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| Foreword

The sixth Global Environment Outlook is an essential check-up for
our planet. Like any good medical examination, there is a clear
prognosis of what will happen if we continue with business as
usual and a set of recommended actions to put things right.

GEO-6 provides both a statement of the problems and a how-to
guide to advance us on the path set out in the 2030 Agenda and
the 17 Sustainable Development Goals.

The theme, "Healthy Planet, Healthy People", highlights the
inextricable link between the environment and our survival and
progress. The challenges outlined are multiple. From climate change
to the extinction of species, economies too dependent on the
wasteful use of resources and unprecedented pressure on terrestrial
and marine ecosystems, we are at a decisive moment in our role

as custodians of the planet.

It is not all bad news. Many indicators point to progress on
issues such as global hunger, access to clean water, sanitation
and clean energy. We can also see some signs of the decoupling
of environmental degradation and unsustainable resource use
from economic growth, as well as unprecedented technological
innovation.

The overall message, however, is that we need a significant shift in
trajectory - indeed, the kind of transformational change prescribed
by the Intergovernmental Panel on Climate Change in its recent

report on limiting global warming to 1.5 degrees.

GEO-6 details both the perils of delaying action and the opportunities that exist to make sustainable development a reality. We have
the necessary policy guidance and the science that underpins it. The only missing ingredient for success is our collective resolve.

Antonio Guterres
Secretary-General of the United Nations

January 2019
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Foreword

"Grow now, clean up later". That's sadly been the business model
for much of the world since the industrial revolution. It's as if
looking after environment is a needless distraction, but ultimately
a nice add-on when economies are doing well, and when luxuries
can be afforded.

The Global Environment Outlook, now in its sixth edition, has been
a key driver of the shift in this mindset. Grounded in the best
available science and real-world case studies, it underscores the

fact that a healthy planet is a prerequisite for healthy people, and
that is in turn the foundation of any healthy economy. And most
importantly, it shows how it's possible to win on all fronts.

In this drive towards a green economy, greater sustainability and
the hope that we can thrive rather than merely survive, there has
never been a more critical moment than now. The science and data
are crystal clear on the multitude of challenges we face, but also
the small window of opportunity we have to turn things around.

The Global Environment Outlook is therefore a roadmap to
achieving the United Nations' Agenda 2030, in which hunger and
poverty are consigned to history, and where biodiversity, oceans,
land and freshwater are protected and restored to health.

It makes it clear that achieving this requires a transformation in
human lifestyles and productive activities: our industry, agriculture,
buildings, transport and the energy system which powers them.

It means renewables like wind and solar must be the new norm, as must energy efficient, green buildings and transport. At the same
time, this work also opens up huge economic opportunities - a new, better industrial revolution.

The task may be enormous, but we should also be inspired. Global environmental actions like the Montreal Protocol, our innovative

defence against the hole in the Ozone layer, prove that we have the institutions and capacity to come together. The issue of plastics
pollution has shown how diverse communities around the world - school children in Bali, coastal residents in Mumbai or surfers from
Cornwall - can come together. After all, making the world a better place and cleaning up our act is a non-partisan, unifying cause we

can all get behind.

Joyce Msuya
Acting Executive Director, UN Environment
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| Co-Chairs' Foreword

What is the Outlook for humanity? This sixth Global
Environment Outlook (GEO-6) shows clearly that our species
now stands at a crossroads. It can choose a challenging
but navigable path towards a new golden age of sustainable
development as envisaged by the United Nations' Agenda
2030 in which human hunger and poverty are consigned to
history through the sustainable use of Earth's resources and
the natural environment that leaves no-one behind. Or it can
continue with current trends and practices, which will lead to
a losing struggle against environmental disruptions, which
threaten to overwhelm large parts of the world.

GEO-6 clearly identifies the problems that have to be

addressed if this latter outcome is to be avoided. But it also

points to the solutions to these problems, to ways in which the

aspirations of the Sustainable Development Goals (SDGs) can be realised and Earth's air, biodiversity, oceans, land and freshwater
restored to health, to the incalculable benefit of Earth's people: Healthy Planet, Healthy People, the title of GEO-6.

