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Foreword

Nearly 20 years after the Earth Summit, nations are again on the Road to Rio, but in a world

very different and very changed from that of 1992.

Then we were just glimpsing some of the challenges
emerging across the planet from climate change and the
loss of species to desertification and land degradation.

Today many of those seemingly far off concerns are
becoming a reality with sobering implications for not
only achieving the UN’s Millennium Development Goals,
but challenging the very opportunity for close to seven
billion people — rising to nine billion by 2050 — to be
able to thrive, let alone survive.

Rio 1992 did not fail the world - far from it. It provided
the vision and important pieces of the multilateral
machinery to achieve a sustainable future.

But this will only be possible if the environmental and
social pillars of sustainable development are given equal
footing with the economic one: where the often invisible
engines of sustainability, from forests to freshwaters, are
also given equal if not greater weight in development
and economic planning.

Towards a Green Economy is among UNEP’s key
contributions to the Rio+20 process and the overall goal
of addressing poverty and delivering a sustainable 21st
century.

The report makes a compelling economic and social
case for investing two per cent of global GDP in greening
ten central sectors of the economy in order to shift
development and unleash public and private capital
flows onto a low-carbon, resource-efficient path.

Such a transition can catalyse economic activity of at
least a comparable size to business as usual, but with

a reduced risk of the crises and shocks increasingly
inherent in the existing model.

New ideas are by their very nature disruptive, but far less
disruptive than a world running low on drinking water
and productive land, set against the backdrop of climate
change, extreme weather events and rising natural
resource scarcities.

A green economy does not favour one political
perspective over another. It is relevant to all economies,
be they state or more market-led. Neither is it a
replacement for sustainable development. Rather, it
is a way of realising that development at the national,
regional and global levels and in ways that resonate
with and amplify the implementation of Agenda 21.

A transition to a green economy is already underway, a
point underscored in the report and a growing wealth
of companion studies by international organisations,
countries, corporations and civil society. But the
challenge is clearly to build on this momentum.

Rio+20 offers a real opportunity to scale-up and embed
these “green shoots”. In doing so, this report offers not
only a roadmap to Rio but beyond 2012, where a far
more intelligent management of the natural and human
capital of this planet finally shapes the wealth creation
and direction of this world.

g{ﬁ-—,\\
Achim Steiner

UNEP Executive Director
United Nations Under-Secretary General
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Towards a green economy

1 Introduction: Setting the stage
for a green economy transition

1.1 From crisis to opportunity

Over the last two years, the concept of a“green economy”
has moved into the mainstream of policy discourse.
Heads of state and finance ministers increasing speak
about the green economy; it is referred to in the text
of G20 communiqués and discussed in the context
of sustainable development and eradicating poverty
(United Nations General Assembly 2010).

This recent interest in a green economy has been
intensified by widespread disillusionment with our
prevailing economic paradigm, emanating from the
many concurrent and recent crises — particularly the
recession of 2008-2009. At the same time, increasing
evidence is pointing to an alternative paradigm, in
which increased wealth does not lead to growing
environmental risks, ecological scarcities and social
disparities.

Transitioning to a green economy has sound economic
and social justification. As this report demonstrates,
there is a strong case for governments as well as the
private sector to engage in this economic transformation.
For governments, this transition would involve leveling
the playing field for greener products by phasing out
harmful subsidies, reforming policies and incentives,
strengthening market infrastructure, introducing
new market-based mechanisms, redirecting public
investment, and greening public procurement. For the
private sector, this transition would involve responding
to these policy reforms and incentives through increased
financing and investment, as well as building skills and
innovation capacities to take advantage of opportunities
arising from a green economy.

An era of capital misallocation

Several concurrent crises have unfolded during the last
decade: climate, biodiversity, fuel, food, water, and more
recently, in the global financial system. Accelerating
carbon emissions indicate a mounting threat of
climate change, with potentially disastrous human
consequences. The fuel price shock of 2007-2008 and
the related skyrocketing food and commodity prices,
reflect both structural weaknesses and unresolved risks.
Forecasts by the International Energy Agency (IEA) and
others of rising fossil fuel demand and energy prices

suggest an ongoing dependence as the world economy
struggles to recover and grow (IEA 2010).

Currently, there is no international consensus on the
problem of global food security or on possible solutions
for how to nourish a population of 9 billion by 2050.
Freshwater scarcity is already a global problem, and
forecasts suggest a growing gap by 2030 between
annual freshwater demand and renewable supply
(McKinsey and Company 2009). The outlook for
improved sanitation still looks bleak for over 1.1 billion
people and 844 million people still lack access to clean
drinking water (World Health Organization and UNICEF
2010). Collectively, these crises are severely impacting
the possibility of sustaining prosperity worldwide and
achieving the Millennium Development Goals (MDGs) for
reducing extreme poverty. They are also compounding
persistent social problems, such as job losses, socio-
economic insecurity, disease, and social instability.

The causes of these crises vary, but at afundamental level
they all share a common feature: the gross misallocation
of capital. During the last two decades, much capital was
poured into property, fossil fuels and structured financial
assets with embedded derivatives. However, relatively
little in comparison was invested in renewable energy,
energy efficiency, public transportation, sustainable
agriculture, ecosystem and biodiversity protection, and
land and water conservation.

Most economic development and growth strategies
encouraged rapid accumulation of physical, financial
and human capital, but at the expense of excessive
depletion and degradation of natural capital, which
includes the endowment of natural resources and
ecosystems. By depleting the world’s stock of natural
wealth - often irreversibly - this pattern of development
and growth has had detrimental impacts on the well-
being of current generations and presents tremendous
risks and challenges for the future. The recent multiple
crises are symptomatic of this pattern.

Existing policies and market incentives have contributed
tothisproblemofcapitalmisallocationbecausetheyallow
businesses to run up significant, largely unaccounted for,
and unchecked social and environmental externalities.
To reverse such misallocation requires better public



policies, including pricing and regulatory measures, to
change the perverse incentives that drive this capital
misallocation and ignore social and environmental
externalities. At the same time, appropriate regulations,
policies and public investments to foster changes in the
pattern of private investment are increasingly being
adopted around the world, especially in developing
countries (UNEP 2010).

Why is this report needed now?

UNEP’s green economy report, Towards a Green Economy,
aims to debunk several myths and misconceptions about
“greening” the global economy, and provides timely and
practical guidance to policy makers on what reforms
they need to unlock the productive and employment
potential of a green economy.

Perhaps the most prevalent myth is that there is
an inescapable trade-off between environmental
sustainability and economic progress. There is now
substantial evidence that the greening of economies
neither inhibits wealth creation nor employment
opportunities. To the contrary, many green sectors
provide significant opportunities for investment, growth,
and jobs. For this to occur, however, new enabling
conditions are required to promote such investments in
the transition to a green economy, which in turn calls for
urgent action by policy makers.

A second myth is that a green economy is a luxury only
wealthy countries can afford, or worse, a ruse to restrain
development and perpetuate poverty in developing
countries. Contrary to this perception, numerous
examples of greening transitions can be found in the
developing world, which should be replicated elsewhere.
Towards a Green Economy brings some of these
examples to light and highlights their scope for wider
application.

UNEP’s work on the green economy raised the
visibility of this concept in 2008, particularly through
a call for a Global Green New Deal (GGND). The GGND
recommended a package of public investments and
complementary policy and pricing reforms aimed at
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kick-starting a transition to a green economy, while
reinvigorating economies and jobs and addressing
persistent poverty (Barbier 2010a). Designed as a timely
and appropriate policy response to the economic
crisis, the GGND proposal was an early output from the
United Nations’ Green Economy Initiative. This initiative,
coordinated by UNEP, was one of the nine Joint Crisis
Initiatives undertaken by the Secretary-General of the
UN and his Chief Executives Board in response to the
2008 economic and financial crisis.

Towards a Green Economy - the main output of the Green
Economy Initiative - demonstrates that the greening
of economies need not be a drag on growth. On the
contrary, the greening of economies has the potential
to be a new engine of growth, a net generator of decent
jobs, and a vital strategy to eliminate persistent poverty.
The report also seeks to motivate policy makers to create
the enabling conditions for increased investments in a
transition to a green economy in three ways.

First, the report makes an economic case for shifting
both public and private investment to transform key
sectors that are critical to greening the global economy.
Itillustrates through examples how added employment
through green jobs offsets job losses in transition to a
green economy.

Second, it shows how a green economy can reduce
persistent poverty across a range of important sectors
— agriculture, forestry, freshwater, fisheries, and energy.
Sustainable forestry and ecologically friendly farming
methods help conserve soil fertility and water resources.
This is especially critical for subsistence farming, upon
which almost 1.3 billion people depend for their
livelihoods (UNEP et al. 2008).

Third, it provides guidance on policies to achieve this shift
by reducing or eliminating environmentally harmful or
perverse subsidies, addressing market failures created by
externalities or imperfect information, creating market-
based incentives, implementing appropriate regulatory
frameworks, initiating green public procurement, and
by stimulating investment.
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1.2 What is a green economy?

UNEP defines a green economy as one that results in
“improved human well-being and social equity, while
significantly reducing environmental risks and ecological
scarcities” (UNEP 2010). In its simplest expression, a
green economy is low carbon, resource efficient, and
socially inclusive. In a green economy, growth in income
and employment should be driven by public and private
investments that reduce carbon emissions and pollution,
enhance energy and resource efficiency, and prevent
the loss of biodiversity and ecosystem services.

These investments need to be catalysed and supported
by targeted public expenditure, policy reforms and
regulation changes. The development path should
maintain, enhance and, where necessary, rebuild natural
capital as a critical economic asset and as a source of
public benefits. This is especially important for poor
people whose livelihoods and security depend on
nature.

The key aim for a transition to a green economy is to
eliminate the trade-offs between economic growth
and investment and gains in environmental quality
and social inclusiveness. The main hypothesis of this
report is that the environmental and social goals of a
green economy can also generate increases in income,
growth, and enhanced well-being. Critical to attaining
such an objective is to create the enabling conditions for
public and private investments to incorporate broader
environmental and social criteria. In addition, the main
indicators of economic performance, such as growth
in Gross Domestic Product (GDP) need to be adjusted
to account for pollution, resource depletion, declining
ecosystem services, and the distributional consequences
of natural capital loss to the poor.

Amajorchallengeisreconciling the competing economic
development aspirations of rich and poor countries
in a world economy that is facing increasing climate
change, energy insecurity, and ecological scarcity. A
green economy can meet this challenge by offering a
development path that reduces carbon dependency,
promotes resource and energy efficiency, and lessens
environmental degradation. As economic growth and
investments become less dependent on liquidating
environmental assets and sacrificing environmental
quality, both rich and poor countries can attain more
sustainable economic development.

The concept of a green economy does not replace
sustainable development; but there is a growing
recognition that achieving sustainability rests almost
entirely on getting the economy right. Decades of
creating new wealth through a “brown economy” model
based on fossil fuels have not substantially addressed

social marginalization, environmental degradation,
and resource depletion. In addition, the world is still
far from delivering on the Millennium Development
Goals by 2015. The next section looks at the important
linkages between the concept of a green economy and
sustainable development.

A green economy and sustainable development

In 2009, the UN General Assembly decided to hold a
summit in Rio de Janeiro in 2012 (dubbed Rio+20) to
celebrate the 20th anniversary of the first Rio Summit
in 1992. Two of the agenda items for Rio+20 are, “Green
Economy in the Context of Sustainable Development
and Poverty Eradication, and “International
Environmental Governance” With green economy now
firmly established on the international policy agenda,
it is useful to review and clarify the linkages between a
green economy and sustainable development.

Most interpretations of sustainability take as their
starting point the consensus reached by the World
Commission on Environment and Development (WCED)
in 1987, which defined sustainable development as
“development that meets the needs of the present
without compromising the ability of future generations
to meet their own needs” (World Commission on
Environment and Development 1987).

Economists are generally comfortable with this broad
interpretation of sustainability, as it is easily translatable
into economic terms: an increase in well-being today
should not result in reducing well-being tomorrow. That
is, future generations should be entitled to at least the
same level of economic opportunities — and thus at
least the same level of economic welfare — as is currently
available to current generations.

As a result, economic development today must ensure
that future generations are left no worse off than current
generations. Or, as some economists have succinctly
expressed it, per capita welfare should not be declining
over time (Pezzey 1989). According to this view, it is the
total stock of capital employed by the economic system,
including natural capital, which determines the full
range of economic opportunities, and thus well-being,
available to both current and future generations (Pearce
et al. 1989).

Society must decide how best to use its total capital
stock today to increase current economic activities and
welfare. Society must also decide how much it needs to
“save”or even“accumulate”for tomorrow, and ultimately,
for the well-being of future generations.

However, it is not simply the aggregate stock of capital in
the economy that may matter but also its composition,
in particular whether current generations are “using up”



one form of capital to meet today’s needs. For example,
much of the interest in sustainable developmentis driven
by concern that economic development may be leading
to rapid accumulation of physical and human capital at
the expense of excessive depletion and degradation of
natural capital. The major concern is that by irreversibly
depleting the world’s stock of natural wealth, today’s
development path will have detrimental implications for
the well-being of future generations.

One of the first economic studies to make the
connection between this capital approach to sustainable
development and a green economy was the 1989 book
Blueprint for a Green Economy (Pearce et al. 1989). The
authors argued that because today’s economies are
biased towards depleting natural capital to secure
growth, sustainable development is unachievable. A
green economy that values environmental assets,
employs pricing policies and regulatory changes to
translate these values into market incentives, and adjusts
the economy’s measure of GDP for environmental losses
is essential to ensuring the well-being of current and
future generations.

As pointed out by the Blueprint for a Green Economy
authors, a major issue in the capital approach to
sustainable development is whether substitution
among different forms of capital — human capital,
physical capital and natural capital - is possible. A
strong conservationist perspective might maintain that
the natural component of the total capital stock must
be kept intact, as measured in physical terms. However,
this may be questioned in practice, especially in the
context of developing countries, if natural capital is
relatively abundant while physical and human capital
needs to be developed to meet other human demands.
This type of substitution reflects the unfortunate reality
that the creation of physical capital - for example roads,
buildings and machinery - often requires the conversion
of natural capital. While substitution between natural
capital and other forms of capital is often inevitable,
there is often room for efficiency gains. There is also a
growing recognition of environmental thresholds that
would constrain substitution beyond minimum levels
needed for human welfare.

Yet, there has always been concern that some forms
of natural capital are essential to human welfare,
particularly key ecological goods and services, unique
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environments and natural habitats, and irreplaceable
ecosystem attributes. Uncertainty over the true value of
these important assets to human welfare, in particular
the value that future generations may place on them if
they become increasingly scarce, further limits our ability
to determine whether we can adequately compensate
future generations for today’s irreversible losses in such
essential natural capital. This concern s reflected in other
definitions of sustainable development. For example, in
1991, the World Wide Fund for Nature, the International
Union for Conservation of Nature (IUCN), and UNEP
interpreted the concept of sustainable development as
“improving the quality of human life within the carrying
capacity of supporting ecosystems” (WWF, IUCN, and
UNEP 1991).

As this definition suggests, the type of natural capital
that is especially at risk is ecosystems. As explained by
Partha Dasgupta: “Ecosystems are capital assets. Like
reproducible capital assets . .. ecosystems depreciate if
they are misused or are overused. But they differ from
reproducible capital assets in three ways: (1) depreciation
of natural capital is frequently irreversible (or at best the
systems take a long time to recover); (2) except in a very
limited sense, it isn’t possible to replace a depleted or
degraded ecosystem by a new one; and (3) ecosystems
can collapse abruptly, without much prior warning”
(Dasgupta 2008).

Rising ecological scarcity is an indication that we are
irrevocably depleting ecosystems too rapidly, and
the consequence is that current and future economic
welfare is affected. An important indicator of the
growing ecological scarcity worldwide was provided
by the Millennium Ecosystem Assessment, which found
that over 60% of the world’s major ecosystem goods and
services covered in the assessment were degraded or
used unsustainably (Millennium Ecosystem Assessment
2005).

Some important benefits to humankind fall in this
category, including fresh water; capture fisheries; water
purification and waste treatment; wild foods; genetic
resources; biochemicals; wood fuel; pollination; spiritual,
religious and aesthetic values; the regulation of regional
and local climate; erosion; pests; and natural hazards.
The economic values associated with these ecosystem
services, while generally not marketed, are substantial
(see Table 1).




Towards a green economy

Ecosystem goods and

Biodiversity services (examples)

Economic values (examples)

+ Recreation
- Water regulation
« (arbon storage

Ecosystems (variety & extent/area)

Avoiding greenhouse gas emissions by conserving forests: US$ 3.7 trillion (NPV)

- Food, fiber, fuel
« Design inspiration
« Pollination

Species (diversity & abundance)

Contribution of insect pollinators to agricultural output: ~US$ 190 billion/year

« Medicinal discoveries
« Disease resistance
» Adaptive capacity

Genes (variability & population)

25-50% of the US$ 640 billion pharmaceutical market is derived from genetic resources

Source: Eliasch 2008, Gallai et al. 2009, TEEB 2009

Table 1: Natural capital: Underlying components and illustrative services and values

Onemajordifficultyis thattheincreasing costs associated
with rising ecological scarcity are not routinely reflected
in markets. Almost all the degraded ecosystem goods
or services identified by the Millennium Ecosystem
Assessment are not marketed. Some goods, such as
capture fisheries, fresh water, wild foods, and wood fuel,
are often commercially marketed, but due to the poor
management of the biological resources and ecosystems
that are the source of these goods, the market prices do
not reflect unsustainable use and overexploitation.

Nor have adequate policies and institutions been
developed to handle the costs associated with
worsening ecological scarcity globally. All too often,
policy distortions and failures compound these
problems by encouraging wasteful use of natural
resources and environmental degradation. The unique
challenge posed by rising ecological scarcity and
inefficient resource and energy use today is to overcome
a vast array of market, policy, and institutional failures
that prevents recognition of the economic significance
of this environmental degradation.

Reversing this process of unsustainable development
requires three important steps. First, as argued by the
Blueprint for a Green Economy authors, improvements in
environmental valuation and policy analysis are required
to ensure that markets and policies incorporate the full
costs and benefits of environmental impacts (Pearce etal.
1989; Pearce and Barbier 2000). Environmental valuation
and accounting for natural capital depreciation must be
fully integrated into economic development policy and
strategy. As suggested above, the most undervalued
components of natural capital are ecosystems and
the myriad goods and services they provide. Valuing
ecosystem goods and services is not easy, yet it is
fundamental to ensuring the sustainability of global
economic development efforts.

A major international research effort supported by UNEP,
the Economics of Ecosystems and Biodiversity (TEEB), is
illustrating how ecological and economic research can
be used to value ecosystem goods and services as well

as how such valuation is essential for policy making and
investments in the environment (Sukhdev 2008; TEEB
2010).

Second, the role of policy in controlling excessive
environmental degradation requires implementing
effective and appropriate information, incentives,
institutions, investments, and infrastructure. Better
information on the state of the environment, ecosystems,
and biodiversity is essential for both private and public
decision making that determines the allocation of natural
capital for economic development. The use of market-
based instruments, the creation of markets, and where
appropriate, regulatory measures, have a role to play
in internalizing this information in everyday allocation
decisions in the economy. Such instruments are also
important in correcting the market and policy failures
that distort the economic incentives for improved
environmental and ecosystems management.

However, overcoming institutional failures and
encouraging more effective property rights, good
governance and support for local communities, is also
critical. Reducing government inefficiency, corruption,
and poor accountability are also important in reversing
excessive environmental degradation in many countries.
But there is also a positive role for government in
providing an appropriate and effective infrastructure
through public investment, protecting critical
ecosystems and biodiversity conservation, creating new
incentive mechanisms such as payment for ecosystem
services, fostering the technologies and knowledge
necessary for improving ecosystem restoration, and
facilitating the transition to a low carbon economy.

Third, continuing environmental degradation, land
conversion, and global climate change affect the
functioning, diversity, and resilience of ecological
systems and the goods and services they supply.
The potential long-term impacts of these effects on
the health and stability of ecosystems are difficult to
quantify and value. Increasing collaboration between
environmental scientists, ecologists, and economists



will be required to assess and monitor these impacts
(Millennium Ecosystem Assessment 2005; Polasky and
Segerson 2009). Such interdisciplinary ecological and
economic analysis is also necessary to identify and
assess the welfare consequences for current and future
generations from increasing ecological scarcity. Further
progress in reversing unsustainable development calls
for more widespread interdisciplinary collaboration
to analyse complex problems of environmental
degradation, biodiversity loss, and ecosystem decline.

Interdisciplinary research also needs to determine the
thresholds that should govern the transformation of
specific types of natural capital into other forms of
capital. For example, how much forestland is allowed
for conversion into farmland, industrial use, or urban
development in a given area? How much underground
water is allowed for extraction each year? How much
and what fish species to catch in a given season? Which
chemicals should be banned from production and
trading? And more important, what are the criteria
for setting these thresholds? Once these standards
are established, incentive measures at national or
international levels can be devised to ensure compliance.

The other key to balancing different forms of capital
recognizes that substitutability is a characteristic
of current technologies. Investing in changing and
substituting these technologies can lead to new
complementarities. Most renewable energy sources,
such as wind turbines or solar panels, considerably
reduce the amount of natural capital that is sacrificed
in their construction and the lifetime of their operation,
compared to fossil fuel burning technologies. Both of
these types of solutions — setting thresholds and altering
technologies - are important for achieving a green
economy.

In sum, moving towards a green economy must become
a strategic economic policy agenda for achieving
sustainable development. A green economy recognizes
that the goal of sustainable development is improving
the quality of human life within the constraints of
the environment, which include combating global
climate change, energy insecurity, and ecological
scarcity. However, a green economy cannot be focused
exclusively on eliminating environmental problems and
scarcity. It must also address the concerns of sustainable
development with intergenerational equity and
eradicating. poverty.

A green economy and eradicating poverty

Most developing countries, and certainly the majority of
their populations, depend directly on natural resources.
The livelihoods many of the world’s rural poor are also
intricately linked with exploiting fragile environments
and ecosystems (Barbier 2005). Well over 600 million
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of the rural poor currently live on lands prone to
degradation and water stress, and in upland areas, forest
systems, and drylands that are vulnerable to climatic
and ecological disruptions (Comprehensive Assessment
of Water Management in Agriculture 2007; World Bank
2003). The tendency of rural populations to be clustered
on marginal lands and in fragile environments is likely
to be a continuing problem for the foreseeable future,
given current global rural population and poverty
trends. First, despite rapid global urbanization, the rural
population of developing regions continues to grow,
albeit at a slower rate in recent decades (Population
Division of the United Nations Secretariat 2008). Second,
around three-quarters of the developing world’s poor
still live in rural areas, which means about twice as many
poor people live in rural rather than in urban areas (Chen
and Ravallion 2007).

The world’s poor are especially vulnerable to the
climate-driven risks posed by rising sea levels, coastal
erosion, and more frequent storms. Around 14% of the
population and 21% of urban dwellers in developing
countries live in low elevation coastal zones that are
exposed to these risks (McGranahan et al. 2007). The
livelihoods of billions — from poor farmers to urban slum
dwellers — are threatened by a wide range of climate-
induced risks that affect food security, water availability,
natural disasters, ecosystem stability, and human health
(UNDP 2008; OECD 2008). For example, many of the 150
million urban inhabitants who are likely to be at risk
from extreme coastal flooding events and sea level rise
are likely to be the poor living in cities in developing
countries (Nicholls et al. 2007).

As in the case of climate change, the link between
ecological scarcity and poverty is well-established for
some of the most critical environmental and energy
problems. For example, for the world’s poor, global
water scarcity manifests itself as a water poverty
problem. One-in-five people in the developing world
lacks access to sufficient clean water, and about half the
developing world’s population, 2.6 billion people, do not
have access to basic sanitation. More than 660 million of
the people without sanitation live on less than USS$ 2 a
day, and more than 385 million on less than US$ 1 a day
(UNDP 2006). Billions of people in developing countries
have no access to modern energy services, and those
consumers who do have access often pay high prices for
erratic and unreliable services. Among the energy poor
are 2.4 billion people who rely on traditional biomass
fuels for cooking and heating, including 89% of the
population of Sub-Saharan Africa; 1.6 billion people do
not have access to electricity (IEA 2002).

Thus, finding ways to protect global ecosystems, reduce
the risks of global climate change, improve energy
security, and simultaneously improve the livelihoods of
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the poor are important challenges in the transition to a
green economy, especially for developing countries.

A transition to a green economy can contribute to
eradicating poverty. A number of sectors with green
economic potential are particularly important for the
poor, such as agriculture, forestry, fishery, and water
management, which have public goods qualities
Investing in greening these sectors, including through
scaling up microfinance, is likely to benefit the poor in
terms of not only jobs, but also secure livelihoods that are
predominantly based on ecosystem services. Enabling
the poor to access microinsurance coverage against
natural disasters and catastrophes is equally important
for protecting livelihood assets from external shocks due
to changing and unpredictable weather patterns.

However, it must be emphasized that moving towards a
green economy will notautomatically address all poverty
issues. A pro-poor orientation must be superimposed
on any green economy initiative. Investments in
renewable energy, for example, will have to pay special
attention to the issue of access to clean and affordable
energy. Payments for ecosystem services, such as
carbon sequestration in forests, will need to focus more
on poor forest communities as the primary beneficiaries.
The promotion of organic agriculture can open up
opportunities, particularly for poor small-scale farmers
who typically make up the majority of the agricultural
labour force in most low-income countries, but will need
to be complemented by policies to ensure that extension
and other support services are in place.

In sum, the top priority of the UN Millennium
Development Goals is eradicating extreme poverty and
hunger, including halving the proportion of people
living onless than US$ 1 aday by 2015. A green economy
must not only be consistent with that objective, but
must also ensure that policies and investments geared
towards reducing environmental risks and scarcities are
compatible with ameliorating global poverty and social
inequity.

1.3 Pathways to a green economy

If the desirability of moving to a green economy is clear
to most people, the means of doing so is still a work in
progress for many. This section looks at the theory of
greening, the practice, and the enabling conditions
required for making such a transition. However, before
embarking on this analysis, the section frames the
dimensions of the challenge.

How far is the world from a green economy?
Over the last quarter of a century, the world economy has
quadrupled, benefiting hundreds of millions of people

(IMF 2006). However, 60% of the world’s major ecosystem
goods and services that underpin livelihoods have been
degraded or used unsustainably (Millennium Ecosystem
Assessment 2005). This is because the economic growth
of recent decades has been accomplished mainly
through drawing down natural resources, without
allowing stocks to regenerate, and through allowing
widespread ecosystem degradation and loss.

For instance, today only 20% of commercial fish stocks,
primarily low priced species, are underexploited; 52% are
fully exploited with no further room for expansion; about
20% are overexploited; and 8% are depleted (FAO 2009).
Water is becoming scarce and water stress is projected
to increase with water supply satisfying only 60% of
world demand in 20 years (McKinsey and Company
2009). Agriculture saw increasing yields primarily due
to the use of chemical fertilizers (Sparks 2009), yet has
resulted in declining soil quality, land degradation,
(Muller and Davis 2009) and deforestation — which
resulted in 13 million hectares of forest lost annually
over 1990-2005 (FAO 2010). Ecological scarcities are
seriously affecting the entire gamut of economic sectors
that are the bedrock of human food supply (fisheries,
agriculture, freshwater, and forestry) and a critical source
of livelihoods for the poor. At the same time, ecological
scarcity and social inequity are clear indicators of an
economy that is very far from being “green”.

For the first time in history, more than half of the world
population lives in urban areas. Cities now account for
75% of energy consumption (UN Habitat 2009) and
75% of carbon emissions (Clinton Foundation 2010).!
Rising and related problems of congestion, pollution,
and poorly provisioned services affect the productivity
and health of all, but fall particularly hard on the urban
poor. With approximately 50% of the global population
now living in emerging economies (World Bank 2010)
that are rapidly urbanizing and developing, the need for
green city planning, infrastructure, and transportation is
paramount.

The transition to a green economy will vary considerably
among nations, as it depends on the specifics of each
country’s natural and human capital and on its relative
level of development. As demonstrated graphically
below, there are many opportunities for all countries
in such a transition (see Box 1.) Some countries have
attained high levels of human development, but often
at the expense of their natural resource base, the quality
of their environment, and high greenhouse gas (GHG)
emissions. The challenge for these countries is to reduce
their per capita ecological footprint without impairing
their quality of life.

1. For a critique of these figures, see Satterthwaite, D. (2008), “Cities’
contribution to global warming: notes on the allocation of greenhouse gas
emissions’, Environment and Urbanization, Vol. 20, No 2. pp. 539-549.
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Box 1: Towards a green economy: A twin challenge
Many countries now enjoy a high level of health, education, and potable water. The challenge
human development - but at the cost of a for countries is to move towards the origin of
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Other countries still maintain relatively low per capita
ecological footprints, but need to deliverimproved levels
of services and material well-being to their citizens. Their
challengeis to do this without drastically increasing their
ecological footprint. As the diagram below illustrates,
one of these two challenges affects almost every nation,
and globally, the economy is still very far from being
“green”.

Enabling conditions for a green economy

To make the transition to a green economy, specific
enabling conditions will be required. These enabling
conditions consist of national regulations, policies,
subsidies, and incentives, as well as international market
and legal infrastructure, trade, and development aid.
Currently, enabling conditions are heavily weighted
towards, and encourage, the prevailing brown economy;,
which depends excessively on fossil fuels, resource
depletion, and environmental degradation.

For example, price and production subsidies for fossil
fuels collectively exceeded US$ 650 billion in 2008 (IEA
et al. 2010). This high level of subsidization can adversely
affect the adoption of clean energy while contributing
to more greenhouse gas emissions. In contrast, enabling
conditions for a green economy can pave the way for

the success of public and private investment in greening
the world’s economies (IEA 2009). At a national level,
examples of such enabling conditions are: changes to
fiscal policy, reform and reduction of environmentally
harmful subsidies; employing new market-based
instruments; targeting public investments to green key
sectors; greening public procurement; and improving
environmental rules and regulations as well as their
enforcement. At an international level, there are also
opportunities to add to market infrastructure, improve
trade and aid flows, and foster greater international
cooperation (United Nations General Assembly 2010).

At the national level, any strategy to green economies
should consider the impact of environmental policies
within the broader context of policies to address
innovation and economic performance (Porter and Van
der Linde 1995).2 In this view, government policy plays
a critical role within economies to encourage innovation
and growth. Such intervention is important as a means
for fostering innovation and for choosing the direction
of change (Stoneman ed. 1995; Foray ed. 2009).

2.This point has been debated since at least the time of the initial statement
of the“Porter hypothesis”. Porter argued then that environmental regulation
might have a positive impact on growth through the dynamic effects it
engendered within an economy.
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For some time, economists such as Kenneth Arrow have
shown that competitive firms and competitive markets
do not necessarily produce the optimal amount of
innovation and growth within an economy (Arrow 1962;
Kamien and Schwartz 1982).3 Public intervention within
an economy is therefore critically important for these
purposes. This is because industries in competitive
markets have few incentives to invest in technological
change or even in product innovation, because any
returns would be immediately competed away. This is
one of the best-known examples of market failure in
the context of competitive markets, and provides the
rationale for various forms of interventions (Blair and
Cotter 2005).

Examples of spurring growth and innovation can be seen
from histories of many recently emerged economies. In
the 1950s and 1960s, the Japanese and South Korean
governments chose the direction of technological
change through importing the technology of other
countries (Adelman 1999). This changed in the 1970s
when these economies shifted to aggressive policies
for encouraging energy-efficient innovation. Shortly
afterwards, Japan was one of the leading economies in
the world in terms of R&D investment in these industries
(Mowery 1995).* This pattern of directed spending and
environmental policies is being repeated today across
much of Asia. The cases of South Korea and China in
particular are illustrative, where a large proportion
of their stimulus packages was directed at a “green
recovery” and has now been instituted into longer-
term plans for retooling their economies around green
growth (Barbier 2010b).

Thus, moving towards a green development path
is almost certainly a means for attaining welfare
improvements across a society, but it is also often a
means for attaining future growth improvement. This
is because a shift away from basic production modes
of development based on extraction and consumption
and towards more complex modes of development
can be a good long-term strategy for growth. There are
several reasons why this shift might be good for long-
term competitiveness as well as for social welfare.

First, employing strong environmental policies can drive
inefficiencies out of the economy by removing those
firms and industries that only exist because of implicit
subsidies in under-priced resources. The free use of air,
water, and ecosystems is not a value-less good for any
actorinaneconomyandamountsto subsidizing negative

3.1t has been known since at least the time of the seminal work of Kenneth
Arrow (1962) and the structural work of Kamien and Schwartz (1982) that
competitive firms and competitive markets need not produce the optimal
amount of innovation and growth within an economy.

4. By 1987, Japan was the world leader in R&D per unit GDP (at 2.8%) and
the world leader in the proportion of that spent on energy-related R&D (at
23%).

net worth activities. Introducing effective regulation
and market-based mechanisms to contain pollution and
limit the accumulation of environmental liabilities drives
the economy in a more efficient direction.

Second, resource pricing is important not just for
the pricing of natural capital and services, but also
for pricing of all the other inputs within an economy.
An economy allocates its efforts and expenditures
according to relative prices, and under-priced resources
result in unbalanced economies. Policy makers should
be targeting the future they wish their economies to
achieve, and this will usually require higher relative
prices on resources. An economy that wishes to develop
around knowledge, R&D, human capital, and innovation
should not be providing free natural resources.

Third, employing resource pricing drives investments
into R&D and innovation. It does so because avoiding
costly resources can be accomplished by researching
and finding new production methods. This will include
investment in all of the factors (human capital, and
knowledge) and all of the activities (R&D and innovation)
listed above. Moving towards more efficient resource
pricing is about turning the economy’s emphasis
towards different foundations of development.

Fourth, these investments may then generate innovation
rents. Policies that reflect scarcities that are prevalent in
the local economy can also reflect scarcities prevalent
more widely. For this reason, a solution to a problem of
resource scarcity identified locally (via R&D investments)
may have applicability and hence more global
marketability. The first solution to a widely experienced
problem can be patented, licensed and marketed widely.

Fifth, aggressive environmental regulation may
anticipate future widely-experienced scarcities and
provide a template for other jurisdictions to follow. Such
“policy leadership” can be the first step in the process
of innovation, investment, regulation, and resource
pricing described above (Network of Heads of European
Environment Protection Agencies 2005).

In sum, the benefits from a strong policy framework to
address market failures and ecological scarcities will
flow down the environment pathway that comes from
altering the direction of an economy. Policies and
market-based mechanisms that enhance perceived
resource prices creates incentives to shift the economy
onto a completely different foundation - one based
more on investments in innovation and its inputs of
human capital, knowledge, and R&D.

How to measure progress towards a green economy
It is difficult, if not impossible, to manage what is not
measured. Notwithstanding the complexity of an



overall transition to a green economy, appropriate
indicators at both a macroeconomic level and a sectoral
level will be essential to informing and guiding the
transition.

To complicate matters, conventional economic
indicators, such as GDP, provide a distorted lens for
economic performance, particularly because such
measures fail to reflect the extent to which production
and consumption activities may be drawing down
natural capital. By either depleting natural resources or
degrading the ability of ecosystems to deliver economic
benefits, in terms of provisioning, regulating or cultural
services, economic activity is often based on the
depreciation of natural capital.

Ideally, changes in stocks of natural capital would
be evaluated in monetary terms and incorporated
into national accounts. This is being pursued in the
ongoing development of the System of Environmental
and Economic Accounting (SEEA) by the UN Statistical
Division, and the World Bank’s adjusted net national
savings methods (World Bank 2006). The wider use
of such measures would provide a truer indication
of the real level and viability of growth in income and
employment. Green Accounting or Inclusive Wealth
Accounting are available frameworks that are expected
to be adopted by a few nations® initially and pave the
way for measuring the transition to a green economy at
the macroeconomic level.

How might a green economy perform over time?

In this report, the macroeconomic model T21 is used
to explore the impacts of investments in greening the
economy as against investments in business as usual.
T21 measures results in terms of traditional GDP as well
as affects on employment, resource intensity, emissions,
and ecological impacts.®

The T21 model was developed to analyze strategies
for medium to long-term development and
poverty reduction, most often at the national level,
complementing other tools for analyzing short-term
impacts of policies and programmes. The model is
particularly suited to analyzing theimpacts of investment
plans, covering both public and private commitments.
The global version of T21 used for purposes of this report
models the world economy as a whole to capture the
key relationships between production and key natural
resource stocks at an aggregate level.

5. World Bank, together with UNEP and other partners, have recently (at
Nagoya, CBD COP-10, October 2009) announced a global project on
“Ecosystem Valuation and Wealth Accounting” which will enable a group
of developing and developed nations to test this framework and evolve a
set of pilot national accounts that are better able to reflect and measure
sustainability concerns.

6. See the Modeling chapter for details on the "T-21" model.
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The T21 model reflects the dependence of economic
production on the traditional inputs of labour and
physical capital, as well as stocks of natural capital in the
form of resources, such as energy, forest land, soil, fish,
and water. Growth is thus driven by the accumulation of
capital - whether physical, human or natural - through
investment, also taking into account depreciation or
depletion of capital stocks. The model is calibrated
to reproduce the past 40-year period of 1970-2010;
simulations are conducted over the next 40-year period,
2010-2050. Business-as-usual projections are verified
against standard projections from other organizations,
such as the United Nations Population Division, World
Bank, OECD, the International Energy Agency, and the
Food and Agriculture Organization.

Theinclusion of natural resourcesasafactor of production
distinguishes T21 from all other global macroeconomic
models (Pollitt et al. 2010). Examples of the direct
dependence of output (GDP) on natural resources are
the availability of fish and forest stocks for the fisheries
and forestry sectors, as well as the availability of fossil
fuels to power the capital needed to catch fish and
harvest timber, among others. Other natural resources
and resource efficiency factors affecting GDP include
water stress, waste recycle and reuse, and energy prices.

The T21 analysis purposely ignores issues such as trade
and sources of investment financing (public vs private,
or domestic vs foreign). As a result, the analysis of the
potential impacts of a green investment scenario
at a global level are not intended to represent the
possibilities forany specific country orregion. Instead, the
simulations are meant to stimulate further consideration
and more detailed analysis by governments and other
stakeholders of a transition to a green economy.

Based on existing studies, the annual financing demand
to green the global economy was estimated to be in the
range US$ 1.05 to US$ 2.59 trillion. To place this demand
in perspective, it is about one-tenth of total global
investment per year, as measured by global Gross Capital
Formation. Taking an annual level of US$ 1.3 trillion (2%
of global GDP) as a reference scenario, varying amounts
ofinvestmentin the 10 sectors covered in this report were
modelled to determine impact on growth, employment,
resource use, and ecological footprint. The results of
the model, presented in more detail in the modelling
chapter, suggest that over time investing in a green
economy enhances long-term economic performance.
Significantly, it does so while enhancing stocks of
renewable resources, reducing environmental risks,
and rebuilding capacity to generate future prosperity.
These results are presented in a disaggregated form for
each sector to illustrate the effects of this investment
on income, employment, and growth, and more
comprehensively, in the modelling chapter.
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1.4 Approach and structure -
Towards a green economy

This report focuses on 11 key sectors considered to be
driving the defining trends of the transition to a green
economy. These trends include increasing human well-
being and social equity, and reducing environmental
risks and ecological scarcities. Across many of these
sectors, greening the economy can generate consistent
and positive outcomes for increased wealth, growth in
economic output, decent employment, and reduced
poverty.

In Part|, the report focuses on those sectors derived from
natural capital - agriculture, fishing, forests, and water.
These sectors have a material impact on the economy as
they form the basis for primary production, and because
the livelihoods of the rural poor depend directly upon
them. The analysis looks at the principal challenges
and opportunities for bringing more sustainable and
equitable management to these sectors, and reviews
investment opportunities to restore and maintain the
ecosystem services that underpin these sectors. In so
doing, the chapters highlight several sector-specific
investment opportunities and policy reforms that are
of global importance as they appear replicable and
scalable in the goal to transition to a green economy.

In Part II, the report focuses on those sectors that may be
characterized as “built capital”, traditionally considered
the brown sectors of the economy. In these sectors -

such as transportation, energy, and manufacturing - the
report finds large opportunities for energy and resources
savings. These savings, it is argued, can be scaled up and
become drivers of economic growth and employment,
as well as having important equity effects in some cases.
Resource efficiency is a theme that has many dimensions
as it cuts across energy efficiency in manufacture and
habitation, materials efficiency in manufacture, and
better waste management.

Finally, after providing an in-depth overview of the
modelling conducted for this report and before
examining options for financing the green economy,
Part Il focuses on enabling conditions for ensuring a
successful transition to a green economy. These include
appropriate domestic fiscal measures and policy reforms,
international collaboration through trade, development
aid, market infrastructure, and capacity building
support. Much has been said about the potential for a
green economy to be used as a pretext for imposing aid
conditionalities and trade protectionism. This report
argues that to be green, an economy must not only
be efficient, but also fair. Fairness implies recognizing
global and country level equity dimensions, particularly
in assuring a just transition to an economy that is low
carbon, resource efficient, and socially inclusive. These
enabling conditions for a fair and just transition are
described and addressed at length in the final chapters
of this report before conclusions, along with the steps
necessary to mobilize finance at scale for a green
economy transition.
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Key messages

1. Feeding an expanding and more demanding world population in the first half of this
century, while attending to the needs of 925 million people who are presently undernourished
and addressing climate change, will need managed transitions away from “business-as-usual” in
both conventional' and traditional® farming. Both farming systems currently deplete natural capital, and
produce significant quantities of global greenhouse gases (GHGs) and other pollutants, though in different
ways and to varying degrees, which disproportionately affect the poor. The continued demand for land-use
changes is often responsible for deforestation and loss of biodiversity. The economic cost of agricultural
externalities amounts to billions of US dollars per year and is still increasing. A package of investments
and policy reforms aimed at“greening”agriculture will offer opportunities to diversify economies, reduce
poverty through increased yields and creation of new green jobs especially in rural areas, ensure food
security on sustainable basis, and significantly reduce the environmental and economic costs of agriculture.

2. Green agriculture is capable of nourishing a growing and more demanding world population
at higher nutritional levels out to 2050. An increase from today’s 2,800 Kcal availability per person
per day to around 3,200 Kcal by 2050 is possible with the use of green agricultural practices and
technologies. It is possible to gain significant nutritional improvements from increased quantity and
diversity of food (especially non-cereal) products. During the transition to green agriculture, food
production in high-input industrial farming may experience a modest decline while triggering positive
responses in the more traditional systems, which account for nearly 70 per cent of global agricultural
production. Public, private and civil initiatives for food security and social equity will be needed for an
efficient transition at farm level and to assure the sufficient quality nutrition for all during this period.

3. Green agriculture will reduce poverty. Environmental degradation and poverty can be
simultaneously addressed by applying green agricultural methods. There are approximately 2.6 billion
people who depend on agriculture for livelihood, a vast majority of them living on small farms and
rural areas on less than USS$1 per day. Increasing farm yields and return on labour, while improving
ecosystem services — on which the poor depend most directly for food and livelihoods - will be the
key to achieve these goals. For every 10 per cent increase in farm yields, there has been a 7 per cent
reduction in poverty in Africa; and more than 5 per cent in Asia. Evidence suggests that the application
of green farming practices has increased yields, especially on small farms, between 54 and 179 per cent.

4. Reducing waste and inefficiency is an important part of the “green agriculture” paradigm.
Crop losses to pests and hazards, and losses in storage, distribution, marketing and at household level
together account for nearly 50 per cent of the human edible calories that are produced. Currently, total
production is around 4,600 Kcal/person/day but what is available for human consumption is around
2,000 Kcal/person/day. FAO suggests that a 50 percent reduction of losses and wastage in the production
and consumption chain is a necessary and achievable goal. Addressing some of these inefficiencies -
especially crop and storage losses - offers opportunities requiring small investments in simple farm and
storage technology on small farms where it makes the most material difference to poor farmers. The FAO
reports that although reducing post-harvest losses could be relatively quickly achieved, less than five
percent of worldwide agricultural research and extension funding currently targets this problem.

1. High input, resource intensive, and industrial farming practices exemplify different shades of conventional agriculture.

2. Traditional agriculture refers to farming practices which mainly rely on indigenous and traditional knowledge that is based on farming practices used for
several generations. Limited or no use of off-farm inputs is key feature of most traditional farming practices.
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5. Greening agriculture requires investment, research and capacity building in the
following key areas: soil fertility management, more efficient and sustainable water use, crop and
livestock diversification, biological plant and animal health management, an appropriate level of
mechanization and building upstream and downstream supply chains for businesses and trade.
Capacity building efforts include expanding green agricultural extension services and facilitating
improved market access for smallholder farmers and cooperatives.

6. Additional investments are needed to green agriculture, which will deliver exceptional economic
and social returns. The aggregate global cost of investments and policy interventions required for the
transition towards green agriculture is estimated to be US$198 billion per year from 2011 to 2050 in the
modeling exercise developed for this report. The value-added in agricultural production increases by
more than 11 per cent compared with the projected “business-as-usual” (BAU) scenario. Studies suggest
that “Return on investments (ROI) in agricultural knowledge, science and technology across commodities,
countries and regions on average are high (40-50 per cent) and have not declined over time. They are
higher than the rate at which most governments can borrow money”. In terms of social gains, the Asian
Development Bank Institute concluded that investment needed to move a household out of poverty
through engaging farmers in organic agriculture could be only US$32 to US$38 per capita.

7. Green agriculture has the potential to be a net creator of jobs that provides higher return
on labour inputs than conventional agriculture. Additionally, facilities for ensuring food safety and
higher quality of food processing in rural areas are projected to create new high quality jobs in the
food production chain. Modeled scenarios suggest that investments aimed at greening agriculture
could create 47 million additional jobs compared with the BAU scenario in the next 40 years.

8. A transition to green agriculture has significant environmental benefits. Green agriculture has
the potential to rebuild natural capital by restoring and maintaining soil fertility; reducing soil erosion
and inorganic agro-chemical pollution; increasing water use efficiency; decreasing deforestation,
biodiversity loss and other land use impacts; and significantly reducing agricultural GHG emissions.
Importantly, greeningagriculture could transform agriculture from beinga majoremitter of greenhouse
gasses to one that is net neutral and possibly even be a GHG sink, while reducing deforestation and
freshwater use by 55 per cent and 35 per cent, respectively.

9. Green agriculture will also require national and internationalpolicy reforms and innovations.
s particularly on reforming “environmentally harmful” subsidies that
e agricultural inputs and lead to their inefficient and excessive use; and
eward farmers for using environmental friendly agricultural inputs
g@rnaliti such as improved ecosystem services.
greén” agricultural exports/ofiginating in developing
J ec%so equired; along wi efmso

production and export subsidies. Thes v@l@ai%tate greater participation by sr %&farmers,
cooper s local food processing enterprises.in food/production value ch
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1 Introduction

4

This chapter makes a case for investing in “greening’
the agriculture®* sector, emphasizing the potential
global benefits of making this transition. It provides
evidence to inspire policymakers to support increased
green investment and guidance on how to enable this
transformation, which aims to enhance food security,
reduce poverty, improve nutrition and health, create
rural jobs, and reduce pressure on the environment,
including reducing Greenhouse Gas Emissions (GHGs).

The chapter begins with a brief overview of agriculture at
the global level, followed by a discussion on conceptual
issues including two predominant farming-practice
paradigms, i.e. conventional (industrialized) agriculture
systems* and traditional (subsistence) smallholder
agriculture’® The section ends with a brief description of
key characteristics of the green agriculture paradigm.?
Section 2 presents the major challenges and opportunities
related to the greening the agriculture sector and Section
3 discusses a wide range of sustainable agriculture
practices, mostly using examples and evidence from
the organic sector, which is relatively rich in data. The
section starts with an overview of the cost of degradation
resulting from current agricultural practices and benefits
of greening the sector. It is followed by an outline of some
of the priorities for investment. The section ends with
a discussion on the results of an economic modelling
exercise, which presents future scenarios for green
agriculture and “business-as-usual”. Section 4 shows how
global and national policy as well as capacity building and
awareness raising can facilitate necessary investments
and encourage changes in agricultural practices.
Section 5 concludes the discussion and is followed by
annexes that discuss the benefits and costs of investing
in soil management, water management, agricultural
diversification, and plant and health management.

1.1 General background

Agriculture is a major occupational sector in many
low income countries (LICs) and is a major source of
income for the poor. World Bank statistics (2010) show
agricultural value added as a percentage of GDP to be
3 per cent for the world as a whole, and 25 per cent for
low income countries (LICs), 14 per cent for lower middle
income countries (LMICs), 6 per cent for upper middle
income countries (UMICs) and 1 per cent for high income
countries (HICs).” Approximately 2.6 billion people rely on
agricultural production systems — farming, pastoralism,
forestry or fisheries — for their livelihoods (FAOSTAT 2004).

To date, global agricultural productivity has more than
kept up with population growth (FAO 2009, IAASTD
2009). However, agricultural productivity per worker
and per land unit varies a great deal across countries.
Agricultural productivity per worker in 2003-05 was 95
times higher in HICs than in LICs, and this difference
increased compared with 1990-1992, when it was 72
times higher. HIC industrial agriculture continues to
generate high levels of production - more than 50 per
cent of the world value added in agriculture and food
processing — but it is accompanied by proportionally
more adverse environmental impacts than lower-yield
traditional farming (World Bank 2010). Agriculture in
LICs and LMICs is becoming more productive, however.
In LICs, over the above period, aggregate agricultural
productivity per worker increased by 21 per cent, albeit
from a very low base.

Despite the increasing productivity of agriculture,
nearly 1 billion people remain malnourished. Between
2000 and 2007, over a quarter (27.8 per cent) of children
under the age of five in LICs were malnourished (World
Bank 2010). Moreover, over half of food-insecure families
are rural households, often in countries such as India
that have food surpluses. A transition in the agricultural
paradigm must also assist in meeting this challenge.

3. In this report agriculture includes only crop and animal husbandry.
Forestry and fisheries are covered in separate chapters.

4. High input, resource-intensive, and industrial farming practices
exemplify different shades of conventional agriculture. In different parts of
this chapter these terms have been used to refer to unsustainable farming
practices. Conventional (industrial) agriculture is highly energy-intensive
(using 10 calories of energy for every calorie of food produced) and
requires high levels of inputs. Its high productivity relies on the extensive
use of petrochemical fertilizers, herbicides and pesticides and fuel for
farm machinery, high water usage and continuous new investment (e.g. in
advanced seed varieties and machinery).

5. Traditional agriculture refers to farming practices, which mainly rely on
indigenous and traditional knowledge that is based on farming practices
used for several generations. Limited or no use of off-farm inputs is key
feature of most traditional farming practices. Traditional (subsistence)
agriculture often leads to excessive extraction of soil nutrients and
increased conversion of forests to farmland. It offers low productivity per
hectare, low value added per worker, and high environmental costs. It can
trap already poor farmers in a downward spiral of growing poverty and
social marginalization.

6. The greening of agriculture refers to the increasing use of farming
practices and technologies that simultaneously: (i) maintain and increase
farm productivity and profitability while ensuring the provision of food
on a sustainable basis, (i) reduce negative externalities and gradually lead
to positive ones, and (iii) rebuild ecological resources (i.e. soil, water, air
and biodiversity “natural capital” assets) by reducing pollution and using
resources more efficiently. A diverse, locally adaptable set of agricultural
techniques, practices and market branding certifications such as Good
Agricultural Practices (GAP), Organic/Biodynamic Agriculture, Fair Trade,
Ecological Agriculture, Conservation Agriculture and related techniques and
food-supply protocols exemplify the varying shades of “green” agriculture.

7. World Bank classifications.



Figure 1: Total average contribution to poverty
reduction from growth of agricultural, remittance

and non-farm incomes in selected countries
Source: OECD calculations based on data from Povcalnet, 2009 and WDI, 2009

Agriculture also has tremendous potential to alleviate
poverty. A large proportion of the rural population
and labour force in LICs is employed in agriculture.
On average, agriculture’s contribution to raising the
incomes of the poorest is at least 2.5 times higher than
that of non-agriculture sectors in LICs. Underscoring the
relationship between increasing yields and return on
labour with poverty Irz et al. (2001) estimated that for
every 10 per cent increase in farm yields, there was a 7
per cent reduction in poverty in Africa and more than a
5 per cent poverty-reduction effect for Asia. Growth in
manufacturing and services do not show a comparable
impact on poverty reduction. The World Bank (2010)
reported that an increase in overall GDP derived from
agricultural labour productivity was, on average, 2.9
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times more effective in raising the incomes of the poorest
quintile in developing countries than an equivalent
increase in GDP derived from non-agricultural labour
productivity. Using cross-country regressions per region,
Hasan and Quibriam (2004) found greater effects from
agricultural growth on poverty (defined as less than US$2
per day per person) reduction in sub-Saharan Africa and
South Asia. (This trend was not seen in East Asia and Latin
America where there were greater poverty-reducing
effects of growth originating in non-agriculture sectors).

Despite the potential contribution of agriculture to
poverty alleviation, mainly owing to the urban bias of
many national government policies (Lipton 1977), rural
sectors in most LICs have not received the levels of public
investment required to support the development of a
thriving agricultural sector. Government expenditure
on agriculture in developing countries dropped from 11
per cent in the 1980s to 5.5 per cent in 2005, with the
same downward trend observed in official development
assistance going to the agricultural sector, which fell
from 13 per cent in the early 1980s to 2.9 per cent in
2005 (UN-DESA Policy Brief 8, October, 2008). In Africa,
governments publicly committed in the Maputo
Declaration of 2000 to spending 10 per cent of their GDP
on agriculture, including rural infrastructure spending
(UNESC ECA 2007). However, only eight countries had
reached the agreed level by 2009 (CAADP 2009).

Between 1980 and 2000, an inverse association was noted
between the size of the agricultural sector relative to GDP
and public spending on agriculture as a percentage of
agricultural GDP as shown in Figure 2, which distinguishes
between agriculture-based, transforming and urbanized
countries. It shows that lower levels of public expenditure
in support of agriculture in the poorest countries have
contributed to their relatively slow rates of poverty
reduction. The data also indicate that while the
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Figure 2: Contribution of agriculture to GDP and public expenditure on agriculture as a proportion of

8. Agriculture based=developing-, transforming=new industrialized- and urbanized=developed-countries.
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contribution of agriculture to total GDP in transforming
countries was nearly comparable to that of agriculture-
based countries in 1980, over the following two decades,
public expenditure on agriculture in transition countries
nearly doubled. This increase is used to explain the
relatively rapid growth of the non-agriculture sectors in
transition countries during the same period.

The result of this-long term neglect in developing
countries is that rural poverty rates consistently exceed
those in urban areas, with more than 75 per cent of
the world’s most impoverished people living in rural
areas, and many seeking ways to migrate to cites (IFAD
2003). We note that in this scenario, poverty can result
in environmental consequences if crop production
is based upon unsustainable land use, which in turn
results in the depletion of soil nutrients and cultivation
of unsuitable, marginal land that can lead to soil erosion
and the reduction of natural habitats.’

In the following paragraphs we discuss particular
attributes of conventional and small-scale agricultural
practices that have exacerbated these trends.

1.2 Conventional/industrial agriculture

Conventional/industrial agriculture is energy- and input-
intensive. Its high productivity (kg/ha) relies on the
extensive use of petrochemical fertilizers, herbicides,
pesticides, fuel, water, and continuous new investment
(e.g. in advanced seed varieties and machinery).

The impressive productivity gains of the much-
publicized “Green Revolution” of the last few decades
took place mainly in conventional agriculture. These
productivity gains were triggered by investment in
agricultural research and expansion in public-sector
extension services."® The productivity increases of the
Green Revolution relied primarily on the development
of higher- yield varieties of major cereal crops (i.e. wheat,
rice and corn/maize), a significant increase in the use of
irrigation, inorganic fertilizers, pesticide/herbicide use
and fossil-fuel-based farm machinery.

Despite substantial gains in total crop production,
however, the consequences of the “revolution” have not
been entirely positive. Production gains have been highly

9. This poverty-environment nexus is a well researched area. For a
framework and review see Opschoor (2007).

10. For an overview refer to Ruttan (1977) and for a critique refer to
Shiva (1989).
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correlated with increased use of non-renewable resource
inputs, and have often entailed significant environmental
costs due to their overuse (Figure 3). Industrial agriculture
consumes on average 10 exosomatic energy calories
(derived from fossil-fuel energy resources) for every
food endosomatic energy calorie (derived from human
metabolism of food) that is produced and delivered to the
consumer (Giampietro and Pimentel 1994). This energy-
intensity, in many cases, is encouraged by subsidizing
inorganic fertilizer, fuel and electric power used on
farms. In addition, bio-diversity losses have resulted from
production subsidies targeted at a limited number of
crops. Industrial agriculture has also resulted in shrinking
the agricultural labour force even as farm outputs have
dramatically increased, a trend intensified to some extent
by subsidies for farm mechanization. (Lyson 2005, Dimitri
et al. 2005, Knudsen et al. 2005, ILO 2008).

1.3 Traditional/small farm/
subsistence agriculture

Traditional (subsistence) smallholder agriculture is
typically low-productivity farming practiced on small
plots, with low value added per worker and primarily
reliant on extracting soil nutrients with insufficient
replenishment by either organic or inorganic fertilizers.
Itis susceptible to yield losses due to erratic rainfall, pest
and weed infestations and other production-related
risks caused by poor management.

Traditional agriculture has limited scope for farm
mechanization and external agri-chemical inputs.
Many smallholders’ plots, typically located in LICs and
in some LMICs, are too small to realize the economies
of scale required for most commercial farm machinery.
In addition, the high cost of purchased inputs such as
chemical fertilizers generally require that at least some
portion of the crops produced must be sold to recover
costs. Failure to modernize land tenure systems, which
can facilitate distribution, consolidation, and the use of
land as security for bank loans are important barriers to
the commercialization of small-scale agriculture in many
LICs. Commercialization is further limited by inadequate
road transportation linking food-producing areas to
large urban centers. For these reasons, value added per
worker in LICs is far below that of HICs. Whereas the
average value added per agricultural worker in OECD
countries in 2003 was US$23,081 (which grew at 4.4
per cent per year between 1992 and 2003, in Africa, the
figures were only US$327 and 1.4 per cent, respectively
(IAASTD 2009b).

Worldwide, there are 525 million small farms, 404 million
of which operate on less than two hectares of land
(Nagayets 2005). These farmers account for a sizable share
of global agricultural production (70 per cent) and in many
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Box 1: Agriculture at a
crossroads

The key message of the Assessment of Agricultural
Knowledge, Science and Technology for
Development, published in 2009 is: “The way the
world grows its food will have to change radically
to better serve the poor and hungry if the world
is to cope with a growing population and climate
change while avoiding social breakdown and
environmental collapse.The Assessment calls for
a fundamental shift in agricultural knowledge,
science and technology (AKST) to successfully
meet development and sustainability objectives.
Such a shift should emphasize the importance
of the multi-functionality of agriculture,
accounting for the complexity of agricultural
systems within diverse social and ecological
contexts and recognizing farming communities,
farm households, and farmers as producers and
managers of ecosystems. Innovative institutional
and organizational arrangements to promote
an integrated approach to the development
and deployment of AKST are required as
well. Incentives along the value chain should
internalize as many negative externalities as
possible, to account for the full cost of agricultural
production to society. Policy and institutional
changes should focus on those least served in the
current AKST approaches, including resource-
poor farmers, women and ethnic minorities. It
emphasizes that small-scale farms across diverse
ecosystems need realistic opportunities to
increase productivity and access markets.
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Figure 4: Regional distribution of small farms
Source: Nagayets (2005)
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instances their contribution is growing at the national
level. While the issue is contested, there is substantial
evidence that smaller farms have higher yields than large
farms (Banerjee 2000), Rosset 1999), Farugee and Carey
1997, Tomich et al. 1995, Barrett 1993, Ellis 1993), Cornia
1985 and Feder 1985). In Kenya, the share of national
agricultural production contributed by smallholders
increased from 4 per cent in 1965 to 49 per cent in 1985
(Lele and Agarwal 1989). According to Spencer (2002) 90
per cent of all agricultural production in Africa is derived
from small farms. In India, smallholders contributed over
40 per cent of food grain productionin 1990-91, compared
with only a third of the total in 1980. As of the late 1990s,
they also owned the majority of livestock and dominated
the dairy sector (Narayanan and Gulati 2002).

Despite their higher output per hectare and the
significant contribution they make to food production,
however, small farmers are often very poor. In a survey
of smallholder households, 55 per cent in Kenya and
75 per cent in Ethiopia, respectively, fell below the
poverty line (Jayne et al. 2003). Low prices, unfair
trade practices and lack of transportation, storage and
processing infrastructure contribute to this situation.
Half of all undernourished people, three-quarters of
malnourished African children and the majority of
people living in absolute poverty are found on small
farms (Millennium Project Task Force on Hunger 2004;
IFAD 2001). In the majority of countries, poor rural
people are both sellers of food commodities and buyers
of foodstuffs, at different times of the year. Typically, they
sell immediately after harvest, to meet their immediate
cash requirements, and buy food in the months prior to
the following harvest (IFAD 2010b).

It is expected that expanding smallholder production
through increased farm size, green agricultural practices
and greater commercialization will create more jobs
in rural areas. As farmers get wealthier, they are likely
to withdraw from occasional labour (Wiggins 2009).

Wealthier farmers are also likely to spend more on locally
produced goods and services leading to multiplier
effects. Rural linkage models in Africa have estimated
multiplier effects ranging from 1.31 to 4.62 for Burkina
Faso, Niger, Senegal and Zambia (Delgado et al. 1994).

1.4 The greening of agriculture

The greening of agriculture refers to the increasing use of
farming practices and technologies that simultaneously:

B maintain and increase farm productivity and
profitability while ensuring the provision of food on a
sustainable basis;

B reduce negative externalities and gradually lead to
positive ones; and

B rebuild ecological resources (i.e. soil, water, air and
biodiversity“natural capital”assets) by reducing pollution
and using resources more efficiently. A diverse, locally
adaptable set of agricultural techniques, practices and
market branding certifications such as Good Agricultural
Practices (GAP), Organic/Biodynamic Agriculture, Fair
Trade, Ecological Agriculture, Conservation Agriculture
and related techniques and food supply protocols
exemplify the varying shades of “green” agriculture.

Farming practices and technologies that are instrumental
in greening agriculture include:

B restoring and enhancing soil fertility through the
increased use of naturally and sustainably produced
nutrient inputs; diversified crop rotations; and livestock
and crop integration;

B reducing soil erosion and improving the efficiency of
water use by applying minimum tillage and cover crop
cultivation techniques;

Action indicators

Outcome indicators

1. Number of enacted and implemented policy measures and officially approved
plans that promote sustainable agriculture (including trade and export policy
measures, payment for ecosystem services through agriculture, etc.)

1. Percentage and amount of land under different forms of green agriculture
(organic, GAP-good agriculture practices, conservation, etc.)

2. Level of governmental support to encourage farmers to invest in conversion to
green agriculture and get the farm and the product certified

2. Decline in use of agro-chemicals as a result of conversion to green agriculture; and
the number and percentage of farmers converting to green agriculture

3. Percentage of agricultural budget that is earmarked for environmental objectives

3. Increasing proportion of Payments for Environmental Services as a percentage of
total farm income

4. Proportion of available producer support utilized for environmental objectives as
a percentage of total agricultural producer support

4. Number of agriculture extension officers trained in green agriculture practices

5. Approved measures that reduce or eliminate barriers to trade in technologies and
services needed for a transition to a green agriculture.

5. Number of enterprises set up in rural areas, especially those that produce local
organic agricultural inputs, to offer off-farm employment opportunities.

Table 1: Potential indicators for measuring progress towards green agriculture




M reducing chemical pesticide and herbicide use by
implementing integrated biological pest and weed
management practices; and

B reducing food spoilage and loss by expanding the use
of post-harvest storage and processing facilities.

Although organic sources of fertilizer and natural methods
of pest and weed management are central elements of
green agricultural practices, the highly efficient and precise
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use of inorganic fertilizers and pest controls may also be
included in the broad spectrum of sustainable farming
practices that need to be adopted to achieve global food
security. This far more efficient use of inorganic agriculture
inputs is particularly required in the initial phase of a long-
term transition to a green agriculture paradigm.

To be able to measure success in moving towards the
objectives of greening agriculture, two categories of
indicators are proposed in Table 1.
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2 Challenges and opportunities

Today, agriculture stands at a crossroads. There are calls
for changing the way food is produced and distributed
if the poor and hungry are to be served better and if the
world is to cope with a growing population and climate
change. This section presents some major challenges
and opportunities in transitioning to a green agriculture.

2.1 Challenges

Agriculture is facing a multitude of challenges on both
the demand and supply side. On the demand side, these
include food security, population growth, changing
pattern of demand driven by increased income, and the
growing pressure from bio-fuels. On the supply side,
these challenges include limited availability of land,
water, mineral inputs and rural labour as well as the
increasing vulnerability of agriculture to climate change
and pre-harvest and post-harvest losses.

Increasing demand for food
Themostsignificantfactors contributingtotheincreasing
demand for food are the continued growth of the global

population, especially in LICs, and a rise in income levels
in emerging economies (Figure 5). Demand for meat
and processed food is rising with growing affluence. The
current global population of more than 6 billion, of which
925 million are undernourished (FAO 2010), is forecast to
reach 8.5-9 billion by 2050, and per capita incomes are
expected to rise by as much as a factor of 20 in India and
14 in China respectively (Goldman Sachs 2007). Figure 6
shows that rural populations are increasingly migrating
to urban and peri-urban areas in LICs and LMICs. This
has consequences for food demand and field-to-table
supply chains because the diets of urban dwellers
show an increased proportion of processed foods. The
prospect of the human population expanding by almost
a third by 2050 combined with an expected rise in per
capita demand for meat, dairy and vegetable products
requires geographically-focused efforts and a change in
agricultural production patterns.

Competing demand from biofuels

Growing interest in producing “first-generation” liquid
bio-fuels to augment and replace petroleum-based
transportation fuels is adding to the demand for starch,
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sugar and oilseed food commodities. For example,
the production of ethanol and bio-diesel fuels are
predominantly based on food commodity feed stocks
such as corn, sugarcane, soy, canola, sunflower and
oil palm. Despite growing ethical, environmental, and
economic concerns surrounding the use of food staples
for producing these bio-fuels, there is continued public-
and private-sector interest in their development. No
matter where these crops are grown, they will inevitably
compete with food crops for land, water and nutrients.
Figure 7 shows food prices tracking fuel prices. At present,
this alignment of food and energy prices may primarily
result from the cost of fossil fuels used as an input in
food production. But it is expected that the pattern will
become more marked because of the competition for
food crops that are used to produce bio-fuels.

As a result, significant efforts are being made to develop
second-generation biofuels, which can be produced
from non-food biomass feedstock such as ligno-
cellulosic wood and crop-residue wastes, perennially-
grown switch grass and algae. Such technologies can
potentially enable the production of biofuels to be scaled
up with fewer adverse impacts on global food security.
However, much more analysis is needed regarding the
degree to which converting large quantities of cellulosic
feedstock to biofuels would displace the recycling of
organic nutrients from crop residues to arable land,
pastures and forests (Balagopal et al. 2010).

Limited arable land and scarce water

Approximately 1.56 billion hectares or 12 per cent of earth'’s
total land surface area is arable land used to produce
crops for human and livestock consumption. In addition,
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some 3.4 billion hectares of pasture and woodland are
now used for livestock production (Bruinsma 2009). The
agricultural productivity of the available arable land is
extremely varied. Crop yields in HICs are generally far
greater than the yields realized in most LICs or LMICs.
These productivity differences result from different levels
of natural soil fertility; fertilizer, pesticide and herbicide
use; quality of cultivated plant species and seeds;
availability and access to water; farmers’ education and
access to information, credit and risk insurance; and the
degree of agricultural mechanization.

Only limited additional land can be readily brought
into agricultural production through conversion or
rehabilitation. Moreover, the often highly fertile arable
land surrounding cities is rapidly being converted into
residential and commercial development as urbanization
gathers pace (Pauchard et al. 2006). Expanding cultivated
areas is no longer the obvious way to increase production
(exceptions are parts of sub-Saharan Africa and Latin
America where some savanna areas could be brought
into production). Furthermore, over-grazing by livestock
and extended drought conditions are accelerating the
desertification of fragile arid and semi-arid regions.
Agriculture has contributed to land degradation
in all regions, but is most severe in input-intensive
production systems (notably in East Asia, Latin America
and North America and Europe). Agricultural activities
account for around 35 per cent of severely degraded
land worldwide (Marcoux 1998). Given the high risk of
further deforestation, LICs will need to meet food-supply
gaps by simultaneously increasing productivity and
greening their agricultural practices rather than seeking
widespread expansion of arable land.
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Source: Rost et al. (2009)

Figure 8: Percentage of country populations that will be water stressed in the future

The agriculture sector is the largest consumer of fresh
water, accounting for 70 per cent of global use, including
rainfall run-off. A majority of crop lands are exclusively
rain-fed and only 24 per cent of arable land is cultivated
with the help of irrigation from flowing surface waters
or groundwater aquifers (Portmann et al. 2009). This
distinction is important because irrigated fields are
much more productive and produce nearly a third of all
agricultural output (Falkenmark and Rockstrom 2004).

Since rain-fed farming is the dominant form of agriculture,
the increasing disruption of historical rainfall patterns
experienced in many areas of the world is a cause for great
concern.The Intergovernmental Panel on Climate Change
(IPCC) Fourth Assessment Report concluded that many
observed changes in extremes, such as more frequent,
heavy precipitation events and longer, more intense
droughts, are consistent with warming of the climate
system (IPCC 2007). While affecting rainfed agriculture,
precipitation changes also adversely affect the recharge
rates of aquifers and watersheds. The continued worsening
of water-stress conditions suggests that efforts to increase
the use of irrigation will gradually increase agricultural
production costs. Clearly, practices that increase water-
use efficiencies are required to alleviate this trend.

Figure 8 shows projections for global water stress in
the future. The figure also underscores the need for
increased coordination in water use nationally and across
borders. In this context, the Mekong River Commission,
which coordinates the watershed development plans
of member states, is one of several promising supra-
national river basin initiatives.

Limited availability of mineral inputs
Industrial farming practices are dependent on inorganic
fertilizers. In turn, the production and prices of these

depends on the availability of fossil fuels, minerals
and petro-chemicals. In this context, the demand for
two major minerals — potassium and phosphorous
- used in fertilizer production, has been increasing.
But known supplies of readily accessible, high-grade
stocks, especially phosphate rock, are falling. Estimates

Box 2: Opportunities for
improved sanitation systems
and organic nutrient recycling

There is a critical need to recover and recycle
nutrients from organic waste streams and use
them as productive inputs of organic fertilizer.
Enormous quantities of valuable organic
nutrients could be recovered from intensive
livestock farming; food processing sites;
municipal green wastes; and human sewage
wastes in both rural and urban communities.
It is particularly important to maximize the
recovery of phosphorous nutrients from
organic wastes; as a mineral, phosphate is
essential to agricultural productivity and it has
been estimated that economically recoverable
global reserves may be depleted in 100 years
(Cordell et al. 2010). Technologies are under
development that would eliminate pathogens
and other toxic elements from these waste
streams and recover commercial quantities of
phosphorus (Frear et al. 2010). It is expected
that the rising costs of inorganic fertilizers will
help accelerate research and commercialization
of such organic nutrient-recovery technologies.




Agriculture

Developing
Countries

USA

UK

0 20 40 60 80 100
Percent

Transport & B Food Home &
. On-Farm . Processing I Retail . Service . Municipal

Edible crop
harvest
4600 kcal
|
Horst AR,
'055‘35 4000 keal
4000
Animal
feed Meat
and dairy

2 3000 2800 keal
s Distribution
s losse$ and
g waste Food
© consumed
< 2000 kcal

2000

1000

0
Field Household

Figure 9a-b: The makeup of total food waste'
Source: Lundqvist et al., Godfray

of the longevity of these stocks vary dramatically.'
Nevertheless, only one-fifth of the phosphorus mined
for food production actually contributes to the food we
consume, while the remainder is either polluting the
world’s water or accumulating in soils or urban landfills
(Cordell et al. 2009). Although it is expected that the
increasing prices of phosphates and other minerals
will lead to increases in supplies, including recovery of
phosphate from wastewater treatment facilities, these
prices are likely to continue to put upward pressure on
the cost of fertilizers and food prices, which affects the
poor’s access to food disproportionately.

Post-harvest spoilage

Today, the volume of food produced globally is sufficient
to feed a healthy population. But significant amounts
of food produced around the world are lost or wasted
after harvesting. As Figure 9 shows, in HICs this primarily
occurs in the retail, home and municipal food handling
stages. For example in the USA, around 40 per cent of
all food produced is wasted, resulting in losses of all
embedded inputs such as energy (equivalent to wasting
350 million barrels of oil per year), water (equivalent to
about 40 trillion litres of water every year) and huge
volumes of fertilizers and pesticides. Losses in the HICs
are often caused by factors such as retailers’ rejection
of produce due to poor appearance or “super-sized”
packages leading to post-retail spoilage. The latter can
account for up to 30 per cent of the food bought by retail

11. Retail, food service, and home and municipal are aggregated for LICs.

12. Steén (1998) indicates that phosphate stocks will be depleted by 50-100
per cent by the end of 21st century, whereas Isherwood (2003) suggests
that supplies could last between 600-1,000 years.

distributors. Post-retail food losses tend to be lower in
LICs. There they mainly result from a lack of storage
facilities, on-farm pest infestations, poor food-handling
and inadequate transport infrastructure. For example,
rice losses in LICs may be as high as 16 per cent of the
total harvest. Thus, there is ample scope for increasing
food supplies and food security in LICs through simple
targeted investments in post-harvest supply chains.

Rural labour

The accelerating migration of rural populations to urban
and peri-urban areas in LICs and LMICs (Figure 6) has
resulted in significant demographic changes in rural
populations. Working-age men are likely to relocate
to cities in search of employment, reducing the pool
of men available for agricultural work. This rural out-
migration of men has also resulted in a dominant role
for women as smallholders in LICs; more than 70 per
cent of smallholders in sub-Saharan Africa are women
(UN Women Watch 2009; and World Bank, FAO and
IFAD 2009). These demographic changes, while offering
economic and wealth-creation opportunities, have
placed additional burdens on women, who invariably
also have to care for their children and the elderly.

Increased vulnerability of agriculture due to
climate change

Modelling by the IPCC suggests that crop productivity
could increase slightly at mid- to high-latitudes for mean
temperature increases of up to 1-3°C (depending on
the crop) (Easterling et al. 2007; citing IPCC WGII, Ch 5).
However, at lower latitudes, especially in the seasonally
dryandtropical regions, crop productivity could decrease
as a result of even small local temperature increases (1-
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2°C). Further warming could have increasingly negative
impacts in all regions. Climate-change scenarios suggest
that by 2080 the number of undernourished people
will increase, mostly in developing countries, by up
to 170 million above the current level. IPCC modelling
indicates that an increased frequency of crop losses due
to extreme climate events may overcome any positive
effects of moderate temperature increases in temperate
regions (Easterling et al. 2007).

In South Asia and sub-Saharan Africa, where some of the
poorest people live and farm, the scenarios of climate
change’s impacts on agriculture present a dire picture.
Recent studies confirm that Africa is the most vulnerable
continent to climate change because of multiple abiotic
and biotic stresses and the continent’s low adaptive
capacities (IPCC 2007b). Yields in Central and South Asia
could decrease up to 30 per cent by the mid-21st century
(IPCC 2007a). In drier areas of Latin America, climate
change is expected to lead to salinity and desertification of
some agricultural land, reducing the productivity of some
important crops and animal husbandry (IPCC 2007a).

2.2 Opportunities

Many opportunities exist for promoting green
agriculture. They include increased awareness by
governments, donor interest in supporting agriculture
development in low income countries, growing interest
of private investors in green agriculture and increasing
consumer demand for sustainably produced food.

Government awareness

Governments, particularly in HICs, have become
increasingly aware of the need to promote more
environmentally sustainable agriculture. Since the mid-
1980s, OECD countries have introduced a large number
of policy measures addressing environmental issues in
agriculture. Some of these are specific to the agricultural
sector, including the practice of linking general support
to environmental conditions; others are included in
broader national environmental programmes.

The result is that the environmental performance of
agriculture has begun to improve in OECD countries. The
proportion of global arable land dedicated to organic
crops has increased from a negligible amount in 1990
to around to 2 per cent in 2010, and as much as 6 per
cent in some countries. The extent of soil erosion and the
intensity of air pollution have fallen; the amount of land
assigned to agriculture has decreased even as production
has increased, and there have been improvements in
the efficiency of input use (fertilizers, pesticides, energy,
and water) since 1990. However, subsidies for farm-fuel
have continued to be a disincentive to greater energy
efficiency (OECD 2008).
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Figure 10: Share of overseas development
assistance for agriculture (1979-2007)

Source: Based on OECD (2004)

Donor support for agriculture development
Agriculture-related Overseas Development Assistance
(ODA), which has fallen steadily over the past 30 years,
began to pick up in 2006 as the current food crisis escalated.
In 2009, at the G8 summit in Italy, wealthy nations pledged
US$20 billion for developing-country agriculture. There is a
pressing need, however, to ensure that these investments,
as Ban Ki-moon put it, “breathe new life into agriculture,
one which permits sustainable yield improvements with
minimal environmental damage and contributes to
sustainable development goals"® Recently, FAO, World
Bank, UNCTAD and IFAD have jointly proposed Principals
for Responsible Agricultural Investments.'

Private funding interest

Preferential access to credit and investment capital is one
of the most important incentives to catalyse a transition
to greener agriculture. The number, volume and rate
of return of sovereign wealth funds (SWFs), pension
funds, private equities, hedge funds with investment in
agriculture are increasing (McNellis 2009). Major financial
institutions are expanding their “green” portfolios to
offer investment credit to companies that manufacture
and market products that enable more efficient use of
agricultural inputs; introduce renewable energy services
in rural areas and other innovative private enterprises
(see Box 4). The public sector, especially in developing
countries, should support finance mechanisms (e.g.loan-
guarantee funds) that can leverage larger multiples of
private capital loans to smallholders who need working
capital to undertake sustainable agriculture practices.

Increasing consumer demand for sustainable food

Over the last few years, consumer demand for sustainably
produced food has increased rapidly. Purchasing patterns
of Fairtrade products have remained strong despite the

13. Ban Ki-moon. 2010. coverage of his statement available at http://www.
un.org/apps/news/story.asp?NewsID=26670 viewed on 26 January 2011.

14. These Principles are available at http:/siteresources.worldbank.org/
INTARD/214574-1111138388661/22453321/Principles_Extended.pdf
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Box 3: Innovations in the
agricultural supply chain
increase shareholder and
societal value

For investors, water risk exposure is increasingly
becoming material for mitigating investment
risk in companies. For example, Robeco Asset
Management invests in mainstream companies
and encourages them, through active dialogue,
to implement policies and innovative practices
that mitigate risks resulting from water scarcity
to their operations and reputations. In doing so,
it also encourages companies to find solutions
that can enhance their performance, increase
shareholder value and therefore contribute
in the long-term to building and sustaining a
green economy.

Cotton, one of the most water-intensive crops,
is the focus of a dialogue with companies in
the textile industry to develop water-efficiency
targets and adopt sustainable supply-chain
practices. Through Better Cotton Initiative (BCI),
a a platform has been created for exchange of
experiences on the use of efficient irrigation
technologies, farmer education programmes
and reduction in the use of pesticides and
acceptance of transparent sourcing efforts.

Source: Based on the information from Robeco Asset Management received
through Lara Yacob, Senior Engagement Specialist
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Figure 11: Global trade in organic food and drinks
(1999-2007)

Source: Prepared by Asad Naqvi based on the data from Sahota, A., 2009, ‘The Global
Market for Organic Food & Drink; in H. Willer and L. Kilcher, (eds.), 2009, The World of
Organic Agriculture: Statistics and Emerging Trends 2009, FIBL-IFOAM Report, Bonn:

IFOAM; Frick: FiBL; Geneva: ITC

global economic downturn. In 2008, global sales of Fairtrade
products exceeded US$3.5 billion. Data collected by the
International Trade Centre (ITC) and the Forschungsinstitut
fur biologischen Landbau (FiBL) shows that the major
markets for organic food and beverages expanded on
average by 10 to 20 per cent per year between 2000 and
2007 and reached US$46 billion per year in 2007.This figure
does not include markets for organic fibre, cosmetics and
other luxury products. This demand has driven a similar
increase in organically managed farmland. Approximately
32.2 million hectares worldwide are now farmed organically.
In addition, as of 2007, organic wild products are harvested
on approximately 30 million hectares.

15. Willer Helga and Lukas Kilcher (Editors) (2009): The World of Organic
Agriculture - Statistics and Emerging Trends 2009. Page 65-68. IFOAM,
Bonn, FiBL, Frick and ITC, Geneva.
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3 The case for greening agriculture

Both conventional and traditional agriculture generate
substantial pressure on the environment, albeit in
different ways. With very different starting positions, the
pathways to green agriculture will vary substantially and
will have to be sensitive to local environmental, social
and economic conditions. Industrial agriculture needs to
lessen its reliance on fossil fuels, water and other inputs.
Both large and small farms can benefit from more on-farm
recycling of nutrients by reintegrating livestock, which
provide manure, and the cultivation of green manures to
improve and maintain soil fertility (IAASTD 2009).

3.1 The cost of environmental
degradation resulting from agriculture

Several studies have estimated the cost of externalities
caused by current agricultural practices, which include
those from use of inputs such as pesticides and fertilizers
leading, for example, to the pollution of waterways
and emissions from farm machinery and food
related transport.

Agricultural operations, excluding land-use changes,
produce approximately 13 per cent of anthropogenic
global greenhouse gas (GHG) emissions. This includes
CO, emitted by the production and use of inorganic
fertilizers; agro-chemical pesticides and herbicides;
and fossil- fuel energy inputs. Agriculture also produces
about 58 per cent of global nitrous oxide emissions and
about 47 per cent of global methane emissions. Both of
these gases have a far greater global warming potential
pertonne than CO, (298 times and 25 times respectively).
Moreover, methane emissions from global livestock are
projected to increase by 60 per cent by 2030 under
current practices and consumption patterns (Steinfield
et al. 2006). The expansion of agricultural land at the
expense of forests has been estimated to represent an
additional 18 percent of total global anthropogenic GHG
emissions (IAASTD 2009 and Stern 2007).

A study by Jules Pretty et al. (2001) estimated the annual
costs of agricultural externalities to be USS$2 billion in
Germany and US$34.7 billion in the USA. This amounts
to between US$81 and US$343 per hectare per year of
grassland or arable land. In the UK, agriculture’s total
environmental externality costs, including transporting
food from the farm to market and then to consumers,
have been calculated to be £5.16 billion per year for
1999/2000, a cost greater than annual net farm income
(Pretty et al. 2005, Table 5). In China, the externalities
of pesticides used in rice systems cause US$1.4 billion

of costs per year through health costs to people, and
adverse effects on both on- and off-farm biodiversity
(Norse et al. 2001). The national pollution census in
China revealed that agriculture was a larger source of
water pollution than industry, discharging 13.2 MT of
pollutants (China’s National Pollution Census 2007; and
New York Times 2010). In Ecuador, annual mortality in the
remote highlands due to pesticides is among the highest
reported anywhere in the world at 21 people per 100,000
people, and so the economic benefits of IPM based
systems that eliminate these effects are increasingly
beneficial (Sherwood et al. 2005). Land degradation is
costing ten Asian countries an economic loss of about
US$10 billion, equivalent to 7 per cent of their combined
agricultural GDP (FAO, UNDP, UNEP 1994).

At the same time, as a result of the poor management
of fertilizer usage during the last half-century, the
phosphorus contentinfreshwatersystemshasincreased
by at least 75 per cent, and the flow of phosphorus to
the oceans has risen to approximately 10 million tonnes
annually (Bennett et al. 2001; Millennium Ecosystem
Assessment 2005; Rockstrom et al. 2009). The combined
effects of phosphate and nitrogen water pollution,
much of it linked to the use of inorganic fertilizers is
the main cause of eutrophication, the human-induced
augmentation of natural fertilization processes which
spurs algae growth that absorbs the dissolved oxygen
required to sustain fish stocks (Smith & Schindler 2009).
The estimated costs of the eutrophication in the USA
alone run as high as US$2.2 billion annually (Dodds
et al. 2009).

Not all agricultural externalities are quantified and thus
the estimates above probably underestimate the total
cost to society. Conventional agriculture, for example,
causes millions of cases of pesticide poisoning per
year, resulting in over 40,000 deaths (FAO-ILO, 2009).
Most such cases remain unreported. Farmers who use
chemical/synthetic farm inputs are significantly more
indebted, especially in developing countries (Eyhorn et
al. 2005, Shah et al. 2005, Jalees 2008). For example, in
Central India, cotton farmers bought inputs with loans
at annual interest rates between 10-15 per cent (from
cooperative societies) to over 30 per cent (from private
money lenders). By contrast, those engaged in organic
agriculture were far less likely to take loans owing to
lower production costs and greater use of on-farm
inputs (Eyhorn et al. 2005). Jalees (2008) has argued that
the main cause for India’s extremely high farmers’suicide
rate is the debt-servicing obligations for working capital
(e.g. fertilizers, pesticides and GM seeds) costs.



The following section present some on- and off-farm
investment strategies that will help minimize, eliminate and
gradually reverse the environmental and economic costs
resulting from currently predominant forms of agriculture.

3.2 Investment priorities for
greening agriculture

Investments in R&D and Agribusinesses

One of the major reasons for the wide spread adoption of
the“Green Revolution”that greatly increased agricultural
productivity was the level of first public, then private-
sector investment in research and development (R&D)
and the subsequent dissemination and commercial
implementation of the results. These gains were also
achieved with the introduction of irrigation and greater
application of inorganic agrochemical inputs. A new
wave of investment is needed to develop, deploy and
diffuse resource-efficient technologies and agricultural
inputs, farming practices, and seed and livestock varieties
that would counter the environmental externalities that
are often associated with the green revolution.

The International Assessment of Agricultural Knowledge,
Science and Technology for Development (IAASTD)
noted that “Return on investments (ROI) in agricultural
knowledge, science and technology (AKST) across
commodities, countries and regions on average are high
(40-50 per cent) and have not declined over time. They
are higher than the rate at which most governments can
borrow money” (Koc and Beintema 2010). The commercial
rate of return, however, should not be the only determinant
of the decision to invest in R&D for greening agriculture.
The “social” rate of return would be considerably higher
if rural communities could adequately monetize the
ecosystem, livelihood and socio-cultural benefits that
would accrue with their adoption of green agriculture
practices and land stewardship (Perrings 1999).

Research to improve the performance of biological
nitrogen fixation processes, breeding plant, livestock
and aquatic species for improved yields and adaptive
resilience and developing perennial cereal crops would
enable significant reductions in the energy, water and
fertilizer inputs needed to cultivate commodity grains.
Such research may require several decades to produce
commercially viable crop varieties with these beneficial
attributes. However, the impacts would be significant
in terms of providing options for future generations’
dependency on expensive fossil-fuel-based fertilizers
and adapting to expected climate change.

Plant and animal health management (PAHM)

Field trials of improved PAHM practices have resulted in
increased profitability of farms. Various inter-cropping
strategies utilize selected plant species’ biochemical
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emissions to either attract or repel different insects,
nematodes and other pests. One of the most effective
green techniques is known as“push-pull’, which involves
intercropping, for example, certain species of legumes
and grasses with maize. Aromas produced by legumes
planted on the perimeter of a field repel (push) maize
pests, while scents produced by the grasses attract (pull)
insects to lay their eggs on them rather than the maize.

The implementation of push-pull in eastern Africa has
significantly increased maize yields and the combined
cultivation of N-fixing forage crops has enriched the soil
and has also provided farmers with feed for livestock.
With increased livestock operations, the farmers are
able to produce meat, milk and other dairy products
and they use the manure as organic fertilizer that
returns nutrients to the fields. In small-holder farming
operations, the ability to support livestock for meat, milk
and draft animal power is an important added benefit
of this strategy (Khan et al. 2008). An economic analysis
of a “push-pull” field trial in East Africa with 21,300
farmers revealed a benefit-cost ratio of 2.5 to 1. (Khan
et al. 2008). The income returns for labour was 3.7 US$
per man day with push-pull as opposed to 1 US$/man
day with their previous maize mono-cropping practice.
The gross revenue ranges between US$424 and US$880
USS$/hectare under push-pull and US$81.9 to US$132/
hectare in maize mono crop. Similar systems are being
field-trialled for other cropping systems and it is likely
that comparable rates of return will be realized.

In a recent report on organic agriculture, the ADB concluded
that the cost of transition for farmers to move from
conventional agricultural practices to organic practices,
including the cost of certification, was approximately
US$77-170 per farmer for an average farm size of 1 hectare
(ADB 2010). Training costs were estimated at US$6-14/
farmer. These are fairly modest compared to the overall
investment required for extricating farmers from poverty
(an approximate investment of US$554-880, according
to World Bank, 2008a). Yet, there remain additional costs.
These are the costs of enabling policies that allow research
and development, market linkages and creating incentive
systems on the demand and supply side. These costs
cannot be understated and obviously require multilateral
and bilateral support in the international arena.

Another example of PAHM practices is seen in Cameroon,
In this case study (Wandji Dieu ne dort, et al. 2006), cocoa
farmers were trained in pruning, shade adjustment
and phytosanitary harvesting methods that effectively
maintained yields comparable to conventional practices
that used multiple applications of fungicides. The farmers
who practiced these techniques used 39 per cent fewer
fungicides. Although labour costs increased by 14 per
cent, total production costs decreased by 11 per cent
relative to conventional practices. By introducing green
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Box 4: Cost of training
smallholder farmers in green
agriculture practices

In a recent report on organic agriculture, the
ADB concluded that the cost of transition for
farmers to move from conventional agricultural
practices to organic practices, including
the cost of certification, was approximately
US$77-170 per farmer for an average farm size
of 1 hectare (ADB 2010). Training costs were
estimated at US$6-14/farmer. These are fairly
modest compared to the overall investment
required for extricating farmers from poverty
(an approximate investment of US$554-880,
according to the World Bank 2008a). Yet there
remain additional costs. These are the costs
of enabling policies that allow research and
development, market linkages and creating
incentive systems on the demand and supply
side. These costs cannot be understated and
obviously require multilateral and bilateral
support in the international arena.

farming methods that relied on more knowledgeable
labour inputs, a much larger share of the total costs of
cocoa production was paid to workers within the local
community. Imports of fungicide chemicals were also
reduced, saving valuable foreign exchange. Additional
benefits included reduced health costs and less
environmental pollution (Velarde 2006).

Investments in PAHM should focus on research, training
and investments in natural pest- management processes
that defend, defeat and manage the many organisms
that threaten agricultural production. While there are a
wide range of low-cost natural bio-control practices that
improve the ability of plants and livestock to resist and
suppress biotic stresses and combat pests, during the
past few decades there has been a substantial increase
of private and, to a much lesser degree, publicly-funded
efforts to develop genetically modified crops (GMOs) to
overcome pest and weed problems. After initial success,
there is growing evidence of an evolving resistance
to GMO crops by many pests and weeds. The IAASTD
report (2009) recommended that research on the
ecological, economic and social questions concerning
the widespread application of GMO crops should be
increased, particularly in the public R&D sector, whose
scientific advances could be more broadly and equitably
available for use in LICs. Annex 4 provides details on
investment costs and benefits of investing in PAHM.

Scaling up adoption of green agriculture by partnering
with leading agribusinesses

A small number of corporations control a large share of
the global agribusiness.The four biggest seed companies
control more than half of the commercial seed market
(Howard 2009), the biggest ten corporations (four of
them are among the top 10 seed companies) together
control 82 per cent of the world pesticides business.
The share of the top-ten corporations in the global
market for food processing is 28 per cent, and the top-
15 supermarket companies represent more than 30
per cent of global food sales (Emmanuel and Violette
2010). Investment decisions of these approximately
40 companies have the power to determine, to a large
extent, how the global agriculture sector could endorse
and encourage green and sustainable farming practices.

By greening the core business operations and supply
chains these corporations can play a major role in
supporting a transition to green agriculture. In addition,
they can provide investments to develop and implement
viable strategies for ensuring global food security based
on optimal use of inorganic inputs and building capacity
to recycle on-farm nutrients. Investing in building
consumer awareness about benefits of sustainable
agrifood products is another area that offers benefits
for the environment and these businesses. One of the
promising developments in the area of agribusiness and
NGO partnerships to promote green agriculture is the
Sustainable Food Laboratory.®

Strengthening the supply chains for green products
and farm inputs

Demand for sustainably produced products is increasing
butitisconcentratedindeveloped countries.Investments
in developing new markets in developing countries and
expanding existing market in developed countries could
(i) create new and high return employment opportunities
for on and off farm sectors (e.g. certification auditors);
(i) shorten the field-to-market supply chains, and
thus offer better prices to farmers in these countries;
and (iii) help maintain the price premiums, which can
range from 10 per cent to more than 100 per cent over
a variety of “conventionally” produced foods (Clark
and Alexander 2010). A major challenge in this regard
is consumer demand for less expensive food and high
demand elasticities associated with premium prices for
organic food and other products. As incomes rise and
consumers learn more about “lifestyle diseases” and the
negative health effects of some cheaper, conventionally-
produced food, we expect to see in upper and middle
income consumers an increasing willingness to pay
for more environmentally sustainable and ethically
produced (e.g. fair trade, etc.) food at prices that would
cover their higher costs.

16. http://www.sustainablefoodlab.org.



The limited availability of substantial quantities of natural
fertilizer and pesticides in many countries is a major
constraint to the growth of sustainable farming practices.
Large-scale composting of organic matter and recovery of
livestock manures for commercial organic fertilizer products
will be required in most farming regions. Investments in
the production, supply and marketing of non-synthetic,
natural inputs for farming will not only offer competitive
returns but will also help in set up new small-scale
businesses in rural areas. The bulk and volume of organic
fertilizers that are required for equivalent applications of
inorganic fertilizers make them not very cost-effective
for long-distance transport, thus necessitating relatively
localized or regional compost-production capacities.

Farm mechanization and post-harvest storage
Appropriate mechanization of small and medium farms
can significantly increase agricultural productivity and
help green the farming practices. The degree to which
there is access to farm mechanization equipment (both
draft animal and modern fuel-powered technology) will
substantially determine achievable levels of productivity
per unit of labour and of land. Use of (1) more energy-
efficient cultivating machines that incorporate plant
residues into the soil to increase fertility, (ii) zero-tillage
and minimal-tillage direct seeders for optimum planting
uniformity and minimal topsoil disturbance, (iii) precision
application systems for more efficient use of agri-chemicals,
(iv) drip and sparkling irrigation, and (v) harvest and post-
harvest operations that include village-level processing of
farm products and by-products are central to the “green”
mechanization of farms (Rodulfo and Geronimo 2004).

Since most farm mechanization technologies require
modern fuels or electric power to operate and fossil fuel
price increases are seen as inevitable, it is important
that non-conventional energy sources such as biodiesel
fuels and biogas power generation and process heat be
developed and used in mechanized farming systems
in LICs. While there are examples of rural bioenergy
production  technologies operating throughout
the world, in most cases these technologies remain
uncompetitive mainly due to subsidies and policy
support for fossil fuels and related farm machinery.

Coupled with farm mechanization, which may negatively
affect on-farm employment opportunities, investment
in off-farm employment opportunities is needed. Food
packaging and processing in rural areas would enable
new non-farm jobs and could improve market access for
agricultural produce. However, the feasibility of added
value processing would be substantially determined
by the quality of rural road infrastructures that connect
to urban centers, ports and airports and the availability
of skilled labour capable of operating food-handling
facilities. In those cases where rural food processing is
implemented, the residues from food processing should
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Box 5: Simple storage: low
investment, high returns

An FAO programme that supported the
production and use of household and community-
scaled metal silos for grain storage estimated that
farmers who invested in silos were able to earn
nearly three times the price for maize sold four
months following harvest as opposed to the price
paid at harvest (US$38/100 kg of maize compared
with US$13/100 kg). The production costs for
these metal silos ranged between US$20 fora 120
kg small-capacity unit to US$70-US$100 for an
1800 kg large-capacity silo in a variety of countries.
Most farmers realized a full return on their
investment within the first year of use (Household
Metal Silos, FAO 2008). The FAO reports that
although reducing post-harvest losses could be
relatively quickly achieved, less than 5 per cent
of worldwide agricultural research and extension
funding currently targets this problem.

Similar improvements in reducing post-
harvest losses are possible with cost-effective
hermetically sealed packaging materials and
handling processes that protect grains and
pulses from insect and mold contamination.
A notable example of such technologies is
the Purdue Improved Cowpea Storage (PICS)
system, which is composed of two polyethylene
bags and a third outer bag of woven
polypropylene. The PICS materials are made by
several West African manufacturers and have
proven to offer safe and inexpensive storage
of cowpea and other grains for 4-6 months and
longer (Baributsa et al. 2010).

be composted or processed into organic fertilizers in
order to avoid waste and to return needed organic
nutrients to the nearby farm land.

With regard to post-harvest storage, simple technologies
with small investments can make a big difference. Small
holder farmers with limited access to dry and sanitary
storage and cold chain facilities often suffer post harvest
food losses that can range from 20 per cent to more than
30 per cent of their crop yields. Furthermore, without
crop storage systems, farmers are usually compelled to
sell their entire crop immediately at the time of harvest
when market prices are much lower than levels possible
several months after harvest (Kader and Rolle 2004).
Investments in post-harvest storage can bring multiple
economic and development benefits (Box 5).
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Improving soil and water management and
diversifying crops and livestock
Oneofthemostsignificantconsequencesof conventional
agriculture is the rapid depletion of soil organic matter
(SOM). Repeated cultivation degrades soils and lowers
crop yields hence increases production costs. Strategies
for better soil management have been experimented
in Colombia, England, Morocco, Mexico, and the USA.
Results show yield increases ranging from 30 per cent to
140 per cent. Some of these strategies include, growing
and integrating back in soil nitrogen fixing fodder and
green manure crops such as pea, ferns and cloves or
rice straw, no-tillage and planting new seeds in crop
residues, using waste biomass or “biochar” (still needs
research to fully understand its true potential), and
organic and mineral fertilizers. Annex 1 provides details
about the investment costs and additional evidence of
the benefits of investing in soil management practices.

Similarly, the use of water for irrigation is rapidly
exceeding the natural hydrological rate of recharge in
many river basins (Johansson et al. 2002, and WWAP
2003, Wani et al. 2009). Practices such as flooding fields,
poor drainage and excessive pumping imply that there
are many opportunities for using ground and rainwater
in more efficient and sustainable ways (Steinfeld et al.
2006).Some sustainable water-use strategiesincludedrip
irrigation systems, pressurized water pipe and sprinkler
systems and use of manual treadle pumps. According
to some studies (Burneya et al. 2009, Sivanappan 1994,
Mozo et al. 2006, Belder et al. 2007), drip irrigation has
resulted in yield gains of up to 100 per cent, and water
savings of 40-80 per cent.

Using leaf and straw mulch reduces surface evaporation
and helps to retain moisture near plant roots, thus
increasing water-use efficiency (Sharma et al. 1998).
Landscape contouring and vegetative barriers are
an effective means of minimizing rainfall runoff and
retaining moisture in fields. Using drought-resistant
varieties of crops can also help conserve water.
For example, System Rice Intensive (SRI) practices
substantially reduce the amount of water and other
external inputs through decreased planting densities,
which require less seed and fewer workers. The approach
generally achieves between 40 per cent and 200 per cent
greater crop yields compared with conventional flooded
rice cultivation (Zhao 2009). Annex 2 presents details on
costs and yields associated with these practices.

As far as crop and livestock diversification is concerned,
genetic resources for plant and animal breeding are
the basis for food production. Genetically diverse crops
can combine the best traits of local varieties of crops
derived from indigenous species and other higher
yielding varieties. Similarly, selecting and mating local
animal breeds with “high-performance” breeds increases

Box 6: Investment in sustainable
agriculture: Case study

Current trends of population growth, climate
change and resource scarcity make sustainable
agriculture a compelling investment opportunity.
Sustainable Asset Management AG (SAM) taps
into this potential through its sustainable theme
funds, investing in companies that offer cost-
effective, eco-friendly technologies that enable
more efficient use of water or more sustainable
food production.

SAM has pursued water investments because the
need for adequate water supplies is one of today’s
major challenges. Advanced micro or drip irrigation
systems can halve farmers’ water requirements
and limit the need for chemicals while boosting
yields by up to 150 per cent. Countries affected by
water shortages are adopting these technologies
at rapid rates (see chart).

AGRICULTURAL LAND AFEA UNDER MICRO REIGATION IN NDIA

The SAM Sustainable Water Fund currently
encompasses an investment universe of
about 170 companies worldwide and assets
under management of €1.14 bn. The fund has
consistently outperformed its benchmark, the
MSCI World, with annual return on average
outperforming the benchmark by 4.14 per
cent (in euros) since launch in 2001 at a risk
comparable to that of the MSCI. Strong growth in
micro irrigation fosters sustainable agriculture
and creates interesting investment opportunities.

Source: Based on text provided by Daniel Wild, PhD, Senior Equity Analyst, SAM

diversity and can bring significant biological, social and
economic benefits.

Replenishing soil nutrients with biological nitrogen
fixation and crop-residue recycling, reducing thermal



Box 7: Innovative sustainable and
social capital investment initiatives

Institutional investments for greening agriculture
are emerging. For example, Rabobank Group
is supporting sustainable agriculture through
the launch of the Rabo Sustainable Agriculture
Guarantee Fund and supporting initiatives such
asthe Dutch Sustainable Trade Initiative (IDH), the
Schokland Fund and Round Table of Sustainable
Palm Qil (RSPO), the Round Table on Responsible
Soy (RTRS), and the Better Sugar Initiative (BSI).
In addition, it has launched programmes to
improve the financial strength and resilience of
small farmers in developing countries via the
Rabobank Foundation and Rabo Development.
It has also introduced new financial services
such as the Sustainable Agricultural Fund to
try out innovative financing models such as
the Xingu River Basin Project in Brazil, under
which 83 hectares have been replanted in the
last two years. Rabobank has invested nearly
USS50 million to purchase carbon emission
reduction credits that are created by the Amazon
reforestation by farmers.

Another example of social capital investment
institutions is the Acumen Fund, which has
channeledinvestmentworth millionsof USdollars
to private entrepreneurs in developing countries,
enabling businesses and other initiatives to
flourish, from those that provide drip-irrigation
products to those operating village-scale biogas
power-generation services.. Acumen provides
both patient capital investments and business
management capacity-building support to the
private businesses in their portfolio.

stress and water evaporation rates, and attracting
beneficial insects for pollination and pest predation,
and deterring pests are all important benefits of crop
diversification. Combining the horticultural production
of higher-value vegetables and fruits with the cultivation
of cereals and cash commodity crops can raise farm
income, along with grass-fed livestock, which also
enables people to acquire protein and calories derived
from otherwise inedible biomass resources. Recycling
of livestock manures as organic nutrients for soil is an
essential element of greening agriculture. In addition,
there are numerous opportunities for combining a
wide variety of trees and shrubs with the cultivation of
crops, horticulture and specialty crops (e.g. coffee, tea,
vanilla, etc.) to maximize the output of a farm. Some of
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these strategies and a lay out their costs and benefits are
presented in Annex 3.

After the analysis of costs of current agriculture and
some strategies for a managed transition away from
“business-as-usual’, the following section lays out the
benefit expected from greening the agriculture sector.

3.3 The benefits of greening agriculture

The greening of the agriculture sector is expected to
generate a range of benefits including increased profits
and income for farmers, gains at the macroeconomic
level, enabling the sector to adapt to climate change and
benefits for ecosystem services.

Profitability and productivity of green agriculture
No business is sustainable unless it is also profitable.
Many studies have documented the profitability and
productivity of sustainable farms, both in developed
and developed countries. An FAO study (Nemes 2009)
that analysed 50 farms, mostly in the USA, reported:
“The overwhelming majority of cases show that organic
farms are more economically profitable.

There are various examples of higher productivity and
profitability in developing countries. A study by Pretty
et al. in 2006 showed an average yield-increase of nearly
80 per cent as a result of farmers in 57 poor countries
adopting 286 recent “best practice” initiatives, including
integrated pest and nutrient management, conservation
tillage, agroforestry, aquaculture, water harvesting and
livestock integration. The study covered 12.6 million
farms, encompassing over 37 million hectares (3 per
cent of the cultivated area in developing countries).
All crops showed water use efficiency gains, with the
highest improvement occurring in rain-fed crops.
Carbon sequestration potential averaged 0.35tC/ha/
year. Of projects with pesticide data, 77 resulted in a
decline in pesticide use by 71 per cent, while yields
grew by 42 per cent. In another example, Bio-dynamic
farms recorded a 100 per cent increase in productivity
per hectare due to the use of soil- fertility techniques
such as compost application and the introduction of
leguminous plants into the crop sequence (Dobbs and
Smolik 1996; Drinkwater et al. 1998; Edwards 2007). For
small farms in Africa, where the use of synthetic inputs
is low, converting to sustainable farming methods
has increased yields and raised incomes. In a project
involving 1,000 farmers in South Nyanza, Kenya, who
were cultivating, on average, two hectares each, crop
yields rose by 2-4 tonnes per hectare after an initial
conversion period. In yet another case, the incomes of
some 30,000 smallholders in Thika, Kenya rose by 50 per
cent within three years after they switched to organic
production (Hine and Pretty 2008).
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Box 8: Organic versus
conventional cotton production

An Indo-Swiss research team compared
agronomic data of 60 organic and 60
conventional farms over two years and
concluded that cotton-based organic farming
is more profitable. Organic farming’s variable
production costs were 13-20 per cent lower
and inputs were 40 per cent lower. But yields
and profits margins were 4-6 per cent and 30-
43 per cent higher respectively during the two
years. Although crops grown in rotation with
cotton were sold without a price premium,
organic farms achieved 10-20 per cent
higher incomes compared with conventional
agriculture (Eyhorn et. al. 2005). Similarly, an
impact assessment study for organic cotton
farmers in Kutch and Surendranagar in eastern
India, concluded that farmers who participated
in the project enjoyed a net profit gain of 14-
20 per cent resulting from higher revenues
and lower costs. The updated version of the
study surveying 125 organic cotton farmers
concluded that 95 per cent of respondents
found their agricultural income had risen since
adopting organic agriculture, on average by 17
per cent. Most farmers attributed this largely to
the reduced cost of production and an increase
in output price (MacDonald 2004). Raj et al.
(2005) also found in Andhra Pradesh that organic
cotton was much more profitable.

Source: Nemes (2009)

A significant part of a farm’s production costs is linked to
its energy inputs and organic agriculture tends to be more
energy-efficient. Growing organic rice can, for example,
be four times more energy-efficient than the conventional
method (Mendoza 2002). The study also shows that
organic farmers required 36 per cent of the energy inputs
per hectare compared with conventional rice farmers.
Niggli et al. (2009) found that organic agriculture reduces
production systems’ energy requirements by 25 to 50
per cent compared with conventional chemical-based
agriculture. Energy consumption in organic farming
systems is reduced by 10 to 70 per cent in European
countries and by 28 to 32 per cent in the USA compared
with high-input systems, with the exception of certain
crops including potatoes and apples, where energy-use is
equal or even higher (Pimentel et al. 1983 and Hill 2009).

Although there are frequently market price premiums
for sustainably produced (e.g. organic) products, this

may not be adequate incentives in the long run unless
there is a commensurate increase in global consumer
demand for sustainable agricultural products (e.g. in
countries other than primarily the EU and USA). Premium
price incentives are likely to relatively decrease in
response to supply and demand elasticities (Oberholtzer
et al. 2005). However, if prices of conventionally grown
food (crops and animals) included the costs of their
externalities, sustainable products may become
relatively less expensive than conventional products.
Furthermore, if the positive ecosystem service benefits
of sustainable practices were valued and monetized
as incremental payments to green farmers, green
agriculture products would become more competitive
with conventional products.

Macroeconomic benefits from greening agriculture
Significant secondary macro-economic and poverty
reduction benefits are expected from greening
agriculture. Investments aimed at increasing the
productivity of the agriculture sector have proved to be
more than twice as effective in reducing rural poverty than
investment in any other sector (ADB 2010). The greatest
success stories in terms of reducing hunger and poverty
are from China, Ghana, India, Vietnam and several Latin
American nations, all of which have relatively higher net
investment rates in agriculture per agricultural worker
than most developing countries (FAO 2011). The World
Bank has estimated that the cost of achieving the MDG 1
amounts to between US$554 and US$880 per head
(based on growth in income in general), while the Asian
Development Bank Institute has concluded that the cost
of moving a household out of poverty through engaging
farmers in organic agriculture could be only US$32 to
US$38 per head (Markandya, et al. 2010).

In addition, green agriculture directs a greater share of
total farming input expenditures towards the purchase
of locally-sourced inputs (e.g. labour and organic
fertilizers) and a local multiplier effect is expected to
kick in. Overall, green farming practices tend to require
more labour inputs than conventional farming (e.g. from
comparable levels to as much as 30 per cent more) (FAO
2007 and European Commission 2010), creating jobs in
rural areas and a higher return on labour inputs. This is
especially important for LICs, where large numbers of
poor people continuously leave rural areas in search of
jobs in cities and growing proportions of young people
are imposing enormous pressures for job creation (Figure
6). In addition, most LICs run substantial trade deficits
(World Bank 2010) with the lack of foreign exchange
representing a key resource constraint. Greening
agriculture can relax the foreign-exchange constraint by
reducing the need for imported inputs and by increasing
exports of sustainable agrifood products. Reducing ex
ante deficits would enable these countries to purchase
technology and other critical inputs for their economies.
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Scenario Soqth East Asia.and Europe and Lat;r:](l}rpheerica Middle Eas'g and Sub-tharan Developing
Asia the Pacific ~ Central Asia Caribbean North Africa Africa countries

NCAR with developing-country investments
Agricultural research 172 151 84 426 169 314 1,316
Irrigation expansion 344 15 6 31 -26 537 907
Irrigation efficiency 999 686 99 129 59 187 2,158
Rural roads (area expansion) 8 73 0 573 37 1,980 2,671
Rural roads (yield increase) 9 9 10 3 1 35 66
Total 1,531 934 198 1,162 241 3,053 7118

CSIRO with developing-country investments
Agricultural research 185 172 110 392 190 326 1373
Irrigation expansion 344 1 1 30 =22 529 882
Irrigation efficiency 1,006 648 101 128 58 186 2,128
Rural roads (area expansion) 16 147 0 763 44 1911 2,881
Rural roads (yield increase) 13 9 n 3 1 36 74
Total 1,565 977 222 1,315 27 2,987 7,338

change impacts on child malnutrition'”

Source: Nelson et al. (2009)

Figure 12: Incremental annual agricultural investment figures by region needed to counteract climate-

Note: These results are based on crop model yield changes that do not include the CO, fertilization effect..

Climate adaptation and mitigation benefits, and
ecosystem services

Making agriculture more resilient to drought, heavy
rainfall events, and temperature changes is closely linked
to building greater farm biodiversity and improved soil
organic matter. Practices that enhance biodiversity allow
farms to mimic natural ecological processes, enabling
them to better respond to change and reduce risk. The use
of intra and inter-species diversity serves as an insurance
against future environmental changes by increasing the
system’s adaptive capabilities (Ensor 2009). Improved soil
organic matter from the use of green manures, mulching,
and recycling of crop residues and animal manure
increases the water holding capacity of soils and their
ability to absorb water during torrential rains.

The International Food Policy Research Institute (IFPRI)
estimates that an additional US$7.1-7.3 billion per
year are needed in agricultural investments to offset
the negative impact of climate change on nutrition
for children by 2050 (Figure 12). IFPRI's recommended
investments were primarily for basic infrastructure such
as rural roads in Africa and expanded irrigation, and
for agricultural research (Nelson et al. 2009). However,
assessments of green investment options that would
include agro-ecological soil fertility enhancement;
water-use efficiency improvements for rain-fed farming;

17. Note: 1) NCAR: The National Center for Atmospheric Research (US); 2) CSIRO:
The Commonwealth Scientific and Industrial Research Organization (Australia).

breeding fordroughtandflood tolerance;integrated pest
management; and post harvest handling infrastructures
still remain to be done.

The IPCC estimates that the global technical mitigation
potential from agriculture by 2030 is approximately
5,500-6,000 Mt CO_-eq/yr (Smith et al. 2007). Soil carbon
sequestration would be the mechanism responsible
for most of this mitigation, contributing 89 per cent of
the technical potential. Therefore, agriculture has the
potential to significantly reduce its GHG emissions,
and possibly to function as a net carbon sink within
the next 50 years. The most important opportunity for
GHG mitigation is the application of carbon-rich organic
matter (humus) into the soil. This would significantly
reduce the need for fossil-fuel based and energy-
intensive mineral fertilizers and be a cost-effective
means of sequestering atmospheric carbon. Further GHG
mitigation gains could be achieved by improving yields
on currently farmed lands and reducing deforestation
pressures and by adopting no/low tillage practices that
reduce fuel usage (Bellarby et al. 2008, UNCTAD/WTO/
FiBL 2007, Ziesemer 2007).

The environmental services provided by greening farms
are substantial. The Rodale Institute, for example, has
estimated that conversion to organic agriculture could
sequester additional 3 tonnes of carbon per hectare
per year (LaSalle et al. 2008). The carbon sequestration
efficiency of organic systems in temperate climates
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is almost double (575-700 kg carbon per ha per year)
that of conventional treatment of soils, mainly owing
to the use of grass clovers for feed and of cover crops
in organic rotations. German organic farms annually
sequester 402 kg carbon/hectare, while conventional
farms experience losses of 637 kg (Kistermann et al.
2008 and Niggli et al. 2009). From such studies, it is
possible to approximate that if only all the small farms
on the planet employed sustainable practices, they
might sequester a total of 2.5 billion tonnes of carbon
annually. Such verifiable carbon sequestration levels
could be equivalent to US$49 billion in carbon credits
per year, assuming a carbon price of US$20/tonne.

Furthermore, emissions of nitrous oxides and methane
could be reduced if farmers use nitrogen and other
fertilizers more efficiently, including through precision
applications and introducing improved crop varieties
that more effectively access and use available nitrogen
in the soil. Greening agriculture also has the potential to
eventually become self-sufficient in producing nitrogen
through the recycling of manures from livestock and crop
residues via composting; and by increased inter-cropping
rotations with leguminous, N-fixing crops (Ensor 2009, ITC
and FiBL 2007). FAO has documented that a widespread
conversion to organic farming could mitigate 40 per cent
(2.4 Gt CO,-eq/yr) of the world’s agriculture greenhouse
gas emissions in a minimum implementation scenario;
and up to 65 per cent (4 Gt CO,-eq/yr) of agriculture GHG
emissions in a maximum carbon sequestration scenario
(Scialabba and Muller-Lindenlauf 2010).

Additional ecosystems resulting from greening of
agriculture include better soil quality'® with more organic
matter, increased water supply, better nutrient recycling,
wildlife and storm protection and flood control (Pretty et
al. 2001, OECD,1997). Systems that use natural predators
for pest control also promote on-farm and off-farm
biodiversity and pollination services.

3.4 Modelling: Future scenarios for
green agriculture

In this section we assess a scenario in which an additional
0.16 per cent of the global GDP is invested in green
agriculture per year (equalling US$198 billion) between
2011 and 2050. This is as part of a green investment

18. Such soils are better quality, contain greater organic matter and
microbial activity, more earthworms, have a better structure, lower
bulk density, easier penetrability and a thicker topsoil (Reganold et.
al. 1992).

19. Here we have presented results of scenarios that are referred to as G2
and BAU2 in the Modeling chapter.

20. Detailed information about these results can be found in the Modelling
chapter.

scenario in which an additional 2 per cent of global
GDP is allocated to a range of key sectors. More details
are available in the Modelling chapter of this report. In
the part of the modelling exercise, which focused on
agriculture sector, these additional green investments
are undertaken equally in the following four activities:

B Agricultural management practices: one-fourth of the
investment is assumed to be invested in environmentally
sound practices such as no/low-tillage.

B Pre-harvest losses: another one-fourth of the
additional budget is invested in preventing pre-harvest
losses, training activities and pest control activities.

B Food processing: one-fourth of the investment is
assumed to be spent on preventing post-harvest losses,
better storage and improved processing in rural areas.

B Research and Development: the remaining one-
fourth amount is assumed to be spent on research and
development especially in the areas of photosynthesis
efficiencies, soil microbial productivity, climate
adaptation biological processes, and improvements of
energy and water-use efficiency.

The “Green Scenario”” is compared with a “business-
as-usual” (BAU) scenario, where the same amount of
additional investment is made in conventional and
traditional agriculture over the 40-year period.

The results are stark. Overall, the green investments
lead to improved soil quality, increased agricultural
yield and reduced land and water requirements. They
also increase GDP growth and employment, improve
nutrition and reduce energy consumption and CO,
emissions (Figure 13).

B Agricultural production and value-added: In the
green scenario, total agricultural production (including
agricultural products, livestock, fishery and forestry)
increases significantly compared to other scenarios.® This
change is driven by increased crop production, which
is able to satisfy a growing population that is projected
to reach 9 billion by 2050. Similarly value-added in
agricultural production increases by more than 11 per
cent compared with the BAU scenario. It is important to
note that despite an increase in agricultural production
and value added, there is no increase in area harvested.
This suggests positive synergies between ecological
agriculture investments and forest management.
Similarly, improved water-efficiency reduces water
demand by almost one-third by 2050, compared with the
BAU scenario. On the other hand, energy consumption
increases by 19 per cent in 2050 compared with BAU,
due to higher production volumes.
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Year 2011 2030 2050
Scenario Baseline Green BAU Green BAU

Agricultural sector variables Unit
Agricultural production Bn USS/Yr 1,921 2,421 2,268 2,852 2,559
Crop Bn USS/Yr 629 836 795 996 913

Livestock Bn USS/Yr 439 590 588 726 715

Fishery Bn US$/Yr 106 76 83 91 61
Employment M people 1,075 1393 1,371 1,703 1,656
b) Soil quality Dmnl 0.92 0.97 0.80 1.03 0.73
¢) Agriculture water use KM3/Yr 3,389 3,526 4276 3,207 4,878
Harvested land BnHa 1.20 125 1.27 1.26 131
Deforestation MHa/Yr 16 7 15 7 15
(C:V";I’I':;l’ff;?s‘l’jmﬁ’ day Keal/P/D 2,787 3,003 3,050 3382 3213
Calories per capita per day Keal/P/D 2,081 2,305 2315 2,524 2,476

(available for household consumption)

Figure 13: Results from the simulation model (a more detailed table can be found in the Modelling chapter)

B Livestock production, nutrition and livelihoods:
Additional investment in green agriculture also leads
to increased levels of livestock production, rural
livelihoods and improved nutritional status. Anincrease
ininvestmentin green agricultureis projected tolead to
growth in employment of about 60 per cent compared
with current levels and an increase of about 3 per cent
compared with the BAU scenario. The modelling also
suggests that green agriculture investments could
create 47 million additional jobs compared with BAU
over the next 40 years. The additional investment in
green agriculture also leads to improved nutrition
with enhanced production patterns. Meat production
increases by 66 per cent as a result of additional
investment between 2010-2050 while fish production
is 15 per cent below 2011 levels and yet 48 per cent
higher than the BAU scenario by 2050. Most of these
increases are caused by increased outlays for organic
fertilizers instead of chemical fertilizers and reduced
losses because of better pest management and
biological control.

B GHG Emissions and biofuels: Total CO, emissions in the
agriculture sector are projected toincrease by 11 per cent
relative to 2011 but will be 2 per cent below BAU. While
energy-related emissions (mostly from fossil fuels) are
projected to grow, it is worth noting that emissions from
(chemical) fertilizer use, deforestation and harvested
land decline relative to BAU. When accounting for carbon
sequestration in the soil, under ecological practices, and
for synergies with interventions in the forestry sector,
net emissions decline considerably.

Wealso specifically analyze the generation of agricultural
waste, residues and biofuelsin these models.Inthe green
economy case, we assume that investment is allocated
to second-generation biofuels, which use agricultural
residues, non-food crops and are primarily grown
on marginal land. On average we find that the total
amount of fresh residues from agricultural and forestry
production for second-generation biofuel production
amounts to 3.8 billion tonnes per year between 2011
and 2050 (with an average annual growth rate of 11 per
cent throughout the period analyzed, accounting for
higher growth during early years, 48 per cent for 2011-
2020 and an average 2 per cent annual expansion after
2020). Using the IEA's conversion efficiency standards
(214 litres of gasoline equivalent (Ige) per tonne of
residue) we project that additional green investments
lift the production of second-generation biofuels to
844 billion Ige, contributing to 16.6 per cent of world
liquid fuel production by 2050 (21.6 per cent when
first-generation biofuels are considered). This would
cost US$327 billion (at constant US$ 2010 prices) per
year on average and would require 37 per cent of
agricultural and forestry residues. The IEA estimates
that up to 25 per cent of total agricultural and forestry
residues may be readily available, and economically
viable (IEA 2010), for second-generation biofuel
production. Residues not used for second-generation
biofuels are expected to be returned to the land as
fertilizers, and in other cases may be used as livestock
feed. More details on the projections on first- and
second-generation biofuels production are available in
the Modelling and Energy chapters.
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Overall, combining these results with research from
other sources we find the following results:

B Return on investments in brown agriculture will
continue to decrease in the long run, mainly owing to
the increasing costs of inputs (especially water and
energy) and stagnated/decreased yields;

B The cost of the externalities associated with brown
agriculture will continue to increase gradually, initially
neutralizing and eventually exceeding the economic
and development gains; and

B By greening agriculture and food distribution, more
calories per person per day, more jobs and business

opportunities especially in rural areas, and market-access
opportunities, especially for developing countries, will
be available.

While any of the proposed measures contributes to the
shift towards a green agriculture sector, the combination
of all these interacting actions together will yield
positive synergies. For instance, the investment in more
sustainable farming practices leads to soil conservation,
which increases agricultural yield in the medium to
longer term. This allows more land for reforestation,
which in turn reduces land degradation and improves
soil quality. The higher yield and land availability also
benefits the promotion of second-generation biofuels,
which may help mitigate the effects of climate change.
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4 Getting there: Enabling conditions

Despite the clear logic and economic rationale for moving
more rapidly towards green agriculture, the transition will
require a supportive policy environment and enabling
conditions that could help level the playing field between
the conventional and green agricultural practices.

Environmental and economic performance in agriculture
is most likely to be improved by employing a mix of
policies. There needs to be a greater use of regulations
and taxes that impose penalties for pollution in order
to include externality costs into market prices for these
inputs, as well as economic incentives that reward green
practices. There are also opportunities for applying
market solutions as alternatives to direct regulation, for
example by using tradable permits and quotas to reduce
pollution from greenhouse gases and water-borne
nutrients. In general, governmental subsidies for farmer
(“producer”) support should be increasingly “decoupled”
from crop production and alternatively be retargeted to
encourage farmers’ efforts and investments in adopting
green agriculture practices.

In the absence of good governance, collusion and
excessive profit taking are constant dangers with incentive
programmes. Instilling greater levels of transparency could
help reduce such abuses of public-support programmes.
In this section we present some of the key conditions that
will facilitate a transition to a green agriculture.

4.1 Global policies

At the global level, the enabling conditions are
synonymous with improvements to the international
trading system and economic development cooperation
for promoting sustainable agriculture. An enabling
environment for greening agriculture should include a
range of interventions at various points along the entire
agri-food supply chain:

Elimination of export subsidies and liberalizing
trade in agricultural products

Current multilateral trade policies at the global level have
primarily focused on the gradual reduction and removal
of national tariff barriers. While such policies aim at
facilitating trade, many developing nations are concerned
that they are not well positioned to benefit from such
trade policies as are the more developed nations.

These concerns are particularly relevant while domestic
subsidies and other producer-support programmes

remain in many HICs. These measures effectively
distort and diminish any competitive advantages that
developing nations might have. In addition, subsidies
have effectively reduced global commodity prices,
making it frequently unprofitable to produce certain
products in many developing countries, especially for
smallholder farmers. This combination of international
trade laws and national subsidies can impede
development of commercial agriculture in many
developing countries, negatively affecting their efforts
to achieve economic growth and poverty reduction.

Such trade and subsidy policies need to be reformed to
liberalize trade in environmentally- friendly products and
services while allowing LICs to protect some domestic
food crops (“special products”) from international
competition when they are particularly important to food
security and rural livelihoods. The WTO already makes a
dispensation for countries with a per capita GDP of less
US$1,000 (Amsden 2005). Furthermore, agricultural
subsidies need to be redirected to encourage more
diverse crop production with long-term soil health and
improved environmental impacts. A major shift of subsidy
priorities is needed in which governments would help
reduce the initial costs and risks of farmers’ transition
efforts to implement sustainable farming practices.

Market power asymmetry

Asymmetric market power in trade is an important
issue for WTO competition policy. Leading firms are
predominantly located in industrialized countries
and maintain significant control over the food system
standards and regulatory processes at all stages of
the supply chain (Gereffi et al. 2005). In such market
conditions, primary producers generally capture only
a fraction of the international price of the commodity.
Thus, the degree of poverty reduction and rural
development benefits of supplying global trade have
been limited. A green agriculture system would require
trade policies that redress these chronic asymmetries.

Food safety standards

The already stringent food safety standards and
verifiable logistics management systems that are applied
in international markets are likely to become more
sophisticated over the next few decades. Currently, most
domestic food supply chains in LICs have relatively low
levels of food safety and handling practices. Improving
capacity to develop and implement sanitary and food
safety standards that can ensure compliance with
international requirements can increase prospects for
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small farmer communities to supply international markets
(Kurien 2004). Furthermore, it is particularly important to
support international efforts to “harmonize” the variety
of sustainable and organic certification protocols and
standards. Today’s fragmented certification procedures
impose high transaction and reporting costs on farmers
and limit their access to international markets.

Intellectual property

The application of Intellectual Property (IP) regimes has,
in some cases contributed to a shift in terms of results
of agricultural research and development being made
available as public goods. Private-sector and often
public-sector IP rights restrict the access of many in
LICs and LMICs to research, technologies and genetic
materials. Supporting the implementation of the WIPO's
“Development Agenda” and providing improved access
to and reasonable use of IP that involves traditional
knowledge, ecological agriculture techniques and
genetic resources in international IP regimes would help
advance development and sustainability goals.

4.2 National policies

At the domestic public policy level, the key challenge
is creating the conditions that would encourage more
farmers to adopt environmentally sound agriculture
practices instead of continuing to practice unsustainable
conventional farming methods.

Support for improved land tenure rights of
smallholder farmers

In order for farmers to invest capital and more labour into
the transition from brown to green agriculture, major
land reforms will have to be implemented, particularly
in LICs. In the absence of more secure rights to specific
plots of land for many years into the future, many poor

farmers are unlikely to take on additional risks and efforts
to gradually build up the “natural capital” of their farms
beyond a one or two-year horizon.

Targeting programmes for women smallholder farmers
Small-farm diversification often requires a division of labour
at the household level that may result in gender-based
distribution of management roles and responsibilities for
both on and off-farm tasks. This has resulted in the majority
of smallholder farms, especially in Africa, being run by
women. Securing collective and individual legal rights
to land and productive resources (e.g. water, capital),
especially for women, indigenous people and minorities
is important. Improving women’s access to working
capital through microfinance is an option that would
allow much greater numbers of small-scale producers
to procure green inputs and related mechanization
technologies (World Bank, IFAD and FAO 2009).

Public procurement of sustainably produced food:
Government-sponsored food programmes for schools
and public institutions and public procurement
policies should be encouraged to source foods that are
sustainably produced. The Strategic Paper on Public
Procurement, prepared by the UK Department for
Environment, Food and Rural Affairs (DEFRA) in January
2008 provides a good example of how organic and
sustainable products can be supported through pubic
procurement policies.”!

4.3 Economic instruments

Agriculture’s environmentally damaging externalities
could be reduced by imposing taxes on fossil-fuel
inputs and pesticide and herbicide use; and establishing

21.The paper is available at http://www.sustainweb.org/pdf2/org-238.pdf.
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penalties for air emissions and water pollution caused
by harmful farming practices. Alternatively, tax
exemptions for investments in bio-control integrated
pest management products; and incentives that value
the multi-functional uses of agricultural land have
proven effective in improving the after tax revenues
for farmers that practice sustainable land management.
The OECD countries have developed a wide range
of policy measures to address environmental issues
in agriculture, which include economic instruments
(payments, taxes and charges, market creation, e.g.,
tradable permits)), community based measures,
regulatory measures, and advisory and institutional
measures (research and development, technical
assistance and environmental labelling).

In OECD countries, the partial shift away from
production-linked support has enabled the agricultural
sector to be more responsive to markets, thus improving
growth. Importantly, some support measures have
been linked to specific environmental objectives,
research and development, information, and technical
assistance, food inspection services, biodiversity, flood
and drought control, and sinks for greenhouse gases
and carbon storage. There is a need to strengthen these
recent trends in developed countries and replicate them
in those developing countries that offer farm subsidies
in order to target these funds to specific objectives for
greater and sustainable economic and environmental
performance (OECD 2010).

Payments for environmental services (PES) can further
incentivize efforts to green the agriculture sector. This is an
approach that verifies values and rewards the benefits of
ecosystem services provided by green agricultural practices
(Millennium Ecosystem Assessment 2005 and Brockhaus
2009). A key objective of PES schemes is to generate
stable revenue flows that help compensate farmers for
their efforts and opportunity costs incurred in reducing
environmental pollution and other “externality costs” that
adversely impact the shared commons of the local, national
and global environment. Such PES arrangements should
be structured so that small-scale farmers and communities,
not just large landowners, are able to benefit. Innovative
PES measures could include reforestation payments
made by cities to upstream communities in rural areas of
shared watersheds for improved quantities and quality
of fresh water for municipal users. Ecoservice payments
by farmers to upstream forest stewards for properly
managing the flow of soil nutrients; and methods
to monetize the carbon sequestration and emission
reduction credit benefits of green agriculture practices
in order to compensate farmers for their efforts to restore
and build Soil Organic Matter (SOM) and employ other
practices described in this chapter are important elements
of PES programmes that have been implemented to date
(Pagiola 2008 and Ravnborg et al. 2007).
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4.4 Capacity building and
awareness-raising

The availability and qualitative capabilities of rural
labour are critical resources needed for implementing
green agriculture practices. Green agricultural
practices emphasize crop and livestock diversification;
local production of natural fertilizer and other more
labour- intensive farm operations. The seasonal
variability of crop-specific farming tasks affects
temporal labour surpluses and shortages, which must
be managed throughout the year. Whether rural labour
provides an advantage or a constraint for the adoption
of green agriculture practices is highly contextual with
specific regional and national conditions. The relative
age and gender distribution of rural populations,
their health, literacy and family stability, gender
equity with respect to access to training and financial
services, and other factors will determine the degree
to which rural farming communities respond to
public and private encouragement of their adoption of
green agriculture.

Supply chains, extension services and NGOs

Green farming practices in developing countries
must be promoted and supported by information
outreach and training programmes that are delivered
to farmers and their supply-chain partners. These
enhanced and expanded training  programmes
should build upon established agriculture extension
service programmes in those countries where they
are now functioning. However, in order to effectively
use existing agriculture extension services, it should
be recognized that some extension services over
the past 50 years have failed due to a pervasive
attitude that “small farmers need to be taught”. The
green agriculture paradigm requires participatory
learning in which farmers and professionals in agro-
ecological sciences work together to determine how
to best integrate traditional practices and new agro-
ecological scientific discoveries. Efforts should also
be made to partner with NGOs that support farmers,
field schools, demonstration farms and other such
initiatives. It is also important to support small and
medium business enterprises that are involved in
supplying agriculture inputs; particularly those firms
that offer green agriculture products and services such
as organic certification auditing and reporting.

Integrating information and communications
technologies with knowledge extension

Support is needed to improve farmers’access to market
information including through IT in order to enhance
their knowledge of real market prices so that they can
better negotiate the sale of their crops to distributors
and end customers. There are also opportunities to
support the construction of meteorological monitoring
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telemetry stations that could support national and
regional weather forecasting capabilities that would
help farmers determine best times for planting,
fertilizer applications, harvesting and other critical
weather-sensitive activities. Such networks could
help support the introduction of innovative financial
services such as weather-indexed crop insurance that
would help reduce risks associated with adopting
new technologies and shifting to green practices and
marketing methods.

Better food choices

In an era where global human health is undermined by
malnourishment and obesity, there is an opportunity to
guide and influence people’s food consumption into a
greater balance with sustainably produced and more
nutritious foods. Raising awareness about “better food”
can reduce and reshape food demand trends. In this
regard there is a need to invest in public education and
marketing that would encourage consumers to adopt
more sustainable dietary habits (OECD 2008).



5 Conclusions

A transformation of today's predominant agriculture
paradigms is urgently needed because conventional
(industrial) agriculture as practiced in the developed
world has achieved high productivity levels primarily
through high levels of finite inputs, such as chemical
fertilizers, herbicides, and pesticides; extensive farm
mechanization; high use of transportation fuels;
increased water use that often exceeds hydrologic
recharge rates; and higher yielding crop varieties resulting
in a high ecological footprint. Similarly, traditional
(subsistence) agriculture as practiced in most developing
countries, which has much lower productivity, has often
resulted in the excessive extraction of soil nutrients and
conversion of forests to farm land.

The need forimproving the environmental performance
of agriculture is underscored by the accelerating
depletion of inexpensive oiland gas reserves; continued
“surface mining” of soil nutrients; increasing scarcity
of freshwater in many river basins; aggravated water
pollution by poor nutrient management and heavy use
of toxic pesticides and herbicides; erosion; expanding
tropical deforestation, and the annual generation
of nearly a third of the planet’s global greenhouse
gas emissions.

Agriculture that is based on a green-economy vision
integrates location-specific organic resource inputs and
natural biological processes to restore and improve soil
fertility; achieve more efficient water use; increase crop
and livestock diversity; support integrated pest and
weed management and promotes employment and
smallholder and family farms.

Green agriculture could nutritiously feed the global
population out to 2050 if worldwide transition efforts
are immediately initiated. This transformation should
particularly focus on improving farm productivity
of smallholder and family farms in regions where
increasing population and food insecurity conditions
are most severe. Rural job creation would accompany
a green agriculture transition, as organic and other
environmentally sustainable farming often generate
more returns on labour than conventional agriculture.
Local input supply chains and post-harvest processing
systems would also generate new non-farm, value-
added enterprises and higher skilled jobs. Higher
proportions of green agricultural input expenses would
be retained within local and regional communities; and
the increased use of locally sourced farm inputs would
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substitute for many imported agri-chemical inputs,
helping to reduce LICs foreign trade imbalances.

Ecosystem services and natural capital assets would
be improved by reduced soil erosion and chemical
pollution, higher crop and water productivity, and
decreased deforestation. Green agriculture has the
potential to substantially reduce agricultural GHG
emissions by annually sequestering nearly 6 billion
tonnes of atmospheric CO,. The cumulative effect of
green agriculture in the long term will provide the
adaptive resilience to climate-change impacts.

Investments are needed to enhance and expand
supply-side capacities, with farmer training, extension
services, and demonstration projects focusing on green
farming practices that are appropriate for specific local
conditions and that support both men and women
farmers. Investments in setting up and capacity building
of rural enterprises are also required.

Additional investment opportunities include scaling
up production and diffusing green agricultural inputs
(e.g. organic fertilizers, biopesticides, etc.), no-tillage
cultivation equipment, and improved access to higher
yielding and more resilient crop varieties and livestock.
Investments in post-harvest storage handling and
processing equipment, and improved market access
infrastructures would be effective in reducing food
losses and waste.

In addition to production assets, investments are
required to increase public institutional research and
development in organic nutrient recovery, soil fertility
dynamics, water productivity, crop and livestock
diversity, biological and integrated pest management,
and post-harvest loss reduction sciences.

Secure land rights, and good governance, as well as
infrastructure development (e.g. roads, electrification,
the internet, etc.) are critical enabling conditions for
success, especially in the rural sector and particularly
in developing countries. These investments would
have multiple benefits across a wide range of green
economy goals and enable the rapid transition to
green agriculture.

Public policies are needed to provide agriculture
subsidiesthatwould help defray theinitial transition costs
associated with the adoption of more environmentally
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friendly agriculture practices. Such incentives should
be funded by corresponding reductions of agriculture-
related subsidies that reduce the costs of agricultural
inputs, enabling their excessive use, and promote
commodity crop support practices that focus on short-
term gains rather than sustainable yields.

Public awareness and education initiatives are needed
in all countries to address consumer demand for food.
Investments in consumer-oriented programmes that focus
on nutritional health and the environmental and social
equity implications of dietary behaviors could encourage
local and global demand for sustainably produced food.
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Annex 1. Benefits and costs of
investing in soil management

Investment costs: Better management of soil using a
variety of methods including no-tillage systems, nitrogen-
fixing crops, mulch as soil cover and biochar have been
shown to increase yields in a variety of contexts. Table 1
presents evidence from field trials and plots in Colombia,
England, Morocco, Mexico and the USA that show yield
increasesranging from 30 per centto 140 per centresulting
from better soil management strategies. Nonetheless,
each strategy does require some additional investments.
Strategies such as nitrogen-fixing fodder or green manure
mainly involve additional labour costs: additional labour
is required to distribute fodder over land and for sowing
and growing green manure plants. In addition, in some
countries, the cost of fodder can be substantial since it can
be used alternatively for feeding animals. Nevertheless,
crop yield increases as high as 40 per cent are capable of
making the investments profitable for farmers.

The use of a no-tillage system strategy mainly
requires additional capital outlays, which can be
significant. In countries with developed markets for
agricultural equipment no-tillage systems can be
cheaper than using tilling machinery, in developing
countries the investment in farm equipment
may represent a significant barrier. Farmer
cooperatives and extension services can help defray
these costs.

Biochar usage represents a costly investment,
mainly because of the high cost of production for
biochar (US$87-350/tonne depending on the source
of inputs and mode of production). Although it
can bring significant increases in crop yields,
biochar profitability is still highly dependent on the
cost of production.

Strategy

Crop and country

Costs

Benefits

Trends in revenues and profits
after including additional costs
of greening

Use of nitrogen-fixing
fodder and cultivating
green manure

Cultivation of maize in Spain
and rice in India, Indonesia
and Philippines. (Tejada et al.
2008 & Ali 1999).

Costs varied depending on
methods and country.

Rice straw use (for green ma-
nure) costs ranged from 18USD/
ha in Indonesia and Philippines,
t040 USD/ha in India.

Azolla (type of fern) for nitrogen
fixing and green manure meant
additional costs ranging from 34
USD/hain India, to 48 USD/ha in
the Philippines.

Maize crop yields increased approxi-
mately 40% in the first year, 5% in
second year and 20% in year three.
No significant increases in yields
were observed in rice crops
compared to the use of inorganic
fertilizers but result in long term
soil improvements. Maize crop
yields increased after the first year,
by 28%, 30% and 140% in the last
3 years of the study.

No impact was seen on soybean
crop yields.

Revenues increased even though
there were no difference in the
costs of using green manure over
inorganic fertilizer for rice crops.

No-tillage practices

Maize in Mexico, Wheat in
Morocco and cereal grain
crop in England. (Erenstein et
al. 2008; Mrabet et al. 2001;
Baker 2007 respectively).
Sorghum and Maize in
Botswana, (Panin 1995)
Maize, Sorghum and Cowpea
in Nigeria, (Eziakor 1990.
Soybean in Australia (Grabski
etal. 2008)

The capital costs for a small scale
No-tillage planting system are
estimated to be US $25,000 to
50,000 (ICARDA).

No tillage system was cheaper
by 156 USD/ha when rented
from a contractor in England,
compared to renting tilling
systems.

In Botswana, cost per household
of tractor was US$218.

Maize yields increased by 29 per
cent; wheat yields by 44 per cent.
No impact on total cultivated areas,
crop yields and total crop output

in traditional tillage systems vs.
animal power or manual usage
(Botswana &Nigeria).

An average yield increase in soy-
bean yields of 27% over 14 years in
no-tillage vs. till systems.

No-tillage systems are eco-
nomically profitable, even after
incorporating the costs of no-till
systems. (Baker, 2007).

Biochar use

Cultivation of maize
intercropped with soybean
(Colombia) and Wheat
(USA). (Major et al. 2010
and Granatstein 2009,
respectively.)

Biochar production costs range
are US$87-350/tonne depend-
ing on source of inputs and
mode of production.

Maize crop yields increased after
the first year, by 28%, 30% and
140% in the last 3 years of the
study.

No impact was seen on soybean
crop yields.

In the US, wheat production
increased sufficiently to generate
a profit of US$414/acre, but only
while using low-price biochar.
Higher cost biochar reduces
profits.

Table 2: Selected evidence on benefits and costs of soil management strategies
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Annex 2. Benefits and costs of
investing in water management

Investment Costs: Table 2 demonstrates that most
water-saving technologies can bring about increased
profits despite additional infrastructure and operating
costs. Most water-saving techniques require additional
equipment and increased working capital to cover
the costs of increased labour use. Additional labour is
required for strategies such as the use of mulching fields,
raising plant beds and aligning furrows, and in other land
contouring strategies. Such labour costs are nevertheless
easily recovered through increased crop yields, and the
reduced risk of losses during drought or dry years.

Table 2 shows that investment costs in drip irrigation
systems and in manual treadle pumps are recovered

more quickly; returns to investments have on average
been more than 10-fold. These technologies have
demonstrated their effectiveness in reducing income
vulnerability and uncertainty for small-holder farmers
across the continent. Drip irrigation systems also allow
the more efficient use of water and are particularly
useful for multiple cropping; in Nepal women farmers
have been able to earn additional incomes by growing
high value crops on otherwise barren land. Strategies
such as the use of drought-resistant varieties of crops
mainly involve investment in research and distribution
of new seeds. In this context, estimated returns on
investment are an order of magnitude higher, especially
as witnessed in water-starved regions of Africa.

Trends in revenues and profits

Strategy Crop and country Costs Benefits afterincluding additional costs
of greening
Cover mulch Grainin India (Sharmaetal. ~ In groundnut cultivation the Average yields for grain and straw For groundnut crops, analysis of
1998); Groundnut in India cost of wheat straw mulch was  were the highest in fields that received  profitability showed that both
(Ghosh et al. 2006) 58 US$/ha. Cultivation required  cover mulch of 6 tons/ha: Yields systems (wheat straw and wheat
5 tons of mulch per hectare. increased by 130-149% over 3years.  straw with plastic cover) have
Black plastic covers costmuch  Using wheat straw mulch cover positive income returns of $92/ha
more (US$1.8 /kg, vs.strawat  increased pod yield of groundnutby  and $42/ha respectively.
US$0.01/kg). 17-24%. Using both — wheat straw  For grain crops, long-term profit-
mulch and black plastic covers led to  ability is possible with the use of
yield increases of 30 to 86%across mulch depending on the costs
test fields. of mulch.
Furrow contouring Cornin China (Yan Lietal. Technique used plastic covers  Corn yields increased by 60-95% Revenues and profits are likely to

2001)

and constructed furrows. Costs
of plastic and labour are not
provided.

during drought years, 70-90% in
wet years and 20-30% in very wet
years.

be positive and increase, except
during very wet years.

Manual treadle pump

Major staples including
cassava, maize, rice and yam
in Ghana (Adeoti 2007 and
2009) and a variety of crops,
Zambia. (Kay 2000).

Depending on region the cost
of a manual treadle pump in
Ghana was $89. Users had to
pay additionally for labour.
Total production costs increased
by US$162/farm on average.

In Zambia the cost of suction
pumps ranged from US$60—77
and cost of pressure pumps was
US$100-120.

In Ghana, Treadle Pump users were
able to grow multiple crops.

In Zambia Treadle Pump users of
were able to grow three crops a year.

Incomes for Treadle Pump users
increased by more than 28 per
centin Ghana. On average users
eamned almost US$343/farmer
over non-users in Ghana.

In Zambia, incomes rose more
than six- fold. Farmers earned
US$125 with bucket irrigation on
0.25 ha of land to US$850-1,700.

Drip irrigation

Vegetables in Nepal
(Upadhyay 2004) Maize and
vegetables in Zimbabwe
(Maisiri et al. 2005).

On average farmers had to pay
$12/farmer in Nepal for drip
irrigation system (perforated
tubing and a suspended water
container).

Barren land became more produc-
tive in Nepal.

In Zimbabwe no significant differ-
ences in yield were observed. Water
use reduced by 35%.

In Nepal, women farmers earned
an additional US$70 annually by
selling surplus vegetables.

Using low-water varieties
of crops

Maize varieties in 13 countries
of eastern, southern and West
Africa (La Rovere et al. 2010).

$76 million was invested in
cultivating low-water varieties
of crops over 10 years in these
countries.

Average yield increases estimated to
be between 3-20%.

Maize yield increases translate
into US$ 0.53 billion. The ratio of
returns to investment is estimated
to be between 7 and 11 times.

Table 3: Selected evidence on benefits and costs of water management strategies




The success of these strategies also implies that
agronomic research and development on improving
water management practices in rainfed agriculture and
on tilling practices has been successful although much
more is required. A strategy that remains relatively
untapped is community-led watershed management.
Watershed management has conventionally meant
large hydraulic engineering efforts that are applied
to local streams or river basins to establish a network
of water reservoirs, catchment areas and other water

Agriculture

impoundment and storage infrastructures. However,
community-led watershed management strategies
that protectand improve soil, waterand plant resources
in a catchment area are rapidly gaining traction and
are rapidly becoming a lucrative opportunity for
farmers who can benefit from Payment for Ecosystem
Schemes (PES). These community led watershed
management strategies offer important opportunities
for increased efficiencies in irrigation (Krishna and
Uphoff 2002).




Towards a green economy

Annex 3. Benefits and costs of
investing in agricultural diversification

Investment costs: Diversification strategies are not
just useful to ensure diminished vulnerability but also
to increase profitability and yields of existing farming
systems. Table 3 presents selected evidence for costs and
benefits of agricultural diversification strategies in Asia
and Africa. Diversifying across crops has demonstrated
increased vyields in India and Bangladesh and shows
potential for recovering research and extension
costs. In both Africa and Asia, diversifying into animal

husbandry has meant increased profits. The main on-
farm costs for all these strategies is usually the cost
of increased labour, but also the cost of training and
learning new practices. In addition, diversification into
animal husbandries may involve important capital costs
in farm equipment. In countries where employment
opportunities are few, diversification represents a potent
poverty alleviation strategy for both the farmer and
the labourer.

Costs

Benefits

Trends in revenues and profits
after including additional costs
of greening

Strategy Crop and country
Crop diversification Rice with pigeon pea,
groundnut and blackgram

in India (Kar et al. 2003).
Variety of crops in Bangladesh
(Rahman 2009).

US$41.8 million allocated to
promoting crop diversification

fora 5 year plan in Bangladesh.

Empirical study shows reduced
variable cost for diversified
farmers of US$40/per farm
(Jan, 1997 exchange rate).

In India, intercropping of rice

with pigeon pea, groundnut and
blackgram, approximately tripled the
yield of crops (rice and alternative
crops) vs. rice alone.

In Bangladesh, similar net profits
were earned by diversified and
non diversified farmers; but
positive environmental benefits
accrued to the diversified farms.

Diversification into
animal husbandry and
horticulture

Variety of crops and animals
in Africa (Seo 2010) Survey
of crops and countries in
Africa and South East Asia,
(Weinberger 2007).

In Kenya the production of
snow peas and French beans,
require 600 and 500 labour
days per ha, respectively.

In Mexico, the horticultural
sector required more than 20%
of the total labour days within
the agricultural sector.

The impacts of climate change

on farms diversified into animal
husbandries range from 9% loss
t0 27% gain depending on climate
scenarios.

Profits of farmers diversified into
horticulture were consistently
higher compared to non-diversified
farmers (29% in Bangladesh to
497% in Kenya).

Estimates show that integrated or
diversified farms have the potential
to become more profitable
compared to non-integrated
farms 50 years from now, in the
context of climate changes.

Table 4: Selected evidence on benefits and costs of agricultural diversification
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Annex 4. Benefits and costs of
investing in plant and animal
health management

Investment Costs: The core objective of PAHM
interventions is to focus research, training and targeted
investments to facilitate farmers’ adoption of natural
pest management processes that can defend, defeatand
manage the many organisms that threaten agricultural
production. Table 4 presents selected evidence on
the costs and benefits of plant and animal health

superbly useful strategy with high benefit to cost ratios
of 2.5 to 1. Compared with mono-cropping strategies
push pull strategies and intercropping both imply an
increased use of labour. But demonstrated returns are

more than 200 per cent.

Similarly, pest management strategies that include
introducing new predator species in Africa to combat
losses caused by the mealy bug have proven to
be extremely effective. Most significant costs are
associated with research development and extension
but the resulting increase in effective produce and
diminished post-harvest losses contribute to more than
an order of magnitude increase in returns. Unlike “push-
pull’, these types of strategies are usually managed
at a country or inter-country level and thus benefit
from scale, while providing benefits to all farmers,
regardless of their size and their possibility to invest in

management strategies (PAHM). PAHM practices reduce
farmers’ input costs and their exposure to hazardous
chemicals while effectively supporting productive crop
yields. PAHM practices also reduce or replace the use
of chemical insecticides that often kill non-targeted
insects. Many insect species killed as collateral damage
from such insecticides have beneficial environmental
and agricultural roles as pollinators and as predators of
other pests, and are part of the natural food chain.

Evidence presented in Table 4 show that all PAHM

interventions are highly profitable. Intercropping is a

pest control.

Strategy Crop and country

Costs

Benefits

Trends in revenues and profits
after including additional costs
of greening

Intercropping Maize intercropped with
Desmodium uncinatum, East

Africa (Khan et al. 2008).

Most costs are for associated
with additional labor costs.

Maize grain yield increases ranged
from double to five times in

plots using ‘push-pull’ strategies
compared to monocropped plots.
Levels of pests reduced significantly
and were completely eliminated in
some. (Reductions ranged from 75%
099%).

Benefit to cost ratio is 2.5 to 1
using the push-pull strategy.
Gross revenues with push-pull
were $424-880/ha compared to
82-132/ha using a mono-maize
cultivation strategy.

Pest Management The wasp predator to fight
the Cassava bug in Africa
(Norgaard 1988).

Cocoa in Cameroon (Dieu et

al. 2006).

The cost of introducing the
Wasp across cassava growing
countries in Africa (1978-2003)
is estimated at US$14.8 million.
This includes research and
distribution costs.

For cocoa, IPM meant that labor
costs increased by 14%. But
total production costs decreased
by 11% due to reduced use of
fungicides.

Introducing the wasp predator
introduction helped avoid 60 % of
the losses caused by the cassava
mealybug.

In cocoa plantation, IPM reduced
cost of fungicides by 39 %.

Benefit cost ratio of 149 to 1 for
the wasp predator strategy, across
all cassava growing countries in
Africa, 1978-2003.

Reduced costs of fungicides in

the context of obtaining similar
yields can lead to increase in
profitability for the farmers.

Bio-pesticides Fungal spores in fighting
grasshopper in Benin, maize
and cassava, cowpea and
groundnuts crops (Groote et

al. 2001).

Estimated cost for effective
intervention was US$4/ha.

Cumulative mortality of
grasshoppers after 20 days of
spraying was over 90%.

Bio-pesticides have small costs
and major benefits of avoided
damage. Yield losses due to
grasshoppers can reach 90% in
cowpea and 33% in maize.

Table 5: Selected evidence on benefits and costs of plant and animal health management
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Key messages

1. The world’s marine fisheries are socially and economically vital, providing animal protein
and supporting food security to over 1 billion people. An estimated half of these people live in
close proximity to coral reefs, relying on them not just for fish but also livelihoods - from small-scale
fishing and from eco-tourism. Currently, the world’s fisheries deliver annual profits to fishing enterprises
worldwide of about US$8 billion and support directly and indirectly 170 million jobs, providing some
US$35 billion in household income a year. When the total direct, indirect and induced economic effects
arising from marine fish populations in the world economy are accounted for, the contribution of the
sector to global economic output is found to amount to some US$235 billion per year.

2. Yet, global marine fisheries are currently underperforming in both economic and social
terms. Society at large currently receives negative US$26 billion a year from fishing, when the total cost
of fishing (US$90 billion) and non-fuel subsidies (US$21 billion) are deducted from the total revenues of
US$85 billion that fishing generates. This negative US$26 billion corresponds roughly to the estimated
US$27 billion subsidies a year. Hence, the total value added from fishing worldwide, which is the sum of
payments to labour, capital (profits) and resource rent, is a modest US$17 billion in 2005.

3. Investing to achieve sustainable levels of fishing will secure a vital stream of income in the

long run. Greening the sector requires reorienting public spending to strengthen fisheries management,
and finance a reduction of excess capacity through de-commissioning vessels and equitably relocating
employment in the short term, all in order to rebuild overfished and depleted fish stocks. An investment
of US$ 100-300 billion would reduce excessive capacity, and result in an increase in fisheries catch from the
current 80 M tons a year to 90 M tons in 2050, despite a drop in the next decade as stocks recover. The present
value of benefits from greening the fishing sector is about 3 to 5 times of the necessary additional costs.
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4. Greening the fisheries sector would increase resource rent from global fisheries
dramatically. Results from this chapter indicate that greening world fisheries could increase resource
rents from negative US$26 to positive US$45 billion a year. The total value added to the global economy
from fishing in such a scenario, i.e., the green advantage, is estimated at US$ 67 billion a year. Even
without accounting for the potential boost to recreational fisheries, multiplier and non-market values
that are likely to be realised, the potential benefits of greening fisheries are at least four times the cost
of required investment.

5. A number of other management tools and funding sources are available that can be
used to move the world'’s fisheries sector from its current underperforming state to a green
sector that delivers higher benefits. Economic studies generally demonstrate that marine protected
areas (MPAs) can be beneficial under specific conditions. Currently, MPAs comprise less than 1 per
cent of the world’s oceans. To fully utilise MPAs as a management tool, the 2002 World Summit on
Sustainable Development aims to establish a global network of MPAs covering 10-30 per cent of marine
habitats by 2012.

NP
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1 Introduction

1.1 Objectives and organisation
of the chapter

The aim of this chapter is to demonstrate the current
economic and social value of marine fisheries to the
world and, more importantly, estimate the sector’s full
potential economic and social value if it were managed
within the framework of a green economy. Setting the
conditions that will be needed to shift marine fisheries
to a more sustainable future is crucial, and the chapter
explores how best to provide appropriate incentives,
engender reforms and channel investment.

Specific objectives of the chapter are to:

B Gain a better understanding of the contribution and
impact of marine fisheries to the global economy;

B Demonstrate the potential benefits of sustainably
managing the world’s fisheries to national and regional
economies and to the global economy;

B Estimate the financial requirements for investing in
fisheries conservation and sustainable use, comparing
these to long-term economic, social and environmental
gains; and

B Demonstrate that the long-term economic benefit
of investing in rebuilding fisheries and improving their
management outweighs the short-term costs.

The fisheries sector consists of three main parts: (i)
marine capture; (ii) inland capture; and (iii) aquaculture.
This contribution focuses on marine fisheries. Inland
fisheries and aquaculture are discussed with respect to
how they relate to marine-capture fisheries.

The prospects for‘greening’the world’s marine fisheries
are explored in this chapter. For fisheries, we interpret
‘greening’ as: (a) recognizing that there are limits to
what the oceans can provide; (b) acknowledging that
rebuilding overfished and depleted fish populations is
needed to maximise sustainable yield, through time,
for the benefits of both current and future generations;
(c) essential habitats for living marine animals need
to be protected and preserved; and (d) fishing and
other activities involving ocean fish populations are
organised to minimise the release of greenhouse
gases. We will emphasise point (b) in this report
because there is general consensus that many of the
world’s capture fisheries are in crisis. Overexploitation,

pollution and rising temperatures threaten 63 per cent
of the world’s assessed fisheries stocks (Worm et al.
2009). However, several fisheries are reasonably well
managed, which provide important lessons for our
effort to shift the world’s fisheries to a greener, more
sustainable state.

Fish are one of the planet’s most important renewable
resources. Beyond their crucial role in marine and
freshwater ecosystems, fish make a vital contribution
to the survival and health of a significant portion
of the world’s population. Marine fisheries provide
nutrition and livelihoods for millions of people in
coastal communities, notably in South and South-East
Asia, West Africa and Pacific Island states. As coastal
populations continue to grow, the future benefits
these resources can provide will depend on how well
fisheries can be greened. We present an estimate of the
current economic and social contributions from marine
fish populations, and what they could amount to if the
sector were greened. We also state the institutional
conditions under which we can increase economic
benefits while conserving these vital renewable ocean
resources for the benefit of all.

Often, fisheries managers and policy-makers are under
pressure to sacrifice the long-term health of marine fish
resources in favour of perceived short-term economic
benefits to the fishing industry and consumers. Gaining
a better understanding of the potential contribution
and impact of marine fish populations on the global
economy will provide broader, longer-term, economic
and social perspectives. Our goal is to show policy-
makers that a green economic approach will chart the
course to balancing increasing demands for fish with the
limits to the capacity of oceanic and coastal fish stocks.

We present the current status of global fisheries in
the next section with an emphasis on catch and catch
values, employment and the contribution of marine
and coastal recreation and tourism to the global
economy. The challenges and opportunities associated
with establishing green fisheries are discussed in
Section 2. In Section 3, we focus on scenarios of fleet
adjustment, and estimate the potential costs and
benefits of rebuilding depleted fisheries. Section 4
explores some of the conditions and the institutions,
both national and international, that will be required
to bring about the greening of the world’s fisheries. We
devote Section 4.6 to the discussion of how to finance
the transformation.
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Figure 1: Landings and landed value of global marine fisheries: 1950-2005

1.2 Review of the status of global fisheries

The total catch from the world’s marine capture fisheries'
rose from 16.7 million tonnes in 1950 to 80.2 million tonnes
in 2005. It reached a peak of 85.3 million tonnes in 1994
(Figure 1). For these 56 years, fish comprised about 86 per
cent of the total landings, with crustaceans, and molluscs
accounting for 6 per cent, and 8 per cent respectively. The

1. Excluding catch of marine mammals, reptiles, aquatic plants and algae.

total landed value (gross output value) of the world’s
marine capture fisheries was about US$20 billion? in 1950.
It increased steadily to about US$100 billion in the late
1970s and remained at that level throughout the 1980s
despite further increases in the total landings (FAO 2005; Sea
Around Us project’; Sumaila et al. 2007; Watson et al. 2004).

2. Allvalues are expressed in real 2005 US dollars.

3. The Sea Around Us project, compiles a global fishery database based on
FAO reports and many other data sources (see Pauly 2007).

Box 1: Inland capture fisheries

Around the world, inland fisheries are an increasingly
important factor for communities because of
increasing consumption per capita and the inability
of people to purchase other animal protein. In a
recent State of World Fisheries and Aquaculture report,
the UN Food and Agriculture Organization (FAO)
estimates that inland fisheries generate 10 million
tonnes in landings annually; this amounts to about
11 per cent of the total capture fisheries catch from
both inland and marine sources (FAO 2009). South-
East Asia’s Mekong river system, which is home to
more than 850 freshwater species including many
economically important species of catfish and carp,
is estimated to provide fisheries landings worth
around USS$ 2 billion per year (Barlow 2008).

Lake Victoria in Africa’s rift valley, the world’s
second-largest inland body of water, contains more

than 500 species of freshwater fish. Of these, Nile
perch, tilapia and dagaa (a small sardine-like fish)
are highly sought-after in commercial fisheries,
with landings totalling more than 1 million tonnes
per year and a landed-value of US$350-400 million.*
Unfortunately, estimates of inland capture landings
and value must be viewed with a high degree of
uncertainty, owing to a lack of consistent data
collection in many countries.

For this reason, it is inherently difficult to include
inland capture fisheries into global analysis of
the fisheries sector. Nevertheless, many concepts
from marine capture fisheries such as over-
capacity and subsidisation are also applicable to
inland fisheries.

4. Lake Victoria Fisheries Organization (http://www.lvfo.org)
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Fishing Effort (million kW sea days)

Landings (million t)?

Landed value (2005 real USS billions)®

Russia 432 3 3.2
Japan 398 4 14.4
China 301 10 15.2
Taiwan 261 1 2.7
US.A. 225 48 4.2
Spain 147 0.9 13
Korea Republic 138 1.6 25
France 116 0.6 1
New Zealand 15 0.5 1.1
Italy 100 0.3 1

*Total world landings were 80.2 million tonnes in 2005 with an estimated landed value of US$94.8 billion.

Source: Based on Sumaila et al. (2007), Watson et al. (2004) and Anticamara et al. (2010)

Table 1: Top ten marine fishing countries/entities by fleet capacity

Since the late 1980s, landed values have declined, falling
from around US$100 billion to almost US$90 billion in
2005 (Figure 1). The decline in the landed value through
the early 1990s corresponds to the increase in landings
of low-valued Peruvian anchoveta, which accounted
for over 10 per cent of the total landings from 1993 to
1996 and reached 15 per cent in 1994 (Sumaila et al.
2007; Watson et al. 2004). The top ten countries/political
entities by fleet capacity are reported in Table 1. The
reported fleet capacity indices in the table are relative

to the estimated capacity for Spain. Hence, Russia,
sitting at the top of the table is estimated to have nearly
three times the fishing capacity of Spain, while the U.S.
has 30 per cent more capacity. The top ten countries/
political entities captured about a third of the global
annual catch in 2005, with an estimated landed value
of nearly 50 per cent of the global total. This implies
that for the world to succeed in greening the fishing
sector, the ten countries listed in Table 1 will have to be
committed participants.
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2 Challenges and opportunities

in global fisheries

2.1 Challenges

Overfishing

In the early 1970s, fishing activity expanded, particularly
in Asia, but also along the Chilean coast, where large
quantities of anchoveta were taken, and along the coast of
West Africa. By 2005, there was a contraction of high-value
areas. However, there has been a considerable expansion
of fisheries into the high seas, most notably in the North
Atlantic and South Pacific. The maps in Figure 2 represent
the annual landed values of the world's fisheries by
decade from 1950 to 2005. In all six maps, concentrations
in catch value can be seen in the productive coastal areas
of Europe and Asia, as well as areas characterised by the
significant upwelling of nutrient-rich water, such as the
western coast of South America.

The spatial expansion of marine fisheries around the
world partially masks the extent to which fisheries have
been overfished (Swartz et al. 2010). In fact, the FAO
believes that only about 25 per cent of the commercial
stocks, mostly of low-priced species, are currently
underexploited, 52 per cent are fully exploited with no
further room for expansion, 19 per cent overexploited
and 8 per cent depleted (FAO 2009). Studies have
estimated that by 2003, some 29 per cent of the
world’s marine fisheries had collapsed in the sense that
their current catch level was less than one-tenth of
the maximum registered catch (Worm 2006). In the
Modelling chapter the Business as Usual (BAU) scenario,
of the amount of fish available in 1970, little more than
%> would be available by 2015 and only 1/3 in 2050.
Practices such as‘fishing down marine food webs, where
species are targeted and fished to depletion from largest
to smallest species, can bring about significant changes
to the balance of species in the ecosystem (Pauly et al.
1998; Hannesson 2002).

The collapse of cod stocks off Newfoundland in 1992
devastated local communities and the economic
aftershock is still being felt far beyond Canada’s Atlantic
coast. Some 40,000 lost their jobs, fishing towns shrank
in population by up to 20 per cent and the Canadian
taxpayer spent billions of dollars dealing with the
aftermath of the collapse (Mason 2002; Rice et al. 2003;
SCFO 2005). Despite a moratorium on fishing cod since
1992, the stock has failed to rebuild to pre-crash levels
(Charles et al. 2009).

Halting the fishing of vulnerable, overexploited species
and establishing conditions so that stocks can recover are
clearly major challenges that have to be achieved against
the backdrop of growing demand for fish. Explaining
the scale of the issue is a challenge in developed and
developing countries and catalysing policy reform is
particularly difficult when there are legitimate fears that
fish stocks might not recover even if complete bans on
fishing in certain areas are enforced.

Subsidies

Fisheries subsidies are defined here as financial transfers,
direct or indirect, from public entities to the fishing
sector, which help the sector make more profit than it
would otherwise (Milazzo 1998). Such transfers are often
designed to either reduce the costs of fishing or increase
revenues. In addition, they may also include indirect
payments that benefit fishers, such as management
and decommissioning programs. Subsidies have gained
worldwide attention because of their complexrelationship
with trade, ecological sustainability and socioeconomic
development (UNEP 2003; UNEP 2004; 2005; 2011).

It is widely acknowledged that global fisheries are
overcapitalised, resulting in the depletion of fishery
resources (Hatcher and Robinson 1999; Munro and
Sumaila 2002). There are many reasons for the decline
of fishery resources, but the contribution of subsidies
to the expansion of capacity and overfishing cannot
be over-emphasised (Milazzo 1998; WWF 2001). Global
fisheries subsidies have been estimated at US$27bn in
2003 (Sumaila et al. 2010). Regional estimates of about
US$12 billion have been provided for the Asia Pacific
Rim (APEC 2000) and around US$2.5 billion for the North
Atlantic (Munro and Sumaila 2002).

Khan et al. (2006), classified subsidies into three
categories labelled ‘good; ‘bad’ and ‘ugly’ according
to their potential impact on the sustainability of
the fishery resource. ‘Good’ subsidies enhance the
conservation of fish stocks through time (for example
subsidies that fund effective fisheries management
or marine protected areas). ‘Bad’ subsidies are those
that lead to overcapacity and overexploitation, such
as fuel subsidies. ‘Ugly’ subsidies can lead to either the
conservation or overfishing of a given fish stock, such as
buyback subsidies, which, if not properly designed, can
lead to overcapacity (Clark et al. 2005).
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Figure 2: Spatial distribution of marine capture fisheries landed value by decade

The challenge is that once subsidies are provided they
become entitlements, which makes them politically
difficult to remove. Only concerted action by groups such
as civil society organisations, international bodies and
governments can bring about the removal of such subsidies.
Also, one strategy that may help is to keep the amount
of the subsidy within the fishing community but divert it
from increasing overfishing to enhancing fish stocks. This
can be achieved by converting bad subsidies into good
ones, using bad subsidies to fund transition programmes
to help fishers move to greener fishing approaches and
other non-fishing activities to support their livelihoods.

Small-scale fisheries

A key issue along any coast is that of the local ‘small-scale’
fisheries (SSF), which often provide crucial food supplies,
sustain regional economies, and support the social
and cultural values of the areas, but are threatened as
pressures on coastal areas are growing. This poses what
is undoubtedly a major socioeconomic challenge: how
to balance current and future needs for fishery resources.

There are many definitions of ‘small-scale’ but
essentially such fisheries are characterised by being
relatively more labour-intensive and less capital-
intensive, more tied to coastal communities and less
mobile (Berkes et al. 2001; Charles 2001; Pauly 2006).
Other terms sometimes used for these fisheries are
‘artisanal’ (versus ‘industrial’), ‘coastal’ or ‘inshore’,

While all fisheries face a range of challenges, for SSF
many of the challenges are related to factors that are
external to the fisheries per se but within the broader
social-ecological system (McConney and Charles 2009).
These include (1) negative impacts of industrial and
foreign fleets, depleting coastal fish stocks, and in some
cases destroying coastal fishing gear; (2) degradation
of coastal environments and fish habitat, through
land-based sources of marine pollution, development
of urban areas, shrimp farming, tourism, mangrove
extraction, etc., leading in each case to reduced fish
stocks; (3) infrastructure challenges, such as limitations
on transportation of fish products; and (4) global forces,
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such as climate change and globalisation of fish markets,
that can negatively affect the small-scale fisheries. In
addition, over-fishing by SSF themselves contributes
to the problem in many cases, but it is important to
recognise that given the above external factors, ‘solving’
the sustainability challenge for SSF requires coordinated,
multi-faceted approaches, that aim to improve fishery
governance at a local level - so that coastal fishers are
involved in developing, and thereby supporting, fishery
management measures — while simultaneously dealing
with other fleets, and market and infrastructure issues to
improve coastal environmental quality. An ‘integrated’
approach is thus unavoidable.

Certain realities of small-scale fisheries (SSF) pose
challenges but also provide opportunities:

B SSF are relatively immobile and are closely tied to
coastal communities. This implies that fishers may have
few other livelihood opportunities, and may have high
dependence on the fishery resources. Such a situation
can lead, at times, to over-fishing, but alternatively, this
can lead to stewardship over those local fish stocks
that are so important to the community. The key is to
discourage the former and encourage the latter;

B SSF benefit a very large number of people, and the
recognition of this reality can make it difficult to reduce
fishing effort when that is needed to ensure ecological
sustainability. On the other hand, the labour-intensive
nature of SSF also means that there is less ‘sunk capital’ —

the capitalisation, and consequent debt payments, that
seriously limit flexibility in industrial fisheries. Furthermore,
small-scale fisher organisations can be drawn upon to play
a constructive role in policy actions (e.g., Salas et al. 2007).
It should not be forgotten, as well, that the high levels
of employment provided by SSF may well help to limit
resource exploitation elsewhere in coastal areas. Again,
an integrated ‘systems’ analysis is required to properly
recognise these interactions (Garcia and Charles 2007); and

B Many small-scale fishing fleets are capable of depleting
fish stocks and damaging aquatic ecosystems. There is
thus a direct challenge both to the aquatic ecosystem
and to economic sustainability. Moving to sustainable
paths for the future implies improving the ecological
sustainability of SSF. At the same time, SSF also provide
an opportunity for environmental improvement, one
that arises in comparing such fisheries with the major
alternative, namely, fuel-intensive industrial fishing.
Industrial fisheries are not only a threat to coastal small-
boat fishers, as discussed above, but also contribute

Type World total (US$ billion)
Good 7.9
Bad 16.2
Ugly 3.0
Total 27.1

Table 2: Global fisheries subsidies

Source: Sumaila et al. (2010)
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most significantly to the negative climate externalities
imposed by fisheries (due to their fuel-intensive nature)
and to excessive high-seas resource exploitation.
Furthermore, they receive the bulk of fishery subsidies
globally. Given all this, there is an opportunity to move
to a more sustainable model for the future, through an
approach as in Indonesia, in which coastal waters are
reserved for SSF. In this approach, industrial fleets are
used only to catch fish that are beyond the reach of the
SSF, and then only if such fishing is profitable from a full-
cost accounting perspective (i.e., including the negative
externalities resulting from such activity).

Greening aquaculture

According to FAO (2009), aquaculture supplies around 50
per cent of the world’s seafood. However, a close look at
the total world fish supply from aquaculture reveals two
disturbing issues. Firstly, as the supply from aquaculture
increases, the supply from capture fisheries decreases. In
fact, there is an almost one to one change in opposite
directions. This means that aquaculture is not adding to
the world supply of fish; rather it is displacing wild fish
supplies. Secondly, aquatic plants account for about 23
per cent of the reported increase in aquaculture supply.
Even in Japan, where aquatic plants are commonly eaten,
these plants do not replace the need for ‘real fish’; they
are used mainly as supplements. Deducting the 23 per
cent of aquaculture supply that is aquatic plants reveals
that the total supply of ‘real fish’ from both the wild and
farms is declining.

There are many challenges to aquaculture as a source of
animal protein in a green economy. Many farms still rely

on wild caught fish as feedmeal and oil. The potential for
disease from fish farms impacting wild populations is
also an issue. Finally, there is the potential that fish farms
can pollute the environment because of the waste they
produce. Given these challenges, it is clear that to be part
of current aquaculture, practices need to be modified to
make fish farming green.

The sector needs to (i) be organised to ensure minimal
environmental degradation (Naylor et al. 1998); (ii)
stop the farming of carnivorous fish such as salmon,
bluefin tuna and seabass until non-wild fish sources
of fish meal are developed; (iii) adopt integrated
technologies that would make fish farming as self-
contained as possible; and (iv) develop reliable
management systems for green aquaculture practices.

Climate change and greenhouse gas emissions in
fisheries

Climate change has begun to alter marine conditions,
particularly water temperature, ocean currents,
upwelling, and biogeochemistry, leading to
productivity shocks for fisheries (Diaz and Rosenberg
2008). Shifts in species distribution that appear to
be caused by changes in sea temperature are well
documented (Cheungetal.2009; Dulvy etal. 2008; Perry
etal. 2005), as are variations in growth rates (Thresher et
al. 2007). Climate change may also alter the phonology
of marine organisms, creating mismatches between
the availability of prey and predator requirements and
leading to coral bleaching and habitat loss for reef-
associated fish species. These changes would affect the
distribution and volume of catch worldwide thereby

Box 2: Subsidies and small-scale fisheries

Moves to shift to a green economy can provide
opportunities to invest in small-scale fisheries (SSF)
in a manner that enhances sustainability of the
resource base as well as the coastal economy and
society. The key lies in using the investments to build
institutional strength and suitable incentives at a local
scale. Measures such as subsidies, and investment
strategies, can be used as incentives to change
human behaviour positively, supporting long-term
objectives in moving the fishery toward sustainability,
without serious negative impacts. For example, this
could involve providing funds to encourage certain
actions such as conversion of fishing gear to less
damaging choices, or a shift from fuel-intensive to
more labour-intensive fishing methods.

In the context of SSF, this implies a careful examination
of which subsidies are truly sustainable, equitable

and tending in the direction of conservation. For
example, a fuel subsidy is common in fisheries,
but this tends to promote more fuel-intensive and
capital-intensive fleets, which leads not only to over-
fishing, but also to inequitable expansion of catching
power for some (those who can take advantage of the
subsidy) at the expense of others (with less capital).
On the other hand, a subsidy that is used to provide
more secure livelihoods for coastal fishers, and one
that leads to a shift of SSF, where necessary, to more
ecologically suitable methods, may be very helpful.
The subsidy issue also relates to the balance of small-
scale and industrial fishing. Past subsidies on vessel
constructionand on fuelled toafavouring of industrial
fleets that are too capital- and fuel-intensive. A better
policy would be to orient subsidies as incentives to
balance industrial and small-scale fisheries, thereby
generating both human and ecological benefits.




affecting global fisheries socially and economically
(Cheung et al. 2010). For instance, recent studies
estimate that climate change may lead to significant
losses in revenues, profits and/or household incomes,
although estimates are considered preliminary (Cooley
and Doney 2009; Eide, 2007; Sumaila and Cheung 2010;
Tseng and Chen 2008).

It is estimated that the world’s fishing fleet contributes
1.2 per cent of global greenhouse gas emissions
(Tyedmers et al. 2005). The challenge is to find ways
to reduce this contribution, such as by phasing out
subsidised trawler fleets, which generate extremely
high emissions per tonne of fish landed.

2.2 Opportunities

Greening the world’s fisheries will help restore damaged
marine ecosystems. When managed intelligently,
fisheries will sustain a greater number of communities
and enterprises, generating employment and raising
household income, particularly for those engaged in
artisanal fishing.

Jobs supported by global fisheries

The world's fisheries provide livelihoods to millions of
people in coastal regions and contribute significantly to
national economies. They are relied upon as a safety net
by some of the world’s poorest, providing cash income
and nutrition, especially during times of financial hardship.
Healthy fisheries support the wellbeing of nations, through
direct employment in fishing, processing, and ancillary
services, as well as through subsistence-based activities.
Overall, fish provides more than 2.9 billion people with at
least 15 per cent of their average per capita animal protein
intake (FAO 2009). The impact of the collapse of fisheries
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can be devastating. Some 144 of the world’s countries
possess marine fisheries, which provide jobs for local and
foreign workers alike. It is estimated that in 2006, about 35
million people around the world were directly involved,
either part time or full time, in fisheries primary production.

When considering post-catch activities and workers’
dependants, the number of people directly or indirectly
supported by marine fisheries is about 520 million or
nearly 8 per cent of the world’s population (FAO 2009).

There hasbeen asteadyincreasein fisheriesemployment
in most low-and middle-income countries, while in most
industrialised countries, the trend has been towards a
decrease in the number of people employed in capture
fisheries. For example, since 1970, the number of fishers
has fallen by 61 per cent and 42 per cent in Japan and
Norway, respectively (FAO 2009).

Recreation and tourism

Marine recreational activities (MRAs) such as
recreational fishing, whale watching and diving have
grown in popularity in recent years and they have
consequently come to the forefront of discussion
and research on the ecological, economic and
social impacts of more benign forms of interacting
with the sea (e.g., Aas 2008; Hoyt 2001; Pitcher and
Hollingworth 2002).

To estimate the value of MRAs, Cisneros-Montemayor
and Sumaila (2010) first identified three indicators of
socio-economic value in ecosystem-based marine
recreational activities, which are (i) the level of
participation; (ii) the total employment in the sector;
and (iii) the sum of direct expenditure by users. A
database of reported expenditure on MRAs was
then compiled for 144 coastal countries. Using this

Located at the north-eastern tip of Bali, Indonesia, is
the fishing community of Les. Around 7,000 people
live there, of whom some 1,500 make their living
from fishing in coastal waters that have traditionally
been rich in coral, fish and other marine organisms.
Fishing for the aquarium trade has become one of
the main sources of livelihood, with 75 households
in the village now fully engaged in catching
ornamental fish (UNEP 2006). Fishers in Les and
neighbouring communities are switching from
pelagic to ornamental fishing as the pelagic stocks
become depleted in traditional fishing grounds,
but ornamental fish are themselves threatened by
damage to in-shore coral reefs caused by practices

Box 3: Small-scale fishing in Indonesia

such as cyanide fishing. As a result, villagers are
being forced to fish for ornamentals further offshore
and for longer periods.

Poison fishing has also led to substantial losses in
revenue - estimated to amount to a net loss of as much
as US$476,000 per km?a year in Indonesia (Cesar 2002).
The authors also estimate that the net loss from the
deterioration of fisheries could be about US$40,000 per
km? a year. Given that Indonesia has the world’s largest
coral reef system, Wicaksono et al. (2001), estimate
that the country could meet 60 per cent of global
demand for ornamentals, compared with just 6 per
cent currently, if its fisheries are managed effectively.
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ey el Whale R g
snorkelling

Participation (Millions) 60 13 50 123

Expenditure (USS Billions) 40 1.6 55 471

Employment (Thousands) 950 18 113 1,081

Table 3: Ecosystem-based marine recreational
activities in 2003

Source: Cisneros-Montemayor & Sumaila (2010)

database, the authors estimated the missing values
and calculated the yearly global value for MRAs in
terms of expenditure, participation and employment.
They found that currently, recreational fishing occurs
in 118 maritime countries and that country-level data
on expenditure, participation and employment are
available in 38 of these countries (32 per cent of total).
The authors estimated that in 2003, nearly 60 million
recreational anglers around the world generated a
total of about US$40 billion in expenditure, supporting
over 950,000 jobs. In their analysis, countries with
data account for almost 95 per cent of estimated total
expenditure and 87 per cent of participation, so the
authors argue that this estimate likely provided a close
approximation to actual recreational fishing effort
and expenditure.

Data on whale watching were found for a total of 93
territories (70 countries), mostly from 1994-2006 (Hoyt
2001; Hoyt and Ihiguez 2008). It is estimated that over
13 million people worldwide participated in whale
watching in 2003, with expenditure reaching around
US$1.6 billion in that year (Cisneros-Montemayor and
Sumaila 2010). It is also estimated that 18,000 jobs
worldwide are supported by this industry each year.
These numbers are only an indication of the potential
economic contribution that can be expected from
whale watching, given that the marine mammals
are found in all of the world’s oceans (Kaschner et al.
2006) and currently only a few countries have well-
established whale watching industries.

There is limited country-level data on recreational
diving outside of the USA, Australia, and to some
extent, Canada and the Caribbean region. Using
market surveys and other data on active divers,
it is estimated that every year, 10 million active
recreational divers (Cesar et al. 2003) and 40 million
snorkelers generate over US$5.5 billion globally in
direct expenditure, supporting 113,000 jobs. In total,
it is estimated that 121 million MRA participants
generate US$47 billion in expenditure annually and
support over one million jobs (Cisneros-Montemayor
and Sumaila 2010) (Table 3).

Marine protected areas

Marine protected areas (MPAs) have been
implemented in many countries and are regarded
as one very important management instrument for
fisheries. The assumption underlying the MPAs is
that they can conserve the resources and increase
the biomass therein, and consequently benefit
surrounding areas through species migration and
enhanced recruitment. Economic studies generally
demonstrate that MPAs can be beneficial under
specific conditions (e.g., Hannesson 1998; Sanchirico
and Wilen 1999; Sumaila 1998). In addition, the MPA
literature evaluates effectiveness of MPAs, e.g., Alder
et al. (2002), Hockey and Branch (1997). In terms of
policy design and implementation, many questions
need to be addressed, including how to select MPA
sites, how large should an MPA be, and how costly
are MPAs, etc.

MPAs will be a valuable management instrument for
the greening of certain fisheries. There is growing
consensus in the literature on the need to add MPAs
in marine management plans (Costanza et al. 1998;
Sumaila et al. 2000). Currently, MPAs comprise less
than 1 per cent of the world’s oceans (Wood et al.
2008). To fully utilise MPAs as a management tool, the
Johannesburg Plan of Implementation adopted at the
World Summit on Sustainable Development in 2002
aims to establish a global network of MPAs covering
10-30 per cent of marine habitats by 2012.

Consumer Awareness

In recent years, we have seen a relative explosion in the
number of programmes that seek to help consumers
make informed decisions in terms of sustainability
about their consumption of fish products. Although
such programmes are not without criticism, it is clear
that consumer awareness of marine fishery issues, if
properly designed and implemented, would be an
important driver of greening world fisheries as such
awareness programmes expand into more and more
places around the world.

Examples of resources that consumers can use to inform
their purchase of sustainably caught fish include:

B The Monterey Bay Aquarium’s Seafood Watch (http://
www.montereybayaquarium.org/cr/seafoodwatch.
aspx);

B The Marine Stewardship Council certification
programme (http://www.msc.org/); and

M The U.S. National Oceanic and Atmospheric
Administration’s Fish Watch programme (http://www.
nmfs.noaa.gov/fishwatch/).
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3 The economic case for

greening fisheries

3.1 The contribution of fisheries to
economic activity

Recent estimates of gross revenue from marine capture
fisheries suggest that the sector directly contributes
US$80-85 billion to world output annually (Sumaila et al.
2007; World Bank and FAO 2009). However, this amount
is by no means the total contribution from marine fish
populations. As a primary industry (Roy et al. 2009), there
are a vast number of secondary economic activities —
from boat building to international transport - that are
supported by world fisheries (Dyck and Sumaila 2010;
Pontecorvo et al. 1980).

The weighted mean cost of fishing was estimated by Lam
et al. (2010) to be US$1,125 (range of US$732 - US$1,605)
per tonne, which works out at about US$90 billion for an
annual catch of 80 million tonnes. The cost per tonneis split
into the following cost components: (i) fuel cost (US$216);
(if) running cost, for e.g., cost of selling fish via auction,
cost of treatment of fish (US$162); (iii) repair cost (US$108);
(iv) payments to labour (US$434); (v) depreciation
(US$101); and (vi) payment to capital (US$101).

Although the national contribution of fisheries to
economic output is officially recorded as ranging
between 0.5 per cent and 2.5 per cent for many countries
(based on the total value of fish when they change
hands for the first time after leaving the boat), the
sector supports considerable economic activity by way
of ‘trickle-up’ linkages (Béné et al. 2007), also referred
to as ‘multipliers. The multiplier effect can be dramatic
in coastal communities where small-scale fisheries not
only generate direct revenues, but also represent the
economic ‘heart’ of coastal communities and the ‘engine’
of the broader economy.

Dyck and Sumaila (2010) applied an input-output
analysis to estimate the total direct, indirect and induced
economic effects arising from marine fish populations in
the world economy. Their results suggest there is a great
deal of variation in fishing-output multipliers between
regions and countries. When the output multipliers were
applied at the global scale, the authors found that the
contribution of the sector to global economic output
amounted to some US$235 billion per year (Table 4),
close to three times the conventionally measured “ex-
vessel” value of marine capture fisheries.

3.2 The potential contribution from
rebuilding and sustaining fisheries

As discussed earlier, global ocean fisheries caught an
estimated 80 million tonnes of fish with a total value of
about US$85 billion in 2005. The question we address in
this section is: what are the potential gains, if any, from
rebuilding marine fish stocks. We discuss this in terms
of the potential increase in current catches, catch value,
profits, resource rent and employment.

Using data from a recently published paper (Srinivasan
et al. 2010), we assume that world fisheries landings
could increase by 3.6 million tonnes-19.2 million tonnes
per year if currently over-fished species are rebuilt to
stock sizes allowing for maximum sustainable yield
(MSY). This represents a potential to increase the
value of landings by US$6.4 billion-US$36 billion per
year. We nevertheless recognise the limitations of the
MSY approach in global fisheries. However, since the
approach involves rebuilding those fisheries currently
classified as collapsed, we avoid issues involved when
assuming all species can be fished at MSY.

For the further analysis, we make the following
assumptions:

B The real price (nominal price adjusted for inflation)
of fish is constant through time. There is evidence from
historical data that real prices for fish have not changed
much in the last few decades;

Landed value Indirect effect

(USS billion.) (USS billion.)

Africa 2 5

Asia 50 133
Europe 12 36
s ! :
North America 8 29
Oceania 5 17
World Total 84 235

Table 4: World marine capture fisheries output
by region

Sources: For landed values see Sumaila et al. (2007) and for multipliers see Dyck and
Sumaila (2010)
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Current fisheries Green fisheries
(USS billion) (USS billion)

Value of landings 85 101
Cost of fishing 90 46
Non-fuel subsidies 21 10%
Rent** -26 45
Wages 35 18
Profit 8 4

Total added-value 17 67

*The estimated US$10 billion in green subsidies would be to fund management
programmes.

**The rent is the return to owners of fisheries resources, which is the surplus
from gross revenue after total cost of fishing is deducted and subsidies taken into
account. Here, rent is total revenue (US$85 billion) less total cost (US$90 billion)
less non-fuel subsidies (US$21 billion). Note that fuel subsidies are usually in the
form of rebates at the pump and therefore are already excluded.

Table 5: Green fisheries: key figures

M As overfished stocks are rebuilt, there would be no
substitution between capital and labour. That is, the
various costs of fishing would stay in proportion to the
current situation;

B The practice of providing harmful subsidies to the
fisheries sector is fundamentally at odds with green
fisheries. Therefore, we assume that all the estimated
US$16 billion peryear in harmful subsidies are eliminated
or re-directed toward aiding the transition to green
fisheries. Similarly, we assume that the US$3 billion per
year in ambiguous subsidies, such as those for buybacks,
would also be re-directed or eliminated;

B The cost of fisheries management would increase
by 25 per cent, from about US$8 billion a year to US$10
billion a year, to support better management under
green fishing regimes;

M Fisheries rent, that is, the return to owners of
fisheries resources, would be US$45 billion per year in
a green economy scenario. This is based on evidence
from a recent report showing that potential total rent
in world fisheries is about US$50 billion per year at
Maximum Economic Yield (MEY), where the catch is
about 10 per cent lower than our proposed scenario
(World Bank and FAO 2009).

Given the above assumptions, global marine fisheries
are projected to catch 90 million tonnes a year in
a green economy scenario with lower and upper
bounds of 84-100 million tonnes. The estimated value
corresponding to this level of catch is about US$101
billion per year (with a range of US$91 billion-US$121
billion. The total cost of fishing in a green economy
scenario is estimated to be US$46 billion compared
to USS 90 billion currently. Assuming that payments

to capital (normal profit) and labour (wages) remain
proportionally constant in relation to total costs, the
normal profit and wage income would amount to US$
4 billion and US$17.8 billion, respectively. Resource
rent for a green fisheries sector is assumed to be US$45
billion per year based on recent research (World Bank
& FAO 2009).

Total value added, or “fisheries contribution to human
welfare’, in a green economy scenario is estimated
at USS 67 billion a year (the sum of resource rent +
payments to labour + normal profits). This represents a
green economy improvement of US$50 billion per year
compared with the sector’s existing contribution to
human welfare (Table 5).

Indirect benefits from rebuilding

As the value of the global marine catch increases
from about US$85 billion to US$101 billion a year in a
green-economy scenario, the total of direct, indirect
and induced economic effects, arising from marine
fish swells from US$235 billion to US$280 billion per
year, assuming a linear relationship between catch and
multiplier effects.

Benefits from recreation and tourism

In general, recreational fishers do not necessarily fish
for the catch but rather for experience. It should be
reasonable to assume that a healthier ocean full of
life is likely to increase the utility and therefore the
benefits derived by recreational fishers. However,
owing to the lack of information, we refrain from
doing so in this report.

3.3 The cost of greening global fisheries

A key element of greening the fisheries sector involves
moving from the current situation where we are not
fishing the resource in a sustainable manner to one
where the fish we catch each year is equal to or less
than the growth of wild stocks. To make the change
from the current state of affairs would require some
investment into adjusting fishing capacity, managing
transitions in labour markets, management programs,
and scientific research. While the costs estimated focus
on these selected activities, it should be noted that an
effort to restore and rebuild stocks in order to achieve
not only stabilisation but also growth of stocks would
likely require more resources beyond costs considered in
this analysis. The simulated investment under the Green
Economy Report T-21 modelling exercise considers an
investment of the tune of 0.1 to 0.16 per cent of GDP over
the period 2010-2050.°

5. See the Modelling chapter in this report.



Identifying greening efforts

There is widespread agreement that the world’s fisheries
are currently operating at overcapacity. Advances in
technology have made it possible for a much smaller
global fleet to catch the maximum sustainable yield, but
the globalfishing capacity keeps on growing owing tothe
common property nature of fisheries and the provision
of fishing subsidies by many maritime countries of the
world. Also, the use of sometimes damaging fishing
methods such as bottom-trawling, unselective fishing,
pollution and human-induced variations in climate has
changed the productivity of many aquatic environments.

The issue of overcapacity can be addressed by
investigating some of the common sources of excess
fishing capacity. In several places, fishing is considered
an employer of last resort, attracting people with
few other job options. Investing in re-training and
education programmes for fishers and creating
alternative employment has been successful in
reducing fishing pressure, especially in places that are
known for artisanal fishing.

Fishing capacity can be curtailed by taking steps to
decommission fishing vessels or by reducing the number
of permits or licences. Much attention has been given
to decommissioning programs, which are intended to
reduce effort by reducing the number of fishing vessels.
Unfortunately, some research suggests that vessel buy-
back schemes may actually increase fishing effort if not
properly implemented (Hannesson 2007). This occurs
when loopholes allow decommissioned vessels to find
their way to other fisheries and increase their catching
capabilities (Holland et al. 1999). Fishing enterprises may
also act strategically in anticipation of a buy-back by
accumulating more vessels than they would otherwise
(Clark et al. 2005).

Many fishing grounds that have been over-exploited
have suffered lasting damage to the sea bed by trawl
nets, affecting the ability of certain species to reproduce
(Morgan and Chuenpagdee 2003). In these cases, as well
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as in instances where pollution or climate change have
had an impact, mitigating investment in the natural
environment is essential if ecosystems are to be brought
back to past levels of health and productivity.

The cost of fishing fleet adjustment

The world’s current fishing capacity is widely estimated
to be 2.5 times more than what is needed to land the
maximum sustainable yield (MSY) (e.g., Pauly et al. 2002).
This implies that in order to shift the fishing industry
to MSY levels, we would need to trim excess fishing
capacity. However, the cumulative power of the global
fleet is presently increasing at a rapid rate, notably in
Asia (Anticamara et al. in press).

It is estimated that some 4 million boats® are actively
engaged in marine fisheries. If we assume that current
fishing capacity is between 1.5 and 2.5 times the level
needed to maximise sustainable catch, fishing effort
would need to be reduced by between 40 and 60 per
cent. This means that the active fishing fleet may need to
be reduced by up to 2.4 million vessels. This calculation
does not, however, account for differences in fishing
capacity by vessel type. For instance, areas dominated by
large-scale vessels (i.e., vessels larger than a given size,
which varies from one country to another) may need to
reduce fewer vessels than areas with more small-scale
boats because large-scale operations represent greater
fishing effort per unit.

It is estimated that the fishing industry employs more
than 35 million people, which implies that between
15 and 22 million fewer fishers would be required
in a green-fisheries scenario. However, research
indicates that up to 75 per cent of fishers in Hong
Kong would be willing to leave the fishing industry
if suitable compensation were available (Teh et al.
2008). Alternative livelihood programs that have been
successful involve activities such as seaweed farming

6. Based on 2002 data and stagnant growth in fleet size as suggested by
FAO trends. http://www.fao.org/fishery/topic/1616/en.

The potentially devastating impact of trawling,
especially in terms of damage to the sea bed and
bycatch, is well known (e.g., Hall 1996; NRC 1999;
Watling and Norse 1998) and has given rise to
legislation such as the mandatory use of turtle-
excluder devices in shrimp trawls and bans of
trawlers in the in-shore waters of many nations. In
California, a shift from trawls to traps in the state’s
spot prawn fishery in 2003 resulted in a significant

Box 4: How improvement in fishing gear can contribute to green fisheries

reduction of rockfish bycatch (Morgan and
Chuenpagdee 2003). Recent improvements to the
design and use of fishing gear to minimise seafloor
contact and to reduce bycatch, such as the use of
the Nordmore grate in shrimp fishery (Richards and
Hendrickson 2006) have been encouraging but
more investment is needed to address the impacts
of large scale trawling and other high-impact
fishing gear.
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and recreational angling (e.g., Sievanen et al. 2005).
Clearly, this is a difficult task for policy-makers to
implement. Nevertheless, there are options:

Scenario one: An across-the-board fishing capacity cut
Assuming that the current global fishing fleet represents
an average distribution of capacity throughout the
world, we estimate that decommissioning of between
1.4 — 2.4 million vessels would be required. Similarly,
between 15 million and 22 million workers would be
removed from a‘green’fishing industry. Based on vessel
and crew data from the European Union (EC 2006), we
calculate that the average cost of a vessel buyback is
roughly equal to the average interest payments on
a vessel for five years and the average cost of crew
retraining is estimated as 1.5 years average annual crew
wages. These values are estimated to be US$15,000
per vessel buyback and US$18,750 per crew retraining,
respectively. Based on this information, we estimate
that the total investment needed to reduce fishing
capacity in this scenario to be between US$290 billion
and US$430 billion worldwide. It should be noted that
this total amount can be spread over time if necessary.

Scenario two: Accounting for catch capacity
distribution differences
Theabovescenarioassumesthat,onaverage, vesselshave
similar catch capacity and impact ecosystems in similar
ways. In fact, the distribution of fishing effort exhibits
a great deal of variation around the globe (Anticamara
et al. in press). Large-scale, high capacity vessels also
tend to use more capital in place of labour so that the
number of workers per weight of landings is lower than
small scale fleets. For policy-makers concerned about
reducing fishing effort while minimizing the impact on
workers, it is probably prudent to focus on buy-backs of
large-scale fishing vessels.

The catching power of large-scale vessels implies that
160 thousand of the world’s 4 million fishing vessels
catch the same amount of fish as the remaining 3.84
million vessels. Using data on fishing employment in
small and large scale fleets (EC 2006), we calculate that,
on average, large scale vessels employ about 3.6 times
as many workers as small scale vessels. This implies that
large scale fleets employ about 5 per cent of the world’s
35 million fishers or 4.6 million workers. Combining
these figures with our assumptions outlined above
implies that cutting 130 thousand - 160 thousand
large-scale vessels along with 1.4 - 1.7 million jobs
supported by these vessels will achieve roughly the
same green economy results as cutting 15 to 22 million
fishing jobs across the board. In this scenario, the total
cost of adjustment to green fisheries is between US$
115 and US$ 175 billion since the high cost of worker
re-training is minimised. The reason why the cost of
greening world fisheries under this scenario is lower

than under scenarios one and three is that the cost of
compensating, re-training and re-settling small scale
fishers is much higher in those two cases.

Scenario three: global fleet capacity distribution

If large and small scale fishing vessels were evenly
distributed around the globe, scenario two would be an
effective strategy to minimise the effect on employment
numbers by decommissioning only the large scale
vessels and affecting a smaller number of workers.
However, many large-scale vessels are concentrated in
developed countries while small-scale vessels are mostly
found in developing countries. Although the same
green economy result could potentially be achieved by
making cuts to just large-scale vessels, this would be
ineffective in areas dominated by small-scale fishing that
are currently overfished, such as India and Senegal.

In this scenario, we explore the possibility of putting three-
quarters of the responsibility for cutting fishing effort on
large-scale vessels, with the remaining quarter filled by
small-scale vessels. In such a case, reducing a combination
of 120,000 large-scale vessels and 960,000 small-scale
vessels would halve the world's fishing capacity. However,
unlike scenario one, the effect on workers in this scenario
is greatly reduced, requiring provisions to deal with 1.3
million large-scale workers and 8.3 million small-scale
fishers. Also, in this scenario, we allow for differences in the
cost of decommissioning and re-training to vary between
large and small-scale vessels. Using data from Lam et
al. (2010), we calculate that large and small-scale crew
workers earn average wages of US$20,000 and US$10,000
per year, respectively. Furthermore, we determine that
large and small scale vessels pay an average of US$11,000
and US$ 2,500 per year in capital costs. This implies that,
following the same assumptions as scenario one, the
average cost of decommissioning for large and small-
scale vessels is US$55,000 and US$12,500, respectively.
Likewise, retraining efforts for large and small-scale crew
members are estimated to be between US$30,000 and
US$15,000 per worker.

By focusing effort reductions on large-scale vessels,
the total cost of adjustment to green world fisheries in
this scenario is much less costly than the first scenario,
requiring a one-time total investment of between US$
190 billion to US$ 280 billion with a mean of US$ 240
billion to decommission vessels and provide for workers
as they transition to other forms of employment. It would
also be necessary to increase management expenditure
by 25 per cent to US$ 2 billion on an annual basis.

Given the current distribution of large and small-scale
fishing vessels in the world, both scenarios one and
two appear to be unrealistic. Therefore, we use the
cost estimates in scenario three in the following cost-
benefit analysis.



3.4 Cost-benefit analysis
of greening fisheries

As presented earlier, greening the fisheries sector would
lead to an increase in value added from fishing, globally,
from US$ 17 billion to US$67 billion a year. This is a net
increase of US$ 50 billion a year. Given that the cost of
restructuring the global fishing fleet under scenario
three is a one-time investment of about US$240 billion,
benefits would be realised very quickly if fish stocks
recover fast. Discounting the flow of US$50 billion per
yearoverthenext50yearsat 3 percentand5 percent, real
discount rates represent a present value from greening
ocean fisheries of USS$ 960 and US$ 1,325 billion, which
is between 4 and 5.5 times the mean estimate of the cost
of greening global fisheries. This signals that there is a
potential huge green advantage. Although a variety of
assumptions are needed to produce estimates in this
section, it is clear that economic gains from greening
world fisheries are substantial enough to compensate
for even drastic changes in these assumptions.

3.5 Managing fisheries

Effective management is crucial for ensuring a green
marine fisheries sector, although this has so far proved
difficulttoachieve.Research suggeststhatimplementing
a form of management known as individual transferable
quotas (ITQs), also known as ‘catch shares, can explain
the improvement and rebuilding of many fish stocks
around the world (Costello et al. 2008; Hannesson 2004).
However, it has also been argued by many authors that
ITQs are no panacea and need to be designed carefully
(Clark et al. 2010; Essington 2009; Gibbs 2009; Hilborn
et al. 2005; Pinkerton and Edwards 2009; Townsend
et al. 2006).
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Catch shares can be an effective tool in controlling
fishing pressure. Because they are underpinned by Total
Allowable Catch (TAC) limits, they can constrain catch
to sustainable levels and, therefore, become valuable
management tools (Arnason 1995). ITQs do not confer
full property rights to the ITQ owner, and furthermore,
it is widely acknowledged that even if they were to
provide such rights, there are still conservation and social
concerns to worry about (Bromley 2009). Understanding
these limitations to ITQs as a management regime,
where this tool is implemented, it must be part of a
broader management system that ensures that these
limitations are addressed appropriately. Measures are
needed to ensure that ITQs work to improve economic
efficiency, while ensuring the sustainable and equitable
use of the fishery resources and the ecosystems that
support them.

Below are some of the strategies that are needed as
part of an ITQ management system if it is to achieve
economically, ecologically and socially desirable
outcomes (Sumaila 2010):

B ITQs must be supported by an arm’s-length stock
assessment unit that is independent of industry and
backed by strong monitoring, control and surveillance
(MCS) to deal with the lack of full property rights,
which can lead to ‘emptying’ the ocean of fish under
certain conditions;

B Some restrictions on the ownership of ITQs to people
actively engaged in fishing may be needed to mitigate
against diluting ITQ performance when quota owners
are different from those who fish;

B Measures to ensure resource sustainability by taking
an ecosystem-based management approach including

of fisheries

The FAO identifies illegal, unreported and unregulated
(IUV) fishing as one of the major factors driving
overexploitation of marine resources worldwide (FAO
2001). Based on case studies, MRAG (2005) estimate
that the total loss due to IUU fishing is about 19 per cent
of the total value of the catch. The commonly accepted
economic reason for the persistence of IUU fishing is
that detection rates and fines are too small relative to
the catch value (Griggs and Lugten 2007; Kuperan &
Sutinen (1998). In fact, Sumaila et al. (2006) suggest that
the reported fines should be increased by at least 24
times to equalise the expected costs and benefits.

Box 5: lllegal, unreported and unregulated fishing and the greening

To green fisheries and prevent overexploitation, it
is necessary to reduce IUU fishing. The direct way
is to strengthen monitoring and control through
strict policy enforcement, and the indirect way
is through economic incentives, e.g., increasing
fines or decreasing reporting costs. While
reducing IUU fishing within a country using these
direct and indirect ways is important, cooperation
among countries is also very critical, since lots
of IUU fishing occurs in the areas accessed by
multiple countries.

Source: OECD (2004)
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special attention to essential habitats, safe minimum
biomass levels, input controls, etc.;

B Networks of reasonably large marine protected areas
may be needed to accompany the implementation of ITQs
to deal broadly with the ecosystem effects of overfishing,
to allow for recovery, and to recognise uncertainty in
the performance of ITQs. Such a network would benefit
greatly by ensuring that it is designed to be compatible
with conservation and ITQ goals and objectives;

B Imposing limits to quota that can be held by each
quota owner, to mitigate social problems associated
with the concentration of fishing power, although its
effectiveness is very variable. It is worth noting that
this is already a feature of many existing ITQ systems. In
some fisheries, equity concerns may be alleviated by
allocating quotas to ‘communities’ or to residents of a
territorial area in the form of community transferable
quotas (CTQs) and territorial user rights in fisheries
(TURFS), respectively (Christy 1982; Wingard 2000;
Charles 2002). With such schemes in place, the economic
efficiency benefits of ITQs may be captured while
minimizing negative social impacts; and

B Auctioning of quotas can be used in some fisheries
to deal with the problem of initial allocation of quota
and its equity implications (Macinko and Bromley 2002;
Bromley 2009).

There are several areas of management where increased
investment can be extremely beneficial. These include:

B Stock-assessment programmes;
B Monitoring and control programmes; and
B Establishment of marine protected areas (MPA).

Stock assessment programs are basic for fishery
managers who require reliable statistics to inform them
of the state of fish stocks so that they may keep a careful
eye on whether fishing effort is appropriate for the
sustainable use of the stock (Walters and Martell 2004).

Monitoring and control programs are those that allow
fisheries managers to determine whether fishers are
acting in compliance with catch quotas or not. Such
programs are also necessary in terms of mitigating the
impact of illegal and unreported fishing activities.

Historically, MPAs have not been used as a major tool in
the management of the world’s fisheries. However, their
role as a management tool has become more popular
in recent years. MPAs attempt to maintain the health of
fish stocks by setting aside an area of the ocean that is
free from fishing activity — allowing mature fish in these
areas to escape into unfished areas, thereby ensuring
the future resilience of the fishery.
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4 Enabling conditions: Institutions,
planning, policy and regulatory
reform, and financing

4.1 Building effective national, regional
and international institutions

The root cause of overexploitation of fish stocks is the
lack of control over fish catches or fishing capacity, or
both. Individual fishers competing with many others
have an incentive to take as much fish as quickly as they
can. If this incentive is not controlled, the result of such
uncoordinated efforts of many competing fishers is the
depletion of fish stocks to the point of harming future
fish catches, raising the cost of catching fish, and possibly
wiping out fish stocks once and for all (Hannesson 2004;
Hardin 1968; Gordon 1954. Fortunately, it has been
shown over the past several decades that very often
communities or groups of fishers develop institutions that
can regulate the incentives and create the conditions for
sustainability (Dietz, T. et al. 2003). This is not guaranteed
to occur, however, and it is unlikely in industrial or high-
seas cases, where other measures are needed.

In this regard, note that privatizing use of the fishery
resource is not necessarily advisable. Even if a fish
resource is privatised, there are conditions under which
the private owner may find it optimal to overfish the
stock, sometimes to extinction (Clark 1973; Clark et al.
2010). This happens when the stock in question grows
very slowly compared to the rate of discount, so that the
present value of future catches is low compared to the
once-and-for-all gain from depleting the stock. However,
such restrictions are not necessarily best imposed by
a governmental fisheries administration. Successful
examples around the world of community-based or
fisher-led restrictions are common, often in conjunction
with spatial or territorial limits.

We need effective institutions at all levels of government,
from the local to the provincial/state to the national,
regional and international because of the migratory
nature of many fish stocks. Many fish stocks spend their
lives completely in the EEZs of countries — they do not
migrate across EEZs of other countries or straddle into
the high seas. For these fish stocks, effective national
institutions are all that is needed. Then we have fish
stocks that are shared by two or more countries, the so-
called transboundary fish stocks that live completely
within the EEZs of more than one country. For these

fish stocks, participants in the fishery must agree on the
management of the stock in order to make it effective
(Munro et al. 2004). Then there are fish stocks that are
partly or wholly located in what is left of the high seas. It
has for a long time been a concern that the regulation of
these fisheries is ineffective and that regulation of stocks
that are governed by one or more coastal states but which
straddle periodically into the high seas is undermined
by the open access to the High Seas. This prompted a
conference on high seas fisheries in the 1990s under the
auspices of the UN. This resulted in what is usually called
the UN Fish Stocks Agreement, which vests the authority
to regulate high seas fisheries in regional fisheries
management organisations (RFMOs) (United Nations
1995), whose functioning was recently reviewed by Cullis-
Suzuki and Pauly (2010b) and generally found wanting.

4.2 Regulatory reform

The basic requirement for a successful management of
a fish stock is limiting the rate of exploitation to some
sensible level. This necessitates (i) a mechanism to
set such a target catch level; and (ii) a mechanism to
monitor and to enforce it. The basic question to ask is
whether the scientific,administrative and law-enforcing
capability is in place to make this happen. The presence
of strong social norms and cultural institution are great
tools for enforcement where they work.

In practice, effective management institutions would
have in place mechanisms for providing scientific advice,
as well as a mechanism to set the rate of exploitation
on the basis of that advice and in such a way that
it maximises long term benefits in the form of food
supplies or fishing rent (difference between revenues
and costs adjusted for subsidies). The latter requires an
efficient and uncorrupted administration that strives for
the best possible economic (or food supply) situation of
the country in question (UNEP 2008).

As to the specific means by which the fisheries
administration achieves its goals, these must be decided
on a pragmatic basis. A limit on the total catch is perhaps
the most obvious instrument to use, but there are
circumstances where it might not be adequate. Catch
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limits are notoriously difficult to monitor in small-scale
fisheries, and even monitoring the boats and their
use need not be much easier in that context. Yet, it is
quantitative restriction of either kind that is needed in
order to limit exploitation of fish stocks.

It has been pointed out repeatedly and supported
by empirical evidence that limiting fish catches
alone achieves very limited objectives in the fisheries
(Costello et al. 2008; Hannesson 2004). It may, and it
often has, succeeded in maintaining the fish stocks at
healthy levels, while leaving the industry in shambles
economically, with short fishing seasons, inferior
products, low economic returns, and even threats to
life and limb through undue risk-taking encouraged
by narrow time opportunities to catch fish. One way to
deal with this is to allocate the total fish quota among
the vessels or fishing communities in the industry and
make the quota allocations transferable, where feasible.

4.3 The economics of fishery
management tools

The basic fishery management tools can be grouped
into (i) output controls; (ii) input controls; and (iii)
auxiliary measures. Both (i) and (ii) control the rate
of exploitation, which is the fundamental factor that
needs to be controlled, as stated earlier.

Output controls mean limiting the total amount of fish
that can be caught. We do not know what this means in
terms of rate of exploitation unless we know what the
size of the fish stock is. This can only be estimated with
a considerable and possibly high degree of imprecision.

Nevertheless, catch quotas are often set on the basis of
some target rate of exploitation, and to make any sense
of them we must have a reasonably reliable idea about
what the stock size is. This is admittedly an unlikely
scenario in most fisheries of the world, which are small-
scale and local in nature, and for which output controls
may be of limited use. However, where feasible, the
target output should be set on the basis of maximizing
either food supply or fishing rent, depending on what
is deemed most appropriate.

Where itis feasible to set a catch quota, and where there
are strong monitoring and enforcement capabilities,
it might be feasible to allocate the quota among the
players in the industry, and make it transferable. This
should help avoid wasteful competition for the largest
possible share of a given catch and to achieve a
reasonable correspondence between the fleet capacity
and the available catch quotas. We stress reasonable,
because there are several reasons why there is likely to
be some mismatch between fleet capacity and catch
quotas. One is variability of the fish stocks, another is
the remuneration system used on the fishing boats. The
optimal solution is ideal, but in practice we are unlikely
to achieve anything better than getting closer to it.

Under some circumstances, effort controls could be
better than quota controls. This can happen if quotas are
difficult to monitor, or if the size of the fish stock cannot
be estimated while we can be reasonably certain thatitis
always evenly distributed in a given area so that a‘unit of
effort’ produces a given rate of exploitation. A problem
here is technological progress by which a ‘unit of effort’
(say, a boat-day) becomes more and more effective over
time. Such increases in effectiveness usually reach 2-3

A shared fish stock is one that either i) is a highly
migratory species (i.e., tuna); ii) occurs in the EEZ
waters of more than one political entity; iii) occurs in
the high seas where it may be targeted by a multitude
of fleets; or iv) any combination of the previous
three. Often, the management of shared fish stocks
is needed to counter what game theorists term the
‘prisoner’s dilemma; where parties sharing a stock
would be better off cooperating on management
initiatives but fail to do so because they are concerned
other parties may ‘free-ride’on their investment in the
resource.

The 1982 United Nations Convention on the Law of
the Sea (UNCLOS) was implemented to deal with
some problems associated with shared fish stocks,

Box 6: Updating international law on shared fish stocks

giving special rights and responsibilities over near-
shore marine resources to coastal nations. However,
this agreement and the 1995 United Nations Fish
Stock Agreement, which was meant to reinforce
UNCLOS, have left the management of shared and
transboundary fish stocks open to management
problems that game theorists have predicted (Munro
2007). It is suggested that, in order to green fisheries
that are shared or transboundary in nature, the body of
international law concerning access rights in fisheries
must be re-examined with afocus on the establishment
of Regional Fisheries Management Organizations
(RFMO) with the ‘teeth’ to oversee the use of these
fish stocks; for such laws to be effective, international
law should be reviewed as soon as possible — before
serious harm to shared fish stocks occurs.




per cent per year, and hence can double the impact of
a fleet after two decades (Pauly and Palomares 2010).
In fact, this method of management encourages
technological progress for the sole purpose of catching
more fish even to the point of exceeding the target
rate of exploitation. Some efficiency gains are likely to
be realised through allowing trade in effort. The total
effort should be determined on the basis of the same
principles as the total catch quota.

Then there are several measures which are termed
‘auxiliary; as they do not primarily address the basic
problem of controlling the rate of exploitation but
promote greater yields from fish stocks in various
ways. One is selectivity of fishing gear (mesh sizes, for
example). Larger meshes allow young, fast growing
fish to escape capture and to be caught at an age when
they have grown to a more appropriate size. Closing
off nursery areas serves the same purpose. Protecting
the spawning stock could be desirable, if the extent the
size of the spawning stock is critical for recruitment of
young fish. Regulations such as mandatory discarding
of marketable fish are highly doubtful, as is mandatory
retention of unmarketable fish. The rationale for such
measures is to discourage people from seeking fish
that they are not authorised to take. While this is indeed
desirable, such regulations are economically wasteful
and one should look for ways to achieve the desired
outcome in less wasteful ways.

4.4 Managing the transition process

This would be most challenging when we are dealing
with depleted fish stocks that need to be rebuilt. This
situation arises because the capacity of the fishing fleet
has outgrown the available resource, and so the fleet
would have to be downsized. Both of these necessitate
a cutback in fishing activity. Fish quotas that are lower
than contemporary and recent catches which have
depleted the fish stock are necessary to rebuild the
stock. Such small quotas mean that some of the fishing
capacity is redundant, and even with rebuilt stocks
it is highly likely to remain redundant if a repeated
depletion of the stock is to be avoided.

All this implies investment in the fish stocks as it were,
through foregone earnings in the short term for the
purpose of obtaining higher benefits in the future.
Likewise, having some boat owners leave the fishery
means that they would be foregoing earnings they
otherwise would have obtained, and those who leave
would in any case not share in the higher benefits
to be realised in the future. Since the justification for
rebuilding fish stocks is higher future benefits, it would
in principle be possible for those who remain in the
fishery to buy out those who leave and in this way
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share the future income recovery with them (Martell
et al., 2009). The problem is, however, that future
income is an expected and not a certain variable, and
the vagaries of nature could in fact greatly delay the
realisation of any income recovery. Those who remain
in the industry could therefore be reluctant to offer
much of the income recovery they expect.

Thereisalsoakeyissuein small-scale fisheries particularly
of a lack of access to capital, limiting the potential for
this process. There is therefore a case for governments
to come up with funds to finance the transition from
overexploitation and overcapacity to an optimally
exploited fishery with optimal fleet capacity. It should
be stressed, however, that this is only bridge financing;
in due course those who remain in the fishery should
pay back the loans they got for the transition. Anything
else could create the expectation that boat owners in an
overexploited fishery will always be bought out, which
could entice people to invest in overcapacity purely on
the expectation to be bought out later.

4.5 Learning from successful
international experience

There are a number of cases of successful transitions from
an overexploited fishery, or a fishery with overcapacity,
to a better managed fishery, albeit not fully optimal.
Below is a non-exhaustive selection of these cases and
their most salient features are mentioned.

New Zealand

One of the early cases of control by individual
transferable quotas is the bottom trawl fisheries in
New Zealand. One interesting aspect of how that
regime was implemented in the inshore fishery was
how excess fishing capacity was bought out by having
fishers tendering quotas. These buyouts were, however,
financed with public money and never recovered; plans
to charge resource rentals were abandoned early on.
This case is well documented in a number of papers
(e.g., Ackroyd et al. 1990; Batstone and Sharp 1999;
Clark et al. 1989; Hersoug 2002).

Pacific halibut

Individual transferable quotas were first introduced in
the Canadian halibut fishery. One noteworthy feature
is industry participation and payment for monitoring of
quotas. Another lesson is how individual quotas provide
economic benefits in the form of higher catch value due
to longer fishing season and more leisurely fishing (Fox
et al. 2003; Rice 2003; Turris 2000; Wilen 2005).

Ayvalik-Haylazli Lagoon fishery
The Ayvalik-HaylazliLagoonfishery, nearamajoragricultural
and commercial centre city in Turkey, is an example of
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successful community management (Berkes 1986). In this
fishery, fishers from three neighbouring villages formed a
cooperative in 1994. This cooperative organised fishers to
cooperate in work to reduce fishing costs and restricted the
resources access only to those members.

Alaska Regional Fisheries Association

This association, formed by fishers themselves to
conserve and rebuild salmon stock in the middle of
1970s, is another successful case of fishery management.
By self-imposing a tax of 3 per cent of the value of their
catch, the association was able to increase salmon
abundance and benefit the fishers (Amend 1989).

Fisheries Adjustments in Spain

Starting in the mid-1970s, the extension of national
fisheries jurisdiction into 200-nautical mile exclusive
economic zones forced Spanish distant fishers were
forced to depart from various fishing grounds where
they had fished for decades, if not centuries. This
resulted in a decline in employment by roughly a third
over few decades. However, government-supported
unemployment subsidies, training programmes, public
investment and transfers to new sectors, such as fish
farming, fish processing and coastal tourism, enabled
Spanish communities that are reliant on fishing to
ensure a continued high standard of living and to avoid
any major social crisis despite a significant decline in
fisheries employment (OECD 2000).

The lessons that can be learned from these cases are
the following:

M It is important to find an initial allocation of quota
that is generally understood to be equitable and
immune to challenge as far as possible (there might
always be controversial cases, however);

B The allocation criteria should be fixed as quickly as
possible, toavoid positioning such as participationinthe
fishery or investment in boats only to ensure inclusion
in the system. This aggravates the overexploitation
and overcapacity prior to establishing a quota system
(bringing loans only);

B There may be a case for government to help with
the provision of funds, to be paid back later, to buy out
excessive fishing vessels;

B Equitable distribution of gains from individual
transferable quotas is important, in order to avoid
challenges on the grounds that the quotas make only
a few people rich and leave little for the rest of society.
Note that these challenges can emerge well after the
quota system is established and even if the initial
allocation of quotas was deemed acceptable, as gains
from a quota regime take some time to emerge;

B There can be very substantial gains from individual
quotas, in the form of lower fishing costs and a higher
catch value. Not all these gains are due to rebuilding of
fish stocks. Some are due to less fishing capacity used,
others to longer fishing season and more leisurely
fishing; and

B Under certain circumstances, fishing communities
have the potential to maintain resources sustainably
(Berkes et al. 2001; Ostrom et al. 1999).

4.6 Financing fisheries reform

As shown earlier, ‘green’ fisheries require accessing or
raising the necessary fundsto meet the economic,
environmental and social goals in order to: ensure the
long-term future of fishing activities and the sustainable
use of fishery resources.Financing is required for
measures to adapt the fishing fleet; promote the use
of appropriate gear; strengthening markets in fishery
products; promoting partnerships between researchers
and fishers; diversifying and strengthening economic
development in areas affected by the decline in fishing
activities; provision of technical assistance and (human)
capacity building in developing countries.

Activitiesaimed atgreeningthefisheries sectorarediverse
and would take place at the local, national, regional and
global levels. Financing arrangements or options would
also have to be tailored to meet the needs at these levels.
We must also keep in mind when considering options for
financing fisheries reform that ample investment may
not be sufficient for greening the fisheries sector if not
combined with effective management regimes.

Public investment in fisheries reform

Since fisheries are considered by many to be a public
resource and the public has much to gain through
improved management, significant public investment
in this industry can be justified. Public funding for
fisheries sustainability includes direct funding from
national budgets, contributions from multilateral
funds, resources raised from capital markets backed
by government guarantee and a share of government
taxes, levies or revenues earmarked at a national level
for a fisheries fund. A Global Fisheries Fund (GFF), run
by the United Nations, along the lines of the Global
Environmental Facility (GEF), can be set up into which
funding from various public sources can be pooled for
greening the fisheries sector. A high level forum on
international fisheries finance can be established to
bring together, key decision makers from the public
and private financial sector, as well as international
financial institutions. It would regularly review
funding availability and expenditure and provide
recommendations for improvements.



National fisheries reform funding opportunities
National fiscal incentives can be a powerful source of
investments for green fisheries since political economy
problems that would normally be encountered in trying
to raise funds at the regional and/or global levels can
be avoided. Such sources of investment may be most
effective when the distribution of fishery resources
is fairly well contained within national boundaries.
However, given the transboundary nature of many
marine species such as tunas that are targeted by
many countries, national funding programs may fail to
generate adequate funding to green some fisheries.
Two fiscal incentive programs that can be effective for
funding fisheries investment are Environmental Fiscal
Reform (EFR) and the redirection of harmful subsidies to
green activities.

Environmental fiscal reform - Environmental Fiscal
Reform refers to a range of taxation and pricing
measures which can raise revenue while furthering
environmental goals (OECD 2005). In the absence of
taxation, the financial benefit from exploiting fisheries
resources are fully captured by the private sector,
without compensation to society at large. Additionally,
individual operators have little direct incentive to
restrict their catch, since they do not, individually,
derive any direct benefits from doing so while others
continue to over-exploit. Imposing levies on the volume
of catch,in combination with proper management
measures — which may include restricting access to
fishing grounds - can be effective in both generating
revenue to compensate the owners of the resource, (i.e.,
the country whose fishing stocks are being exploited) as
well as create a natural incentive to reduce fishing effort.

Redirection of subsidies - Elimination and/or redirecting
existing harmful subsidies in the fisheries sector
globally can provide a significant additional source of
financing for greening the fisheries sector. Fisheries
subsidies have been estimated at some US$ 25-
30 billion annually (Sumaila et al. 2010). Limiting
subsidies to those used for management, the so-called,
beneficial subsidies, would generate savings of about
US$ 19 billion annually, which can be reallocated to
finance green fisheries initiatives.

Regional financing arrangements
A regional financing facility or mechanism is one in
which:

M the activities it funds are limited to a given region
(e.g., the‘Coral Triangle’in the Western Central Pacific, or
West Africa); and

B the arrangement’s member countries from within a
given region have a substantial role in decision making
(Sharan 2008).

Fisheries

Regional financing of the greening of fisheries is
important for a number of reasons. First, while the issue
of fisheries sustainability is a global one, it has strong
regional dimensions as well. Obstacles and measures
required to adapt depend on regional biological and
political landscapes and as such, would not be identical
forall regions. The decline of the fish stock and its impacts
is unlikely to be confined within any one country, and
one country would not be able to address such impacts
alone. Thus, regional financing arrangements would
strengthen the overall global collective action for
greening fisheries. A regional approach also offers
proximity benefits such as closerinteractionandlearning,
and lower transaction costs. A regional financing
arrangement can also attract additional resources within
the region as countries feel that they are in charge of
decisions. In this regard, Regional Fisheries Funds can be
set up in various regions of the world.

Private investment in fisheries reform

Venture capital and private equity - Consumers
are increasingly sensitive to the wider impacts of
unsustainable fishing practices as they are with climate
change. The result has been consumer pressure for
products that are certified as environmentally friendly
or consistent with sustainability. Emerging high growth
sectors have traditionally been a target for venture
capitalists, who invest in entrepreneurial activities and
expect high returns for their risks. Markets for sustainable
products and services such as eco-tourism and certified
seafood can present attractive sources of income for the
management of protected areas and their surrounding
communities. Enabling productive projects for private
sector actors in protected areas, with specific profit
sharing agreements, have the potential to be an
important potential source of financing.

Public-private partnership (PPPs)

While the public and private sectors have important
roles to play in generating new sources of funding
for greening the fisheries sector, the mechanism of
a Public Private Partnership (PPP) where the public
sector’s investment is leveraged to attain private sector
participation in projects with public good characteristics
can be applied in the fisheries sector.

Evaluation of financing options

There are a myriad of financing options that have been
outlined above ranging from those best implemented at
national or global scales and those operated by public
or private entities. Given the common property nature
over much of the world’s oceans living resources, which
is detrimental to the success of private investment, it is
unlikely that this avenue can be expected to fill much
of the needed investment. That said, where sufficient
access rights and regulations exist, this environment
has the potential to spawn a great deal of innovative
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private business activity that can be effective in both
greening fisheries as well as driving new employment
opportunities and wealth creation.

In regions of the world where rights are difficult to
implement or communities prefer other forms of
management, it is clear that the public has a large role
in investing in green fisheries. This is an opportunity for
public funds to be used in an area that will create jobs
and yield benefits for public resource owners. National

strategies such as environmental fiscal reform are likely
to be successful in cases where fish stocks remain within
national boundaries. In other cases where stocks travel
between the boundaries of two or more countries,
regional or global strategies such as market based levies
combined with international cooperation have a great
deal of potential. Even in cases where green investment
is to operate at the national level, international
cooperation on topics such as the redirection of fisheries
subsidies can be highly influential in driving change.



5 Conclusions

Our analysis confirms that global marine fisheries are
underperforming both in economic and social terms.
Greening the fisheries sector by rebuilding depleted
stocks and implementing effective management could
increase the overall marine fisheries catch, and raise the
economic contribution of ocean fish populations to the
global economy.

While important efforts have been made in national
fisheries administrations around the world, and through
regional fishery management organisations, more is
needed to enhance the management of the resources in
a green economy context.

In order to achieve sustainable levels of fishing from an
economic, ecological and social point of view, a serious
reduction in current excessive capacity is required.
Given the wide difference in the catching power, the job
creation potential, and the livelihood implications of large-
scale versus small-scale fishing vessels, it appears that a
reduction effort focused on large-scale vessels could reduce
overcapacity at lower socioeconomic costs to society.

This chapter demonstrates that greening the fisheries
sector would cost billions of dollars. However, the gains
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from greening would more than pay for themselves.
Most of the cost involves helping the fisheries sector
adjust to lower fishing capacity, which is a prerequisite
for greening the fisheries sector and keeping it
economically viable over the long term.

The contribution revealed that there are successful
experiences with mechanisms to manage the transition
and adjustment within the fishing industry, through
vessel buy-back programmes, compensation, provision
of social security and retraining programmes for fishers,
to learn from and build upon.

More investment is required to improve fisheries
management in most parts of the world. This would enable
a more effective implementation of all management
tools that have proven to be effective, including stock
assessments, monitoring and controlling programs,
transferable and non-transferable quota systems,
and expanding marine protected areas. In addition,
strengthening fishery institutions both in national
administrations and regional fishery management
organisations would allow a more effective governance
and management of resources within and outside nations’
Exclusive Economic Zones.
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Key messages

1. Water, a basic necessity for sustaining life, goes undelivered to many of the world’s poor.
Nearly 1 billion people lack access to clean drinking water; 2.6 billion lack access toimproved sanitation
services; and 1.4 million children under five die every year as a result of lack of access to clean water and
adequate sanitation services. At the current rate of investment progress, the Millennium Development
Goal for sanitation will be missed by 1 billion people, mostly in Sub-Saharan Africa and Asia.

2. The existing provision of water and sanitation services generates considerable social costs
and economic inefficiencies. When people do not have access to water, either large amounts of their
disposable income have to be spent on purchasing water from vendors or large amounts of time, in
particular from women and children, have to be devoted to carting it. This erodes the capacity of the
poor to engage in other activities. When sanitation services are inadequate, the costs of water-borne
disease are high. Cambodia, Indonesia, the Philippines and Vietnam, for instance, lose about US$9
billion a year because of poor sanitation — or approximately 2 per cent of combined GDP. Access to
reliable, clean water and adequate sanitation services for all is a foundation block of a green economy.

3. Business-as-usual (BAU) translates as a massive and unsustainable gap between global
supply and water withdrawals. With no improvement in the efficiency of water use, water demand
is projected to overshoot supply by 40 per cent in 20 years time. Historical levels of improvement
in water productivity, as well as increases in supply (such as through the construction of dams and
desalination plants as well as increased recycling) are expected to address 40 per cent of this gap, but
the remaining 60 per cent needs to come from investment in infrastructure, water-policy reform and
in the development of new technology. The failure of such investment or policy reform to materialise
will lead to the deepening of water crises.
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4. The availability of an adequate quantity of water, of sufficient quality, is a service provided
by ecosystems. The management of, and investment in, ecosystems is therefore essential to address
water security for both people and ecosystems in terms of water scarcity, the over-abundance of
water (flood risk) and its quality.

5. Accelerated investment in water-dependent ecosystems, in water infrastructure and
in water management can be expected to expedite the transition to a green economy.
Modeling suggests that, under the green investment scenario, water use at the global level
is kept within sustainable limits and all the MDGs for water are achieved in 2015. Water use is
more efficient, enabling increased agricultural, biofuel and industrial production. The number of
people living in a water-stressed region is 4 per cent less than under BAU by 2030, up to 7 per cent
less by 2050.

6. When investment is coupled with improvements in institutional arrangements,
entitlement and allocation systems; the expansion of Payments for Ecosystem Services; and
the improvement of water charging and finance arrangements, the amount that needs to
be invested in water can be reduced significantly. Moreover, a significant proportion of water-
management policies and measures in other sectors such as input subsidies are undermining
opportunities to improve water management. Resolving global water supply problems is heavily
dependent upon the degree to which agricultural water use can be improved. Irrigated land
produces 40 per cent of the world’s food and, as populations grow, a significant proportion of this
water will need to be transferred to urban, commercial and industrial uses.

NP
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1 Introduction

1.1 The aim of this chapter

This chapter has three broad aims. First, it highlights the
importance of providing all households with sufficient
and affordable access to clean water supplies as well as
adequate sanitation.

Second, it makes a case for early investment in water
management and infrastructure, including ecological
infrastructure. The potential to make greater use
of biodiversity and ecosystem services in reducing
water treatment costs and increasing productivity is
emphasised.

Third, the chapter provides guidance on the suite of
governance arrangements and policy reforms, which,
if implemented, can sustain and increase the benefits
associated with making such a transition.

1.2 Scope and definition

The scope of this chapter is restricted to freshwater
ecosystems, the water supply and sanitation’ sectors
and the government and market processes that
influence how and where this water is used.

The crucial contribution water makes to agriculture,
fisheries, forestry, energy and industrial production is
discussed in other chapters.

The perspective offered in this chapter is one that
looks forward 20 years to 2030 and, where possible,
to 2050. During the next 20 years, a considerable rise
in demand for water of sufficient quantity and quality
is expected and changes in local supply conditions
are forecast.

The chapter builds on a substantial body of work
undertaken in recent years by organisations and
committees concerned about the way water resources
are being managed.? To assist with its preparation, 11
background papers were prepared. References to these
papers are marked in bold.

1. The World Health Organisation defines “sanitation” as “the provision
of facilities and services for the safe disposal of human urine and faeces.
Inadequate sanitation is a major cause of disease world-wide and improving
sanitation is known to have a significant beneficial impact on health both
in households and across communities. The word ‘sanitation’ also refers to
the maintenance of hygienic conditions, through services such as garbage
collection and wastewater disposal” http://www.who.int/topics/sanitation/en/

Structure of the chapter

This chapter identifies the contribution that water can
play in assisting a transition to a green economy. We
first present a vision of the role that water ecosystems
can play in the transition to a green economy and then
provide an overview of the world’s water resources and
the services offered by the water supply and sanitation
sector. After highlighting some of the more unique
characteristics of water, challenges and opportunities
to make better use of water and water dependent
ecosystems are identified. Building on this knowledge
base, the benefits of investing in the water supply and
sanitation sector as a means to assist with a transition to
a green economy are quantified. The chapter closes by
identifying institutional reforms, which, if implemented,
would increase the returns from a commitment to a
transition to a green economy.

1.3 Water in a green economy - A vision

As stressed in earlier chapters, in a green economy there
is emphasis on the pursuit of opportunities to invest in
sectors that rely upon and use natural resources and
ecosystem services. At the same time, there is a transition
to a suite of policy and administrative arrangements that
neither degrade the environment nor impose costs on
others. The interests of future generations are considered
carefully. In the case of water, many of the potential gains
are achieved simply by deciding to invest in the provision
of water and sanitation services. Where water is scarce,
this scarcity is acknowledged and managed carefully.
Progress towards the pursuit of green objectives can
be accelerated through the redesign of governance
arrangements, the improved specification of property

2.The recommendations developed in this chapter have been significantly
influenced by the:

Development of the Dublin principles in 1992 which observes that“Water
has an economic value in all its competing uses and should be recognized
as an economic good” (Global Water Partnership 1992);

« Camdessus Report on financing water infrastructure that called for drastic
improvements in accountability, transparency and capacity-building
in the public utility sector coupled with a doubling of funding for the
sector (Winpenny 2003);

Guria Task Force Report on “Financing water for all” which recommends
a transition to full cost recovery, the phasing out of subsidies and the
devolution of responsibility for water supply and treatment to local
government and municipalities (Guria 2006);

World Commission on Dams (2000) which warned of the need to carefully
assess the costs and likely benefits of major infrastructure investments;

World Health Organization's various reports on global water supply and
sanitation; and

+ 2030 Water Resources Group's report (2009) on ways to avoid water crises.
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Figure 1:“Green water” refers to rainwater stored in the soil or on vegetation, which cannot be diverted to a
different use.”Blue water” is surface and groundwater, which can be stored and diverted for a specific purpose

rights, the adoption of policies that reflect the full costs
of use including the costs of adverse impacts on the
environment, and through improved regulation. Use is
kept within sustainable limits.

In green economies, the role of water in both
maintaining biodiversity and ecosystem services and
in providing water is recognised, valued and paid for.
The use of technologies that encourage efficient forms
of recycling and reuse is encouraged.

1.4 Measuring progress towards
a green economy

In many countries, there is a lack of reliable data on the
water-storage capacities of river basins, the condition of
built infrastructure and the performance of the water
supply and sanitation sector. One of the more significant
opportunities to improve investment and management
is to assemble data in a manner that enables the
performance of one region to be accurately compared
with other regions.

Signposts of success in terms of progress towards a
greener set of economic arrangements include:

B Evidence of increased investment in the water
supply and sanitation sector that gives consideration
to the environment;

B The formal definition of rights to use water and its
allocation to users and the environment;

B Legislative recognition of the important role that
ecosystem services can play in supporting an economy;

M Investment in the development of institutional
capacity to manage ecosystems, including water, on a
sustainable basis or using an ecosystem approach;

B The removal of policies that discourage ecosystem
conservation and/or have perverse effects on water use
and investment;

B Progress towards arrangements that reflect the full
costs of resource use in ways that do not compromise
the needs of disadvantaged people in a community; and
B Addressing ecosystem degradation by increasing
efforts for restoring and protecting ecosystems critical
to supply of water quantity and quality.

Indicators to be tracked include data on:

B The number of people without access to reliable
supplies of clean water and adequate sanitation;

B The volume of water available per person in a region;

B The efficiency of water supply in the urban sector and
water use;

B The efficiency of water use in the agricultural and
industrial sectors; and

B The “water footprint” of companies and countries.
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1.5 The world’s water resources

Access to the world’s water resources is heavily
dependent upon the nature of the water cycle. While a
massive amount of water reaches the earth’s land surface,
much less, around 40 per cent, makes its way into creeks,
rivers, aquifers, wetlands, lakes and reservoirs, before
cycling back into the atmosphere (see Figure 1). Of the
water that is extracted for human purposes, on average,
approximately:

B 70 per cent is used for agricultural purposes;

B 20 per cent is used by industry (including power
generation); and

Bl 10 per cent is used for direct human consumption.

Given that the vast majority of usable fresh water is
channelled towards agriculture, any global consideration
of water allocation must consider the factors that
determine the efficiency of water use in the sector.
Irrigated land produces around 40 per cent of the world’s

food (Hansen and Bhatia 2004; Tropp 2010). One of the
biggest challenges facing water managers is to find a
way to significantly increase the productivity of irrigated
agriculture so that water can be transferred to other
sectors without adversely affecting the environment or
food security. In many parts of the world there are few
opportunities to enhance supplies at reasonable cost.

But general observations can be misleading. No two
water bodies are the same. Managing large, complex,
trans-boundary water systems typically requires a
different approach to overseeing smaller water systems,
where local issues are often all that need to be considered.
In developing countries, water management and
investment is typically geared towards ways of reducing
poverty and enabling economic development, while the
priority for developed nations tends to be maintaining
infrastructure and supplying access to water at reasonable
cost. Demand and supply also vary greatly. In Singapore,
for example, almost all water is extracted for urban and
industrial purposes, while in many other parts of the
world, the majority of water is extracted for agricultural or
mining purposes (Cosgrove and Rijsberman 2000).
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2 Water: a unique natural resource

Unlike most other natural resources, water flows readily
across and through landscapes in complex ways that
affect its availability and opportunities to manage it.
Understanding these water flows is critical to the design
of investment programmes and policies necessary to
support a transition to a green economy.

2.1 Services from natural infrastructure

Water makesanirreplaceable contribution to ecosystem
services that stem from the earth’s “natural capital”
Protecting the natural ecosystems of river basins
and restoring degraded catchment areas is crucial
to securing the world’s water supplies, maintaining
their quality, regulating floods and mitigating climate
change (Khan 2010; TEEB 2008, 2009a, b, c). The role
of other ecosystems, such as forests, wetlands and
floodplains in providing access to water also needs to
be recognised and quantified — gauging the true value
that these ecosystems provide is a key part of charting
a course to a green economy.

Recent analysis is showing a close global correlation
between the threats to biodiversity and threats to
water security. As shown in Figure 2, regions where

water security is high but the threat to biodiversity is
low are rare. When the threat to water security is high,
usually the threat to biodiversity is high. This suggests
that there may be considerable opportunities for
governments to improve biodiversity outcomes by
investing in water security (Vorosmarty et al.2010).
Water-dependant ecosystems also play an important
role in the provision of cultural benefits (Millennium
Ecosystem Assessment 2005).

2.2 Water accounting

As water flows through and across land, it is used and
reused. This makes information about water difficult to
assemble and use for management. When, for example,
a policy promotes a more efficient irrigation system, it is
critical to decide whether or not the “savings” are to be
used to expand irrigation or returned back to the river
or aquifer from which the water was taken (Molden
1997). Gains in one area can be associated with losses
in another area. When the savings are not returned
back to the river or aquifer, the result can be a
significant reduction in the quantity of water available
to the environment and to other users (Independent
Evaluation Group 2010).

Biodiversity threat
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Figure 2: Prevailing patterns of threat to human water security and biodiversity. Adjusted human water
security threat is contrasted against incident biodiversity threat. A breakpoint of 0.5 delineates low from
high threat

Source: Vorosmarty et al. (2010)
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Another common water accounting error is to assume
that ground and surface water systems are not connected
to one another and to administer them separately. Many
rivers play animportant role in replenishing aquifers, while
aquifers can provide much of a river’s base flow (Evans
2007). Failing to account for these interactions can result
in the serious problems of over-use and degradation. One
administrative solution is to reverse the onus of proof and
require managers to assume that ground and surface
water resources are linked and manage them as a single
connected resource until such time as disconnection can
be shown (NWC 2009).

Land-use changes can have similar effects on the volume
of wateravailable for use.Whenever someone establishes
a plantation forest, terraces a hillside, constructs a farm
dam, etc,, typically run-off is reduced and, as a result, the
quantity of water available for extraction from a river or
aquifer is less than it otherwise would be. Accounting for
water in a way that is consistent with the hydrological
cycle and that avoids double counting of its potential to
contribute is critical to developing the robust allocation
and management systems that underpin a green
economy (Young and McColl 2008).

2.3 Water and energy

The interdependence of water and energy demands also
needs careful attention as arrangements are put in place
for a transition to a green economy. There are at least
two dimensions to this relationship.

First, water plays an important role in energy generation,
notably as a coolant in power stations. In the United
States of America, for example, 40 per cent of industrial
water-use is for power-station cooling (National Research
Council 2010), although water-use efficiency varies with
the technology used (Figure 3). By 2030, it is expected that
31 per cent of all industrial water-use in China will be for
cooling power plants (2030 Water Resources Group 2009).
Generally, as countries become wealthier and more
populous, industrial demand for water is expected to
increase.In China, morethan half of theincreaseindemand
for water over the next 25 years is expected to result from
a significant expansion in its industrial sector (see Figure
10), which will need to be accommodated through a
simultaneous reduction in the amount of water used for
irrigation in the agricultural sector.

Second, the water supply and sanitation sector is a large
consumer of energy. Relative to its value, water is heavy
and in energy terms expensive both to pump over long
distances and to lift. In California, USA, where large
volumes of water are transported over long distances, the
water sector consumes 19 per cent of this state’s electricity
and 30 per cent of its natural gas (Klein et al. 2005).
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In developed countries, the relatively high energy
costs of pumping and treating water for household,
industrial or mining purposes are broadly accepted.
In developing countries, great care must be taken to
ensure that water treatment and distribution systems
remain affordable. The relatively modest financial
returns from food production in both developed and
developing countries means it rarely pays to pump
water over long distances for agricultural purposes. In
recognition of this, Saudi Arabia has recently shifted
its food security policy from one that subsidises water
use at home to one that invests in the development
of agriculture in other countries where water supplies
are more abundant. This is enabling Saudi Arabia
to access food at more affordable prices and use the
revenue saved for other, more sustainable, purposes
(Lippman 2010).

Water

Appreciation of the nexus between water and energy
highlights a set of green investment opportunities that
are starting to emerge. In Durham, Canada, for example,
a water efficiency field trial® was able to reduce water
use by 22 per cent, electricity by 13 per cent and gas
by 9 per cent with a resultant annual reduction in CO,
emissions of 1.2 tonnes per household - an 11 per cent
reduction (Veritec Consulting 2008).

3. The field trial took a sample of 175 households in the region of Durham,
east of Toronto. The sample homes were given upgrades in efficient
clothes washers, dishwashers, toilets, showerheads, fridges, and landscape
packages to quantify the potential water, energy, gas, and CO, savings
from efficient fixtures, appliances, and landscape design. To control and
measure demand for each of the resources, sub-meters and data loggers
were installed on fixtures and appliances within the home. The savings in
resources could be attributed to both efficient fixtures and appliances and
efficient water and energy use habits of the homeowners. The annual utility
cost savings are expected to be more than US$200 a year, which allows
recovery of the additional installation cost in 3.4 years.
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3 Challenges and opportunities

This section identifies the challenges associated with
water scarcity and declining water quality in many parts
of the world and it outlines opportunities for societies
to more efficiently manage their water resources and
make the transition to a green economy and, in so doing,
achieve the Millennium Development Goals.

3.1 Challenges

Poverty, access to clean water and adequate sanitation
services

Nearly 1 billion people lack access to clean drinking
water and 2.6 billion lack access to improved sanitation
services (WHO/UNICEF 2010). As a direct result, every
year, 1.4 million children* under five die as a result of
lack of access to clean water and adequate sanitation
services (UNICEF 2004). In east Nigeria and north

4. 3,900 children per day.

Box 1: Economic impacts of
poor sanitation

Cambodia, Indonesia, the Philippines and
Vietnam lose an estimated US$9 billion a year
because of poor sanitation (based on 2005
prices). This amounts to around 2 per cent of
their combined GDP, varying from 1.3 per centiin
Vietnam, 1.5 per cent in the Philippines, 2.3 per
cent in Indonesia and 7.2 per cent in Cambodia.

The annual economic impact of inadequate
sanitation is approximately US$6.3 billion in
Indonesia, USS$1.4 billion in the Philippines,
US$780 million in Vietnam and US$450 million
in Cambodia. In these four countries, the total
value of this impact is US$8.9 billion per year.

In 1991, a cholera epidemic swept through most
of Peru® and cost US$1 billion to control. If one
tenth of this amount (US$100 million) had been
spent on the provision of sanitation services the
epidemic would not have occurred.

Source: World Bank — Water and Sanitation Program (2008) and Tropp (2010)

5. The epidemic also spread into several other countries in
South, Central and North America

Cameroon, every 1 per cent increase in use of unprotected
water sources for drinking purposes is directly associated
with a 0.16 per cent increase in child mortality (Ward
etal.2010).

Gleick (2004, 2009) argues that failure to provide
people with affordable and reliable access to water
and sanitation services is one of humankind’s greatest
failings. Lack of sanitation makes people sick. When water
is unclean, water-borne diseases such as diarrhoea and
water-washed diseases including scabies and trachoma
are common (Bradley 1974). Diarrhoea is the third most
common cause of child mortality in West Africa after
malaria and respiratory infections (ECOWAS-SWAC/OECD
2008). New water-borne diseases such as the Whipple
disease are still emerging (Fenollar et al. 2009).

The adverse impacts of water-borne disease on an
economy can be large (Box 1). When people are sick,
they cannot work and, among other things, considerable
expenditure on medical treatment is needed.

The adverse impacts of inadequate access to clean
water, however, do not stop with water-borne disease.
When water is not on tap, people (mainly women and
children) must either spend a large amount of time
fetching water or pay high prices for it to be carted to
them. In Western Jakarta, Indonesia, the cost of water
purchased from a water cart is ten to fifty times the full
cost to a water utility of establishing a reliable mains
water supply (Fournier et al. 2010). In circumstances,
the challenge is to find a way to convince governments
and private investors to go ahead when there is a
widespread perception that poor people are not able
to pay for water (services) and that it is not cost-efficient
to supply water to informal settlements. A lack of easy
access to clean water also erodes the capacity of the
poorest to engage in other activities. When children,
for example, spend a large proportion of their days
fetching water, they have less opportunity to attend
school and gain the education necessary to escape
from poverty. When women are forced to spend time
carting water they have little opportunity for gainful
employment elsewhere. More than a quarter of the
population of East Africa live in conditions where
every trip to collect water takes more than half an
hour (WHO/UNICEF 2010).

From a government perspective, when water supply
and sanitation services are inadequate, large amounts
of revenue are spent dealing with the impacts of disease
rather than generating wealth (Tropp 2010).
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Box 2: Millennium Development Goals and water

In 2000, governments committed to a wide range of
Millennium Development Goals (MDG) that rely upon
access to water and made a specific commitment to
halve the number of people without access to clean
water and adequate sanitation by 2015.

The 2010 update on progress towards the water
specific goals reports that 884 million - nearly
1 billion people - lack access to clean drinking
water. When it comes to sanitation, 2.6 billion
people do not have access to improved sanitation
services. One in seven of those people without
access to adequate sanitation services live in rural
areas (WHO/UNICEF 2010).

At the current rate of investment progress, the
Millennium Development Goals for sanitation will be
missed by 1 billion people (Figure 4). Most of these
people live in sub-Saharan Africa and Asia (Figure 5).

Significant progress has been made in India and
China (WHO/UNICEF 2010).

Population without improved sanitation
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Figure 4: Global progress towards Millennium
Development Goals' target to reduce the number
of people without access to adequate sanitation
services to 1.7 billion people by 2015.

Source: WHO/UNICEF (2010)

Progress towards MDG target
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Progress but insufficient

. Not on track
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Figure 5: Progress towards attainment of the Millennium Development Goals’ sanitation target to
half the number of people without adequate sanitation by 2015

Source: WHO/UNICEF (2010)
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. Little or no water scarcity

. Physical water scarcity

Definitions and indicators

near future.

purposes, but malnutrition exists.

D Approaching physical water scarcity

. Economic water scarcity

« Little or no water scarcity. Abundant water resources relative to use, with less than 25% of water from rivers withdrawn for human purposes.

« Physical water scarcity (water resources development is approaching or has exceeded sustainable limits). More than 75% of river flows are
withdrawn for agriculture, industry, and domestic purposes (accounting for recycling of return flows). This definition - relating water
availability to water demand - implies that dry areas are not necessarily water scarce.

« Approaching physical water scarcity. More than 60% of river flows are withdrawn. These basins will experience physical water scarcity in the

- Economic water scarcity (human, institutional, and financial capital limit access to water even though water in nature is available locally to
meet human demands). Water resources are abundant relative to water use, with less than 25% of water from rivers withdrawn for human

D Not estimated

Source: Molden (2007)

Figure 6: Areas of physical and economic water scarcity

In recognition of these fundamental and pressing
challenges, governments have committed collectively
to a set of Millennium Development Goals, which,
among other things, aim to halve the number of
people without access to clean water and adequate
sanitation services by 2015 (Box 2). By providing access
to clean water and adequate sanitation services at an
affordable price people can begin to save, invest and
take a longer-term view of their future. A transition to
greener approaches to resource use and investment
becomes possible.

Water scarcity

Exploring opportunities to invest in the construction
of dams, the International Water Management
Institute (IWMI) has identified two types of water
scarcity: physical scarcity and economic scarcity (Figure
6). In regions where there is physical scarcity, the
sustainable supply limit has been reached and little
opportunity to construct more dams remains. In

regions where the scarcity is economic, however, it is
possible to increase supplies if the financial resources
necessary to build a new dam can be found. IWMl is of
the view that economic scarcity is widespread in sub-
Saharan Africa and in parts of South and South-East
Asia (Molden 2007).

There is general consensus that when people have
access to less than 1,700 cubic meters of water per
year, a considerable proportion of them will be
trapped in poverty (Falkenmark et al. 1989). Taking
a different approach, the Organisation for Economic
Cooperation and Development (OECD) defines water
stress as “severe” when the ratio of total water use to
renewable supply exceeds 40 per cent (OECD 2009).
Using this measure, the OECD has estimated that by
2030 nearly half the world’s population (3.9 billion
people) will be living under conditions of severe water
stress (Figure 7). The reasons for the emergence of this
scarcity include:



B Population increase — by 2030 the world’s population
will have increased by 2.4 billion people. All of these
people can be expected to demand access to water
for basic needs, to supply industrial goods and
grow food.

B Increased living standards — as countries develop and
people become wealthier, they tend to consume more
water and more water-intensive products such as meat.

B Over-exploitation — around the world a considerable
proportion of aquifers and river systems are over-
used. It has been estimated that 15 per cent of India’s
total agricultural production is being delivered via
groundwater depletion - the situation that occurs
when extraction exceeds replenishment (Briscoe and
Malik 2006).

B Water pollution - an increasing number of water
supplies are becoming contaminated by pollutants, with
the consequence that less is available for use.

B Fcosystem degradation - over the last50 years
ecosystems have been degraded faster than ever before
(Millennium Ecosystem Assessment 2005). Freshwater
ecosystems, which provide critical services such as the
purification of water by wetlands or forests, have been
among the hardest hit.

B Adverse climate change® — when combined with
effects of climate change on dryland production
systems, the International Food Policy Research Institute
estimates that the aggregate effect of climate change is
likely to be a significant reduction in total agricultural
productivity. The greatest adverse impacts of climate
change on people are expected in South Asia. In the next
40 years, child malnutrition is expected to increase by
20 per cent as a direct result of climate change (Nelson
et al. 2009).

Balancing supply and demand

In an attempt to understand the magnitude of this
emerging water-scarcity challenge, the 2030 Water
Resources Group has projected global demand for water

6. The IPCC Fourth Assessment Report lists 32 examples of major projected
impacts of climate change amongst eight regions (covering the whole
Earth). Of these: 25 include primary links to hydrological changes; of the
other seven, water is implicated in four and two are general; only one
refers to main impacts not obviously linked to the hydrological cycle: coral
bleaching. The IPCC technical report (2008) underpinning this assessment
report concludes unambiguously, inter alia, that: "the relationship
between climate change and freshwater resources is of primary concern
and interest". So far, "water resource issues have not been adequately
addressed in climate change analyses and climate policy formulations";
and, according to many experts, "water and its availability and quality will
be the main pressures, and issues, on societies and the environment under
climate change". The Scientific Expert Group Report on Climate Change
and Sustainable Development (2007) prepared for the 15th Session of the
Commission on Sustainable Development came to similar conclusions.
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and, under different scenarios, compared it with likely
supply. They concluded that if there is no improvement
in the efficiency of water use, in 20 years time (2030)
demand for water could outstrip supply by 40 per
cent (Figure 8). Clearly, a gap of this magnitude cannot
(and will not) be sustained.

Figure 9 offers an alternative perspective on the
magnitude of the emerging water-supply challenge.
Under a business-as-usual scenario, improvements in
water productivity can be expected to close around
20 per cent of the gap between global demand and
supply. Increases in supply through the construction of
dams and desalination plants, coupled with actions such
as increased recycling, can be expected to close the gap
by a similar amount. The remaining 60 per cent, however,
must come from increased investment in infrastructure
and water-policy reforms that improve the efficiency
of water use. If the resources are not found to facilitate
a significant increase in efficiency and if the water-
policy reforms not implemented, water crises must be
expected to emerge. Figure 9 suggests that the average
rate of improvement in water productivity and supply
enhancement needs to increase at double the rate of
improvement achieved in the past decade. Globally, the
time for procrastination is past.

Figure 10 shows the nature of expected increase in
demand for water throughout the world. As discussed,
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that can be expected to be met from supply augmentation and improvements in technical water use

one of the more significant challenges is to find ways
to supply more water to the industrial sector while
increasing agricultural production. Significant transfers
of water from rural areas to the industrial sector can be
expected, especially in China and in North America (2030
Working Group 2009). In anticipation of the pressure that
these shortages will place on water-dependent business,
a number of large companies are beginning to quantify
their water footprint and the nature of the water-related
risks they face (Lloyds 2010; United Nations 2010a).

3.2 Opportunities

Investing in biodiversity and ecosystem services

In terms of ecosystem health and function, global
assessments of the health of the world’s water river
systems and aquifers suggest that the aggregate trend
is one of decline (Millennium Ecosystem Assessment
Report 2005; WWF’s Living Planet Report 2010; the UN
World Water Development Report 2010). Examples of
this decline include:
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H Barriers have been laid across China’s Taihu Lake
to stop regular algal blooms reaching the water
treatment plant that supplies water to over 2 million
people (Guo 2007);

B From October 2002 until October 2010, the absence
of flow has meant that dredges have been used to keep
the mouth of the Australia’s River Murray open to the sea;

B In Manila, the Philippines, groundwater extraction,
primarily for industrial purposes, is lowering the water
table at a rate of between 6 metres and12 metres per
year (Tropp 2010);

B In 1997, China’s Yellow River flowed all the way to
the sea only for 35 days and for much of the year this
river’s last 400-plus miles were dry (Fu 2004).

Korea

In July 2009, the Republic of Korea announced
a Five-Year Plan for Green Growth in order to
implement the National Strategy for Green Growth
over the period 2009-2013. This includes a 22.2
trillion Korean won (USS 17.3 billion) investment in
a Four Major Rivers Restoration Project. The five key
objectives of the project are as follows: (1) securing
sufficient water resources against water scarcity,
(2) implementing comprehensive flood control
measures, (3) improving water quality whilst
restoring the river-basin ecosystems, (4) developing
the local regions around major rivers, and (5)
developing the cultural and leisure space at rivers.
Overall, it is expected that the project will create
340,000 jobs and generate an estimated 40 trillion
won (US$ 31.1 billion) of positive economic effects
as rivers are restored to health.

Box 3: Two examples of governments investing in river restoration

Australia

InJanuary 2007, the Australian governmentannounced
a A$10 billion (US$10 billion) commitment to restore
health to the seriously over-allocated Australia’s
Murray Darling basin and appoint an independent
authority to prepare a new plan for the basin using
the best available science. Some A$3.1 billion is being
spent on the purchase of irrigation entitlements
from irrigators and the transfer of these entitlements
to a Commonwealth Environmental Water Holder,
AS$5.9 billion on the upgrade of infrastructure with
half the water savings going to the environment
and A$1 billion on the collection of the information
necessary to plan properly.

Sources: Office of National River Restoration (under the Ministry of Land, Transport
and Maritime Affairs) (2009); Korean Ministry of Environment and Korea Environment
Institute (2009) and Murray Darling Basin Authority (2010). See also http://www.
theaustralian.com.au/news/nation/prime-ministers-10-billion-water-plunge/story-
e6frg6nf-1111112892512
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Estimated annual benefits  Net present value

Biome/ecosystem qulﬁflﬁ?csgsgfszeesrfg:fg; on from restoration of benefits over |ntel’r2ill|1 :?]te of Benfﬂ% ek
d (avg. cost scenario) 40 years
US$/ha USS$/ha % Ratio
Coastal 232,700 73,900 935,400 11% 44
Mangroves 2,880 4,290 86,900 40% 26.4
Inland wetlands 33,000 14,200 171,300 12% 5.4
Lake/rivers 4,000 3,800 69,700 27% 15.5

Source: Adapted from TEEB (2009a)

Table 1: Examples of the estimated costs and benefits of restoration projects in different biomes

There is a new recognition of the positive synergy that
emerges between healthy environments and healthy
communities. As documented by Le Quesne et al. (2010),
some countries are now investing large amounts of
money in the restoration of degraded river systems
and the development of policies and administrative
arrangements designed to prevent degradation of these
systems. Two examples are summarised in Box 3. Table 1
summarises the general nature of returns to investmentin
the restoration of ecosystems. When astute investments
in the restoration of ecosystems are made, internal rates
of return in excess of 10 per cent are attainable.

Investment in sanitation and drinking water supply

In many developing countries, one of the biggest
opportunities to expedite a transition to a green
economy is to invest in the provision of water and
sanitation services to the poor.

A recent estimate puts the cost of achieving the 2015
Millennium Development Goals (MDG) at US$142
billion per year for providing sanitation services and
US$42 billion per year for drinking water supply
to households (Hutton and Bartram 2008b). More
investment is required for sanitation services than
drinking water as the number of households without
access to adequate sanitation services is much
higher (WHO/UNICEF 2010; Tropp 2010).

Although the amount of money needed to attain the
Millennium Development Goals for water is considerable,
when spread over a number of years and divided by
the number of people expected to benefit from such
expenditure, the investment case is strong. In Ghana,
for example, the OECD estimates that investment of
US$7.40 per person per year over a decade would enable
the country to meet its MDG target (Sanctuary and Tropp
2005). Estimates of the required per capita expenditure
in Bangladesh, Cambodia, Tanzania and Uganda range
from US$4 to USS7 per capita per year (UN Millennium
Project 2004; Tropp 2010).

Taking a different approach, Grey (2004) has estimated
the amount that each sub-Saharan country would

need to spend to achieve water supply and sanitation
standards now achieved in South Africa. Depending
upon the country, the amount needed to be spent varied
from US$15 to $70 per capita per year over the ten years
from 2005 to 2015.

As shown later in this chapter, returns to investment
in the provision of these services can be high. In
particular, Sachs (2001) has found that the average
rate of economic growth in developing countries
where most of the poor have affordable access to clean
water and adequate sanitation is 2.7 per cent greater
than that attained in countries where these services
are not well supplied.” This observation, reinforced
by background papers prepared for this chapter
(Tropp 2010; Ward et al. 2010), suggests that failure
to invest adequately in the provision of affordable
access to clean water and adequate sanitation acts as
a barrier to development and that early investment in
these areas is a necessary precondition to progress.
Grey and Sadoff (2007) argue that a minimum
amount of investment in water infrastructure is a
necessary precondition to development and using
a range of case studies identify a close association
between adequate investment in infrastructure and
environmental degradation.

Investing in smaller, local water-supply systems

As observed by Schreiner et al. (2010), the presence
of economic water scarcity should not be interpreted
as a recommendation for the construction of large
dams. In many cases, greater returns can be achieved
from the construction of smaller storages that are
built by and serve local communities. At this scale,
community engagement and management of
infrastructure is easier and adverse environmental
impacts tend to be fewer in both urban and rural
settings (Winpenny 2003).

7. Sachs (2001) estimated that the rate of growth in GDP per capita in
countries where most of the poor had access to clean water and adequate
sanitation services was 3.7 per cent. When these services are not available,
however, he found that the average annual rate of growth in GDP per capita
was 1.0 per cent.
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Figure 11: Schematic representation of a master meter system managed by a community-based
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Box 4: Micro-scale infrastructure provision in Western Jakarta

In Jakarta, Indonesia, a significant proportion of
the population lives in informal settlements. While
the government does not want to legitimise the
unlawful occupation of land, it realises that the
provision of access to safe water and sanitary
conditions is necessary. A private water utility,
PALYJA, is responsible for water supply in Western
Jakarta and it is expected to supply water to all
residents, including those in informal settlements.
To this end, PALYJA has a water-supply contract with
the government whereby they are paid for the cost of
delivering water to users and for the cost of building
and maintaining the necessary infrastructure.

As part of this process, PALYJA is trialling the provision
of access to groups of informal houses by establishing

community-based organisations. Each organisation
is given access to a single master water meter and is
responsible for the management of the community’s
water- supply infrastructure as well as paying for the
volume of water taken (Figure 11). MercyCorps has
helped connect 38 households to a single meter, while
USAid’s Environmental Service Program (ESP) has
brought 58 households together. Once established, the
community signs a supply contract with PALYJA, with a
special tariff arrangement to account for the fact that
many households are using a single meter. Under this
arrangement, both sides benefit: the community gets
reliable access to an affordable waste supply, while
PALYJA supplies a large number of houses with water at
much lower overhead and administrative costs.

Source: Fournier et al. (2010)

In China’s Gansu province, for example, investment
in the collection of local rainwater at a cost of US$12
per capita was sufficient to enable a significant
upgrade of domestic water supplies and to
supplement irrigation. One project benefited almost
200,000 households (Gould 1999). At the micro-
scale, it is possible to make much greater use of aid

organisations and local knowledge. In Western Jakarta,
for example, the local water utility is working with non-
government organisations to provide water to people
in informal settlements in a manner that would be
impossible for a government utility to do without being
seen to sanction the presence of these settlements
(see Box 4).
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Accessing new (non-traditional) sources of water

One of the most common approaches to resolving
water-supply problems is to build a large dam.
Constructing them typically involves significant cost,
the dislocation of many people and many adverse
environmental problems. Schreiner et al. (2010)
observe that urban communities have historically
relied on large dams for their water supplies. More
recently, however, water-supply options have
expanded to include the capture and storage of
stormwater and desalination, fog interceptions in
cloud forests (notably in the Andes mountains),
transfers between islands, inter-basin water transfers,
bulk transport such as by pipeline or Medusa bags
(giant polyfibre bags holding up to 1.5 billion litres
of potable water that are towed by ships). Other
communities and countries are investing in sewage
recycling. Singapore, for example, has invested in
the development of systems that treat sewage to a
standard allowing it to be used for drinking purposes.
Most of these technologies, however, are reliant upon
the use of increasing amounts of energy and, as a
result, the costs of water provision are rising in most
regions where there is physical water scarcity.

Desalination has the advantage that it is climate
independent but, as with most of these alternative
sources of supply, is disadvantaged by the fact that it
requires access to large amounts of energy. Typically,
sewage recycling is cheaper than desalination as
it uses the same reverse osmosis technology but
requires about half as much energy per unit of
water treated (Coté et al. 2005). Public opposition to
household use of recycled sewage water, however,
is strong (Dolnicar and Schafer 2006). A careful
assessment of the costs of these alternative sources
of supply often reveals that it is cheaper to invest in
demand control (Beato and Vives 2010; 2030 Water
Working Group 2010). In a green economy, there

is much more attention to the long-term costs and
impacts of resource use on the environment.

Producing more food and energy with less water

As the world’s population increases, more water will
be needed for household and industrial purposes with
the consequence that in many areas, either more food
will have to be imported, or more food produced with
less water. When asked “Is there enough land, water,
and human capacity to produce food for a growing
population over the next 50 years - or will we run out’
of water?’, analysis undertaken by the International
Water Management Institute (IWMI) reports that “It is
possible to produce the food - but it is probable that
today’s food production and environmental trends,
if continued, will lead to crises in many parts of the
world” (Molden 2007).

In many developing countries, typical irrigated maize
yields are in the vicinity of one to three tonnes per
hectare whilst they could be as high as eight tonnes
per hectare. There is a significant opportunity to
increase crop yields and avoid a global food security
crisis. If this opportunity is realised, then not only will
it be possible to divert water to other uses, but it will
be possible for developing countries to produce a
surplus for sale to others.

Institutional reform

When coupled with moretraditional“hard”approaches
to investment in built infrastructure, the “softer”
approach of developing more effective administrative
arrangements and policies that encourage private
investment can significantly reduce the amount of
money that governments need to invest in the water
sector to achieve the same outcome. Opportunities
to do this are developed in section 5. Typically, soft
approaches focus on incentives and the factors that
motivate consumers to manage their water use.
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4 The economics of greening water use

Research around the world suggests that there are
no single-shot solutions to the world’s mounting
water access, sanitation and scarcity problems. Each
circumstance has its own unique set of challenges and
opportunities. At the most general level, it is becoming
apparent that the best results come for the pursuit of
mixed solutions. Simple single-shot solutions tend
to be prohibitively expensive and, in many cases, are
insufficient to solve known supply problems (2030
Water Resources Group 2010). In the Zambezi Basin,
it has been estimated that even full development of
the area’s irrigation potential would benefit no more
than 18 per cent of its rural poor (Bjorklund et al. 2009).
A much more sophisticated investment strategy is
needed (Ménard and Saleth 2010).

4.1 The economics of investing
in water and ecosystems

Under the global model developed for the Green Economy
Report by the Millennium Institute, the green investment
scenario assumed investment in the water supply and
sanitation sector would equal that estimated by Hutton
and Bartram (2008b) as necessary to achieve the MDGs for
water by 2015. Once this is achieved, it is assumed that
governments will decide, once again, to halve the number
of people without access to a reliable mains water supply
and adequate sanitation. This new goal is achieved in
2030. Any funds left over during this second period are
allocated to other water-related investments. In areas
where there is economic water scarcity, priority is given
to the construction of dams. In other areas, investment is
channelled into making water-use more efficient. Where
possible, and economically appropriate, desalination
plants are constructed. These are assumed to supply water
into the urban sector at a cost of US$0.11/m? - in constant
US$2010, same unit for monetary values below.

From the perspective of water, the economy and
value for money, the results from this modelling are
encouraging (see Table 2). Under the business-as-
usual (BAU) scenario, water use remains unsustainable
and stocks of both surface and groundwater decline.
Under the green investment scenario, water use at the
global level is kept within sustainable limits and all the
MDGs for water are achieved in 2015. Water use is more
efficient, resulting in increased agricultural, biofuel and
industrial production. The number of people living in a
water-stressed region is 4 per cent less than under BAU
by 2030, up to 7 per cent by 2050.

2% GDP invested in green

sectors

Unit 2030 2050
Additional investment in US$Bn/year 191 3N
water sector
Addlt.lonql water from K 77 38
desalination
Water from efficiency im-
provements (driven by green Km? 604 1,322
investments)
Total employment in the Mn people 38 5
water sector
Change in total employment
in the water sector relative % -13 -22

to BAU 2*

* BAU2 refers to the BAU scenario with an additional 2% of global GDP per year invested
according to current patterns and trends (see Modelling chapter for more detailed explanation
of scenarios and results)

Table 2: Modelled results of the Green
Investment scenario

When compared with the BAU scenario for 2050, total
employment and income is greater under the green
investment scenario, whereas the number of people
working in the water sector is lower. This counter-
intuitive finding occurs because the sector becomes
much more efficient. Labour and other resources, which,
under BAU would have been retained in the water
sector, are freed for use in other sectors. In addition,
as water is used more efficiently more is available for
manufacturing and other purposes with the result that
more people are gainfully employed.®

The overall conclusion from this assessment is that,
where there is water scarcity or large proportions of
a population do not have access to adequate water
supply and sanitation services, early investment in
water is a necessary precondition to progress.

4.2 Selecting projects and initiatives
for investment

While it is useful and informative to examine the
economics of investing in water at the global level,
investments must be made primarily at the river basin,
catchment and local level.

8. These findings are consistent with those of Hagos et al.(2008)
who found that, as access to water improves, employment in other
sectors expands.
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Figure 12: Relative costs of different methods of supplying water in China
Source: 2030 Water Working Group (2009)
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Figure 13: Predicted effect of a 10 per cent and 20 per cent reduction in the proportion of people obtaining
their primary water supply from surface water or unprotected well water on child mortality and child
morbidity (stunting), Niger basin

Source: Ward et al. (2010)




In areas where the costs of enhancing water supplies from
traditional sources are rising, the 2030 Water Working
Group is recommending the preparation of formal costs
curves similar to those shown in Figure 12. These cost
curves rank each potential solution to a problem in terms
of the relative cost per unit of desired outcome achieved
and can be used to assess the likely costs and benefits
of each solution. One of the most striking features of
this approach is that one often finds solutions that both
make more water available and cost less money. In China,
for example, constructing water-availability cost curves
identified 21 opportunities to make more water available
foruseandsave money (Figure 12). Theseincludeincreased
paper recycling, investment in leakage reduction, waste-
water reuse in power stations and commercial buildings
and investment in water-efficient shower heads. All of
these approaches are consistent with the development of
a green economy, which seeks to minimise the impact of
economic activity on the environment.

Water

4.3 Flow of benefits from investment in
the water supply and sanitation sector

Many returns to investment in the water sector are
indirect. Build a toilet for girls in a school and they
are more likely to go to school. This simple statement
highlights the fact that investment in water opens up
other opportunities for development. Assessing the
case for more investment in water infrastructure in the
Niger Basin, Ward et al. (2010) report that investment
in providing access to potable water and in education
are the only two variables that are consistently related
to poverty reduction across the whole Niger river
basin (Box 5).

Highlighting the complex spatial nature of responses
to water investment, Figure 13 shows the predicted
reductions in child mortality and morbidity from the
protection of drinking water supplies.

Ninety four million people live in the Niger basin. The
proportion living below the poverty line in Burkina Faso
is 70.3 per cent, in Guinea 70.1 per cent and in Niger
65.9 per cent. Childhood mortality rates are up to 250
per 1000 live births. In 2004, only 53 per cent of those
living in the Niger basin were found to have access to a
reliable and safe source of drinking water. Only 37 per
cent had access to adequate sanitation facilities.

The quality of water used by households appears to
be as important, or more so, than the total quantity
of water available in the environment in predicting
poverty levels. The use of unprotected well or surface
water is generally positively correlated with increased
child mortality and increased stunting.

In north-west Nigeria and east Nigeria, a 10 per cent
decrease in the number of people using unprotected
water is correlated with a decrease in child mortality of
up to 2.4 per cent. Increased irrigation development is
correlated with reductions in child stunting in central
Mali, north-west Nigeria, central and eastern Nigeria and
North Burkina Faso. Increased time spent in education is
significantly correlated with a reduction in child mortality
and child stunting. In much of the Mali Inner Delta, a one-
year rise in the average level of education is associated
with an approximate 3 per cent fall in child mortality.

The area of irrigated land was associated with
decreases in poverty in only two cases, north-west

Box 5: Empirical analysis of the relationship between poverty and the
provision of access to water and sanitation in the Niger basin

Nigeria and eastern Nigeria and northern Cameroon.
This suggests that the contribution of irrigation to
total rural welfare is low in the Niger basin and that the
levels of irrigation potential are too small at present
to offer a discernable improvement in livelihoods at
this scale of analysis. This is in contrast to the general
literature on development in this region that suggests
irrigation will be crucial for the future economic
wellbeing of the basin, along with improvements
in the productivity of rain-fed agriculture. However,
it may be that the benefits of irrigation do not
yet accrue to the people engaged in its practice
or that they do so at levels too small to register
in these statistics.

The data suggest poverty reduction initiatives that
rely solely on hydrologic probabilities or fail to account
for the different causal relationships of spatially-
differentiated poverty are likely to be less effective
than those that take a mixed approach.

Strong spatial patterning is evident. Education
and access to improved water quality are the only
variables that are consistently significant and
relatively stationary across the Niger Basin. At all
jurisdictional scales, education is the most consistent
non-water predictor of poverty. Access to protected
water sources is the best water-related predictor
of poverty.

Source: Ward et al. (2010).
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5 Enabling conditions - Overcoming
barriers and driving change

The first half of this chapter has focused on the case for
investing in the provision of ecosystems servicesand in the
water supply and sanitation sector. In the second half, we
focus on the institutional conditions, “softer” approaches,
which have the potential to speed the transition to
increase the return on investment and reduce the amount
of money that needs to be invested in the water sector.

Without significant water policy reform to enable
the reallocation of water from one sector to another,
financially reward those who make water use more
efficient and so forth, global analysis by the 2030 Water
Working Group (2010) suggests that some nations will
not be able to avoid the emergence of a water crisis in
many regions. If wide ranging reforms are adopted,
however, then this Group’s analysis suggests that most
water crises can be averted. Investment in water policy
reform and governance enables greater engagement
and use of local knowledge and for investments to be
made at a multitude of scales. When such approaches
are taken, the 2030 Water Working Group estimates that
the global amount of money that needs to be invested in
the water sector can be reduced by a factor of four.

5.1 Improving general institutional
arrangements

Arguably, the greatest impediment to investment in
water infrastructure and management arrangements has
been the difficulty in establishing high-level governance
and political support for arrangements that support
effective governance (Global Water Partnership 2009a).
Problems range from a simple lack of institutional
capacity to the presence of widespread corruption® and
opportunities to gain political favour. Building upon
these observations in a background paper prepared
for this chapter, Ménard and Saleth (2010) report
that governments are learning that improvement in
arrangements for the administration of water resources
offers one of the least-cost opportunities to resolve
water-management problems in a timely manner. Long-

9. The 2008 Global Corruption Report found that corruption in the water
sector is likely toincrease the cost of achieving the Millennium Development
Goals by US$50 billion (Transparency International 2008). US$50 billion is
about the same amount of money as the 2030 Water Resources Group’s
estimate of the annual cost of implementing the least-cost solution to the
resolution of global water problems.

term solutions such as the establishment of reliable,
stable governance arrangements for the supply of water
are central to a green economy.

Aparallelissueisthe question of rights orentitlementsto
use land and water. When these rights are insecure, the
incentive to take the long-term perspective necessary
to encourage green approaches to investment is
weak. When land tenure, water entitlements and other
forms of property rights are well-defined, far more
sustainable forms of resource use can be expected.
Early investment in the development of land registers
and other similar processes are simple ways to expedite
the transition to a green economy.

Increases in the capacity of a nation to collect taxes
will clearly make it easier to move to full-cost pricing
arrangements and, where appropriate, provide rebates
and other forms of assistance to the most needy without
having to resort to inefficient cross-subsidies.

Another example of an enabling condition is the use
of education and information programmes designed
to increase awareness of opportunities to act in an
environmentally responsible manner. If members of a
community feel obligated to look after the environment
then they are more likely to do so.

5.2 International trade arrangements

The Enabling Conditions chapter discusses the role
of international trade and trade-related measures in
influencing green economic activity. Whether or not
freer trading arrangements will ultimately be to the
benefit of water users depends upon the degree of
trade liberalisation that occurs and what exceptions
are made. As agriculture uses around 70 per cent
of all water extracted for consumptive purposes,
and large amounts of water are embodied in many
of the agricultural products traded (Figure 14), this
policy option deserves careful consideration. When
trade is unrestricted and all inputs priced at full cost,
communities have the opportunity to take advantage
of the relatively abundant sources of water in other
parts of the world. When trade in agricultural products
is restricted, water use is likely to be less efficient.
Fewer crops can be grown per drop of available water.
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Figure 14: Regional virtual water balances and net interregional virtual water flows related to the trade in
agricultural products, 1997-2001. The arrows show net virtual water flows between regions (>10 BCM/yr)

As a whole, the world is generally worse off. However,
some countries strive for “food sovereignty” for various
reasons including security.

In an attempt to understand the likely impacts of freer
trading arrangements on water use, a background paper
tothischapterusesamodeltoestimatethelikely effects of
agricultural trade liberalisation on water use (Calzadilla
et al. 2010). The model used differentiates between
rain-fed and irrigated agriculture and includes functions
that take into account the effects of climate change on
the volume of water available for extraction. The trade-
liberalisation scenario is based on the proposals being
developed as part of the Doha round of negotiations,
which seek to move the world towards a regime where
agricultural trade is less restricted. In particular, the
analysis assumes that there is a 50 per cent reduction
in tariffs, a 50 per cent reduction in domestic support
to agriculture and that all export subsidies are removed.
Given that progress towards such a regime will take
time to implement, the scenario is examined with and
without climate change. The climate-change scenarios
are based on those developed by the International Panel
on Climate Change (2008).

Table 3 presents a summary of the findings of this
modelling exercise, presented in more detail in the
background paper. The introduction of “Doha-like”
freer trading arrangements increases global welfare by
US$36 billion. If strong climate change occurs, global

welfare is reduced by US$18 billion. The model assumes
no change to the policies that determine how the welfare
benefits from increased trade are distributed. Calzadilla
etal. conclude that:

B Trade liberalisation increases the quantity of
agricultural products traded and the capacity of nations
to trade with one another with the consequence that
global capacity to adjust to climate change is greater
than it otherwise would be;

M Trade liberalisation tends to reduce water use in
water-scarce regions and increase water use in water-
abundant regions, even though water markets do not
exist in most countries; and

B Trade liberalisation makes each nation more
responsive to changing conditions and, as a result,
reduces the negative impacts of climate change
on global welfare by 2 per cent. Regional changes,
however, are much larger than this.

In summary, the modelling suggests that freer
international trading arrangements for agriculture will
significantly reduce the costs of facilitating adjustment
and attaining MDG targets. Trade liberalisation can be
expected to reduce water use in places where supplies are
scarcest and increase water use in areas where they are
abundant. Trade liberalisation increases the capacity to
adapt to climate change and reduces its negative effects.
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509% reduction in tariffs, no export

Strong Climate Change Both scenarios combined

Regions subsidigs and 50% redu_ction in ST (Free trade and strong climate
domestic support to Agriculture change)
United States -1,069 -2,055 -3,263
(anada -285 -20 -237
Western Europe 3,330 1,325 4,861
Japan and South Korea 11,099 -189 10,970
Australia and New Zealand 622 1,022 1,483
Eastern Europe 302 538 883
Former Soviet Union 748 -6,865 -6,488
Middle East 2,104 -3,344 -1,213
Central America 679 -240 444
South America 1,372 805 2,237
South Asia 3,579 -3,632 -28
Southeast Asia 3,196 -3,813 -552
China 5,440 A 5,543
North Africa 4,120 -1,107 3,034
Sub-Saharan Africa 218 283 458
Rest of the World 285 -308 -17
Total 35,741 -17,530 18,116

USS million

Table 3: Change in regional welfare over 20 years as a result of climate change and trade liberalisation,

5.3 Using market-based instruments

Market-based instruments that can be harnessed to
foster a green economy include:

B Payments for Ecosystem Services (PES);

B Consumer-driven accreditation and certification
schemes that create an opportunity for consumers to
identify products that have been produced sustainably
and pay a premium for access to them; and

B Arrangements that send a scarcity signal including
the development of offset schemes, the trading of
pollution permits and the trading of access rights to
water.

Each of these approaches has direct application to the
water sector and the degree to which communities
are likely to become interested in maintaining and
investing in the provision of ecosystem services.

Payments for Ecosystem Services

From a water perspective, there are two main types of
payments for ecosystem services - those financed by the
user of a service and those financed by a government
or donor (Pagiola and Platais 2007; Engel et al.2008).
In either case, such schemes can be successful only
when a secure source of money for the scheme has
been identified and committed. Arguably, the most

efficient are operated by users who are able to identify
which services they want and the price they are willing
to pay for them. Most government-financed programmes
depend on financing from general revenues and,
because they typically cover large areas, they are likely
to be less efficient. Moreover, because they are subject to
political risk, they are less likely to be sustainable. When
a government or financial conditions change, support
for the scheme can collapse (Pagiola and Platais 2007;
Wunder et al. 2008).

PES schemes are becoming common in Latin America
and the Caribbean region. In Ecuador, Quito’s water
utility and electric power company pays local people
to conserve the watersheds from which this company
draws its water (Echavarria 2002a; Southgate and
Wunder 2007). In Costa Rica, Heredia’s public-service
utility pays for watershed conservation using funds
derived from a levy on consumers (Pagiola et al. 2010).

Many small Latin American towns have similar schemes,
including Pimampiro in Ecuador; San Francisco
de Menéndez in El Salvador and Jesus de Otoro in
Honduras (Wunder and Alban 2008; Herrador et al. 2002;
Mejia and Barrantes 2003). Hydroelectric producers
are also becoming involved. In Costa Rica, for example,
public-sector and private-sector hydro-electricity
producers are paying for conservation of the watersheds
from which they draw water. Pagiola (2008) reports that
these companies now contribute around US$0.5 million



per annum towards the conservation of about 18,000
ha. In Venezuela, CVG-Edelca pays 0.6 per cent of its
revenue (@about US$2 million annually) towards the
conservation of the Rio Caroni’s watershed (World
Bank 2007). Some irrigation systems, such as those in
Colombia’s Cauca Valley, have participated in schemes
like these (Echavarria 2002b).

More generally, and as explained in Khan (2010),
as countries shift to a greener set of economic
arrangements, the costs of more traditional hard
engineering approachestowater managementinvolving
the construction of treatment plants, engineering
works to control floods, etc. become more expensive. In
contrast, the cost of operating an ecosystem payment
scheme is much less likely to increase. For this to occur,
however, parallel investments in the development of
property rights and governance arrangements may be
necessary to ensure water-supply utilities can enter into
contracts that maintain access to ecosystem services and
expect these contracts to be honoured. Well-defined
land tenure systems, stable governance arrangements,
low transaction costs and credible enforcement
arrangements are essential (Khan 2010).

As noted elsewhere in this chapter, early attention to
governance arrangements is a necessary precondition
to the inclusion of water in a transition strategy to a
green economy.

Strengthening consumer-driven accreditation
schemes

Whilst rarely used in the water sector, in recent years
there has been a rapid expansion in the use of a
variety of product accreditation schemes that enable
consumers to pay a premium for access to products that
are produced without detriment to the environment
including its capacity to supply water-dependent
services. As observed by de Groot et al. (2007), these
accreditation schemes rely on the self-organising
nature of private market arrangements to provide
incentives for the beneficiaries of the improved service
to pay for it. Once established, these arrangements can
play an important role in encouraging the restoration
of natural environments.

Arguably, one of the better-known examples is the
labelling scheme developed by the Forest Stewardship
Council. The Council guarantees that any timber
purchased with its label attached has been harvested in
a manner that, amongst other things, seeks to maintain
ecological functions and the integrity of a forest. Where
appropriate, this includes recognition of the essential
role that forests play in water purification and in
protecting communities from floods.'°

10. For more information see http://www.fsc.org/pc.html

Water

Increasing the use of tradeable permit, off-set and
banking schemes

A broad class of market-based instruments of relevance
to a green economy are those that limit opportunity to
pollute and/ or use a resource.There are many variants of
such schemes but all work by using a market mechanism
to reward people who are prepared to cease or reduce
a water-affecting activity, thus allowing others to take
up the same activity and thereby ensuring an overall
controlled impact on the environment.

One such example is a mechanism whereby a water
treatment plant can release more nutrients into a
waterway by arranging for the reduction of nutrient
pollution from a nearby dairy farm. In many cases, the
result can be a significant improvement in water quality
at a much lower cost had the water treatment plant not
been allowed to increase its emissions. In rural areas,
nitrate pollution charges and trading schemes are often
suggested and are now operational in parts of the
USA (Nguyen et al. 2006).

Another example, well developed in the USA, is the
use of wetland banking schemes that require any
person proposing to drain a wetland to first arrange
for the construction, restoration or protection of
another wetland of greater value (Robertson 2009).
In these schemes, it is possible for a person to restore
a wetland and then bank the credits until a third party
wishes to use them. Three quarters of these wetland
banking arrangements involve the use of third-party
credits (Corps 2006; Environmental Law Institute 2006)."

5.4 Improving entitlement and
allocation systems

The last class of market-based instruments of particular
relevance to water are those that use water entitlement
and allocation systems to allow adjustment to changing
economic and environmental conditions by allowing
people to trade water entitlements and allocations.

In well-designed systems, water-resource plans are used
to define rules for determining how much water is to be
allocated to each part of a river or aquifer and a fully-
specified entitlement system is then used to distribute
this water among users. Under such an arrangement
rapid changes in supply conditions can be managed
efficiently (Young 2010). Australian experience in the
development of fully-specified entitlement systems is
described in Box 6. Among other things, the approach
enables people to use bottom-up market based

11. In each of these schemes banking and trading is possible only because
they involve the development of indices that enable wetlands of differing
value per hectare to be compared with one another.
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Figure 15: Annual returns from selling allocations (dark blue) and capital growth (light blue) in the value
of a water entitlement compared with an index of the value of shares in the Australian Stock Exchange,

approaches to respond rapidly to changes in water
supply. Consistent with the notion of increased returns
from taking a green approach to the development of an
economy, the introduction of water markets in Australia
has produced an estimated internal rate of return in
excess of 15 per cent per year over the last decade (see
Figure 15). The result has been a considerable increase in
the wealth and welfare of those involved.

In a green economy, the environment is given rights that
areeitherequal orsuperiortothose of otherusers ofawater
resource. In countries where property right systems are
robust and users comply with entitlement and allocation
conditions, environmental managers are beginning to
purchase and hold water entitlements for environmental
purposes. In Oregon, USA, for example, the Oregon
Water Trust has been buying water entitlements from
irrigators since 1993 (Neuman and Chapman 1999) and
then using the water allocated to them to maintain and
improve the function of streams and water-dependent
ecosystems (Scarborough and Lund 2007). In Australia,
the Commonwealth Environmental Water Holder (CEWH)
has recently acquired 705 GL of water entitlements from
irrigators for similar purposes in the Murray Darling Basin
and has announced its intention to continue to do this
until it holds in the vicinity of 3,000 to 4,0 00 GL of water
entitlements (Murray Darling Basin Authority 2010). If this
process is completed, the CEWH will hold between 27 per
cent and 36 per cent of all the Basin’s water entitlements.

5.5 Reducing input subsidies and
charging for externalities

In some cases, subsidies can be justified but unless
implemented with great care, they can have a perverse

effect on progress towards the greening of an economy.
In most cases, subsidies encourage the exploitation of
water at unsustainable rates. In India’s Punjab Province,
for example, electricity for groundwater pumping
is supplied to farmers either at a heavily subsidised
price or for free. Experience is now showing that these
subsidies encourage farmers to pump much more water
than otherwise would be the case and, as a result, water
levels in 18 of Punjab’s 20 groundwater districts are
falling rapidly. Officials are aware of the adverse effects
of subsidising electricity to this extent but have been
unable to find a politically acceptable way to phase
them out (The Economist 2009).

Processes that attempt to reflect the full cost of electricity
use include funding research on the adverse effects
of providing these subsidies and stimulating public
debate about the wisdom of continuing to do so. If this
research is rigorous and the communication strategies
well developed, it is hoped that ultimately there will be
sufficient political pressure to enable these subsidies to be
removed (Ménard and Saleth 2010). As soon as this starts
to happen, the money saved can be used to invest in other
more sustainable activities. An alternative, much more
expensive approach is to build a separate rural power
supply system so that access to electricity can be rationed.

5.6 Improving water charging and
finance arrangements

As noted by the OECD (2010), water-supply pricing policies
are used for a variety of economic social and financial
purposes. Ultimately, water policies need mechanisms
that distribute water to where it is needed, generate
revenue and channel additional sources of finance.
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Figure 16: Development of Murray Darling Basin water entitlement transfers

Source: Young (2010)

Box 6: Australian experience in the role of water markets in
facilitating rapid adaption to a shift to a drier climatic regime

Recently, Australia’s Southern Connected River
Murray System experienced a rapid shift to a drier
regime that has demonstrated both how difficult
and how important it is to specify water rights as
an entitlement only to a share of the amount of
water that is available for use and not an amount.
At the time that this shift occurred, the plans that
were in place assumed that inflows would continue
to oscillate around a mean and that known water
accounting errors in the entitlement system could
be managed. As a result, when a long dry period
emerged, stocks were run down and managers
decided to use environmental water for consumptive
purposes on the assumption that more water could
be made available to the environment when it
rained again.

After four years of drought, and as the drought
moved into its fifth, sixth, seventh and now eighth
year, plans had to be suspended and new rules
for the allocation of water developed (National
Water Commission 2009). A new Basin Plan is
now in the process of development and will seek,
amongst other things, to deal with an acute over-
allocation problem. In parallel with these changes,

considerable investment has been made in the
development of the scientific capability to assemble
the knowledge necessary to prevent these problems
from re-emerging.

Another key feature of the system now being used
in all Basin States is the definition of entitlement
shares in perpetuity and the use of water markets
to facilitate change. All water users now understand
that they will benefit personally if they can make
water use more efficient. As a result, a vibrant water
market has emerged and significant improvements
inthe technical efficiency of water use have occurred.
In this regard, Australia was lucky its entitlement
system and the associated administrative processes
had been developed in a manner that facilitated
the rapid development of the water market
possible (see Figure 16). Among other things, this
included a much earlier commitment to meter
use and established governance arrangements
that prevent people from using more water
than that allocated to them and the unbundling
of water licences so that equity, efficiency and
environmental objectives can be managed using
separate instruments.
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Figure 17: Array of mixes of transfer, tax and tariff
approaches to the provision of infrastructure
finance

Source: OECD (2009)

From a greening economy perspective, we recognise,
however, that there is little agreement about the best
way to charge for access to water and sanitation services.
Three background papers were adapted to assist with
preparation of this chapter — a primer on the economics
of water use, a primer on financing and a paper on
South African experience with the supply of free access
to basic water (Beato and Vives 2010; Vives and
Beato 2010; Muller 2010). Relevant insights can also
be gained from the background paper on Indonesian
experience with the provision of water to Western
Jakarta (Fournier et al. 2010). The United Kingdom is
pioneering various pricing arrangements that reflect the
full costs of providing water. The approach emphasises
the role of pricing and charging in catalysing innovation
and in encouraging communities to share access to
water resources.

Sources of revenue

Known as the “3 Ts,” in essence, there are three ways to
finance water infrastructure and the costs associated
with operating that infrastructure (OECD 2009):

1. Users can be charged a tariff for the water provided
to them;

2. Taxrevenue can be used to subsidise operating costs
and cover capital costs; and

3. Grants and other forms of transfer payment can be
sourced from other countries.

Figure 17 shows how different countries combine each
of these approaches. Very few countries rely only upon
tariffs to finance infrastructure investment, even though
economic theory would suggest that charging people a
tariff in proportion to the service provided is the most
efficient option. Reliance on tax revenue is common and,
when donors are willing, transfer payments (donations)
can play a significant role. In OECD countries, it is now
common for urban water-supply utilities to set a tariff
that is sufficient to cover the full operating costs of
supplying water (OECD 2010).

Charging for access to water

Shifting toagreen economy usually involvesacommitment
to begin charging for the full costs of resource use. With
regard to water, however, there is a dilemma as access to
clean water and adequate sanitation services is a human
right (United Nations 2010a). To this end, many people
believe that access to clean water and sanitation services
for household purposes should be supplied either for
free or at charge, which is much less than the cost of
providing these services. In a green economy, the efficient
use of resources is encouraged, as is investment in built
infrastructure. There is also an emphasis on equity.

When considering the most appropriate charge to set,
from an efficiency perspective, it is useful to distinguish
between:

B The capture, storage, treatment and supply of water
for public rather than private purposes;

M Situations where water supplies are abundant and
when supplies are scarce;

B The supply of water to households, to industry and for
irrigation;

B Regions where institutional capacity to collect
charges is strong and when it is weak; and

B The need to recover daily operating costs and the need
to make an adequate return on capital so that the supplier
can afford to maintain both natural and built infrastructure.

Complicating the issue, there is also a need to consider
the implications of charging people for the full cost of
providing sanitation services. First, sanitation service
provision generally requires access to water. Second, there
are important public health issues to consider. When, for
example, one person defecates in the open, health risks



are imposed on all who live nearby. In an attempt to
avoid the emergence of such problems, governments
normally set building standards that require the provision
of toilets and connection either to a sanitation service
or an appropriate on-site treatment of the waste. When
there is no effective building control and, especially when
informal settlements are involved, a way to efficiently
engage with communities needs to be found.

When water is used for public purposes, such as the
maintenance of a wetland for biodiversity or recreational
benefits, access is usually provided for free and funded by
the government. Usually, this is efficient as the beneficiaries
are numerous and not easily identified. Moreover, there
is no congestion problem; many people can benefit
without detracting from the benefit received by others.

When water supply (consumption) is for private benefit,
however, use by one person typically excludes use
by another. In such situations, the efficient strategy
is to make water available to those who want it at,
at least, the full cost of supply. Then, every water user
has a greater incentive to use water efficiently. But this
simple observation fails to consider important equity
considerations that are discussed in the next section.

When water supplies are scarce, the efficient strategy is
to price access to water at the marginal cost of supplying
the next unit of water (Beato and Vives 2010). Costs
increase as more and more water is produced. The
efficient charge is equal to marginal cost - the cost of
producing the next unit of water. Typically, this cost rises
as more and more water is supplied.

When water supplies are scarce and no more water
can be accessed by, for example, more desalination or
recycling, economic theory would suggest the need for
a scarcity charge.

When water supply is abundant, however, water pricing
theorists face an interesting dilemma. As more and more
water is supplied, the cost per unit of water supplied
declines. Moreover, the cost of supplying the next unit of
water is less than the average cost of supply. The result is
a regime where, if water charges are set at marginal cost
of supply, the revenue collected will not be sufficient to
cover average costs - the water supply business will go
bankrupt unless the supply charge is set above average
long run cost of supply and/or a government makes up
the short fall (Beato and Vives 2010).

The question of whether or not a government should
fund any revenue short fall experienced by a water utility
depends upon its capacity to collect revenue from other
sources. When institutional capacity to collect revenue
is strong, the most efficient charge is one that charges
all users in proportion to the metered volume of water

Water

taken. When institutional capacity is weak, however,
it may not be possible to do this. Before volumetric
charges can be introduced, meters must be installed and
revenue collection procedures established.

Finally, it is necessary to differentiate between day-
to-day operating costs and the cost of ensuring that
sufficient money is set aside to fund infrastructure
upgrades and maintenance, ecosystem restoration and
to ensure an adequate return on capital. The former is
sometimes known as the “lower bound cost” and the
latter as the “upper bound cost”.

As a general rule, the faster any system shifts to lower
bound cost and then onto upper bound cost, the more
efficient, the more sustainable and more innovative water
use will be. When institutional capacity is strong, the most
efficient strategy is to set a price that is the greater of
marginal cost and average cost. Mechanisms other than
water pricing policies should be used to transfer income
to disadvantaged households and businesses. We can
now turn to the consideration of equity issues.

Financing access for the poor

Throughout the world, strong views are held about the
role of access to adequate water and sanitation service
provision in regional development. Where the poor are
involved there is definitely no consensus. Some people
are of the view that the poor should be given access to
water either for free or at a nominal charge. Others are
of the view that all water users should have to pay the
full costs of supplying water to them.

In an environment where a large number of children die
as a result of lack of access to adequate water, what is the
right tariff to set? Western Jakarta provides an illustrative
case study. Some 37 per cent of the people living in
Western Jakarta do not have access to a reliable mains
water supply. Most of these people are poor and either
buy water from carts operated by water vendors or collect
it from an unhygienic source. Those forced to buy water
from a cart pay up to 50 times the full cost of providing
water access to a mains water supply. Government policy,
however, requires the poor be provided access at a highly
subsidised price so, in practice, those poor people who
get access to mains water are supplied it at a price that
is 70 times less than the price paid to water vendors. But,
as the government cannot afford to pay this subsidy, it is
actively discouraging the water utility from making water
available to these people (Fournier et al. 2010). The poor
who receive access to reliable subsidised water benefit but
this assistance is of no benefit to the 37 per cent of people
who do not have access to a reliable mains water supply.
Table 4 shows the tariff structure used in Western Jakarta.

South Africa provides a different perspective on the
question of what tariff to set. In 1996, South Africa
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devolved responsibility for water management to local
government and then introduced a policy that required
local governments to provide a basic amount of water
to all people free of charge, using funds redirected from
central government. As a result, the proportion of the
population without access to a reliable water supply has
dropped from 33 per cent to 8 per cent (Muller 2010).
Whether or not the same, or more, progress could have
been made if users had been required to pay the full cost
of supplying water to them is not known and probably
cannot be determined reliably as water has played a
central role in the political transformation of this country.
Recently, the Constitutional Court of South Africa (2009)
ruled that a local government could charge for access
and use pre-paid meters as a means to do this.

Seeking empirical evidence in the Niger Basin, Ward et
al. (2010) found that access to education and to clean
water are the most consistent predictors of economic
progress. Having analysed the data and, particularly,
the high costs of delaying access because of revenue
shortfall, one can observe that if countries cannot afford
to make drinking water available at less than full cost
of supplying it to all poor people, then an alternative
approach is to focus on the efficient provision of water
to all poor people at the cost of supply. From a green
economy perspective, the strategy to pricing to adopt
is the one that most speeds the transition.

Cross-subsidising (selectively taxing) water use
In many countries, the water tariff regimes are used to
cross-subsidise the cost of supplying water to the poor.

Volume of water used

Code  CustomerType 11-20
0-10 m? 5 >20m?
m

K2 Low-Income Domestic $0.105 $0.105 $0.158
K3A Middle-Income Domestic $0.355 $0.470  $0.550
K313 $0.490 $0.600 $0.745

High-Income Domestic and

Small Business
K4A $0.683 $0.815 $0.980
k413 Non-Domestic $1.255  $1.255  $1.255

Prices converted to USS and rounded to 3 decimal places

Table 4: Water Tariff Structure in Western

Jakarta, US$ per m?
Source: Adapted from Fournier et al. (2010)

As is the case in Jakarta, this is achieved by charging
wealthier households and/or those who use large
volumes of water more than the cost of supply and
then using the resultant revenue to enable water to be
supplied to the poor at less than full cost (Table 4). As a
transitional strategy in countries with little other capacity
to transfer wealth from the rich to the poor, a case can
be made for the use of cross-subsidies, even though this
approach distorts investment in water use. In developed
countries, however, the use of a water charging regime to
transfer income from one group of people or one region

to households

Phnom Penh Water Supply Authority in Cambodia
has seen major transformations between 1993 and
2009. The number of connections increased seven-
fold, non-revenue water fell from 73 per cent to 6
per cent, collection efficiency rose from 48 per cent
to 99.9 per cent, and total revenues increased from
USS$300,000 to USS25 million, with a USS8 million
operating surplus. After receiving initial grants and
soft loans from international financial institutions,
the utility is now self-financing. Tariffs increased
steeply in the early years, but they have been held
constant at around US$0.24/m3 since 2001, because
the combination of service expansion, reduced water
losses and high collection rates has guaranteed a
sufficient cash flow for debt repayment as well as
capital expenditure.

Box 7: Recent experience of private companies providing water

Balibago Waterworks Systems serves around 70,000
customers in a rural area of the Philippines. The
business has grown by going out to adjacent towns
and villages and asking each community whether
they would like the Balibago to build a network
that would enable them to supply piped water to
it. When Balibago does this, it begins by showing
the community its regulated schedule of tariffs.
The community is then asked if they want access to
piped water and are prepared to pay the scheduled
price for access to it. Balibago is finding that in
many cases, the result is judged as an attractive
proposition for communities that might previously
have relied on hand pumps and wells, and it makes
good money for the company’s investors.

Source: Adapted from Global Water Intelligence (2010)




to another is extremely inefficient. For this reason alone,
Beato and Vives (2010) conclude that subsidies should
be targeted as tightly as possible and accompanied by a
transparent strategy for their removal. The result is the
emergence of a regime that encourages investment and
innovation. Infrastructure is located in places where its
use can be sustained. Sustainable jobs and more green
growth follows.'?

Increasing private-sector participation

As a transition to efficient supply of water at full
cost occurs, opportunities for the involvement of
private enterprise in the provision of water supply
and sanitation services increase. The main reason
for considering such arrangements is that research
is showing that private-sector engagement can help
to deliver benefits at less cost and thereby release

12. When water is supplied to businesses at less than full cost, businesses
tend to locate in locations chosen on the assumption that subsidised
access to water will continue. This, in turn, encourages people to live in and
migrate to such places and locks an economy into a regime that becomes
dependent upon the subsidy. As each of these steps occurs, opportunities
for development are undermined.

Water

revenue for green growth in other sectors. Once
again, this opportunity is controversial. Several
private-sector participation arrangements have
failed. Nevertheless, there is little to suggest that the
frequency with which these problems occur is less than
that found among publicly-run systems (Ménard and
Saleth 2010).

Closer analysis is showing that when contractual
arrangements are well developed, use of the private
sector can offer a wide range of benefits and, when
the well designed contractual arrangements are in
place, can outperform the public sector. Argentina,
for example, has privatised approximately 30 per cent
of its water supplies with very positive results. Child
mortality is now 8 per cent lower in areas where water
provision has been privatised. Moreover, this effect
is largest (26 per cent) in the areas where people are
poorest (Galani et al. 2002). The experience is equally
positive in regions where businesses are allowed to
supply water at full cost — operators are finding that
many people are prepared to pay for the services
they offer (Box 7).
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6 Conclusions

Access to clean water and adequate sanitation services is
critical to the future of each and every household. Water
is clearly fundamental to food production and providing
ecosystem services and vital for industrial production
and energy generation.

Finding a way to use the world’s water more efficiently
and making it available to all at a reasonable cost while
leaving sufficient quantities to sustain the environment
are formidable challenges. In an increasing number
of regions, affordable opportunities to access more
water are limited. But progress has to be made to
improve efficiency use and working within scientifically
established and common practice limits. Direct benefits
to society can be expected to flow both from increased
investment in the water supply and sanitation sector,
including investment in the conservation of ecosystems
critical for water.

Research shows that by investing in green sectors,
including the water sector, more jobs and greater
prosperity can be created. Arguably, these opportunities
are strongest in areas where people still do not have
access to clean water and adequate sanitation services.
Early investment in the provision of these services
appears to be a precondition for progress. Once made,
the rate of progress will be faster and more sustainable.
Transition becomes possible.

Arrangements  that encourage the increased
conservation and sustainable use of ecosystem services
can be expected to improve prospects for a transition to
a green economy.

Ecosystem services play a critical role in the production
of many goods and in many of the services needed
by the world’s human population but pressure on
them is increasing. By investing in arrangements that
protect these services and, where appropriate, enhance
them there is opportunity to ensure that the greatest
advantage is taken of these services. Often the most
effective way forward is to invest first in the development
of supply and distribution infrastructure so that pressure
is taken off the systems that supply ecosystem services.

Significant opportunities for improvement include the
development of arrangements that pay people who
provide and do the work necessary to maintain access to
ecosystem services.

Another opportunity is the formal allocation of water
rights to the environment. Where water resources have

been over-allocated, there are significant opportunities
to fund restoration before changes become irreversible
at reasonable cost.

The costs of achieving a transition will be much less if the
increased investment is accompanied by improvements
in governance arrangements, the reform of water
policies and the development of partnerships with the
private sector.

The opportunity to improve governance arrangements
is one of the biggest opportunities to speed transition
to a greener economy. In any area where there is water
scarcity, it is critical that governance arrangements are
put in place to prevent over-use and over development
of the available water resource. Building administrative
regimes that are respected and trusted by local
communities and industry takes time, but is essential in
ensuring a return on the investments suggested in this
chapter. Among other things, these new arrangements
will need to be able to facilitate the transfer of water
from one sector to another.

Individual decisions about how to use resources and
where to invest are influenced by policy. From a green
economy perspective, there are significant opportunities
to reform policies in ways that can be expected to
significantly reduce the size of the investment needed
to facilitate progress. Phasing out subsidies that have
a perverse effect on water use and adopting freer
trading arrangements, brings direct benefits to many
sectors. Other opportunities, such as the establishment
of tradeable water entitlement and allocation systems,
bring benefits initially to the water sector.

A sensitive issue is the question of how best to charge
poor households for access to water and sanitation
services. In green economies, there is a commitment
to factoring social equity into the transition to
arrangements, such as full cost accounting, that
influence investment and decisions by people and
industry. Ultimately, the question of how fast this
transition should occur depends on a case-by-case
assessment of the influence of the arrangement on
the expected rate of progress. Where capacity exists,
financial transfers and tax revenues collected from
other sources can be used to fund the infrastructure
necessary to provide households with access to
services but, when this approach slows progress, tariffs
should be raised to at least cover the full costs of service
provision. Preference should go to the various pricing
arrangements that enable most rapid progress.
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Key messages

1. Forests are a foundation of the green economy, sustaining a wide range of sectors and

livelihoods. Forest goods and services support the economic livelihoods of over 1 billion people.
While timber, paper and fibre products yield only a small fraction of global GDP, public goods derived
from forest ecosystems have substantial economic value. Forests sustain more than 50 per cent of
terrestrial species, they regulate the global climate through carbon storage, and protect watersheds.
The products of forest industries are valuable, not least because they are renewable, recyclable, and
biodegradable. Forests are thus fundamental to the earth’s “ecological infrastructure”.

2. Short-term liquidation of forest assets for limited private gains threatens this foundation,

and needs to be halted. Deforestation, although showing signs of decline, is still alarmingly high at

13 million hectares per year. The net forest area loss amounts to 5 million hectares per year through

planting, but this is achieved at the cost of fewer ecosystem services than are provided by natural

forests. High rates of deforestation and forest degradation are driven by demand for wood products,
and by pressure from other land uses, in particular cash crops and cattle ranching. This “frontier”
approach to natural resources — as opposed to an investment approach — means that valuable forest

ecosystem services and economic opportunities are being lost. Stopping deforestation can therefore

be a good investment: one study has estimated that, on average, the global climate regulation

benefits of reducing deforestation by 50 per cent exceed the costs by a factor of three.

3. International and national negotiations of a REDD+ regime may be the best opportunity

to both protect forests and ensure their contribution to a green economy. To date, there has
been no clear and stable global regime to attract investment in public goods, and to assure their
equitable and sustainable production. Such a regime promises to tip the finance and governance
balance in favour of longer-term sustainable forest management' - which would be a real
breakthrough where the viability of SFM has been elusive in many countries. Management for forest
public goods would then open up the prospect of new types of forest-related jobs, livelihoods and
revenues — where local people can be guardians of forests and forest ecosystem services. It will
require REDD+ standards as well as effective systems for local control of forests, to ensure these
livelihood benefits are realised.

1. Sustainable forest management may be defined as ‘the stewardship and use of forests and forest lands in a way, and at a rate, that maintains their
biodiversity, productivity, regeneration capacity, vitality and their potential to fulfil, now and in the future, relevant ecological, economic and social functions,
at local, national, and global levels, and that does not cause damage to other ecosystems’ (FAO 2005).
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4. Tried and tested economic mechanisms and markets exist which can be replicated and

scaled-up. There are enough existing “glimpses” of green-economy forestry to warrant more serious
policy attention, including certified timber schemes, certification for rainforest products, payments
for ecosystem services, benefit-sharing schemes and community based partnerships. They need to
be catalogued, assessed for the ecosystem services they offer, promoted widely, and scaled up. We
begin that process in this chapter.

5. Green investments in natural forests and plantations can boost national economies. Our
modelling suggests that just 0.035 per cent of global GDP each year (US$29 billion) of public investment
to pay forest landholders to conserve forests, plus private investment in reforestation, between 2010
and 2050, could raise value added in the forest industry to US$0.6 trillion in 2050.This is 20 per cent more
value added than “business-as-usual” (BAU). And it could increase carbon stored in forests by 28 per
cent compared with BAU. Provided investments are also made in sustainable productivity-enhancing
improvements in agriculture, this expansion in forest plantations need not threaten food production.
However, tree planting would have to be carefully targeted to ensure that it does not displace poor
farmers, who have ill-defined tenure, but rather provides another livelihood option in rural areas.

6. Legal and governance changes are needed to tip the balance towards sustainable forestry
(which is not yet at scale) and away from unsustainable practice (which is entrenched in both

the forest sector and competing sectors). Well-managed forests are the cornerstone of ecological
infrastructure; as such, they need to be recognised as an“asset class”to be optimised for its returns. These
returns are largely public goods and services, such as carbon storage, biodiversity and water conservation
and need to be better reflected in national account systems. Private forest goods can also have significant
economic and social benefits if sustainably produced. Yet, expansion of SFM and green investment face
competition from unsustainable and illegally sourced wood and fibre products, as well as policy biases
towards competing land uses such as agriculture. Both “carrots” (support for skills training, independent
verification of SFM, and preferential government procurement) and “sticks” (tightening up laws and
enforcement againstillegal logging and marketing) are needed. So also is a revision of policies favouring
other sectors, which can erode forest benefits, notably the costs and benefits of agricultural subsidies.
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This chapter makes a case for “greening” the forest sector.
It does so by assessing the gap between “business-as-
usual” in the forest sector and the role of the sector in a
green economy. To support that assessment, the chapter
reviews the current range of green investments in forests
and how they are likely to affect both the timber industry
and ecosystem services on which the livelihoods of the
poorest depend.

This section includes a description of the forest sector’s
current state and a vision for forests in a green economy.
Section 2 presents the challenges and opportunities
facing the sector. Section 3 identifies a number of green
investments in forests of different types. It reviews the
state of knowledge on their magnitude, private and social
rate of return, and economic, social and environmental
impacts. Section 4 presents the results of modelling
the impacts of directing 0.035% of global GDP to two
particular green investments: a public-sector investment
that pays landholders to conserve forests; and a private-
sector investment in reforestation. Section 5 gives an
overview of the enabling conditions for green investments
in forests to be effective. Section 6 concludes the chapter.

Box 1: Economic importance
of the forest industry in sub-
Saharan Africa (SSA)

While a figure of 6 per cent contribution to GDP
is often quoted for the entire SSA, such a figure
masks the disparities between tropical and non-
tropical countries. For example, forests play a
major role in the economies of Cameroon, the
Central African Republic, Congo, the Democratic
Republic of the Congo, Equatorial Guinea and
Gabon, andinthelivelihoods of local people.The
forest sector contributes, on average, between 5
and 13 per cent of the gross domestic product
(GDP) of these countries. Up to 60 per cent of
export earnings for Gabon are from timber
products, while for the Central African Republic
it is about 50 per cent. Gabon is the biggest
exporter of industrial roundwood, exporting
nearly 97 per cent of its total production. Export
of medicinal plants is a significant foreign-
exchange earner for Cameroon, amounting to
around US$2.9 million a year.

Source: Gumbo (2010)

1.1 Current state of the forest sector

The forest industry (defined as roundwood production,
wood processing, and pulp and paper) in 2006
contributed approximately US$468 billion or 1 per cent
of global gross value added, of which pulp and paper
represented about 40 per cent (FAO 2009). Although this
was an increase in absolute terms from 1990, the share of
the forest sector declined due to the much faster growth
of other sectors (FAO 2009). Nevertheless, the forest
industry is extremely important for some developing
countries (Box 1). Not captured in these figures on GDP
share are the contributions made by forest ecosystem
services to human wellbeing and the role of forests in
sustaining livelihoods. With a broader concept of GDP,
such as the GDP of the poor, which captures the reliance
of rural populations on nature, the contribution of the
forest sector is greatly increased (TEEB 2009).

Besides wood products and paper, the world's forests also
producealargeamountofthe energy usedin developing
countries, particularly among low-income households.
About half of the total roundwood removed from forests
worldwide is used for energy, including traditional
heating and cooking and for heat and power production
in industrial operations (FAO 2009). More than 2 billion
people depend on wood energy for cooking, heating
and food preservation (UNDP 2000). Figures on biomass
energy (wood plus crop residues and animal dung) from
Openshaw (2010) give an indication of the economic
and social importance of the energy derived from wood.
According to the International Energy Agency (IEA 2007),
for the world as a whole, biomass energy accounts for
an estimated 10 per cent of primary energy in 2005 (47.9
ExalJoule (EJ), of which 39.8 EJ are in Least Developed
Countries (LDCs). But in many developing countries it
dominates, with over 50 per cent of total energy use.
Although much of itis used by the subsistence sector, in
many countries biomass energy is the most important
traded fuel, both in terms of employment and value. In
sub-Saharan Africa, biomass fuels account for as much
as 80 per cent of energy consumption.

Forests are also home to important non-wood forest
products (NWFPs) that make a significant contribution
to local economies and livelihoods and in some cases
are important exports. The main product categories are
food from plant products, raw material for medicine and
aromatic products and exudates such as tannin extract
and raw lacquer (FAO 2009). It has been estimated
that in 2005 the value of NWFPs extracted from forests
worldwide amounted to US$18.5 billion, but this was
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Service Estimates of value (US$/ha) Source
Simpson et al. (1996)
Genetic material <0.2-20.6 Lower estimate: California
Higher estimate: Western Ecuador
0-9175 Rausser and Small (2000)
1.23 Costello and Ward (2006) mean estimate for most biodiverse region

Watershed services (e.g. flow regulation,

flood protection, water purification) i i)

0 - 50single service

200 — >1000 (several services combined in

Mullan and Kontoleon (2008)*

(limate regulation 650 — 3,500

IED (2003)*

360 — 2,200 (tropical forests)

Pearce (2001)*

10 — >400 (temperate forests)

Mullan and Kontoleon (2008)*

Recreation/tourism <1->2,000

*

Mullan and Kontoleon (2008

Cultural services — existence values 0.03 — 259 (tropical forests)

12— 116,182 (temperate forests)

)

)
Mullan and Kontoleon (2008)*
Mullan and Kontoleon (2008)*

* Lowest and highest estimates from a review of valuation studies

Table 1: Estimates of the value of forest ecosystem services

believed to cover only a fraction of the total value
because of incomplete coverage of the statistics (FAO
2010). Numerous studies have shown the importance
of the subsistence use of NWFPs for people’s livelihoods.
In a review of 54 case studies, over half of which were
from Eastern and Southern Africa, Vedeld et al. (2004)
estimated that the average annual forest environmental
income amounted to 22 per cent of household income.
While a large part of this was from fuelwood, wild foods
and fodder for animals were also important.

Forests, which sustain more than 50 per cent of
terrestrial species (Shvidenko et al. 2005), play a vital
role in protecting watersheds and regulating climate
(ecosystem services) and they have great cultural and
symbolic significance. Valuation studies conducted in
many different countries of these services have shown
a wide variation in results, reflecting the importance of
location, the methodologies and assumptions about
biophysical linkages, for example between forest
cover and watershed services (Table 1). Studies that
concentrate on the value of the climate-regulation
services of forests associated with reducing deforestation
also produce substantial estimates (Box 2).

Scaling up from such wide-ranging values is challenging,
and estimations of values at a national or global scale have
produced huge ranges. While there is still a high degree of
uncertainty about the value of forest ecosystem services
at a global level, even conservative estimates tend to be
high, measured in trillions of US dollars, This indicates
the importance of taking these services into account in
decision-making on land and resource use.

Forests also provide significant employment, with the
contribution of the formal sector greatly outweighed

by that of the informal sector. About 10 million people
are employed in forest establishment, management
and use worldwide (FAO 2010). Adding employment in
primary processing, pulp and paper and the furniture
industry brings the figure to about 18 million people
(Nair and Rutt 2009). Despite growing informality and
mechanisation, forestry is still a highly significant sector,
with roughly 0.4 per cent of the global workforce (FAO

Box 2: The value of forest
ecosystem services: climate
regulation

Hope and Castilla-Rubio (2008), contributing
to the Eliasch Review (2008) estimated that
the net present value of benefits in terms of
reduced climate-change damage associated
with reducing deforestation and hence
emissions by 50 per cent each year from 2010
to 2100 would be US$5.3 trillion (mean) with a
90 per cent confidence interval (Cl) of US$0.6
to US$17 trillion. Reducing deforestation by
90 per cent from 2010 was estimated to yield
benefits of US$10 trillion (90 per cent Cl of US$1
trillion to USS30 trillion). The mean benefits
from reducing deforestation in both scenarios
were found to greatly exceed the mean costs
by a factor of approximately three (3.12 for a
50 per cent reduction and 2.86 for a 90 per cent
reduction). In both cases there is a possibility
that net benefits could be negative but the
probability is very low.
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Scope Estimate Source
Formal employment in forestry, wood processing and pulp and paper 14 million FA0 2009
Formal employment in furniture industry 4 million Nair and Rutt 2009
Informalsmall forest enterprises 30-140 million UNEP/ILO/IQE/ITUC ?008 citing Pos'chen (2003) and Kozak (2007) for
lower and higher estimate, respectively
Indigenous people dependent on forests 60 million World Bank 2004
500 million—1.2 billion UNEP/ILO/IOE/ITUC 2008
People dependent on agroforestry . Zomer et al. 2009. For agricultural land with 10 per cent tree cover
71-558 million
up to 50 per cent
Total 119 million—1.42 billion Lower bound assumes overlap between indigenous people depend-

ence and agroforestry

Table 2: Forest-dependent employment and livelihoods

2009). Outside of the formal sector there is greater
uncertainty about the number of people dependent
on forests for employment and livelihoods, as shown in
Table 2. As a result, the estimate for the total number of
people dependent on forests ranges from 119 million to
1.42 billion. But even conservative estimates of people
engaged in informal forest enterprises, indigenous
people dependent on forests and people dependent on
agroforestry greatly exceed employment in the formal
forest sector.

There are regional variations, however. The employment
role of the sector has been declining, particularly in
Europe, East Asia and North America, most probably
because of gains in labour productivity (FAO 2010).
The only countries in Europe that have increasing
employment in the forest industry sector are Poland,
Romania and Russian Federation. Latin America and the
Caribbean and the developing Asia-Pacific region are the
two regions where the forest industry sector has been
expanding on all fronts over the last decade. This has
been driven by various factors, including the abundance
of low-cost, skilled labour, relatively abundant forest
resources, a high rate of economic growth, specific
polices to encourage development and investment in
the sector and a general improvement of the investment
climate (Lebedys 2007).

The productionand trade of fuelwoodisalsoimportant for
employment. Openshaw (2010), while noting that there
are no definite estimates, suggests that nearly 30 million
people worldwide may be involved in the commercial
production, transport and trade of biomass- energy
products, generating around US$20 billion annually.
More specifically, a survey in Malawi in 1996/7 found that
56,000 people were involved in tree growing, fuelwood
and charcoal production, transport and roadside and
urban trading in the country’s four principal towns. This
was many times greater than the number employed in
kerosene, liquefied petroleum gas (LPG) and electrical
production, transport or transmission and trading for the

household sector, estimated at 350 to 500 (Openshaw
2010 citing Openshaw, 1997a and b). A repeat survey
carried out in 2008 found that employment in growing,
production, transport and trade of biomass energy had
increased significantly to 133,000 (BEST 2009).

1.2 Scope of the forest sector

The forest sector can be considered in various
ways: from merely forest management and primary
production, to the whole supply chain of forest products
and to the provision of ecosystem services. The focus
of this chapter is on forests and the production and
management of forest ecosystem services, including
carbon management/climate regulation, water-quality
management, energy provision and ecotourism.
While issues of resource and energy efficiency and
clean production are important in the manufacture
of secondary wood-based and fibre-based products,
they also apply to a number of other industrial sectors,
and are therefore covered in the Industry and Energy
chapters of this report.

The management of forest ecosystem services is unique
to the forest sector (albeit influenced by other sectors)
and we therefore give it priority here. The focus on forest
ecosystem services also has the effect of widening the
range of products and services that can be considered
part of the downstream forest sector.

Confining the scope of the chapter to the production
of forest ecosystem services simplifies matters but still
leaves open the question of what types of forest to
consider. FAO's official definition of forests covers a broad
spectrum from pristine natural forests undisturbed by
human intervention, often known as primary forests,
to intensive high-yield plantations, as shown in Figure
1. In between, are natural forests with varying degrees
of human modification, and various types of planted
forests. We are interested in all of these forest types, in the
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Figure 1: The forest spectrum
Source: Adapted from Bass et al. (1996)

extent to which each of these are managed for a range

of ecosystem services, and the balance between them.

Not covered by FAO's definition are various agroforestry
systems, including admixtures of tree, crop and livestock
regimes at the field or landscape level, under the
management of the farmer. We include them in this
chapter because they often provide many, if not all, forest
ecosystem services and are important for livelihoods.

1.3 Vision for the forest sector
in a green economy

Greening the forestry sector implies managing it and
investing in it as an asset class that produces a wide
range of benefits to society. The wider economic roles
of forests in a green economy include: as “factories” of
production (producing private goods from timber to
food), as ecological infrastructure (producing public
goods from climatic regulation to water-resource
protection) and as providers of innovation and insurance
services (forest biodiversity being key to both).

The greening of the forest sector will be driven by societal
demands for ecosystem services spread across several

sectors, encompassing the traditional industries of wood
processing and paper manufacture but also tourism,
energy, water management, carbon trading and new
forest-based products. Forestry in a green economy will
also meet critical livelihood needs of local communities
by providing a stream of fuelwood, construction materials,
food sources and medicinal plants. Effective local control
and management of forests need to be improved but
governments, through access and benefit-sharing
(ABS), and new markets, such as ecosystem services,
will ensure there are greater economic incentives to do
so. These incentives would emerge from a robust and
fair international system that ensures forest-related
public goods, notably carbon storage and biodiversity
conservation, are transferred between nations. Forests
would also attract interest from financial institutions
opening up forests as a new economic asset.

With greater understanding and recognition of the
public goods generated by forests, and the increasing
financial rewards for producing them, it becomes critical
for forest managers and governments to account more
effectively and transparently for forest stocks and
flows. This entails being able to measure and value
the forest sector’s contribution to societal wellbeing in
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more sophisticated ways and capturing the full range
of marketed and non-marketed goods and services,
including the significant contribution they make to the
livelihoods of the poor and marginalised.

1.4 Indicators

In order to assess how far the forest sector is shifting
towards a green economy, it will be important to
keep track of indicators that measure the following:
1) the changing proportion of consumption made

up by forest goods and services, and particularly the
rate of substitution of carbon-intensive products
with forest products; 2) changing markets for forest
ecosystem services; 3) investments in sustainable forest
enterprise and production, especially those which aim
at several ecosystem services and include sustainability
conditions; 4) the changing ownership of forest land and
forest enterprise, notably the inclusion of local forest
stakeholder groups; 5) forest governance improvements;
6) the sustainability of forest management, from stand
to landscape to national levels, in environmental, social
and economic terms.
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2 Challenges and opportunities

2.1 Challenges

The major challenges facing the forest sector include
the loss of forest, competing land uses, and market,
policy and governance failures. These challenges are
connected. Competing land uses, especially from
agriculture, are immediate causes of forest loss. These
competing land uses are, in turn, driven by market,
policy and governance failures.

Trends in forest cover and deforestation
Thereare clear signs that forests are not being sustainably
managed. Table 3 shows that the world’s forested area
is declining both in absolute terms (deforestation) and
in net terms (taking account of forest planting and
natural expansion), although at a slower rate than in
previous decades. Changes in total forest area at the
global level, however, mask regional variations. Forest
cover stabilised in North and Central America and
expanded in Europe and Asia, in the latter case mainly
owing to large-scale afforestation in China, which offset
continued deforestation in Southeast Asia. Africa and
South America underwent the largest net loss of forests
in this period (2000-2010) and Oceania also experienced
net loss (FAO 2010).

In its latest Forest Resource Assessment 2010 FAO
revised upwards its deforestation estimate for the 1990s.
In the Forest Resource Assessment 2005 (FAO 2005a),
deforestation in the 1990s was estimated at 13 million
hectares per year.

Also important are trends for different types of forests. Of
most concern is the decline in primary forests, 40 million
hectares of which have been lost or modified since 2000.
In contrast planted forests are expanding more rapidly,
with a 50 per cent increase in the growth rate over the
previous decade, and now account for 7 per cent of the
total forest area (FAO 2010). This expansion - explained
by the forest transition theory - is expected to continue
(see Box 3). Carle and Holmgren (2008) predict that the
area of planted forest in 2030 will reach between 302.7
million hectares and 345 million hectares, depending on
assumptions about productivity increase. Three-quarters
of all planted forests consist of native species although
introduced species are more common in a number of
countries with large areas of planted forests across sub-
Saharan Africa, Oceania and South America (FAO 2010).

Competing uses of land
Agricultural expansion, often combined with timber
extraction and the expansion of infrastructure, which

facilitates access, has been found to be the main
proximate cause of deforestation in tropical areas
over the last two decades (Geist and Lambin 2002,
Chomitz et al. 2006). Increasing population, increasing
income and shifts in tastes to more meat-based diets
are forecast to increase the demand for food by 70 per
cent (in value terms) by 2050 (Bruinsma 2009). To meet
this demand, further clearing of forest will be required
unless agricultural productivity can continue to rise
significantly. Increasing demand for biofuels means they
will compete with food crops for land, putting further
pressure on forests. Climate change, where it has an
adverse impact on agricultural yields, will add to the
pressure for converting forests to agricultural land while
also affecting forests directly through changes in their
growth rate or in fire propensity.

Market, policy and governance failures

Underlying the loss of forest and competing land-
uses are governance and market factors that render
deforestation a rational (and often legal) course of
action, irrespective of the environmental and social costs.
Governance drivers include the lack of forest rights for
local stakeholders, which discourage local investment
in intact forests and which enable appropriation of land
and/or forest resources by more powerful outsiders.
These are compounded by market failure, as not all of
the important ecosystem services provided by forests
are captured in markets. Those taking decisions on the
practices used in timber extraction and conversion of
forests to other land uses do not factor in the adverse
effect on the provision of ecosystem services (Pagiola
et al. 2002). Because maintenance of these other
ecosystem services is not usually rewarded, there is very
little incentive for forest managers to take them into
account (De Groot et al. 2010).

1990 2010

World forest area (hectares) 4.17 billion 4.03 billion
World planted forest area (hectares) 178 million 264 million

1990-2000  2000-2010
Annual net forestloss 83milion 5.2 million
(hectares/year)
Annual deforestation (hectares/year) 16* 13
Annual increase in planted forest 36 49

(hectares/year)

Table 3: Trends in forest cover and deforestation

Source: Compiled from data in FAO (2010)

*n its latest Forest Resource Assessment 2010 FAO revised upwards its deforestation
estimate for the 1990s. In the Forest Resource Assessment 2005 (FAO 2005a), deforestation
in the 1990s was estimated at 13 million hectares per year.
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Box 3: Forest transition theory

Globally, the area devoted to planted forests is
growing. Planted forests are estimated to produce
1.2 billion m?® of industrial roundwood, which
amounts to about two-thirds of all production (Carle
and Holmgren 2008). Further shifts in production
to planted forests are expected. Improvements
in technology mean that more and more can
be produced per hectare of land. For example,
eucalyptus plantings in Brazil have reached
productivity levels exceeding 50 m* per hectare (FAO
2009). In view of such improvements, FAO (2009)
predicts that growth in production from planted
forests will keep pace with growth in demand for
industrial roundwood. This can be expected to
reduce the pressure on primary forest, although
much of the latter could have been lost by the time
the switch to planted forest has taken place.

This growth of planted forests is explained by
the forest transition theory (Mather 1992) and
the stages of forest development (Hyde 2005,
which draws on von Thunen's rent model (see also
Angelsen 2007 who combines the von Thunen and
forest transition theories). The theory suggests that
countries start with high forest cover and as they
develop, the forest is converted to other land uses,
agriculture in particular. The process accelerates as
infrastructure improvements open up frontier forest
areas and makes timber extraction and agriculture
economically viable. Over time, as timber becomes
scarce, and as the economy develops, providing
off-farm employment opportunities, a series of
adjustments are made. It becomes profitable to
manage forests and plant new ones. The area of
forest cover starts to increase again.

This process has been followed by many developed
countries and some developing nations, including
Costa Rica, which is in the later stages of this
transition. Similarly, Vietnam saw its forest cover
decline from 43 per centin 1943 to 20 per centin 1993
as a result of agricultural expansion and migration

into forested areas. Since then, considerable
efforts have been made to increase forest cover,
an ambitious programme of reforestation. By 2009
forest cover had increased to 39 per cent of the land
area (FCPF 2010).

There are other market adjustments in response to
increasing scarcity of wood, in particular, increasing
use of wood-processing residues and recovered
paper and wood products. While global demand
for wood and fibre is expected to almost double by
2030, global production of industrial roundwood is
projected to increase by a more modest 40 per cent
(FAO 2009).

Thus, taking this longer-term perspective, the
concern about forests is not so much about the
ability to provide the world’s increasing demand for
timber and fibre but about the ability to continue
providing livelihoods for forest-dependent people
outside of the formal economy and to continue
providing non-marketed ecosystem services. The
latter are currently unpriced and therefore largely
ignored in management decisions to date. This raises
the question of how to change the shape of this
forest transition (Angelsen 2007). Is it an inevitable
pattern of development or can a combination of
policies ensure the retention of greater areas of
primary forest cover? Neither the forest transition
theory nor the land-rent model distinguish between
forest cover of different types - i.e. primary forest
and secondary forest, degraded forest and planted
forest. The“provisioning”services, such as timberand
fibre, of forest may be maintained through market
adjustments, but other valuable ecosystem services
could be lost. In Vietham, while forest cover has
increased as a result of reforestation programmes,
the quality of natural forests continues to be more
fragmented and degraded (FCPF 2010). This is
where valuation is important, as it would show the
economic consequences of letting the standard
forest transition takes its course.

Governments have sought to secure these other
ecosystem services of forests through designation of
protected areas, restricting extraction of timber, or
access or through regulations on timber harvesting
and forest management. But these can be difficult
to enforce, particularly when development through
forest clearing is the norm. At the same time, these
market failures can be exacerbated by policy failures or

intervention failures, which increase the private benefits
of conversion through tax incentives and subsidies. The
impact of subsidies for cattle ranching on deforestation
in the Brazilian Amazon in the 1980s and 1990s has
been well documented (Browder 1988 and Binswanger
1991). Similarly, in Cameroon, incentives for plantation
agriculture led to natural forests being cleared for
commercial agriculture (Balmford et al. 2002).



2.2 Opportunities

Together with the challenges facing the forest sector,
there are also opportunities for greening the sector.
They include the establishment of sustainable forest
management (SFM) criteria and indicators, the
growth of protected areas, the concept of reducing
emissions from deforestation and forest degradation
(REDD+) and the growing acceptance of payments for
environmental services (PES).

Sustainable forest management (SFM)

Although there is no consistent, routine and
comprehensive assessment of forest management
globally, considerable effort has gone into
developing SFM criteria and indicators to describe
comprehensively the elements of good practice. They
cover the economic, social/cultural, environmental and
institutional dimensions of SFM, based on scientificand
technical knowledge of forest systems. Regional criteria
include those of the International Tropical Timber
Organization (ITTO), which apply to all its member
countries. Recent initiatives led by civil society groups
and some forest companies and industry associations
have developed voluntary SFM codes of practice
and management guidelines. Certification schemes
provide an independent assessment of adherence
to the standards and statistics on them provide an
indication of the extent of best practice, although lack
of certification does not necessarily imply bad practice.

Currently over 5% of the world’s production forests
are certified under the Forest Stewardship Council
(FSC) standard, at 133 M Ha certified in 79 countries,
including 77.6 M ha of natural forests, 12.5 M ha of
plantations and 43.3 M ha of mixed natural/plantation
landscapes (FSC 2010 data as of 15/04/10). Over 80 per
cent of FSC-certified forests are boreal and temperate.
Tropical and subtropical forests account for 13 per
cent of the total FSC-certified area, with 16.8 million
hectares (FSC 2010).

The other major international forest certification
scheme is the Programme for the Endorsement of Forest
Certification (PEFC). Some 232 million hectares of forest
are certified to PEFC's Sustainability Benchmark, nearly
twice the area of FSC certification, although some forests
are certified to both PEFC and FSC. Almost all the PEFC
endorsed certified forests are in OECD countries, just
under half in Canada with most of the rest in the USA
and Scandinavia, and Brazil in the tropics (PEFC 2010).
However, China is developing a national scheme and is
expected to join PEFCin 2011 (PEFC 2011).

In 2005, ITTO(2006) found that only 7 per cent of its
member countries’ production forests (25 million

Forests

Asiaand LA andthe

Africa the Pacific Caribbean ]
Total closed natural forest
(FAO 2001, 000 hectares) 208,581 204,484 788,008 1,201,073
Total area under permanent
forest estate (PFE) 110,557 206,705 541,580 858,842
Percentage 53% 82% 69% 68%
71,286 35726 190331 397,343
Production PFE
64% 66% 35% 46%
Natural
Total area 70,461 97,377 184,727 352,565
With management 10016 55060 31,174 96250
plans
Certified 1,480 4914 4,150 10,544
Sustainably managed 4,303 14,397 6,468 25,168
Percentage sustainably 6% 15% 2% 7%
managed
Planted
Total area 825 38,349 5,604 44,778
U DA 488 1456 2371 14315
plans
Certified - 184 1,589 1,773
39,271 70,979 351,249 461,499
Protection PFE
36% 34% 65% 54%
With management 1216 847 8314 17,837
plans
Sustainably managed 1,728 5,147 4,343 11,218
Percentage of PFE that
is sustainably managed 5% 9% 2% 4%

(excludes planted areas)

Table 4: Management status in tropical

permanent forest estate (2005, ‘000 hectares)*

Source: ITTO (2006). Includes forests in the tropical PFEs of all ITTO producer member
countries except India

* Permanent forest estate (PFE) refers to “certain categories of land,
whether public or private, that are to be kept under permanent forest
cover to secure their optimal contribution to national development”
(ITTO 2006). Closed natural forests are defined by FAO 2001) as forests
“where trees in the various storeys and the undergrowth cover a high
proportion (>40 per cent) of the ground and do not have a continuous
grass layer”.

hectares) were being sustainably managed.Whilstevery
ITTO producer-country’s policies promoted sustainable
management of forests in 2005, management plans
existed for only 27 per cent of the 353 million hectares
of production forests, and just 3 per cent were
certified (Table 4). Despite the low level of sustainable
management, however, this is a huge improvement on
the mere 1 million hectares of all tropical forests that
ITTO had assessed as sustainable in 1988. Furthermore,
ITTO noted that some countries have made notable
improvements, including Bolivia, Brazil, the Republic
of Congo, Gabon, Ghana, Malaysia and Peru. There is
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still considerable room for improvement, in view of
ITTO's conclusion that resources for enforcement and
management are woefully and chronically inadequate,
trained staff, vehicles and equipment are all in short
supply, while systems for monitoring and reporting
forest management are often limited or lacking.

In OECD countries, it is likely that there is a greater
extent of sustainable management. The European
Union estimates that 80 per cent of its forested area
is under a management plan and 90 per cent of that
area is managed sustainably, a large proportion
through small private owners who have held the forest
for generations. A majority of Canadian and many US
production forests are certified. Although there are
good examples of forest management in Russia, over-
logging has occurred, especially in the Russian Far East,
near the border with China (Sun et al. 2008).

It is also possible that a large proportion of small-scale
informal forest enterprises (family forests, indigenous
forests), which are beyond the scope of assessments
like that of ITTO, are sustainably managed. This can
be judged by the longevity of the forest resources,

passed from generation to generation, and evident
production of multiple goods and services. But there is
little information to go on, apart from the minority of
forests that are certified.

Growth of protected areas

One apparently positive trend from the environmental
perspective is that the area of protected forests is
increasing. About 13.5 per cent of the world’s forests
are protected according to IUCN categories |-Vl and
7.7 per cent (about 300 million hectares) for categories
[-IV, involving more restrictions on land use (Schmitt et
al. 2009). The area of protected forests has increased by
94 million hectares since 1990, of which two-thirds has
been since 2000 (FAO 2010).

In Latin America designation of protected forests has
been one of the most used strategies for the sustainable
management of forests. It is estimated that there are
100 million hectares under IUCN categories |, Il and llI
(which are the most restrictive) in Latin America and the
Caribbean (Robalino et al. 2010). Growth in protected
areas has been particularly rapid since the 1980s. In
sub-Saharan Africa, 32.5 million hectares of forests and

Box 4: The national PES scheme in Costa Rica

The Costa Rican Payments for Environmental
Services programme (PSA, in Spanish) was created
in 1996, through the Forestry Law 7575, which
recognises the provision of environmental services
from forests. Based on the “beneficiary pays”
principle, it suggests that forest owners should be

compensated for the following services:

B Mitigation of greenhouse gases (reduction,
sinking, fixing and storing carbon);

B Protection of waterforrural, urban or hydroelectric
use;

B Protection of biodiversity for conservation,
scientific and pharmaceutical use; and

B Landscape beauty for tourism.

Forest owners are currently paid for several land-
management practices, and all except agroforestry
are paid per hectare over five years: forest
conservation (US$320), offering higher payments
in hydrologically-sensitive areas (US$400) and
areas identified as “conservation gaps” (US$375),
reforestation (US$980), forest management (active

before 2003 and again in 2010, receiving US$250);
forest regeneration, which could be in areas that
meet the additionality criteria (US$320), or not
(US$205); and agroforestry (US$1.3 per tree, paid
over three years).

In order to finance this program, FONAFIFO
(Fondo Nacional de Financiamiento Forestal or
National Forestry Financing Fund) receives funds
from different funding sources: public funds in
the national budget, donations, credits conceded
by international organisms, private funds, own
generated funds and timber and fuel taxes. Also, in
2001 FONAFIFO created the Environment Services
Certificate (ESC), which is a financial instrument
where FONAFIFO receives funds from companies
and institutions interested in compensating forest
owners for preserving forests.

Between 1997 and 2008 FONAFIFO distributed
US$206 million, an average of US$17.2 million per
year (Porras, 2010). The majority of funds were for
forest protection (73 per cent), covering 460,000
hectares of forest, and almost 6,600 contracts were
signed across the country.

Source: Robalino et al. (2010)




woodland, corresponding to 5 per cent of the total forest
area are formally protected (IUCN categories I-VI) and
as much as 8 per cent if forestry reserves are included
(Gumbo 2010).

It should be noted, however, that although there has
been a marked expansion in protected areas, there is no
guaranteethattheywill be well-enforced. Thisis evidenced
by the continuing loss of forests and other natural
ecosystems within protected areas. Effectively enforcing
the land and resource-use restrictions in protected
areas is challenging and many are being encroached on,
particularly in densely populated countries (Chape et al.
2005). Unsustainable land uses within protected areas are
another cause (Cropper et al. 2001). Strassburg and Creed
(2009), in a study of 133 countries in Latin America, Africa,
the Middle-East, Asia and Eastern Europe estimate that
only one-third of the protected forest area is effectively
legally protected, corresponding to 6 per cent of the
total forested area in these countries. Of the five regions
examined, Latin America has both the highest proportion
of legally protected forests (24 per cent) and effective
legal protection (9 per cent).

Payments for environmental services (PES)

and REDD+

New, incentive-based approaches to conserving
forests have emerged over the last 10 to 15 years.?
The most high-profile of such initiatives are payments
for environmental services (PES), which pay forest
landowners for providing watershed protection, carbon
storage, recreation, biodiversity etc. These range from
local-level schemes, such as the local government in the
town of Pimampiro in Ecuador, which makes payments
ranging from US$6-$12 per hectare per year to a small
group of farmers (19 in 2005) to conserve forest and
natural grassland in the area surrounding the town’s
water source (Wunder and Alban 2008; Echavarria et al.
2004), to national schemes such as in Costa Rica, where
farmers are paid US$64 per hectare per year in five year
contracts (to protect biodiverse forests (see Box 4) and
global schemes e.g. a range of voluntary carbon offset
schemes for planting or conserving trees to fix CO, and
store it. Some environmental payments schemes also
factor in social needs, attempting to persuade poor and
marginalised groups to become engaged in providing
the service, for example the schemes developed under
the RUPES programme in Asia (Rewarding the Upland
Poor in Asia for Environmental Services they Provide).

One of the most long-standing global payment schemes
is the Noel Kempff Mercado Climate Action project in
Bolivia, which was developed as a pilot project in 1997
under the Activities Implemented Jointly (AlJ) programme
of the UNFCCC. A consortium formed of international

2. PES has also been used to promote reforestation and agroforestry.
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and local NGOs, some US energy companies and the
Bolivian Government bought out local timber concession
holders and implemented a community development
programme in order to extend the Noel Kempff Mercado
Park (May et al. 2004). Through avoided deforestation
the project was expected to avoid emissions of up to 3.6
million tonnes of carbon over 30 years (Ibid.).

While PES is primarily associated with developing
countries, there are some well-known examples in
industrialised countries. In New York City, the water
utility — faced with the need to improve water quality —
provides incentives to farmers and owners of forest land
in the catchment areas to conserve the forest and adopt
agricultural environmental management measures. This
proved far less costly than building water-filtration system
(Landell-Mills and Porras 2002). In north-east France, the
mineral-water producer, Vittel, paid local landowners to
conserve the watershed (Perrot-Maitre 2006).

Until recently, the main driver of investment in PES
schemes involving forest conservation was the need to
protect watersheds. The rules of the Clean Development
Mechanism (CDM) limited eligible forest carbon
activities to afforestation and reforestation. This meant
that carbon projects based on forest conservation were
confined to the voluntary carbon market. But as the
contribution of deforestation and forest degradation to
GHG emissions has become recognised, this approach
to mitigation has moved up the agenda in international
climate negotiations, first as REDD (reducing emissions
from deforestation and degradation) and more recently
as REDD+, which adds conservation, sustainable
management of forests and enhancement of forest
carbon stocks to the list of eligible activities.>. REDD+
has been likened to a multi-layer PES scheme, with
transfers of finance between industrialised countries
and developing countries in exchange for emission
reductions associated with improvements in forest
protection and management, and further transfers from
the national level to forest landowners and communities
(Angelsen and Wertz-Kanounnikoff 2008). Although PES
will not be the only strategy used by governments to
achieve forest-based emission reductions, it is likely to
be important.

Unlike the project-based approach of international
PES to date, REDD+ is likely to involve more national-
level approaches, with finance being supplied by
developed countries individually or as a bloc against

3. As defined by Angelsen 2009. Angelsen 2009 also notes that REDD+
means different things to different people. The + sign captures the second
part of UNFCCC Decision 2/CP.13-11 policy approaches and positive
incentives on issues relating to reducing emissions from deforestation and
forest degradation in developing countries; and the role of conservation,
sustainable management of forests and enhancement of forest carbon stocks
in developing countries. Addition of a further + to give REDD++ is being
promoted by ICRAF to include agroforestry.
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the performance of national-level commitments to
reduce deforestation and emissions. This is exemplified
by Norway’s contribution to the Amazon Fund in Brazil,
which is conditional on the achievement of deforestation-
reduction targets*. Norway announced last year a grant of
USS$1 billion to Indonesia in return for agreed measures
to tackle deforestation and degradation. Indonesia, under

4. http://www.regjeringen.no/en/dep/md/Selected-topics/climate/
the-government-of-norways-international-/norway-amazon-fund.
html?id=593978

the terms of the agreement, has accordingly announced
a 2-year moratorium on new permits to clear natural
forests and peatlands (Richardson 2010). The sums
of money being estimated for full implementation of
REDD+ amount to tens of billions of US dollars worldwide.
Already, the amounts committed for preparation activities
and bilateral programmes greatly exceed what has been
provided so far in PES, providing grounds for optimism
that this new mechanism can capture and transfer
important new resources for ecosystem services provided
by forests.



Forests

3 The case for investing in greening

the forest sector

As indicated in the last section, there are promising
developments such as certification of sustainable forest
management, targets to increase protected areas and
the growing momentum of PES and REDD+ schemes.
But without a major change in the recognition given to
the full suite of forest ecosystem services, in particular in
climate negotiations, and in the absence ofimprovements
in the agriculture sector, loss of primary forest is likely to
continue. Protected areas will continue to expand but a
large proportion will not be effectively enforced. The
forest sector will meet the market demand for timber
through planted forests and efficiency improvements
in processing, but pressures on natural forests from
other sectors, agriculture in particular, will continue,
exacerbated by climate change. As a result, ecosystem
services will continue to be lost.

Additional resources and policies are therefore needed
to “internalise” the value of forest ecosystem services for
forest landholders and ensure forests are worth more
standing than cut (Viana 2009). Investments targeted
at increasing the profitability of sustainable harvesting
techniques and making tree planting worthwhile can
also make a contribution. This section reviews a range
of investment options for greening the forest sector and
identifies the economic, social, and environmental effects
of these options.

3.1 Options for green investment
in forests

Some broad categories of green private and public
investments can be distinguished for the main forest
types, including agroforestry, as shown in Table 5. Green
investment can be targeted at reversing the loss of forest
area by conserving existing areas of primary forest or
promoting expansion of forests through regeneration
and reforestation. Green investment can also be directed
to improving management in existing forests and
agroforestry systems to ensure they continue to provide
a wide range of ecosystem services. But such investment
could only be considered green if it ensured that the
forests conserved, established or restored met principles
of sustainable forest management, balancing the needs of
different stakeholders. For example, creating a protected
area that displaces forest-dependent communities would
not meet the principle of supporting relevant socio-
economic functions. Moreover, creating a protected area

does not guarantee enforcement. Similarly, extending the
forest area through tree planting may be contentious if
it uses a large amount of external inputs and directly or
indirectly displaces local people from their land.

Some of the green investments listed in Table 5 are
straightforward to quantify, although there will be
considerable variation by location and species. Some of
the public sector investments are not well-documented,
in particular the amounts being spent on controlling
illegal logging.

Because of the public-good nature of some forest
ecosystem services, the private sector and holders
of forested land are not always able to perceive a
sufficient incentive to make green investments in

Investment
Forest type
) Private* Public**
Ecotourism development (reate new protected areas
. Improve enforcement of
Private nature reserves
protected areas
Primary forest

Pay landowners to protect
watershed

Pay forest landholders to
conserve forests

Buy out logging concessions

Natural modified
forest

Reduced impact logging and
other forest management
improvements

Incentives forimproved
forest management

Certification to sustain-
able forest management
standards

Support establishment of
certification systems

Control illegal logging

Reforestation and afforesta-

Incentives for reforestation/

tion for production afforestation
Planted forest Improve management of Incentives to improve
planted forests management
Reforestation to protect
ecological functions
PN Incentives to landholders
agroforestry systems
Agroforestry Incentives to improve
Improve management of
management
agroforestry systems

Technical assistance

* Private could also include investments made by communities

** Some of the public investments listed here may also be made by the private sector, often at a

more limited scale.

Table 5: Green investment options for various

forest types
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forests, even if such investments often involve a positive
rate of return for society as a whole. Investment by
the public sector is therefore needed in some cases to
provide forest ecosystem services directly, to provide
financial incentives to the private sector to make green
investment competitive and to prevent unsustainable
forest management, for example by controlling illegal
logging. The return on investment for the public sector is
measured in terms of social and environmental benefits.
Research carried out as part of TEEB on the costs
and benefits of investing in ecological infrastructure
indicates that the rate of return could be very high, with
a benefit cost ratio of over 13 to 1 in the case of active
restoration of eucalyptus woodlands and dry forest
in Australia and over 30 to 1 for restoration of Atlantic
forest in Brazil (Nefhover et al. 2009).

3.2 Investing in protected areas

The creation of protected areas to restrict access and
certain land-use practices has been the dominant
approach used by governments to secure ecosystem
services by controlling deforestation and forest
degradation. In some cases the investment in protected
areas may be made by NGOs. A well-known example
is the conservation concessions whereby conservation
organisations lease forest lands that would otherwise
have ended up as logging concessions. Such concessions,
mostly led by Conservation International but involving
other major NGOs and donors, have been established
in a number of countries , including Guyana, China,
Cambodia, Ecuador and Madagascar (Rice 2002). Private

Box 5: Costs of effective
enforcement of protected
areas

The total annual cost of managing the existing
network of protected areas effectively was
estimated in 1999 to be round US$14 billion per
year — this included increasing management
costs (then estimated at US$6 billion) by over a
third and introducing compensation payments
to communities living in protected areas of some
USS5 billion (James et al. 1999). A later estimate
of US$20-28 billion (Balmford et al. 2002) added
the cost of up-scaling protected areas to ensure
protection of 15 per cent of land area in each
region. Assuming that forests constitute 60 per
cent of terrestrial protected areas, this would
suggest USS$12 to US$17 billion per year for
effective management of protected forests.

companies do sometimes operate protected forest
areas, usually where there is a tourism interest or where
the public sector is providing an incentive. In Brazil, for
example, private landowners that set aside a protected
area can receive a reduction in land tax (May et al. 2002).

The investment involved for the protected area authority,
whether government, NGO or private sector includes
the administrative costs of demarcating and managing
the area and keeping unauthorised users out. For the
owners and users of the protected forest land it means
forgoing timber royalties and giving up the net benefits
from agriculture and other land uses that compete with
forests. This latter cost has rarely been factored in, except
where compensation schemes operate.

Balmford et al. (2002) estimated current expenditure on
protected areas at US$6.5 billion per year, of which half
was spent in the USA. A more recent estimate suggests
this could range from US$6.5 to US$10 billion per year
(Gutman and Davidson 2007). These estimates do
not distinguish between forest ecosystems and other
ecosystems in the protected areas. But Mullan and
Kontoleon (2008) cite an estimate by Bruner et al. (2003)
of US$8 billion of total expenditure on protected areas,
of which approximately 60 per cent covers forested
land. This suggests a little under US$5 billion per year or
US$16.7 per hectare (assuming IUCN categories I-IV) is
being spent on protected forests.

Many protected areas do not receive adequate funds
to ensure their effective management. Very little is
spent on compensation to those local communities
who lose access to land and resources when protected
areas are created. Protected areas are a vital part of the
management of forest ecosystem services, but they need
to address concerns over ineffective enforcement and
share benefits with local communities. Estimates made
of the cost of effective enforcement of protected areas
with compensation for local communities are two to
three times theamount currently spent (Box 5). Increased
investment is needed to ensure better integration of
communities’ interests and to improve effectiveness
along with better buffer- zone management.

Investing in protected areas may bring economic benefits
to the national economy in the long term. Some countries
have been able to build up a lucrative nature-based
tourism industry, which has brought in foreign exchange
and generated employment. For example Costa Rica,
where protected areas received more than 1 million
visitors per year in the five years up to 2006, generated
entrance-fee revenue of over US$5 million in 2005 and
directly employed 500 people (Robalino et al. 2010).
Protected areas in Latin America receive large numbers of
visitors and generate many associated jobs, for example,
14 million visitors per year and 25,000 jobs in Mexico (Ibid.).



Nature-based tourism is also a major economic activity
in sub-Saharan Africa and the number of tourist arrivals
is growing faster than the global average (in 2004 at
14 per cent compared with 10 per cent worldwide).
In the Great Lakes region, revenue from tourism
based on gorilla viewing and other activities brings
in about US$20 million annually (Gumbo 2010). But
the tourism industry in Africa also has human and
environmental costs, contributing to the displacement
of communities and thus undermining rights and
livelihoods (Gumbo 2010).

Admittedly, setting aside forests as protected areas has
oftenbeen controversial becauseitisseenas preventing
more productive activities such as timber harvesting
and agriculture and as being damaging to livelihoods
and to human rights, particularly where indigenous
people are involved (Coad et al. 2008). Adverse social
impacts of protected areas identified by these authors
include: displacement of local communities, changes
in traditional land tenure, denied or restricted access
to resources, loss of employment, crop damage and
livestock predation.

Cost-benefit  studies have been conducted for
protected forests in different regions. These examine
costs and benefits at local, national and global levels
but are not able to monetise all of the social costs
identified above (Balmford et al. 2002; Coad et al. 2008).
While there is some variation, a number of the studies
conclude that global benefits and sometimes national
scale benefits outweigh the overall costs including the
tangible opportunity costs to local communities. For
example, the protection of the Virunga and Bwindi
afro-montane forests of Eastern and Central Africa —
home of mountain gorillas - show positive benefits
as opposed to costs, but most of them accrue to the
international community (Hatfield and Malleret-King,
2004). Overall, gorilla tourism generates US$20.6
million per year in benefits, with 53 per cent accruing
to the national level; 41 per cent to the international
level, and only 6 per cent locally.

Another study (Ferraro 2002), one of six reviewed by
Coad et al. (2008), examines the costs and benefits of
the Ranomafana National Park in Madagascar, which
was created in 1991. It finds that the opportunity
costs to local communities amounted to US$3.37
million or US$39 per household per year, but were
greatly exceeded by the global- and national-scale
benefits. Earlier studies of the Mantadia National Park
Madagascar (Kramer et al. 1995) and Mt Kenya in Kenya
(Emerton 1998) reached similar conclusions.

These studies indicate that, in theory, those gaining from
the protected areas should be able to compensate local
communities and still be better off. But historically, this
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compensation to communities has rarely happened. This
highlights a challenge and an opportunity in a green
forest sector for capturing the global benefits and creating
redistribution mechanisms that are able to compensate
local communities and improve their livelihoods.

As far as environmental effects are concerned, although
the creation of a protected area does not guarantee
environmental effectiveness and many are being
encroached on, there are positive examples suggesting
that this investment option merits further attention.
Protected areas are considered critical for conserving
residual tropical-forest biodiversity (Lee et al. 2007;
Rodrigues et al. 2004). Studies in South-east Asia show that
parks and reserves consistently recorded larger numbers
of endemic bird species and higher population densities
than surrounding human-modified areas (Lee et al. 2007).

Figueroa and Sanchez-Cordero (2008) evaluated the
effectiveness of Mexican protected areas for preventing
deforestation. They constructed an effectiveness
index, based on the protected areas’ percentage of
transformed areas, the rate and absolute extent of
change in these areas, the comparison between rates
of change observed inside the protected area and in an
equivalent surrounding area, and between the NPA and
the state(s) in which it is located. They found that over
54 per cent of national protected areas were effective in
preventing land-use or land-cover change.

3.3 Investing in PES

There are no precise statistics on the amount of money
currently channelled into PES schemes, but Canby and
Raditz (2005) estimate this as being hundreds of millions
of US dollars. The major part of this money comes
from governments directly or with international donor
support. These funds cover two main types of cost: the
payment to the landholder or forest concession holder,
compensating for the opportunity cost of forgone land-
use, along with the costs of any actions necessary for
conservation such as fencing or employment of guards,
and the transaction costs of designing, setting up and
operating the payment scheme, including contract
management, fund management, the transfer of funds
and monitoring.

The evidence on the social and economic impacts of PES
schemes is mixed, both in terms of the extent to which the
poorest groups participate in the schemes and the extent
of livelihood benefits for those that do (Engel et al. 2008,
Porras et al.2008). Evidence ofimpact on non-participants
is particularly scanty, confined to observations in Costa
Rica that a high proportion of those receiving payments
hire labour to carry out conservation-related work (Ortiz
Malavasi et al. 2003, Miranda et al. 2003).
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The two national PES schemes involving forest
conservation in Costa Rica and Mexico provide
contrasting experiences in terms of the nature of
participants, reflecting to some extent differences in
land and forest-tenure regimes. In Costa Rica, where
most land is held privately, small farmers have very
little participation in the PES scheme in spite of efforts

made to prioritise the poorest regions (Porras 2010).

In Mexico, a high proportion of forest land is held as
common property by local communities and even
though criteria for selecting priority areas were
primarily biophysical, the poorest groups were fairly
well-represented. In 2003 and 2004, 72 per cent and
83 per cent respectively of the total paid out went to
forests associated with marginalised population centres
(Mufnoz-Pina et al. 2008).

Local schemes such as at Pimampiro in Ecuador and
Los Negros in Bolivia have achieved a fairly wide
participation of local forest landowners, albeit over a
small area, partly because they have been able to able
to adapt to local circumstances (Porras et al. 2008). In
Los Negros, for example, the majority of landowners did
not have clear land title but the scheme went ahead on
the basis of local recognition of farmers’ landholding
(Robertson and Wunder 2005).

Analysis of the livelihood benefits of PES schemes in
several Latin American countries has given varied results

butin general they have been welcomed by participants.

The cash payments with some exceptions appear to be
relatively insignificant when compared with opportunity
costs and household income (Porras et al. 2008). This has

lead some researchers to conclude that the payments
function more as supports, providing recognition of
existing good practice rather than constituting a real
incentive for land-use change (Ortiz Malavasi et al. 2003,
Kosoy et al. 2007).

Non-financial benefits, such as capacity building,
strengthening of land and resource tenure are therefore
often considered to be significant. For example, PES
schemes have been found to strengthen resource
management and social coordination capacities of
the community institutions involved (Tacconi et al.
2009). Capacity building is commonly reported as a
benefit from PES schemes (i.e. increasing agricultural
productivity in Pimampiro, Ecuador, see Echavarria et al.
2004; apicultural training in Bolivia measured at US$35
per participant, see Asquith and Vargas 2007). However,
for Tacconi et al. (2009) there is little evidence available
about the long-term impact of capacity-building
activities, for instance whether new knowledge and
skills were applied in practice.

The evidence on the effectiveness of PES in reducing
deforestation is also mixed, reflecting difficulties in
establishing a clear counterfactual of what would
have happened in the absence of the scheme and in
predicting the location of deforestation (see Cropper
et al. 2001, Nelson and Hellerstein 1997). The national
scheme in Costa Rica can point to reductions in
national deforestation rates after the scheme started,
but much of the research on this scheme throws doubt
on a causal link between the two (Box 6). The same can
be said for the Mexico national scheme (PSAH). The

In Costa Rica’s Virilla watershed Miranda et al. (2003)
asked PES participants about their motivations and
found that many of them planned to retain their forests
regardless of the scheme. But as forest clearance
is prohibited by law, this may have influenced the
responses of the landholders as they might not
want to state openly that they would contemplate
illegal activity. These responses also only represent a
snapshot in time. It is unclear how these motivations
would change as macroeconomic and microeconomic
conditions change. Another study examined the
characteristics of land included in the PES scheme. In
the isolated Peninsula of Osa, for example, it was found
that land under protection contracts corresponds
mainly to forest that may not be in direct danger
of being converted because of its remoteness and
difficult access (Sierra and Russman 2006).

Box 6: Research on the impact of PES on deforestation in Costa Rica

Analysis by Sanchez-Azofeifa et al. (2007) at a national
level found that although the average deforestation
rate dropped from 0.06 per cent per year in 1986-
1997, to 0.03 per cent per year in the first phase of the
PES programme 1997-2000, there was no significant
difference in the rate of deforestation between areas
in the national PSA scheme and areas that were not.
They suggest that this could reflect lack of targeting
of areas under deforestation pressure and also the
impact of previous forest conservation policies,
including a 1997 legal restriction on forest clearing.
Similar results were found in a more recent study
by Robalino et al. (2008) i.e., the efficiency of PES in
reducing deforestation between 2000 and 2005 was
also low. Less than 1 per cent of the parcels of land
enrolled in the programme each year would have
been deforested without payments.




only major study so far of this scheme, (Mufioz-Pifia et
al. 2008) found that much of the land being put under
payments was not at risk of being converted because
of its low opportunity costs. In 2003, only 11 per cent
of the participating hectares in the scheme were
classified as having high or very high deforestation risk.
This increased to 28 per cent in 2004 but fell again to 20
per cent in 2005.

A common thread in this research is the importance of
targeting specific areas in improving the effectiveness
of PES. Robalino et al. 2010, noting that in Costa Rica
there was improvement in 2000-05 compared with the
1997-2000 period, argue that targeting areas affected
by some deforestation pressure and including spatially-
differentiated payments are two plausible next steps
to improve the effectiveness of the scheme. This also
points to the importance of developing monitoring
and verification schemes and data collection (including
the use of easily available GIS databases) that can help
identify “additional” areas.

The PES experience also shows that while challenges
have been faced in achieving environmental objectives
and ensuring the participation of small-scale forest
owners and marginalised groups, there has been
considerable learning and adaptation to make
improvements. In particular, ways have been found
of including landowners without formal land title in
PES schemes. The most important actions appear to
be to introduce environmental and social criteria for
targeting, actively promoting the PES option amongst
groups that would not otherwise get involved and/
or to reduce transaction costs. The involvement of
intermediaries or facilitating organisations that have
a community development mission is also important
(Grieg-Gran 2008).

The main constraint on the expansion of PES schemes
has been lack of funds to scale up from pilot projects.
Even national-level schemes such that in Costa Rica
have been constrained by lack of resources, with
applications to enter the scheme greatly exceeding
the funds available (Porras et al. 2008). If a REDD+
mechanism is negotiated, there will be a step
change in the amount of funds available: the sums
currently involved in the “readiness phase” are already
significant.

However, if payment schemes are implemented at
much larger scales and in locations where governance
is weak, facilitator will have to guard against “elite
capture” and more attention will have to be given to
strengthening the land tenure of local communities
(Bond et al. 2009). Attention to such safeguards will
need to be a part of any investment in scaling up
PES under REDD+.
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3.4 Investing in improved forest
management and certification

Thisinvestmentapproach recognises theimportance of the
production of timber, fibre, and energy in natural forests,
but that if managed well, they need not conflict with the
provision of other ecosystem services. Moreover, the ability
to generate returns from forests through timber harvesting
that are high enough to compete with other land usesis an
important factor preventing total conversion.

Since the early 1990s, various sets of timber-harvesting
guidelines on Reduced Impact Logging (RIL) have been
produced in different regions of the world, designed to
reduce the adverse environmental impacts associated
with tree felling, yarding and hauling (Putz et al. 2008).
Some of the requirements of RIL imply higher costs
for logging companies, in the form of new equipment,
safety gear, technically qualified supervisors, reductions
in the area harvested and/or the need to use helicopter

Box 7: Research on the
profitability of Reduced
Impact Logging (RIL)

Studies of the costs and benefits of improved
forest management produce conflicting results.
Two studies in the Brazilian Amazon, in Tapajos
National Forest (Bacha and Rodriguez 2007) and
Paragominas (Barreto et al. 1998) have concluded
that RIL can be highly profitable. But Putz et al.
(2008) highlight other studies that have shown
conventional logging to be more profitable
(Healey et al. 2000) or have given mixed results
(Applegate 2002). They conclude that it is not
possible to draw general conclusions about the
financial viability of RIL because of the wide
range of forest conditions and practices that
influence profitability in the tropics.

An earlier review of cost information in over
250 RIL studies (Killmann et al. 2002) concluded
that RIL does cost more, but not as much as
expected. Activities where RIL involved higher
costs included planning, where the median
difference (10 observations) was US$0.28 per
m3, and felling, where RIL was US$0.56 per m?
higher than conventional logging or 48per cent
higher. It is possible that the experience gained
with RIL techniques since this review was carried
out has led to a reduction in costs and a greater
chance of profitability, as reflected in the more
recent studies from Brazil cited above.
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or cable systems to log areas with steep slopes (Putz
et al. 2008). Given the planning it entails, RIL should
involve less wastage of saleable timber and there were
high hopes when it was first promoted that it would be
sufficiently financially attractive for logging companies
to adopt it as part of their normal practice.

The evidence on its financial benefits is mixed though,
reflecting the wide range of forest practices and
conditions (see Box 7).

RIL is just one aspect of sustainable forest management
and the sets of SFM criteria and indicators used in
national standards and in voluntary certification
schemes describe more comprehensively the elements
of good practice. There are a number of cost-increasing
requirements beyond RIL, which makes it unlikely that
increased efficiency will be sufficient to offset these.

The experience from Africa and Gabon in particular has
shown that meeting government SFM standards can
be challenging (Box 8). SFM management plans are
expensive and, as a result, there has been limited uptake.

Many schemes have emerged to certify forest
management against SFM standards, as well as wood
tracking systems to ascertain sustainable and/or legal

Box 8: The high cost of SFM
plans in Gabon

Rough calculations show that to invest in a
15,000 hectare concession (for locals) a sum of
US$4,505,000 is needed, of which US$2,850,000
(63 per cent) will go towards the development
of a management plan and the rest into various
associated studies and impact assessments,
the most costly being those of fauna. These
figures do not include management training
and other costs such as licenses. SFM has
complex requirements. To formulate a SFM
plan for a concession, an inventory of forest
resources is needed and funds are required for
associated mapping, in-forest measurement,
and assessment — as well as to develop the plan
and process. These actions alone entail heavy
investments. In addition, the Forestry Code for
Gabon calls for low-impact logging practices;
workers'compounds must be established for not
less than 25 years, and associated agricultural
sites must be taken into account and studied in
advance.

Source: Gumbo (2010)

wood sources. Independent inspectors assess a mix of
forest management documentation and actual field
practice. There are two international approaches with
widespread support: FSC and PEFC. Both also offer
chain-of-custody certification, tracing products from
sustainably managed forests and verifying they are
not contaminated by other (potentially unsustainable)
products. The logistics can be challenging, especially
for pulp, where many wood sources are mixed. It usually
operates through an electronic system of tagging logs
with bar-codes and tracking subsequent products.

Companies opting for certification not only have to meet
the costs of any improvements needed to meet the
standards, but also the direct costs or transaction costs
of the certification application. For small forest areas
these can be relatively significant (Bass et al. 2001). The
direct costs of FSC certification have been estimated to
range between US$0.06 and US$36 per hectare certified,
depending on the size of forest area, as unit costs decline
with scale (Potts etal. 2010). In certification, links to markets
and possibility of premiums or improved access to high
value markets provide the incentive for investment .

An analysis of the impact of forest certification by Cashore
et al. (2006) used case studies from 16 countries in four
regions (sub-Saharan Africa, Asia-Pacific, Eastern Europe
and Russia and Latin America). Positive social effects
were consistently reported, including improved pay and
conditions for workers, the development of community
infrastructure and the provision of training. There was
less consistency in these case studies and other recent
literature, however, on the market benefits of certification
for the companies concerned, raising concerns about its
financial sustainability in some areas (Box 9).

While a niche market may exist for some certified
timber, many companies (especially in developing and
transitional countries) produce for local and national
markets. In these cases, tools such as FSC certification
will not provide a significant impact on prices received
(Cashore et al. 2006). Studies of certification in Africa,
Eastern Europe and Latin America provide support for this
finding. Nevertheless, in three tropical-forest countries in
Asia and the Pacific, there is some evidence of positive
market benefits from certification. In other cases, in South
Africa and Finland, certification is found to be beneficial in
maintaining existing market share (Box 9).

Box 9 provides examples of both positive and negative
cost-benefit ratio related to the uptake of certification.

Certification has so far been taken up by forest
operations of all sizes in developed countries, as well
as by larger companies (often plantation companies)
in developing nations. None of the ten-largest certified
forests are in the tropics and few certified forests are
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In Uganda, there is no internal market for certified
products and most exports are destined for other
African countries that do not require certification
(Gordon et al. 2006). Paschalis-Jakubowicz (2006)
reported that although FSC certification increased costs
for private producers, this was not reflected in the price
of lumber in Polish markets. In Guatemala and Mexico,
economic benefits of certification have generally not
lived up to expectations, despite major government
initiatives encouraging its use in communities and
industry (Carrera Gambetta et al. 2006, Anta Fonseca
2006). In Guatemala, the direct and indirect costs of
certification in the Maya Biosphere reserve have been
estimated to range between US$0.10 and US$1.90 per
certified hectare per year, US$8-US$107 per hectare
harvested per year, and US$4.2-US$52.9 per m® of
harvested round timber. This indicates considerable
variation but suggests that for some forest owners
the costs are very high. While premiums have been
obtained, they are not high (in the case of certified
mahogany, US$0.05-US$0.10 per board feet, equivalent
to less than 10 per cent of the sales price), and it
was found that prices for non-certified wood soon
caught up (Carrera Gambetta et al. 2006).

Box 9: Costs and benefits of certification for producers

Malaysia has benefited from an average premium
of 37 per cent on sawn timbers (see Shahwahid et
al. 2006). Muhtaman and Prasetyo (2006) found
that Perum Perhutani in Indonesia received a 15
per cent price premium, and Wairiu (2006) reported
an increase in price per cubic metre for Solomon
Islands Eco-forestry (SIEF) timber marketed
through Village Eco-Timber Enterprises (VETE) in
the Solomon Islands.

A survey of the furniture industry in South Africa
found that although FSC certification does not
lead to price premiums, there are other benefits in
maintaining existing markets and contributing to
quality control (Morris and Dunne 2003) cited in
Blackman and Rivera 2010).

In Finland, a survey of perceptions of certified and
non-certified wood products companies found
that certification was not considered to improve
financial performance or to result in premiums
but was important for signalling environmental
responsibility and maintaining market share (Owari
et al. 2006 cited in Blackman and Rivera 2010).

community-run (FSC 2010). This reflects challenges
in interpreting and meeting social standards locally,
insecure rights and assets of tropical forest land-
holders and managers, and poor access to capital, skills
and markets (Bass 2010).

However, there are some important exceptions that
suggest these challenges could be overcome. Mexico
contains more than 700,000 hectares of community-
managed FSC-certified natural forest, spanning 33
communities with stands ranging from 56 hectares to
252,000 hectares, but mostly (26 out of 33) less than
20,000 hectares (Robalino et al. 2010). The Mpingo
Conservation Project in Tanzania was awarded an FSC
group certification for its community forests in 2009
and Kikole village, one of the project’s constituent
rural communities, sold the world’s first harvest of
FSC-certified African blackwood in January 2010
(FSC 2009).

Interms of the environmental impacts of certification, there
is a general perception that certification has been taken
up by forest enterprises that were already practising good
forest- management. Some support to this perception
is given by the geographic pattern of the uptake of
certification, which is heavily concentrated (80 per cent

in the case of FSC) in temperate and boreal areas (FSC
2010). The evidence on the impact of forest certification
on biodiversity has been reviewed by van Kuijk et al.
(2009) who concluded that while there is no conclusive
guantitative evidence about the effects, the good forest-
management practices associated with certification are
beneficial for biodiversity. These include reduced impact
logging, riparian buffer zones, green tree retention in
clearcuts, protected areas within forest management units
and biodiversity corridors. The review also showed that
many species and ecosystems are negatively affected by
any form of logging, highlighting the need for a mix of
conservation areas and production areas of forest.

A more recent review and expert survey (Zagt et al. 2010)
draws a heavily qualified conclusion that certification
has helped reduce biodiversity loss in the tropics. The
caveats to this conclusion relate to the limited area of
certified natural forest in the tropics and the range
of extra-sectoral threats to tropical forests which
certification can do little to address.

In short, while there are some positive examples of
premiums being received by developing country
producers, and good evidence of positive social impacts,
the slow pace of expansion of forest certification in
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tropical and sub-tropical areas suggests that more
proactive support is needed for scaling up. The
evidence on environmental impact shows that there is
potential, but that investment in certification needs to
be accompanied by other measures aimed at protecting
high conservation-value forest, controlling illegal
logging and policies directed at other sectors.

3.5 Investing in planted forests

Investment in planted forest can take a number of
forms. It can be for productive purposes and range from

systems using native species to high-yield plantations.

Alternatively, trees can be planted to promote ecological
restoration and ecosystem services, as in the case of
China (Box 10), although use of timber and fuelwood in
such cases is often not precluded. A distinction is often
made between reforestation and afforestation.®

Historically, governments have played a strong role in
subsidising plantations, often providing as much as 75

5. Afforestation refers to planting of trees on land that has not had forest
cover for many years (for more than 50 years under the rules of the Clean

Development Mechanism) and that is therefore not considered forest land.

Reforestation refers to planting of trees on land that has had forest cover
removed recently (e.g. within the last 50 years) and that therefore can be
considered as forest land.

Box 10: Afforestation in China:
The Sloping Land Conversion
Programme

The Sloping Land Conversion programme (or
Grain for Green programme) started in 1999 with
a goal to convert around 14.7 million hectares of
erosion-prone farmland to forest within critical
areas of the watershed of the Yangtze River and
Yellow River in China by 2010 (Bennett 2008).
This includes 4.4 million hectares of farmland on
slopes greater than 25 degrees (Ibid.). There was
also a goal to afforest a similar area of wasteland
(Ibid.). Total investment has been US$4.3 million
per year (Porras et al. 2008). By the end of 2003,
7.2 million hectares of cropland had been
converted and 4.92 million hectares of barren
or wasteland had been afforested (Xu et al.
2004). By the end of 2006, the area of cropland
converted had reached 9 million ha (Chen et
al. 2009). This was a considerable increase over
previous trends for conversion of cropland to
forests, estimated at just 1.2 million ha from the
late 1980s to 2000 (Bennett 2008).

per cent of total costs (Canby and Raditz 2005). This has
been particularly significant in low- and middle-income
countries, where governments have justified large
subsidies in order to increase domestic timber supplies,
supply industry with low-cost wood, and even to relieve
pressure on natural forests (Canby and Raditz 2005).
Global subsidies for plantations between 1994 and 1998
totalled US$35 billion, of which US$30 billion went to
non-OECD countries (van Beers and de Moor 2001, cited
in Canby and Raditz 2005).

In Brazil, for many years, industrial forest plantations
were promoted for production purposes (fibre for pulp
and charcoal) through national government financial
incentives (Viana et al. 2002). But several programmes
now promote reforestation for ecosystem services.
For example, in Piracicaba in Sao Paulo state, the local
authorities in charge of water supply provide assistance
to farmers in the form of seedlings and technical
assistance to restore riparian forests (Porras et al. 2008).
A number of countries have invested in mangrove
restoration in order to improve sea defences.

The cost of planting forests and the rate of return on
investment varies according to the species, location,
and whether for productive or protective purposes.
Differences in assumptions, for example about the
inclusion of opportunity costs of the land or the land price
also lead to differences in reported costs (van Kooten
and Sohngen 2007). Table 6 gives an indication of the
variation in costs. Taking the range of costs in Table 6 and
an annual increase of 5 million hectares, the current level
of investment in extending the forest area could range
from US$1.25 billion to over US$40 billion per year.

The rate of return on private investment in planted
forest for productive purposes can be very high.
Estimates made by Cubbage et al. (2009) of the
financial viability of industrial plantations based on
exotic species indicate that excluding land costs,
returns for exotic plantations in almost all of South
America - Brazil, Argentina, Uruguay, Chile, Colombia,
Venezuela, and Paraguay - could be substantial, with
an internal rate of return (IRR) of 15 per cent or more.
Yet the record of public incentives in plantations has
been poor, with the wrong choice of sites, poor genetic
material, poor maintenance and location too far from
markets (Bull et al. 2005 citing Cossalter and Pye Smith
2005). Changes in local and global markets are also a
major factor affecting rate of return. The depressed
timber prices on world markets at the end of the
1990s and the early years of the last decade led to
smallholder plantations in the Philippines becoming
unprofitable (Bertomeu 2003).

The social impacts of reforestation can be very
controversial, particularly where it involves large-
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Activity

Location

Cost/ha

Reference

Restoring eucalyptus woodlands

S.E Australia

€285—(passive i.e. natural regeneration)
—€970 (active i.e. replanting)

Dorrough and Moxham 2005 in
NeBhdver et al. 2009

Restoration of degraded stands

Atlantic forest, Brazil

€2,600

Instituto Terra 2007

US$8,240 plus US$118/ha per year for

Replanting of mangroves Thailand . Sathirathai and Barbier 2001
maintenance
Based on payment in national PES
Reforestation for carbon sequestration . scheme of US$980/ha (Robalino et
and wood GEliE B al. 2010) which covers 60% of costs
(Miranda et al. 2004)
Reforestation for carbon sequestration Ecuador USS1,500 Wunder and Albin 2008
and wood
US$413 (2001 prices). Mean of 25
Afforestation India various regions estimates from 21 studies ranging from  Balooni 2003
US$12 to US$755
Industrial forest plantation Sabah, Malaysia (Acacia mangium) US$921-1,052 (2001 prices) Chan and Chiang 2004
Average for Southern hemisphere,
USA and China — main species U
) . Uruguay (Eucalyptus globules) US$500 Cubbage et al. 2009 excludes land costs,
Industrial forest plantations .
US (Douglas fir) US$1,300 and uses 8% discount rate.
Colombia (Pinus tecunumani and USS1,800
Eucalyptus)

Table 6: Costs of reforestation and afforestation

scale plantations run by private companies because
of concerns about land grabs, withdrawal of access
to local communities to common-property forest
resources and replacement of perceived degraded or
low-value common property forest, or land important
for food production, by forest plantations (WRM
2008a). Other reviews acknowledge these issues but
point out that in some areas plantations can provide
benefits to the local poor. Garforth, Landell-Mills and
Mayers (2005) highlighted the employment generated
by the plantation sector in South Africa, directly and
indirectly in small-scale processing and retailing and
supporting industries, estimating that about 7 per cent
of the population depend on the sector. Bull et al. (2005)
pointed to extensive outgrower schemes and social
programmes of HIV AIDs, education and job training as
benefits from plantations in the Southern Hemisphere.
But Garforth et al. (2005) stressed that significant
investment in local bargaining power is needed for
outgrower schemes to offer routes out of poverty.

Small-scale reforestation on the part of communities
or small farmers has been less controversial because
it is often an important livelihood option introduced
with a poverty- reduction aim. Farmers in India have
become important suppliers of wood as a result of such
programmes (Saigal 2005). A number of reforestation
schemes have been targeted at the provision of
ecosystem services, notably carbon sequestration.
While some case studies have been generally positive,
eg Miranda et al. 2004, on Costa Rica and Wunder and

Alban (2008) on PROFAFOR in Ecuador, concerns have
been raised about the long time scales involved for
benefits to accrue to farmers and the need for capacity
building. The Sloping Land Conversion Programme
in China was welcomed by farmers in its early years
because the compensation offered outweighed the loss
of agricultural return (Xu et al. 2004). However, surveys
in five provinces found that there were shortfalls for a
significant proportion of farmers from 7 per cent to 77
per cent (Uchida et al. 2005, Xu et al. 2004).

The environmental impacts of reforestation and
afforestation vary considerably. Plantations can be
contentious owing to their more intensive use of
water and chemicals, as well as introduction of exotic
and genetically modified tree species. There has been
much criticism of “monoculture plantations of exotic
species (WRM 2008b). Recognising plantations’ high
potential to produce wood, potentially taking pressure
off natural forests, their sustainability is often conferred
at the landscape level rather than within the plantation
- siting plantations on less biologically and culturally
important land within a land-use mosaic, so that the
landscape as a whole provides the range of goods and
services required.

Even where tree planting is for protective purposes
rather than production, much depends on the way
programmes are carried out. The mangrove-planting
programme in Vietnam has been widely hailed for its
environmental benefits. It involved an investment of
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Type of agroforestry system  Location Rate of return/comparison with conventional farming Reference

Central and South

Silvo-pastoral - 4-14% Pagiola et al. 2007
America
Peruvian Amazon L(.)wer return than shifting agrlFuIture with short time horizon but Mourato and Smith 2002
higher return over a longer period
Three strata: 1) fruit trees, 2) Northern Bang- Agroforestry is more profitable than conventional farming with or
. ’ S . . Rahman et al. 2007
banana, papaya, lemon 3) spices  ladesh without the inclusion of family labour costs and less risky.
Mixed agroforestry, timber, hor-  Chittagong Hill Agroforestry gives lower annual return per land unit than shifting
ticulture, agriculture — timber Tracts, Southern cultivation in year 1,5, 9 and 13 and higher in other years. Agroforestry  Hossaiin et al. 2006
harvested after 15 years Bangladesh has a higher NPV over 15 years at 10% discount rate
Through soil conservation and improved yields increases agricultural
Eastern Visavas profits by average US$53/household or 6% of total income but
Contour hedgerows Philiopines yas outweighed by opportunity costs of land and labour. Pattanayak and Mercer 1998
PP Excludes on-farm benefits such as fuelwood and fodder as well as long
run and external benefits
T .
Fertiliser tree fallows Zambia 0ver.5 years at .30Aa.d|scount. rate, agrqforestry is more profitable than Ajayi et al. 2006
continuous maize with no mineral fertilisers
Rotational woodlots Tanzania sty ettt o e i) Franzel 2004 cited in Ajayi et al. 2006

maize

Table 7: Rate of return of agroforestry compared with conventional farming

USS$1.1 million in planting (carried out by volunteers)
and protecting 12,000 hectares of mangroves but saved
US$7.3 million peryear on dyke maintenance (Nel8héver
et al. 2009). In contrast, mangrove restoration in the
Philippines produced poor results because trees were
planted in the wrong places leading to low survival
rates (NelBhover et al. 2009).

Similarly, the Sloping Land Conversion Programme in
Chinaalthough effective in bringing about tree planting
on large areas of land has problems of low survival
rates and lack of technical support (Bennett 2008). The
suitability of this approach for drier regions of China
has also been questioned, for example by Zhang et al.
(2008), who estimated that in the sub-alpine region of
south-western China, afforestation would reduce water
yield by 9.6 - 24.3 per cent, depending on the type of
species and the climatic conditions. Another study (Sun
et al. 2006) which applied a simplified hydrological
model across the diverse regions of China, estimated
higher annual water yield reductions from afforestation
from 50 per cent in the semi-arid Loess Plateau region
in the north to 30 per cent in the tropical south.

To conclude, private investment in reforestation has
a place in a green forest sector to ensure sufficient
supplies of wood. But it needs to take place within
management of the landscape and should not
replace natural forests, nor land that is important
for subsistence food production. The economies of
scale of planted forests, particularly high-yield, fast-
growing, single-species plantations are such that
market forces will drive expansion. But incentives
are often given in forms that lead to their replacing
natural forests. The CDM also was restricted to

reforestation and afforestation, putting natural forest
management at a further disadvantage in developing
countries. As stressed by Bull et al. (2005) incentives to
plantations should be directed instead at promoting
forest ecosystem services and social development.
Governance conditions are also required that will tilt
the balance away from those planted forests that do not
support many ecosystem services towards those that
do. It is important that certification schemes continue
to provide criteria for planted forests, including high-
yield plantations, to encourage best practice while not
putting sustainable timber harvesting from natural
forest at a disadvantage.

3.6 Investing in agroforestry

Agroforestry encompasses a wide range of practices
as demonstrated by a definition given in a recent
assessment (Zomer et al. 2009). “Agroforestry systems
range from subsistence livestock silvo-pastoral systems
to home gardens, on-farm timber production, tree crops
of all types integrated with other crops, and biomass
plantations within a wide diversity of biophysical
conditions and socioecological characteristics. The
term has come to include the role of trees in landscape
level interactions, such as nutrient flows from forest to
farm, or community reliance on fuel, timber, or biomass
available within the agricultural landscape.”

Zomer et al. (2009) estimate that as much as 1 billion
hectares of agricultural land could currently be
considered as agroforestry if a threshold of 10 per cent
tree cover is taken. With a higher threshold of 30 per cent
tree cover, the area of agroforestry would be considerably



lower at 375 million hectares, but still significant. They
conclude that trees are an integral part of the agricultural
landscape in all regions except North Africa and West Asia.
Agroforestry is relatively important in Central America,
South America and South-east Asia, where there are
many long-standing management traditions as well as
new scientific forms of agroforestry, but agroforestry is
also practiced on large proportion of Africa’s land area.

As with reforestation, the costs and rates of return of
agroforestry systems vary considerably depending on
location, species and management type. FAO (2005b)
cites a review by Current and Scherr (1995) of agroforestry
practices in Central America and the Caribbean which
found that in 2/3 of the cases, NPV and returns to labour
were higher than for the main alternative practices. Some
more recent studies in different locations that have
compared the profitability of agroforestry systems with
conventional farming systems are shown in Table 7. They
are generally consistent with the conclusions in Current
and Scherr (1995) but show the importance for the results
of time horizons, discount rates and the range of benefits
included. A common conclusion of the studies that find in
favour of the profitability of agroforestry is that it requires
considerably higher investment in the early years. This
constitutes a major obstacle to its adoption.

FAO's review of the benefits of agroforestry (FAO 2005b)
cited a number of positive impacts for farmers, an
additional source of cash income, provision of products
such as fodder for livestock, fuelwood and fertiliser in
the form of nitrogen-fixing trees, that the farmer would
otherwise have to buy, decreased risk because of the
wider range of products on the farm, and the ability to
earn income throughout the year and accrue benefits at
different times, over the short, medium and long term.
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Research on the payments for agroforestry scheme
introduced in Costa Rica in 2004 as an additional eligible
activity in the national PES scheme, provides some
evidence on the social impact of providing incentives
for agroforestry (Cole 2010) A high proportion (78 per
cent) of the farmers interviewed reported an increase in
income. This was not from sale of harvested timber but
from money left over after planting and maintenance
costs were covered. This was particularly important
in indigenous communities because of their strong
dependence on subsistence farming and little other
opportunity for outside income. However, farmers
commonly viewed the plantings as a savings account
for future generations and saw little short-term benefit.
While the payments were concluded to be effective in
overcoming initial economic and technical obstacles,
the need for ongoing capacity building and support
from strong local organisations was highlighted.

A number of projects and programmes have promoted
the wider adoption of agroforestry on the basis of its
significant on-site and off-site environmental benefits.
The Alternatives to Slash and Burn programme showed
that tree-based farming systems, whether mixed or
monocultural, had significant carbon storage benefits,
in part due to its limited soil cultivation and consequent
oxidation of soils, in part due to making use of many
vertical layers of vegetation. It has been estimated that
in Sumatra, Indonesia, rubber agroforestry systems store
about 116 tonnes of carbon per hectare, 45 per cent of
the amount stored by undisturbed natural forests (254
t/C per ha), whereas continuous cultivation of cassava
stores only 39 tonnes of carbon per hectare (Tomich
et al. 2001). FAO (2005b) cites evidence of various
types of environmental benefits from agroforestry. In
Sumatra (Murniati et al. 2001) showed that households

Around US$4.5 million was invested in payments to
farmers in Central America and Colombia to fund a
transition to greater use of silvo-pastoral practices in
cattle ranching.The payments to farmers were based
on a scoring system for environmental services.

Research on the implementation of this scheme in
Quindio, Colombia (Rios and Pagiola 2009) shows
a significant difference between participants and
the control group after four years of payments. Only
13per cent of the land area in the control group
experienced any change in land use and the effect
of this change was to increase the environmental
service score by 7per cent. In contrast, changes
in land-use practices extended to 44 per cent of

Box 11: Evidence on the impact of incentives for silvo-pastoral practices

the area occupied by participants in the payment
scheme and the environmental service score
increased by 49 per cent. Similar conclusions based
on casual observation of neighbouring areas are
drawn for the silvopastoral scheme in Matiguas-Rio
Blanco, Nicaragua (lbid.).

Although water-related services were not a focus of
the payment scheme, some positive impacts were
also found. The silvo-pastoral scheme in Quindio,
Colombia monitored water quality upstream and
found a rapid drop in turbidity, biological oxygen
demand (BOD) and coliforms after measures had
been taken to reforest riverbanks and protect them
from livestock entry (Pagiola et al. 2007).
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with diversified agroforestry systems depend less on
gathering forest products from protected areas than
farmers cultivating wetland rice. In the US, trees planted
as wind breaks have been estimated to increase crop
yield significantly, for example by 23 per cent for winter
wheat (Kort 1988). More recently, the GEF-funded
Silvopastoral project in Colombia, Costa Rica and
Nicaragua, which targeted areas of degraded pasture
provides some rigorous evidence of the environmental
benefits of incentivising agroforestry (Box 11).

Ingeneral,agroforestry has potential tobe both beneficial
to farmers and to provide offsite-benefits in the form of
carbon sequestration, reduced sedimentation in surface
water, and maintenance of a wider basis of biodiversity
than agriculture. But the economic evidence shows that
farmers need both financial assistance and technical
assistance in making the transition to modern forms of
agroforestry. Investment in incentive schemes combined
with longer-term technical support can be effective in
promoting its expansion.
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4 Modelling green investment in forests

In this section we examine the impacts at a global
level of increasing investment in two of the options
discussed in the previous section: private investment
in reforestation and public investment in payments to
avoid deforestation. This is because both are highly likely
to play a role in climate-change mitigation and will form
part of a post -2012 international climate agreement.

4.1 The green investment scenario

Under the global model developed for the Green
Economy Report by the Millennium Institute, the green
investment scenario (G2) allocates 0.034 per cent of
global GDP to reforestation and incentives for avoiding
deforestation/forest protection between 2011 and
2050.°This equates to US$40 billion (in constant 2010 US
dollar prices) per year on average, with 54 per cent or
US$22 billion directed to reforestation and 46 per cent
or US$18 billion per year to avoided deforestation.

This is similar in order of magnitude to estimates made
in the 1990s of the amount of investment needed
for sustainable forest management in production
forests of US$33 billion per year (Tomaselli 2006) and
estimates made in recent years for the cost of avoiding
deforestation, which range from USS$5 billion to US$15
billion per year (Stern 2007, Grieg-Gran 2006) to US$17-
28 billion (Kindermann et al. 2008). The amount indicated
for avoiding deforestation also compares well with the
estimate of US$12-17 billion per year made in Section
3.2 of the investment needed for effective management
of protected forests (based on Balmford et al. 2002).

4.2 The baseline scenario:
“business-as-usual”

In the model, the baseline scenario or “business-as-
usual” (BAU) for the forest sector replicates the historical
trend from 1970 and assumes no fundamental changes
in policy or external conditions going forward to 2050.

6. The 0.034 per cent of GDP for forest-related investments is part of an
integrated green investment scenario, “G2’, in which a total of 2 per cent of
global GDP is allocated to a green transformation of a range of key sectors.The
results of this scenario, in which the 2 per cent is additional to current GDP, is
generally compared to a corresponding scenario in which an additional 2 per
cent of global GDP is allocated following existing business-as-usual trends,
“BAU2" In the case of the forestry sector, there is no significant difference
between the BAU2 scenario and the BAU scenario, which also projects
a business-as-usual path but without additional investments (see the
Modelling chapter for more explanation of the scenarios). Hence the green
investment scenario (G2) can be compared to the BAU which also represents
the model’s projections of future trends on a business as usual path.

Under business-as-usual, the projection is for a steady
decrease in forest cover from 3.9 billion hectares in 2010
to 3.7 billion hectares by 2050. As a result, carbon storage
in forests will decline from 523 Gt in 2009 to 431 Gt in
2050. The contribution of the forest sector to global GDP
and employment is projected to grow at 0.3 per cent per
year between 2010 and 2050 to reach US$0.9 trillion and
25 million jobs by 2050. This is in line with growth rates
in the sector between 1990 and 2006 (FAO 2009).

4.3 Investing to reduce deforestation

The cost of avoiding deforestation is assumed to start
at US$1,800 per hectare, increasing to US$2,240 per
hectare by 2050. This is based on the global average
value added per hectare of crop production plus the
value added of forest products per hectare (measured
in constant 2010 US dollar prices), which is taken to
represent the opportunity cost if forests are conserved
with no extraction of forest products or clearing. This
approach to estimating opportunity cost is somewhat
different from that taken in a number of studies on
this topic (e.g. Grieg-Gran 2006; Borner et al. 2010),
which add together the present value of agricultural
revenues net of cost discounted over several years
and the stumpage fees for timber, but the result is
within the range of most such estimates.” It can be
considered a generous estimate of the opportunity cost
as in many locations the returns to converting forests to
smallholder agriculture, subsistence and cash crops and
to cattle ranching are considerably lower than US$1,800
per hectare. This figure is more representative of higher-
value land uses such as oil palm (see Grieg-Gran 2006,
Chomitz et al. 2006, Borner et al. 2010).

Nevertheless, the cost of designing and administering a
payment scheme, the so-called transaction costs, can be
considerable, particularly in developing countries and
in remote forest areas. While existing national-level PES
schemes in Costa Rica and Mexico have administration
costs of well below 10 per cent of the overall amount
spent (Wunder et al. 2008), analysis of the Bolsa Floresta
scheme in Amazonas state in Brazil indicates a much
higher proportion, around 40 per cent (Viana et al. 2009).
The cost figure used in this model is high enough to
incorporate some provision for transaction costs.

7. Itis equivalent to the cost of purchasing the land or the cost of making
annual payments (as in PES schemes) to compensate for forgone annual
returns to land over an appropriate time period (30-50 years) discounted
at an appropriate rate.
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Figure 2: Deforestation reduction under the green
investment scenario (G2)

Figure 3: Employment under the green investment
scenario (G2) and business-as-usual (BAU)

The investment would enable payments to be made to
forest landholders over a steadily expanding area, with
the yearly increase reaching 6.76 million hectares by
2030 and then decreasing to 6.66 million hectares by
2050, in effect reducing the annual rate of deforestation
by just over 50 per cent, as shown in Figure 2. This is
consistent with other studies, which have predominantly
estimated the cost of reducing deforestation by 50 per
cent (Stern 2007, Eliasch 2008, Kindermann et al. 2008).

4.4 Investing in planted forest

The cost of planting forests is assumed to be US$1,630
per hectare based on the costs of reforestation in
Costa Rica’s national PES scheme, which pays farmers
US$980 per hectare (Robalino et al. 2010) to cover 60

per cent of the costs of establishment (Miranda et al.

2004). As shown in Table 6, this is within the range of
costs estimated for production planted forests, which

is the type of reforestation under consideration here.

Key forest-sector BAU Green investment
indicators in 2050 scenario (G2)
Natural forest area 3.36 billion ha 3.64 billion ha
Deforestationrateha/ 1, 5 viion ha 6.66 million ha
year

Planted forest area 347 million ha 850 million ha
Total forest area 3.71 billion ha 4.49 billion ha

502 billion tonnes
US$1.4 trillion

30 million

431 billion tonnes
US$0.9 trillion

25 million

Carbon storage in forests

Gross value added

Employment

Table 8: Forests in 2050 under the green
investment scenario and business-as-usual (BAU)*

* See footnote 6.

The modelling examines the full cost to a landowner of
establishing a planted forest rather than the incentive
payment that might make such a land use competitive.
On average, the investment allocated will cover the cost
of reforesting an additional 9.6 million hectares per year
or 386 million hectares over the 40-year period.

4.5 Impacts of investment in reducing
deforestation and in planted forest

The economic and environmental impacts of the green
investment scenario are shown in Table 8. In the short
term the reduction in deforestation leads to a decrease
in the value added of the forest sector (wood, wood
processing and pulp and paper) so that it is 1.7 per cent
below the baseline in 2013. Similarly, employment is 2
per cent below the baseline level in 2013. But this does
not take account of the economic impacts on other
sectors such as tourism, which may benefit from the
reduction in deforestation and also the economic value
of the reductions in carbon emissions. In the longer term,
as the area of planted forest increases, value added in
the conventional forest-based industries rises to US$10.4
trillion, some 19 per cent above business-as-usual. The
increase is accompanied by growth in employment from
25 million to 30 million worldwide, or 20 per cent above
business-as-usual (Figure 3).

The main environmental impact is on the area of natural
forest, which in 2050 is 8 per cent more extensive in the
green investment scenario than under business-as-usual,
and on the total area of forest (natural and planted)
which in the green investment scenario is 21 per cent
more extensive in 2050 than under business-as-usual
and 14 per cent higher than the current forest area. This
has positive implications for biodiversity and carbon
storage and resultsin reduced greenhouse gas emissions.



The increase in the forest area is made possible by the
investments in improved agricultural productivity (see
the Agriculture chapter). This means that demand for
agricultural production can be met from a smaller area

of land, freeing up land for reforestation or afforestation.
It also means that there is less pressure on natural forest.

These projections indicate the potential of increasing
green investment in the forest sector. But much depends
on how the investment is made and in what policy and
institutional context. As discussed above, reforestation
programmes do not always work financially, socially or
environmentally, and the small amount of investment

Forests

in avoiding deforestation so far, mainly in the national
PES schemes in Costa Rica and Mexico, has struggled
to demonstrate cost-effectiveness. Large investment
programmes on the scale modelled here will be more
challenging although they can draw lessons from the
existing experience. Global aggregate projections of
this nature cannot, owing to limitations of their design,
capture the differences in response between tropical
countries and non-tropical countries, or between
countries with high forest cover and low forest cover, or
between high income and low income countries. They do,
however, indicate what can be achieved at a global level
in the appropriate policy and institutional conditions.
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5 Enabling conditions

Increased investment needs to be catalysed and backed
up by improvements in forest governance, institutions
and policy (UNFF 2009). Enabling conditions are needed
to motivate the private sector and forest communities
to make investments in sustainable forest management
and downstream activities; and to support public-sector
investments and ensure they realise value.

This section discusses important enabling conditions,
including: forest governance and policy reform, actions
to tackle bad practice in forestry and extra-sectoral
drivers of forest loss, and information technology to
characterise forest assets.

5.1 Forest governance and
policy reform

An overarching requirement is to ensure that good
forest governance is in place at the national level
based on specific, country-led analysis of the economic,
social and institutional drivers of forest loss. This good
governance includes a vision for the future of a country’s
forests, and of forest-based economies, which addresses
the sustainable and equitable provision of all forest
ecosystem services. It also includes a policy framework
that balances global and national public goods with
private goods and community requirements, captures
the value of forest ecosystem services in private and
public decision-making, and creates clear incentives
for good practice and disincentives for bad practice. In
addition, it includes transparent, secure and fair rights to
forest resources and allocation mechanisms especially
for forest-dependent groups such asindigenous peoples.
The fundamentals of good governance in a country (rule
of law, freedom of association, respect for property
rights, accountable legislature, etc.) will be critical.

At an operational level, good forest governance includes
forest management principles, and a related hierarchy of
criteria, indicators and standards, that support progress
from mere legality to SFM. It also includes participation
of forest stakeholders - with special support to poor
communities and indigenous peoples. Furthermore,
it includes transparent and accessible databases and
accountability mechanisms that record forest use by
stakeholders and are linked to incentives and sanctions.
Subsidies, fiscal instruments and other means to get the
price right for given forest ecosystem services should
also be covered, ensuring that externalities are reflected
in payments for services. Finally, good forest governance

should include a capacity-developing, step-wise approach,
helping stakeholders to continually improve forest
management.

5.2 Tackling illegal logging

Illegal logging is a serious problem. The international
trade in illegally sourced wood products was estimated
to be worth US$8.5 billion in 2008. Sustainably produced
wood products will not be able to compete if large
volumes are produced illegally or unsustainably, with
low costs of production, evading taxes and royalties
and marketed at low prices. Because there are even
larger volumes of illegal wood products that do not
enter international trade and are consumed within the
producing country, the actions that the governments
of producing countries take to tackle illegal logging are
likely to have leverage effects. However, the governments
of countries that import wood products and the financial
institutions that back forestry and manufacturing of
wood products can also play an important role.

The 1998 G8 meeting was catalytic in drawing attention
to illegal logging and setting in train a significant
international policy process — one that is increasingly
influential and has recently reduced illegality, although
has not yet stopped it. Subsequent intergovernmental
agreements, in particular the Forest Law Enforcementand
Governance (FLEG) processes coordinated by the World
Bank, have helped to raise awareness of the issue and
have resulted in agreements that“all countries that export
and import forest products have a shared responsibility
to undertake actions to eliminate the illegal harvesting of
forest resources and associated trade”®

The initiatives involve governments of importer
countries increasingly excluding illegal products from
their markets: by setting up border mechanisms to
prohibit imports; by using public procurement policy
to create protected markets for legal products; by using
their own legal systems more aggressively to target
companies involved in importing illegal goods; and by
offering information and encouragement to importing,
processing and retailing companies to control their
supply chains. The USA became the first country to
ban the import and sale of illegally harvested wood,
and to require declaration of species and country of

8. Europe and North Asia FLEG Ministerial conference, 2005 St. Petersburg
Declaration http://194.84.38.65/files/specialprojects/enafleg/25dec_eng.pdf



origin, extending the Lacey Act to wood products. The
European Union has established a licensing system
based around Voluntary Partnership Agreements
(VPAs), which are negotiated with cooperating exporter
countries (Box 12) under the Forest Law Enforcement,
Governance and Trade (FLEGT) Action Plan.

The success of these tools will depend upon how
extensive the uptake is and how well they close off the
opportunities for circumvention by e.g. trade through
third countries. This is highlighted in a recent study of
illegal logging trends up to 2008 (Lawson and MacFaul
2010), which notes that there has been a reduction in
illegal logging and in trade of illegally sourced wood
products - although importing country measures had
played a relatively small role in this. While FLEGT and
the Lacey Act can be expected to have an impact in
the future, the main challenge is the arrival of illegally-
sourced wood via third party processing countries,
notably China. The authors note that governments in
processing countries are not taking adequate action to
address illegal logging (Ibid.).

Further and more widespread improvement requires
a transformation of forest governance in producing
countries with wider stakeholder participation in the
allocation of forest resources, and the determination of
laws so that there is greater legitimacy for laws relating
to forests and timber harvesting (as emphasised in
5.1). Both carrots (support for skills training in SFM,
independent verification of SFM, and preferential
government procurement for SFM) and sticks (tightening
up laws and enforcement against illegal logging
and marketing) are needed. The measures taken by
consuming countries may help to promote this broader
governance improvement, as the process of negotiating
the VPAs has involved the inclusion of partner-country
civil society in the negotiations (Brack 2010).

5.3 Mobilising green investment

Investment in forests can target conserving existing
areas of primary forest; promoting expansion of forests
through regeneration and reforestation;improving forest
management in existing forests of different types; and
agroforestry systems. Each of these will have different
attractions for specific investors, e.g. agroforestry for
agricultural investors aiming for long-term resilience in
food and other markets. There is increasing evidence
that private investments that seek long-term growth
and security are attracted to well-managed forestry
(such as pension funds, as well as specialist vehicles such
as forest bonds). More recently, social stock exchanges
and partnerships with corporations and government
have revealed significant scope for social investments in
locally-controlled forestry.

Forests

Because of the public-good nature of some forest
ecosystem services, however, businesses and forest
landholders usually do not perceive a sufficient incentive
to make green investments in forests. Where such
investments indicate a positive rate of return for society as
awhole, investmentby the public sector can be warranted:
to provide forest ecosystem services directly; to provide
financial incentives to the private sector to make green
investment competitive; and/or to prevent unsustainable
forest management. Central to this will be a hard-headed
examination of national competitiveness in sustainable
forest management, and effective regimes supporting
financial rewards for producing forest ecosystem services,
and notably Global Public Goods (GPGs).

A major incentive measure is public wood procurement,
which has had a significant impact in a few importing
countries and can have a knock-on effect on private
procurement policy. Six EU countries including the UK
(Box 13) have established procurement policies. These
public procurement systems are driven by the power of
public spending in the EU (which accounts for 16-18 per
cent of GDP). They differ in some aspects, e.g.: whether
they separate out legal and sustainable categories;
whether they include social norms; and how they verify

Box 12: The EU licensing system
for legal wood products

The EU’s licensing system is based on voluntary
partnership agreements (VPAs) with producing
countries. These VPAs put in place a licensing
system in each country, to identify legal
products and license them for import to the
EU. Unlicensed, and therefore possibly illegal,
products will be denied entry to the EU.
The agreements include: capacity-building
assistance to set up the licensing scheme,
improved enforcement and, if necessary, reform
laws; and provisions for independent scrutiny of
the validity of the issue of the licenses, as well
as verifying legal behaviour through the chain
of custody of the timber. The VPAs' impact is
as yet unknown: the first two agreements with
Ghana and Republic of Congo were signed too
recently (September 2008 and March 2009,
respectively) for any impact to be discernible.
As developing a licensing system is estimated to
take two years, the first FLEGT-licensed timber
will not enter the market until late 2010 (Brack
2010). Negotiations are also under way with
Cameroon, Central African Republic, Malaysia,
Indonesia and Liberia (Ibid.).
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Box 13: Wood procurement
policy in the UK

The UK central government’s wood procurement
policy started with a requirement to source only
legally-produced forest products (compulsory
for all government contracts). A requirement for
sustainable forestry was originally optional, but
became mandatory from 2009, albeit with a six-
year exemption for FLEGT countries (CPET 2010).

The UK policy recognises FSC and PEFC , and
includes an independent Central Point of
Expertise on Timber (CPET) to advise specifiers,
contractors, etc. (http://www.cpet.org.uk/
evidence-of-compliance/category-a-evidence/
approved-schemes).

non-certified imports. Public procurement policies for
timber also exist for Japan and New Zealand, as well
as some local authorities in the EU and USA. There is
clearly room for improvement but a good start has
been made.

Another incentive is in the hands of key investors,
such as the IFC and major private banks, which
operate coherent controls and have specific policies
for sustainable forest investment. Most of them have
already stopped investing in unsustainable forestry and
forest industry, and require certification associated with
all forest investment.® Some financial institutions have
followed the lead of NGOs such as Tropical Forest Trust,
Rainforest Alliance and Woodmark in promoting a step-
wise approach to improving practice that culminates
in full certification. A stepwise approach presents less
of a challenge - and possibly more of an attractive
business proposition — than the big “stretch” that is
often required to move straight to full SFM certification.
HSBC for example, is allowing five years to progress to
certification (HSBC 2008).

5.4 Levelling the playing
field: Fiscal policy reform and
economic instruments

Forests are not so much a“sector” as a resource, which other
sectors and livelihood systems use, e.g. the energy sector
(low-cost wood can move in and out of energy markets)
and the agriculture sector (forests can be a continuing
source of food and an asset to be liquidated for farming).

9. Seee.g. HSBC (2008).

Policy measures which favour competing activities for
forest land and demand for the products derived from
these activities can undermine efforts to conserve and
sustainably manage forests. Mining and infrastructure
projects, often prioritised for their contribution to
government revenue, can have destructive direct impact
on forests and indirect impacts through opening up
remote areas. Government regulation of such projects
and the due diligence procedures of financial institutions
that back these projects provide important levers for
good practice in siting, construction and operation to
mitigate impacts on biodiversity.

Some governments and financial institutions are
actively promoting biodiversity “offsets” to ensure that
areas of rich biodiversity such as tropical forest that are
unavoidably lost through capital development projects
are offset through conservation actions to restore forest
elsewhere or reduce risks. Engaging with a wide range
of stakeholders is also critical, asking the question:
which supply or demand factors (including particular
specific goods and services) are tipping markets and
governance regimes towards environmentally-sound,
fairer, and more competitive outcomes? Which factors
are mutually supportive and could lead to leveraged
outcomes if more widely applied? The ecosystem
approach can be used as a common framework for
assessing potential trade-offs and synergies between
sectors and stakeholders.

The most significant driver in terms of forest area is
agriculture. For much of the 1980s and 1990s, the
subsidies given to agriculture resulted in farming being
the biggest cause of deforestation, and often also of
inequity between farmers, where subsidies tend to be
captured by larger farmers. With the onset of structural
adjustment programmes, subsidies for key agricultural
inputs such as fertiliser were reduced or phased out
altogether in many developing countries. However,
agriculture remains the engine of development of most
low-income countries and is the focus of national and
international efforts to ensure food security, particularly
in response to the recent food price spike. Thus it is
not surprising that agriculture remains favoured over
forests, if by means other than input subsidies - in
particular, through water allocation systems, artificially
low irrigation charges and infrastructure expansion, and
roads. Today, the drive for biofuels expansion, often
with substantial government support, is a new source of
unequal competition and pressure on natural forests.

It is unrealistic to expect support to agriculture to be
removed altogether if development and food security
objectives are to be met. Agroforestry is one means to
increase synergies between the two sectors. Mechanisms
such as REDD provide incentives for forest conservation
but will be undermined if agriculture is still subsidised



in ways that are not coordinated with forest policy. Ways
should be sought for them to be mutually reinforcing
(See Box 14). The chapter on Agriculture sets out the
types of investment in sustainable agriculture that can
both meet world food needs and support conservation
of natural forests and expansion of forest area.

5.5 Improve information
on forest assets

In determining the relative priority to give to the forest
sector versus agriculture and other sectors and to the
range of forest ecosystem services, governments need to
have better information on forest stocks, flows and cost-
benefit distribution. This should go beyond counting
trees and measuring area to assessing the magnitude,
value and quality of forest ecosystem services. To do
this requires information technology that can handle
complexity. Geo-referenced information is needed on
forest resources and the ecosystem services they provide.
The associated economic, social and environmental
benefits of forest ecosystem services also need to be
captured in monitoring and economic statistics and
included in multi-criteria analysis as basis for decision-
making. There is adequate experience to take this to
scale, so that countries have an accurate assessment of
the stocks and flows of ecosystem services — and of who
benefits. This is also needed to access ecosystem services
markets that demand verification, and to improve the
case made in public expenditure reviews.

At present, there are considerable uncertainties in
estimating the value of ecosystem services at local,
national and particularly at global level, reflecting
gaps in information on biophysical linkages and how
they depend upon both the type of forest and its
management, and the site-specific nature of much
of the research done to date. Publicly supported
research on ecosystem services is needed to reduce
the gaps in information and to document more fully
the contribution made by the forest sector to the
economy, livelihoods and social development in
different downstream sectors. Improved knowledge
of ecosystem services is essential for ensuring the full
value of forests is acknowledged in wider development
decisions. The link between forests and water supply
particularly requires better information.

5.6 Making REDD+ a catalyst for
greening the forest sector

There is no clear and stable global regime to attract
investment in Global Public Goods (GPGs), and to assure
their production in ways that are effective, efficient
and equitable. Yet such a regime is essential to tip the

Forests

Box 14: The effect of financial
support to livestock in Brazil

A study of the livestock sector in Brazil highlights
the challenges for policy coordination with
forestry. Financial support from the Brazilian
National Development Bank (BNDES) has
played a significant role in the expansion of the
livestock sector. The major part of this support
has been targeted at purchase of stock, with
less than 6 per cent of the funds being used to
promote improvement of pastures. However,
studies made by EMBRAPA, the Brazilian
government agricultural research agency
indicate that, with improvements in livestock,
feed and management, it would be possible to
increase the number of livestock by 42 per cent
while reducing the area of pasture by 35 per
cent from its 2006 level. As the area of pasture
in the Brazilian Amazon increased by 44 per
cent between 1985 and 2006, driving much
of the deforestation there, this has important
implications for REDD: redirecting government
support to improve pastures could reinforce
efforts to control deforestation and restore
forest cover.

Source: Smeraldi and May (2009)

finance and governance balance in favour of longer-
term, sustainable forest management. Management
for GPGs, as opposed to wood production alone, also
opens up the prospect of new types of forest-related
employment, livelihoods and revenues - including
management partnerships with local communities.
However, standards that support the co-production of
local benefits with global benefits will be needed, as
well as effective systems for local control of forests, to
ensure livelihood benefits are realised and an equitable
distribution of costs and benefits.

Payments for the climate regulation services of forests
through the CDM and REDD+ mechanisms offer perhaps
the greatest opportunity for countries and landholders
to capture the value of their forest ecosystem services.
The experience with PES provides valuable lessons for
developing effective and equitable REDD+ mechanisms.
Considerable work needs to be done, however, to resolve
theissue of additionality'®, thatis to ensure that payments
are targeted at forest conservation and enhancement
activities which would not otherwise take place. This has
proved challenging for existing PES schemes.

10. Additionality is aimed at improving efficiency.




Towards a green economy

However, this appears to discriminate against
countries and forest landholders who have already
conserved forests or taken early action. Determining
the counterfactual or reference level of forest-related
emissions — from forests that would otherwise not be
conserved - is also challenging, as this is not necessarily
the same as the formal development plans laid out by the
country concerned; neither is it necessarily determined
by whether forest conversion is permitted by national
law. While there is scope for technical improvements in
assessing deforestation and degradation and measuring
forest carbon, determining reference emission levels into

the future is also a political negotiation (Bond et al. 2009).

The methodological guidance that came out of the
Copenhagen COP was for reference emission levels in
REDD+ to be based on historical rates adjusted for national
circumstances (UNFCCC 2010). Reaching agreement on
how these adjustments will be made will require both
better understanding on the part of forest countries of
how different rules on adjustment will affect them, and
a pragmatic approach that recognises existing efforts to
conserve forests and improve forest management.

Safeguards are also needed to protect the rights of
forest-dependent people, particularly when these
rights derive from traditional systems rather than
formal legal systems; and furthermore to ensure
that those who bear the costs of REDD+ schemes, in
terms of land and resource restrictions, receive an
appropriate share of the benefits. Specific models
need to be developed for small-scale producers and
local communities. As with protected areas, long-
term effectiveness and efficiency of REDD+ schemes
may often depend critically on ensuring these
benefits for local stakeholders. Some projects in the
voluntary carbon market, or as part of “readiness”
activities and project design standards such as
those of the Climate Community and Biodiversity
Alliance, are showing how these equity issues can
be addressed at the project level. At the national
and international level, the “payment against
performance” approach being promoted in some
bilateral deals could employ a broader concept of
performance —onethatincorporates notonly emission
reductions but also considerations of equity and
local co-benefits.



6 Conclusions

Understanding and accounting for the full range of
services provided by forests is the most important task
for the sector in a green economy. The active protection
of tropical forests, for example, is now widely perceived
as a crucial ecosystem management priority and a
cost-effective way to reduce global carbon emissions.
While the loss of forest carbon can be offset by planting
trees, and some growing timber demand can be met by
plantations, the loss of primary forest is often irreversible.
Competing demand for forest land, especially from
agriculture, is likely to continue driving deforestation.
Policy measures beyond the forest sector, such as
agricultural subsidies, are therefore at least as important
as policies within the forest sector and innovative
policies that exploit synergies between the two sectors
will be especially valuable.

There are reasons for optimism, but greening the forest
sector requires a sustained effort. Various standards
and certification schemes have provided a sound basis
for practising sustainable forest management, but
their widespread uptake requires a strong mandate
and consistent policies and markets. Protected areas,
although controversial from the beginning, remain an
important option for preventing the permanent loss
of critical ecosystems and biodiversity. Their effective
and equitable enforcement remains a challenge. The
emerging PES and REDD+ schemes are ambitious and
innovative avenues for funding the greening of the
forest sector. Their interface with existing standards,
certification schemes and networks of protected areas,
however, needs to be monitored to ensure they build on
or learn from earlier experiences.

Investment in greening the forest sector should
consider sustainable forest management, PES and
REDD+, planted forest, agroforestry, and indeed

protected areas, although the modelling exercise -

for illustrative purposes — focused only on reducing
deforestation and increasing the area of planted forest.

Forests

Investing in greening the sector may involve short-term
sacrifices in terms of income and jobs, as the forest
stock in general requires time to grow or recover. This
is why compensation schemes - whether national or
international - are essential for communities.

Countries face a choice, whether to allow the prevailing

“forest transition” to take its course or to change their
forest economy to sustain a mix of forest goods
and services that adds value and confers long-term
resilience. Forests have tended to be associated with
benefiting only the early phases of the development
transition, where their intentional liquidation produces
other forms of capital. Yet Sweden, Finland, Canada
and other countries demonstrate how forests can
play a sustained role in high-income countries, too.
Maintaining forests in such countries has inhibited
neither wealth creation nor labour markets; rather,
therearesignificant forward linkages to many economic
sectors with real opportunities for investment and
related growth in wealth and jobs - sectors which,
in turn, benefit from the renewable, recyclable, and
biodegradable inputs that forests can provide. There
are also highly significant public benefits in terms of
biodiversity, health and recreation that are provided at
relatively low cost.

The prospect of payments for ecosystem services

such as carbon and biodiversity extends this practical

proposition to those countries — notably low and middle-
income - that are bold enough to make policy choices

in favour of investing in the “ecological infrastructure” of
forests, but that do not yet have the resources to invest in

a modern forest industry. Protecting forests to maintain

biodiversity and reduce carbon emissions do not require

intensive management inputs, although they do require

scrutiny and protection, and stable financial mechanisms.
The alternative - a steady stripping of forest assets where

the wider costs are unsupportable and the benefits are

often uncertain - is no longer tenable.
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Key messages

1. Renewable energy presents major economic opportunities. Investing in renewable energy is
becoming increasingly viable as technology advances and costs decrease. For 2010, new investment in
clean energy is estimated to have reached a record high of US$243 billion, up from US$186 billion in
2009 and US$180 billion in 2008. The growth is increasingly driven by non-OECD countries, especially
large emerging economies including Brazil, China, and India. With increasing scale, renewable energy
offers important new employment opportunities. Furthermore, renewable energy can be a cost- effective
solution to reaching the energy poor in many situations.

2. Greater investments in renewable energy, as well as energy efficiency, are required now

because the costs of inaction are high. The energy sector is directly responsible for climate change
whose costs in terms of adaptation are estimated to reach US$50-170 billion per year by 2030, half of
which will be borne by developing countries, affecting the poor disproportionately. To achieve a “two
degree” world, the corresponding cumulative investments in renewable energy under the IEA’s 450 ppm
scenario would have to amount to US$1.7 trillion by 2020. Every year of delay in bringing the energy sector
on the 450 ppm trajectory would add US$500 billion to the global costs for mitigating climate change.

3. Renewable energy can make a major contribution to energy security at global, national and

local levels. Most of the future growth in energy demand is expected to come from developing countries,
against a background of rising fossil-fuel prices and uncertainty regarding peak oil. The concern is most
acute in oil-importing African countries, which spend 30 per cent of their export revenues on imported oil
on average, with some spending more than a half. At the local level, renewable energy sources can ensure
a more stable and reliable supply either through local mini grids or household level systems such as PV or
biogas, reducing disruptions from a centralised grid or fuel supply.

4. Renewable energy sources can play an important role in a comprehensive strategy to

eliminate energy poverty. In addition to being unsustainable, the current energy system is also highly
inequitable, leaving 1.4 billion people without access to electricity and 2.7 billion dependent on traditional
biomass for cooking. Moreover, indoor air pollution from using traditional biomass and coal is responsible
for more than 1.5 million premature deaths each year, half of them children under the age of five, the rest
women, in developing countries. Ensuring access to electricity for all requires US$756 billion — or US$36
billion per year - between 2010 and 2030, according to estimates by the IEA, UNDP and UNIDO. Cost-
effective solutions include clean biomass and off-grid renewable-energy technologies, such as solar PV,
with low operating costs and flexible, small-scale deployment options.

5. Renewable energy technologies are becoming more competitive. The maturity of technologies
and the related “learning effects” have helped make their costs increasingly competitive. In the European
context, for example, hydro and wind can already compete with fossil fuel and nuclear technologies, and
on-shore wind will soon be competitive with natural gas technologies. Renewable energy technologies
have also been advancing, including bioethanol-based transport fuels in Brazil, solar energy for heating
purposes in China, geothermal energy in Iceland and El Salvador, and on-shore and off-shore applications
of wind energy in many more countries.

6. Renewable energy is even more competitive when the negative externalities associated with

fossil fuel technologies are taken into account. The combustion of fossil fuels has both pollution and
human health impacts. Many renewable energy technologies would become highly competitive if these
externalities were factored into the production costs of fossil fuels, and the considerable subsidies for both
their production and consumption were removed (globally totalling US$500-700 billion per year according
to IEA, OECD, and World Bank estimates). Cost-reducing innovation in various renewable technologies is
also likely to accelerate as a result of increased investment flows.
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7.Increasing investment in greening the energy sector can make a substantial contribution

to decreasing carbon emissions. Modelling for the GER projects that an average investment of
approximately US$650 billion over the next 40 years in power generation using renewable energy sources
and in second-generation biofuel production of transport fuel could raise the share of renewable energy
sources in total energy supply to 27 per cent by 2050 compared with less than 15 per cent under a“business-
as-usual” (BAU) scenario. The share of renewables in power generation alone is projected to be 45 per cent
by 2050, compared with 24 per cent under BAU. Together with investment also averaging US$650 billion
per year to improve energy efficiency, total fossil-fuel use is projected to be 41 per cent lower in 2050,
producing estimated savings in capital and fuel costs averaging US$760 billion per year between 2010 and
2050. Carbon emissions would be 60 per cent lower than BAU by 2050.

8. A shift to renewable energy sources brings many new employment opportunities. Due to
the higher labour intensity of renewable energy compared with thermal power generation, increased
investment in renewable energy would add to employment in the short-term, according to modelling
for the GER. In the longer term, employment in energy supply would decline at a rate comparable to
that expected under BAU, but with a substantial substitution of jobs in renewable power generation and
biofuels production for many of those lost in coal mining and coal-based power plants. Taking into account
an estimated 5 million jobs to be created in goods and service businesses required for energy efficiency,
direct employment from greening the energy sector could exceed business as usual by about 15 per cent,
with moderately positive indirect employment effects. The overall impacts on employment of investing in
renewable energy will vary by national context and deserve careful analysis at that level.

9. Increasing investment in renewable energy requires additional incentives to ensure

profitability. Such investments carry particular risks such as those typically associated with the
emergence of new technologies as well as the uncertain effective price of carbon that traditional energy
sources will have to pay. In addition, there are issues of high upfront capital costs, access to finance, and
the partial public-good nature of innovation. Together these hinder the competitiveness of renewable
energy technologies, discouraging private investments in their development and deployment.

10. Government policy has an essential role to play in enhancing incentives for investing in

renewable energy. Time-bound incentives, notably feed-in tariffs, direct subsidies, and tax credits can
make the risk/revenue profile of renewable energy investments more attractive. The proceeds from carbon
or energy taxes or from phasing out fossil fuel subsidies could be used to support such incentives. As far
as project financing is concerned, public finance mechanisms, which can range from simple grants to
complex conditional funding structures, can be deployed to support R&D, technology transfer, and skill
building. These can complement private capital, especially in developing countries, or broaden the market
for renewable energy. Governments are increasingly taking action; by early 2010, for example, 85 countries
had set national targets for renewable energy, more than half of which are in developing countries.
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Figure 1: Renewable energy share of global final energy consumption, 2008

1 Introduction

This chapter makes the case for increasing investment in
greening the energy sector with a focus on renewable
energy supply.” The current highly carbon-intensive
energy system depends on declining stocks of fossil
fuels, leaves 2.7 billion people without access to modern
energy, and is, thus, not sustainable in economic, social,
and environmental terms. Furthermore, the current state
of the energy sector leaves many countries exposed to
large swings in oil import prices and also costs billions in
public subsidies.

Greening the energy sector aims at a renewable and
sustainable energy system. This process involves
improvements in energy efficiency, a much greater
supply of energy from renewable sources and reducing
greenhouse gas emissions and pollution. The most
direct approach is to reduce the use of fossil fuels — an
energy source whose combustion accounts for two-
thirds of all GHG emissions (IPCC 2007). Improvement
in energy efficiency reduces dependence on fossil
fuels, in many cases with net economic benefits.
Energy demand is still likely to grow in order to
meet development needs, in the context of growing
populations and income levels. Greening the sector
also aims to end “energy poverty” for the estimated 1.4
billion people who currently lack access to electricity.
Moreover, 2.7 billion people who are dependent on
traditional biomass for cooking need healthier and
more sustainable technologies (IEA 2010a). Modern
renewables offer considerable potential for enhancing

energy security at global, national and local levels. In
order to secure all these benefits, enabling policies are
required to ensure that the investments are made for
greening the energy sector.

This chapter is structured as follows: Section 1 briefly
describes features of world energy supply and the
growing role of renewable sources of energy within it.
Section 2 discusses the challenges and opportunities
facing both governments and the energy sector. Section
3 considers investments as a response to the outlined
challenges and opportunities. It includes a review of
additional investment needs, and the results of energy
investment scenarios. Section 4 discusses the barriers
to the greening of the energy sector and some of the
policies to address them. Section 5 concludes the
chapter.

1.1 The energy sector? and the position
of renewable sources of energy

World primary energy demand? is expected to continue
growing. The International Energy Agency’s Current
Policies scenario, which assumes no change in policies
as of mid-2010, projects a growth rate of 1.4 per cent per
year up to 2035 (Table 1). The fastest growth is expected
in non-OECD countries with a projected rate of 2.2 per
cent per year, particularly in China and India and other
emerging economies in Asia and the Middle East. Many

1. The demand issue of energy efficiency is comprehensively covered in other chapters such as the ones on buildings, transport, and manufacturing.

2. While comprehensive figures are lacking, the energy sector comprises somewhat more than 5 per cent of world GDP, indicating its importance for the

economy as a whole.

3. Primary energy refers to the energy contained in an energy resource before it is subject to transformation processes, where usually losses take place.




non-OECD countries are also expected to see large
increases in imports of oil or gas or both.

Energy demand is growing against the backdrop of
rising and unstable fossil-fuel prices (see Figure 3, which
shows the evolution of the changes in the price of crude
oil since 1978). Expenditure on oil alone increased from
1 per cent of global GDP in 1998 to around 4 per cent at
the peak in 2007, and is projected to remain high in the
period to 2030 (IEA 2008b).

Findings from this chapter indicate that the share of
renewables in total energy supply is expanding and
that the greening of the energy sector can contribute
to the growth of income, jobs, and access by the poor
to affordable energy, which are other objectives of
sustainable development. Worldwide investment in
renewable energy assets — without large hydropower —
grew by a factor of seven from US$17 billion in 2004 to
US$126 billion in 2008. For OECD countries the share of
renewable has risen from 4.6 per cent in 1973 to 7.7 per
cent in 2009 (IEA 2010d).

This chapter uses the IEA definition of renewable energy:

Renewable energy is derived from natural processes
that are replenished constantly. In its various forms, it
derives directly or indirectly from the sun, or from heat
generated deep within the earth. Included in the definition

Renewable energy

Total energy Share in total

demand Growthrate  energy demand

[Mtoe] 2008-2035° [ per cent]

% —

2008 2035 2008 2035
OECD 5421 5877 0.3 442 32.6
Non-0ECD 6516 11,696 2.2 53.1 64.8
Europe/Eurasia 151 1470 0.9 9.4 8.1
Asia 3545 7240 2.7 289 40.1
China 2131 4215 26 17.4 234
India 620 1535 34 5.1 8.5
Middle East 506 1124 24 49 6.2
Africa 655 948 1.4 53 53
Latin America 569 914 1.8 4.6 5.1
World® 12,271 18,048 1.4 1000  100,0

a. Compound average annual growth rate. b. World includes international marine and aviation
bunkers (not included in regional totals), and some countries/regions excluded here.

Table 1: Primary energy demand by region in the
IEA Current Policies scenario

Source: IEA (2010d)

is energy generated from solar, wind, biomass, geothermal,
hydropower and ocean resources, and biofuels and
hydrogen derived from renewable resources (IEA 2008a).

Figure 1 indicates the share of renewable energy in
global final energy consumption in 2008 at 19 per cent.
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2 Challenges and opportunities

2.1 Challenges

The global community and governments are faced with
four major challenges with respect to the energy sector:
1) increasing energy demand and concern over energy
security; 2) combating climate change; 3) reducing
pollution and public-health hazards; and 4) addressing
energy poverty. Greening the energy sector, including
by substantially increasing investment in renewable
energy, is a necessary but not sufficient response to
these challenges.

Energy security

Increasing energy demand together with rising energy
prices raise concerns about energy security, which
covers a range of issues, including the reliability and
affordability of national sources of supply. Such concerns
are relevant for low-income countries, and also for
emerging and developed economies, where a relatively
high dependence on a limited range of imported sources
can mean higher risks to the security of national energy
supply from political and other developments. Risks to
national energy security can also carry downwards to
impinge on energy security at local levels.

The IEA’s Reference Scenario, the trends of which are
depicted in Tables 1 and 2, represent a baseline of how
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Figure 2: Evolution of fossil fuel prices

Source: Energy Centre the Netherlands (ECN)

global energy markets would evolve without policy
changes (IEA 2009a). In the scenario, oil importing
countries (especially developing countries and emerging
economies) are expected to become increasingly
dependent on OPEC countries for oil. While total non-
OPEC output is expected to remain about constant
until 2030, production in OPEC countries is projected
to increase, especially in the Middle East. OPEC’s share
in the world oil market consequently rises from 44 per
cent in 2008 to 52 per cent in 2030, above its historical
peak in 1973. For natural gas, increases in exports are
mainly projected to come from Russia, Iran and Qatar,
which would increase the world economy’s energy
dependency on these countries (IEA 2009a).

Theincreasein oil prices since 2002 has increased pressure
on the balance of payments of developing countries
(Figure 2). To compensate for increased fossil-fuel prices,
some countries have increased their fuel subsidies
putting additional strain on government budgets. Oil
accounts for 10 to 15 per cent of total imports for oil-
importing African countries and absorbs over 30 per cent
of their export revenue on average (UNCTAD 2006; ESMAP
2008a). Some African countries, including Kenya and
Senegal, devote more than half of their export earnings to
energy imports, while India spends 45 per cent. Investing
in renewable sources that are available locally - in many
cases abundantly - could enhance energy security for
such countries (GNESD 2010). Energy security would then
be influenced more by access to renewable technologies,
including both their affordability as well as the capacity
to adapt and deploy. Diversifying the energy matrix thus
presents both a considerable challenge and opportunity
for oil importing countries

Climate change

The IPCC's fourth assessment report (IPCC 2007)
underscored the importance of mitigating future
human-induced climate change — mostly driven by the
combustion of fossil fuels — and adapting to the changes
that cannot be reversed. Estimates of the damages of
climate change and costs of mitigation and adaptation
vary widely. Substantial damages will occur even with a
rapid greening of the energy system, but will be much
higher if no action is taken. The annual global costs of
adapting to climate change have been estimated by the
UNFCCC to be at least US$49-US$171 billion* by 2030.

4. This estimate does not include key sectors of the economy such as
energy, manufacturing, retailing, mining, tourism and nor impacts on
ecosystems and the goods and services they provide.



About half of these costs will be borne by developing
countries.® Moreover, climate change is likely to worsen
inequality because its impacts are unevenly distributed
over space and time and disproportionately affect the
poor (IPCC 2007).

IPCC (2007) and IEA (2008c) estimate that in order to
limit the rise of average global temperature to 2 degrees
Celsius, the concentration of GHG should not exceed 450
parts per million (ppm) CO,-eq. This translates to a peak
of global emissions in 2015 and at least a 50 per cent cut
in global emissions in 2050, compared with 2005. In 2009,
the G8 committed to an 80 per cent cut in their emissions
by 2050 in order to contribute to a global 50 per cent cut
by 2050, although a precise baseline was not specified.
The 80 per cent reduction would yield some space for
developing countries to have a less stark reduction
trajectory while reaching the global 50 per cent target.
There are still large uncertainties, however, concerning
how to reach the emission reduction goals and the
“two-degree” target agreed by most countries at the UN
Climate Change Conference in Copenhagen in 2009 . In
the IEA Current Policies Scenario, for example, fossil fuels
are projected to continue dominating energy supply in
2030 (See Table 2). Additionally, several models project
that GHG emissions will rise fastest in high-growth
countries such as China and India (IEA 2010b, 2010d).

A shift from fossil fuels to renewable energy in the
energy supply can contribute to achieving ambitious
emissions-reduction targets, together with significant
improvements in energy efficiency. To reduce baseline
emissions to a level that would keep the concentration
of GHGs at 450 ppm in 2050, the IEA projects that
renewable energy would need to account for 27 per
cent of the required CO, reductions, while the remaining
part would result primarily from energy efficiency and
alternative mitigation options such as carbon capture
and sequestration (CCS) (IEA 2010b). A major part of
the CO, reductions resulting from the promotion of
renewables would take place in developing countries.

Pollution and public-health hazards

The combustion of fossil and other traditional fuels has
many adverse effects on human health. Studies from
Asia, Africa, and the Americas have shown that indoor
air pollution levels are high in households that rely on
coal or traditional biomass fuel, causing a considerable
disease burden (Ezzati and Kammen 2002). According
to the WHO (2006), indoor air pollution was responsible
for more than 1.5 million deaths in 2002, mostly young
children and women. Indoor air pollution from burning

Renewable energy

Total energy Share in total

use Growthrate  energy mix
[Mtoe] 2008-2035*  [percent]
%] @ ——

2008 2035 2008 2035
Coal 3,315 5,281 17 27.0 29.3
0il 4059 5,026 0.8 33.1 27.8
Gas 2,596 4,039 1.7 21.2 224
Nuclear 712 1,081 1.6 5.8 6.0
Hydro 276 439 17 2.2 24
Biomass and waste® 1,225 1,715 13 10.0 9.5
Other renewables 89 468 6.3 0.7 2.6
Total 12,271 18,048 14 100.0  100.0

a. Compound average annual growth rate. b. Includes traditional and modern uses.

Table 2: World primary energy mix in the IEA

Current Policies scenario
Source: IEA (2010d)

solid fuel accounted for 2.7 per cent of the global
burden of disease in 2000 and is ranked as the largest
environmental contributor to health problems after
unsafe drinking water and lack of sanitation. Most of the
deaths occur in Africa, South-East Asia and the Western
Pacific where a large majority of households prepare
their meals by using traditional fuel appliances (WHO
2006). In addition to cooking, lighting with kerosene
(also known as paraffin) adversely affects public health
(WHO 2009).

There are high costs associated with the continuing
pollution from the combustion of fossil and other
traditional fuels and the control costs associated with
the reduction from their higher levels in the past.
According to the IEA, the costs of air pollution controls
worldwide amounted to about €155 billion in 2005 and
were estimated to triple by 2030 (IIASA 2009; IEA 2009a)°.
In 2005 around 3.4 billion life-years were lost in Europe,
China, and India due to exposure to anthropogenic
emissions of particulate matters, excluding indoor air
pollution. This estimate is dominated by impacts in
China and India, which together contributed more than
90 per cent of years of life loss (YOLL) in 2005. In the
developed world, burning fossil fuels costs the United
States of America about US$120 billion a year in health
costs, mostly because of thousands of premature deaths
from air pollution (US National Research Council 2009).
This figure reflects primarily health damage from air
pollution associated with electricity generation and
motor vehicle transportation and does not include
damage from climate change, harm to ecosystems,

5. Other studies that take into account additional direct and indirect impact of climate change related to water, health, infrastructure, coastal zones,
ecosystems, etc, have assessed that cost of adaptation to be 2-3 times greater than that put forward by the UNFCCC (IIED 2009). In general adaptation costs
should only be interpreted as lower-bound estimates of the possible economic impacts of climate change.

6. The IEA calculation includes international costs of pollution control equipment and has been done using a four per cent (social) real discount rate. All costs
and prices are expressed in constant € 2005 and include “current policy” pollution control legislation.
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Millennium Development Goal

How modern energy will help attain the MDGs

Eradicate extreme poverty and hunger by
1 reducing the proportion of people whose
income is less than USS$1 per day (in USSPPP)

Increases household incomes by improving productivity in terms of time saving, increasing output, and value-
addition, and diversifying economic activity.
Energy for irrigation increases food production and access to nutrition.

Achieve universal primary education and

Provides time for education, facilitating teaching and learning by empowering especially women and children to

58 promote gender equality become educated on health and productive activities, instead of traditional energy related activities.
Reduce child and materal mortality and Improved hea'lth through access to clean water, cleaner cooking fuels, heat for boiling water, and better
4,5,6 reduce disease agricultural yields.
Health clinics with modern fuels and electricity can refrigerate vaccines, sterilise equipment, and provide lighting.
Cleaner fuels, renewable energy technologies, and energy efficiency can help mitigate environmental impacts at
7 Ensure environmental sustainability the local, regional and global levels.

Agricultural productivity and land-use can be improved to run machinery and irrigation systems.

Source: based on GNESD (2004)

Table 3: Millennium Development Goals and links to energy access

effects of some air pollutants such as mercury, and risks
to national security.

Renewable energy generation can mitigate or avoid
many of the public health risks caused by the mining,
production and use of fossil fuels. The operation of
solar panels and wind turbines, for example, does not
emit air pollution. Moreover, access to modern energy
enables the deployment of technologies that can
control endemic and emerging diseases by providing
safe drinking water and by keeping foods and medicines
refrigerated.”

Energy poverty

Expanding access to energy is a central challenge for
developing countries. Reliable and modern energy
services are needed to facilitate poverty reduction,
education, and health improvements, as reflected in
a number of Millennium Development Goals (MDGs).
Table 3 shows the link between various MDGs and
modern energy access.

The scale of the challenge is massive with 1.4 billion
people currently lacking access to electricity, and 2.7
billion depending on traditional biomass for cooking
in developing countries as calculated by IEA, UNDP and
UNIDO (IEA 2010a). In Sub-Saharan Africa 80 per cent of
people rely on traditional use of biomass for their energy,
makingittheregion with the highest dependence on this
energy source. While 53 per cent of urban populations in
sub-Saharan Africa have access to electricity, the figure
for the rural population is only 8 per cent (UNDP 2007).
This rural-urban electrification imbalance contributes
to a highly uneven spatial distribution of economic
activity, encouraging larger and more rapid rural-urban
migration. On average, 26 per cent of people have
access to electricity in sub-Saharan Africa, ranging from
3 per cent in Burundi, Liberia and Chad, to 75 per centin
South Africa and to 92 per cent in Togo at the top (UNDP

and WHO 2008). Under current trends, the IEA estimates
that by 2030 1.2 billion people will still lack access to
electricity and the number relying on biomass will even
rise slightly to 2.8 billion. In some African countries, the
share of the population without access to electricity
might even increase. Renewable energy sources offer
some cost-effective solutions to solving energy poverty,
one of the opportunities is explored in the next section.

2.2 Opportunities

For governments, there are four major opportunities
supporting a strategy of increased investments in
renewable energy, as part of greening the energy
sector: 1) the existence of clear policy targets in many
countries; 2) technological advances that improve
competitiveness; 3) a recent strengthening of growth
in renewable energy investments; and the 4) the
potential of renewable energy projects for creating
jobs. Renewable energy providers can build on these
opportunities to scale up their investments in the sector,
thus complementing policy measures undertaken to
improve energy efficiency.

Policy targets for renewable energy

In April 2010, the UN Secretary-General’s Advisory Group
on Energy and Climate Change (AGECC) published a
report, which calls on the UN and its Member States to
commit themselves to two achievable goals: universal
access to modern energy services and a global energy
intensity reduction of 40 per cent by 2030 (AGECC
2010). It writes that: “Delivering these two goals is key
to achieving the [MDGs], improving the quality and
sustainability of macroeconomic growth, and helping
to reduce carbon emissions over the next 20 years”. For
universal modern energy access to meet basic needs?,
the report estimates the required capital investment
to be US$35-40 billion per year. For improving energy

7. Botswana Case Study. Development and Energy in Africa:
www.deafrica.net

8. Energy required for cooking, heating, lighting, communication,
healthcare and education.



efficiency in low-income countries, the same report
estimates the need for an average of US$30-35 billion
per year. When supported by enabling policies discussed
in Section 4 below, setting targets to achieve these goals
can send a strong signal to potential investors.

In fact, many countries have already adopted targets
for renewable energy. By early 2010, there were
national policy targets in 85 countries, including all 27
EU member states (REN21 2010).° A large number of
these targets concern renewables’ shares of electricity
production, which range from 2 to 90 per cent, but
generally fall in the range of 5 to 30 per cent by 2020.
Targets are also set for the share of renewable energy in
total primary or final energy supply, installed capacities
of various specific technologies, for the total amounts
of energy production from renewables, or for the share
of biofuels in transportation fuels. While earlier many
targets were set for the 2010-2012 timeframe, targets
set more recently concern the next decade to 2020 or
beyond. For example, EU countries have set a target of
20 per cent of their final energy supply to be provided by
renewable sources by 2020.

Policy targets for renewable energy have also been
established in many developing countries. In fact,
more than half of the national targets have been set by
developing countries, which may - to a certain extent —
have been motivated by the financing available through
the Clean Development Mechanism (CDM): about half
of the CDM projects have been for renewable energy.
Between 1997 and 2010, the number of developing
countries with national targets doubled from 22 to 45.
Developing countries with targets for 2020 or beyond
include, among others, Brazil, China, Egypt, India, Kenya,
the Philippines, and Thailand. Box 1 illustrates the
example of Tunisia, which has been encouraging the
use of renewable energy since 2004. Another example
is Botswana, where 80 per cent of the nation’s power
requirements are currently met through imports.’”” In
February 2010, the government of Botswana announced
that the country is aiming for complete self-sufficiency
in electricity generation by 2015. In addition to such
national targets, there are many countries with sub-
national targets at the state or provincial level.

Technical advances and cost competitiveness

The maturing of technologies and the knowledge
generated by this have helped to reduce the costs of
renewable-energy technologies, making some of them
increasingly competitive. This section briefly reviews
such developments, drawing on much more detailed

9. The following description and examples of policy targets here are based
on information from the REN21 Global Status Report 2010 (REN21 2010).

10. Sources: Botswana  Government Portal, February  2010:
http://www.gov.bw; Botswana Ministry of Finance and Development
Planning; Macroeconomic Outline and Policy Framework for NDP 10 (2007).
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reviews of relative costs of different energy technologies
(for example, IEA 2010b, 2010c, 2010d). Inter-country
cost comparisons, however, can only be approximate
given differences in the methodologies used to combine
investment costs and operating costs into an overall
average cost.

Table 4 shows the stages of maturity for major
renewable energy technologies.'" The most mature
technology is hydropower, which supplies 16 per cent
of the world’s electricity demand. Most hydropower
installations, however, are large-scale, which can have
adverse environmental and social impacts. Smaller-

Box 1: Tunisia’s Solar Energy
Plan

In order to become less dependent on energy
imports and the volatile prices of oil and gas,
the government of Tunisia decided to develop
its potential for domestic renewable energy
generation. A 2004 law on energy management
provided a legal framework. In 2005, funding
mechanisms such as the National Fund for
Energy Management became available for
deploying renewable energy technologies
and increasing energy efficiency. Between
2005 and 2008, clean energy plans enabled
the government to save nearly €900 million in
energy bills (equivalent to 10 per cent of primary
energy consumption), with an initial investment
in clean energy infrastructure of only €260
million. The renewable energy supplies and
energy efficiency measures are expected to
have reduced total energy consumption from
conventional sources by about 20 per cent
in 2011. In December 2009, the government
presented the first national Solar Energy Plan
and other complementary plans with the
objective of increasing the share of renewable
energy sources to 4.3 per cent of total energy
generation in 2014, up from the current level
of 0.8 per cent. The objective is to transform
Tunisia into an international clean-energy hub.
The Solar Energy Plan is based on three main
technologies: solar PV, concentrating solar
power and solar water heating systems, and
comprises 40 renewable energy projects. The
Plan’s budget through to 2016 is €2 billion, while
its savings on energy imports are expected to
reach more than 20 per cent per year by the end
of that year.

Source: Agence Nationale pour la Maitrise de I'Energie (2009)
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Stages: Researchand

development Demonstration Deployment Diffusion Commercially mature
Renewables: P

Hydropower Small-scale Large-scale dam
Biomass Large-scale power Small-scale biogas Co-firing Bio-ethanol

Wind Floating Offshore Onshore

Solar Organic PV Concentrating solar power PV Solar boilers

Geothermal Enhanced geothermal Power Heat

Ocean Tidal, wave

Table 4: Stages of technological maturity

scale hydropower projects, by contrast, have fewer such
impacts and have great potential in many developing
countries. In terms of sustainable biomass applications,
the production of bioethanol-based transport fuels
in Brazil is already a commercially mature technology.
Onshore applications of wind energy are in the
deployment and diffusion phase, while offshore wind
energy is also entering the deployment phase.

Solar energy, for heating purposes, is commercially
mature and commonly used in China and several
other parts of the world. Solar PV for electricity is in
the diffusion phase in small-scale applications, such
as solar roof-top home systems or solar lanterns in off-
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Figure 3: Long-run marginal costs for various
power-plant technologies in OECD countries 2015-
2020

Source: IEA (2009a)

grid areas, although it requires abundant solar radiation.
Concentrating solar power (also called thermal solar
power) has been in the demonstration phase for some
time and deployment has recently begun in a few
locations. Geothermal energy can be harnessed for
heat and in some locations also for power generation.
It is mature in some countries — Iceland and El Salvador,
for example, derive over 15 per cent of their electricity
needs from geothermal sources (IPCC 2008). Several
applications of geothermal energy are being developed.

Figure 3 from the IEA provides cost comparisons
between on-shore wind, nuclear and various fossil-fuel
technologies for OECD countries in the period 2015-
2020 for various assumptions about carbon prices (see
Box 2 on the carbon market). The figure shows that co,
prices of between US$30 and USS$60 per tonne would
be necessary for on-shore wind and coal with carbon
capture and storage to have a decisive cost advantage
over other fossil fuels.

Table 6 by the European Commission (2008) provides
a range of estimates for various technologies, under a
“moderate” fuel-price scenario, and illustrates how some
sources of renewable electricity - in particular hydro
and wind - can compete with fossil fuels and nuclear
technologies in the EU. It also shows that in the EU the
production cost of electricity from on-shore wind will soon
be competitive with natural gas technologies. For biomass
in the EU, the wide range reflects uncertainties in the costs
of biomass. Costs of other renewable-energy technologies,
namely those for which only prototypes presently exist, are
still significantly higher than conventional technologies.
The cost of electricity generated in the EU by PV is
projected to fall by around a factor of three by 2030, but it
is expected to remain considerably more expensive than
that generated by other sources.

Table 6 also illustrates the important role played by the
carbon price in assessing the cost- competitiveness
of renewable energy generation compared with that



derived from fossil fuels. The scenarios assume that
each tonne of CO, directly emitted attracts a levy of €0/
tCO, in 2007, €41/tCO, in 2020 and €47/tCO, in 2030.
This assumes a relatively steep rise compared with the
current (2011) levels of €10-15."2 If the full range of
externalities from carbon emissions such as air pollution-
related health hazards were included in carbon pricing,
the relative position of renewable energy would be
strengthened considerably. Minimum standards on
fossil-fuel plants, which would raise the production costs
of fossil fuels, could also increase the competitiveness of
renewable energy.

Taking into account the externalities caused by the
combustion of fossil fuels significantly alters the (net)

Renewable energy

cost comparisons between renewable energy and
conventional energy technologies, as illustrated in Box
3.2t also strengthens the argument for taking measures
to control air pollution. There is evidence indicating that
an integrated approach addressing both air pollutants
and GHG emissions can be considerably less costly
than dealing with those issues separately (IPCC 2007).
The competitive position of renewable energy would
be strengthened if subsidies for fossil fuels were also
phased out (see Box 4).

Another major influence on cost competitiveness is the
existence of “learning effects”. This refers to the tendency
for the costs of new technologies to decline over time as
cumulative production or cumulative investment in R&D

12 The Fourth Assessment Report of the IPCC (2007) reviewed damage cost estimates in peer-reviewed literature at the time of preparation of the assessment
(up to 2005), reporting an average of US$12 per tonne of CO,, and an upper bound at US$95 per tonne of CO,. As discussed below, a more recent review by
the German Aerospace Centre and Fraunhofer Institute for System and Innovation Research (DLR/ISI, 2006) proposed a much higher range of €15-280 per
tonne of CO,, based primarily on a modelling report for the UK Department for Environment, Food and Rural Affairs (DEFRA).

13 See McKinley et al. (2005) for calculations for Mexico City.

Typical project

Natural gas price

$2.00/MMBtu $4.00/MMBtu $8.00/MMBtu
Coal mine methane capture $5.77 $0.79 Negative
Large-scale wind energy $47.08 $8,50 Negative
Coal-to-gas fuel-switching® $15.12 $72.44 $187.07
Pulverised coal (02 capture** $279.99 $220.86 $102.59

* Assumes coal prices stay constant. ** Lost electricity sales are assumed due to the energy penalty associated with (02 capture.

natural gas prices

Source: Ecosecurities Consulting (2009)

Table 5: Mitigation project costs per tonne of CO, (US$ at 2007 prices), given different values for

Box 2: Carbon markets

Carbon markets are an instrument for reducing
carbon emissions and targeting greenhouse-gas
externalities from fossil-fuel use. They are essentially
a group obligation to limit the total emissions of
specified sources. A limited amount of tradable
emission allowances are sold or given gratis, thus
creating an artificial market from which a carbon price
can emerge. This price imposes extra costs on the use
of fossil fuels, making non-fossil based alternatives
more competitive. These alternatives can include not
only renewables but also energy-efficiency measures,
nuclear power generation, carbon capture and storage
(CCS) and the reduction of non- CO, greenhouse
gases. As of 2010, the two most prominent schemes
assigning a price to carbon are the EU Emissions
Trading Scheme (EU-ETS) and the Clean Development

Mechanism (CDM). Owing to the low current carbon
prices and uncertainty about their future levels,
however, carbon pricing mechanisms have not yet led
to large-scale deployment of renewables.

The return on investments in renewables is very
sensitive to both the carbon price and natural gas
and power prices.The carbon priceisin turn sensitive
to policy decisions. The difference between gas and
power prices largely determines the competitive
position of renewable power production. The table
below illustrates that wind energy, assuming set
capital and operating costs, can go from being an
expensive carbon mitigation option at low natural
gas prices, to a cost-effective technology in its own
right at higher natural gas prices.
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Egﬁigg Power generation technology Production cost of electricity (COE) Life cycle GHG emissions
Sttﬁzea(r)'f Projection  Projection Net ([S)gi% Indirect  Life cycle Fuel price
2007 for 2020 for2030 | efficiency emissions emissions  emissions sensifivit
£2005/MWH £2005/MWH 2007 Kg C02eq/MWh  Kg C02eq/MWh y
£2005/MWH Kg CO2/MWh
Open cycle gas turbine (GT) - 65-75° 90-95° 90-100° 38% 530 110 640 Very high
Natural .
qs | Combinedcydegastubine - | 50-60 65-75 70-80 58% 350 70 40  Veryhigh
(Ccam) «s n/a 85-95 80-90 49% 60 85 145 Very high
'e’:;’::' combustiondiesel | 100 125 40-165  140-160° 45% 595 9% 690  Veryhigh
0il
t(l‘j’r"glbn':e‘i GetselH - 95108 1251350 125-13° 53% 505 80 585 Veryhigh
Pulverised coal ombustion - | 40-50 65-80 65-80 47% 725 9 80  Medium
(PCO css n/a 80-105 75-100 35%:¢ 145 125 270 Medium
ol Rainojuiedbed - | 455 75-85 75-85 40% 850 110 960  Medium
combustion (CFBC)
Integrated gasification - | 4555 70-80 70-80 45% 755 100 855  Medium
combined cycle (I6CC) css n/a 75-90 65-85 35%¢ 145 125 270 Medium
Nuclear | Nuclear fission - 50-85 45-80 45-80 35% 0 15 15 Low
Bio- Solid biomass - 80-195 85-200 85-205 24%-29% 6 15-36 21-42 Medium
mass Biogas - 55-215 50-200 50-190 31%-34% 5 1-240 6-245 Medium
On-shore farm - 75-110 55-90 50-85 - 0 M n
Wind Nil
Off-shore farms - 85-140 65-115 50-95 - 0 14 14
Large - 35-145 30-140 30-130 - 0 6 6
Hydro Nil
Small - 60-185 55-160 50-145 - 0 6 6
Sal Photovoltaic - 520-850 270-460 170-300 - 0 45 45 Nil
olar
Concentrating solar power - 170-2501 110-160° 100-140¢ - 120¢ 15 135¢ Low

a. Assuming fuel prices as in“European Energy and Transport: Trends to 2030 — Update 2007” (barrel of oil 54.5 $2005 in 2007 and 63 $2005 in 2030). b. Calculated assuming base load operation. c. Reported
efficiencies for carbon capture plants to first-of-a-kind demonstration installations that start operating in 2015. d. Assuming the use of natural gas for backup heat production.

Table 6: Energy technologies for power generation in the EU - moderate fuel price scenario

Source: European Commission (2008)

increase. Table 7 illustrates a range of rates at which the
One-factor

Technology learning Two-factor learning investment cost of a technology declines each time its

cumulative production capacity doubles.™ The learning

LDR* LSR** rates are generally higher for less mature energy

Advanced coal 5.7 611 45 technol?gles, such as wind and solar, WhF)SG cumulative

o production capacity or knowledge stock is usually much
atural gas

10-15 11-24 1-2 smaller than conventional technologies. Consequently,
the investment costs — and, hence, total production

combined cycle

New nuclear 47 4 2 . .
costs — may decline much faster over time for renewable-
ezl Cald L il energy technologies than for conventional technologies.
Wind power 8-15 12-16 6-7
Solar PV 18-28 19-25 10 Growth of investment in renewable energy
*LDR: learning-by-doing rate used to represent market experience. **LSR: learning-by-searching During the past 10 years the growth of investment in
rate used to represent knowledge accumulated through R&D activities. renewable energy has been rapid, albeit from a low
Table 7: Learning rates of electricity-generating base. From 2002 until m|d'2009, total investments into
technologies
Leaming rates of EIGCtriCity'generating tGChnOIOQieS 14. These rates have been either assumed or estimated econometrically,
in bottom-up energy system models (per cent) based on expert knowledge or empirical studies. For a review of the
Sources: Messner (1997), Seebregts et al. (1999), Kypreos and Bahn (2003), and Barreto literature .on learning curves, including 42 learning rates of _energy
technologies, see McDonald and Schrattenholzer (2002) and Junginger et
and Klaassen (2004) al. (2008)
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Box 3: Externalities from fossil-fuel combustion

The relative costs and returns of investing in renewable
sources of energy are distorted by the environmental
externalities generated by the competing fossil fuel
alternatives. These include both the current and
future health impacts of various air pollutants, as
well as the costs to society of climate change and
ocean acidification resulting from CO, emissions. The
Stern Review described the potential economic costs
of global climate change as “market failure on the
greatest scale the world has seen” (Stern 2006).

“Internalising” these environmental costs in the
costs of different fossil fuels would place them at
a clear competitive disadvantage compared with
many of their renewable counterparts. A study of
the external cost of electricity production in the EU
conducted by the European Environmental Agency
(EEA 2005) examined three specific environmental
externalities of electricity production: 1) climate-
change damage costs associated with emissions
of co,; 2) damage costs such as impacts on health,
crops, etc. associated with other air pollutants
(NOx, SO,, NMVOCs, PM10, NH3); and 3) other non-
environmental social costs from nuclear generation.
In 2004 these averaged between 1.8-5.9 Eurocent/
kWh (in the EU-25). Higher external costs are found,
for example, in Germany, as detailed in a report by
the German Aerospace Centre and the Fraunhofer

Institute for System and Innovation Research (DLR-
ISI 2006) and shown in Figure 4.

Such calculations are primarily illustrative as there
are acknowledged uncertainties in climate-change
modelling and the calculation of the resulting
damage costs. The DLR-ISI study applied a value
of €70 per tonne of CO,, with estimates generally
ranging from €15 to 280 per tonne of CO,. Even if
the lower range were applied, the external costs
of fossil-fuel electricity production would still be
considerably higher than renewable alternatives.

Estimates of the external costs of fossil fuels shown
in Figure 4: External costs of electricity production
in Germany are similar in scale to the estimated
production cost of electricity, implying that even
modest estimates of externalities mean that the
full social costs of such technologies would be
approximately double their production costs.
Such calculations indicate that various renewable
technologies would already be competitive if
important external costs were internalised to
producers and consumers. Because these external
costs are not adequately reflected in energy prices,
consumers, producers and decision-makers do not
receive accurate price signals that are necessary to
reach decisions about how best to use resources.
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renewable energies exhibited a compound annual
growth rate of 33 per cent (UNEP SEFI 2009, 2010). There
were a number of reasons for this performance:

B The relatively easy access to capital for project
developers and technology manufacturers in the
developed world and major emerging economies and
low interest rates supported the growth of renewable-
energy technologies;

B For some renewable-energy  technologies,
technological developments have led to a significant
decline in costs and increased reliability of the
technology, which made investments more attractive;

W High oil prices contributed to the interestin renewable
energy investments; and

M Regulatory support for renewable energy
technologies increased over the past 10 years. Between
2004 and 2009, for example, the number of countries
that have supportive renewable energy policies in
place rose from about 40 to over 100 (compare Figure
6) (REN21 2010).

For 2010, Bloomberg New Energy Finance estimates that
global new investment in sustainable energy hit a new
record of US$243 billion. This is an increase of more than
30 per cent from the US$186 billion invested globally in
2009 and the US$180 billion in 2008 (Bloomberg New

Energy Finance 2011).The global financial crisis that began
in 2008 appears to have temporarily curtailed investment
in renewable energy, with growth in new investments
slowing in 2008 and 2009 (Figure 5). Despite more difficult
access to capital, especially the availability of debt finance,
the sector as a whole has so far proven to be fairly resilient.

This buoyancy may be due partly to the stimulus
provided by discretionary fiscal packages in many
countries (IEA 2009b) launched in 2008 and 2009,
some of which included support for renewable energy
(HSBC 2009). In the US, for example, there were two
separate packages, with a total of around US$32 billion
allocated to renewable energy.” South Korea and China
also included renewable-energy investments in their
stimulus spending programmes. According to the UNEP
SEFI Sustainable Energy Investment Trends Report
2010, some US$188 billion in green stimulus funding
had been allocated to renewable energy and energy
efficiency globally. Of that amount, however, only
around 9 per cent had actually been spent at the end
of 2009. The delay reflects the time it takes for spending
to be approved through administrative processes, and
because some projects were only formally presented
after the programmes were announced. The majority of
the stimulus funds intended for clean-energy initiatives
are likely to be spentin 2010 and 2011.

15. The Emergency Economic Stabilization Act and the American Recovery
and Reinvestment Act; these included the extension of the Production Tax
Credits for wind and the Investment Tax Credit for solar.

In many developing countries, government support
to the energy sector is used to decrease the price
of energy consumption to below market levels in
the belief that this will reduce poverty and spur
economic growth. Economically, the most efficient
approach to making renewable energy attractive
for large- scale market penetration is to remove all
subsidies on fossil fuel and impose a price on carbon
(for example through fossil-fuel taxes), and then to
use the proceeds to subsidise renewable energy for
a set duration and to provide targeted subsidies to
poor households. Phasing out fossil-fuel subsidies is
difficult because doing so has impacts throughout
the economy and affects those with vested interests.
Any politically-viable reform would thus have be
well planned and probably phased in gradually.

Using a price-gap methodology, IEA estimated that
fossil-fuel-related consumption subsidies amounted
to US$342 billion in 2007 (IEA 2010d), US$557 billion

Box 4: Phasing out fossil-fuel subsidies

in 2008 (IEA, OPEC, OECD, and World Bank 2010),
when fossil-fuel prices rose to particularly high levels,
and US$312 billion in 2009 (IEA 2010d). Subsidies
for producers of fossil fuels are estimated to be in
the order of US$100 billion per year (GSI 2009). This
support, totalling approximately US$500-700 billion
per year, for conventional energy (mostly fossil fuels)
creates an uneven playing field for the adoption of
renewable energy. By comparison, the IEA (2010d)
estimated government support for electricity from
renewables and for biofuels at US$57 billion in 2009.
Realigning these subsidies is the most obvious
way to alter the market advantage in favour of
sustainable energy production, as was recognised
by the G20 in 2009 when it pledged to phase out
“inefficient and wasteful” fossil-fuel subsidies (Victor
2009; GSI 2009, 2010). The IEA has calculated that a
complete removal of consumption subsidies would
reduce CO2 emissions by 5.8 per cent, or 2 Gt, in
2020 (IEA 2010d).
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Figure 6: Number of countries or states with

measures to support renewable energy
Source: REN21 (2009)

The growth of investments in renewable energy in
emerging economies has been growing rapidly since
2005 (UNEP SEFI 2008a, 2009, 2010). In that year OECD
countries accounted for almost 77 per cent of global
investment in renewable energy’®. By 2007, however,
the share of non-OECD countries had risen to 29 per
cent and further increased to 40 per cent in 2008,
with Brazil, China, and India accounting for most of it
(Bloomberg New Energy Finance database). In 2008,
for example, China was the second-largest country for
renewable-energy investments after Spain, with the US
ranking third. Brazil was ranked fourth and India seventh.
In the first quarter of 2010, China was by far the most
important destination for investments in renewable
energy. Overall, from 2005 to 2008, investments in
renewable energy assets grew by more than 200 per
cent in OECD countries, but by more than 500 per cent
in non-OECD countries (NEF database). This recent rapid
growth has led to predictions that emerging economies
may well soon have larger installed renewable-energy
generating capacity than the OECD countries (ITIF 2009;
Pew 2010).

In addition to installing significant renewable-energy
capacity, fast-growing emerging markets have also
built up large equipment manufacturing industries in
the sector, both for export to the global market and for
local use. China has, for example, become the world’s
largest producer of solar PV panels and solar water
heaters. The government has supported investment
in manufacturing capacity for renewable energies, for

16. Data for asset finance of renewables provided by Bloomberg New
Energy Finance excludes small scale systems.

example, by establishing preferential electricity tariffs
for the solar industry and local content requirements for
wind turbines.

So far, the strong growth of investment in renewable
energy has been confined to the large emerging
economies. Of the US$94 billion of investments in
renewable-energy assets in 2008 that are tracked by
Bloomberg New Energy Finance, for example, only
US$2.5 billion were invested in developing countries
apart from the BRIC countries (Brazil, Russia, India and
China) and economies in transition. For renewable-
energy investments to pick up on a large scale in
other developing countries, however, major efforts
are needed to develop infrastructure such as power
grids, improve the functioning of financial markets and
other institutions, and provide a supportive incentive
framework.

The growing employment potential in renewable
energy

Employment in the renewable energy sector has
become substantial — in 2006 more than 2.3 million
people worldwide were estimated to be working
either directly or indirectly in the sector. A small group
of countries currently account for the majority of jobs,
especially Brazil, China, Japan, Germany, and the United
States of America. These are also the countries with the
largest investments in renewable energy assets, R&D,
and production.

Further growth in employment in renewable energy
generation will depend on such factors as the size of
investment, further maturing of technologies, overall
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Figure 7: Employment in renewable energy, by country and by technology

progress in economic development, market size,
national regulation, and the quality and cost of the
labour force. The Green Jobs Report (UNEP, ILO, IOE and
ITUC 2008) estimated that, with strong policy support,
up to 2.1 million people could be employed in wind
energy and 6.3 million in solar PV by 2030, and around
12 million in biofuels-related agriculture and industry.
Solar PV offers the highest employment rate, with 7 to
11 jobs per megawatt of average capacity, which partly
explains the high costs of this technology at present
(see Table 8). This employment rate is likely to decrease
alongside PV costs.

Figure 7 shows the estimated employment in the
renewableenergyindustry,by countryandbytechnology.
China accounts for the largest number, with more than
1.1 million workers estimated in the renewable energy
industry in 2007. In Germany, the industry employed

Average emplyment over life of facility
(Jobs per megawatt of average capacity)

Manufacturing, ~ Operating &
construction,  maintenance/ Total
instalation  fuel processing
Solar PV 5.76-6.21 1.20-4.80 6.96-11.01
Wind power 0.43-2.51 0.27 0.70-2.78
Biomass 0.40 0.38-2.44 0.78-2.84
Coal-fired 0.27 0.74 1.01
Natural gas-fired 0.25 0.70 0.95

Note: Based on findings from a range of studies published in 2001-04. Assumed capacity factor is
21% for solar PV, 35% for wind, 80% for coal, and 85% for biomass and natural gas.

Table 8: Average employment over life of facility

(jobs per megawatt of average capacity)
Source: UNEP, ILO, IOE and ITUC (2008)

278,000 people in 2008, with 117,500 new jobs having
been created since 2004. Wind energy generation has
undergone particularly rapid growth, jobs having more
than doubled from 235,000 in 2005 to 550,000 in 2009
(WWEA 2010). The most dynamic growth took place in
Asia, where employment grew by 14 per cent between
2007 and 2009, followed by North America.

More recently, Bloomberg New Energy Finance
conducted a green jobs analysis on the wind and solar
sectors in 2009. The findings were that the solar sector
could expect significant net job creation between 2008
and 2025 (from 173,000 to 764,000), although the wind
sector would only see modest gains (from 309,000 to
337,000). These more modest numbers for wind reflect
the current policy environment, as well as ongoing
technological developments, in particular sharp increases
in productivity and thus lower demand for labour.

As can be seen in Table 8, large-scale electricity
technologies with high up-front investments are capital
intensive, whether renewable or conventional. Biomass,
as well as coal production and transport are, by contrast,
labour intensive. Small-scale technologies tend to be
labour intensive in manufacturing and installation. In
general, for most renewable-energy technologies, the
manufacturing, construction and installation phases are
the ones that offer the greatest job-creation potential.
The opposite is true for fossil-fuels such as coal and
natural gas.

In some cases, the growth of employment in the
renewable-energy industry may compensate for some
job losses elsewhere in the energy sector, at least in
aggregate terms if not for individual workers. A recent



study in Aragon, Spain, for example, found that the
renewable energy industry generates between 1.8 and
4 times more jobs per MW installed than conventional
sources (Llera Sastresa et al. 2010). China’s growing
labour force in renewable-energy generation, currently
estimated at more than 1.1 million, may be partially offset
by job losses, estimated at more than half a million by the
Chinese Academy of Social Sciences, resulting from the
closing of more than 500 small inefficient power plants
between 2003 and 2020 (Institute for Labor Studies et
al. 2010). Presumably, labour retrenchment will take the
form of not replacing workers that retire. In other cases,
redeployment of workers to other sectors will be needed,
accompanied by targeted retraining programmes.

Solutions for energy access

There are various technological options to addressing
the energy-poverty challenge described above.
Implementing most of these options requires additional,
publically-financed investment, including development
cooperation, as the commercial market potential is
likely to remain limited in some cases. Some promising
alternative financing mechanisms, including cost-
recovery from users, are discussed in section 4 below.

In terms of technologies for electricity infrastructure,
modern energy access can be technically expanded
in three ways. First, existing centralised grids can be
expanded to connect with renewable sources of energy.
Second, decentralised mini-grids can be installed to
link a community to a small central generating plant.
Third, off-grid access can be facilitated by generating
electricity for a single point of demand. The optimal mix
of these options for any given country is determined
by the availability of energy resources, the regulatory
and policy environment, the institutional and technical
capacity, and relative costs (AGECC 2010).

Grid expansion is generally the lowest-cost option
in urban areas and in densely populated rural areas.
Successful expansion has been achieved recently on
a large scale in China, South Africa and Vietnam. An
estimate for expanding the electricity grid to all Kenyan
rural communities put the average annual cost at
US$30,000 per community (World Bank, UNDP 2005).
The bulk of this is accounted for by fuel costs as under
the current system, energy fed into the grid is largely
produced from fossil fuels although higher renewable
shares are feasible. Grid expansion at a regional level
in Africa could facilitate hydropower trading among
countries, thereby supplying low-cost power while
reducing the continent’s vulnerability to varying oil
prices and its carbon emissions (World Bank 2009).

Inremote locations, off-grid and mini-grid options tend to
be more cost effective than linking to existing electricity
grids Renewable off-grid solutions — small hydro, mini-
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wind, bio-energy, and the increasingly popular solar
household systems (SHSs) - have the potential to
alleviate rural energy poverty and even to displace costly
diesel-based power generation (IEA 2010a). Furthermore,
they can contribute to the decoupling of energy supply
and GHG emissions, and avoid increasing fuel imports for
low-income countries. SHSs typically generate around 30
to 60 watts from a PV module and include a rechargeable
battery to power, for example, 4 to 6 compact fluorescent
lamps, aTV, and potentially a mobile-phone charger. The
technology is also useful for providing clean drinking
water. The price in Asia for an average system ranges
from US$360-US$480 for 40 peak watts, thus US$8-11/
watt, while in Africa it is higher at US$800 (e.g. in Ghana)
for 50 watts, thus US$16-17/watt (ESMAP 2008b). The
main advantage of renewable off-grid solutions is that
running costs are very low, although upfront costs are
still high."”

The availability and diffusion of clean biomass
technologies, such as improved cooking stoves, which
reduce unsustainable and inefficient use of firewood and
hazardous air pollution, can constitute an intermediate
step to the provision of modern energy services for rural
populations dependent on biomass. In fact, some have
singled out clean biomass technologies for households
and small industries as a priority for Africa, with the
potential of developing agro-industries and to leap-
frog development of energy technologies (Karekezi
et al. 2004). Projections by the IEA, UNDP and UNIDO
(2010) for ensuring universal access to modern cooking
facilities by 2030 recognise this potential and include
51 per cent of the investment target of US$2.6 billion
per year allocated to biogas systems and 23 per cent to
advanced biomass cooking stoves, both in rural areas.

For many remote rural areas and for a large proportion
of the 1.4 billion who lack access to energy, renewable
energy sources thus present an increasingly viable
option for addressing their unmet demand. IEA, UNDP
and UNIDO (IEA 2010a) estimated investment to ensure
access to electricity for all by 2030 at US$756 billion,
corresponding to a relatively modest sum of US$36
billion per year, the bulk of which would be for off-
grid solutions, including various renewable options, in
addition to conventional diesel generation.'®

17. Potential financing mechanisms are discussed in section 4.2.

18. The estimated investment needs are not broken down by IEA, UNDP
and UNIDO (IEA 2010a) according to energy source, but in discussing
opportunities for renewables, the potential promise of combining different
sources of renewable energy in a power system supplying rural mini-grids
is highlighted.
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3 Investing in renewable energy

Both the challenges and opportunities facing the energy
sector call for scaling up investment in renewable
energy. This section discusses the amount of investment
required; the effects of increased investment in
renewable energy; the barriers to increasing renewable-
energy investment; and policy measures to address
those barriers.

3.1 Investment required
for renewable energy

Forecasts for future investment needs are mostly based
on meeting goals for access to electricity, which were
discussed in the previous section, or climate-change
mitigation. For the 450 ppm scenario, the IEA's World
Energy Outlook 2010 (IEA 2010d) projects that a total
additional investment in low-carbon technologies and
energy efficiency (not only renewable energy) of US$18
trillion is needed in the period 2010 to 2035." Only
US$2.2 trillion (or 12 per cent) is incurred in the first 10 of
these 25 years, but more than half in the second decade,
2020-2030. The World Energy Outlook 2010 does not
specify the proportion or amount of these totals to
be devoted only to renewable energy, but analysis
in the previous year’s Outlook estimated the needed
investments in renewables by 2020 at US$1.7 trillion
under the 450 ppm scenario (IEA 2009a).

The World Energy Outlook 2010 also contains estimates
of investments under the Current Policies Scenario,

Infrastructure Expected lifetime (years)
Hydro station 75++

Building 45+++

Coal station 45+

Nuclear station 30-60

Gas turhine 25

Aircraft 25-35

Motor vehicle 12-20

Table 9: Lifespan of selected power and

transportation assets
Source: Stern (2006)

with total investments over 2010-2020 in renewable
energy for electricity generation amounting to US$2.0
trillion. HSBC (2010) has also published projections
based on existing policy scenarios being carried forward,
forecasting that renewable power could grow from its
current market size of about US$200 billion to US$544
billion by 2020, on the assumption of continuing
growth in the EU and China in particular (HSBC 2010).%
This requires annual capital investments for renewable
energy (not only for electricity) rising to at least US$260
billion by 2020.

There are a number of other analyses with varying
estimates of the investments required in renewable
energy. One of them suggests that to limit global average
temperatures to 2°C, global investment in clean energy
needs to reach US$500 billion per annum by 2020, but
that current policies imply that this figure would likely
only reach US$350 billion per annum by 2020 (WEF
2010). Greenpeace and the European Renewable Energy
Council (Greenpeace/EREC 2010) estimate that a total
additional investment in renewable energy over 2007-
2030 of US$9.0 trillion (averaging US$390 billion per
year) is required for the “Advanced Energy [Rlevolution
scenario”?' The target of this scenario is the reduction
of CO, emissions down to a level of around 10 Gt per
year by 2050, and a second objective of phasing out of
nuclear energy.?

New Energy Finance estimated that for CO, to peak
before 2020, annual investments in renewable energy,
energy efficiency and carbon capture and storage
need to reach US$500 billion by 2020, rising to US$590
billion by 2030.2 This represents an annual average
investment of 0.44 per cent of GDP between 2006 and
2030. In summary, various sources estimate the capital
investments into renewable energies required for
mitigating climate change to be around US$500 billion
per year until 2020.

For climate mitigation, however, it is not only the scale of
investments into renewable energy capacity that is crucial,
but also the timing of these investments. This is due to
the risk of “locking-in" a high-carbon power infrastructure
because the energy sector is characterised by long life

19. These estimates are additional to investment costs projected under the Current Policies Scenario.

20. This corresponds to HSBC's “Conviction scenario”.

21. The total projected investment over 2007-2030 in renewable energy for the Reference scenario is US$5.1 trillion and for the Advanced Energy

[Rlevolution, US$14.1 trillion.

22. The [R]evolution scenario has similar target, but assumes a technical lifetime of 40 years for coal-fired power plants, instead of 20 years; the estimated
additional investment needed for this scenario averages to US$229 billion per year above the Reference scenario.

23. As quoted in UNEP SEFI (2009).




spans of power plants and distribution infrastructure
(see Table 10). The carbon emissions in the decades to
come are, therefore, determined by today’s investment
decisions. The early retirement or retrofitting of power
assets, for example, tends to be very expensive and careful
transition strategies are therefore needed (IEA Blyth 2010).

Some studies also show that any significant delays
in action by governments and their private-sector
partners to move the energy sector onto a low-carbon
growth path will lead to significantly higher costs to
reach a given mitigation target. For example, the IEA
(2009a) estimates that every year of delay in moving
the energy sector onto the 450 ppm trajectory would
add approximately US$500 billion to the global costs
for mitigating climate change. Such modelling is very
sensitive to assumptions about marginal abatement
costs at different points in time, but the outcomes are
broadly consistent with other studies. Another study
(Edmonds et al. 2008) estimates that delaying mitigation
actions in developing countries until 2020, 2035 or 2050
compared with starting policy actions in 2012 could
more than double the total discounted costs to society.

3.2 Quantifying the implications
of investing in renewable energy

To assess the implications of increasing investments in
greening the world economy, including greening the
energy sector, the Millennium Institute (MI) conducted a
quantitative analysis based on its Threshold 21 national
model (T21 for short) adapted for the purpose of the
global Green Economy Report (T21-Global). Described
in more detail in the modelling chapter, T21-Global
is a system dynamics model of the global economy in
which the economic, social, and environmental spheres
interact with each other.

This modelling exercise covers both energy supply and
demand. Energy supply is broken down into electricity
and non-electricity. It includes a range of fossil-fuel
sources as well as nuclear, biomass, hydro and other
renewable sources. Fossil-fuel production is based on
stocks and flows, including discovery and recovery
processes. Fossil-fuel prices are endogenous in the model,
i.e. determined as a result of the interactions between
the forces of supply and demand considered within the
model. Energy demand is determined by GDP, energy
prices, and technology (i.e. level of energy efficiency),
and is disaggregated by source according to the IEA
classification. In the model, GDP is also dependent on
energy demand, which implies a feedback mechanism
that plays an important role in the various scenarios.

The scenarios modelled for the next few decades up to
2030and 2050include: 1)“business-as-usual”(BAU), which
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is based on the historical trajectory and assumes no major
change in policy and external conditions; 2) allocating 1
or 2 per cent of the global GDP as additional investments
into business as usual - BAU1 and BAU2 respectively; and
3) allocating 1 or2 per cent of the global GDP as additional
investments to green 10 economic sectors — G1 and G2,
respectively. Under G2, the energy sector receives a much
larger allocation, bringing the analysis closer to the policy
targets of reducing GHG emissions to levels necessary to
maintain atmospheric concentrations of CO, at 450 ppm.
The presentation below focuses, therefore, on G2 and its
comparison with BAU2.%#

Business-as-usual (BAU)

The BAU scenario in the GER modelling analysis is similar
to WEO 2009 (IEA 2009a). According to WEO 2009,
world energy resources are generally adequate to meet
demand in the foreseeable future. When individual
energy sources, notably oil reserves, are considered,
however, the mid- to long-term picture is of serious
concern - conventional oil resources are projected to
decline from two-thirds now to one-half by 2030.

This BAU scenario should be interpreted as representing
how energy use would evolve over the next 40 years
if current trends were simply extrapolated. This
assumption, however, ignores important potential
feedbacks from climate change to economic activity or
other dimensions of welfare, and is thus optimistic in
terms of the likely implications of following a BAU path.

In the BAU scenario, the current growth (2.4 per cent
annually) of world primary energy demand slackens
between 2010 and 2050 to an average yearly increase
of 1.2 per cent, due to slowing population growth and
economic growth. Despite slower growth, however,
global energy demand still increase by about one-third,
from approximately 13,000 Mtoe today to almost 17,100
Mtoe in 2050. Similarly, world electricity demand would
continue to grow, but at a much slower pace (from
above 3 per cent now to 1.1 per cent per year by 2050).

Under BAU, fossil fuels remain the dominant source
of energy, with a constant share of about 80 per cent
through to 2050. Currently, renewable energy supplies
some 13 per cent of world’s energy demand, most
of which is non-sustainable biomass and large-scale
hydropower. Under BAU, modern renewables (excluding
hydro, traditional biomass and waste) will continue to
register the strongest — but decreasing — growth rates
(from around 2.4 per cent now to 1.3 per cent and 0.7 per
cent in the next two decades). Among the other sources
in the energy mix, nuclear energy continues to expand,
but its growth rate drops from 1.3 per cent in short term

24. More detail on the scenarios, including G1, is presented in the
modelling chapter.
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to 0.6 per cent in the long run. Constant growth of coal
and natural gas (1.3 per cent and 1.5 per cent annual
growth respectively) and the projected decline in oil in
the mid to longer term allows coal and natural gas to
account for the largest shares of demand: 24 per cent
for natural gas, 33 per cent for coal and 24 per cent for
oil in 2050. The share of other sources of energy remains
almost constant through to 2050.

With respect to energy end-users the transport sector
surpasses industry under BAU to become the largest
energy consumer (29 per cent) by 2050. The annual growth
rates for transport and industry are 1.4 per cent and 1 per
cent respectively. The residential sector, which is most
directly influenced by population growth, is projected
to exhibit the fastest growth throughout the simulation
period (1.7 per cent per year) to reach 28.9 per cent of
total energy demand in 2050. All these trends imply that
under BAU, energy-related CO, emissions will grow from
28 Gtin 2007 to 41 Gt in 2030 and 50 Gt in 2050.

Green scenarios

The renewable energy subsector receives an additional
0.52 per cent of global GDP in the G2 scenario, on top
of current investment and capacity trends in the sector.
These investments are mostly directed into the supply
of renewable energy. A considerable portion of the
remainder of the investment portfolios is also invested in
energy efficiency, particularly in the transport, buildings
and industry sectors. Such investments on the demand
side interact with supply-side investments, particularly
through the (endogenised) price for fossil fuels. The
effects of investments in curbing the growth of demand
are discussed in other chapters, but are also summarised
in this section.

The following is a discussion on the different results
from G2 and BAU, focusing on energy savings on the
demand side, the penetration rate of renewable energy
on the supply side, jobs, and GHG emissions. The effects
on GDP at the global aggregate level are covered in the
modelling chapter of this report, as it is difficult to isolate
such effects by inter-related sectors such as energy and
manufacturing. As mentioned above, compared with
G1 the allocation of additional investments under G2,
with a heavy concentration on energy supply and use, is
designed to achieve the maximum reduction in emissions,
based on existing knowledge and assumptions.

Effects on energy demand - achieving energy savings
Under the G2 scenario, additional green investments
totalling US$651 billion (at constant US$ 2010 prices,
same unit for monetary values below) per year over
the next 40 years are allocated to improve efficiency
for end-use energy demand.? These are concentrated
in power use (across sectors) and in fuel use in
both industry (see also HRS-MI 2009) and transport
(transport investments are analysed in detail in the
Transport chapter as funds are mostly allocated to the
expansion of the public transport network as opposed
to increased efficiency).

Under G2, these energy savings efforts curb total
primary energy demand by 15 per cent by 2030 and by
34 per cent by 2050, compared with BAU, with demand
reaching 14,269 Mtoe in 2030 and 13,051 Mtoe in
2050. Total fossil-fuel demand is 41 per cent lower than
under BAU in 2050.” The lower energy consumption
generates considerable savings on energy expenditure.
Avoided capital and fuel costs in the power sector, for
example, result in savings averaging US$760 billion per
year between 2010 and 2050. As explained above and
in other respective chapters, these results are driven by
the expansion of the public transportation network (rail
and buses) and by improvements in energy efficiency
(e.g. in the industrial and buildings sector), as well as
the increased use of renewable energy and energy
recovered from waste.

Effects on energy supply - raising the penetration rate
of renewable energy

In G2, the energy supply sector receives additional
investments of US$656 billion per year between
2010 and 2050 to expand biofuel production and
power generation using renewables. The unit costs of
investments applied in the simulations are based on
estimates in the IEA’s Energy Technology Perspectives
2010 (IEA 2010b) and a range of other published sources
(detailed in the Modelling chapter and its technical
annex).®

Additional investments in energy supply go to both
the use of renewables in power generation and biofuel
production. 50 per cent of the additional investment
(US$327 billion (G2) per year over the 40-year period) is
allocated to power generation.” The power-generation
investment is further divided into nine areas: eight

25. As published and projected by IEA (2010b, 2010d).

26. These are investments in the remainder of the G2 investment portfolio, as described above; i.e. G2 allocates 0.52 per cent of GDP of investments to
renewable energy supply, and an additional portion of the total 2 per cent of GDP portfolio to energy efficiency in the sectors described.

27. Somewhat similarly, fossil fuel demand is 48 per cent lower under G2 compared to BAU2.

28. In general, the scenarios do not significantly alter current trends of development of nuclear energy, and the potential for developing carbon capture and
storage (CCS) is kept fairly modest, in order to focus the analysis on renewable sources.

29. It is important to recall that the amounts of investment modelled in the G2 scenario (and also G1) are additional to existing investment trends in the
energy sector, including in renewable energy sources. The amounts cited here for the investment scenario are therefore substantially lower than figures of
total investment, for example, in renewable energy, as published by Bloomberg New Energy Finance, UNEP SEFI and others, that are elsewhere in this chapter.




Renewable energy

20000 30 %

27%

Mtoe/yr

15000

10000

5000

2010 2050 2010 2050
BAU BAU G2 G2

. Energy demand == REin energy

40000

TWh/yr

35000

30000

25000

20000

15000

10000

5000

2010 2050 2010 2050
BAU BAU G2 G2

. Power generation == RE in power

Figure 8: Trends in BAU and G2 scenarios in total
energy consumption (left axis) and renewable
penetration rate (right axis)

Figure 9: Trends in BAU and G2 scenarios: power
generation (left axis) and renewable penetration
rate in power sector (right axis)

power-generation options plus carbon capture and
sequestration (CCS). Two of the renewable power-
generation options dominate:

M Solar power generation: 35 per cent of power-
generation investment (additional US$63 billion in 2011

under with an average additional investment of US $114

billion per year over the 40-year period.

B Wind power generation: 35 per cent of power
generation investment in 2011, declining to 15 per cent
in 2050 (additional US$63 billion in 2011 under G2) with
an average additional investment of US$76 billion per
year over the 40-year period.

Biofuel production accounts for the other 50 per cent
of the energy investment, with an average additional
investment of US$327 billion per year over the 40-year
period under G2. Increments in biofuel production
are assumed to shift from first generation to second
generation biofuels, using agricultural residues. In
general, second-generation biofuels considerably
reduce the pressure on diverting agricultural land from
food production in the simulations.®

The substitution of investments in carbon-intensive
energy sources for investment in clean energy will
increase the penetration rate of renewables to 27 per
cent of total primary energy demand by 2050 under
G2, compared with 13 per cent under BAU. In the power
sector, the capacity of power generation from hydro,

waste, wind, geothermal, solar, tidal, and wave in green
cases will reach: 1.7 TW, 204 GW, 1515 GW, 54 GW, 1304
GW, 21 GW, and 16 GW in 2050, respectively. As a result,
these renewables will account for 45 per cent of total
electricity generation by 2050, substantially higher than
the 24 per cent under BAU. The share of fossil fuels, coal
in particular, will decline accordingly to 34 per cent in
2050, compared with 64 per cent in the BAU scenario,
mostly due to the expansion of renewables (Figure 8,
Figure 9, and Table 10). Table 10 compares the resulting
energy mix under G2 to the IEA’s BLUE Map 450 Scenario
as published in the ETP 2010 (IEA 2010b). The results are
similar in terms of renewables penetration and differ
primarily in terms of the lower share of nuclear energy

% 2030 2050
*WEO GER *WEO GER  *ETP  GER
Scenarios gglrirceigz BAU 450 G2 ?Jl‘gg G2
Coal 29 31 19 25 15 15
0il 30 28 27 24 19 21
Gas 21 23 21 23 21 25
Nuclear 6 6 10 8 17 12
Hydro 2 2 3 3 4
SV';’ST::‘ and 10 IS VARV R - B 13
Other RE 2 3 5 5 8
Total 100 100 100 100 100 100

*Additional sources: IEA (2010b, 2010d)

30. Note that investments in the agricultural sector, as part of the green
investments scenarios, are also increasing the productivity of land, thus
also reducing the potential conflict between biofuels and food production.

Table 10: Comparison of energy mix in 2030 and
2050 in various GER and IEA scenarios
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Figure 11: Total emissions and reductions under G2 by source, relative to BAU

in G2, as this technology is not targeted with additional
investments. As discussed below, this partly explains
the fact that the G2 scenario does not receive the same
amount of emissions reduction as the BLUE Map 450
Scenario.

In 2025 and 2050, the production of second-generation
biofuels is projected to reach 490 billion Ige and 844
billion Ige, meeting 16.6 per cent of world liquid
fuel consumption by 2050 (21.6 per cent when first

generation biofuels are also considered). Around 37
per cent of agricultural and forestry residues would be
needed in the G2 scenario. In case residues above 25 per
cent are not available or usable (as indicated by the IEA
2010b), marginal land is assumed to be used for growing
crops for biofuels. Between 330,000 and 1 million jobs
would be created in the production and processing of
biofuels and agriculture residues, which would rise to 3
million if a mix of agricultural residues and conventional
feedstock is used.



Effects on employment - increasing jobs from
greening the energy sector

The total employment in the energy supply sector is
projectedtodecreaseslightly overtimeinthe BAU scenario,
from 19 million in 2010 to 18.6 million in 2050, owing to
increasing labour productivity in fossil-fuel extraction
and processing. In the green investment scenarios, there
is some short-term net job creation primarily because
of the higher labour intensity of renewable-energy
generation compared with thermal power generation.
In the longer term, increasing productivity also leads to
a roughly comparable decline, reaching 18.3 million in
2050 in the G2 case. There is a major shift in employment,
however, with growth in renewable power generation
and biofuels production matched by a considerable
decline in coal extraction and processing, and to some
extent gas production (Figure 10). The additional
investment in energy efficiency®' also included in the
G2 scenario, however, leads to an additional 5.1 million
jobs in 2050. The net effect is thus a projected increase in
energy-sector employment of approximately 21 per cent
over a comparable BAU scenario.?

It should be noted that the modelling of renewable-
energy investment includes only “direct jobs” that will
substitute new jobs from not expanding energy of
other sources (in the case of increased demand) or even
replace existing jobs in other energy technologies. It
does not include “indirect’ jobs” — created or displaced
- in sectors that supply energy industries. These are
the sectoral effects, whereas the wider effects on
output and jobs in the rest of the economy** (covered
in the Modelling chapter) depend on how the relative
availability and price of capital, labour and energy are
affected as a result of increased investment in renewable
energy. It should also be pointed out that considerable
net job creation can imply higher-cost energy, which can
constrain economic growth and development.

Effects on GHG emissions
Under the green investment scenarios, global energy
intensity (in terms of Mtoe/US$ GDP) declines by 36

31. These are essentially for the buildings sector, as potential job
implications of investments in energy efficiency in industrial and transport
sectors could not be captured.

32. The point of comparison for employment generation is the simulated
effects of an additional investment of 2 per cent of GDP in current
investment patterns (see the modelling chapter for more details).

33. Also sometimes referred to as “induced jobs” (NREL 1997).
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*WE0 450 *ETP BLUE
Scenario Map © &

2030 2050 2030 2050

End-use electricity

. 19% 22% 27%
efficiency 49%
Fuel efficiency 35% 23% 28%
Industry 7% 6%
Transportation 8% 16% 22%
Supply-side abatement ~ 50% 46% 54% 46%
Power generation from
low carbon sources (RE ~ 30% 27% 39% 33%
&Nuclear)
Biofuels 3% 6% 5%
s 17% 19% 9% 7%

NB: Columns may not add up to 100% due to rounding. *Additional sources: IEA (2010b, 2010d)

Table 11: Emission abatement shares from GER
modelling compared with IEA

per cent by 2030, and the cumulative global energy-
related CO, emissions would be considerably mitigated
by 2050. Under G2, emissions are approximately 60 per
cent lower in 2050 as compared to BAU. In absolute
amounts, this corresponds to a decline from 30.6 Gt of
energy-related CO, emissions in 2010 to about 20 Gt in
2050 (see Figure 11).

Table 11 compares the contribution to emissions
reduction under G2 from both demand- and supply-side
investments with those of the IEA's BLUE Map scenario.
Both exercises project a contribution to emissions
abatement of 46 per cent from supply-side investments.
The green investment scenario G2, however, does not
fully achieve the emissions reductions projected by IEA
as necessary for limiting atmospheric concentrations to
450 ppm. Part of this difference is due to the positive
effect of various green investments on overall economic
growth (GDP) that, in turn, results in increased energy
demand. In addition, the green investment scenarios
do not include substantially increased investments in
nuclear power, nor in CCS, both major components of
the IEA's BLUE Map 450 scenario (see Table 10 and Table
11). There is also a difference in approach, as the green
investment scenarios are not formulated by setting a
specific goal in energy or emissions for 2050 and then
working backwards. Instead the modelling attempts
to explore the likely impacts of certain investments
pursued throughout the time horizon.
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4 Overcoming barriers:
enabling conditions

The preceding analysis has explored some of the effects
of increased investments in renewable energy, in terms
of energy savings, penetration of renewable energy,
increased jobs, and reduced GHG emissions. Current
levels of investment in renewable energy are, however,
still below what is needed to address the challenges
facing the energy sector outlined earlier in the chapter.
This section discusses the barriers to increasing
investments in renewable energy and the measures that
are needed to address these barriers.

The major barriers and policy responses may be grouped
under the following headings: 1) risks and incentives
associated with renewable energy investments,
including fiscal policy instruments; 2) relative costs of
renewable energy projects and financing; 3) market
failure related to investments in innovation and R&D; 4)
electricity infrastructure and regulations; 5) technology
transfer and skills; and 6) sustainability criteria.

4.1 Risks, incentives and fiscal policy

The financial sector treats investments in renewable
energy like any other. If a project or company has an
expected risk-adjusted rate of return on investment
that is sufficiently high, it is considered an interesting
investment (Justice and Hamilton 2009). In general, risks
in energy projects can be categorised as follows (UNEP
SEFI 2009):

B Technical and project-specific risks, including risks
associated with lead times, construction costs, novelty
of the technology, fuel and resources, and operations
and management. Newer technologies have higher risks
than traditional ones. As long as investors are unfamiliar
with a technology and there is little in-country expertise,
the perceived risk is high. Resource availability may also
be an issue for specific technologies like geothermal
where determination of good locations is costly and
subject to uncertainty. Some resource dependency
also occurs with hydro, wind, and biomass-based
technologies;

B Country-specific institutional risks such as stability
of the government, reliability of the legal system,
transparency of business dealings, currency risks, and
general instability due to wars, famine and strikes. For
large-scale investments in a specific country, along-term

stable policy regime with a sound legal basis is needed;

B Political risk and regulatory risk such as unexpected
changes in policy or uncertainty about the future
direction of policy. Given the long pay-back periods,
the contribution of policies to predictability, clarity and
long-term stability in the investment climate, are viewed
as critical in being able to stimulate more investments;*
and

B Business and market risks, including: 1) financial risks
relating to the capital structure of the project such as
high upfront capital intensity and the project’s ability to
generate enough cash flows; 2) economic risks relating
to interest rates, exchange rates, inflation, commodity
prices, counterparty credit risk; and 3) market risks
associated with, for example, future electricity and
carbon prices. Most renewable energy technologies
(RETs) are less vulnerable to the price and availability
of fuel during the operation of a project. Biomass
dependent RETs, however, do face market-price risks
because a reduction in fossil-fuel prices can make
renewable energy less competitive in fuel and power
markets.

Table 12 provides an example of expected rates of return
on equity and debt service coverage ratios — a risk
measure - for different RETs in several developed market
economies in 2008.%

To achieve the required returns, incentive mechanisms
such as feed-in tariffs need to be guaranteed for 15-20
years. Shorter-term political commitment is similarly
important. Owing to the long-lead times for project
development, clarity over the development of regulation
in support of renewable energy over a 5-year horizon is
desirable.

Feed-in tariffs, much like preferential pricing, guarantee
payment of a fixed amount per unit of electricity
produced or a premium on top of market electricity
prices. Feed-in schemes are flexible; for example, tariffs
can be based on technology-specific costs, possibly

34. Thisincludes either anticipating or being able to adapt to unanticipated
adverse effects from the deployment of a new renewable energy project. A
prominent example is the production of biofuels, in which the EU and the
USA have adjusted their respective policy support.

35. The debt-service coverage ratio (DSCR) is the ratio of annual net
revenue plus amortisation/depreciation to the sum of debt service and
lease payments.
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Country Renewable energy technology
Wind onshore Wind offshore Solar PV Biomass CHP

RoE DSCR RoE DSCR RoE DSCR RoE DSCR
Default country 15% 135 18% 15 15% 135 15% 18
Germany 9% 13 15% 1.4 9% 13 12% 1.7
France 10% 13 18% 1.4 10% 13 12% 1.7
Netherlands 15% 13 18% 14 15% 1.7
UK 15% 1.45 15% 1.6 15% 1.8
USA/California 12% 13 12% 13 12% 1.7
Canada/Québec 9% 13

Table 12: Estimates of risk and return for renewable energy technology (RET)
Source: Ecofys (2008); Estimates of Return on Equity (RoE) and Debt Service Coverage Ratio (DSCR)

decreasing over time to follow actual cost reductions.
This instrument is popular with project developers
for the long-term certainty it provides and, thereby,
a considerable reduction of market risk (IEA 2008e).
Feed-in tariffs have been implemented in more than
30 developed countries and in 17 developing countries
(REN21 2010). Kenya, for example, introduced a feed-
in tariff on electricity from wind, biomass and small-
hydro power in 2008 and extended the policy in 2010
to include geothermal, biogas, and solar-generated
electricity. One projection indicates that this could
stimulate about 1,300 MW of electricity generation
capacity in the coming years (AFREPREN/FWD 2009).

As with any kind of positive support, the design of feed-in
tariffs is crucial for determining their success. Important
issues include tariff levels, graduated tariff decreases
over time, time periods for support, the formula for
cost-sharing among different groups of consumers,
minimum or maximum capacity limits, payment for
net versus gross generation, limitations based on type
of ownership, and differential treatment of technology
sub-classes (REN21 2010).

Apart from feed-in tariffs — which are basically financed
by cross subsidies among users — direct subsidies
for renewable energy can also provide assistance in
the early stages of market diffusion. In July 2009, for
example, China initiated the Golden Sun Policy, which
provides subsidies for 500 MW of PV projects until 2012
to temporarily support the domestic solar industry in
response to reduced demand for PV panels in Germany
and Spain. The policy supports large-scale PV, which
complements the existing Solar Roofs Program that
began in March 2009 (Wong 2009). Such subsidies can
be in the form of investment support and grants to
reduce capital costs, or in the form of operating support.
Currently, they are estimated at US$27 billion in 2007
for renewables (excluding hydroelectricity) and US$20
billion for biofuels at the global level, clearly dwarfed by
subsidies to fossil fuels.

Subsidies, however, need to be judiciously designed
and applied for a variety of reasons. Subsidies will most
likely need to be adjusted over time in order to be
efficient, and such changes are likely to be opposed by
businesses or consumers who benefit from them. Such
support also needs to take into account requirements
of international agreements, in particular the rules and
regulations of the WTO. Box 5 gives the example of Brazil,
which uses taxes on petrol to cross-subsidise ethanol
from sugarcane.

Taxes can be an alternative to subsidies or used in
combination with them in order to shape the structure
of incentives facing producers and consumers in energy
markets. A tax is one of the most efficient measures for

Box 5: Brazilian ethanol

The Brazilian Alcohol Program (Proalcool)
was established in 1975 for the purpose of
reducing oil imports by producing ethanol from
sugarcane. The ethanol costs declined along
a “learning curve” as production increased at
an average rate of 6 per cent per year, from
0.9 billion gallons in 1980 to 3 billion gallons
in 1990 and to 4.2 billion gallons in 2006. The
cost of ethanol in 1980 was approximately three
times the cost of petrol, but cross-subsidies
paid for the price difference at the pump. The
subsidies came mostly from taxes on petrol and
were thus paid by vehicle drivers. Cumulative
subsidies to ethanol are estimated to have
amounted to about US$30 billion over the 20-
year period ending in 1995, but were more than
offset by a cumulative reduction of petroleum
imports amounting to USS$50 billion as of the
end of 2006.
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leavening the externalities of carbon emissions in energy
production and use. Given the pervasiveness of energy
use and, thus, the broad tax base, it may be desirable
on both efficiency and equity grounds to embed such
tax measures in a broader fiscal reform package with a
view to offsetting a carbon tax with reductions in other
taxes, especially those which distort markets; this would
produce a win-win for society as a whole.

Tax expenditures can also be used to stimulate renewable
energy. Renewable energy producers, for example,
may be granted exemptions from general energy
taxes. Such measures are potentially most effective
where overall energy taxes are high, such as in Nordic
countries (IEA 2008). Tax exemptions can also apply to
initial investments. The United States of America and
Sweden, for example, provide a 30 per cent tax credit for
solar PV, France offers a 50 per cent income tax credit,
and Australia provides rebates up to AUS8/watt (REN21
2010).

At the international level, the most important policy
initiative that would alter the relative profitability of
renewables would be a framework agreement on
carbon establishing a robust pricing mechanism for full
cost accounting of health and climate externalities. With
estimates reviewed by the IPCC (2007) ranging up to
US$95 per tonne of co,, these additional costs of fossil
fuels would make a variety of renewables attractive
and spur wider investment and adoption over time.®

36. See Box 1.

Accompanying measures would also be required to
minimise negative impacts on energy poverty.

4.2 Cost and financing

Renewable energy projects are characterised by high up-
front capital costs, small “project sizes” and some other
risks discussed earlier. Small project sizes lead to higher
planning and transaction costs, even though small-
scale technologies such as wind and biomass digesters
may make it easier to find initial investors. Small-scale
projects are, however, at a disadvantage in attracting
large mainstream investors such as pension funds. The
very smallest “projects” are found in consumer-driven
renewable energy solutions in developing countries,
such as solar home systems or solar cookers. The high
transaction costs involved call for innovative consumer
finance mechanisms that address the particular needs of
rural developing country customers. These mechanisms
can make renewables attractive and cost effective for
addressing energy poverty in off-grid situations (Box 6)

Over the past decade, a variety of formal and informal
financial institutions and financing arrangements have
emerged that offer facilitate small-scale products for the
energy-poor in rural areas. Figure 12 gives an overview
of the various options available to the poor at different
levels of poverty. A broader discussion of the role of the
financial services and investment sector in supporting
the greening of the energy sector is included in the
finance chapter of this report.

Grameen Shakti (or Grameen Energy in English) was
founded in 1996 and is currently one of the fastest-
growing rural-based companies in the field of
renewable energy in the world. Its aim is to provide
electrification to rural communities in Bangladesh
through a market-based approach: micro-credit.
Capitalising on the network and experience of the
Grameen Bank, Grameen Shakti provides soft credits
through different financial packages to make solar-
home systems (SHSs) available and affordable to
rural populations. Even with subsidies SHSs cost
about 3.5 times more than kerosene - the most
common lighting alternative in many areas — per
month for lower income households and even 6.4
times for higher income households. By providing
multiple advantages over kerosene and the micro-
credit schemes, Grameen Shakti succeeded in
installing over 320,000 SHSs by December 2009.
The enterprise also installed numerous improved

Box 6: Grameen Shakti programme in Bangladesh

cooking stoves and biogas plants that contribute to
the reduction of biomass use and, in turn, decrease
indoor pollution, while biogas technology further
helps with sustainable waste management. Grameen
Shakti aims to install over 1 million SHSs by 2015, and
simultaneously provide the necessary maintenance,
while training the necessary technicians and users,
thereby generating local employment. In terms
of climate change mitigation, the World Bank
estimates that if all non-electrified households
were provided SHSs, avoided kerosene use would
reduce Bangladesh’s annual carbon emissions by
about 4 per cent of 2007 emissions. Grameen Shakti
demonstrates the potential that can be mobilised
to reduce energy poverty efficiently and mitigate
climate change with innovative financing and
business models that can deliver success with little
or no external financial support.

Source: Wang et al. (2011)
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Figure 12: lllustrative financing options for the poor
Source: UNDP (2009)
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Figure 13 : Public finance mechanisms across stages of technological development
Source: UNEP SEFI (2009)
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In order to support renewable energy, governments can
use instruments aimed at influencing the specific risk/
return profile of renewable energy technologies. These
Public Finance Mechanisms (PFM, see Figure 13), can
be categorised by stage of economic development, by
stage of technological development, by type of investors,
by type of risk to private investors, or by addressing
specific barriers or constraints (UNEP SEFI 2005; UNEP/
Vivid Economics 2009; Justice and Hamilton 2009). PFMs
vary from simple grants to complex conditional funding
structures. As a general rule, PFMs aim at complementing
the private sector and not substituting for it as part of an
enabling environment alongside regulations, taxes, and
subsidies. In high- and middle-income countries, one
of the key aims of PFMs is to mobilise (or “leverage”) as
much private capital for investments as possible (UNEP
SEFI12008b). Exceptions may occur in developing country
contexts, where there is very limited private-sector
involvement. Here, PFMs can be part of programmes to
create and catalyse markets.

Beyond private institutions and developing-country
governments, however, bilateral and multilateral agencies
are also expected to scale up funding while collaborating
with existing energy programmes and funds¥ to
administer and distribute resources (IEA 2010d). The
distribution of the costs of climate-change mitigation has
become a key issue, and the agreement to establish the
Copenhagen Green Climate Fund at the 2009 UN Climate
Change Conference to support projects in developing
countries represents significant progress in this area.
Besides this and the funding available through the CDM,
countries producing renewable energy may also benefit
from increased revenues from selling emissions credits or
green certificates, in addition to mitigating risk from the
price volatility of imported fossil fuels.

4.3 Innovation and R&D

The development of renewable energy technologies
has been hampered by market failures associated
with using fossil fuels over a long period. Coal, oil and
natural gas enabled industrial development and, as
technologies and institutions co-evolved and costs fell,
the growing infrastructure became increasingly based
on electricity from thermal power plants and road
transport. Fuel subsidies intended to spur economic
development have also played their part in bringing
about a high-carbon economy.® The technological
development of renewable energy has also been
held back by market failures inherent in innovation:
Knowledge spillovers from research and development

to create better products at lower costs benefit both
consumers and other enterprises, but the potential
innovator may not receive sufficient share of these to
justify the investments” (Gillingham and Sweeney 2010).
Furthermore, new technolog