Increasingly severe consequences of climate change

Projected ocean acidification by 2100
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1 - Aragonite is a form of calcium
carbonate used by organisms such as
corals, molluscs and some plankton
species to build up skeletal structures
and shells.

Aragonite saturation levels go down

as the ocean water acidifies. A value below
100% indicates undersaturation, meaning
that aragonite structures would dissolve.
Lowering values imply that it becomes
increasingly difficult for the mentioned
organisms to survive and grow.

Source: IPCC, 2007, Climate Change 2007 -
The Physical Science Basis.



Assessment of global megatrends

Projected impacts of climate change on freshwater flows
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Why is the growing severity of climate change impacts important for Europe?

Climate change influences the Earth’s surface temperature, the sea level and the amount, timing and
intensity of precipitation. On land, these changes affect freshwater availability and quality, surface water
run-off and groundwater recharge, and the spread of water-borne disease vectors. Extreme weather
conditions have an increasingly large impact on vulnerable human communities, particularly the world’s
poor. Climate change can severely affect human health, food production, security and resource availability.
The relative importance of climate change compared to the other megatrends is projected to increase
towards the latter part of the 21st century, and may become visible only in a few decades.

The climate change projected will have far-reaching impacts in Europe. It will affect the vulnerability of
European society to an array of threats to human health, almost all economic sectors, ecosystem goods
and services, and biodiversity. Pronounced consequences are expected in the Mediterranean basin,

North Western Europe and the Arctic. Many coastal zones, mountains and areas prone to river floods are
particularly vulnerable, as are cities and urban areas. In some sectors and regions new opportunities may
occur. However, with increases in both temperatures and the frequency and intensity of extreme weather
events, adverse effects are likely to dominate in the medium to long term.

Key drivers and uncertainties

Increases in GHG emissions are largely due to theuse =~ The uncertainties regarding GHG emissions and
of fossil fuels, although deforestation, land-use change  ecosystem responses (including tipping points)

and agriculture also provide significant but smaller are considerable. Major uncertainties remain also
contributions. Major drivers are therefore global about impacts on human society, including long-
population growth, increases in demand for food, term health effects, regional conflicts, migration and
water and energy, and agricultural practices. Policy political instability.

responses, both mitigation and adaptation, are crucial.
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Increasing environmental pollution load

An increasingly complex mix of pollutants threaten the Earth’s
regulatory mechanisms. Particulates, nitrogen and ground-level
ozone merit particular attention because of their complex and
potentially far-reaching effects on ecosystem functioning, climate
regulation and human health. In addition, many other chemical
substances are released into the environment, with effects — in
isolation or combined — that are still poorly understood.

The European Environment | State and Outlook 2010 59



60

Increasing environmental pollution load

Over recent centuries the human impact on the
environment has risen steadily as the population
grew. The effects on air and (drinking) water quality
were primarily felt locally. In the last few decades
we have seen more and more regional impacts

(e.g. acid rain) and many problems already have a
global impact (e.g. climate change and stratospheric
ozone loss). The existing mix of pollutants and their
effects (in isolation or combined) has grown more
and more complex, with environmental feed-backs
becoming apparent at ever-wider scales. The term
“anthropocene” has been suggested to describe

our era, where human resource use has become a
dominant driving force, shaping the Earth and its
regulating mechanisms (Crutzen, 2002).

Four environmental pollution subtrends that
merit particular attention in view of their
complex nature and potentially far-reaching
effects are highlighted below. They share most of
the same drivers (for instance industrialization,
globalization, and rising consumption) and
contribute to the general deterioration of
ecosystems and/or human health.

Particulate matter pollution

Apart from emitting greenhouse gases, fuel
burning for heating, industry and transport

also leads to pollution of the air with small
particles (PM10- particles up to 10 micrometer

in diameter). Urban haze or rural smoke can
ultimately become transcontinental plumes of
atmospheric brown clouds. These brown clouds
consist of sulphate, nitrate, hundreds of organic
chemicals, black carbon, soil dust, fly ash, and
other aerosols (Ramanathan. and Feng , 2008).
This type of pollution is projected to increase,
particularly in rapidly developing countries.
Although atmospheric brown clouds so far have
predominantly been an Asian phenomenon, long-
distance transport to other parts of the world can
happen. Recently, an SO2-rich pollution plume
of East Asian origin was detected over Europe,
having traveled across the North Pacific, North
America and the North Atlantic in only 8 to 10
days (Fiedler1 et al., 2008).

Reactive nitrogen

Fossil fuel combustion and production and

the application of nitrogenous fertilisers both
increase the amount of so-called “reactive
nitrogen” in the environment. causing air
pollution and eutrophication of terestrial and
aquatic habitats. Nitrogen makes up almost

80 % of the atmosphere in the shape of N2 gas.
This nitrogen is only available to plants if it is
‘fixated’ into reactive forms. Natural fixation in
the atmosphere and in the soil is supplemented
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Particulate matter pollution

No data 20 30 40 50 100 150

Regional annual mean PM1q concentration '
(population weighted)

1-PMyg is particulate matter 10 micrometres in diameter, or less.
Source: OECD, 200, OECD Environmenta/ Outiook to 2030.

by industrial production of nitrogenous fertiliser.
Fossil fuel combustion, emitting large additional
amounts of NOx, increases the load of reactive
nitrogen even further. The total amount of
reactive nitrogen in the environment has more
than doubled as the result of these human
activities (OECD, 2008; .