GEO-6 makes clear that achieving the SDGs will require a transformation in human lifestyles and productive activities: our industry,
agriculture, buildings, transport and the energy system which powers them. This necessary transformation over the coming decades
represents an enormous economic opportunity to those countries, policy makers and businesses who show the enterprise and
innovative spirit to put in place the technologies, social practices and institutions that can make sustainable development a reality.

As co-chairs of the sixth Global Environment Outlook we have overseen the work of the tireless authors and experts who have
contributed to this analysis. The scientific integrity of the process has been monitored by the Scientific Advisory Panel. The High
Level Group helped us to find the language that can communicate to policymakers. The Secretariat provided the staying power to
ensure that the entire process moved smoothly. Some States provided the necessary funding, encouraged us and hosted some
of our meetings. We feel that the GEO-6 has gathered the evidence to show what needs to be done, and what can be done. We
respectfully present it to the world's decision makers, and ask them to face and address these challenges, for all of our sakes and
future generations.
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Co-Chairs' Message

UN Environment's sixth Global Environmental Outlook (GEO-6)
has reviewed the state of the health of the environment and
the related health of the people, and the prospects for meeting
the Sustainable Development Goals (SDGs) of the UN's Agenda
2030. As co-chairs, we draw six key messages from the report:

First, a healthy planet supports healthy people: A healthy

planet is important for the health and well-being of all people.

It directly supports the lives and livelihoods of 70 per cent of
the Earth's population living in poverty [SPM 2.2.2; 6, 6.3.4,

6.6.3; boxes 6.5, 13.2], in particular those who are very poor,
and it provides the basis for the production of the goods and
services that are necessary for the global formal economy,
which had a global GDP value of $US 75 trillion in 2017.

Overall the biosphere is essential for human survival and

civilization and its value to humans is therefore effectively

infinite. However, for some purposes it is useful to calculate

the monetary value of ecosystem goods and services; as an Figure 4.2] (Centre for Research on the Epidemiology of

example the total global ecosystem services have been valued Disasters and United Nations Office for Disaster Risk Reduction

at $US (2007) 125 trillion/year [1.3.1]. This number does not 2015). Between 2010 and 2016, an average of around 700
capture the benefits of, for example, a climate suitable for
agriculture or how melting glaciers affect the water security
of more than a billion people [4.2.2], and so is clearly an
underestimate. The value of lost ecosystem services between
1995 and 2011 have been estimated at $US 4-20 trillion

weather events costing $US 1.4 trillion [4.1.2;

extreme events each year cost an average of $US 127 billion

per annum. While 90 per cent of the losses came from high and
upper-middle income countries, the less than 1 per cent of the
losses from low-income countries amounted to around 1.5 per
cent of their GDP a much higher proportion than in high-income

(Costanza et al. 2014). More particularly, the value of pollinators
which provide crucial services for commercial and non-
commercial food production, has been estimated at $US 351
Billion/year to the commercial sector (Lautenbach et al. 2012).

Second, an unhealthy planet leads to unhealthy people: The
planet is becoming increasingly unhealthy through the negative
impacts of biodiversity loss (including pollinators, coral reefs
and mangroves), climate change and other air pollution, water
pollution, ocean pollution and depletion, and land use change.
An unhealthy planet has huge social costs in terms of human
health and well-being as well as on the formal economy

and livelihoods worldwide. As with ecosystem goods and
services, these costs are difficult to express comprehensively

in monetary or other terms. However, GEO-6 provides data that
illustrate the sort of costs involved. For example, exposure to
indoor/outdoor air and water pollution costs at least

9 million lives annually [4.1.1] including 300,000 in the G7
countries in 2015 (Organisation for Economic Co-operation and
Development [OECD] 2017). About 2.8 million people died in
2015 from indoor air pollution [5.3.1] and about

2.8 million depend on unclean traditional biomass [21.2.3].
Many more millions suffer from ill-health and loss of
livelihoods. Pollution-related costs have been estimated at

$US 4.6 trillion annually [1.3.1]. 29 per cent of land is degraded
affecting the lives and livelihoods of 1.3-3.2 billion people [8.3.2]
and slow onset disasters are triggering migration [9.3.4; 9.7.3].
In 2016, 24.2 million people were internally displaced in 118
countries as a result of sudden-onset disasters [4.1.2]. Such
disasters affected not just the poor countries, but also rich
countries like the USA and Japan. Between 1995-2015, 700,000
people died and 1.7 billion people were affected by extreme

countries, and was almost all uninsured (Watts et a/. 2017).
The damage of climate variability and change to some small
island regions is in the order of 1-8 per cent of GDP averaged
over 1970-2010 (United Nations Environment Programme
[UNEP] 2016a); if average global warming is not limited to
1.5°C, small island states and coastal populations may face
existential threats. Water-related health costs are estimated
at about $US140 billion in lost earnings and $US 56 billion in
health costs annually (LiXil, Water Aid and Oxford Economics
2016). Such impacts are likely to exacerbate inequalities within
and between countries, as opposed to reducing them in line
with SDG10.

Third, the drivers and pressures leading to an unhealthy

planet need to be addressed: The drivers and pressures result
from a continuing failure to internalize environmental and
health impacts into economic growth processes, technologies
and city design. The pressures arise from massive use

of chemicals (many with toxic health and environmental
implications), huge waste streams (many largely unmanaged),
committed and intensifying climate change impacts, and
inequality which contributes to demographic changes and

other drivers and pressures. The environmental footprint of rich
people is significantly higher than that of poorer people. For
example, the monthly emissions per capita in rich countries

are mostly higher than the yearly emissions per capita in poorer
countries (Ritchie and Roser 2018). The wealthiest countries
consume 10 times the materials per person compared to

the poorest countries (UNEP 2016b). While ideas around a
green, healthy and inclusive economy aim to address these
challenges, these ideas have yet to be systematically reflected
in existing national policies. The IPCC 1.5°C report highlights
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the very limited time left to reduce greenhouse gas emissions

to the extent necessary to limit average global warming to this
level, thereby avoiding the potentially very expensive adaptation

costs that will otherwise be required (Intergovernmental
on Climate Change 2018).

Fourth, current science justifies policy action now, but more
detailed knowledge can enable more refined and preemptive
policy. Existing knowledge is sufficient to mobilize action

now [1,2, 4-9]. New knowledge including disaggregated data
from earth observation, in-situ data, citizen science, ground
truthing and indigenous and local knowledge are necessary

in national policy and accounting more broadly [3]. There are
major benefits in accounting systems that register the details
about who causes damage to the environment, how and why;
what is the extent of nature's contributions to humans, the
loss of ecosystem goods and services; and who is affected
[Figure 3.6]. Statistics and accounting systems also need to
recognize the realities of the predominantly poor people in the
informal economy, who are often particularly dependent on
nature's contributions to people, and hence more vulnerable to
environmental degradation.

Fifth, environmental policy is necessary but inadequate by
itself to address systemic ecological problems, solutions

to which require a more holistic approach. Current (inter)
national policies are not on track to address the key
environmental challenges effectively and equitably, in line with
the aspirations of the SDGs. Environmental considerations
need to be integrated into all policy areas, such that the
potential and actual implications for natural resources and the
environment are robustly included in policies for economic
growth, technological development and urban design, so that
there is effective long-term decoupling between economic
growth, resource use and environmental degradation. Climate
mitigation needs to be accompanied by policy for the equitable
adaptation to committed climate change. Policies will only be
effective if they are well designed, involving clear goals and
flexible mixes of policy, including monitoring, instruments
aimed at achieving them [12-17] and when access to judicial
remedies are available [23.3; 23.11; 24.2]. Such a holistic
approach need not require additional economic costs.

If 2 per cent of global GDP is invested in maintaining and
restoring natural capital, it could deliver the same economic
growth outcome as a similar investment along current lines

XXX ) The Sixth Global Environment Outlook

[18.1]. The health benefits from reduced air pollution of
achieving the 2°C target could be 1.4-2.5 times the cost
of mitigation, the higher figure involving benefits of $US

54.1 trillion for a global expenditure of $US 22.1 trillion.

Moving from a 2°C to a 1.5°C target would generate further
substantial health benefits for China and India [Box 24.1].

Food security could be enhanced if food wastage, currently
running at 33 per cent globally, is curtailed [SPM 2.2.4].

Sixth, healthy people, a healthy planet and a healthy
economy can be mutually supportive: Healthy diets

(less meat) and lifestyles, healthy cities with good waste
management (2 out of five people lack access to waste
disposal services [SPM 2.2.6; 4.4.1]) and the use of green
infrastructure in built-up areas, and healthy mobility can
increase labour productivity, reduce the need for land for
agriculture (e.g. meat production currently uses 77 per cent
of agricultural land [SPM 2.2.4; 8.5.1, 8.5.3]) and reduce the
costs associated with urban congestion and transport-related
pollution and address the potential trade-offs

between land for food/biofuel and biodiversity protection
(OECD 2017). Technological and social innovation that
supports environmentally sound economic development
provides a viable and attractive alternative to the 'grow now,
clean up later' practices of the past. In addition, a healthy
people approach requires implementation of the rights of
access to clean water and food, tenure rights, and gender
equality. Millions of lives could be saved and livelihoods
improved by access to clean air, water, fuel and food.

Secure tenure rights for poor and indigenous people would
enhance their ability to protect biodiversity and the different
ecosystems that sustain them - for example, indigenous and
poor people live on 22 per cent of the land that supports

80 per cent of global biodiversity (Sobrevila 2008) generating
billions of dollars' worth of carbon sequestration, reduced
pollution, clean water, erosion control, etc. (SPM 2.2.4; 8.5.3].
If gender equality is promoted, including the right to inherit
and own land, then food security and many health issues
relating especially to women and children could be better
addressed [4.1.12]. Embracing the urgent and transformative
changes that are required to accelerate the transition to a
more equitable and environmentally sustainable economy,
and a healthier society, through top down policy guidance
and bottom-up initiatives will underpin the well-being and
prosperity of countries and their people now and in the future.

Paul Ekins
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1.1 GEO-6: Healthy Planet, Healthy People -
humanity's transformative challenge

Providing a decent life and well-being for nearly 10 billion?
people by 2050, without further compromising the ecological
limits of our planet and its benefits, is one of the most serious
challenges and responsibilities humanity has ever faced.
People worldwide rely on the smooth functioning of Earth's
natural life-support systems, in different ways and in different
contexts. A healthy planet is a necessary foundation for the
overall well-being and further advancement of humanity
(United Nations 2015a; Organisation for Economic
Co-operation and Development [OECD] 2017a).

Under the theme of 'Healthy Planet, Healthy People,' the
sixth Global Environment Outlook (GEO-6) is an integrated
assessment which considers various scientific perspectives
and inputs from across the world in a holistic manner. The
assessment urges the world's decision makers and all citizens
to apply the principles of sustainable development to help
ensure that Earth's environment remains the foundation of
society and of people's well-being and resilience.

GEO-6 aims to answer the following questions:

O What is the state of the global environment, how is it
changing, and what are the major factors and drivers, both
positive and negative, influencing these changes?

O How are people and their livelihoods affecting and affected
by environmental change in terms of health, economic
prosperity, social equity, food security and overall well-
being?

O Are environmental benefits, responsibilities and risks
distributed fairly across different regions, socioeconomic
groups and genders?

O What are the main responses and policy measures that
have been taken to strengthen environmental protection
and governance at various levels? How effective have they
been in terms of improving environmental quality, and
resource efficiency?

[0 What are the possible pathways, critical opportunities
and policies, including Multilateral Environmental
Agreements (MEAs) and Sustainable Development Goals
(SDGs), to transform the global human-environment
system to become more sustainable and contribute to
a healthy planet for healthy people? What are the likely
consequences if no additional actions are taken?

The first three points above are addressed by the introductory
chapters and those in Part A of this report. The chapters in
Part B consider the fourth point, on policy effectiveness,

and the final point, on the most promising future pathways,

is covered in Part C.

GEO-6 comes at a time of great uncertainty about the current
trajectory of global human development (United States
National Intelligence Council 2017). One major reason is

that over the last few decades, human activities, such as
human-caused climate change and other human impacts on
ecosystems, have transformed the Earth's natural systems,
exceeding their capacity and disrupting their self-regulatory
mechanisms, with irreversible consequences for global

1 Throughout this publication the term 'billion' refers to 1000 million.
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humanity (Intergovernmental Panel on Climate Change [IPCC]
2014). Humanity has already been seriously affected by
ongoing systemic ecological changes, such as climate change
and land use change (especially deforestation). These have
reached the point that the ecological foundations of human
society and natural systems that support other species and
provide invaluable ecosystem services are in great danger
(Millennium Ecosystem Assessment 2005).

Human activities are causing increasing amounts of pollution,
to the extent that this is now recognised as the biggest single
risk to human health worldwide (Landrigan et a/. 2018).
Continuing to live on the brink of or outside of ecological limits,
from the global to the local, will make it dramatically more
difficult to achieve prosperity, justice, equity and a healthy life
for all (Crutzen and Stoermer 2000; Crutzen 2002; Steffen,
Crutzen and McNeill 2007; Steffen et al. 2011; Steffen et al.
2015; Steffen et al. 2018). The need for humanity to remain
within the planetary boundaries' safe operating space and the
need to eradicate poverty and accelerate social and economic
development are linked by the concept of "a safe and just
space for humanity" (Raworth 2012).

To cope with this range of human-induced damages,

including climate change, deforestation, desertification, loss

of biodiversity, scarcity of natural resources, pollution, and

the consequent natural and the associated environmental
impacts, is a great challenge. While many old and new societal
contradictions and conflicts have to be solved simultaneously
(Beck 2009; Beck 2015; Raskin 2016), these accumulative and
omnipresent challenges should be addressed as humanity's
transformative challenge (Beck 2009), by creating opportunities
for further human development which achieve human well-
being. This would be, where the universally applied principles
of sustainability govern the pathway towards 'Healthy Planet,
Healthy People', with no one left behind and endeavouring to
reach the furthest behind first (United Nations 2015a).

GEO-6 addresses this transformative challenge, which is

taken up by the United Nations 2030 Agenda for Sustainable
Development (2030 Agenda) and its 17 SDGs. Transforming
human-environment interactions (and related human-

human interactions), especially consumption and production
patterns and lifestyles, towards sustainability requires a

better information base and new, diversified knowledge of
planetary systems (Steffen 2000; Schellnhuber et a/. eds. 2004)
and transformative processes within globalized social and
economic systems (Schneidewind 2013). This includes the
cultural dynamics and ethical foundation of human perceptions
and understanding of 'nature and environmental sustainability'
(Morton 2009; Lammel et al. 2013; Diaz et al. 2015;
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services [IPBES] 2015; Pascual et al. 2017).

The increasing body of global environmental assessments
undertaken by international organizations in cooperation with
the global science community and UN Member States provides
the knowledge to understand the vital inter-connections and
accelerating dynamics of natural ecosystems, socio-ecological
systems and the dependence of human life on healthy and
natural ecosystems. Increasing use of Earth observation
techniques, from outer space and on Earth, in combination



with new tools for data analysis, disciplines like environmental through sustainable development pathways that are shared

accounting (e.g. Kim and Kim eds. 2016), and environmental and pursued globally.
economics (Siebert 2008; Wiesmeth 2012; Ghosh et al. eds.
2016), has revolutionized our ability to recognize patterns of GEO-6 is intended to be solution-oriented, with these solutions
what causes environmental change and how it impacts life drawing on facts and statistics. Based on multidisciplinary
(Chuvieco ed. 2008; Tomas and Li 2017; Mathieu and perspectives from various scientific fields, GEO-6 also
Aubrecht eds. 2018). provides an interpretative framework and tells stories,

including successes, failures and aspirations, to help people,
Integrated and systems-based approaches (i.e. those that governments and the global community work to prevent and
consider multiple benefits at the same time) enable cross- repair environmental damage and respond more effectively to
linkages to be explored and system-wide effects to be environmental changes and opportunities. GEO-6 highlights
managed, so that policies can effectively support a number existing evidence of these environmental changes and
of social, economic and environmental goals to support reflects on possible pathways and critical opportunities for
human well-being, ensuring that various preconditions for transformation of the global human-environmental system to
this well-being are in place. These new scientific approaches become more sustainable in the mid to long term (2030/2050).
and methods, including the study of cross-cutting inter-
relationships between many areas, facilitate the preparation GEO-6 is entitled 'Healthy Planet, Healthy People', a conceptual
of more appropriate, equitable and effective policy responses, approach that considers the human dimensions for achieving a
including shifting investment, production, distribution and healthy planet. It underlines the importance of maintaining the
consumption towards more sustainable approaches, and integrity of ecosystems and recognizes their interlinkages with
the development of better governance capacities at multiple socioeconomic systems. It emphasizes that a healthy planet
scales. The GEO-6 assessment endeavours to support the is a necessary foundation for human physical, psychological,
vision that equal opportunities for prosperity and well-being social, economic and emotional health and well-being, and is
for all, within the Earth's ecological limits, will be possible therefore critical for achieving all the SDGs.

Introduction and Context ( 05



Figure 1.1: Choices to be made to achieve a healthy planet for healthy people
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Figure 1.1 illustrates how a healthy planet contributes

directly to healthier people by encouraging healthier lifestyles.
Environmental degradation increases the burden of disease
through exposure to harmful pollutants, as well as through
reduced access to the ecosystem contributions from nature.
Avoiding these problems will require protecting natural capital
through detoxification, decarbonization, dematerialization and
restoration of ecosystems to enhance planetary and human
well-being.

A healthy planet requires protection and sustainable
management of natural capital, in the form of nature's
contributions to people, and human capital. People's
opportunities in life are affected by humanity's ability to
generate sustainable, long-term economic and social
prosperity from human, physical and natural assets,
the extent of environmental degradation and resource
depletion, pollution and climate impacts, in addition to
disparities in income and wealth.

This report recognizes that the environmental, economic

and social equity dimensions are integrally linked, as they

are in the SDGs with their overarching objective to 'Leave no
one behind', and that all SDGs are rooted in human rights

and dignity. Furthermore, many SDGs have environmental
targets, some of which have equity components. Throughout
GEO-6, evidence is presented of how fundamentally nature's
contributions to people underpin human health and well-being.
The SDGs recognize that inequality, including poverty and
gender discrimination, results in a sizeable waste of human
productivity and prosperity, and limits the scope for effective
and accountable civic governance, quite apart from the ethical
dimension of fairness and opportunity. Human resources

are being underutilized and are not contributing to the sum
total of human innovation required to help us live sustainably,
demonstrated by the continued poverty in many parts of the
world, which Agenda 2030 aims to eradicate (World Bank
2016a). The SDGs also recognize that disparities in access

to resources, ecosystem services, income and wealth play

an important role in shaping people's opportunities in life
(Whitmee et al. 2015; OECD 2017), disproportionately affecting
women and girls, as well as poor people.

1.2 UNEP's flagship assessment to deliver
the environmental dimension of the

2030 agenda

Recognizing these important challenges, governments of the
world have sought to better understand the interrelationships
across the environmental dimension of the Sustainable
Development Goals by requesting the preparation of a sixth
edition of the Global Environment Outlook.

1.2.1 Mandate

Member States attending the first session of the United
Nations Environment Assembly (UNEA-1) in Nairobi, June
2014, requested:

... the Executive Director, within the programme of work
and budget, to undertake the preparation of the sixth

Global Environment Outlook (GEO-6), supported by UNEP
Live, with the scope, objectives and procedures of GEO-6

to be defined by a transparent global intergovernmental
and multi-stakeholder consultation informed by document
UNEP/EA.1/INF/14, resulting in a scientifically credible,
peer-reviewed GEO-6 and its accompanying summary

for policy makers, to be endorsed by the United Nations
Environment Assembly no later than 2018.

As requested by Member States (UNEP/EA.1/4) and based

on the decision (UNEP/IGMS.2 Rev.2) made by the Global
Intergovernmental and Multi-stakeholder Consultation in Berlin,
21-23 October 2014, GEO-6 builds on six regional assessments
that were conducted in a similar fashion to the global

GEO-6 process and launched in May-June 2016. In addition, the
main messages of GEO-6 are compiled in an accompanying
Summary for Policymakers, which is drafted by the authors of
the main report and negotiated by the governments. See Annex
I-1 for more details on UN Environment's mandate to produce
the sixth Global Environment Outlook.

More recently, recognizing that the date of the fourth session
of the UN Environment Assembly (UNEA-4) would be shifted to
II-15 March 2019, Member States decided at UNEA-3 to:

... [Request] the Executive Director to issue the sixth Global
Environment Outlook report at least three months before
the fourth session of the United Nations Environment
Assembly;

Also [request] the Executive Director to schedule the
negotiations on the summary for policymakers at least
six weeks in advance of the fourth session of the United
Nations Environment Assembly and to present the sixth
Global Environment Outlook report and its accompanying
summary for policymakers for consideration and possible
endorsement by the Environment Assembly at its fourth
session.

With these decisions, the delivery date of the embargoed
version of the main report is now the week of 5 December
2018, and the delivery date of the adopted and translated
version of the Summary for Policymakers is 28 January 2019.

1.2.2 Role of GEO-6

GEO-6 comes at a critical time for global development, and

it will build on the knowledge and experience gained from
previous GEOs. Previous GEO editions have already presented
substantial evidence that environmental degradation, even
within the planetary limits of the Earth's ability to support
human civilization, has undermined current and future
development, and threatened different aspects of human
well-being (United Nations Environment Programme

[UNEP] 2007; UNEP 2012a).

GEO-6 explores some issues further, attempting to show the
interlinkages across environmental challenges and geo-
political, economic, industrial, social, technological and cultural
issues, while considering potential transformative sustainable
development pathways and policies for achieving the SDGs
and other Internationally Agreed Environmental Goals (IAEG).
In this respect, GEO-6 aims to apply a wider scope to the
discussion of global environmental security (Matthew et al.
2010; UNEP et al. 2013)
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Human well-being is assumed to have multiple constituents, including:

O the basic material for a good life, such as secure and adequate livelihoods,
O enough food at all times, shelter, clothing, and access to goods;

O health, including feeling well and having a healthy physical environment, such as clean air and access to clean water; good social
relations, including social cohesion, mutual respect, and the ability to help others and provide for children;

O security, including secure access to natural and other resources, personal safety, and security from natural and human-made
disasters; and freedom of choice and action, including the opportunity to achieve what an individual values doing and being.

Freedom of choice and action is influenced by other constituents of well-being (as well as by other factors, notably education) and is also
a precondition for achieving other components of well-being, particularly with respect to equity and fairness.

Source: Millennium Ecosystem Assessment 2005

Additionally, GEO-6 attempts to further strengthen
understanding of the macro perspective of socio-ecological
systems (including economics), and also to use a more people-
centred approach (UNEP 2016a). GEO-6 underlines that people
are part of ecosystems and depend on them, emphasizing

the importance of conserving nature not only for its intrinsic
value, but also because it is crucial for the well-being of
humanity. Such an approach is urgently needed to help address
the vulnerability and different conditions and capabilities
enabling people to react to hazards and disruptions in daily

life (resilience) (Millennium Ecosystem Assessment 2005).

With this knowledge, it is hoped that people will be encouraged
to respond to the challenge by changing their behaviour as
citizens, consumers, voters, politicians, religious leaders and
business leaders (UNEP 2016b).

GEO-6 highlights an updated understanding of the relationship
between the environment and the economy, which is a
foundation of the people-centred approach. This emphasizes
nature's contribution to people, the environmental functions
that support human well-being (including the benefits of
environmental investments, innovations and technologies),

as well as the high costs of inaction, business as usual,

and stranded assets.

Furthermore, this perspective within GEO-6 helps to better
inform future policy decisions by addressing complex
distributional impacts and conflicts as the new baseline to
design sustainable development policies and governance
systems associated with implementation of the 2030 Agenda
(World Bank 2016b). Creating such knowledge and its evidence
base through this assessment will help to better communicate
possible policies, actions and investments that could be used
by governments, as well as other stakeholders and citizens, to
address current and future development challenges, as well
as to explain the benefits of taking such actions. How this
perspective is integrated into the GEO-6 assessment is further
explained in Section 1.7.

1.3 GEO-6 in a changing global context

The world is facing a wide range of economic, social, cultural
and political/military security challenges (World Economic
Forum 2017). Despite significant global progress in economic
development and poverty reduction in some regions, a large
portion of the population in many areas suffers from poverty or
extreme poverty, and many people who are not impoverished
are still concerned about economic security and future life
opportunities. Some areas are experiencing social friction,
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growing inequality, poor governance, cultural erosion, reactions
against globalization, political instability, large numbers of
refugees, large-scale migration and violent conflicts due to these
economic and social insecurities, injustices and corruption.

Many of these global economic, social and political/military
security challenges are related to the environment in terms

of causes, impacts and possible solutions. Moreover, recent
scientific concepts of environmental safeguards for society, f
or example planetary boundaries (Rockstrom et a/. 2009;
Steffen et al. 2011; Steffen et al. 2015), explain that the
environment is the foundation for human life on Earth. