 4.4 shows that nitrogen emissions would be 7% higher in 2030, with similar
increases in sulphur and primary energy supply (implying higher CO, emissions) in the
globalisation variation than under the Baseline.

Figure 4.4. Environmental implications: Baseline and globalisation variation in 2030
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Source: OECD Environmental Outlook Baseline and globalisation variation.
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Figure 4.5. Projected commercial balance by sectors (in million USD), 2005 and 2030
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Figure 4.5 reflects the projected commercial balance per sector, showing some growth
of exports in the manufacturing sector in BRIC countries, and in the energy sector in non-
OECD, non-BRIC countries. This confirms the current trend of increased investments in the
energy and natural resources sector (mainly oil) in developing countries, described below.
Very prominent is the increased exports of services by OECD, with growing imports of
manufacturing and energy.

2005 2030
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Source: OECD Environmental Outlook Baseline.

International investment

Foreign direct investment (FDI) has been steadily growing. Inflows of FDI grew by 22%
in 2006, having already increased by 29% in 2005. Inflows to developed countries in 2006
amounted to USD 801 billion, an increase of 48% over 2005 levels, while those to developing
countries reached the highest level ever recorded (for the second time): USD 368 billion.
The sharpest rise in FDI was in natural resources, primarily in the petroleum industry
(UNCTAD, 2007b).

FDI is increasingly intended to serve global and regional markets, often in the context
of international production networks, and the spread of such networks offers, in principle,
new possibilities for developing countries and economies in transition to benefit from FDI
in the manufacturing sector. In Africa, Latin America and the Caribbean, FDI is still heavily
concentrated in the extraction and exploitation of natural resources, with weak linkages to
the domestic economy (OECD, 2007a).

Most FDI occurs within the OECD area, and the United States remains the main recipient
of FDI, followed by the United Kingdom (OECD, 2007a). FDI remains concentrated in a limited
number of countries, with the main non-OECD recipients being China, Russia, Brazil, and
India. China has emerged as the largest FDI recipient among all developing countries. South-
South FDI has expanded particularly fast over the past 15 years and there has recently been
a resurgence of FDI flows to Africa and Latin America, driven by prospects for greater
earnings in the extractive industries (UNCTAD, 2007b). Figure 4.6 shows the changes in FDI
inflows and outflows in the BRIC and selected OECD countries between 1985 and 2006.
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Figure 4.6. Foreign Direct Investment flows by selected regions and countries,
1985 2006 (in billion USD)
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Source: UNCTAD, FDI online database, 2007, available at http://stats.unctad.org/, accessed November 2007.

Very large projected outflows of capital from China to the developing world,
particularly Africa, are raising concerns regarding competition for scarce energy resources,
and over possible undermining of internationally-recognised standards of corporate
conduct (OECD, 2006a). One of the recommendations in the OECD Environmental Performance
Review of China was that the Chinese government should provide more oversight of the
environmental performance of Chinese enterprises, perhaps using the OECD Guidelines for
Multinational Enterprises (see below) (OECD, 2004).

It is mainly governments’ responsibility to ensure that investments contribute to
sustainable development by, inter alia, ensuring that their adverse environmental effects
are adequately addressed and environmental regulations enforced. Recent investment
agreements tend to deal with a broader set of issues, including concerns related to health,

100 OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008



4. GLOBALISATION

safety and the environment, and may thus contribute to creating a more sustainable
framework for foreign investment. On the other hand, this also means that governments
and companies have to deal with a rapidly evolving and increasingly complex set of rules
(OECD, 2007f).

The role of multinational enterprises

Multinational enterprises (MNE), both from OECD countries and increasingly also from
BRIC countries, have become key actors in the globalisation process. While the capacity of
governments to regulate remains broadly within national borders, MNEs operate in many
countries of the world. Therefore, corporate environmental behaviour has become
increasingly central in the globalisation-environment relationship.

In the past, business tended to regard environmental issues as a challenge or even an
obstacle to good economic performance, and in many cases companies preferred risking
paying fines for breach of environmental regulations than improving their environmental
performance to comply with such regulations. Though this may still occur today, many
business leaders perceive good environmental performance as a business opportunity, and
increasingly integrate environmental mechanisms into normal management practice.
Other factors contributing to this trend are increasingly stringent environmental
regulations and enforcement mechanisms, as well as price signals and growing demand
from civil society, consumers, shareholders and financial institutions for better
environmental performance (OECD, 2004).

Companies are also increasingly taking a pro-active approach to environmental
problems, including global problems addressed by multilateral environmental agreements
by, for example, engaging in research and development of more energy-efficient
production methods, or through market approaches that support biodiversity conservation
(OECD, 2005d; 2007{). Leading companies are also recognising the business opportunities of
environmental challenges, and are seeing a competitive advantage in moving ahead of
changes called for by government regulation and, in some cases, ahead of customer
demand. For example, many companies are investing in renewable energy technologies,
such as solar and wind energy, and automobile companies are trying to capitalise on the
growing demand for more fuel-efficient vehicles through the introduction of hybrid cars
(MEA, 2005; OECD, 2007d). Globalisation is also providing new opportunities for innovative
companies to access new markets (Box 4.4).

A “green” corporate image and reputation have become key assets for many
companies, and many apply the same high environmental standards and practices
worldwide in all their plants, thus contributing to globalisation of good environmental
corporate practices. Financial institutions, such as development banks, private financial
institutions and export credit agencies, as well as rating agencies, increasingly take into
account the social and environmental impacts of corporations and of the negative effects
of environmental liabilities on stock value (OECD, 2005c). Among the instruments likely to
shape international financial activities are the recently revised International Finance
Corporation’s Performance Standards on Social and Environmental Sustainability, the
Equator Principles adopted by a range of banks, and the OECD Recommendation on
Environment and Export Credits, adopted in 2003 and revised in 2007. A number of
financial indices, such as the FTSE4Good or NASDAQ Clean Edge US Index, have been set
up to track the environmental and social performances of publicly traded companies
for investors.
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Box 4.4. Environmental innovation and global markets

An important new development in globalisation is that business R&D strategies are
becoming increasingly internationalised. This partly manifests itself through outsourcing
and relocation of R&D activities, especially development activities that allow companies
to access global talent pools; globalisation of R&D through supply chains and new
approaches to partnerships and co-operation.

Growing international markets for environmentally-related technologies provide a
further incentive for governments and firms to re-visit their policies in this area. Recent
data about the size of this market reveal that large-scale opportunities exist for exporters
of environmental goods and technologies. A study by the European Commission estimated
the turnover of eco-industries in the EU at EUR 227 billion in 2004, with a growth rate of 7%
between 1999 and 2004 (EC, and Ernst and Young, 2006). Globalisation is creating wider
markets for environmental technology, and many companies are expanding their
operations - including environmentally-related R&D and innovation - to new markets.
Much of the expansion of this global market of environmental technologies is expected to
occur in emerging countries, especially in China, India and Brazil.

Government policies and regulation continue to be key drivers of environmental
innovation, though other factors are gaining importance, including the market
opportunities in environment-related sectors. Domestic co-ordination between ministries
of environment and ministries of industry and other innovation policy-makers is
necessary to promote a consistent and effective innovation strategy that also allows
environmental innovations to be competitive in global markets. Some governments are
internationalising their national environmental innovation policies in order to scale up the
deployment of environmental technologies. Finland, Denmark and Spain, for example, are
actively promoting exports of environmental goods and services, and are encouraging, and
supporting, domestic firms to become “global exporters”.

Adequate enforcement is crucial to create a level playing field in the marketplace:
regulatory requirements drive environmental innovation, but they need to apply to all
participants. Insufficient enforcement of environmental regulation in one country creates
undue advantages for producers and importers who do not comply with the regulation and
which have fewer concerns about their reputation. On the other hand, weak enforcement
may not provide the incentives that domestic firms need in order to develop
internationally-competitive environmentally-related innovations.

Source: OECD (2007e).

In addition, numerous international codes address
corporate social responsibility, such as the UN Compact, the
Global Reporting Initiative and the OECD’s Guidelines for
Multinational Enterprises, adopted in 1976 and revised in 2000.
The OECD guidelines are a set of voluntary recommendations
to multinational enterprises in all the major areas of business
ethics, including employment and industrial relations; human
rights; environment; information disclosure; combating
bribery; consumer interests, science and technology; . : .
competition; and taxation.The guidelines are global in nature, ~Ccountries are 171creasmgly
since they seek to guide companies’ behaviour wherever they SHELRIG) D T el

operate, both in the home country and in host countries.? em.nronme.ntal concerns
into their domestic

investment frameworks.

Governments in emerging
economies and developing

The guidelines’ chapter on environment recommends that
enterprises establish and maintain an adequate environmental
management system, assess and address the foreseeable environmental impacts associated
with their products and processes, apply a precautionary approach, and maintain
contingency plans for environmental emergencies. They also encourage companies to
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publish relevant environmental information and engage in adequate communication and
consultation with the public and the communities directly affected by their activities. At the
national level, many governments have also taken initiatives to promote enhanced
environmental performance by companies both at home and abroad, for example, by
requiring the publication of annual environmental or sustainability reports (OECD, 2004).

While these trends are encouraging, recent accidents involving large multinationals
from OECD countries, and the questionable environmental performance of enterprises
from emerging economies, underlines the need for continued vigilance and co-operation
between governments and business to strive towards continuous improvement of
environmental performance.

Policy implications

Globalisation stimulates economic growth. Ensuring that environmental policies and
institutions — at all levels and especially in developing countries - keep pace with economic
globalisation and that the benefits of globalisation are equitably distributed are major
challenges for governments and society as a whole (OECD, 2005d). The successful conclusion
of the Doha Round would be an important step in meeting these challenges (Box 4.5). More
efforts are also needed, both in developed and developing countries, to ensure coherence
between trade, investment and environment policies in order to take full advantage of
growing market opportunities for environmental goods, services and technologies.

Box 4.5. Ensuring developing countries benefit from trade liberalisation

Countries have recognised the importance of trade and investment for economic growth
in developing countries, and the need to actively support these countries’ efforts to access
related financial flows. A range of recent OECD studies has confirmed that trade
liberalisation has the potential to contribute to improved economic welfare. Implementation
of international commitments such as the Monterrey Consensus, the Doha Development
Agenda, the World Summit on Sustainable Development’s Plan of Implementation and the
Millennium Development Goals, which include enhanced market access for developing
countries’ exports, increased foreign investment in developing countries and emerging
economies, and better targeted official development assistance (ODA), will be crucial to
prevent a large part of the world from being excluded from the benefits of globalisation.

In the Doha Development Agenda, adopted in 2001, ministers emphasised that
international trade can play a major role in the promotion of economic development and
the alleviation of poverty. They recognised the need for all countries to benefit from the
increased opportunities and welfare gains that the multilateral trading system generates,
and noted the particular vulnerability of the least developed countries and the special
structural difficulties they face in the global economy. Ministers committed to
comprehensive negotiations on agricultural trade aimed at substantial improvements in
market access; reductions of, with a view to phasing out, all forms of export subsidies; and
substantial reductions in trade-distorting domestic support.

The Doha Development Agenda also provided for an opportunity for negotiation aiming
at making development, trade and environment more mutually supportive. Ministers
agreed to negotiations that aim to reduce or, as appropriate, eliminate tariffs, as well as
non-tariff barriers, in particular on products of export interest to developing countries and
on environmental goods and services. Ministers also agreed to consider the effect of
environmental measures on market access, especially in relation to developing countries,
and those situations in which the elimination or reduction of trade restrictions and
distortions would benefit trade, the environment and development.

Source: WTO, 2001; OECD, 2006¢; Gurria, 2006.
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Countries are actively engaging in bilateral and regional trade and investment
agreements. A positive development is that the overall quality of such agreements is
improving though the inclusion of environment and sustainable development
considerations. Lessons learnt in the negotiation and implementation of those agreements
could be used to enhance the multilateral trading system and create sound international
investment frameworks which support sustainable development (OECD, 2007e and f).

Energy security and competition for scarce natural
resources will be important factors influencing trade and
investment patterns in the coming years. These factors pose
challenges to governments, not least in terms of international
environmental governance, but they also provide opportunities
for new technology development and deployment. Globalisation
can contribute to the wider use of environmentally-related
technologies. Governments have an important role to play in
ensuring adequate framework conditions for environmental
innovation and their dissemination in global markets.
Mechanisms to create and expand markets will help to further
promote innovation and deployment of environmentally-related
technologies, including those related to renewable energies and
energy efficiency. This also involves developing new

Globalisation
can contribute
to the development
and wider use of
environmentally-related
technologies.

mechanisms for co-operation between governments and business that provide strong
incentives for innovation and continuous improvement of environmental performance
(OECD, 2007d).

While markets are becoming increasingly global, environmental requirements are still
set at the national or regional level. On the one hand, policy experimentation can help to
identify more efficient and effective environmental policies. On the other hand, diverging
requirements may create barriers to the development and diffusion of environmentally-
related technologies. Finding the right balance between the expansion of trade and
investment in global markets, while maintaining countries’ sovereign right to set high
environmental requirements, will require further efforts, both at national and international
levels (OECD, 2005b).

Fair competition requires that the same rules apply to all players, and this is also true
in global markets. Governments need to devise appropriate mechanisms to ensure a level
playing field, including effective enforcement of relevant environmental regulation and
implementation of commitments under multilateral environmental agreements, and of
environmental provisions in trade and investment agreements (OECD, 2007d, e and f).

Notes
1. UNCTAD data for 2006 are preliminary estimates. Figure 4.6 only contains data up to 2005.

2. As of July 2007, all 30 OECD members, as well as Argentina, Brazil, Chile, Egypt, Estonia, Israel,
Latvia, Lithuania, Romania and Slovenia had adhered to the OECD guidelines.
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Chapter 5

Urbanisation

An estimated 60% of the world’s population will live in urban areas in 2030. Urban
populations will expand particularly rapidly in developing countries, where the
infrastructure needed to support human health and the environment — e.g. water
supply, sewage systems, waste collection — is often not in place. A continuing trend
towards urban sprawl, particularly in OECD countries, will put pressure on the
environment in the coming decades through land use stress, fragmentation of
natural habitats, long-term soil degradation and increases in transport-related
greenhouse gas and air pollution emissions. A holistic approach is needed to
integrate urban design with spatial planning, social objectives, transport policy and
other environmental policies (e.g. waste, energy, water). The diversity of urban
areas — in terms of history, geography, climate, administrative and legal conditions —
calls for urban policies to be locally developed and tailor-made.
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KEY MESSAGES

@ The urban area expanded by 171% worldwide between 1950 and 2000, and some studies suggest that it
may increase by another 150% to 2030.

@ Nearly half the world’s population now lives in urban areas, and this proportion is expected to grow to
60% by 2030. About 89% of the total projected urban population growth of 1.8 billion people from 2005 to
2030 will occur in non-OECD countries.

Environmental implications

@)
)
(o)
®

Continuing urban sprawl will put pressure on the environment through land use stress, fragmentation
of natural habitats, long-term soil degradation, and increases in greenhouse gas and air pollution
emissions.

Developing countries often lack the necessary urban infrastructure to support human health and the
environment — such as water supply and sanitation connections, sewerage and sewage treatment,
waste collection and management systems, and public transport networks.

Cities also provide opportunities to improve the quality of urban life. From the perspective of
sustainable development, compact cities can make more efficient use of natural resources and service
provision by concentrating people and economic activities in a limited area. Economies of scale can
minimise the adverse effects of consumption and production patterns on the environment.

Most OECD cities have made significant progress in reducing their local environmental impacts
(e.g. urban air and water pollution) through improved wastewater treatment, stricter vehicle emission
controls and better public transport provision. Such continuing efforts will be critical to retain the
sustainability of city areas.

Policy implications
@ Ensure a holistic and long-term approach to integrate urban design with spatial planning, social objectives,

transport policy, and other environmental policies (e.g. waste, energy, water); better governance and the
harmonisation of policy tools will be central for such cross-sectoral integration.

e Implement appropriate financial incentives and building codes to support cost-effective greenhouse gas
emission reductions from the building sector. This is particularly important for new building
developments, as these buildings may be in place for decades to come.

World population, total, urban and rural,
1950-2030
If the growth in residential building development — Total Urban Rural
in China continues at the current rate, about Population (billions)
13 billion m? more floor space will be constructed 8

over the next two decades - equivalent to the total 7
building stock currently in place in the 6
EU15 countries. There is an important window of 5
opportunity now to adopt cost-effective energy 4
efficiency measures that will keep the energy 3
demands and greenhouse gas emissions from 2 F
these new buildings low for their lifetimes. ; N
S S S %@Q q/@% (LQ\Q @(@ q§°Q

StatLink =P http://dx.doi.org/10.1787/260430414657

Consequences of inaction

Cities concentrate the impacts of human activities — resource use, pollution, and waste - into a small
area, and thus often exceed the local capacity of the environment to provide such resources and to absorb
the pollution generated. These are not only environmental concerns but also affect the health and well-
being of citizens and economic viability. The current unprecedented rate of urbanisation poses formidable
environmental, economic and social challenges within individual countries as well as for the world
community. Urban environmental problems are now a pivotal issue, and how they are managed has a
direct impact on the quality of life for urban dwellers and the achievement of sustainable development
locally, regionally and globally.
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Introduction

Approximately 49% of the world’s population lives in urban areas. It is projected that
this will continue to increase in the coming decades to reach about 60% of the population
in 2030. For OECD countries, urban populations already exceeded 76% of the total
population in 2005, and they are expected to increase to 82% by 2030. Nearly two out of
three people globally — and more than four out of five people in OECD countries — will live
in city areas by 2030.

Cities! provide job opportunities, access to social and environmental services such as
education and healthcare and cultural activities. Many cities contribute to a large share of
the country’s GDP relative to their population and land area (see Table 5.1). Cities also play
a key role as transport hubs.

Table 5.1. Land, population and GDP of selected cities as a share
of the country total

City Brussels Budapest Lisbon Mexico City ~ New York Paris Seoul Sydney
Percent of land 2.3 0.8 32 0.1 0.1 0.5 0.6 0.02
Percent of population 10.0 25.3 26.3 23.9 7.8 21.2 25.0 24.4
Percent of GDP 444 45.6 38.0 26.7 8.5 27.9 48.6 23.5

StatLink sizm http://dx.doi.org/10.1787/256674851347
Note: These data should be interpreted carefully. Due to data availability, data sources for each factor are different.
There could be a significant discrepancy between data sources regarding the boundaries of cities, except for Lisbon
whose data was provided by the Portuguese National Institute of Statistics (population of 2005, GDP of 2003).
Source: Land: Klein Goldewijk and Van Drecht, 2006; population: UN, 2006; and GDP: OECD, 2006.

Cities can be an efficient living situation from the
perspective of sustainable development. The high concentration
of people and their related activities can bring economies of
scale in providing urban services while minimising some of the
adverse effects of consumption and production patterns on the
environment and human health. By concentrating people and

economic activity in a relatively small area, cities reduce
transport distances and often provide more efficient public

Most OECD cities have
made significant progress

transport systems — this then reduces transport-related fuel use, in reducing their
air pollution and greenhouse gas emissions. Many cities have a  environmental impacts
high proportion of the population in relatively compact through improved

apartments, without gardens. This can reduce energy and water =~ wastewater treatment,
consumption per person, as well as allowing for the more  Stricter vehicle emission
. . . . controls and better
efficient provision of environmental services such as water and ; :
o . . ransport.
sanitation, and waste collection and recycling. P

On the other hand, dense populations in small areas can simply concentrate some
environmental problems such as poor local air quality, high levels of waste generation and
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pollution emissions, poor quality of urban water bodies, traffic congestion and noise
pollution. Because of the concentrated levels of demand for environmental services
(e.g. water) and the concentrated levels of pollutants, cities may exceed the capacity of the
local environment to provide these services or absorb the pollution.

Many OECD countries have made significant progress in dealing with a number of
these environmental pressures, for example, increased coverage and level of wastewater
treatment, stricter vehicle emission controls, improved public transport, etc. Despite this,
OECD countries are still facing tremendous environmental challenges in terms of
protection of the natural environment, efficient use of natural resources and the quality of
life. Many OECD cities are still suffering poor air quality and some of them are struggling
with urban waste (see Chapter 8 on air pollution and Chapter 11 on waste and material
flows). In addition, the current trend toward rapid expansion of urban areas, or “urban
sprawl”, is regarded as one of the major pressures on the urban environment. Sprawling
cities consume larger amounts of arable land, require more transport and transport-related
infrastructure, and demand more energy. This results in land use stress, fragmentation of
natural habitats, increased greenhouse gas emissions, and long-term soil degradation.
Infrastructure development is one of the main pressures leading to biodiversity loss, and
will be responsible for the largest increase in pressure on biodiversity to 2030 under the
OECD Environmental Outlook Baseline (see Chapter 9 on biodiversity).

These urban problems are not only environmental concerns, but also raise human
health and well-being concerns, such as high levels of vehicle emissions, poor housing and
a lack of good quality green space (RCEP, 2007; and see Chapter 12 on health and
environment). They also have economic and social impacts, as well as causing economic
segregation and undermining social cohesion (Savitch, 2003; Greenberg et al., 2001). Poverty
is also closely linked with environmental degradation and environmental justice, although
it is not exclusively an urban issue. The growth of cities, particularly in developing
countries, has been accompanied by an increase in urban poverty for certain social groups
and in particular locations (UNEP, 2002).

Historically, cities have generally evolved in a cycle of transition from urbanisation to
suburbanisation and, more recently, to re-urbanisation. In general, most OECD countries
are in the phase of suburbanisation or re-urbanisation, while developing countries are
mostly in the phase of urbanisation. The focus, intensity and scale of environmental
problems that each city faces will vary, in part depending on where they are located within
this cycle of urbanisation.

The current unprecedented rate of urbanisation poses formidable environmental,
economic and social challenges within individual countries as well as for the world
community. Urban environmental problems are now a pivotal issue, and how urban
environmental problems are managed has a direct impact on the quality of life for urban
dwellers and the achievement of sustainable development locally, regionally and globally.

Key trends and projections
Growing urbanisation
The 20th century saw a tremendous increase in urban population (Figure 5.1). In 2005,
there were 3.2 billion urban residents in the world, nearly four times as many as in 1950. World
urban population has continued to grow faster than the world population, increasing at an
average annual rate of 2.7% between 1950 and 2005, compared to an average annual world
population growth rate of 1.7% (see Chapter 2 on population dynamics and demographics).
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Figure 5.1. World population - total, urban and rural, 1950-2030
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StatLink =P http://dx.doi.org/10.1787/260430414657

Source: United Nations, 2006.

This trend is expected to continue to 2030 (Table 5.2). The majority of the projected
population growth will occur in urban areas. World urban population is projected to rise by
1.8 billion between 2005 and 2030, while world population is estimated to grow by
1.7 billion. The absolute growth in total population will be lower than that of the urban
population because of the continuing shift in populations from rural to urban areas.

Table 5.2. World and urban populations, 1950-2030

Population (billions) Average annual rate of change (%)
County groups 1950 1975 2000 2005 2030 1950-2005 2005-2030
Total population
World 2.52 4.07 6.09 6.46 8.20 1.73 0.96
OECD 0.68 0.92 1.14 1.17 1.30 0.99 0.40
BRIC 1.07 1.79 2.61 2.75 3.26 1.73 0.68
The ROW 0.77 1.36 2.34 2.54 3.64 2.20 1.45
Urban population
World 0.73 1.52 2.84 3.15 4.91 2.69 1.79
OECD 0.37 0.62 0.84 0.88 1.07 1.59 0.75
BRIC 0.20 0.45 0.99 1.11 1.77 3.18 1.89
The ROW 0.16 0.45 1.01 1.16 2.07 2.84 2.37

StatLink sazP http://dx.doi.org/10.1787/256727380435
Note: BRIC contains Brazil, China, India and the Russian Federation, and the ROW (Rest of world) indicates all other
countries except for OECD and BRIC countries.
Source: United Nations, 2006.

On average, 76% of OECD country populations, or 0.9 billion people, lived in urban
areas in 2005. This ranged from 97% in Belgium to 58% in Portugal and 56% in Slovakia. The
absolute number of people in urban centres in OECD countries is expected to continue to
rise, increasing to 82% of the total population by 2030. But, the overall pace and scale will
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slow down. Between 2005 and 2030, the average annual growth rate of urban population in
OECD countries is expected to be 0.75%, about half of the annual increase rate of 1.59%
experienced for the period 1950-2005.

Other than a few exceptions, therefore, the overall urban population increase in most
OECD countries between 2005 and 2030 will remain less than 3%. Only the urban
populations in the United States, Mexico and Turkey are expected to increase significantly
faster at 40%, 16% and 13% respectively. Together, these three countries will represent 69%
of future urban population growth of OECD countries. This substantial growth will
primarily be fuelled by rural-to-urban migration, regional immigration, and the increasing
size of greater metropolitan areas (UN, 2006).

Most of the urban population growth to 2030 will occur in non-OECD countries. The
average annual growth rate of urban populations in non-OECD countries will be 2.1%
during the period 2005 to 2030, which is more than twice as fast as that in OECD countries.
Of the total projected urban population growth of 1.8 billion people from 2005 to 2030,
about 89% will occur in non-OECD countries. The rapidly developing economies of the BRIC
countries will account for 30% of this urban population growth. By 2030, almost four out of
five urban dwellers will be in non-OECD countries.

Most of the world’s largest cities will also be located in less
developed countries. According to a 2006 UN report, there will
be 22 mega-cities with 10 million or more inhabitants by 2015.
Only six of these mega-cities will be located in OECD countries.?

These demographic changes will have a significant impact
environmentally, socially and economically on cities worldwide.
Considering that more than 90% of the world’s urban growth in Urban populations
the next two decades will be absorbed by cities of developing are expanding rapidly
countries, the impacts are anticipated to be much greater there.In  in developing countries,
the absence of significantly improved policies, it is likely that a  yshere the infrastructure

large portion of urban dwellers will be left without access to basic needed to support
environmental and social services, such as safe and sufficient  hyman health and the
water, drainage and wastewater treatment, rubbish collection, environment is often
electricity and heating, and basic health care (UNEP, 2002). As not in place.

cities have grown in developing countries, so have their slum

populations (UN-HABITAT, 2006). In many sub-Saharan African countries, the slum population
accounts for over 70% of the urban population, and 51% of the slum population lacks two or
more of access to water, access to sanitation, durable housing and sufficient living area.

Urban sprawl

As the population of urban areas has grown, so too has their area (Figure 5.2).
Between 1950 and 2000, the total worldwide urban area increased by 171%; 364 065 km? of
land was converted to urban uses, equivalent to almost the total land mass of Germany
(Klein Goldewijk and Van Drecht, 2006). About 50% of this new urbanised area was in OECD
countries. The total urban area of the BRIC countries tripled over this period, and those of
the rest of the world (ROW) expanded by 4.4 times. The relatively low level of urban land
expansion in OECD countries reflects in part their already high level of urbanisation
in 1950. As of 2000, OECD cities still made up 58% of total world urban areas. This
unprecedented expansion of urban areas not only changes the landscape of the earth but
also has significant impacts on our lifestyles.
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Figure 5.2. Trends in urban area expansion, 1950-2000
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Source: Klein Goldewijk and van Drecht, 2006.

Historically, the physical expansion of cities has been driven by urban population
growth, a trend that is seen today in developing countries. Recent urban expansion in
OECD countries, on the other hand, is now largely driven by urban sprawl. Urban sprawl
can clearly be seen by the fact that urban land expansion has been faster than population
growth (Figure 5.3). Urban areas expanded by 171% worldwide between 1950 and 2000,
whereas world population grew by only 142%. In particular, the extent of urban areas in
OECD countries increased by 104% while the population increased by only 66%. The

Figure 5.3. Incremental increases to population and urban areas, 1950-2000
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Source: Klein Goldewijk and van Drecht, 2006.
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significance of this trend is that, on average, each person consumes more space. The
phenomenon of urban sprawl has mainly been seen in North America, but it is becoming a
more common phenomenon in other OECD regions as well.

Changes in the average density of urban areas further highlight the current trend
toward urban sprawl. An analysis of the average density changes of 90 cities around the
world between 1990 and 2000 found decreases in average urban area density both in
developed countries and developing countries (Angel et al., 2005). Moreover, the rate of the
average decrease in density of urban area was faster in developed countries than in
developing countries, even though the average density was already three times higher in
developing countries (Table 5.3).

Table 5.3. Average density and built-up area per person, 1990-2000

Average urban area density (person per kmz) Average built-up area per person (mz)
Category
1990 2000 Annual % change 1990 2000 Annual % change
Developed countries 3545 2835 —2.2% 280 355 2.3%
Developing countries 9 560 8 050 -1.7% 105 125 1.7%

StatLink Sazm http://dx.doi.org/10.1787/256784002801
Source: Angel et al., 2005.

There are a variety of driving forces behind urban sprawl,
including preferences for individual housing, increased mobility,
relative abundance of land and land use planning incentives.
Urban sprawl involves relatively low-density building on arable
and other land outward from the metropolitan core (TRB, 1998;
Carruthers, 2003).That is, it takes place at the expense of
agricultural land, forest, open space or wetland, with a
concomitant loss in the economic, recreational and ecological
values that those ecosystems provided. A European
Environmental Agency (EEA) study conducted on the land use
trends of 23 European countries over 1990-2000 showed that the
largest land category replaced by urban development was
agricultural land (EEA, 2005). About 48% of the land areas that
changed to artificial surfaces during 1990-2000 were originally
arable land or permanent crops, and nearly 36% were pasture and mixed farmland. This land
consumption has impacts not only within the built-up area but also for considerable
distances around it in terms of how land surfaces are reshaped, with valleys and swamps
being filled, large volumes of clay and rock being extracted, and sometimes rivers and
streams re-channelled. This increases stress on ecosystems and species.

Urban sprawl is a common
trend in OECD countries,
and can increase transport,
pollution, resources use
and greenhouse
gas emissions.

Urban sprawl not only affects ecosystems, but also the economic and social conditions
of cities. It tends to cause population de-concentration in urban centres and generates
brownfield sites - abandoned, vacant or under-used former industrial areas
(Greenberg et al., 2001; Savitch, 2003). Increasing brownfield generation can lead to
insufficient use of established social infrastructures. Furthermore, the segregation of land
uses associated with low density and spread-out urban development tends to result in a
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relatively high level of infrastructure construction —roads, water and sewer systems,
schools and privately owned utility systems — that would not be necessary under more
compact development (TRB, 2002). Urban sprawl therefore contributes to undermining
efficient energy and resource use, thus incurring unnecessary exploitation of natural
resources and emission of pollutants.

Nonetheless, without a significant change in our lifestyles or relevant policies, this
trend is likely to continue. If average urban densities continue to decline at the rate seen
between 1990 and 2000, cities are likely to grow by 150% in area by 2030 worldwide (Angel
et al., 2005). Furthermore, if developing countries follow the same path of urban sprawl in
the coming decades as more developed countries, the scale of urban expansion could be
much greater and the magnitude of its impacts on the environment and human society
even more pronounced.

Urban transportation

One of the impacts of urban sprawl is an increasing dependence on the automobile
for intra- and inter-metropolitan travel. Urban sprawl entails building extensive
transportation systems because houses are increasingly far away from workplaces and
commercial centres. This newly constructed transport infrastructure, in return, spurs
further urban sprawl - investments made in new motorways or road connections attract
new development along the improved transport lines.

It is estimated that transportation networks in OECD countries may take up about
25-30% of land use in urban areas, and almost 10% in rural areas (EEA, 2002). Besides the
impacts on land use, this transport infrastructure network also poses a threat to habitats
and biodiversity (see Chapter 9 on biodiversity). The fragmentation and degradation of the
natural landscape and the isolation of habitats create new barriers to natural migration
and the movement of animal populations. In particular, these negative effects significantly
increase when urban expansion happens in environmentally sensitive areas, such as on
coastlines, floodplains or wetlands.

Increased average trip length and suburb-to-suburb trips also increase fuel
consumption and related emissions of air pollutants and greenhouse gases. A strong
relationship can be seen between low density cities and high fuel consumption for private
transportation, as observed in low density cities such as Sacramento and Houston in the
United States (Newman et al., 1999; Kenworthy et al., 2005). Conversely, some Asian cities
such as Seoul or Tokyo have relatively high population density and low per capita fuel use
for private transportation. This implies that in general there is a significant increase in
transport-related fuel consumption in cities as densities fall (Figure 5.4).

Building stock

Buildings occupy a significant volume of urban land and alter the natural urban
ecosystem. They also require large amounts of natural resources for their construction,
and during their operation consume energy, water and other materials, and emit various
kinds of solid, liquid and gas contaminants. At the demolitions stage, they generate vast
quantities of wastes into the environment as well. As such, the building sector has
significant impacts on the environment and human health.
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Figure 5.4. Energy use per capita in private passenger travel versus urban density,
selected world cities
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The construction sector accounts for between one-third
and one-half of commodity flows when expressed in terms of
weight; this inevitably generates a considerable amount of
construction and demolition waste (OECD, 2003).3 The energy
consumed to operate residential, commercial and public
service buildings accounts for around 25-40% of final energy
consumption in OECD countries. For the UK, it is estimated that
the construction, occupation and operation of buildings are
responsible for 45% of total UK CO, emissions, with 27% of the
total coming from domestic buildings (RCEP, 2007).
Furthermore, relatively high levels of pollutants arising from
building materials and components (i.e. finishes, paints and
packing materials) can pose various health problems, such as
irritation of the eyes, nose and throat, headaches and dizziness.

There is great potential
for cost-effective
GHG emission reductions
from buildings, with
the right incentives
and building codes.

Buildings can last for decades, even centuries, and it is projected that more than half
of existing buildings will still be standing in 2050. As such, the environmental impacts of
buildings constructed today will continue for years to come (see Box 5.1 for a Chinese
example). With appropriate incentives and building regulations, there is considerable
potential to reduce the sector’s environmental impacts. There is a lot that can be done to
promote more energy efficient buildings in particular, including use of efficient lighting,
heating and cooling systems; improved insulation material; passive solar design; greater
use of energy-efficient appliances; etc. For example, it is estimated that passive solar
heating and passive solar cooling can reduce the heating and cooling load by up to 50% for
some buildings at no additional costs, and the efficiency of lighting technologies has
improved in recent years such that some estimates show that efficiency gains of 30-60%
can be achieved (IEA, 2006). Such improvements could make buildings much more energy
efficient, and significantly reduce their contribution to greenhouse gas emissions.
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Box 5.1. Environmental effects of the residential sector in China

The Chinese Ministry of Construction anticipates that by 2020 an additional 180 million
people will reside in China’s cities. Residential building floor area has already been
dramatically increasing since 2000; according to projections about 13 billion m? more
residential floor space will be constructed in the next two decades, which is equivalent to
the total floor area of all the existing residential buildings in the EU-15 countries.

With such rapid growth forecast for the residential sector, a window of opportunity exists
now to significantly improve the energy efficiency of new buildings. The choices made today
will determine the efficiency of energy use, and the emissions of air pollution and greenhouse
gases from the building sector for many years to come. However, China is likely to face
significant challenges in addressing energy efficiency in buildings. Several building energy
conservation standards have been set up since the mid-1980s, but only 7% of the existing
building stock complies with the regulations. Moreover, due to the relatively high price and
lower availability of other energy sources, coal is still the main fuel for heating residential
buildings and is likely to be so for some time to come. Currently, energy consumption for space
heating is 50% higher than in industrialised countries with a similar climate.

To improve the poor level of energy conservation in buildings, in 2006 the Ministry of
Construction set more stringent energy standards. These are first being piloted in Beijing
and Shanghai, where the aim is to cut energy consumption in buildings by two-thirds;
these standards will apply nationwide by 2010. The government’s 11th 5-year plan aims to
reduce 89.5 TWh of energy consumption in the building sector by 2010, of which 57 TWh
should be saved through new construction and the other 30 TWh from retro-fitting of old,
inefficient buildings.

Economic incentives will be needed to complement the regulations, along with
institutional reforms to ensure better compliance. The Chinese government - together
with key stakeholders such as developers, energy suppliers, households and local
government - faces an opportunity and a challenge to significantly improve the energy
efficiency of the rapidly expanding new building stock.

Source: Based on information provided by IDDRI (Institut du développement durable et des relations
internationales), Paris, 2007.

Policy implications

Over the past few decades, there have been notable environmental improvements in
some urban areas. For example, air pollution from transport, especially road transport, is
decreasing in OECD countries, thanks to increasingly strict emission standards for
transport providers. More innovative policies have been implemented, such as road and
congestion pricing (see Box 5.2); environmentally related tax reform; improvement of
public transport; and speed control and travel time sanctions for heavy duty vehicles (See
Chapter 16 on transport). There are, furthermore, positive examples in practice of the
significant expansion of green belt or spaces, decontamination of rivers, development of
sewerage and waste management systems and in urban planning (such as brownfield
redevelopment in the UK and the USA, and compact cities in Scandinavian countries).

However, there is still much to be done to create environmentally sustainable cities.
First of all, integrating related policy tools and objectives will be essential to address urban
environmental problems. While each specific policy tool might be valuable in isolation, it
can fail to achieve its full potential benefits unless it is adopted in a carefully integrated
and cross-sectoral way.

OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008 117



5. URBANISATION

Box 5.2. Congestion charging

Congestion charging is primarily intended to address environmental and congestion
problems in urban areas with the price incentive levied on vehicle use within the urban
zone. There are only a few cases in the world where congestion charging has actually been
implemented, the most recent full example being London since 2003. Seoul introduced a
partial congestion charging system in 1996. Recently, Stockholm finalised a full-scale
experiment. The USA has decided at federal level to carry out a large number of trials using
congestion charges, and many other OECD cities, such as Copenhagen, are now discussing
the introduction of congestion charging.

In London, the Central London Congestion Charging Scheme involves a daily charge of
GBP 8 (2007) for most vehicles in the central core of London during peak periods. Since its
introduction in 2003 it has been credited with reducing traffic and traffic-related
externalities (congestion, accidents, and air pollution) in London. Since 2001, emissions of
NO4 have decreased by 13% and PM emissions by 15%. Approximately half of these
reductions has been attributed to changes in vehicle technologies; the other half is likely
to be the result of the congestion charges. Congestion charging is also estimated to be
responsible for a 16% reduction in CO, emissions within the charge zone (TFL, 2006;
Beevers and Carslaw, 2005).

The London case illustrates that congestion charging can be an effective congestion
reduction strategy and an efficient way to improve mobility and to reduce transport-
related pollution and GHG emissions in urban areas. Furthermore, congestion charging
can help cities encourage active transportation and ease the operation of businesses, and
thus retain their attractiveness.

In addition, many cities, such as Mexico, regulate traffic levels by only allowing cars with
number plates ending with either even or odd numbers on certain days. Cities such as
Shanghai have banned petrol scooters and only allow liquefied petrol gas (LPG) scooters to
be used within the city. In Hong Kong, nearly all taxis run on LPG. In New Delhi, rickshaws
which run on compressed natural gas (CNG) are popular.

The integration of spatial planning, transport and environmental policies is particularly
crucial because they are so closely related. Land use policies need to take account of travel
time, car dependency, greenfield use, access to goods and services, air pollution, noise,
greenhouse gas emissions and energy consumption. Spatial policies sometimes influence
transport variables much more than transport policy itself does. Integrating land use policy
with decoupling objectives in the transport sector is important. Changes in land use
regulations may be needed to provide incentives for mixed-use areas with high density.

Furthermore, health and social concerns also need to be integrated into the design and
management of urban polices. Urban planning which takes account of urban poverty and
health issues will promote the accessibility of the poor to basic environmental services as
well as to green space, which will eventually contribute to social cohesion as well. Recent
attempts to improve governance and to adopt a more strategic approach to the economic
development and social and environmental sustainability of cities are leading to the
emergence of what is sometimes termed the “entrepreneurial city”. This is a proactive city
which aims to mobilise social, political and economic resources in a coherent institutional
framework to develop — and sustain long-term support for — a clear social and economic
development strategy (OECD, 2001).
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Policy integration and successful implementation require a new approach to the
governance of urban areas which enables close co-ordination between different policy
areas and better co-operation between different levels and orders of governments and local
stakeholders. A mechanism for effectively co-ordinating priorities among various levels
and orders of governments is particularly critical. One approach would be to develop a
comprehensive policy framework which encompasses the essential policy objectives of
environmental sustainability, human health and well-being, consulting widely with all
relevant stakeholders in its development. The development and implementation of Local
Agenda 21 Strategies in a number of cities is a good example of integrated environmental
management at the urban level. For example, the Local Agenda 21 Strategy adopted by
Copenhagen has led to noticeable improvements in air quality, greenhouse gas emission,
energy use, ecological footprint, recycling and the number of buildings constructed using
sustainable construction methods and techniques (EC, 2006).

From a sustainable development perspective, cities present formidable challenges, but
also provide an opportunity for establishing efficient living environments. There is no
single solution that will apply to all cities. The diversity of urban areas in terms of history,
geography, climate, administrative and legal conditions calls for urban policies to be locally
developed and tailor-made.

Notes

1. “Cities” in this report refer to urban or urbanised areas, including the contiguous territory
inhabited at urban levels of residential density and their additional surrounding areas. This is a
similar concept to urban agglomeration or metropolitan region.

2. Tokyo (35.5 million people in 2015), Mexico City (21.6), New York (19.9), Los Angeles (13.1), Osaka-
Kobe (11.3) and Istanbul (11.2).

3. The OECD (2003) report related to the construction sector for both urban and non-urban
development.
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Chapter 6

Key Variations to the Standard
Expectation to 2030

The Outlook Baseline assumes that, without any new policy action, world economic
growth and globalisation to 2030 will follow similar trends as seen over the past
few decades. This is just an assumption and should not be seen as a forecast of the
future: it represents what might happen without any major new events or policies.
This chapter explores some of the uncertainties associated with the Baseline, and
examines how projections might vary with different assumptions about the
productivity growth rate and the rate of globalisation. These variations to the
Baseline suggest that higher medium-term growth would amplify impacts on the
environment, and increased trade and changing patterns of production would lead
to higher energy demands for the world as a whole. These variations illustrate the
considerable differences that changes in a few key drivers could make to the nature
of the world economy and its pressures on the environment.
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KEY MESSAGES

The Outlook Baseline assumes that world economic growth and globalisation will follow the same trends
to 2030 as seen over the past few decades. This is an analytical tool and should not be seen as a forecast of
the future: it represents what might happen without any major new events or policies. But other scenarios
are possible, and this chapter explores some of them to: a) prepare policy-makers for a range of alternative
outcomes, and b) gauge how they might affect policy prescriptions:

® Economic growth variations (variations 1-3 below): the five years between 2002 and 2007 witnessed
much higher world economic growth rates than previously. Variation 1 projects these recent strong
growth rates to 2020 to explore their medium-term impact. Variation 2 assumes countries’ labour
productivity growth levels off towards 1.25% over the long term instead of 1.75%. This reduced rate of
labour productivity growth is more consistent with longer-term (i.e. longer than 20 years) historical rates
of growth across all countries. Variation 3 assumes that productivity growth levels off to 2.25%. Given
recent global growth rates and advances in transportation and communication technology, this is a
plausible - if optimistic - long-term outcome.

@ Globalisation variation (variation 4): this assumes continued strong increases in trade, e.g. as a result of
explicit trade policies and/or “autonomous” reductions in the costs of international trade. These factors have
been omitted from the Outlook Baseline in an effort to clearly distinguish a reference case from a policy case.

Environmental implications

The higher medium-term growth (variation 1) would increase impacts on the environment. If
emissions of greenhouse gases from energy were 16% higher in 2030, the impacts would clearly be
significant for climate change since an additional 1.7 gigatonnes of CO, would be emitted.

Variations in the rates of long-term productivity growth (variations 2 and 3) have less impact on the
horizon to 2030, but have larger consequences for the environment in the longer term. Nonetheless,
the faster growth represented by the 2.25% rate (variation 3) will mean greater and earlier impact on
the environment than growth of 1.25% (variation 2). Though human material well-being will be better
off, traditional sources of market failure regarding the environment imply that policy frameworks will
need to be reinforced.

The increased trade and changing patterns of production (variation 4) will redistribute polluting
activities and cause an overall increase for the world as a whole. While globalisation may not in itself
lead to much larger economies, it can have environmental impacts through the much wider dispersion
of stages of production (see graph).

)

Selected environmental impacts
of the globalisation variation
For the developing world (ROW), the impact of

increased trade on key environmental variables
(variation 4, see graph opposite) is expected to be
generally negative. This has some implications for
policy coherence (i.e. achieving development and
environmental goals in non-OECD countries). In
OECD countries, there is a mild increase projected in
total primary energy supply under a globalisation
scenario, leading to increased greenhouse
gas emissions. There is also a notable decrease in
emissions of nitrogen oxides. 0ECD BRIC ROW

Sulphur oxides emissions Nitrogen oxides emissions
% change from Baseline (2030)
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Policy implications

These variations illustrate the considerable differences that changes in a few key drivers can make to the
nature of the world economy. Given this level of variability, anchoring the Outlook in historical trends for the
critical economic and social drivers of environmental change is important — both for putting the Baseline
on a firm foundation, as well as for exploring the repercussions of various policy initiatives.
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Introduction

The OECD Environment Outlook Baseline to 2030 is a reference case to explore sources of
future environmental pressures and the impacts of policies on those pressures. It is not an
attempt to predict what the world economy will actually look like over the next quarter of
a century - it is simply a representation of what the world economy could look like if it
continued on its present course. The Baseline, as with all quantitative analysis, remains
highly uncertain and is primarily useful as an analytical tool.

Other factors besides the choice of the Baseline contribute to uncertainty in this
Outlook. For example, the way its questions are framed; the models used and how they were
combined; and technical assumptions such as resource efficiencies and fuel mixes.
Annex B provides an introduction, along with a focus on some specific uncertainties and
limitations, of the suite of models used for the Outlook.

This chapter explores some uncertainties related to the Baseline, and asks what the
likely impacts would be of varying some of the key assumptions in the Baseline
(productivity growth rate and a different path towards globalisation).

Figure 6.1 gives an idea of how variable different model results can be. This compares
the Outlook Baseline projections for CO, emissions with some scenarios from the IPCC’s
(Intergovernmental Panel on Climate Change) Special Report on Emission Scenarios (SRES)
programme (IPCC, 2000).> The large gap between the dotted lines indicates a number of
differences between models, including fundamental elements of model structure, as well

Figure 6.1. CO, energy emissions: OECD and SRES results
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Source: OECD calculations from IPCC Fourth Assessment Report data.
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as differences in model parameters. As the figure makes clear, it is important to explore
sources of uncertainty in model results so that policy development takes into account a
range of possible outcomes.

This chapter is limited to exploring some key variations in assumptions used to
develop the Baseline. There are, however, many other areas where assumptions could also
be varied, so the results reported here do not constitute a full “sensitivity analysis” per se.
Nonetheless, the variations studied here illustrate the kinds of impacts that varying
assumptions in other areas may have. The variations chosen here also potentially have the
widest possible impacts on overall environmental and economic policy. Variations in
issues not explicitly included here are potentially important (e.g. population, energy,
technology, etc.), but have been studied elsewhere. The population projections used in the
Baseline, for example, are developed by the United Nations along with high and low
variations. This chapter thus acknowledges that the Outlook results are conditioned on a
particular set of perspectives, and that these provide a useful starting point.

Types of baselines

How a view of future (economic and environmental) outcomes will be used is of prime
importance to how a baseline and its variations are developed. Many recent studies, such
as the IPCC SRES (IPCC, 2000), the Millennium Ecosystem Assessment (2005), and the
United Nations Environment Programme’s Global Environment Outlook (UNEP, 2002), have
used a series of “storylines” to outline possible evolutions of the world economy. These
storylines have the advantage of providing internally consistent baselines that follow from
given themes.

In a storyline approach, a narrative is developed describing geopolitical and economic
trends. This may be extended to outlining contrasting narratives with major alternatives
that provide information on how events may develop. For example, a common approach is
to have two major axes on which the narratives are based. Such a case is shown in
Table 6.1, where the themes are the degree of globalisation on one axis, versus the degree
of free-market rule on the other. Each of these quadrants can be further subdivided to give
more variation in the possible outcomes facing policy-makers - so globalising free-markets
can look at different dimensions of economic globalisation, for example.

Table 6.1. Main axes of variation of narratives

Global integration Regionalism
Economic emphasis Globalising free-markets Quasi protectionism
Environmental emphasis Accounting for global externalities Local “sustainability”

Table 6.1 implies that different storylines will involve important policy changes for
trade, social programmes and the environment. Storylines are thus useful tools that
enhance an understanding of potential future outcomes, and can lead to early discussion
of what may be needed to avoid undesirable consequences.

A storyline approach, however, cannot easily be used for policy analysis without
considerable additional detail. Policy analysis requires the careful disentanglement of a
new policy from the state-of-the-world without that policy. Specifically, it requires a
complete juxtaposition of policy/no-policy alternatives concerning the issue of interest.
Mixing policy between the alternatives leads to confusion over the impact of a particular
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policy agenda. To undertake policy analysis with a storyline, it must be accompanied by a
complete quantification of all the drivers behind the storylines. With that information,
subsequent analysis can determine what additional policies will be necessary to implement
social objectives.

Sources of variation in reference scenarios

Broadly speaking, there are at least three important sources of uncertainty in a model-
based analysis:

)  Uncertainty in the model parameters. Model parameters define unchanging relationships
between different parts of the environment/economy. For example, the response of
consumer demand to changes in the price of a good or service is often given by a fixed
parameter. Moreover, simple models may use parameters to abstract away from behaviour
that is complex but not of immediate interest. For example, the relationship between
income and savings may be fixed in some models even though people’s savings behaviour
is actually very complicated. Since parameters are derived from empirical sources, there is
statistical uncertainty in the value of the parameter. Dealing with that uncertainty is often
done by examining the impact of small changes in parameters on the model’s results.

ii) Uncertainty in the model structure. There are numerous theories that can be used to
underpin a model’s structure. If the foundation of the model’s structure is wrong, then
the results will also be wrong. This source of model uncertainty can be partially dealt
with by analysing the model’s properties in detail. This can highlight where the model
is consistent with “good” analytical/empirical results and where it may be weak. In the
general circulation models used for studying future climate change, this area of
uncertainty is known as “perturbed physics”, where some of the underlying physics of
the model are tested for robustness.

iii) Uncertainty in the drivers being input into the model to generate results. A model may be
developed that does an excellent job of reproducing current economic/environmental
outcomes, but it still requires projections of future drivers to underpin it — the issues
outlined in Chapter 3. Uncertainty in those drivers translates directly into uncertainty
in the model projections.

Given the wide range of results that can be caused by these three sources of
uncertainty, how can analysts derive useful policy lessons to aid decision-making? To
answer this we discuss each of these areas of uncertainty in turn.

i)  Model parameters: some of the mathematical equations in the model (i.e. those that were
estimated or calibrated to obtain model parameters) can be modified to reflect inherent
uncertainty. Specifically, they can have a random component introduced to reflect the
statistical variability (distribution) of the underlying behaviour. For example, since
modelled consumer behaviour is an average over many individuals, there is a good deal
of variability in any equation that represents consumer demand - even when it is for a
well-specified product such as a car. The random component that is introduced in the
equation represents the variability in the underlying behaviour. In fact, this random
component would have been an integral part of the equation that was used to estimate
the equation’s parameters. In the full model where the equation is used, the random part
of the equation can then be varied - allowing the model to be studied for uncertainty in
the behaviour that the equation represents. By doing a systematic check on all of the
model’s random parts, a picture can be drawn of the overall randomness of the model. It
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can then be used to reflect uncertainty of the model in response to various policies. One
drawback of this technique is that assumptions have to be made about the statistical
properties of the random part of the equation. Without additional analysis to study
different distributions, there may be false confidence in the knowledge of the model’s
uncertainty - all that may really be known is uncertainty as represented by a particular
statistical distribution. This first area of uncertainty concerning the ENV-Linkages model
is dealt with in more detail in other work done at the OECD. One important lesson from
that work is that while the quantitative results that come from the model can change with
revisions to parameters, the qualitative results are much harder to overturn.

ii) Model structure. This area of uncertainty is more likely to change qualitative results, but is
not dealt with here since it would require changes to the model that are not particularly
interesting for the Outlook. Overcoming this area of uncertainty is more closely related to
choosing between analytical paradigms that distinguish different schools of thought.
The computable general equilibrium (CGE) modelling framework used here is a popular
analytical tool for understanding economic phenomena. Its use has expanded
considerably with the increased interest in quantitative analysis of environmental policy
(see Bergman, 2005). This second area of uncertainty suggests that different models will
give different results. How do we treat those differences? If each model were randomly
drawn from a population of models, such that each draw had a statistically normal
distribution, then a sample of model results could be treated as a statistical sample. One
could then construct a mean and variance of the results and discuss them using
terminology like “statistical significance”. If the distribution of models and their results
are not known, then constructing a sample mean, and variance around that mean, is a
matter of pure aesthetics - it provides little scientific data other than to note certain
aspects of the data (policy decisions inferred from the results would be ill-informed). It
does, however, provide a basis for informing expert opinion by allowing experts to collect
information that they would not otherwise have. Succinctly, those types of results are
useful to analysts, not to the non-expert.

iti) Drivers. This third area of uncertainty is the focus of this chapter. As discussed above
under “Types of baselines”, the development of the baseline depends on the ultimate use
of the analysis. Similarly, understanding the uncertainty inherent in the baseline
depends on the analysis being undertaken with the baseline. The storyline approach
outlined above represents an attempt to deal with uncertainty of the future when the
range of possible outcomes is itself the key issue. That is, when “future gazing” is a key
reason for building baselines, then storylines that span the widest possible futures are
imperative. On the other hand, when studying particular policy agendas, the range of
uncertainty can be narrowed considerably by focusing attention on key alternatives to a
reference case (i.e. the baseline) that are most important for the policy issues under
consideration. A starting point for looking at those alternatives would be to examine
variations in the key drivers of the baseline.

Key variations in the drivers
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Environmental outcomes are heavily influenced by the economy. The sheer scale of
economic activity can lead to impacts on the environment that accumulate over time and
can lead to large scale changes in the quality of the environment. Economic growth is thus
an important determinant of the environmental outlook (see also Chapter 3, Economic
development).
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Long-term economic growth is primarily influenced by a handful of factors, of which
the most crucial are the growth of the labour force (population) and the growth of technical
knowledge (productivity). Globalisation contributes to growth through gains from
comparative advantage (allocative efficiency), but its influence on growth continues only
while increasing globalisation is possible. Globalisation, however, is very important for
questions concerning the distribution of sources and impacts of environmental drivers
(see also Chapter 4, Globalisation).

Changes in population are difficult to predict since economic factors endogenously
combine with fertility and longevity to influence growth rates (see also Chapter 2,
Population dynamics and demographics). The variability in projections is such that,
for 2030, the United Nation’s range of projections includes 7% above and below their
medium variation. In other words, the annual population growth may be just under 0.3%
higher or lower than their central projection. The implications for economic and
environmental impacts would be rather significant at both extremes.

Long-term changes in productivity growth of similar magnitudes are also plausible
given past trends. The Outlook Baseline assumes that all countries move towards a long-
term labour productivity growth of 1.75%.? This rate is consistent with the longer-term
growth experience of economies that have achieved development, and whose productive
capacity then essentially grows at the rate of technological advance.

Variations in the aggregate productivity of countries
This section looks at three alternative versions of productivity growth:

i) Variation 1. Whilst the Baseline makes future projections based on the trend in world
economic growth between 1980 and 2001, the world economy has actually performed
considerably better since 2001 (Figure 6.2). This first variation explores what would
happen if this recent high growth - particularly in countries like China - continues in
the medium term (to 2020).

Figure 6.2. World GDP growth (annual), 1980-2008
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Note: The last two data points (2007 and 2008) are projections by the IMF.
Source: IMF, 2007.
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i) Variation 2. Countries’ productivity growth is assumed to go down to 1.25% over the
long term3 instead of 1.75%. This reduced rate of productivity growth is more
consistent with longer-term (e.g. greater than 20 years) historical rates of growth across
all countries. Even this growth rate is high if one looks at the world trend over the
past 2000 years (Maddison, 2003).

iii) Variation 3. Productivity growth is assumed to reach 2.25%. While this would be
unprecedented over a long period for the world as a whole, given recent global growth
rates and advances in transportation and communication technology, this is a
plausible - if very optimistic - long-term outcome.

Variation 1: results

Table 6.2 shows how GDP projections change compared with the Baseline when they
are derived from post-2000 average growth rates. The results are quite dramatic, especially
for the non-OECD regions, reflecting the fact that many of these regions have seen
particularly strong economic performance over the past five years.

Table 6.2. Variation 1: percentage change from Baseline for GDP using recent
(5-year) productivity trends

2010 2020 2030

OECD 0.4 3.4 4.3
North America 0.2 6.5 8.0
US and Canada 02 6.3 7.5
Mexico 0.1 9.7 14.6
Europe -0.1 0.7 0.8
Pacific 1.6 -0.3 -0.5
Asia 1.7 -1.1 -1.5
Oceania 0.6 6.6 7.8
Transition economies 4.4 23.5 43.3
Russia 3.4 171 30.6
Other EECCA 10.0 54.0 104.6
Other non-OECD Europe 2.4 143 25.5
Developing countries 2.9 21.3 41.3
East and SE Asia, Oceania 3.9 29.3 58.7
China 6.1 42.1 83.6
Indonesia -1.5 2.1 56

Other East Asia 0.5 6.0 11.1
South Asia 2.8 19.7 36.3
India 1383 20.8 382

Other South Asia 1.3 15.9 29.5
Middle East 43 19.3 30.1
Africa 2.8 195 34.2
Northern Africa 1.2 94 16.8
Republic of South Africa 3.8 21.9 35.1
Other sub-Saharan Africa 4.2 28.8 49.7

Latin America -0.2 42 7.3
Brazil -1.3 -0.9 —0.6
Other Latin America 1.2 10.5 16.8
Central and Caribbean 2.1 —4.7 7.1
World 1.0 8.4 15.9
European Union 0.0 1.1 1.4
BRIICS 3.9 28.7 57.1
ROW 1.5 12.3 22.6

StatlLink &izr http://dx.doi.org/10.1787/256826112658
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The growth outlined in Table 6.2 is likely to affect the
environment in important ways. For example, if, as in the past, the
growth of emissions of greenhouse gases is only partially related
to GDP (which Table 6.2 shows to be 16% higher), so the additional
growth caused emissions to be only 10% higher, the impacts
would clearly be significant for climate change since an additional
one gigatonne of CO, would be emitted from energy alone.* A
more aggressive policy would be needed to prevent such
emissions. A rough gauge of the additional environmental
impacts can be derived by looking at the environmental elements
of the System of Environmental and Economic Accounts (United
Nations, 2000; i.e. the “green” national accounts):®

Stronger growth than
projected in the Baseline
could have significant
negative impacts
on climate change.

i)  Flow accounts for pollution, energy and materials. These impacts would be a larger draw on
the national accounts, reflecting more environmental damage from the generation of
pollutants, solid waste, etc. In developed countries this is less of a problem since
standards for clean air, clean water, etc., already exist. In developing countries, however,
a political process that is slow to respond to environmental problems would result in
greater harm being done (exposures to harmful air particulates and unclean water, for
example, are already very high in rapidly developing economies; World Bank, 2007).

i) Natural resource asset accounts. These impacts would also be larger, reflecting greater
depletion through changes in stocks of natural resources such as land, fish, forest,
water and minerals.

iti) Valuation of non-market flows and environmentally adjusted aggregates. The non-market
valuation of environmental impacts and adjustment of several macroeconomic
aggregates for depletion and degradation costs would reflect the increased activity that
enhances existing externalities and market failures.

The very rapid productivity growth illustrated in this variation reflects existing
concerns about China’s rapid growth (OECD, 2007; World Bank, 2007). When growth is
rapid, the ability of the political process to manage it and ensure that policy is able to cope
with adverse consequences becomes strained. Policy processes require time to identify
issues and build consensus around the need for corrective action. When that time is not
available because growth is moving too quickly, then there is a risk that policy will fall
significantly behind economic growth and environmental externalities will become much
more severe than would otherwise be the case.

Variations 2 and 3: results

In Table 6.3, the long-term growth rate is changed from 1.75% to 2.25% (Variation 3)
and compared with the Baseline. The resulting change in economic growth is substantially
smaller than the change seen in Table 6.2. A convergence toward 1.25% is also shown in
Table 6.3 (Variation 2).

The asymmetry shown in the table between the two growth objectives illustrates how
much closer growth rates generally are to 2.25% in the initial years. That is, since the
convergence occurs by a slow closing of the gap to 2.25%, there will only be a small increase
when the target moves from 1.75% to 2.25% for countries that were already above 1.75%.
However, since the initial gap between actual growth and 1.25% will be larger with higher
growth rates, the dampening effect of the lower target will be stronger.
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Table 6.3. Change from Baseline in GDP (%) from long-term change
in productivity growth

V2: target of 1.25% V3: target of 2.25%
2010 2020 2030 2010 2020 2030
OECD 0.0 -3.5 -1.3 0.0 2.7 6.4
North America 0.0 -4.3 -9.0 0.0 3.1 6.4
US and Canada 0.0 4.2 -8.8 0.0 3.2 6.7
Mexico 0.0 -5.7 -11.6 0.0 1.6 35
Europe 0.0 -2.7 -5.0 0.0 1.9 5.8
Pacific 0.0 -3.0 -6.5 0.0 2.9 7.2
Asia 0.0 -3.0 -6.4 0.0 3.0 7.5
Oceania 0.0 -3.0 -6.7 0.0 2.3 49
Transition economies -0.3 -21 -4.9 0.1 0.6 1.4
Russia -0.3 -2.1 -4.8 0.1 0.6 14
Other EECCA -0:3 -2.1 -4.9 0.1 0.6 14
Other non-OECD Europe -0.3 A -4.9 0.1 0.6 14
Developing countries -0.3 -2.2 -5.1 0.1 0.6 15
East and SE Asia, Oceania -0.2 -21 -4.9 0.1 0.6 1.4
China -0.3 -2.2 -5.2 0.1 0.6 15
Indonesia -0.3 -2.3 -5.2 0.1 0.6 15
Other East Asia -0.2 -1.7 -4.3 0.1 05 1.2
South Asia -0.3 -2.3 -5.2 0.1 0.6 15
India -0.3 -2.3 -5.2 0.1 0.6 15
Other South Asia -0.3 -2.3 -5.2 0.1 0.7 15
Middle East -0.3 -2.3 -5.8 0.1 0.7 1.7
Africa -0.3 -2.2 -5.3 0.1 0.6 1.6
Northern Africa -0.3 -2.1 -4.9 0.1 0.6 14
Republic of South Africa -0.3 -2.3 5.7 0.1 0.7 1.7
Other sub-Saharan Africa -0.3 2.2 5.6 01 0.6 1.6
Latin America -0.3 2.1 -5.0 0.1 0.6 15
Brazil -0.3 -2.1 -5.0 0.1 0.6 14
Other Latin America -0.3 =21 -5.0 0.1 0.6 15
Central and Caribbean -0:3 -2.2 -5.3 0.1 0.6 15
World -0.1 -3.1 -6.6 0.0 2.1 4.8
European Union 0.0 2.7 -4.9 0.0 1.9 58
BRIICS -0.3 -2.2 -5.1 0.1 0.6 15
ROW -0.2 -2.0 -4.9 0.1 0.6 14

StatLink Sazm http://dx.doi.org/10.1787/256871785576

The rates of economic growth illustrated in Table 6.3 are less worrying for the
environment over the next 25 years than those of Table 6.2. However, in the longer-term,
the faster growth represented by the 2.25% rate will mean greater impact on the
environment sooner, than with growth of 1.75%. Though human material well-being will
be better, the resulting environmental impacts will require more urgent efforts to improve
environmental outcomes.

Variations in the patterns of globalisation

Globalisation of trade and production has helped to improve the material well-being of
vast numbers of people, but perhaps its greatest impact has been on the spread of
knowledge and techniques rather than the pure exchange of goods (see Chapter 4 on
globalisation). Studies that have attempted to quantify the benefits of trade in terms of
increased GDP growth find that this impact is smaller than the impact on GDP of more
dominant factors such as population growth and technical change.
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While economic growth is a main determinant of the
magnitude of environmental pressures, the geographical
distribution of environmental impacts is determined by other
factors, some of which governments can influence. This section
therefore examines the impact that globalisation has on the
location of environmental impact, rather than the impact that
larger economies have on overall environmental outcomes.

The increased trade
Globalisation implies that there is increasing and changing patterns

interdependence between countries (i.e increasing specialisation of production will increase
of production), so trade is growing by more than any increase energy demands

in the overall economy. This is in contrast to increasing significantly for
international commerce that comes about simply from an the world as a whole.
increase in the size of economies. Globalisation implies an

increase in the specialisation of production, and changes in the composition of domestic
versus foreign-sourced consumption: implying that important structural changes are
occurring. So a globalisation variation makes strong predictions about the economic future.

There is good reason to think that current patterns of globalisation are a result of
policy initiatives (e.g. the successful conclusion and implementation of multilateral trade
rounds) and other factors that have promoted trade. However, these implied policies have
been omitted from the Outlook Baseline in an effort to clearly distinguish a reference case
from a policy case. The Baseline also excludes recent reductions in obstacles to trade, such
as declines in transportation and communication costs, as well as decreased border delays
and other trade impediments. Since the reduction in these factors has been very difficult
to quantify, the Baseline assumed that they would level off over the coming decade.

This variation explores what might happen if these past trends were to continue. It
assumes continuing declines in:

e Trade margins: the additional revenue received by an exporter when selling on the
international market instead of the domestic market. This increases demand by
lowering prices in importing countries.

e Invisible costs: the difference between the price at which an exporter sells a good and
the price that an importer pays.

For China and India, the changes in globalisation (i.e. increasing import/GDP ratio)
relative to the Baseline are not implemented since they are already trading large shares of
their economies in the Baseline (more than 31% for China, and 21% for India). Large
economies, such as the United States and Japan, tend to have lower ratios of imports to
GDP than smaller economies, such as Ireland and even Korea.® This is because, as
economies increase, they tend to focus more on the production of services than the
production of goods, and services are generally less traded. Moreover, large economies
tend to produce a wider range of intermediate goods domestically, because there is more
potential for economies of scale within a large economy. Countries producing a wider
range of intermediate goods will show fewer imports relative to GDP (gross output is often
several times bigger than value-added - GDP).

Table 6.4 shows the impact on trade of this variation. In many countries, continuing
past trends in trade growth will lead to large increases in the import/GDP ratio compared
with the Baseline. The changes are important from the perspective of the composition of
output (since imports are increasing), but not from the perspective of the overall growth of
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Table 6.4. Percentage change from Baseline
of implementing a globalisation variation in 2030

Import/GDP % change GDP % change

OECD 42% 1%
North America 55% 1%
US and Canada 53% 0%
Mexico 65% 5%
Europe 33% 1%
Pacific 44% 1%
Asia 42% 1%
Oceania 54% 1%
Transition economies 30% 1%
Russia 30% 2%
Other EECCA 25% 0%
Other non-OECD Europe 35% 0%
Developing countries 31% 2%
East and SE Asia, Oceania 1% 0%
China 0% -1%
Indonesia 29% 2%
Other East Asia 26% 3%

South Asia 5% 0%
India 0% 1%
Other South Asia 32% 1%
Middle East 103% 16%
Africa 58% 2%
Northern Africa 82% 2%
Republic of South Africa 42% 1%
Other sub-Saharan Africa 42% 2%

Latin America 70% 1%
Brazil 49% 0%
Other Latin America 96% 1%
Central and Caribbean 39% 0%
World 1%

StatLink si=r http://dx.doi.org/10.1787/256886566571

the economy (since GDP is not changing by as much). The increased trade and changing
patterns of production will increase energy demands. As the last column shows, this is
projected to be substantial in some cases, and significant for the world as a whole (an 8%
increase). While globalisation may not in itself lead to much larger economies, it can have
environmental impacts through the much wider dispersion of stages of production.

The changes in imports in this globalisation variation, as shown in the table, occur
from a somewhat narrow simulation since it does not include tariff reductions from trade
agreements such as the Uruguay Round Tariff Agreements. Such agreements usually
specify some reduction in tariff levels and are combined with other measures that enhance
trade, usually for a particular sector. The results shown below are thus likely to be missing
some important details that may be included in future agreements, and thus may
misrepresent some of the structural changes that increased trade would actually bring.

Some of the environmental impacts of this variation are illustrated in Figure 6.3. For
the ROW regions, the impact is generally negative, and thus has some implications for
policy coherence in OECD countries (i.e. achieving development and environmental goals
in non-OECD countries). In OECD countries, there is a mild decrease in total primary energy
supply (TPES). There is a notable decrease in sulphur and nitrogen oxide emissions.
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Figure 6.3. Environmental impacts of the globalisation variation to the Baseline
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The methodology applied to obtain the results in the Baseline was specifically
designed to be rigorous and give results that would be useful for policy analysis. Other
methodologies would give baselines that had important and perhaps even stronger policy
implications. Seroa da Motta (2007) notes just how different outcomes can be (Table 6.5).

Table 6.5. Worldwide growth estimates,
2005-2050 (annual rates)

Income indicator and country/source Poncet Hawksworth ONeill et al
(2006) (2006) (2005)

GDP

China 4.7% 3.9% 7.4%

India 4.6% 5.2% 8.3%

Brazil 1.0% 3.9% 5.4%

StatLink =P http://dx.doi.org/10.1787/257110216826
Source: Seroa da Motta (2007), see references therein.

These scenarios illustrate how changes in important drivers, even without new
government policy, can significantly change the nature of the world economy. Given this
level of variability, anchoring the Outlook in historical trends in the critical drivers is
important - both for putting the Baseline on a firm foundation, as well as for exploring the
repercussions of various policy initiatives.

Policy implications
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Model results are primarily useful to organise and reinforce analytical issues already
known from theoretical foundations. Attempting to quantify uncertainty around model
results is a necessary exercise in emphasising to analysts and policy-makers just how
much information is conveyed in the results. When the uncertainty is conveyed to
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decision-makers, considerable care has to be exercised in ensuring that outlining the
uncertainty does not imply that all is known and there are no sources of additional
surprises that may be forthcoming.

Obviously, in addition to the economic variants discussed in this chapter, “technical”
assumptions contribute to the uncertainty of the quantitative analyses for this Outlook. For
example, the Baseline assumes a plausible but still impressive improvement of agricultural
productivity. Without it, meeting the demands of the world’s population by 2030 would
require much more land than projected for this Outlook. Similarly, the proportion of coal
assumed in the world’s energy mix is plausible but by no means a maximum, as has been
pointed out by reviewers, especially these from BRIC countries. Thus, also in this respect,
the Baseline should not be misinterpreted as the maximum amount of degradation for the
environment.

In the remainder of this Outlook, the variations presented in this chapter will not be
examined further. The intention of the Outlook is to explore, at a broad level, issues that
policy-makers need to address in the future. For that purpose, having a range of results for
each quantitative analysis risks creating greater complexity than is needed. There is
always a trade-off between having the maximum amount of good quantitative analysis to
draw from (with in-depth analysis of possible variations), and having explanations that are
relatively clear and succinct. In this chapter we have illustrated that even without implied
changes in government policy, significant variations are possible to the Baseline. For the
remainder of the Outlook, the focus will be on maintaining clarity in the messages.

Notes

1. More precisely, the dotted lines show the range created by two standard deviations from the
median of models results for the SRES scenarios development exercise — though statistical
inference is not implied by the range.

2. It also assumes that after 2007 there are two distinct stages that countries go through on their way
to the 1.75% growth target: a medium-term process and a longer-term process.

3. A gradual process is imposed that levels off to reach the long-term target. In other words, only a
few countries actually reach the target by the end of the Outlook horizon.

4. This relationship between emissions growth and GDP growth is generally, but not always, true.
China, for example, had average emissions growth of 16% between 2000 and 2005, which was well
above average GDP growth.

5. These issues will not necessarily arise with economic growth, but the debate over the Environment
Kuznets Curve (Grossman and Krueger, 1995) suggests that there is no reason to assume that economic
growth will, by itself, lead to a cleaner environment (Dasgupta et al., 2002; Harbaugh et al., 2002).

6. For the United States and Japan this is 14% and 10%, respectively; while for Ireland and Korea it is
65% and 40%, respectively.
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Chapter 7

Climate Change

This chapter examines the projected emissions of greenhouse gases to 2030, by
country and sector, and the expected impacts in terms of temperature change and
other effects. Without new policies, it is projected that greenhouse gas emissions
will increase by about 37% in 2030 compared to 2005 levels, with a wide range of
impacts on natural and human systems. The chapter examines the key drivers of
increases in greenhouse gas emissions, and explores a range of policy scenarios for
reducing these emissions. It finds that early action by all emitters, covering all
sectors and all greenhouse gases, can achieve an ambitious emission reduction
target at low cost. It highlights the need to share the burden of the cost of mitigation
action amongst countries.
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KEY MESSAGES

Scientific evidence shows that past emissions of greenhouse gases are already affecting the Earth’s climate,
with resulting impacts on physical, ecological and social systems (IPCC, 2007a). Global temperatures are
about 0.76°C higher than pre-industrial levels. Impacts will become more significant as temperatures and sea
levels continue to increase and precipitation patterns shift during the latter part of the century and beyond.

The Outlook Baseline projects that current policies and emission trends will lead to a rapidly warming world
(see graph and “Consequences of inaction” below). Protecting the climate requires reversing emission trends
to reduce global GHG emissions significantly below today’s levels by 2050.

Key drivers of emission growth are fossil fuel use (e.g. for power and transport) and unsustainable land use
policies, including deforestation. Agriculture and waste also contribute to emission growth to 2050.

Recent progress has been made in establishing an international framework for action on climate change. There
is also greater policy-making capacity today in many OECD countries to deal with climate change. In non-OECD
countries there is also progress, for example to comprehensively monitor and report on emissions, to
implement climate change and other relevant policies to reduce greenhouse gas emissions and adapt, and to
host Clean Development Mechanism (CDM) projects. This experience will be of value for future climate policies.

Policy options

@ Start today to reduce global CO, and other emissions in order to stabilise atmospheric concentrations at
acceptable levels, and to significantly limit global mean temperature increases, i.e. to 2-3°C, rather than the 4 to
6°C projected in the Baseline. This would significantly limit the risk of the worst climate change impacts in the
long-term.

@ Create conditions for broad participation by all the big emitting countries in mitigation action under a post-
2012 framework. This will be essential to achieve these outcomes in a cost-effective manner.

® Develop and strengthen climate-specific policies and measures to put a global price on carbon to stimulate
development and deployment of climate-friendly technologies, clean energy systems and provide incentives to
change consumer behaviour and business practices.

@ Strengthen national frameworks and strategies to better co-ordinate climate change mitigation and adaptation
through existing sector policies (e.g., energy, transport, waste, land use and agriculture).

® Expand capacity in national governments to work more effectively with non-governmental actors and
organisations, sub-national and city level governments on both mitigation and adaptation.

Cost of mitigation

Emission reductions are not only possible, they are
also feasible at limited cost. Simulations in this
chapter compare Baseline (no new policy) projections
for GHG emissions, global mean temperature and GDP Baseline OECD 2008 Delayed 2020
increase with different policy cases of a phased-in Phased 2030 Al 2008 450 ppm
carbon tax of USD 25 per tonne of CO.eq (see graph).
Costs of a globally applied tax policy starting in 2008
would decrease GDP by only 1% below its “business as 70 L
usual” level by 2050. Another more radical scenario //
involves phasing in a global tax to stabilise atmospheric 60 1 s
GHG concentrations at 450 ppm CO,eq. This policy 50 —
reduces climate impact substantially (see graph), but 40
has more significant, though manageable, global costs. 30
It is projected to reduce Baseline estimates of GDP by 20
about 0.5% and 2.5% by 2030 and 2050 respectively, 10
amounting to a loss of about 0.1 percentage point a 0 —_—
year on average. Aggregate costs of global mitigation q(@g q(@(" Q/Q\Q %Q'f’ ,]9‘19 (]9‘13’ q/g‘bg 09"3’ q/g@ (‘9&’ q/g‘o“
(% GDP), with all countries participating, would be )
lower in the OECD than in the BRIC and ROW countries, StatLink sz http://dx.doi.org/10.1787/262556014837
underscoring the need for burden-sharing in future
agreements.

Impacts of policy scenarios on greenhouse
gas emissions

GtCO,eq
80

Consequences of inaction

The risks of inaction are high, with unabated emissions in the Baseline leading to about a 37% and 52% increase
in global emissions in the 2030 and 2050 timeframe respectively compared to 2005, with a wide range of impacts
on natural and human systems. This unabated emission pathway could lead to high levels of global warming,
with long-term average temperatures likely to be at least 4 to 6°C higher than pre-industrial temperatures. The
costs of even the most stringent mitigation cases are in the range of only a few percent of global GDP in 2050. Thus
they are manageable, especially if policies are designed to start early, to be cost-effective and to share the burden
of costs across all regions.
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Introduction

This chapter presents the Outlook results for climate change.
It begins with a brief review of the science of climate change to
explain the nature of problem. This is followed by a review of
historical greenhouse gas (GHG) emission trends and a
description of Baseline projections. Next the chapter reviews the
nature of the international and national policy challenge to
respond to climate change. The chapter closes with a presentation
of key results from the Outlook policy simulations, comparing the
cost and effectiveness of alternative mitigation strategies to limit
climate change between now and 2050 (and beyond). Climate
change is a “stock pollutant problem” and is thus slow to develop;
reductions of greenhouse gas emissions achieved today, and in
the decades to come, will affect the climate of future generations. The chapter therefore places
the policy challenge of today in the context of long-term climate change outcomes.

Scientific evidence
shows unequivocal
warming of
the climate system.

Scientific evidence shows unequivocal warming of the climate system (IPCC, 2007a).
The global surface temperature increased by 0.76 degrees Celsius from 1850-1899
to 2001-2005. Eleven of the 12 years between 1995 and 2006 rank among the 12 warmest
years in the instrumental record since 1850 (IPCC, 2007a; and Figure 7.1). The rate of
temperature change has also accelerated, rising to about 0.13°C per decade in the last
50 years, which is about twice the recorded rate of change for the previous 100-year period
(IPCC, 2007a); this rate has increased in the last two decades.

The distribution of climate change varies widely by region, with more pronounced
warming observed over the interiors of large land masses. Generally regional temperature
increases are smaller towards the equator and larger towards the poles. Over the last
century, average Arctic temperatures have increased at almost twice the rate of the rest of
the world (IPCC, 2007a). Natural factors such as volcanoes and changes in solar radiation
cannot explain these phenomena (IPCC, 2007a).

Numerous long-term changes in climate and in natural systems have been observed,
many of which are attributable to human activities (IPCC, 2007a). Observed changes include
large-scale declines in snow pack and ice cap coverage and glacier retreat in many regions
(IPCC, 2007a). Changes have also been observed in many weather extremes since the 1970s,
including more intense and longer droughts, particularly in the tropics and subtropics; an
increase in the intensity of tropical cyclones (Emanuel, 2005; Webster et al., 2005;
IPCC, 2007a); as well as an increase in the frequency of heavy precipitation over most land
areas (IPCC, 2007a). The duration and size of wildfires in the western United States are now
partially attributed to changes in summer temperatures, precipitation patterns and earlier
spring snowmelt (Westerling et al., 2006; IPCC, 2007b). Some evidence of non-linear change is
also evident in observed climate change; for example, studies suggest the Atlantic
overturning circulation may be 30% slower than between 1957 and 2004 (IPCC, 2007b and c;
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Figure 7.1. Global temperature, sea level and Northern hemisphere
snow cover trends, 1850-2000
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Note: Observed changes in a) global average surface temperature; b) global average sea level from tide gauge (blue)
and satellite (red) data; and c) Northern hemisphere snow cover for March-April. All changes are relative to
corresponding averages for the period 1961-1990. Smoothed curves represent decadal average values while circles
show yearly values. The shaded areas are the uncertainty intervals estimated from a comprehensive analysis of
known uncertainties (a and b) and from the time series (c).

Source: Reproduced from IPCC, 2007a, Figure SPM.3.

Bryden et al., 2005). Changes in ocean acidity due to increases in carbon dioxide emissions,
reported for the first time in 2004, are altering ocean chemistry and may threaten marine
organisms (Feeley et al., 2004; see also Chapter 15 on fisheries and aquaculture). Ecological
systems of all types are shifting in elevation and geographical location (IPCC, 2007b; see also
Chapter 9 on biodiversity). These observed changes suggest that ecosystems are among the
most sensitive of natural and human systems to the pace and the magnitude of climate
change, while also the least amenable to managed adaptation.

Most of the observed warming since the mid-20th century is due to changes in
greenhouse gas concentrations and can be attributed to human activities (IPCC, 2007a).
Climate change is driven by increases in the global population and economic growth,
particularly the production and consumption of fossil fuels, the expansion of agriculture
and deforestation, all of which have increased GHG emissions (IPCC, 2007a and c).

Atmospheric carbon dioxide and methane (CH,4) concentrations are higher than at any
time in the last 650 000 years (Spahni et al., 2005; Siegenthaler et al., 2005; IPCC, 2007a).
Increased emissions of CO, over the last 100 years increased atmospheric CO,
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concentrations from approximately 280 to 379 parts per million (ppm) in 2005,% while
methane concentrations increased from 715 to 1 774 parts per billion (ppb) (IPCC, 2007a).
Higher concentrations of greenhouse gases in the atmosphere lead to warming, which is
offset somewhat by cooling from sulphur aerosols.

As a result of lags in the Earth’s systems, particularly the oceans, it is estimated that even
if the composition of the atmosphere stabilised today, an additional increase in warming of
0.3-0.9 °C (with a best estimate of 0.6 °C) would still occur over this century (Hansen et al., 2005;
IPCC 2007a).3 Without significant efforts in this century to reduce emissions below current
levels, future predictions of climate change suggest it is likely or, in some cases certain, that we
will see an acceleration of warming trends, associated climate changes and impacts.

Key trends and projections
Current sources, sinks and historical trends

The principal gases associated with climate change are carbon dioxide (CO,), methane
(CHy), and nitrous oxide (N,0), which together accounted for over 99% of anthropogenic
GHG emissions in 2005. CO, is the dominant greenhouse gas, accounting for 64% of global
emissions and about 83% of emissions from OECD countries in 2005, excluding land use
and forestry emissions and removals. Including land use change and forestry increases the
share of CO, in 2005 to 76% globally and does not significantly change the share for the
OECD. Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SFg)
account for less than 1% of total global anthropogenic GHG emissions, but they are growing
quickly. All these greenhouse gases are subject to international obligations under the
United Nations Framework Convention on Climate Change (UNFCCC), including national
monitoring and reporting of emissions and removals of greenhouse gases.

Fossil fuel combustion is by far the largest global source of CO, emissions, accounting
for 66% of global GHG emissions in 2005. Of this, fossil fuel combustion in power
generation is the most important source, and accounted for about one-quarter of all global
GHG emissions in 2005. Electricity-related CO, emissions are also a rapidly-growing source
of GHGs, particularly in Asia, reflecting both increased electrification rates and the
continued predominance of fossil-fired electricity. Global CO, emissions from road
transport are a significant contributor to global GHG emissions, at 11% of the total in 2005.

Trends in GHG emissions vary widely according to world region. Global anthropogenic
GHG emissions (excluding CO, emissions or uptake from land use change and forestry and
from international bunkers) increased by 28% between 1990 and 2005.* This increase was
lower in OECD countries (+14%) than in BIC countries (Brazil, India, China), where emissions
grew by about 70%. However, emissions in some countries — particularly those in Central and
Eastern Europe - fell during the same period. Trends for OECD countries are broadly similar
even if emissions or uptake from land use change and forestry are included, in which case
OECD countries’ emissions increased 10% over the period 1990-2005.> BIC countries’
emissions also increase even more (nearly 110%) if CO, emissions from land use change and
forestry are included.®

However, between 1990 and 2005 there were also large variations in these trends
within different OECD countries. Emissions in nine OECD countries increased by more than
20% in this period,” and eight further OECD countries reported smaller increases.?
However, emissions in several other OECD countries have decreased since 1990, including
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Germany, Hungary, Finland, Norway, the Czech Republic and Slovakia, where 2005
emissions were between 67-80% of their 1990 value.

Future projections

There is a large body of literature that assesses future emissions of greenhouse gases
(IPCC, 2007c). In almost all such studies, human activities are projected to cause emissions
of greenhouse gases to increase for decades or more, unless policies are introduced to alter
these trends by providing incentives to limit demand for energy or other emission
intensive products, or to change behaviour and technologies in climate-friendly ways.

For the purposes of assessing climate change, the OECD Outlook is extended to 2050.
Projected GHG emissions trends (including land use change and forestry) by region are
shown in Table 7.1 and Figure 7.2. These trends show absolute growth in emissions
through 2050 across all regions, with global emissions of all GHGs increasing by about 37%
and 52% to 2030 and 2050 respectively. Growth is significantly higher in BRIC and ROW
regions compared to the OECD. Accordingly, the share of BRIC and ROW within world
emissions increases in this timeframe, growing from 60% in 2005 to 67% in 2050, while the
OECD share declines slightly from 40% to 33% in the same period.

Table 7.1 also shows indicators of emission intensity, both per capita and per USD of
gross domestic product (GDP). Intensity indicators show that emissions per capita increase
in all regions, while emissions per USD of gross domestic product (in 2001 USD) decline
across regions. Per capita GHG emissions in BRIC countries were only about one-third of
those in OECD countries in 2005 (the equivalent of 5.1 tonnes (T) of CO,eq per person in
BRIC countries compared with 15 T CO,eq per person for OECD countries)® and this pattern
continues. The OECD remains the most emission intensive of the regions on a per capita
basis, while it is the least emission intensive when measured on a GDP basis.

In the Outlook Baseline, CO, emissions from energy, industry and land use are also
projected to increase from 35.9 GtCO, in 2005, to 49.8 GtCO, in 2030 and to 55.7 GtCO,
in 2050, or an increase of 39% and 55% respectively (Figure 7.3).19 The rapid increase of
global energy-related CO, emissions is largely as a result of a projected continued
expansion in the use of fossil fuel to support growing demand for electricity (Figure 7.3;
and see Chapter 17, Energy). Demand for electricity is projected to double between 2000
and 2030, increasing emissions from power generation by 65% to 2030 and by 100% (to
22.2 GtCO, compared to nearly 11 GtCO, in 2005) to 2050. Global emissions of CO, from the
transport sector are expected to expand from 6.1 GtCO, in 2005, to 9.6 GtCO, in 2030 and
12.2 GtCO, in 2050, thus roughly doubling by 2050 as the demand for cars increases,
particularly in developing countries. Aviation is projected to be the most rapidly growing
sub-sector (see also Chapter 16, Transport, and note 6 at the end of this chapter).

The IPCC recently summarised available literature on reference or baseline emission
scenarios and established a range of outcomes across these scenarios to 2100. Looking at CO,
from energy, the IPCC shows an increase ranging from 30-55% between 2005 and 2030, and
50-100% between 2005 and 2050.%! By comparison, the OECD Environmental Outlook projects
an increase of about 51% from 2005 to 2030 and 78% to 2050, while the IEA WEO 2006 shows
an increase of about 42% in CO, emissions from energy to 2030 from 2005. Both the OECD
and the IEA baseline scenarios thus lie in the middle of the full range of emission scenarios
available in the literature (Fisher et al., 2007) (see also Chapter 17, Energy).

144 OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008



7. CLIMATE CHANGE

Table 7.1. Outlook Baseline global emissions by region and GHG intensity
indicators: 2005, 2030 and 2050

2005 2030 2050

All GHG - Gt CO5eq

OECD 18.7 23.0 23.5
BRIC 16.1 23.5 26.2
ROW 121 17.6 21.7
World 46.9 64.1 7.4

Change in GHG, 2030 and 2050

% increase % increase

OECD Base year 23% 26%
BRIC - 46% 63%
ROW - 45% 79%
World - 37% 52%

Shares of total GHG by region

% share % share % share

OECD 40% 36% 33%
BRIC 34% 37% 37%
ROW 26% 27% 30%

C0,eq per capita (T/person)
OECD 15.0 16.8 17.0
BRIC 5.1 6.1 6.4
ROW 5.8 5.9 6.0
World 7.2 7.8 7.8

COeq per GDP (kg/USD real)
OECD 0.7 0.5 0.3
BRIC 46 2.2 1.3
ROW 2.9 1.6 1.0
World 13 0.9 0.6

StatLink Sazm http://dx.doi.org/10.1787/257114344671
Note: Figures include land use change and forestry.
Source: OECD Environmental Outlook Baseline.

Figure 7.2. Baseline GHG emissions by regions, 1990 to 2050
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StatLink =P http://dx.doi.org/10.1787/260608566666
Note: 2005 also included as it is the base year.
Source: OECD Environmental Outlook Baseline.
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This OECD Environmental Outlook also includes projections of greenhouse gas emissions
from non-energy sectors (Figure 7.3). Among the most important of these are CO,
emissions from global land use change, largely derived from rapid conversion of forest to
cropland and grassland in tropical regions. These emissions are estimated to be 5.7 CO, Gt
per year by 2005, and are projected to decline over the coming decades to 4.1 Gt CO,
in 2030, and 1.9 Gt CO, in 2050. This is due in part to slowing population growth which is
likely to reduce pressure on forest areas. Although the quality of inventory data is steadily
improving, due to monitoring complexities these projections have large uncertainties, as
do the base year estimates.

Figure 7.3. Total greenhouse gas emissions by gas and CO, emissions by source category,

1980-2050
Greenhouse gas emissions by gas CO, emissions from energy and industry, by sector
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StatLink =P http://dx.doi.org/10.1787/260645760246
Source: OECD Environmental Outlook Baseline.

Emissions of methane from sources such as solid waste disposal on land, enteric
fermentation, natural gas pipelines, rice production, etc. are also projected to increase in line
with expanding production of animal products and rice, but at slightly lower rates than total
food crop production. Between 2005 and 2030 global emissions of methane are projected to
increase roughly by 32%, and to continue to increase to 47% above 2005 levels by 2050. Global
N,O emissions from agricultural practices, industrial and other sources are expected to
increase by about 20% by 2030 and 26% by 2050 as agricultural land expands and production
intensifies in the next decades, with slower growth nearing 2050. HFCs and PFCs from
industrial processes have a high global warming potential and will grow most rapidly,
projected to more than double from 2005 to 2030, and nearly quadruple by 2050. These gases
are being introduced to replace chlorofluorocarbons (CFCs), which are powerful greenhouse
gases and also deplete the ozone layer.'? By 2050 HFCs and PFCs are projected to contribute
roughly 4% of the total change in GHG emissions from 2005.
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Policy implications

Successful mitigation of climate change will require an international effort to limit
global greenhouse gas emissions significantly below current levels over the long-term
(e.g. see Figure 7.5). The main international means to address climate change is the United
Nations Framework Convention on Climate Change (UNFCCC), which has been ratified
by 189 countries. Leadership on the climate change issue has emerged at the highest levels
of government in many industrialised countries, and the worldwide prominence of the
issue has risen in recent years.

Signatories of the Convention have agreed to work
collectively to achieve its ultimate objective (Article 2, UNFCCC),
which is: “... stabilisation of greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system. Such a level
should be achieved within a time-frame sufficient to allow
ecosystems to adapt naturally to climate change to ensure that
food production is not threatened and to enable economic
development to proceed in a sustainable manner.” By signing the
Convention, OECD members and other industrialised nations (or
Annex [ Parties) agreed to take the lead to achieve this objective,
as well as to provide financial and technical assistance to other
countries®® to help them address climate change.

Successful policies
to limit GHG emissions
will require
the participation
of all major emitting
countries.

In 2005, the Kyoto Protocol entered into force, an event that helped to raise the level of
priority attributed to climate change by many governments. The Kyoto Protocol shares the
Convention’s objectives, but strengthens them through commitments of Annex I Parties
(see above) to individual, legally-binding targets to limit or reduce their greenhouse gas
emissions. To date 175 countries have ratified the Protocol; 36 of these countries and the EC
are required to reduce greenhouse gas emissions below specific levels, a total cut of
approximately 5% from 1990 levels by the 2008-2012 period.*

When adopting the Kyoto Protocol, governments recognised that it was only a first step
in tackling climate change and achieving the Convention’s ultimate objective. This has
become even clearer today, as the economies and energy demand of some of the developing
countries, such as China and India, have grown rapidly in the intervening years, with large
increases in emissions (see Figure 7.2). Currently internationally-agreed mitigation targets
apply only to industrialised countries and do not extend beyond 2012. At a Conference of the
Parties held in Montreal in December 2005, Convention Parties agreed to an on-going
dialogue to exchange experiences and analyse strategic approaches for long-term co-
operative action to address climate change. This dialogue process will conclude at the
Conference of the Parties in December 2007, which is widely expected to agree to launch
negotiations for a comprehensive agreement to reduce emissions post-2012.1> Successfully
stabilising atmospheric concentrations to limit emissions and achieve the objectives of the
Convention will require the participation of all major emitting countries.

The Convention and the Protocol are not prescriptive, allowing each party the
flexibility to decide how to reduce emissions and implement commitments. There is a
wide variety of national policies and measures available to governments to mitigate
emissions. These include regulations and standards, market-based instruments (emission
taxes and charges, tradable permits, and subsidies/financial incentives), voluntary
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agreements, research and development and information instruments. The environmental
effectiveness of policies depends on their stringency and on implementation measures,
including monitoring and compliance procedures, whereas the cost-effectiveness will
depend to a great extent on how policies are implemented (IPCC, 2007c). Reducing
emissions across many sectors and gases requires a portfolio of policies tailored to specific
national circumstances. In general, climate change policies will need to be adjusted over
time as new knowledge emerges about climate risk as well as about the means to manage
climate change and its costs (IPCC, 2007c).

National policy frameworks to address climate change

Governments, corporations, states and cities have recently
introduced measures to reduce emissions in the near-term and
to promote the development of new GHG-friendly technologies
that will be needed in the future. GHG emission trends in
industrialised countries suggest that some progress, though
still limited, has been made to curb GHG emissions since 1990.
Most industrialised nations now have 10-15 years of experience
with climate change as a national policy issue, suggesting that
it is an opportune time to review and draw lessons from what

In industrialised countries
some progress in curbing
GHG emissions has been

made, but efforts
are insufficient given
national and international
goals to limit climate
change.

has been achieved for the future.

There is also growing evidence of more significant policy-
making capacity to deal with climate change in many countries
compared to earlier years. A look at progress to date in efforts
to mitigate emissions highlights several important issues. First
is the emergence of climate change specific policies, or those
that are truly new and designed to target GHG emission reductions. Such policies are often
cross-sectoral, are comprehensive in their coverage of GHGs and are more stringent than
early mitigation policies. Examples include emission trading schemes, CO, and green
energy taxes, voluntary measures with industry to address GHG emissions, targeted
regulation (e.g. for CH, emissions), collaborative research and development programmes.

Second, there is progress in many countries to develop “whole-of-government” efforts
to integrate climate change into pre-existing sector policy frameworks. Examples include
measures to accelerate investment in energy efficiency through energy policy and to
promote mass transport options through transportation policy frameworks. In non-energy
sectors, waste minimisation, landfill gas recovery and agriculture fertiliser management
are examples of pre-existing measures that have been reinforced due to concern about
greenhouse gas emissions. All of these low-cost measures have multiple environmental
and economic benefits (e.g. see Table 7.2). Importantly, there are numerous local and
national co-benefits of taking steps to reduce CO, and other GHG emissions other than
avoiding climate change, such as reduced air pollution and improved energy security. And
at the global level, action to limit HFCs and CFCs will benefit both climate and ozone
protection efforts (Velders et al., 2007). In addition, land use planning, agriculture and
infrastructure design are increasingly taking into account climate change risk at the local
scale, flagging the early development of adaptation (see below).

The third area of progress is the emergence of multilevel governance on climate change
issues, both vertically (from local to national) and horizontally (across both governmental
and non-governmental actors). Leadership and experimentation by cities and other
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Table 7.2. Related aims and co-benefits of sector policies to reduce GHGs

Sector

Climate policy aims and benefits

Other (non-climate change) benefits

Electricity production
and industrial energy use

Residential - buildings
and appliances

Industry — manufacturing

Transport

Agriculture

Waste

Encourage fuel switching from coal

and oil to low or no-emission energy sources,
such as renewable energy and energy
efficiency, to reduce CO, emissions.

Lower energy use requirements

of housing and household services,

reduce CO, emissions.

Stimulate investments in energy

and materials efficiency, reduce CO,

and other GHG emissions.

Raise the efficiency and emission
performance of vehicles and manage demand,
reduce CO, and possibly other GHG
emissions.

Minimise nitrogen fertiliser use,

reduce N0 emissions.

Minimise waste, encourage recycling
and material efficiency in production and

Raise regional and urban air quality and limit SO

and NO, air pollution, preserve water quality,

protect forests and ecosystems; increase

energy security.

Lower investment costs for energy suppliers and possibly
smooth load; lower operating costs for consumers

and avoid pollution from (unnecessary) electricity

and/or heat generation; improve comfort and affordability;
raise energy security.

Improve resource efficiency of industrial operations;
short- and long-term financial savings; lower energy

consumption (and costs); raise profits and energy security.

Lower congestion in cities and limit harm to human health
from urban air pollution; lower dependency on oil imports
to raise energy security; gain in technology leadership.
However dis-benefits may also exist e.g. increased diesel
fuel use lowers CO, but increases particulates, which have
human health risks; also catalytic converters lower NO,
emissions but raise N,0 and CO, emissions.

Lower nitrogen run-off from agriculture and improve
water quality; improve sustainability performance.

Limit needs for costly and unsightly landfilling;

improve economic performance.

packaging, reduce CH4 emissions.

sub-national governmental authorities are increasingly shaping mitigation strategies.
Sweden, the UK and the US, among others, have city governments which have taken the lead
on mitigation. Australia, Canada and the US provide examples of proactive state or provincial
governments. In the private sector, some companies have also begun to target and regulate
GHG emissions. Sub-national regions and cities may also play an essential role in adaptation
planning, as seen in emerging efforts in Denmark, Canada, the UK and the US.

Integrating adaptation responses into sector and natural resource management
policies is expected to be a key way forward to limit the socio-economic risks of climate
change (Agrawala, 2005; Levina and Adams, 2006; McKenzie-Hedger and Corfee-
Morlot, 2006). However, much less progress has been made on adaptation compared to
mitigation. Adaptation includes coastal zone and water resource management policies as
well as disaster prevention and planning policies (e.g. to anticipate more frequent flooding,
drought, heat waves or fire, depending on the region). Other benefits of such measures
include reinforcing sustainability and creating a greater capacity for sectors to respond to
climate variability as well as climate change over the longer-term. Table 7.3 highlights the
coverage of impacts and adaptation in national reports on progress under the UNFCCC.

In addition to national action on adaptation, the EU is taking steps to advance the
adaptation agenda as a priority across its member states. In 2007, the European
Commission adopted its first policy document on adaptation highlighting the need for
early action where there is sufficient knowledge, using EU research to fill knowledge gaps
and integrating global adaptation into external relations policy (CEC, 2007). The OECD
Development Assistance and Environment Policy Committees also recently issued a
declaration on adaptation, calling for greater co-operation and attention in development
assistance and national planning for development (OECD, 2006).
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Table 7.3.

under the UNFCCC (including NG2, NC3, and NC4)

Coverage of impacts and adaptation in National Communications

Climate change impact assessments

Adaptation options and policy responses

Climate
change
scenarios

Historical
climatic
trends

Impact
assessments

Establishment
of institutional
mechanisms
for adaptation

Mention
of policies
synergistic

Identification
of adaptation
options

Formulation
of adaptation
policies/
modification of

Explicit
incorporation
of adaptation

with adaptation in projects

responses  existing policies

Iceland
Hungary
Portugal
Estonia
Latvia
Russia
Japan
Romania
Denmark
Korea
Slovenia
Ukraine”
Belarus
Bulgaria
Croatia
Mexico
Slovak Republic
Norway
Czech Republic
Liechtenstein
Germany
Austria
Lithuania
Greece

Italy”

Early
to advanced stages
of impact assessment

of policy responses

Advanced impacts assessment, but slow development

Spain

Ireland
Finland
Poland
Switzerland
Sweden
United States
Canada

New Zealand
Belgium
Australia
France
Netherlands
United Kingdom

Moving towards implementing adaptation

* NC2/NC3 only.
Coverage:

- Extensive discussion

Some mention/limited discussion
No mention or discussion

Quality of discussion:
Discussed in detail, i.e. for more than one sector or ecosystem, and/or providing examples of policies implemented, and/or

" is based on sectoral/national scenarios.

% Discussed in generic terms, i.e. based on IPCC or regional assessments, and/or providing limited details/no examples/only
examples of planned measures as opposed to measures implemented.

® Limited information in NCs, but references to comprehensive national studies.

Source: Gagnon-Lebrun and Agrawala, 2008.
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Market-based instruments

A large number of market-based instruments are used in a variety of ways by
countries to mitigate GHG emissions. These include emission charges and taxes, product
charges, tax differentiation and subsidies.'® Several OECD countries have implemented
modest CO, emission taxes or “green” energy taxes intending to limit emissions. For
example, in Denmark, Finland, the Netherlands, Norway and Sweden, CO, or “green”
energy taxes have been in place since the early 1990s. In the Netherlands and Sweden
significant energy taxes or rebate/refund systems encourage investments in energy
efficiency and the use of renewables. The Swiss government also implemented a CO, tax
in 2006 (UNFCCC, 2006b).

GHG emission trading is another prominent form of market-based instrument for
climate change mitigation. The Kyoto Protocol allows industrialised countries to achieve
their emission targets through the use of a number of international market-based
instruments that are flexible about where emission reductions take place.’ These include
international emissions trading (Box 7.1), the Clean Development Mechanism (CDM) and
Joint Implementation (JI). These flexible approaches help to lower the costs of compliance
below what they would be if each country worked alone.

Emission trading is being implemented or considered by a number of national
governments, for example the EU, Norway, Japan,18 Australia and New Zealand, and by
sub-national entities such as the states in the US and provinces in Canada. The EU
Emission Trading Scheme (ETS) is by far the largest of these and is enabling more than
25 countries to test and gain practical experience with this instrument, including design
and competitiveness issues. Implementation of the ETS has included extensive
discussions about efficient and politically feasible design options and, more generally, the
applicability of a cap and trade approach to GHG emission sources (and sinks). This has
also prompted a large number of studies on efficiency and equity issues associated with
the distribution of permits, the implications of economy-wide versus sectoral programmes,
mechanisms for handling price uncertainties, different forms of targets, and compliance
and enforcement issues.

Two other “flexibility mechanisms” under the Kyoto Protocol will also generate
tradable credits. The Clean Development Mechanism (CDM) allows Annex I Parties to
implement project activities that reduce emissions by non-Annex [ Parties, in return for
certified emission reductions (CERs). The CERs generated by such project activities can be
used by Annex I Parties to help meet their emissions targets under the Kyoto Protocol,
provided that the projects help developing countries achieve sustainable development.'®
The CDM is growing fast and is currently expected to generate 2.1 billion credits by 2012
(UNEP/RISO www.cdmpipeline.org) which is already a significant proportion of the expected

gap between mitigation targets and national emissions under current policies.

The second of these “flexible mechanisms” is Joint Implementation, where Annex I
Parties may implement an emission-reducing project in the territory of another Annex I
Party and generate emission reduction units (ERUs) towards meeting its own Kyoto target.
It is likely that many countries will have to implement additional policies and/or take more
advantage of these flexibility mechanisms to achieve their Kyoto Protocol emission targets.
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Box 7.1. The European Union Emission Trading System (EU ETS)

The launch of the EU ETS is one of the most significant recent policy developments
aimed at reducing GHG emissions in industrialised countries under the Kyoto Protocol. It
is a so-called “cap and trade” system where participants agree to work together through a
market to achieve fixed emission reduction targets. Its first, pilot, phase ran from 2005-
2007. Its second phase runs from 2008-2012, and its third phase will start in 2013. The EU
ETS extends to all EU member states (25 in the pilot phase, and 27 in the second phase). In
March 2007, the European Council endorsed an energy and climate package, making an
independent commitment to reduce greenhouse emissions by at least 20% by 2020 and
concluding that the reduction target would be increased to 30% in the context of an
international agreement that includes other industrialised countries. A key challenge for
the EU will be delivering on these political commitments. Before the end of 2007, the
Commission will present a proposal to amend the Emission Trading Directive as well as a
Burden Sharing Decision to achieve the agreed greenhouse gas reduction target.

The EU ETS is significant in all EU countries in terms of the scope of emissions covered
under the system, which includes approximately half of gross EU CO, emissions from
almost 11 500 installations during 2005-2007. The share of CO, emissions covered in
individual countries varies widely, from approximately 22% in Luxembourg to 78% in
Finland. Coverage of the EU ETS will expand during the second phase in terms of numbers
of installations, the type of GHG emission covered (with some countries choosing to
include industrial N,O emissions), and potentially also the emission sources covered
(e.g. aviation).

In the pilot phase of the EU ETS, national allocation plans (including reserves for new
entrants) allowed for a slight increase in emissions from the covered facilities above
baseline emission levels. Actual emissions were below allocation levels by approximately
8% in 2005 and 2% in 2006, indicating that the allocations in the pilot phase did not
effectively constrain emissions below what they would have been otherwise. Allocation for
the second phase of the EU ETS is much tighter, with the proposed cap for EU25 member
countries lower than their EU ETS emissions in 2005, even though the coverage of phase
two is larger than phase one.

A number of factors have affected allowance prices in the EU ETS, including the overall
size of the allocation, relative fuel prices, weather and the availability of Certified Emission
Reductions (CERs) from the CDM. The market has grown enormously, with over one billion
tonnes CO,eq of allowances, corresponding to over USD 24 billion, traded in the EU ETS
during 2006 (Capoor and Ambrosi, 2007). The EU ETS has experienced significant price
volatility during its pilot phase, with prices rising to over EUR 30 per tonne CO,, but then
dropping dramatically in April 2006 when emissions data from member states were
released showing that they had emitted less than anticipated. By late 2007, prices for
phase one allowances were lower than EUR 0.1 per tonne. However, prices for phase two
allowances are much higher (EUR 21-23/tonne in October 2007) due in part to the much
more stringent allocations in this phase.

From 2013, there may be significant changes in the coverage of the EU ETS and in its
links to other schemes - as well as increased harmonisation of the cap-setting, allocation,
monitoring, reporting and compliance provisions. The Commission’s recommendations
for such changes will be made in its review at the end of 2007, and should be finalised
during 2008-20009.
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Regulations and standards

Regulations and standards specify abatement technologies (technology standard) or
minimum requirements for pollution output (performance standard) to reduce emissions.
Because performance standards require specific emission levels but often allow firms
some discretion in how to meet those requirements, they are regarded as more cost
effective than technology standards. Regulations and standards are often most applicable
to sectors where consumers do not respond to price signals or where the price elasticity of
demand is low (e.g. electricity, gas). Relatively few regulatory standards have been adopted
solely to reduce greenhouse gases, although standards have been adopted that reduce
these gases as a co-benefit. For example, there has been extensive use of standards to
increase energy efficiency, including fuel economy standards for automobiles, appliance
standards and building codes. Standards to reduce methane and other emissions from
solid waste landfills have also been adopted in Europe, the United States, China and other
countries. Such standards are often driven by multiple policy objectives, including
reducing other pollutants (e.g. volatile organic compound emissions), improving safety by
reducing the potential for explosions and reducing odours for local communities.

Voluntary agreements

Voluntary agreements and measures (VAs) are agreements between governments and
one or more private parties to achieve environmental objectives or to improve
environmental performance.?° They are a common GHG policy in OECD countries (see
Box 7.2). It is difficult to compare the “stringency” of agreements in different countries
since they use different units, timeframes and/or boundaries. More fundamentally it is
difficult to determine the effectiveness of voluntary agreements in reducing GHG
emissions below business-as-usual levels (OECD, 2003). However, the benefits of voluntary
agreements for individual companies may be significant. Firms may enjoy lower legal
costs, enhance their reputation and improve their relationships with shareholders.
Negotiations to develop VAs on climate change can help to raise awareness of climate
change issues and the potential for mitigation within industry, and help to move industries
towards best practices.

Technology research and development

Research and development (R&D) policies may include direct government spending
and investment on mitigation technologies and tax credits to improve their performance
and lower their costs. Examples of international initiatives that aim to develop and
advance cost-effective technologies include the International Partnership for a Hydrogen
Economy, the Carbon Sequestration Leadership Forum, and the Asia-Pacific Partnership on
Clean Development and Climate. Countries pursue technological R&D in national policy for
a number of reasons, such as to foster innovation, induce investments by industry and to
help domestic industries to be competitive. Investments in R&D can however be
misdirected to the wrong technologies or can result in the “locking in” of inefficient
technology paths, and the results may not be seen for decades. While R&D programmes
play an essential role, they will need to be supplemented with other policies, for example
economic instruments and other incentives such as feed-in tariffs,?! to promote
deployment and diffusion of low carbon technologies and to ensure reductions in GHG
emissions.
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Box 7.2. Examples of voluntary agreements in OECD countries

@ Australia’s “Greenhouse Challenge Plus” programme: An agreement between the
government and an enterprise/industry association to reduce GHG emissions
(see www.greenhouse.gov.au/challenge).

@ Japanese Keidaren Voluntary Action Plan: Voluntary measures taken by 35 industrial
and energy converting sectors to reduce GHG emissions, which are followed up by
government review. The relationship between the government and industry in Japan, as
well as the unique societal norm, make this voluntary programme unique; in other
words there is de facto enforcement (see wwuw.keidanren.or.jp).

@ Netherlands Voluntary Agreement on Energy Efficiency: A series of legally binding long-
term agreements based on annual improvement targets and benchmarking covenants
between 30 industrial sectors and the government to improve energy efficiency.

® United States Climate Leaders: This partnership encourages individual companies to
develop corporation-wide GHG inventories, set aggressive reduction goals, report
inventory data annually, and document progress towards their goals, reporting annually
to the US Environmental Protection Agency. Since 2002 the programme has grown to
include 118 corporations (see www.epa.gouv/climateleaders).

Policy simulations

Model simulations undertaken for the Outlook provide insights into several key policy
questions (Box 7.3). This section investigates:

e How climate change impacts compare across alternative mitigation strategies, e.g. early
action compared to phased or delayed action.

e How modest or phased mitigation achieved through a harmonised, global carbon tax
compares to atmospheric stabilisation pathways for mitigation (e.g. stabilising
atmospheric concentrations at about 450 ppm CO,eq and above).

e The costs and effectiveness of full versus more partial participation in global mitigation
strategies.

The rest of this chapter focuses on two main sets of policy simulations: i) the
implementation of a harmonised global “carbon” tax; and ii) implementation of a
stabilisation objective, in this case, 450 ppm CO,eq. Both are projected to lead to significant
emission reductions and to alter climate change in the next 50 years. The analysis
compares the environmental and economic effects of these different policy choices with
the Outlook Baseline to 2050. It considers changes in GHG emissions (compared to 2000
emission levels) across regions, sectors and sources, as well as the effects on atmospheric
concentrations of GHG and global and regional temperature changes. Ancillary or co-
benefits of mitigation are also briefly analysed here focusing on three areas: air pollution,
biodiversity and security. Economic effects are described as changes in global and regional
economic growth - using GDP — comparing the policy cases to Baseline outcomes in a given
year. Finally, sectoral economic effects of the different mitigation cases are considered by
comparing changes in value added by sector and region against Baseline developments.
The key assumptions and uncertainties associated with such projections and simulations
are listed in Box 7.4.
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Box 7.3. Description of Baseline and policy simulations

Baseline assumptions: The Outlook Baseline uses the UN forecast of population growth to 2050 and
estimates that global economic growth will be 2.4% per year (expressed in terms of purchasing power parity
or PPP) on average to 2050. Productivity growth rates and economic growth, labour force growth rates and
population growth are outlined in Chapters 2 and 3.

Policy case 1. Global GHG taxes:

Four cases are considered based on the implementation of a USD 25 tax per tonne of CO,eq.* As the social
costs of carbon™ grow over time, the tax is increased in real terms by 2.4% per year. The level of CO,eq tax
used in three of these policy simulations escalates over time (Figure 7.4). The tax applies to the main
greenhouse gas (i.e. CO,, CH, and N,O) emission sources across all economic activities, although the timing
and countries participating in its application vary by scenario as follows (from least to most environmentally
aggressive):

i) OECD 2008: OECD countries immediately implement the USD 25 tax on all greenhouse gases and sources.

ij) Delayed 2020: all countries impose the tax on greenhouse gas emissions, but the timing is delayed
until 2020.

iii) Phased 2030: the global tax on greenhouse gas emissions is phased in, beginning with the OECD
from 2008; Brazil, Russia, India and China from 2020 and then the rest of the world (ROW) from 2030
onwards.

iv) All 2008: in a more aggressive effort to mitigate global GHG emissions, all countries implement the USD
25 tax on CO, and other GHG emissions from 2008.

Figure 7.4. GO4eq tax by policy case, 2010 to 2050: USD per tonne CO, (2001 USD, constant)

450 ppm All 2008 B Delayed 2020

2010
2020
2030
2040
2050

0 30 66 96 12‘0 1;)0 180‘

USD per tonne CO,

StatLink Su=m http://dx.doi.org/10.1787/260656823061
Source: OECD Environmental Outlook Baseline and policy simulations.

Policy case 2. 450 CO,eq ppm stabilisation:

This policy simulation is chosen to demonstrate the level of effort required to stabilise atmospheric
concentrations of GHG at 450 ppm CO,eq (referred to below as 450PPM) and limit global mean temperature
change to near 2°C over the long-term. It provides insights into possible mitigation costs for this aggressive
mitigation pathway. It simulates an emission reduction pathway across all world regions in a “least-cost”
manner across all sources (and sinks) of greenhouse gas emissions. In addition to cost and effectiveness, the
simulation also reviews the technologies needed to achieve this aggressive stabilisation target (see Chapter 17).
This allows us to understand what technologies and sources of greenhouse gases are expected to offer the most
cost-effective means of reducing emissions significantly over the coming decades. The tax that was applied for
this simulation increases from USD 2.4 per tonne of CO,eq in 2010 to USD 155 in 2050 (in 2001 USD, constant).

A variation on this case is also presented to explore burden-sharing, using a cap and trade approach to
implementation.

*

Note a comparable tax is assessed as part of the policy packages exercise. See Chapter 20.

The “social cost of carbon” (SCC) refers to the marginal damage costs of carbon emissions, or the incremental damage cost of
emitting one additional tonne of carbon (in the form of CO,) into the atmosphere. This is the key measure of benefits of
mitigation within a cost-benefit analysis approach of policy assessment. See Pitinni and Rahman (2004) for a brief explanation
of how integrated assessment models typically estimate SCC.

*k
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Box 7.4. Key uncertainties and assumptions
Projections of climate change depend on a number of parameters, all of which are
associated with uncertainty in the future, including:

e Estimates of future population, economic growth and technology change: predictions of
GHG emissions are influenced by population and economic growth and assumptions
about technological changes. While most emission scenarios vary little to 2030, beyond
that period GHG emissions could vary significantly if population, labour force
participation, productivity, technological progress and economic growth differ from the
assumptions in the Baseline.

o Climate sensitivity: this parameter characterises how global temperatures respond to a
doubling of CO, concentrations. The IPCC in its 2007 report noted that climate sensitivity
is likely to be in the range of 2° to 4.5°C with a “best estimate” of 3.0°C. It is very unlikely
to be below 1.5°C and values substantially higher than 4.5°C cannot be excluded.

® Abrupt changes and surprises: the Outlook Baseline assumes a linear response to
increasing concentrations of GHGs. There is however evidence from the paleo-climatic
record that the Earth’s systems have undergone rapid changes in the past and that these
could occur in the future.

® Probability of outcomes, risks assessment: given these, and other, uncertainties,
probabilistic assessment is increasingly used to give policy-makers an idea of the likelihood
of achieving identified targets (Jones, 2004; Yohe et al., 2004; Mastrandrea and
Schneider 2004). For example, Meinshausen (2006) considers the case of a 2°C target,
estimating that a 650 ppm CO,eq concentration level would offer only a 0% to 18%
probability of success. This presents climate change in a risk assessment and management
framework.

@ Adaptation: human systems are likely to respond to climate change through adaptation,
while ecological systems are likely to find it more difficult to adapt. The faster global
warming occurs, the more difficult and limited adaptation will be. Most current studies
of climate change impacts recognise the need to consider adaptation, but few modelling
studies integrate adaptation comprehensively into quantitative analyses.

Climate change and global impacts: mitigation policy compared to the Baseline

Climate change outcomes for the different policy cases already diverge from the
Baseline by 2050 and this difference will grow over time. In the nearer-term the Outlook
Baseline projections suggest that without new climate change and environmental policies,
GHG emissions will grow at a pace that raises CO,eq concentrations significantly to
approximately 465 ppm by 2030 and further to 540 ppm by 2050, which is predicted to
increase global mean temperature by 1.9°C in 2050 (above the pre-industrial level, within a
range of 1.7 to 2.4°C; see Table 7.4c).?? By 2030 the Outlook projects that temperature under
the Baseline will be increasing rapidly, by about 0.28°C per decade, up from about 0.18°C per
decade today, and will continue at this pace until 2050. Factors like reduced sea-ice cover,
which would change the regional albedo (reflectivity of the Earth’s surface), and enhanced
methane emissions from melting permafrost soils may accelerate unmitigated climate
change beyond these levels.

Table 7.4 shows growth in GHG and CO, emissions for the Baseline and policy cases
compared to 2000 emission levels. All of the policy cases, except the OECD 2008 tax, lead to
significant emission reductions compared to 2000, with the 450 PPM case showing the
greatest reductions in global GHG emissions (-39%), whereas the All 2008 tax case delivers
about two-thirds of this emission reduction by 2050. Interestingly the Phased 2030 and
Delayed 2020 tax cases significantly reduce emissions from the Baseline but do not deliver
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Table 7.4. Policy scenarios compared to Baseline: GHG emissions, CO, emissions
and global temperature change, 2000-2050

a. % Change in GHG emissions relative to 2000

Baseline OECD 2008 Delayed Phased All 2008 450 ppm
Region
2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050
World 52 69 34 38 23 3 20 0 7 -21 -7 -39
OECD 28 31 -14 -43 2 -22 14 —42 -14 —42 -23 -55
BRIC 72 92 72 92 36 14 36 16 16 -13 4 -34
ROW 65 104 66 103 44 31 55 51 30 5 6 -19
b. % Change in CO, emissions relative to 2000
Baseline OECD 2008 Delayed Phased All 2008 450 ppm
Region
2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050
World 54 72 36 38 31 7 26 3 11 -21 =3 -41
OECD 31 34 -9 -42 8 -18 -9 -41 -9 -4 -18 -55
BRIC 81 106 81 107 50 24 36 16 24 -11 13 -34
ROW 65 104 66 103 50 32 55 51 33 3 7 -25

c. Atmospheric GHG concentrations, global mean temperature, rate of temperature change

Region

Baseline OECD 2008 Delayed Phased All 2008 450 ppm

2030 2050 | 2030 2050 | 2030 2050 2030 2050 2030 2050 2030 2050

€0, Concentration (ppmv)
GMT range (°C)?

465 543 458 518 458 507 455 501 448 481 443 463
1216 17-24 |12-15 16-22 [12-15 1521 |11-14 1520 |1.1-14 1419 1114 13-18

Rate of GMT chg (°C/decade) 0.28 0.28 0.25 0.23 0.22 0.19 0.22 0.18 0.21 0.15 0.16 0.10

StatLink Sazm http://dx.doi.org/10.1787/257115140846

a) The range in global mean temperature change is based on MAGICC model calculations as performed by van Vuuren et al.
(forthcoming). The MAGICC range originates from emulation of different climate models, here showing the impact of
climate sensitivity with a range corresponding to a climate sensitivity of 2.0-4.9 °C. The overall range in transient 21st
century climate change was used relative to the IMAGE model outcomes to account for differences in the scenarios.

Source: OECD Environmental Outlook Baseline and policy simulations.

absolute emission reductions in 2050. The OECD 2008 tax shows significant reductions in
OECD regions (—43%) yet the global emissions still grow by 38% compared to 2000 emission
levels (Table 7.4). The spread of outcomes among these cases demonstrates the importance
of full participation by all major emitters and early mitigation efforts if substantial
emission reductions are to be achieved by 2050.

Figure 7.5 compares the Baseline and policy cases’ GHG emission pathways with
longer term stabilisation pathways (i.e. for 650, 550 and 450 ppm CO,eq as well as
alternative baseline scenarios). A comparison with the IPCC summary of long-term
emission scenarios, in Table 7.5, shows that the Outlook Baseline clearly is outside of the
range of a stabilisation pathway for 750 ppm CO,eq, with emissions likely to grow
throughout the 2100 period. A baseline of this type would be expected to lead to a global
mean temperature increase range of 4-6°C (above pre-industrial, equilibrium).?3

Compared with the Baseline trajectory, the early and more aggressive policy cases
deliver significantly lower concentrations and thus lower temperatures and slower rates
of change (i.e. as illustrated in the 450 PPM and All 2008 cases). The global tax (All 2008)
falls within the 550 ppm CO,eq target by 2050. Delaying mitigation efforts to 2020
(Delayed 2020), or phasing in participation by large emitters outside of the OECD much
more slowly (Phased 2030) raises emissions sufficiently to shift global emissions from a
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Figure 7.5. Global GHG emission pathways: Baseline
and mitigation cases to 2050
compared to 2100 stabilisation pathways

Emissions (GtCO,eq)
80
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60 0ECD-2008
/ "~.,., Delayed-2020
F 4
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450 ppm
0
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Source: OECD Environmental Outlook Baseline and policy simulations; and van Vuuren et al., 2007.

550 CO,eq to a 650 ppm pathway. By contrast, the OECD-only tax from 2008 (OECD, 2008)
starts to bring global emissions into the pathway early for 650 ppm CO,eq stabilisation, but
by the end of 2050 overshoots this because of the limited participation in mitigation efforts.

Table 7.5 shows quite different climate change outcomes at equilibrium for
stabilisation pathways; the Outlook Baseline and policy simulations can be considered in
this longer-term context. The more comprehensive (in terms of participation) and more
stringent policy cases - i.e. All 2008 and 450 PPM - are likely to avoid roughly 1-3°C of global
mean temperature increase (or more) already in the 2080 timeframe compared with
scenarios falling at the high end of stabilisation such as the Category V and VI scenarios in
Table 7.5.2% Similarly decadal rates of temperature change differ significantly among the
cases. By 2050, the All 2008 and 450 PPM cases slash the rate of change by half and two-
thirds respectively compared to the Baseline, demonstrating a strong climate change
response to early and more comprehensive action (Figure 7.6c).

The costs of inaction or delayed action are therefore potentially significant (see also
Chapter 13, Cost of policy inaction). The latest IPCC report (2007) suggests greater risks
than previously for even relatively low levels of temperature increases (e.g. 1-3°C above pre-
industrial levels) (Schneider et al. 2007; IPCC 2007d). Delay in reducing emissions could
have serious consequences for the environment and could be costly, especially if society
eventually decides that it is prudent to opt for stringent mitigation targets in the long-term.
This is demonstrated by the clear differences in climate change outcomes by 2050
associated with the case of a 10-year delay in policy action (Delayed 2020) compared to
cases with earlier mitigation action (450 PPM; All 2008) (Figure 7.6). Other literature also
explores these risks (Kallbekken and Rive, 2006; Shalizi, 2006). For example, Kallbekken and
Rive (2006) show that immediate emission reductions lower the rate at which global
emissions need to be reduced for a given climate target; they show that to achieve a given
temperature after a delay of 20 years would require emissions to be reduced at a rate that
is 3-9 times greater than if emissions were reduced immediately.
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Table 7.5. Characteristics of post TAR stabilisation scenarios and resulting long-term
equilibrium global average temperature and the sea level rise component
from thermal expansion only“

) ) Global average Global average
CO,-equivalent Change in global } )
€0, . . o temperature increase  sea level rise above  Number
) concentration at Peaking year €0, emissions ) : . ;
concentration S ) - above pre-industrial at pre-industrial of
Category I stabilisation including for CO, in 2050 e o S
at stabilisation Lo Sap equilibrium, using “best at equilibrium assessed
p» GHGs and aerosols  emissions® (% of 2000 ; . )
(2005 = 379 ppm) b o ac estimate” climate from thermal scenarios
(2005 = 375 ppm) emissions)® W e ) f
sensitivity® expansion only
ppm ppm Year Percent °C metres
| 350-400 445-490 2000-2015 -85 to -50 2.0-24 0.4-1.4 6
I 400-440 490-535 2000-2020 -60 to -30 24-2.8 0.5-1.7 18
1] 440-485 535-590 2010-2030 -30to +5 2.8-3.2 0.6-1.9 21
[\ 485-570 590-710 2020-2060 +10 to +60 3.2-40 0.6-2.4 118
v 570-660 710-855 2050-2080 +25 to +85 4.0-4.9 0.8-2.9 9
Vi 660-790 855-1130 2060-2090 +90 to +140 4.9-6.1 1.0-3.7 5
StatLink Sazm http://dx.doi.org/10.1787/257132076082
a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed here might be

b)

9

d)

underestimated due to missing carbon cycle feedbacks (see also Topic 2.3).*
Atmospheric CO, concentrations were 379 ppm in 2005. The best estimate of total CO,eq concentration in 2005 for all long-

lived GHGs is about 455 ppm, while the corresponding value including the net effect of all anthropogenic forcing agents is
375 ppm CO,eq.

Ranges correspond to the 15th to 85th percentile of the post-TAR scenario distribution. CO, emissions are shown so multi-
gas scenarios can be compared with CO,-only scenarios (see Figure SPM.3).*

The best estimate of climate sensitivity is 3°C.

Note that global average temperature at equilibrium is different from expected global average temperature at the time of
stabilisation of GHG concentrations due to the inertia of the climate system. For the majority of scenarios assessed,
stabilisation of GHG concentrations occurs between 2100 and 2150 (see also footnote 21).*

Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach equilibrium for at
least many centuries. These values have been estimated using relatively simple climate models (one low resolution AOGCM
and several EMICs based on the best estimate of 3°C climate sensitivity) and do not include contributions from melting ice
sheets, glaciers and ice caps. Long-term thermal expansion is projected to result in 0.2 to 0.6 m per degree Celsius of global
average warming above pre-industrial. (AOGCM refers to Atmosphere Ocean General Circulation Models and EMICs to Earth
System Models of Intermediate Complexity.)

* These are cross-references in the original report. The report is also available on the Internet, see: www.ipcc.ch.

Source: Table SPM.6, IPCC (2007d), Climate Change: Synthesis Report. The Fourth Assessment Report, Cambridge University Press,
Cambridge, UK (reproduced here with the full set of original notes).

Regional effects of mitigation policy compared to the Baseline

The regional distribution of climate change is projected to vary significantly, with many
heavily populated regions of the world experiencing temperature changes that are higher
than the projected average (see Figure 7.7a for Baseline temperature patterns). With higher
temperatures, the hydrological cycle is also projected to intensify under the Baseline case as
more water evaporates and on the whole more precipitation results. As with the temperature
pattern though, the effect is very unevenly distributed and many areas may even become
drier, while adjacent areas receive more precipitation. In already water-stressed areas such
as southern Europe and India, the negative impact on agriculture and human settlements
would be substantial. The risk of drought-related problems will be highest in areas where the
future drop in surplus is large relative to the current level. These areas are likely to include
parts of Africa as well as southern Europe, large parts of Australia and New Zealand. Areas
with substantial increases over already high levels in 2000 are more susceptible to encounter
water drainage or flooding problems. In general, all areas facing considerable changes in
surplus will have to adapt to cope with these changes, including through adjustments in
water management practices and/or infrastructure.
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Figure 7.6. Change in global emissions, GHG atmospheric concentrations, global mean
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Source: OECD Environmental Outlook Baseline and policy simulations.
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Figure 7.7. Change in mean annual temperature levels in 2050 relative to 1990 (degrees C)
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Source: OECD Environmental Outlook Baseline and policy simulations.
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Figure 7.7. Change in mean annual temperature levels in 2050 relative to 1990 (degrees C)(cont.)
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Source: OECD Environmental Outlook Baseline and policy simulations.

Climate change is expected to affect productivity, commodity prices and the spatial
allocation of the various crop types. Under the Outlook Baseline, temperate crops are likely
to tend to “move north” as growing conditions nearer to the equator become less suitable
to 2030 and beyond, while growing conditions may improve at higher latitudes. There is a
great deal of uncertainty associated with the potential for irrigation, the availability of
fertilisers and changes in pests. For tropical crops like rice, changes in precipitation may
affect large areas. Though still uncertain and relatively small in the 2030 timeframe, these
changes are accounted for in the estimates of future agricultural productivity for all crop
types in this Outlook (see Chapters 10 on freshwater and 14 on agriculture).

Mitigation policy will affect the pattern of regional climate change and the distribution
and magnitude of regional impacts. Already by 2050, regional temperature patterns show
much less dramatic changes under the more aggressive and early action mitigation
scenarios compared to the case of inaction (Baseline) (see Figures 7.7a-d). These
differences between the policy and Baseline in terms of the predicted climate changes will
become even more pronounced into the last half of the 21st century.

Contrasting the OECD 2008 tax case with the Phased 2030 and 450 PPM cases shows
that the more stringent and more comprehensive the mitigation effort (in terms of
participation) in the next decades the more likely it will be possible to limit temperature
changes over large regions of the world. The 450 ppm CO,eq stabilisation case significantly
limits global and regional warming by 2050 compared to the Baseline pattern of warming.
As noted above, this difference is projected to widen by the end of the century.

Co-benefits of mitigation®”

As noted above, the co-benefits of greenhouse gas mitigation can be significant, and
could include cost-reductions in the achievement of air pollution policy objectives
(see Box 7.5) as well as the direct improvement of human health, urban environments or
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Box 7.5. Co-benefits and the cost-effectiveness of climate
and air pollution policy

Accounting for the co-benefits of reduced air pollution and reduced greenhouse gas
emissions can have significant impacts on the cost effectiveness of climate and air pollution
policy. The co-benefit relationship suggests that co-ordination of policy efforts in these areas
could deliver important cost savings. For example, van Harmelen et al. (2002) found that to
comply with agreed or future policies to reduce regional air pollution in Europe, mitigation
costs are implied, but these are reduced by 50-70% for SO, and around 50% for NOy when
combined with GHG policies. Similarly, in the shorter-term, van Vuuren et al. (2006) found that
for the Kyoto Protocol, about half the costs of climate policy might be recovered from reduced
air pollution control costs. The exact benefits, however, critically depend on how climate
change policies are implemented and on the baseline policies that are used for comparison
(Morgenstern, 2000). Most available studies do not treat co-benefits comprehensively in terms
of reduction costs and the related health and climate impacts in the long-term, thus indicating
the need for more research in this area (OECD, 2000; IPCC, 2007a).

national security. We focus here on the ancillary benefits that accompany GHG mitigation
policy in three different areas - air pollution, biodiversity and security — drawing on Outlook
simulations in the first two areas to illustrate the magnitude of benefits.

Air pollution and biodiversity co-benefits: Outlook results

Stabilising concentrations of GHG in the atmosphere at relatively low levels requires
reversing trends so that emissions decline in the coming decades. For example, in the
450 ppm case, global CO, emissions peak in 2015 and decline thereafter by about 40%
relative to 2000 emission levels. Reducing CO, emissions by this degree would require a
major transformation in the energy sector with energy efficiency, renewable or nuclear
energy playing a larger role than in the past (see Chapter 17, Energy). In addition to limiting
the scale and the pace of climate change, a transition to clean energy systems and away
from fossil fuel combustion will yield a range of environmental benefits including in the
area of air pollution and human health. Figure 7.8 shows that the 450 ppm case leads to
reductions by 2030 in the range of 20-30% for sulphur oxides (SOy) and 30-40% for nitrogen
oxides (NOy). SOy and NO, cause acid rain, damaging freshwater ecosystems, forest
ecosystems and agricultural productivity on a regional scale. NOy is also a local pollutant
and in urban areas is a precursor to ozone formation which is harmful to human health.
Urban ozone episodes affect respiratory and lung systems and aggravate asthma and
allergies to pollen. In this example, the largest air pollution co-benefits would be found in
some of the most rapidly developing and urbanising areas of South Asia (SOA including
India), Indonesia and the rest of South Asia (OAS), China (CHN), and eastern Europe and
central Asia (ECA). There is also a large relative benefit in North America (NAM —i.e.
Canada, Mexico and the US) in moving from the Baseline to the 450 PPM case.

As biodiversity will vary with levels of climate change and with approaches to greenhouse
gas mitigation policy, ancillary benefits of mitigation policies are also possible in the 2050
timeframe. Using the mean species abundance (MSA) indicator (see Chapter 9, Biodiversity),
Figure 7.9 compares the 450 ppm case to the Baseline. These results depend upon the avoided
climate change impacts, as discussed above, and the mitigation approaches embedded in the
450 ppm case, where large scale production of second generation biofuels are an important
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Figure 7.8. Air pollution co-benefits of GHG mitigation: reduction in NO,
and SO, emissions - 450 ppm case and Baseline, 2030
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Note: Regional country groupings are as follows: NAM: North America (United States, Canada and Mexico); EUR (western and central
Europe and Turkey); JPK: Japan and Korea region; ANZ: Oceania (New Zealand and Australia); BRA: Brazil; RUS: Russian and Caucasus;
SOA: South Asia; CHN: China region; MEA: Middle East; OAS: Indonesia and the rest of South Asia; ECA: eastern Europe and central Asia;
OLC: other Latin America; AFR: Africa.

Source: OECD Environmental Outlook Baseline and policy simulations.

part of the policy portfolio. This biofuel production will affect land use and biodiversity in
various ways. Although the 450 ppm case leads to less climate change than in the Baseline,
increased land use for biofuel production causes substantial additional biodiversity loss.
However, the net balance for the 450 ppm case between avoided and additional losses is
slightly positive: 1% less decrease in mean species abundance than in the Baseline by the
middle of the century. This reflects the assumption that greenhouse gas mitigation policies
also provide incentives to reduce deforestation and thus develop more compact agricultural
activity than would otherwise be the case, which in turn is essential to reach the climate target.
However, concrete policy instruments to promote this would need to be developed. The
benefits from the reduction in the total amount of land conversion from forest to agriculture
under the 450 ppm case compared to the Baseline partly compensate for losses from biofuel
production (Figure 7.9). It should also be noted that the recent IPCC assessment presents new
evidence that suggests that biodiversity might be more sensitive to climate change than
previously believed (IPCC, 2007b and d).

National security

In addition to sector policy co-benefits that are mainly local in scale, there are also
national and international co-benefits of climate change mitigation and adaptation in the
form of reduced security risks. Climate change will affect world regions unevenly, with the
greatest costs likely to fall on the poorest regions (IPCC, 2007b; IPCC, 2007d). The uneven
distribution of climate change impacts is due in part to high vulnerability of poor nations,
where the ability to cope with climate change is low. It follows that climate change has
implications for foreign policy and national security, for example by increasing the flood
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Figure 7.9. Biodiversity effects of the 450 ppm case by 2050
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Note: MSA effects are presented as change from the Baseline scenario. Avoided loss in mean species abundance (MSA) is presented as a
positive value, and additional loss as negative. The figure shows the effect of each individual pressure factor as well as the total effect of all
factors. The MSA biodiversity indicator is further explained in Chapter 9, Biodiversity; see also Alkemade et al., 2006; CBD and MNP, 2007.
Source: OECD Environmental Outlook Baseline.

risk and exposure to other extremes in poor and heavily populated regions, in addition to
increased competition for resources in already water scarce regions of the world (Brauch,
2002; Barnett, 2003; Campbell et al., 2007). Thus a co-benefit of global mitigation policies is
to limit “cascading consequences” and national security risks from otherwise unchecked
climate change (Campbell et al., 2007; Oberthuer et al., 2002).

Costs of mitigation and implications for innovation

Figure 7.10a, and b and Table 7.6 compare the economic costs of the different policy
cases with the Baseline economic projections for 2030 and 2050. These model simulations
assume perfect cost-effective implementation pathways of each mitigation policy case,
and therefore could be said to underestimate the true implementation costs. However, the
model also assumes there are no opportunities for negative or no-cost mitigation and does
not explicitly account for co-benefits as an offset to costs even though these may be
significant (e.g. see discussion in IPCC, 2007c and above). These limitations might therefore
be said to overestimate the costs of mitigation.
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Figure 7.10. Economic cost of mitigation policy cases by major country group
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Source: OECD Environmental Outlook Baseline and policy simulations.

Table 7.6. Change (%) in GDP relative to Baseline of different scenarios,
2030 and 2050

Case 450 ppm All 2008 Phased 2030 Delayed 2020 OECD 2008
Region 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050
OECD -02 11 -03 -04 -03 -04 -02 -03 -04 -05
BRIC 14 -55 -2.0 -16 13 14 -13 14 0.0 0.0
ROW -0.9 -47 -16 -2.0 -04 14 -07 15 -03 -04
WORLD -05 -25 -08 -0.9 -05 -0.8 -0.4 -07 -03 -0.4
BIC -1 -47 -16 -1.0 -1.0 -0.9 -1.0 -09 0.0 0.0
MEA/Russia -29 -106 -45 -6.0 23 -43 24 -42 -07 -0.8

StatLink &i=r http://dx.doi.org/10.1787/257133737368
Source: OECD Environmental Outlook Baseline and policy simulations.

The results show that even for the most aggressive
mitigation case - stabilising concentrations at 450 ppm COjeq -
global costs of mitigation are positive, but manageable. Total loss
of GDP (relative to the Baseline) is projected to be roughly 0.5%
by 2030, rising to about 2.5% by 2050. This is equivalent to
slowing annual growth rates in GDP over the 2005 to 2050
timeframe by about 0.1 percentage point. The regional

Global costs

distribution of costs, however, for this stabilisation case differs of mitigation, even
broadly in the 2030 and 2050 timeframe. OECD costs are for the most stringent
projected to be the lowest, at 0.2% and 1% below the Baseline mitigation case —

GDP in 2030 and 2050 respectively. The costs in Brazil, Russia, stabilising concentrations
India and China (BRIC) are roughly five times this level and those ~ at 450 ppm COjeq — are
in the rest of the world (ROW) about four times as high. For the significant but
other tax policy cases, the costs are significantly lower in the e
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2050 timeframe; however, given the timing of the stabilisation case, the costs in 2030 are
sometimes lower under stabilisation than for the USD 25 tax case (see Table 7.6). As noted
below, this large regional difference in cost could be addressed through a variety of different
burden-sharing mechanisms including, for example, differential target setting in a cap and
trade policy scenario.

An important analytical question is the impact of GHG mitigation policy on industrial
competitiveness and, possibly, business decisions about where to locate industrial
production. Another interesting result from this analysis is that these simulations, with a
particularly rich representation of trade, do not show much leakage (or migration) of
industrial activity, energy use and CO, emissions from the OECD to other parts of the world.
This is evident from Table 7.4a, which shows no increase in emissions in other parts of the
world under the OECD 2008 tax case, where a tax is imposed in the OECD region alone. Also
OECD emission reductions compared to the Baseline (or base year) are comparable across
the OECD 2008 tax case and All 2008, or the case where a global tax is imposed.

Oil and natural gas producing countries (including Russia) are projected to experience
the greatest change in GDP from mitigation efforts (across all policy cases) because of their
economic vulnerability to taxation on the carbon content of fossil fuels (i.e. oil and oil
products). These countries’ export markets for fossil fuels are likely to be affected. Their
domestic economies will also be affected significantly since fuel prices are kept low, either
through subsidies or exceptionally low energy taxation, which in turn boosts domestic
consumption, dependence on fossil fuels and GHG intensity of economic production. This
vulnerability might be ameliorated by diversifying the economies of oil-producing
countries and raising the price of domestic energy to its opportunity cost (i.e. the world
price, plus whatever taxes are applied to other commodities). While cheap fossil fuels
should be a natural comparative advantage for energy-producing economies, they can
become liabilities in a carbon-constrained world.?®

Under the policy simulation of an immediate adoption of a USD 25 tax on CO, by all
countries (All 2008), annual GDP in the oil-producing countries is estimated to be about 4%
and 5% lower than the Baseline in 2030 and 2050 respectively (Table 7.6). Phasing in the tax
is projected to roughly halve the economic losses for this oil-producing group of countries,
whereas if OECD countries act alone the economic losses associated with the tax fall to
about one-tenth of the All 2008 scenario. Of course, as noted above, the environmental
effectiveness of the tax in reducing global GHG emissions would also drop significantly if
participation is more limited or implementation delayed.

More generally, the high costs of aggressive mitigation (e.g. 450 ppm) in non-OECD
regions are driven by several factors:

e The large potential for relatively low-cost mitigation in non-OECD regions compared to
the OECD becomes especially important under the most stringent mitigation cases.

e The growth in emissions from non-OECD countries is higher than for OECD countries,
which means that these countries will need to reduce a relatively larger share of
emissions under the stringent mitigation scenario.

e As noted above, the relatively high levels and broad scope of energy subsidisation in
some key regions (e.g. Russia, newly independent states and many oil-producing regions)
raise the cost of mitigation, especially in the energy and the energy-intensive sectors.

Figure 7.11 shows changes in value added?’ by type of industry across major country
groupings relative to the Baseline for the 450 ppm stabilisation case in 2030. This
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Figure 7.11. Change in value added: 450 ppm CO,eq stabilisation case relative to Baseline, 2030
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Source: OECD Environmental Outlook Baseline and policy simulations.

demonstrates that the energy sector is a principal source of mitigation; changes in this
sector dominate in all the country groups in 2030 and this result continues to 2050 (not
shown here). Other sectors show mixed results. Two main factors contribute to the varied
outcomes. First, when the cost of energy goes up, firms switch to other inputs. If those
other inputs consist of labour and capital, value-added will increase. In general, this
should not be enough to completely offset the impact of energy price increase, so the net
impact should be negative. However, when there are differences between regions in fossil-
fuel intensity of sectoral production, then some sectors in some regions may, in fact, show
a net gain. In other words, the heterogeneity of sectoral results illustrated in the
figure reflects regional differences in sectoral fossil-fuel intensity.

Burden sharing

These policy simulations suggest a need for a burden-sharing mechanism in any
future international collaboration to reduce global emissions. The burden could be shared
through a variety of ways, but one that is often discussed is the use of permit allocation
under an emission trading system (see Box 7.1 for an example of how this is done in the EU
ETS). Another approach would involve allowing each country/region to set its own local
price for abating CO, emissions. While this may be workable, it may also be vulnerable to
the free-rider problem in allocating emission reductions.?® In a global trading system, it
would be possible to allocate permits in a way that allows OECD countries to carry a
relatively greater financial responsibility for emission reduction than non-OECD regions. In
addition, a global mitigation effort combined with a burden-sharing scheme could be
easier (although still difficult) to agree than internationally harmonised carbon taxes. It is
generally recognised that creating harmonised taxes will be very difficult, whereas
negotiating a system of tradable permits frames the problem of climate change as one of
both challenges and opportunities, and brings mutual benefits from co-operation.
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All of the tax cases show lower economic costs (see Table 7.6 and Figures 7.10a and b)
but are also less effective in avoiding climate change than the 450 PPM case. The 450 ppm
case, however, requires policy to be aggressive in mitigating emissions across all regions.
Achievement of this stabilisation target through a harmonised tax results in a global GDP
loss of about 2.5% by 2050. An emissions trading policy — aiming to achieve the same
target — would keep the GDP loss at similar levels. Alternative policies could increase global
costs substantially if they do not encourage least cost abatement in a similar manner.

The regional costs of climate policy strongly depend on how international climate policy
is implemented. As an alternative to an international carbon tax (explored above), mitigation
may be achieved through a so-called cap and trade system, which has a centrepiece agreement
on emission reduction targets or caps, and on how these are to be allocated across regions in
combination with international emissions trading. In such a system, international trade still
allows all countries to benefit from low-cost reductions worldwide (depending on the extent of
participation). Figures 7.12a and b show an illustrative example of what could happen to
regional emissions and the regional distribution of direct mitigation costs in striving to
stabilise greenhouse gas concentrations at 450 ppm CO,eq through a global trading system.?®

Under this simulation, part of the emission rights would be traded internationally.
Rather than using a uniform global carbon tax to stabilise greenhouse gas concentrations
at 450 ppm CO,eq (see Box 7.3), this example assumes an annual cap on emissions to
achieve the same target. The allocation of emission rights in this example is based on
gradual per capita convergence worldwide by 2050. Alternative convergence criteria are
conceivable (e.g. emissions per GDP, or emission thresholds) as well as alternative
convergence years. The model simulation assumes that countries trade emission rights in
order to minimise their overall cost of abatement. Thus, assuming full trade, full market
access and full information, the simulation determines what proportion of emission rights
would be traded and how that would affect regional costs of abatement.

Figure 7.12a. Greenhouse gas emissions by regions in 2050: Baseline
and 450 ppm cap and trade regime?®

Baseline Cap I Emissions after trade

GtCO, equivalents
25

20 [

OECD BRIC ROW

StatLink =P http://dx.doi.org/10.1787/260866744606
a) Excluding greenhouse gas emissions from land use and forestry.

Source: FAIR model (www.mnp.nl/fair/introduction): see note 29 at the end of this chapter.
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Figure 7.12b. Regional direct cost of greenhouse gas abatement under different
mitigation regimes, 2050
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Source: FAIR model (www.mnp.nl/fair/introduction): see note 29 at the end of this chapter.

In Figure 7.12a, the difference between the bars representing the Baseline (left) and
emissions cap (middle) is the amount of emissions to be cut in each regional grouping to
stabilise greenhouse gas concentrations at 450 ppm CO,eq without trading. In this
example, OECD countries would be required to cut emissions by 18.7 Gt CO,eq by 2050
compared to the Baseline. The difference between these emission caps without trade
(middle bars) and emissions after trade (right-hand bars) reflects the emission rights that
would be bought or sold between regional groups. In this example of trading, OECD
countries buy 3.3 Gt CO,eq of emission rights by 2050.

The cap and trade system changes the global distribution of direct abatement costs
compared with the uniform global tax case (see Figure 7.12b). The costs to OECD countries
of achieving 450 ppm CO,eq stabilisation are more than in the global tax case because they
are assigned more ambitious emission reduction targets. These OECD targets are partly
met by trading, which brings costs down below what they would be if met unilaterally.
Importantly, this simulation limits the imposition of high costs in non-OECD regions
relative to their GDP, which would otherwise emerge in the global tax case (Figure 7.10). In
moving towards 2050, the ROW group of countries would even see net annual gains in
some periods under the trading case (i.e. in 2025). In the BRIC group, Russia would initially
see considerable gains before coming down, by 2050, to a cost level similar to that in North
America. Costs are expected during the whole of the simulated period in Brazil and China;
however these costs are offset in the BRIC grouping by gains in India. Overall the emission
trading simulation shows the direct costs of mitigation in the BRIC region falling
significantly under the cap and trade system.

Summary

The unique challenges of climate change mitigation include balancing concerns about
its inter-generational consequences, as there is a lag between when action is taken and
when results are reaped (i.e. in the form of avoided climate change impacts). The
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consequences of climate change, and vulnerability to these, are also distributed across
regions and countries unevenly, with the greatest risk of relative impacts expected to be in
regions and countries where emissions are lowest. Mitigation potential and climate change
risk also differ widely within a single country, across locations and actors. Distributional
considerations are inevitably an important consideration for policy decision-making across
all scales of governance. In addition, there are important questions about how much
mitigation is desirable and how fast, and how to act in a cost-effective, economically
sustainable and equitable manner.

The Outlook on climate change leads to a number of important conclusions for policy:

i) Therisks of inaction are high, with unabated emissions in the Baseline leading to about
a 37% and 52% increase in global emissions in the 2030 and 2050 timeframe
respectively, with a wide range of impacts on natural and human systems. This
unabated emission pathway could lead to high levels of global warming, with long-
term temperature rises likely in the range of 4 to 6°C (equilibrium).

i) Starting early with mitigation policies that stabilise atmospheric concentrations will
limit temperature increases and rates of change significantly by mid-century and could
limit long-term temperature increases to 2-3°C.

i) Broad participation by all the big emitting countries in the coming decades will be
required to achieve these outcomes.

iv) The costs of even the most stringent mitigation cases are in the range of only a
few percent of global GDP in 2050. Thus they are manageable, especially if policies are
designed to start early, to be cost-effective and to share the burden of costs across all
regions.

Notes

1. Though from 1990 to 2004, total CH4 emissions decreased across all OECD countries by roughly 8%,
with the largest absolute decreases occurring in Germany, Poland, the United Kingdom and the
United States (UNFCCC GHG emission database: http://GHG.unfccc.int/tables/queries.html). N,O
emissions have followed a similar trend.

2. CO, concentrations are currently increasing at a rate of approximately 1.9 ppm per year (IPCC, 2007a).

3. This warming estimate is relative to 1980-1999; comparing it to pre-industrial temperature adds
0.5 °C for warming of 1.1 °C (best estimate) for a range of 0.8-1.4 °C of warming.

4. Note this period is relevant to accounting for emissions from countries listed in Annex I - or
industrialised countries — under the UNFCCC and the Kyoto Protocol. For comparison, emission
data are also reported here for non-OECD countries, i.e. Brazil, India and China or the BIC group of
countries, leaving Russia aside as it has very different patterns of emission growth to the other
large non-OECD economies noted here.

5. Data for 2005 are used for all OECD countries except where they were not available: i.e., Greece
(2004), Turkey (2004), Mexico (2002) and Korea (2001).

6. Accounting for national emissions according to the Kyoto Protocol separates emissions from land
use, land use change and forestry as well as international bunker fuels for aviation and marine
activities. The former are accounted for and managed separately by individual nations under the
rules for “Kyoto forests”, while international bunkers (international aviation and marine fuel use)
are to be managed through the agreements under the UN International Civil Aviation Organisation
(ICAO) and the International Maritime Organisation (IMO). To date no agreement has been
achieved. International bunker fuels were estimated to be about 3% of world CO, emissions in 2005
and are growing rapidly (IEA, 2006).

7. In descending order: Korea (1990-2001), Spain, Canada, Portugal, Turkey, Greece, Ireland, Mexico
and New Zealand.

OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008 171



7. CLIMATE CHANGE

8. In descending order: the United States, Austria, Italy, Japan, Switzerland, Australia (where the
increase since 1990 has been below the increase allowed under the Kyoto Protocol), Luxembourg
and Iceland (both of which have had increases of less than 1% since 1990).

9. Note CO,eq is used in two ways in this chapter. First it is a “unit” of measurement of aggregate
emissions across greenhouse gases. This is based on a reporting convention adopted by the IPCC -
global warming potentials - which refer to the integrated radiative forcing of each gas in
comparison to that of CO, in a given timeframe. Similarly CO,eq concentrations combine the
concentrations of different greenhouse gases into a single metric, accounting for the different
radiative forcings of each. See IPCC 200743, p. 133 for a full description.

10. The OECD Environmental Outlook Baseline for CO, emissions from energy has been calibrated to that
developed by the International Energy Agency (2006) in their World Energy Outlook (WEO), which
looks in-depth at world energy developments to 2030.

11. The upper and lower bounds of the baseline scenarios represent one standard deviation around
the median of the entire distribution of emission pathways within the baseline.

12. CFCs contribute much more to radiative forcing than HFC/PFCs do today or in future predictions,
so their reduction is significant to climate change.

13. These countries are also referred to as Annex II countries or Parties (where they are ratified Parties
to the Convention or the Protocol).

14. The US signed the Kyoto Protocol but have not ratified it.

15. A number of parallel processes are also proceeding towards a similar end, e.g. the Gleneagles
dialogue initiated in 2005, among others.

16. See for example: OECD/EEA database on instruments used for environmental policy and natural
resources management: www2.oecd.org/ecoinst/queries/index.htm [last accessed 17 July 2007].

17. This is because as GHGs are a global pollutant, the impacts are not related to the source or location
of the emission.

18. This is a voluntary system.

19. As of 7 Feb. 2007, approximately 112 million CERs are expected to be generated through registered
projects.

20. Voluntary agreements and measures are a subset of a larger set of “voluntary approaches” that
may include unilateral actions by industry and other stakeholders.

21. The regulated price per unit of electricity that a utility or supplier has to pay for renewables-based
electricity from private generators.

22. Unless otherwise noted, this Outlook assumes a climate sensitivity of 2.5°C per doubling of carbon
dioxide concentrations in the atmosphere, which is lower and more conservative than the IPCC
AR4 (IPCC, 2007a). Using the IPCC “best estimate” of climate sensitivity (i.e. 3°C) would raise the
central estimate of temperature change associated with the Baseline emission pathway.

23. The trajectory of Baseline emissions beyond 2050 is not clearly defined. Based on the emission
trajectory to 2050, it is unlikely that the Baseline would lead to stabilisation of greenhouse gas
concentrations at a level below the IPCC “category V” and “VI” scenarios (see Table 7.5). This
suggests that an indicative value of minimum equilibrium temperature change under the Outlook
Baseline would be 4-6°C.

24. The case cited here is for 450 ppm CO,, which is roughly equivalent to 550 ppm CO,eq taking into
account the concentrations of all GHGs in the atmosphere. The data for temperature change in
the 2080s associated with stabilisation pathways are cited in Carter et al., 2007. Baseline temperature
estimates for the 2080s are taken from van Vuuren et al.’s 2007 “modified B2” scenario, which is similar
to our Baseline to 2050. Tim Carter and Detlef van Vuuren provided the data for this calculation.

25. See Chapter 8, Air pollution, for a discussion of air pollution policies in their own right. See
Chapter 12 for the related benefits in terms of human health. Typically these are more ambitious
policies than the co-benefits of climate change policies.

26. Though not shown, Norway fares better than Russia in response to mitigation policy because its
domestic energy prices are closer to those of its competitors.

27. Value added is the contribution to GDP of any particular industrial activity, sub-sector or sector.

28. The free-rider problem refers to a situation where parties in a negotiation have an incentive to let
others do most of the work.
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29. This simulation was conducted using the FAIR model (www.mnp.nl/fair/introduction). Unlike
Figure 7.10, costs estimated by this simulation and presented in Figure 7.12b are the direct costs of
mitigation; that is, they do not represent change in GDP growth as a result of shifts induced in the
wider economy. Although the metric for measuring economic effects is slightly different than the
one described for the ENV-Linkages simulations above, the relative change from the Baseline to
policy simulations — or between policy cases - is indicative of the results that would be obtained
using ENV-Linkages. The simulation has been done at the level of 26 global regions, although
Figures 7.12a and b aggregate the results to three regional groups. This aggregation masks some of
the more detailed results which show that intra-regional trading also occurs to lower the overall
costs of mitigation.
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Chapter 8

Air Pollution

This chapter focuses on projected developments in outdoor air pollution, especially
particulate matter and ozone, and on urban air quality. It outlines projections of
concentrations between 2000 and 2030, and summarises the impact of three policy
simulations on air pollution emissions. Most OECD countries have reduced air
pollution in recent decades, decoupling it from economic growth. However, pollution
from other countries is increasingly undermining local urban air quality
management, effectively making it an international issue. Paying greater attention
to marine shipping, dealing with precursors of ground-level air pollution (such as
methane) and taking into account the transport of air pollution from one continent
to another in domestic air quality policies are all important in combating air
pollution.
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KEY MESSAGES

The Outlook Baseline projects a further deterioration of urban air quality to 2030, especially in non-
OECD countries. The health related target levels of particulate matter (PM,q) are already being
exceeded in most regions.

20

In OECD countries the main sources of man-made air pollution remain motorised transport and other
uses of fossil fuels. In many developing countries wood burning is also a major source of air pollution.
Abatement of air pollution from aviation and shipping is lagging behind abatement from road vehicles.
Under current policies to abate sulphur dioxide emissions, emissions from shipping will overtake land-
based emissions in OECD countries by 2020.

200

In China, air pollution abatement policies are emerging, including stringent vehicle standards.
However, these do not seem to be sufficient yet to decouple air pollution developments from economic
growth. Consequently, it is projected that in China and other parts of continental Asia emissions will
continue to grow to 2030.

In the Northern hemisphere, pollution from other countries is increasingly undermining local urban
air quality management, effectively making it an international issue.

D00

Most OECD countries have reduced air pollution in recent decades, decoupling it from continued
economic growth. Measures at local, national and international scales to combat air pollution in OECD
countries have been particularly effective. The Baseline assumes this trend will continue as a result of
existing policies, but additional measures will be required to further decouple particular pollutants.

oo

Policy options
® Pay greater attention to marine shipping as a growing source of air pollution. This sector has cost-
effective potential for abating emissions.

@ Increase the impacts of policies by targeting those with important synergies between air pollution and
climate change. For example, dealing with precursors of ground-level air pollution (such as methane), is
a cost-effective way of addressing both issues.

e Take into account the transboundary movement of air pollution from one continent to another in
domestic air quality policies.

Annual mean PMq concentration in urban

1 ti 2030
Three Environmental Outlook (EO) policy agglomerarions,

packages were simulated with a varying degree of BRlGLORAER RRIOECDRGERIC
.. . pp OECD Il Baseline

participation by BRIC and other non-OECD

countries (see Chapter 20 for more details).

Putting in place ambitious but realistic enhanced

air pollution policies in OECD countries would

OECD

significantly reduce by 2030 the urban levels of BRIC

particulate matter (see graph) and related health

impacts (see Chapter 12). Reducing emissions mﬁisér?é

through a global policy package could bring large ‘ ‘ . . . . ‘
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improvements in urban air quality by 2050. PV, (ug/m?)
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Consequences of inaction

With no new policies to tackle air pollution, urban dwellers, mostly in developing countries, will be
exposed to air pollution above health related target levels. In combination with ongoing urbanisation and
ageing, an increase in adverse health effects of air pollution is expected between 2000 and 2030.
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Introduction

Many epidemiological and toxicological investigations have shown that exposure to
air pollution damages health and can lead to hospital admission or premature death (see
also Chapter 12 on health and environment). It also affects natural ecosystems. This
chapter focuses on outdoor air pollution, especially particulate matter and ozone.
Moreover, the chapter deals mainly with urban air quality. It outlines projections of
concentrations between 2000 and 2030, modelled as part of the Outlook Baseline. The
chapter also summarises the impact of three policy simulations on air pollution emissions.
The health impacts of these projections are presented in Chapter 12.

Air pollution sources and movement patterns

Particulate matter (PM) is either directly emitted into the
atmosphere, or formed in the atmosphere from precursor gases
(sulphur dioxide, nitrogen oxides, ammonia and, to a lesser
extent, volatile organic compounds).’ The use of coal and wood
for domestic heating and cooking are important sources of PM;
natural sources are volcanic emissions, soil resuspension (Sahara
dust) and sea spray. Exposure may be exacerbated by the use of

In the Northern

hemisphere, pollution
Ozone is not emitted into the atmosphere; instead it is from other countries

formed in photochemical processes. The most important is increasingly
precursors of ozone are nitrogen oxides and organic undermining local urban
compounds. Volatile organic compounds are largely emitted by  gir quality management.
the transport sector and by the use of solvents. Another

open stoves, leading to high indoor concentrations (Box 8.1).

important precursor is methane; anthropogenic methane emissions mainly come from
rice paddies, waste and wastewater treatment, gas and oil mining and animal husbandry.

Although local and regional emissions of air pollutants determine the levels of air
pollution and human exposure, air pollutants such as ozone, particulate matter and other
long-lived pollutants can be transported over very great distances. Hemispheric transport

Box 8.1. Indoor air pollution

Studies have revealed that the number of premature deaths arising from indoor air
pollution in developing countries is comparable to the global number arising from ambient
air pollution (see for example Smith et al., 2004). Indoor air pollution requires viable, cost-
effective interventions that can reduce exposure and improve health. Although awareness
has been growing, indoor air pollution from household traditional biomass use has not
been a major issue on the global agenda in terms of international, bilateral, or national
development assistance. Measures to address indoor air pollution from traditional
biomass use are not included in this Outlook. But from a global perspective, the potentially
large health benefits from tackling indoor air pollution should be a policy priority.
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of air pollution, from one continent to another, is an emerging international complication
for domestic air quality policies (see Box 8.2 and 8.3). Global atmospheric dispersion models
show that the increasing air pollution emissions in Southeast Asia may result in increasing
background levels in North America and Europe. This increasing hemispheric background
makes an important contribution to the trends in concentrations measured at the more
local scale. It may also frustrate abatement policies at the local scale (see Box 8.2). Initially
the focus of the ozone problem was on smog episodes, short periods with peak
concentrations over 80-100 parts per billion (ppb). Emissions of ozone precursors at the
regional to continental scale are responsible for these episodes. Satellite measurements
clearly show the regional aspect of tropospheric ozone pollution in northeastern India,
eastern United States, Europe, eastern China and west and southern Africa (Fishman
et al., 2003). Over China, an increase in nitrogen dioxide concentration is observed by
satellites; at the same time a substantial reduction in nitrogen dioxide concentrations over
some areas in Europe and USA is found (Richter et al., 2005). These trends in nitrogen
dioxide concentrations are in line with trends in emissions of nitrogen oxides: emissions
are slowly decreasing in Europe and the USA, but increasing in China.

Impacts of air pollution on health

The most severe health effects of air pollution are from exposure to particulate matter
and ozone. It is suggested that there is no safe level for either pollutant: they may
even pose a health risk at concentrations below current air quality guidelines
(see WHO, 2006 and references therein; and Chapter 12, in this Outlook report).2

Exposure to particulate matter (PMqg or PM, 5, small particles with a diameter less
than 10 microns (um) or 2.5 um, respectively) is one of the greatest human health risks
from air pollution. Effects include the risk of respiratory death in infants under one year, as
well as increasing deaths from cardiovascular and respiratory diseases and lung cancer.
The epidemiological evidence shows adverse effects of particulate matter after both short-
term and long-term exposure. Health effects of particulate matter are initiated by their
inhalation and penetration in the lungs. Both chemical and physical interaction with lung
tissues can irritate or damage the respiratory tracks. Current understanding is that the
mortality effects of PM are mainly associated with the smaller particles, those with a
diameter of 2.5 um or smaller. However, effects are also observed with larger particles with
diameters in the range of 2.5 to 10 um.>

Toxic and carcinogenic pollutants like heavy metals or polycyclic aromatic
hydrocarbon (PAH) are frequently bound to particles. For Europe the proportion of lung
cancer attributable to urban air pollution, especially fine particles, can be as high as 10.7%,
corresponding to 27 000 cases annually (Boffetta, 2006).

Ground level ozone is a strong photochemical oxidant; it is the main pollutant during
summer smog episodes. Ozone impairs pulmonary function, causes lung inflammation
and lung permeability and can lead to respiratory problems, increased medication usage,
illness and death. Long-term exposure to relatively low levels is of concern. With even low
ozone concentrations affecting both health and ecosystems (see below), formation and
transport of ozone at the hemispheric scale becomes more important. In the troposphere,
ozone also acts as a greenhouse gas (see Chapter 7 on climate change).

Impacts of air pollution on the environment
Ozone also affects vegetation by damaging leaves and reducing growth. Total exposure
during the growing season, including at low levels, can have ecosystem-wide impacts. In
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Box 8.2. Travel distances and residence times of various air pollutants
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Note: Scales are not linear.

Air pollution is a problem at various different scales: sources (emissions) and impacts are seen at
scales ranging from local to global. Pollutants with a very short residence time affect local air quality.
Pollutants with a residence time of days or weeks affect air quality at a scale from local to continental.
Particulate matter has a residence time of between several days and a week, giving it time to travel
across an entire continent; smaller particles travel further than coarser particles. The gaseous
precursors of aerosol have generally shorter lifetimes but can travel distances of several hundreds to a
thousand kilometres. Ozone at higher altitudes may be transported across an entire hemisphere. The
transport distances of the ozone precursors show a wide range. Volatile organic compounds (VOC) are
reactive and travel at a continental scale. The reactive mixture of VOC and nitrogen oxides may lead to
photochemical smog episodes with high ozone levels at the continental scale. Carbon monoxide and
methane are long living (3 months and 8-10 years, respectively) and are transported at the hemispheric
and global scale. The increased concentrations of these precursors have doubled the hemispheric
ozone background concentration since industrialisation started. Persistent organic pollutants
represent a global problem, although some have low residence time in the atmosphere they can be
revolatilised and can migrate long distances and persist in different parts of the environment.

Europe, the economic costs of ozone exposure by agricultural crops are estimated to be
high (EUR 2.8 billion in the European Union in 2000).

Gaseous pollutants like sulphur dioxide, nitrogen oxides and ammonia have various
adverse impacts on vegetation, water bodies and materials. The deposition of nitrogen
dioxide, sulphur dioxide and ammonia acidifies terrestrial and freshwater ecosystems
(“acid rain”). Acidifying pollutants may also damage building structures and monuments.
Eutrophication is a consequence of excess input of nitrogen nutrients (ammonia, nitrogen
oxides); the atmospheric input of other nutrients is negligible. Eutrophication disturbs the
structure and function of ecosystems, e.g. causing excessive algae blooming in surface
waters or the loss of biodiversity. Forest decline in Europe, North America, and likely also
in other parts of the world has been attributed to acidifying or eutrophying deposition. The
deposition of toxic or persistent pollutants may result in an accumulation of these
pollutants in the soil and biota.
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Key trends and projections

For the Outlook, air quality, in particular annual average PM concentrations in
residential areas, has been estimated using the Global Urban Air quality Model (GUAM; de
Leeuw et al. forthcoming) which is a modified version of the Global Model of Ambient
Particulates (GMAPS; Pandey et al., 2006). The model is based on urban-specific
meteorological data, and emissions and demographic data at the national level. The model
is used to estimate the PM levels in more than 3 000 cities worldwide with populations
greater than 100 000 (reference period 1995-2000, see Box 8.3 and Figure 8.1) between 2000

Figure 8.1. Cities included in the assessments, in 2000 and 2030

o < 500000 © 500001-3 000 000 @ > 3000000

Population in 2000

Population in 2030

Source: Based on 2000 data taken from Pandey et al., 2006.
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and 2030. In 2000 the population living in the modelled agglomerations varied between
18-70% of the total population in a region; in total 34% (2 062 million) of the global
population lived in the modelled cities. In the period 2000-2030 the urban population is
projected to grow both in absolute number (to 3 558 million) and as a proportion of the
world population (43% in 2030). Figure 8.1 reflects the projected growth of urban
populations, which is particularly strong in Africa and Asia.

Box 8.3. Key uncertainties and assumptions

This analysis describes the urban air quality in world cities with a population over 100 000.
The list of urban agglomerations is taken from a database® prepared by the World Bank and
refers to the situation in the period 1995-2000. Cities smaller than 100 000 inhabitants and fast
growing agglomerations which cross the threshold in the period 2000-2030 have not been
included. Therefore only a fraction of the total urban population is covered in the analysis;
“urban population” in the text refers to the total population in the modelled cities only.

Air quality estimates have been prepared for urban agglomerations only, not for rural
areas. Health impacts (presented in Chapter 12) have been assessed only for exposure to
ambient air pollution and only for the population in the modelled urban agglomeration,
not for those in rural or smaller urban areas. However, health effects from air pollution are
also likely even from the lower levels of air pollution in these areas. Indoor air pollution
from the use of solid fuels causes serious health effects. Smith et al. (2004) have estimated
that twice as many premature deaths are attributable to indoor pollutants than to outdoor
pollution (Box 8.1). Consequently, the quantitative results which refer to the impact of the
exposure to outdoor air pollution on the modelled urban population presented here will
actually be an underestimation.

Assumptions made in the development of the Baseline will affect the emissions
estimated. Total and regionalised emissions depend on assumptions made about fuel mix,
energy efficiency, growth in transport demand etc. For example, if more domestic coal is
used in eastern Europe this will have a negative impact on urban air quality.

* See: http://siteresources.worldbank.org/INTRES/Resources/AirPollutionConcentrationData2.xls.

Particulate matter

For this Outlook, the annual average concentration of PM;g in
cities of more than 100 000 people was modelled for 2000
and 2030. The population-weighted results for 13 regional clusters
are presented in Figure 8.2. The World Health Organization
(WHO, 2006) recommends three interim targets (decreasing from
70 to 50 to 30 ug/m?3) and a guideline of 20 ug/m?3 for PMy,,.
Figure 8.2 shows large differences in population-weighted
concentrations for each region. In the most polluted areas (Middle
East, Africa, Asia except Japan) concentrations are substantially
above the WHO Interim Target One of 70 ug/m3; these levels are
associated with about 15% higher long-term mortality than at the
guideline level. OECD-Pacific is the only region with average
concentrations below the WHO air quality guideline (AQG). Within each region there are large
differences between cities (Figure 8.3). In the Middle East and most of Asia, 70-90% of the
urban population is exposed to concentrations above the highest WHO interim target. The

The health related target
levels of particulate matter
(PM10) are being exceeded

in most regions.
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Figure 8.2. Annual mean PM,, concentrations, Baseline
Regional annual mean PM;o concentration (population weighted)
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Source: OECD Environmental Outlook Baseline.

Figure 8.3. Distribution of the urban population according to estimated annual mean
PM,, concentrations in the modelled cities by regional cluster,
2000 (left) and 2030 (right)
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Note: Regional country groupings are as follows: NAM: North America (United States, Canada and Mexico); EUR (western and central
Europe and Turkey); JPK: Japan and Korea region; ANZ: Oceania (New Zealand and Australia); BRA: Brazil; RUS: Russian and Caucasus;
SOA: South Asia; CHN: China region; MEA: Middle East; OAS: Indonesia and the rest of South Asia; ECA: eastern Europe and central Asia;
OLC: other Latin America; AFR: Africa.

Source: OECD Environmental Outlook Baseline.
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high levels in South Asia are modelled mainly for cities in Bangladesh and Pakistan. Whilst the
model may have overestimated the levels here, there is observational evidence that urban
levels in Pakistan are frequently above 200 ug/m3 (Ghauri et al., 2007).

Under the Baseline, urban air quality is projected to deteriorate by 2030 in seven of the
13 regional clusters. In the five most polluted regions, 50-90% of the urban population
would be exposed to concentrations above the first WHO interim target of 70 ug/m>. An
increase in related health impacts is expected (see Chapter 12).

The Baseline emission projection of air pollutants for Russia assumes a doubling of the
use of natural gas in the domestic market (from 14 to 20 exajoules primary energy use
between 2000 and 2030), while the use of coal remains modest (from 6 to 10 to 8 exajoules
primary energy use in 2000, 2020 and 2030, respectively). In combination with stepped-up
desulphurisation at power plants, partly to meet obligations under the Convention on
Long-Range Transboundary Air Pollution, this is projected to decrease emissions of sulphur
dioxide from electricity production (from 3.0 TgS in 2000 to 1.1 in 2030, far less than the
9 TgS per year that were emitted in the mid 1980s and 1990s).”

Policy simulations reported later in this chapter typically see energy use in Russia
increase less than in the Baseline, with coal use even decreasing (to 2 exajoules), and thus
emissions of sulphur dioxide decreasing to 0.4 TgS per year by 2030.

However, developments less favourable than assumed in the Baseline are conceivable.
In particular, a far larger share of natural gas production could be destined for export, while
coal rather than nuclear power could be used to fill the gap in domestic energy supply (not
unlikely if the electricity market were to be liberalised.) Under such developments, air
quality would strongly deteriorate rather than improve, unless more ambitious
desulphurisation targets for coal, heavy fuel and process emissions are implemented.
Therefore, Baseline concentrations in Russia and the Caucasus might be underestimates.

Ground-level ozone

Traditionally the focus on ozone problems was on peak episodes (e.g. the Los Angeles
smog) where concentrations exceed 60-120 ppb caused by regional emissions of volatile
organic compounds and nitrogen oxides. However, recent WHO findings that ozone can
cause health problems at low concentration levels has drawn attention to the hemispheric
background ozone, where emissions of its longer living precursors (methane, carbon
monoxide) are of importance. The increased emissions of these pollutants have led to a
steady increase of the hemispheric ozone background concentrations since the beginning
of industrialisation (Volz and Kley, 1988).

Figure 8.4 shows the annual average ground level ozone concentrations for 2000 and 2030
for Baseline conditions (Dentener et al., 2005). The maximum concentrations found in the
Himalaya region are mainly from a natural origin; these are due to the high altitude of this
region and to the strong mixing with ozone-rich stratospheric air. High man-made levels are
found over the Arabian Peninsula, over the Mediterranean and the eastern coast of the USA.
Observational data in Europe indicate that, despite the decrease in the European emissions of
0zone precursors, ozone concentrations are expected to increase, especially in urban areas,
because of the interaction with local emissions of nitrogen oxides (EEA, 2006; ETC/ACC, 2007).
Under the Outlook Baseline, the area with annual mean concentrations exceeding 45 parts
per billion is projected to greatly increase by 2030 to become one large continuous area from
Spain to Japan, along with two additional areas over coastal USA (Figure 8.4).
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Figure 8.4. Gurrent (2000, top map) and future (2030, bottom map) ozone concentrations
at ground level
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The potential exposure of (modelled) urban population to ozone concentrations is
presented in Figure 8.5. Following the recommendations of the WHO, the ozone exposure
is expressed as SOMO35° as this is the most descriptive parameter for health impacts
Ozone exposure is seen to increase globally in this projection. Worldwide, a 25% increase is
expected to 2030, but this varies between regions from less than 5% to more than 55%. The
implications of these changes in ozone levels on health effects are discussed in Chapter 12.

Policy implications

In the past, the major instrument to address air pollution has been direct government
regulation. Major examples are standards for fuel quality used by industry and transport,
for emissions from cars and industry, as well as air quality standards and goals for
protecting health and vegetation. These “command and control” measures have been very
successful and have the advantage that their environmental effect is ensured. However,
sometimes these measures can be partly undermined by other developments: increasing
car ownership may reduce the positive effect of improved fuel quality, for example. A more
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Figure 8.5. Potential exposure of urban population to ozone, 2000 and 2030
Ozone in urban agglomerations
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Source: OECD Environmental Outlook Baseline.

extensive discussion on sectoral policies to address air pollution is presented in
Chapters 16 (Transport); 1 (Consumption, production and technology); 5 (Urbanisation)
and 14 (Agriculture).

Economic instruments

Despite the success of regulation, economic instruments such as taxation and
emissions trading have become increasingly popular. They can be more cost-effective than
regulation because they give an incentive to the market (industry, transport sector) to take
measures which cost the least.

The use of environmental taxes is still limited but growing
in many countries. A database operated by the OECD and
the European Environment Agency (EEA) lists about
375 environmentally-related taxes in OECD countries, not
including some 250 other measures like environmentally related
fees and charges. The database includes the energy and transport
sectors. About 90% of the tax revenues stem from taxes on motor
vehicle fuels and motor vehicles (OECD, 2007).

Most OECD countries
have reduced air pollution

Subsidies, support schemes and green purchasing have
proved invaluable for the development and uptake/diffusion of
clean technologies like renewable energy and catalytic converters
in cars. However, subsidies can have adverse environmental
effects; for example, electricity generation from fossil fuels still
receives much higher subsidies than renewables. Reforming these
sorts of subsidies could improve air quality.
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A well-known example of emissions trading is the trading system set up in the US for
sulphur dioxide emissions by electricity generating facilities.” Regional schemes also exist
in the US for emissions trading of nitrogen oxides. In China a pilot scheme is being started
to trade emission credits for sulphur dioxide. In the Seoul metropolitan area an emission
trading scheme for sulphur dioxide, nitrogen oxides and particulate matter has been
initiated. Successful emissions trading systems depend on a formal legal structure,
including an effective compliance system with real consequences for non-compliance.

Possible barriers to the use of economic instruments are their relatively high
administration costs, the need for complex control technology (e.g., in the case of pollution-
dependent road pricing) and an inequitable distribution of costs. Trading schemes may not
work very well if emission allowances are not scarce enough, thereby undermining their value.

Voluntary agreements

Voluntary agreements can in principle play a role in
addressing air pollution, but there are few recent examples. The
closest related example of a significant voluntary agreement is the
agreement between the European Automobile Manufacturing
Association (ACEA) and the EU and this relates to greenhouse gas
emissions rather than conventional air pollution. As with all
voluntary agreements, they have to be backed-up by regulation. In
fact, performance under the ACEA agreement is falling short of
expectations, in particular for Japanese manufacturers (DLR, 2004;
IEEP, 2005; Fontaras and Samaras, 2007).

Abating methane
emissions can help
to improve air quality,
as well as reduce

In markets with few suppliers, supplier-driven greenhouse gas

standardisation can be a significant driver for the adoption of emissions.

cleaner equipment. Power generation turbines are a case in

point. This can be particularly important in times of fast expansion of economic activities,
such as currently in China, when many installations are being built or renewed (UNEP/
RIVM, 1999). Another example, from the late 1990s, was the consultations in Europe
between car fuel producers and car manufacturers to co-ordinate the development of
cleaner and/or more efficient car engines.

In order to advance new, clean, but high-investment technologies such as hydrogen
use in transport, public-private partnerships do have a role. One example is the Clean
Energy Partnership for Berlin (CEP-Berlin, 2006) and related demonstration projects
co-funded by industry and the European Commission’s framework programme for
research, technology and development (European Commission, 2006). But these, too, are
not specific to the policy area of air pollution.

Synergy and trade-offs with other areas of environmental policy

Policies to decrease air pollution may have a variety of conflicts and synergies with
other policy objectives. As an example of conflict, some forms of air pollution, such as
sulphur particulates, can provide regional cooling or shading. A reduction in these
emissions while greenhouse gas emissions continue is likely to cause a small increase in
global warming (see Chapter 7 on climate change). Energy savings and the introduction of
renewable energy (wind, solar) are examples of synergy: both greenhouse gases and air
pollutant emissions will be reduced. The abatement of ozone is another good example of
how synergies can be achieved. Ozone is the third most important greenhouse gas. One of
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its main precursors is methane, the second most important greenhouse gas. Reducing
methane emissions will be an efficient way to reduce emissions of primary and secondary
greenhouse gases and will also abate ground level ozone.

There are three categories of synergy across environmental policy areas:

) Decreasing the volume of an activity (energy use, transport) or limiting its increase will
almost surely decrease all the ensuing environmental pressures — greenhouse gas
emissions, air pollution, noise and so on.

i) Clean energy can reduce air pollution and bring other environmental benefits too. But
the balance can be positive or negative, depending on the specifics (see also Chapter 17
on energy). Examples are biofuels, hydrogen-powered transport and wind energy.
Uncontrolled use of biofuels, although potentially beneficial for reducing CO,
emissions, should be avoided as they are a source of black aerosol, a particulate which
has a serious impact on health and which also contributes to global warming.®

iii) End-of-pipe measures and similar technical changes can conflict with other goals. For
example, modern diesel engines in cars can lower greenhouse gas emissions, but make
it more difficult to decrease emissions of nitrogen oxides. One reason for this is the
existence of different regulatory tracks for these issues. Consolidating or at least
harmonising these should eventually reassure manufacturers and local governments
that timely consideration has been given to such trade-offs.

Overall, policies which address the driving forces more directly tend to have a better
chance of enhancing synergies between air pollution reduction and tackling other
problems. The schematic view of urban air quality in Box 8.4 offers a useful approach for
prioritising the most cost-effective method for tackling poor urban air quality.

Policy simulations: urban air quality

To analyse the potential impact of some of the policy measures described above, three
policy options have been simulated and their effect on emissions compared with the
Baseline:

i) Enhanced air pollution measures to reduce emissions of sulphur dioxides, nitrogen
oxides, volatile organic compounds and carbon monoxide in OECD countries (ppOECD
or EO Policy Package).

ii) BRIC countries move to a similar ambition level in air pollution policy (ppBRIC + OECD).
iii) The remaining countries eventually move to the same ambition level (ppglobal).’

The effect on emissions is simulated on the basis of what can be achieved with
existing technology - even if achieving these levels in reality in some countries is a long
way off. The analysis assumes that the air pollution policies are part of a broader
movement to boost environmental policies, with either OECD countries, or OECD and BRIC,
or all countries stepping up their ambition in environmental policies (see Chapter 20 on
environmental policy packages). In this manner, some indication of trade-offs and
synergies can be gleaned from the modelling results.

The policy simulations model development towards — but not quite reaching -
maximum feasible reduction of air pollutants (as defined by the International Institute for
Applied Systems Analysis). To keep the policies realistic, albeit ambitious, the model
assumes that eventual emission levels for each country remain 3 to 14% above what could
be achieved with Maximum Feasible Reduction (MFR). For example, compared with the
costs for fully implementing the MFR options in the European Union, this reduces the
additional costs by more than 60% (Amman et al., 2005).
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Box 8.4. Urban air quality

A schematic view of the various contributions to urban air pollution
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Air quality may vary within a city depending on traffic intensity, population density, physical topography
and the weather conditions. At traffic (or industry) hot spots, high concentrations of pollutants result from
local emissions. These concentrations are additional to the urban background contribution which is caused
by diffuse emissions within the city itself. The regional background concentrations occur outside the city
and are derived from urbanised areas, even those some distance away, rural emissions and emissions on a
hemispheric level.

The magnitude of various contributions will vary from place to place and from time to time. Nevertheless,
a schematic view like this may guide a first analysis of abatement policies. Consider, for example, an air
pollution limit value LV1. This level is exceeded in a number of hot spots; the most cost-efficient way to
reduce the pollution level will be to introduce local abatement levels. Limit value LV2 is exceeded at nearly all
hot spots and in parts of the urban background area. Here abatement should focus both on sources within the
city as well as on local sources. For limit value LV3, attainment can not be realised by reducing emissions in
the city alone; reductions at the regional or hemispheric level are also needed.

A further refinement of the three policy packages assumes that countries will only
start implementing the air pollution policies beyond the Baseline after their GDP at
purchasing power parity (ppp) per capita reaches a certain income level. The speed of
introduction of air pollution policies beyond the Baseline is also assumed to be dependent
on GDP per capita. For example, in the BRIC policy package, India would start
implementing these policies somewhat later than China.

The speed of implementation of emission control options is assumed to range
between 15 and 30 years. The implementation is assumed to take at least 15 years; large
point sources and transport will see enhanced emission controls introduced first, with
other diffuse sources being addressed typically a decade later.

Abatement of emissions from shipping is included in the policy packages, as this
becomes a cost-effective option in regions that have brought a good part of the land-based
emissions under control. Emissions of sulphur dioxides from sea shipping affect air quality
large distances downwind, typically thousand of kilometres or more away from the source
and possibly in the middle of a continent. For example, it is expected that if emissions from
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sea ships are not further restricted, the increase in shipping will negate land-based
emission control efforts in Western Europe by 2020 (Cofala et al., 2007).

Nitrogen oxides and sulphur dioxide emissions

Figure 8.6 gives the simulated emission profiles for sulphur dioxide and nitrogen
oxides (the pollutants most relevant for PM). By 2030, worldwide emissions of nitrogen
oxides in the case of enhanced environmental policies worldwide (ppglobal) are projected
to be 31% lower than the Baseline emissions; and 37% lower for sulphur dioxides. By 2050,
worldwide emissions of sulphur dioxides would be 84% lower than the Baseline; and 63%
for nitrogen oxides.

Figure 8.6. Emissions of sulphur dioxides and nitrogen oxides: Baseline and policy cases
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StatLink si=r http://dx.doi.org/10.1787/261038312512
Source: OECD Environmental Outlook Baseline and policy simulations.

For sulphur dioxides, the largest contribution in 2030 to the decrease in emissions comes
from OECD countries (10 million tonnes sulphur per year less), closely followed by the BRIC
countries (-8 Mt S). By 2050, in the case of enhanced environmental policies worldwide, the
rest of the world delivers the largest reduction (-32 Mt S) compared to the Baseline, while the
OECD cluster stabilises at—11 Mt S and the BRIC countries decrease further to -23 Mt S per year.

Policy-induced decreases in emissions of nitrogen oxides are less steep, as it is technically
more difficult and thus more costly to achieve deep emission cuts. By 2030 and 2050, the
decrease in OECD countries is projected to be -4 and -5 Mt nitrogen per year respectively. The
BRIC cluster achieves a lesser decrease by 2030 (-3 Mt N/year) but more than double that (-8)
by 2050. The rest of the world sees a small decrease in nitrogen oxides emissions by 2030
(-1 Mt N/year), but steady decreases after that, passing -9 Mt/N year by 2050.

Figure 8.7 shows the development of sulphur dioxide emissions for the Baseline and
policy cases for each of the regional clusters: OECD, BRIC and the rest of the world. Note
that on balance, the rest of the world’s sulphur dioxide emissions begin to deviate (in the
ppglobal case) from the Baseline almost at the same time as those from BRIC countries.
This reflects the relative weight of South Africa and marine shipping.
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Figure 8.7. Sulphur dioxide emissions, 1970-2050
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Source: OECD Environmental Outlook Baseline and policy simulations.

Particulate emissions

Urban PM, concentrations have also been estimated for each of the three policy cases
(Figure 8.8). The case of ppOECD leads to a 35-45% reduction in PMqy compared to the
Baseline and an estimated reduction of 5% or less in BRIC and the rest of the world. In the
PPBRIC+OECD case a concentration reduction of about 25% is estimated, although South

Figure 8.8. Annual mean PM;, concentrations (ug/m3) for the 13 regional clusters,
2030, Baseline and three policy cases
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Source: OECD Environmental Outlook Baseline and policy simulations.
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Asia lags behind with a reduction of 8%. The case of ppglobal results in a small reduction
(5-8%) in the rest of the world. For the period 2030-2050, projections suggest that emissions
of the PM-precursor gases sulphur dioxide and nitrogen oxides will not substantially
decrease in the OECD under this simulation of enhanced environmental policies worldwide;
PM concentrations will remain more or less constant here. In the BRIC countries and the rest
of the world, the measures result in strong emission reductions starting around 2020
and 2030, respectively. A further reduction in concentrations is expected here.

Population exposures for 2030 in the Baseline and the most stringent policy case
(ppglobal) are compared in Figure 8.9. Under the ppglobal case the situation is projected to
improve, but large proportions of the urban population are still expected to be living
in cities with annual mean PM,y concentrations exceeding the WHO interim target 1 of
70 ug/m3. The health impact assessment of these policy cases is discussed in Chapter 12 on
health and environment.

Figure 8.9. Distribution of the urban population according to estimated annual mean

PM, concentrations in the modelled cities, 2030, Baseline (left) compared
to policy case ppglobal (right)
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Note: Regional country groupings are as follows: NAM: North America (United States, Canada and Mexico); EUR (western and central
Europe and Turkey); JPK: Japan and Korea region; ANZ: Oceania (New Zealand and Australia); BRA: Brazil; RUS: Russian and Caucasus;
SOA: South Asia; CHN: China region; MEA: Middle East; OAS: Indonesia and the rest of South Asia; ECA: eastern Europe and central Asia;
OLC: other Latin America; AFR: Africa.

Source: OECD Environmental Outlook Baseline and policy simulations.

Notes
1. Nitrogen oxides are a mixture of nitrogen monoxide and nitrogen dioxide.

2. The World Health Organization has published air quality guidelines for reducing health impacts of
air pollution (WHO, 2006). These are regularly reviewed based on expert evaluation of current
scientific evidence.

3. Information on ambient concentrations is much more widely available for coarser particles (PM4q
or total suspended particles) than for the fine particles (PM,s). The analysis presented in this
chapter first models PM;y concentrations in urban areas. Next, in the health impact assessment

OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008

193



8. AIR POLLUTION

(see Chapter 12) PM, 5 concentrations are estimated from the modelled PMq, concentrations using
an observed PM, 5/PM, concentration ratio.

4. In this chapter the 13 regional clusters are abbreviated as: NAM: North America; EUR: OECD
Europe; JPK: OECD Asia; ANZ: OECD Pacific; BRA: Brazil; RUS: Russia and Caucasus; SOA: South
Asia; CHN: China region; MEA: Middle East; OAS: Other Asia; ECA: Eastern Europe and Central Asia;
OLC: other Latin America and Caribbean; AFR: Africa.

5. One TgS (teragramme) corresponds to one billion kilogrammes of sulphur.

6. That is, the sum of excess of daily maximum 8-h means over the cut-off of 35 ppb calculated for all
days in a year; SOMO35 is expressed in ppb/day.

7. See: www.epa.gov/airmarkets/.

8. Aerosol plays a double role in climate change: “white” aerosol (e.g. sulphate formed from burning
sulphur-containing coal) has a cooling effect but “black” aerosol (soot) may cause warming.

9. Referred to as the Environmental Outlook (or EO) policy package in Chapter 20.
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Chapter 9

Biodiversity

Biodiversity loss is expected to continue to 2030, particularly in Asia and Africa. This
chapter examines the sources of this loss - land use changes, unsustainable use of
natural resources, invasive alien species, global climate change and pollution — and
explores policy responses to halt further damage. Protected areas, which have grown
significantly in number during the past few decades, will become increasingly
important in the preservation effort as agricultural and urban land use expands.
While many of the biodiversity “hotspots” worldwide are situated in developing
countries, OECD countries have a role to play in helping to support their conservation
and sustainable use through global and regional agreements, as well as through
working together to address market and information failures.
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KEY MESSAGES

The Outlook Baseline projects continued biodiversity loss to 2030 (as measured by
human interference in biomes), with particularly significant losses expected in Asia
and Africa.

000

Continued population and economic growth will put pressure on biodiversity through
land use changes, unsustainable use of natural resources and pollution. Climate change
will also put pressure on biodiversity in the coming decades.

DOO

Agriculture will continue to have major impacts on biodiversity. It is projected
from 2005 levels that, in order to meet increasing demands for food and biofuels,
world agricultural land use will need to expand by about 10% to 2030 - for crops and
livestock together.

DOO

Although protected areas have expanded rapidly during the past few decades, the
biomes represented in that coverage are uneven. Marine areas are thought to be
under-represented in all categories of protected areas.

Q0OC

Many policy instruments are available to governments to mitigate the impact of
economic growth on biodiversity. Since studies generally show that biodiversity has
considerable direct and indirect value — and markets often fail to fully capture that
value — additional pro-biodiversity policies are needed, for which governments have
the necessary tools at their disposal.

000

The number and extent of protected areas have been increasing rapidly worldwide in
recent decades; they now cover almost 12% of global land area.

OO0

Policy options
o Work toward sustainable use of biodiversity in the long term, but expand the biomes

covered by some level of protection so as to ensure that the widest possible range of
biodiversity is being preserved.

e Improve existing policy frameworks to minimise impacts of further economic growth on
biodiversity.

® Expand policies (market-based approaches) so that current values of biodiversity are
reflected in market activities.

e Enhance programmes to combat the spread of invasive alien species.

® Help support the conservation and sustainable use of biodiversity “hotspots” in
developing countries through global and regional agreements, as well as through
working together to address market and information failures.

e Ensure that trade liberalisation is not harmful to biodiversity in countries expected to
expand output.

Consequences of inaction

e The loss of biodiversity through continued policy inaction is expected to be significant
both in measurable economic loss and difficult-to-measure non-marketed terms.

@ Inaction to halt biodiversity loss can lead to further losses in essential ecosystem services —
such as carbon sequestration, water purification, protection from meteorological events,
and the provision of genetic material.
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Introduction

Biodiversity worldwide is being lost, and in some areas at an accelerating rate (Pimm
et al. 1995). According to the Millennium Ecosystem Assessment (MEA 2005a), the main
sources of biodiversity loss are land use changes (usually associated directly or indirectly
with increasing populations, e.g. conversion to agriculture); unsustainable use and
exploitation of natural resources (especially fisheries and forestry); invasive alien
species; global climate change; and pollution (e.g. nutrient loading). While these are the
immediate sources of the loss of biodiversity, the underlying problem is that biodiversity
is usually not fully accounted for by consumers in the market place - there is often no
distinction between biodiversity-friendly goods and those that damage biodiversity.
Without government intervention, the market place has difficulty making that
distinction. That so few policies have been enacted to mitigate biodiversity loss is an
indicator of the strength of the underlying market failure, especially since there is
considerable evidence for direct and indirect values of biodiversity that are not reflected
in the market (e.g. OECD, 2002).

Looking forward, many factors will affect biodiversity in
ways that will either harm or help it. Nowhere is this potential
for changes in biodiversity greater than in two areas: i) the
increase and extension of agricultural activity, which often
results in biodiversity loss; and ii) the creation and sustainable
use of protected areas, which mitigate further biodiversity loss.
Agriculture has historically had the largest impact on
biodiversity, and it is expected to continue to be a major factor
in the future. Protected areas are a fairly recent phenomenon,
but their importance for biodiversity in the future will become
key. Over longer time horizons, a source of biodiversity loss
whose potential looms very large is climate change. However,
the uncertainty around its impact is also large at this stage and its impact within the time
frame under consideration here may be small compared with other sources (see also
Chapter 13, Cost of policy inaction).

Further losses
in biodiversity and
ecosystem services
are expected to 2030.

Future pressures on biodiversity are closely linked to increases in economic activity,
with associated changes in consumption and production patterns. Under the OECD
Environmental Outlook Baseline, world population is expected to be 30% higher in 2030 and,
when coupled with increasing material well-being (the world economy may be twice as big
in 2030 as it was in 2005), this is likely to exacerbate current pressures on ecosystems.
Ensuring that economic development is sustainable will require satisfying human needs
and wants in such a way that valuable biodiversity and ecosystem functions are not lost, in
particular as many of these ecosystem functions - including carbon sequestration, water
purification, and the provision of genetic material — directly support economic and social
well-being. While many of the biodiversity “hotspots” worldwide are situated in developing
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countries, OECD countries have a role to play in helping to support their conservation and
sustainable use through global and regional agreements, as well as through working
together to address market and information failures.

Key trends and projections

A rough measure of biodiversity loss can be obtained using a relatively simple
indicator called mean species abundance. Figure 9.1 compares biodiversity (MSA) in 2000
and 2050 with a hypothetical level chosen to reflect low human interference. The results
for 2000 are based on data available in the IMAGE model, while those for 2050 are based on
the combined results of ENV-Linkages and IMAGE. The MSA on a global basis is projected
to decline by 10% between 2000 and 2030 (7 percentage points).

Figure 9.1. Historical and projected future changes indicated by mean species abundance,
2000-2050
Potential = 100%
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Note (with indicated change): Boreal forest (-5%); Desert (-6%); Tundra (-7%); Polar (-2%); Conif forest: temperate coniferous forest (-8%);
Mixed forest: temperate broadleaf and mixed forest (-12%); Mediterranean: Mediterranean forest, woodland and shrub (-10%); Dry forest:
tropical dry forest (0%); Rain forest: tropical rain forest (-14%); Steppe: temperate grassland and steppe (-15%); Savannah: tropical
grassland and savannah (-20%).

Source: OECD Environmental Outlook Baseline.

In April 2002 the Conference of the Parties to the Convention on Biological Diversity
adopted a strategic plan. This committed parties to significantly reduce the current rate of
biodiversity loss (by “mainstreaming” biodiversity concerns) at the global, regional and
national level by 2010 (Decision V1/26). This objective was subsequently endorsed by the
World Summit on Sustainable Development, and was reinforced by G8 environment
ministers following their meeting in Potsdam in March 2007. That target would certainly
change the trend outlined in Figure 9.1, but has not been reflected in the Baseline because
the specific policies that would be needed to achieve it are not yet in place.

Figure 9.2 shows that according to the Baseline, future biodiversity loss to 2030 (as
measured by MSA) is likely to mainly come from pressures from agriculture (32%) and
infrastructure (38%). Infrastructure development includes urbanisation, transportation
networks and other elements of human settlement. The significant loss to infrastructure is
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Figure 9.2. Sources of losses in mean species abundance to 2030
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Source: OECD Environmental Outlook Baseline.

an indication that increased population with increased wealth will lead to a spreading out
of people that will affect natural areas more heavily.

To 2030, growth in agricultural production is expected to lead to further pressures on
biodiversity through land use changes in the vast natural areas of North America and
Australia/New Zealand. In the densely populated regions of Western Europe and Japan we
are already seeing high levels of human encroachment on nature. All OECD regions,
however, show further decline due to expanding infrastructure and other influences.

The Russian and other former Soviet Union economies featured a relatively high MSA
biodiversity score in 2000 (roughly 83% of pristine state) with only limited further losses
(down to roughly 78% of pristine state) projected by 2030. This is mainly because of the vast
natural and sparsely populated areas of this region. By contrast, from an already low
starting point, biodiversity in OECD Europe (48%) is projected to deteriorate further to 40%
in 2030. Expansion of agricultural land in new EU member states and infrastructure are the
main drivers of this downward trend.

Significant differences in both levels and trends for biodiversity are also found between
different developing regions. In East Asia agricultural areas are projected to decrease, but
quickly expanding infrastructure, high levels of nitrogen deposition and some mild early
impacts of climate change more than offset that effect. In both South and Southeast Asia,
biodiversity declines (as measured by MSA) of at least 10 percentage points are anticipated. In
South Asia, expanding agriculture is the main cause, while in densely populated Southeast
Asia infrastructure expansion and fragmentation play a bigger role. In all developing regions
climate change, notably changes in precipitation, are also expected to affect biodiversity.

Land use changes

Conversion of land away from biodiversity-rich natural conditions is perhaps the
greatest pressure on ecosystems and biodiversity. The 2005 Millennium Ecosystem
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Assessment suggests that “Most changes to ecosystems have been made to meet a dramatic
growth in the demand for food, water, timber, fibre and fuel” (MEA, 2005a). Forestry activity
and agriculture have been the primary drivers of this biodiversity loss. The MEA found that
more land was converted to agriculture in the 30 years following 1950 than during the
150 year period between 1700 and 1850. Similarly, the Global Biodiversity Outlook 2
(SCBD, 2006) also identifies habitat loss — or land use change - arising from agriculture as
the leading cause of biodiversity loss in the past, as well as in projections for the future.

The further increase in food crop lands worldwide of 16%
to 2030 (from 2005) expected under the Baseline will continue
to be an important factor in biodiversity loss, mostly through
the conversion of grasslands and forested areas to farmland.
Projected increases in crop lands are particularly notable in
Russia, South Asia, developing Africa and some (but not all)
OECD countries (see Figure 9.3). Agricultural land area is
expected to decrease to 2030 in the Asian OECD region (Japan
and Korea). It should be emphasised that these results reflect
minimal changes in policy and technology. Changing those
assumptions could result in large changes in some of these
trends. For example, the location of these increases is driven in part by continuing tariffs
and other agricultural policy measures. A policy simulation was undertaken with ENV-
Linkages to reflect the gradual removal of agricultural tariffs, and the impacts of this on
land use examined (Box 9.1).

Land use change
for agriculture is the main
source of biodiversity
loss worldwide.

Furthermore, Heilig et al. (2000) use FAO/IIASA data to show that by applying existing
technologies already in use elsewhere, China could feed itself in 2025 using less land than
it did at the turn of the century. However, many of those technologies are unlikely to be
implemented while labour costs are low and government policy does not encourage
high-productivity farm production.

Figure 9.3. Change in food crop area, 1980-2030
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Source: OECD Environmental Outlook Baseline.
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Box 9.1. Modelling the impact of agricultural tariff reductions

Under the Baseline for the Outlook, it is expected that increasing demand for food (and biofuels) will lead to
more than a 10% increase in all agricultural lands worldwide (16% increase for food crops, 6% increase for grass
and fodder, and 242% increase for biofuels). The location of these increases is driven in part by continuing tariffs
and other agricultural policy measures. A policy simulation was undertaken with ENV-Linkages to reflect the
gradual reduction of agricultural tariffs, and the impacts of this on land use examined. These results are
primarily useful in drawing attention to areas where biodiversity policy may need reinforcing: though
measuring changes in land use for agriculture can be indicative of changes in pressure on biodiversity, a
thorough analysis of impacts on biodiversity would have to account for some counteracting factors.

In the simulation, all countries are postulated to lower their tariffs by 50% by 2030, thus significantly
affecting agriculture in a number of sectors in countries where tariffs are high - the simulation reduced
only direct tariffs as they existed in 2001.

Total agricultural land use under this simulation of tariff reform would be increased by around 1.8%
compared to the Baseline in 2030. This implies that instead of agricultural land increasing by 10%, it would
increase by 11.8%. This is combined with the economic benefits that the reforms would bring, and other
environmental benefits of more efficient markets and rational land use. While the global trend is upwards,
this masks some regional variation, such as increases in some areas (especially Brazil and parts of Southern
Africa) and decreases in others (especially those OECD countries where tariffs are high). The decrease
shown for Japan in response to this policy would be in addition to the roughly one-third decrease in
agricultural land use that occurred between 1980 and 2000.

Whether the increase in agricultural land in Brazil versus the reduction elsewhere represents a net loss of
biodiversity is not easily answered. Some studies show that Brazil can significantly expand agricultural
lands without losing additional rainforest because the expansion is likely to occur instead in the Cerrado
region. But the Cerrado region of Brazil also has its own unique biodiversity and does not currently have
sufficient protected areas to ensure that biodiversity will not be lost. Adequate protection of the Cerrado
and enforcement of the existing policies protecting the rainforest could accompany such agricultural trade
liberalisation to ensure sustainable use of biodiversity-related resources even with expanded agriculture.
Such a strategy could lead to gains both in worldwide agricultural efficiency, as well as more sustainable
use of biodiversity. SCBD (2007) obtained the result that global biodiversity would be damaged by trade
liberalisation, mainly as a result of the impacts in Brazil.

Table 9.1 outlines the types of agricultural land use changes that might be associated with tariff
reductions in regions with the largest impact - 10 of the models’ 34 regions are shown. The changes are
relative to the Baseline, meaning that they should be compared to a world which is using 10% more land for
agriculture than today.

Table 9.1. Impact on land types in 2030 of agricultural tariff reform (compared to Baseline)

Country/region Change in livestock Change in crops Comment

Iceland\Norway\Switzerland -8.7% -13.0% Gain in forested areas, some loss of semi-natural grassland
Japan 2.6% -21.6% Gain in forested areas

Korea 0.3% -14.5% Switch in crop composition, gain in forested areas
Turkey -1.3% —2.4% Some gain in forested areas, natural pastures

Mexico 0.1% -3.3% Less pressure on rainforest

USA 0.0% 2.4% Increased use of marginal cropland

EU members non-OECD 2.8% 1.3% Loss of forested areas

Australia and New Zealand 4.3% 1.4% Some loss of forested areas and natural pastureland
Rest of South Africa 6.0% 0.6% Some loss of forested areas and natural pastureland
Brazil 10.0% 0.0% Loss of natural pastureland; potential loss of rainforest

StatLink ==r http://dx.doi.org/10.1787/257177550380
Source: OECD Environmental Outlook Baseline and policy simulations.
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While biofuel expansion is included in the Baseline, it plays a small role in land use
change to 2030. This is in part because the price of oil in the Baseline is assumed to return
to levels that do not encourage heavy use of biofuels for transport. Should governments
continue to increase support for biofuels, or should oil prices remain significantly above
USD 60 indefinitely, there is very large potential for significant shifts of land use to
agriculture for biofuel production (see Chapter 14 on agriculture).?

While agriculture has had predominantly negative impacts on biodiversity, this is not
a universal outcome in all circumstances. The Mediterranean basin, for example, is
considered a biodiversity hotspot largely because the conditions that agriculture has
created have been conducive to maximising diversity. Alpine meadows are another
example of how farming activity can sustain biodiversity. Organic agriculture can also be
more biodiversity-friendly than other forms of agriculture because of the lower levels of
homogenisation of plant and animal life in and around the farm. However, at very large
scales it is not clear whether these benefits can be maintained (Hole et al., 2005). Similar
observations can also be made in many regions, both within and outside OECD countries.
While they do not change the overall observation that clearing land for agricultural use is
generally detrimental to biodiversity, they do call for a more nuanced view in some cases.

It should also be noted that biodiversity can be considerably enhanced through the
“greening of agriculture”. For example, recent trends in OECD countries towards payments
for environmental services to farmers hold out the prospect of achieving increases in
biodiversity while simultaneously maintaining or increasing agricultural output (see also
Chapter 14 on agriculture).

Unsustainable use and exploitation of natural resources

Over-harvesting of species (especially when it is illegal) reduces biodiversity by
decimating specific plant or animal species, as well as by affecting habitats and species’
interdependence. For example, over-harvesting of cod in the North Atlantic has led to
cascading impacts on the overall food chain in the ecosystem, with resulting impacts on
other fish stocks (Frank et al., 2005). Over-harvesting of trees has led to the loss of
significant sources of biodiversity in rainforests in both South America and Asia. In the
past, over-harvesting of particular species has led to their extinction.

Marine biodiversity is experiencing pressure from both fishing activity and non-
fishing sources (see Chapter 15 on fisheries and aquaculture). Given the growth in demand
for fish products, increases in pollution and eutrophication of marine environments,
alteration of physical habitat, exotic species invasion, and effects of other human
activities, the pressure on marine biodiversity from anthropogenic sources will continue to
increase to 2030 (see Committee on Biological Diversity in Marine Systems, 1995, for more
detail on how each of these sources affects biodiversity). There are also early signs of
climate change affecting marine biodiversity, and this is likely to intensify, e.g. through
increased acidification of oceans (Gattuso et al., 1998).

Roughly 40% of forest area has been lost during the industrial era, and forests continue
to be lost in many regions. Between 2005 and 2030, a further 13% of naturally forested area
is expected to be lost worldwide under the Baseline, with the greatest rates of deforestation
occurring in South Asia and Africa (excluding recent regrowth). This reflects the increasing
demand for forest products, with global timber production having increased by 60% in the
last four decades (see Box 9.2). However, forests have been recovering in some temperate
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Box 9.2. Environmental impacts of forestry

Forests are the most biodiversity-rich terrestrial ecosystem. They provide a wide range of values to
humans, varying from timber, pulp and rubber, to environmental services. At the global level, forests play
a crucial role in regulating the climate and represent a significant carbon reservoir. However forest
biodiversity is threatened by deforestation, degradation and fragmentation. The main factors driving
biodiversity depletion in forests include pressures from increasing land use for farming and livestock
grazing, unsustainable forest management, introduction of invasive alien species, mining and
infrastructure development. For the most part, industrial logging and the development of tree plantations
are not direct causes of deforestation, but major contributors to forest degradation and fragmentation,
which in turn can increase the risk of deforestation.

Demand for wood production

In 2005, about half the world forest area was designated for production of wood and non-wood forest
products. Rapidly increasing demands for wood, notably from paper and pulp industries due to growing
paper consumption, and from the energy generation sector to supply biofuels, is expected to put further
pressures on forest resources and survival. Global roundwood production in 2005 amounted to over
3.5 billion m?. Industrial roundwood accounted for about half of the total roundwood production, and
increased by about 18% between 1980 and 2005. Of all industrial roundwood products, paper and
paperboard production grew most rapidly — doubling between 1980 to 2005 as a result of surging demand
for paper in developing countries (see also Chapter 19 on selected industries: pulp and paper). Over half of
the world’s roundwood is used as fuel wood or charcoal, supplying about 10% of the world’s energy.
Woodfuels are also used as modern biofuels to generate electricity, gases and transportation fuel. Demand
for biofuels as primary inputs for electricity is expected to increase by 19% to 2030.

Environmental effects of forestry on forest areas

Forest area and deforestation

Global forest area accounted for about 4 billion hectares or 30% of total land area in 2005. The OECD
Environmental Outlook Baseline projects that natural forest areas will decrease by a further 13% worldwide
from 2005 to 2030, with the greatest rates of deforestation occurring in South Asia and Africa. Primary
forests were lost or modified to other forest types at an average rate of 6 million ha per year over the past
15 years, and the rate of loss is increasing.

There are three major forest types according to latitude: boreal/taiga (found throughout the high
northern latitudes), temperate and tropical forests. Temperate forests, mostly secondary and plantation
forests, have been slightly increasing over a long period due to natural reforestation and forest plantations
on abandoned agricultural land. Tropical and boreal forests, however, are under pressure from
deforestation and forest degradation in primary forests. With some exceptions, most of the logging in the
topical and boreal regions involves “cut-and-go” operations in primary forests, i.e., short-term exploitation
of industrial wood products without caring for the long-term regeneration of the forest. Severe degradation
of forests can occur due to impacts of felling damage and residual wastes on water, so