The total amount of reactive nitrogen can be
expected to increase further in line with food
production and fossil fuel use. In a baseline
projection, the total inputs of reactive nitrogen
onto agricultural land are expected to increase
by about 20% by 2050, with the highest absolute
levels in Asia. The global quantity of reactive
nitrogen exported by rivers to coastal marine
systems is projected to increase by about 4% by
2030, with a decrease in OECD countries of about
5% being overshadowed by an 11% increase in
the BRIC (Brazil, Russia, India, China) countries.
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Increasing environmental pollution load

Emissions of selected air pollutants

as a result of three environmental policy packages
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The OECD Environmental Outlook simulated three environmental policy packages (PP)

addressing four issues (agriculture, climate change, air pollution and water quality),

applied to specific groups of countries and at a global level.

» The OECD PP would result from applying the following policies to OECD countries:
carbon taxes, a substantial reduction in air pollution and improved sewage systems.

» The OECD+BRIC PP would result from applying the same policies to OECD and BRIC
countries, adding deregulation of agriculture (cutting subsidies and tariffs).

» The Global PP would involve applying all these policies worldwide (with delayed target
for low income countries).

» The baseline is a no-new policies scenario (or business-as-usual). It is not the most
plausible future development but a good benchmark for comparison.

1 - Brazil, Russia, India and China.

Sources: OECD, 2007, OECD Environmental Outiook Baseline and policy simulations;
PBL, 2008, Background report to the OECD Environmental Outlook to 2030.

Ground level ozone

Ground level (tropospheric) ozone acts as a
greenhouse gas and also affects primary plant
production and human health. Background
tropospheric ozone concentrations in the Northern
Hemisphere have doubled since the Industrial
Revolution as a result of anthropogenic emissions
of a range of ozone precursors, including nitrogen
oxides (NO,), non-methane volatile organic
compounds, carbon monoxide (CO) and methane
(CH,). Fossil fuel burning in industry and transport
and agriculture are the main sources of these

emissions. Air quality modelling indicates that ozone

concentrations may increase further regionally,
particularly in Asia, Africa and South America

no hyphen. Whereas NO, and CO emissions may
decrease as a result of technical advances and policy

measures, emission of methane is projected to almost

double by 2100 (Royal Society, 2008).
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Production of chemicals
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Methane emissions

as a result of three environmental policy packages
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Sources: OECD, 2008, OECD Environmental Outlook to 2030; PBL, 2008, Background
report to the OECD Environmental Outlook to 2030.



Assessment of global megatrends

Chemicals

The overall picture for chemicals is that we

are burdening the environment with a rapidly
expanding and increasingly complex pollutant
load, the potential effects of which on public health
and the environment are poorly understood. An
estimated 70 000 to 100 000 chemical substances are
already in commerce and this number is rapidly
expanding. Almost 5 000 of these substances are
produced in high volumes, over one million tonnes/
year. The OECD countries are the biggest producers
of chemicals, but production is increasing more than

twice as fast in India, China, Brazil, South Africa
and Indonesia. Their economic share of total world
chemical production is projected to rise to around
30% by 2020 and almost 40% by 2030 (OECD, 2008).

Whereas some environmental aspects of chemicals,
like toxicity and eco-toxicity, exposure or emissions,
are regulated by different pieces of regulation e.g.
on pesticides, biocides, radioactive substances

etc., the EU REACH Regulation 2007 provides a
comprehensive approach to industrial chemicals in
manufacturing and products. It is being taken into
account in many parts of the globe.

Why is this increasing pollution load important for Europe?

Particulate matter seriously endangers human health, particularly in urban areas. It can also have an impact
on the climate in Europe and affect crop and water security. In Europe, pollution with fine particles (PM,

— smaller than 2.5 micrometers) is associated with approximately 500 000 premature deaths per year at
present.

Nitrogen pollution affects the atmosphere by depleting stratospheric ozone, affects groundwater quality
and leads to eutrophication of freshwater and marine ecosystems. After application of manure and
fertilisers to agricultural land, excess nutrients may be emitted to the air or leak as nitrate into ground water
or run off to surface water. This freshwater pollution load is ultimately discharged to coastal waters, where it
accelerates the growth of phytoplankton. It can change the composition and abundance of marine organisms
and ultimately lead to oxygen depletion, killing bottom-dwelling organisms. Oxygen depletion has risen
sharply over the past 50 years, from about 10 documented cases in 1960 to at least 169 in 2007 worldwide,
and is expected to become more widespread with increasing sea temperatures induced by climate change.

The current ground level ozone concentrations in industrialized regions of North America, Europe and

Asia can reduce yields of staple crops by as much as 10 to 20 %. The productivity and species composition
of natural habitats may also change, putting biodiversity at risk, particularly in South East no hyphen Asia,
South America no hyphen, Central Africa, the eastern USA and Western Europe no hyphen. The raised
ozone levels in North America and Europe are also associated with respiratory and cardiovascular problems
and increased mortality. There is increasing evidence that long-term chronic exposure has adverse effects

on lung function. Health impacts have been observed at around ambient concentrations (approximately 35
ppb) and below the current WHO guideline of 50 ppb (for a daily eight-hour average concentration). The
number of premature deaths due to ground level ozone worldwide is estimated to quadruple by 2030.

Chemicals may be toxic and affect human health and ecosystem functioning in many ways, although
uncontested evidence for toxicity remains limited to only a few hundred of the most traded substances. The
effects of very persistent chemicals are particularly difficult to assess. Long-term low-dose exposure to these
substances may have subtle but serious effects. Exposure to neuro-toxic chemicals, for example, has been
associated with mild neuro-developmental disorders in children.

A further concern is that traditional toxicological assessment is normally undertaken only on individual
chemicals. The toxicity of the breakdown products is less certain and the overall impact of the cocktail
of chemicals on ecosystem structure and function (especially in marine and freshwater ecosystems) and
on human health is unknown and hard to adequately test for. Recent research points to the risks of
accumulating pharmaceuticals in the environment. These substances may have strong environmental
effects, since they are specifically designed to affect biological functioning. The presence of hormone-
mimicking substances in water, for example, has been linked to the feminization of fish.

The potential consequences for Europe of global pollution trends include further impacts on human health
and ecosystems. Unsafe drinking and bathing water and contaminated food, from both European products
and imports, pose immediate risks. Risks may also be connected to the increasing import of intermediate
and final industrial chemical products. In Europe, the reactive nitrogen problem is particularly evident in
the Baltic Sea, where the current ecological status is already poor.
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Increasing environmental pollution load

Key drivers and uncertainties

Economic growth and population increase cause
increasing emissions of reactive nitrogen, ozone
precursors and chemical waste. Climate change
and land use changes may influence the production
of emissions from natural sources. Increased
demand for energy, transport, food and non-food
crops and other resources may further increase
emissions arising from human activity, and changes
in patterns of consumption and production are
likely to affect the distribution of the pollutants.
Legislation and technology may, however,
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contribute to decoupling pollution from economic
growth.

Key uncertainties concern the actual impacts on
health and ecosystems of the different pollutants,
as well as their compound effects. The possible
effects of nitrogen, ozone and particulate matter on
climate change poses a complex cross-cutting issue
with many uncertainties. Consumer behaviour, risk
awareness, technology developments and policy
responses are major uncertainty factors.
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Environmental regulation and governance:
increasing both fragmentation and convergence

The world is devising new governance models, including
multilateral agreements on numerous issues and public-private
ventures. In the absence of global regulation, advanced European

standards and procedures have often been adopted worldwide. But
will this situation continue in the future?
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Environmental regulation and governance: increasing both fragmentation and convergence

Global regulation and governance within law-
based, multi-lateral and inclusive international
treaty regimes and organisations is increasingly
complemented by alternative modes. Four distinct
but interrelated trends are important to notice:

a) further strides in regional cooperation and
integration b) the growing importance of groupings
of leading countries such as the G8 or G20, c)

more approaches to regulation and a stronger

role for softer forms of policy coordination (ie.
guidelines, frameworks and codes), and d) the
growing relevance of non-state actors and hybrid
forms of public-private governance. These trends
are underpinned by the increasing globalisation of
administrative law, and remaining concerns about
the legitimacy, credibility and accountability of novel
approaches to global regulation and governance
(Grevi, 2010). However, it remains highly uncertain
how the trends will develop in practice.

The development of multi-lateral environmental
agreements has been a key trend of past decades
(figure p.67). The 1990s saw a peak: the WTO in
1994, the Kyoto Protocol (1997), the International
Criminal Court (1998) and the UN Millennium
Declaration (2000). Yet much of this drive has ebbed
away since then . Global negotiation processes such
as the Doha Development Round of the WTO and
the negotiations about a follow-up agreement to
the Kyoto Protocol on greenhouse gas emissions
(GHGs) have become more complex. But there has
been some progress towards closer cooperation

in many regions, most notably in East Asia.
Countries increasingly collaborate to bring down
trade barriers, to harmonise product standards

and to equalise production conditions such as
environmental regulations (Crawford and Fiorino,
2005) (figure p.58). This is likely to continue. The EU
continues to be the first mover, followed by blocs
such as NAFTA and ASEAN plus Three (APT).

Global regulation is likely to continue and extend
to new areas, given the persistence of old and the
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emergence of new global challenges. However, the
way in which regulation is effected is becoming
more multi-faceted. Over recent years policy
decision-making and coordination has increasingly
shifted from the UN umbrella to informal
groupings of leading countries, such as the G8 or
G20. Regulation of the financial markets is being
strengthened under the revision of the banking
supervision accords (also called Basel III) by the
Basel Committee on Banking Supervision (made
up of G20 member countries and major banking
countries such as Switzerland, Hong Kong and
Singapore) to prevent a repetition of the 2008/9
financial crunch, for example. The BRIC countries
now meet in a specific summit format too. Beneath
this proliferation of summit meetings is a trend

of what is often called «functional» or «messy»
multi-lateralism, that is ad hoc coalitions of relevant
countries that are willing to address a specific
challenge (Haass, 2010).

Another major trend often goes unnoticed yet it is
highly relevant and likely to shape future regulation,
namely the globalisation of administrative law.
While the processes of law-making become
increasingly fragmented and diverse, there is
increasing uniformity and integration in norms and
standards, (i.e. Environmental Impact Assessment
covered by International Organization for
Standardization (ISO) Standard 14011). Principles
of good governance are widely accepted across the
world, both in public and corporate settings, and
many have been informed by environmental law.
Norms and standards can be highly effective even
if they are non-binding. These «softer» versions of
policy coordination are increasingly complemented
by bilateral policy learning and voluntary action.
Diffusion of best regulatory practice between nation
states is gaining speed as a consequence (Busch and
Joergens, 2005). More often than not it leads to an
increasing convergence of policies and standards at
the national level, despite worries about the absence
of progress in international negotiations.
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International environmental agreements since 1900
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Environmental regulation and governance: increasing both fragmentation and convergence

International spread of environmental policies

across 43 OECD and Central and Eastern European countries

Adoption level >> Number of countries where the policy was adopted

Policies ranked by adoption rate 1 4 8 12 16 20 24 28 32 36 40 43 2005
between start year and 2005 I BN Il BN adoption
(fastest spreading policies first) level
} !
Sustainable development strategies N Bl 32
Environmental strategies | [ 41
Sustainability commissions T I 36
Packaging waste policies ] N 35
Environmental plans s I 33
Green certificates for renewable electricity I 11
Feed-in tariffs for renewable electricity | 25
Energy standards | . 37
Energy labels I . 37
Environmental ministries S N 42
Eco-labels | NN 32
Environmental impact assessments | I 42
Waste laws [ | I 40
Energy/carbon taxes | 16
Environmental framework laws | I 38
Environmental protection in the constitution | I 31
Environmental agencies | I 33
Air pollution control laws | I 42
Access to environmental information | [ 43
Environmental advisory councils | 28
Water pollution control laws | I 42
Nature protection laws | Ky
Soil conservation laws | 24

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Countries included in the study: Albania, Australia, Austria, Belarus, Belgium, Bosnia, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Germany, Estonia,
Finland, France, Greece, Hungary, Ireland, Iceland, Italy, Japan, Latvia, Lithuania, Luxembourg, the Former Yugoslav Republic of Macedonia, Moldova, New
Zealand, the Netherlands, Norway, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Sweden, Switzerland, Spain, South Korea, Turkey, Ukraine, United
Kingdom, United States.

Source: Busch P.O. and Joergens H., 2005, The International Spread of Environmental Policy innovations, German Advisory Council on the Environment.

These processes are increasingly influenced by of issues such as standard-setting, law enforcement
private actors, such as transnational corporations and development aid (Andonova, 2010). The rise

or non-governmental organisations. They are of those hybrid forms of global governance is also
essential sources of information and knowledge; linked to the spread of concepts such as privatisation
and they increasingly influence public agenda and deregulation and the wish to mobilise private
setting. While the nation state is likely to remain capital. However, private-private partnerships

the overall dominant source of political power and (without the involvement of governmental actors
authority, making and implementing transnational or international organisations) are important as
norms and rules is increasingly being shared with well. Private actors such as transnational companies
non-state actors (co-regulation) (Falkner, R. 2008). increasingly establish and monitor their own

Global public-private partnerships are expected to regulations based on shared norms and principles as
grow in importance, covering a broader spectrum well as roles and responsibilities.
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The increasing role and relevance of non-

. state actors gives rise also to concerns about
Growing relevance of non-state actors accountability and legitimacy, however. The

setting and application of rules and standards

A TR DO IR SEUE by international bodies with no legislative
with the UN Economic and Social Council (ECOSOC) y mterna : €8!S’
authority increasingly places obligations on
3500 national legislators who are not present in these

negotiations. Furthermore, NGOs are often
concerned that they are not given a proper hearing
by corporate actors who then dominate decision-
making. Calls for better balancing the participation
with non-state actors and achieving greater
transparency and clear procedures have grown in
recent years, and will continue to exert pressure

on national and international public and corporate
decision-makers.

2000
New forms of cooperation are not likely to be a
full alternative to the classic multilateral approach

idég of international decision-making, and the calls for
reforms of existing global governance structures
are likely to intensify (Biermann et al., 2009).

1000 - Pressure to better integrate and represent emerging
economies in global institutions and processes is
unlikely to wane. Different democratic traditions,

500 preferences and interests are expected to challenge
- I

3000

2500

the western norms and values that provide much
of the foundation of the existing global system
0 of governance (US National Intelligence Council,

1948 1968 1992 1995 2000 2005 2008 2008), (Grevi, 2009).

Source: ECOSOC, 2008.
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Key drivers and uncertainties

Economic globalisation is continuing and will further
expand. The ratio of global exports to global GDP
rose from 5.5 % to 19.4 % in the period 1950 to 2005.
Trade barriers and different standards hamper
growth and thus pressure is likely to continue to
harmonise regulations as the regional and global
integration of markets continues. Rapid economic
growth in emerging economies, changing resource
scarcity patterns, and the growing impacts of climate
change will create future demands for global and
regional regulation in economic cooperation, trade
and the environment. The role and relevance of

leading country gatherings such as G8, G20 and G77.

are likely to become still more important.

Dissatisfaction with progress in international
negotiations in key areas such as trade and
environments are likely to drive an increased focus
on regional integration. Governments will need
non-state actors to help with policy formulation
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and implementation, as their own resources will be
inadequate.

Uncertainty marks this trend at every turn. Major
uncertainties relate, for example, to the continuation
of current economic growth patterns globally and
the impacts of the recent financial and economic
crisis. How emerging economies’ institutions
perform and how their democracies develop is
another key uncertainty as they affect both economic
growth and international negotiation processes.
Many emerging economies undergo fundamental
socio-economic change in a much shorter time

than the developed economies did, while their
governance remains inadequate. Global governance
developments will also be heavily influenced by

the degree to which citizens press for participation,
transparency and accountability in global
negotiations. The effectiveness of soft approaches

to global policy coordination depends hugely on
policy implementation at home, which faces its own
problems.
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Links between global megatrends and Europe’s
environmental challenges

Dedicated management of natural capital and ecosystem services
emerges as a compelling integrating concept for managing the
links between global drivers and the four priorities of the EU’s 6th
Environmental Action Programme.
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Links between global megatrends and Europe’s environmental challenges

The EEA’s most recent assessment of the European
environment’s state, trends and prospects - SOER
2010 — emphasises four sets of key environmental
challenges: climate change, biodiversity loss,
growing material resource use and continuing
concerns related to environment, health and quality
of life.

While providing detailed assessments of each of
the four overarching environmental challenges
and related environmental issues, SOER 2010
also stresses the importance of links between
environmental challenges. In addition, the global
megatrends presented in the preceding chapter
imply a variety of additional social, technological,
economic, environmental and political factors
beyond Europe’s control that are already affecting
the European environment and are expected to
continue doing so.

Amid this complexity, the notion of dedicated
management of natural capital and ecosystem
services emerges as a compelling integrating concept
for managing these multiple challenges effectively.
Climate change is an obvious challenge. The EU

has reduced its greenhouse gas emissions and is

on track to meet its Kyoto Protocol commitments.
However, global and European cuts in greenhouse
gas emissions are far from sufficient to keep average
world temperature increases below 2 °C.

A whole set of global socioeconomic megatrends
influence climate change mitigation and the severity
of impacts in Europe. Projected direct impacts

Social
megatrendg

Natural
capital and
ecosystem

services

Environment policy priority areas

@ Climate change

@ Nature and biodiversity

@ Natural resources and waste

O Environment, health and quality of life
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include biodiversity change, particularly in the
Arctic, the Alpine region and the Mediterranean.
Water scarcity is projected to become more
pronounced in many southern European rivers,
while coastal and river flooding problems are likely
to increase as well.

In addition, Europe may experience increased
migration pressures from developing countries,
where global environmental change becomes more
important as a driver of resettlement. Many of

the countries that are most vulnerable to climate
change are outside Europe, although some are

our direct neighbours. Often these countries are
highly dependent on climate-sensitive sectors such
as farming and fishing. The links between climate
change, poverty, and political and security risks and
their relevance for Europe are numerous.

Climate change is expected to affect habitat and
species distributions and to exacerbate biodiversity
loss. Europe has established an extensive network
of protected areas and programmes to reverse the
loss of endangered species. However, widespread
alteration of landscapes, degradation of ecosystems
and loss of natural capital have meant that the EU
has not met its target of halting biodiversity loss by
2010.

The increasing spread of invasive species and

the impacts on coastal, Mediterranean, Alpine

and Arctic habitats are of particular concern.
Although oil production is declining in EEA
countries, intensifying off-shore drilling in Europe
(and also in particularly sensitive areas like

the Arctic) poses increasing risks to the marine
environment. Ecosystems are additionally affected
by transboundary pollution effects, notably the
increase of ground-level ozone, persistent organic
pollutants (POPs) and particulate matter that
result from increased emissions outside Europe.
Its reliance on global ecosystems will increase
Europe’s vulnerability to environmental degradation
elsewhere.

Biodiversity has also continued to decline globally
despite a few encouraging achievements. The global
rate of species extinction is escalating and is now
estimated to be 1 000 times the natural rate (IUCN,
2010). Evidence is growing that critical ecosystem
services are under great pressure globally (MA,
2005).

Loss of biodiversity in other regions of the

world affects European interests in several ways.
The world’s poor are most severely affected by
biodiversity loss as they are usually most directly
reliant on functioning ecosystem services (TEEB,
2009). Increased poverty and inequality are likely
to fuel conflict and instability in regions that
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are already characterised by fragile governance
structures. Moreover, reduced genetic variety in
crops and cultivars implies future losses of economic
and social benefits for Europe in such critical areas
as food production and modern healthcare (CBD,
2010).

In Europe, resource use continues to rise. The EU-27
average annual use of material resources is some 16
tonnes per person. Demand for materials has long
exceeded Europe’s ability to generate what it needs;
20-30 % of resources used are imported. Europe is
resource-poor for fossil fuels (oil and gas), minerals
(e.g. rare earths, phosphorus) and will largely
remain dependent on supplies from abroad.

Global extraction of natural resources from
ecosystems grew more or less steadily over the past
25 years, from 40 billion tonnes in 1980 to 58 billion
tonnes in 2005. Resource extraction is unevenly
distributed across the world, with Asia accounting
for the largest share in 2005 (48 % of total tonnage,
compared with Europe’s 13 %). Over this period, a
partial decoupling of global resource extraction and
economic growth took place: resource extraction
increased by roughly 50 %, where world economic
output (GDP) rose about 110 % (SERI, 2009).
Nonetheless, resource use and extraction is still
increasing in absolute terms, more than offsetting
resource efficiency gains. Global food, energy

and water systems appear to be more vulnerable
and fragile than thought a few years ago due to
increased demand, decreased supply, and supply
instabilities. Over-exploitation, degradation and loss
of soils are a relevant concern in this regard (FAQO,
2009; IEA, 2009; WB, 2009). Global competition and
increased geographic and corporate concentration
of supplies for some resources together means that
Europe faces increasing supply risks (EC, 2010).

For energy Europe may turn to its own stocks (coal,
oil shale, the revival of mining) but exploitation
costs will be high because of the high costs of
labour, environmental and occupational security,
accessibility and landscape disruption. Increased
use of renewable energy sources in the supply mix
will help curb this problem.

Changes in the abundance of migratory species and
climate change impacts may be aggravated by an
increased demand for and depletion of domestic
resources (such as food and timber). Similarly,
increased global demand for European agricultural
and forestry products may lead to an increase in
the intensity and scale of agriculture and forestry
in Europe, increasing pressure on water and soil
resources. Technological efficiency gains may,
however, reduce pressure on Europe’s natural
resources.

Regarding the interplay between environment,
health and quality of life, it is worth noting that
water and air pollution have declined — but not
enough to ensure good ecological quality in all
water bodies or good air quality in all urban areas.
The analysis presented in the preceding chapters
indicates that global trends will also influence
pollution, environment and health concerns.

For example, in coming decades hemispheric air
pollution is expected to increase as economies
across Asia become stronger (although policies

to address air pollution in China and elsewhere
may reverse this trend). Hemispheric pollution by
contaminants such as ozone, particulate matter or
POPs is expected to contribute to the background
level of air pollution across Europe, as well as
increasing deposition of pollutants in water and soil.
This process is likely to reverse improvements in air
quality due to lower local urban emissions.

New technologies offer opportunities to reduce
pollution levels and improve monitoring, but their
possible impacts on the environment and health
will have to be carefully examined. The production
of chemicals and releases of reactive nitrogen (from
fossil fuel combustion and the use of nitrogenous
fertilisers) are also of increasing concern, and the
impacts on Europe are still unclear.

In spite of general progress in the area of
environment and health in Europe, the global
human toll of environmental health impacts remains
deeply worrying. Unsafe water, poor sanitation and
hygiene conditions, urban outdoor air pollution,
indoor smoke from solid fuels, lead exposure and
global climate change account for nearly a tenth of
deaths and disease globally, and around a quarter
of deaths and disease in children under five years
of age (WHO, 2009). Again, poor populations at low
latitudes are affected most heavily.

Many low- and middle-income countries now face

a growing burden from new health risks, while

still fighting an unfinished battle with traditional
problems. The World Health Organization (WHO)
forecasts that between 2006 and 2015 deaths

from non-communicable diseases could increase
worldwide by 17 %. The greatest increase is projected
for the African region (24 %) followed by the
Eastern Mediterranean region (23 %) (WHO 2010).
Europe is likely to face an increased problem of
emerging or re-emerging infectious diseases that are
critically influenced by changes in temperature or
precipitation, habitat loss and ecological destruction
(ECDC, 2010; Patz et al., 2008). In an increasingly
urbanised world, which is tightly bound together
by long-distance transport, the incidence and
distribution of infectious diseases affecting humans
is likely to increase (Jones et al., 2008).
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Links between global megatrends and Europe’s environmental challenges

Several of the global megatrends identified add
more general pressure and uncertainty to the
overall competition for natural resources. This
may intensify as a consequence of increased
demands, decreased supplies and decreased
stability of supply. Ultimately, this will further
increase pressure on ecosystems globally, and
especially their capacity to ensure continued
food, energy and water security.

According to the United Nations Food and
Agriculture Organisation (FAO), demand for
food, feed and fibres could grow by 70 % by 2050
(FAO, 2009a). The fragility of global food, water
and energy systems has become apparent over
recent years. For example, arable land per person
declined globally from 0.43 ha in 1962 to 0.26 ha
in 1998. The FAO expects this to fall further by
1.5 % per year between now and 2030 if no major
policy changes are initiated (FAO, 2009b).

Similarly, the International Energy Agency (IEA)
expects global demand for energy to rise by 40
% over the next 20 years without major policy
changes (IEA, 2009). The IEA has repeatedly
warned about an impending global energy
crisis due to rising long-term demand. Massive
and continuous investments are needed in
energy efficiency, renewable energies and new
infrastructures to achieve the transition to a
low-carbon, resource-efficient energy system
that is compliant with long-term environmental
objectives (FAO, 2009b; ECF, 2010).

At the global level, poverty and social exclusion
are further exacerbated by ecosystem degradation
and changes in the climate. Globally, efforts

to alleviate extreme poverty were reasonably
effective until recent years (FAO, 2009a).
However, the food and economic crises from 2006
to 2009 have increased malnutrition rates around
the world. The number of people affected rose,
for the first time, to more than a billion in 2009
and the proportion of malnourished people in
developing countries, which was declining quite
rapidly, has risen.
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Resource over-exploitation and changes in the
climate aggravate threats to natural capital. They
also affect quality of life, potentially undermining
social and political stability (DCDC, 2010; WBGU,
2007). Furthermore, the livelihoods of billions of
people are inevitably linked with the sustainability
of local ecosystem services. Combined with
demographic pressures, decreasing socio-ecological
resilience can add a new dimension to the
environment and security debate, as conflict around
scarcer resources is likely to intensify and add to
migration pressures (DCDC, 2010; IOM, 2009).

Global pressures pose a further set of concerns

for security in many parts of the world, including
Europe’s neighbours in the southern and eastern
Mediterranean as well as in sub-Saharan Africa.
Global environmental change, especially climate
change, can have significant implications for
international security and create potential risks of
conflict within countries and across borders. The
impacts of global environmental change could
aggravate problems of resource scarcity and access
to basic services as well as changing the living
conditions for many people in rural and urban
regions. It is now widely understood that growing
tensions over access to resources and migration
could add to the existing problems of social and
political stability in many countries in Europe’s
neighbourhood.

In short, global megatrends are increasing the
vulnerability of Europe’s environment. Many key
drivers of change are highly interdependent and
likely to unfold over decades rather than years.
These interdependencies and trends, many of
them outside Europe’s direct influence, will have
significant consequences and potential risks for the
resilience and sustainable development of Europe’s
economy and society. Dedicated management of
natural capital and ecosystem services provides
one integrated approach to mitigating these risks
and adapting to changes that may anyway occur.
Better knowledge of the linkages and associated
uncertainties will be essential in the future if we are
to tackle such complex problems effectively.
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Responding to global megatrends

Reflecting global megatrends in policymaking poses three related
but distinct challenges. These relate to reviewing the approaches
for assessing future change, embedding long-term perspectives
in policy planning and decisions, and ensuring that environmental
policy takes account of global links and is aligned to external
policies on, for example, trade and aid.
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The assessment of megatrends presented in

the previous chapters highlights a range of
interlinkages and interdependencies between
global megatrends impacting social, technological,
economic, political and environmental systems.

These megatrends increase complexity, uncertainty
and risk, and accelerate the feedbacks within

and between economic, social, technological

and environmental systems. The growing global
links also offer unique opportunities for action
(IPCC, 2007; MA, 2005; UNEP, 2007; University of
Copenhagen, 2009; PBL, 2009; WWF et al., 2008; EC,
2009). But attempts to realise these opportunities
face the challenge of huge time lags between action
(or inaction) and effect.

Responding to global megatrends and reflecting
future changes in policy is thus a challenging task.
The report of the Reflection Group on the Future of
Europe has emphasised how many of recent global
developments, such as the financial crisis or price
volatilities in key commodity markets, have caught
us by surprise (RGFE, 2010).

A key question emerges: how can we avoid urgent
and critical global feedbacks in resource-using
systems when we are very far from understanding
them completely (Underdahl, 2010) ? Much of the
speed and scope of global environmental change
has been underestimated by scientific assessments
and policy appraisals, for example. Few considered
that some of the key emerging economies would
develop so fast and affect global demand as quickly
as they have in the last decade. This leads to another
key question: how are global-to-European inter-
linkages and impacts best understood and included
in policymaking?

A brief reflection reveals three related but distinct
challenges for the future:

1. reviewing assessment approaches to improve
monitoring and analysis of future changes and their
uncertainties;

2. revising approaches and institutional
arrangements to embed a long-term perspective
into policy planning and decision-making;

3. reflecting on further policy changes to take
better account of global-to-European interlinkages
and better align European external policies with
environmental policies.
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Below we expand on these points from in the light
of practical experience in the EEA and its member
countries.

Reviewing assessment approaches

Information and communication technologies have
greatly advanced our ability to gather relevant
information and support decision-making under
varying conditions of uncertainty. Near real-time
data and regular updating of indicators improve
the information basis for monitoring environmental
change, detecting emerging issues and planning
swifter responses.

Integrating outlook-based indicators into national
environmental data information and reporting
systems on a more regular basis could improve their
ability to deal with future changes. Some European
countries — for example the UK — have started to
complement broader studies on long-term futures
with systems that routinely scan a wide range of
academic and non-academic sources for signals

of emerging changes. Such systems of horizon
scanning explore both present certainties and future
uncertainties, like an early warning radar. They can
help discussions about early action based on early
warnings from science.

All these approaches face the challenge of
acceptability. Policymakers increasingly recognise
the need to consider the (long-term) future in
policy. Yet they also often turn to scientists to
produce evidence, particularly where issues are
complex and uncertain, searching for the ‘right’
answer that cannot be challenged easily by public
debate. Together with a greater scrutiny of scientific
assessments through diverse stakeholders, demand
will increase for greater transparency about how
assessment findings and conclusions have been
reached.

Even the best crafted, most transparent scientific
exercise cannot escape the fact that profound
uncertainties will always remain. Continuous
learning and adaptation is needed. Great insights
on future challenges often result from participating
in the process of assessment rather than merely
from the published record of their output (Mitchell
et al., 2010).

Revising approaches and institutional
arrangements

Often the focus of forward-looking assessments
is almost exclusively on the product, neglecting
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the needs of good process design. However, good
process design and functioning institutional
arrangements are as important for success as high-
quality expertise and analysis.

Quite often, forward-looking assessments of global-
European interlinkages suffer from being either too
narrow in perspective or too broad and generic,
and find it hard to tackle relevant interlinkages
across policy areas in a sufficiently comprehensive
way. Global megatrends often cut across policy
boundaries, requiring a more coordinated approach
and sufficient capacities. Several EEA member
countries have already introduced dedicated
programmes or units to coordinate activities,
develop common analytical methodologies and
support stakeholder involvement, which provides a
rich body of experiences to learn from (Volkery and
Ribeiro, 2009).

Locating a coordination body close to central
government can increase political support and
administrative buy-in and thus improve the
conditions for effective use and follow-up in
decision-making. Direct parliamentary oversight for
future thinking is rare but existing examples show

a potential added value in terms of greater attention
for policy issues of longer-term relevance.

Reflecting on further policy changes

Achieving greater coherence in policies is a key
future need but assessing environmental trade-
offs between policies becomes more challenging
when the global-European perspective is taken
into account. Notable examples include trade-offs
between policies on energy security, food security
and environmental protection.

Past assessments often failed to take account of the
possibility of more abrupt changes in key drivers.
Scenarios of lower probability but higher impact
should be considered more routinely in this regard.
Achieving greater policy coherence is a long-

term objective that requires further reflection and
dialogue among different actors. Below we highlight
some issues that illustrate a few of the challenges

we face and for which there are no easy solutions at
hand.

Some past successes, such as efforts to address
surface water pollution or the deposition of SOx
and NOx emissions, built on the availability of
technological fixes that easily lent themselves to
regulation. However, where these fixes have not
been available, efforts to alter trends have often

achieved results slowly. Moreover, technological
fixes have frequently helped to solve one problem
but created another. Future policymaking would
benefit from a more integrated view on technologies,
including broader assessments of potential
interactions across media.

The fact that changes in other parts of the world
will be felt closer to home increasingly blurs the
boundaries between Europe’s internal and external
policies. Foreign policy, for example, can no longer
be thought of in isolation from environmental
policies, demanding new approaches to joint policy
formulation in areas such as trade, environment,
development aid, technology and defence and
security. Environmental degradation, inequitable
access to natural resources and transboundary
movement of hazardous materials increase the
probability of conflict and can pose risks to national
security. Environmental security could be a major
lens for the development of Europe’s external
policies.

Most of the available assessments assume that
Europe will become more dependent on exporting
countries for critical resources, with some of these
countries characterised by high political instability.
Quite a few assessments conclude that the EU is
becoming weaker in its relationship with big states,
e.g. China, Russia and USA. However, all advanced
and emerging economies face problems that cannot
be dealt with alone. This can play to the long-term
advantage of Europe: Europe remains the largest
economic bloc in the world, with considerable
innovation power and experience in managing
difficult socioeconomic transition processes.

State-of-the-art, well structured information is
essential to understand global megatrends and
potential environmental consequences for Europe.
Generating this information falls within the core
remit of the EEA and doing this work has confirmed
both its considerable value and the need to continue
it in the future.

The information presented does not claim to be
exhaustive or definitive but contributes a first step
to the development of an improved information
base for Europe’s environment in a global context
and represents part of a longer-term, continuous,
iterative activity. Further work will be undertaken
during the coming years — in particular in the
run-up to the UN Conference on Sustainable
Development (Rio+20) — to provide a solid
information base to support policy formulation with
a long-term perspective.
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List of abbreviations

ADB

ASEAN

BRIC

BRIIC

CAP

CBD

CH4

CIA

cO

CcO2

Asian Development Bank
Association of Southeast Asian Nations

Country grouping including Brazil, Russia,
India and China

Country grouping including Brazil, Russia,
India, Indonesia and China

EU Common Agriculture Policy
Convention on Biological Diversity
Methane

Central Intelligence Agency
Carbon monoxide

Carbon dioxide

DGECFIN Directorate General for Economic and Financial Affairs

EEA

EU

EUR

FAO

FDI

G20

G8

GDP

GET

GHG

HIV

ICT

IEA

ITASA

IMF

IPCC

1T

MEA
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European Environment Agency

European Union

Euro

United Nations Food and Agriculture Organisation
Foreign Direct Investment

Group of 20: Argentina, Australia, Brazil, Canada,
China, France, Germany, India, Indonesia, Italy, Japan,
Mexico, Russia, Saudi Arabia, South Africa, Republic
of Korea, Turkey, United Kingdom, United States of

America

Group of 8: France, the United States, Britain, Germany,
Japan, Italy, Canada and Russia

Gross Domestic Product

Global Education Trend

Greenhouse Gas

Human Immunodeficiency Virus

Information and Communications Technology
International Energy Agency

International Institute for Applied Systems Analysis
International Monetary Fund

Intergovernmental Panel on Climate Change

Institut fiir Zukunftsstudien und
Technologiebewertung

Millennium Ecosystem Assessment

NAFTA North American Free Trade Agreement

NBIC Nanotechnology, Biotechnology, Information
technology and Cognitive science

NH3 Ammonia

NHx Ammonium and ammonia
NIC National Intelligence Council
NOx Nitrogen oxides

o3 Ozone

ODS Ozone depleting substances

OECD  Organisation for Economic Cooperation and

Development

OPEC

PM Particulate Matter - PM2.5 and PM10 denote different
size of PM

REACH Registration, Evaluation, Authorisation and Restriction
of Chemical substances

RCEP  Royal Commission on Environmental Pollution
502 Sulphur dioxide

SoE State of the Environment

SOER  State and Outlook of the Environment Report

SRES Special Report on Emission Scenarios (IPCC)

UBA Umweltbundesamt
UN United Nations

UNDESA United Nations Department of Economic and Social
Affairs

UNESCO United Nations Educational, Scientific and Cultural
Organization

UNFCCC United Nations Framework Convention on Climate
Change

UN WTO United Nations World Tourism Organization

us United States of America

usD US Dollars

WBCSD  World Business Council for Sustainable Development
WGBU  German Advisory Council on Global Change

WHO  World Health Organization

WIPO  World Intellectual Property Organization
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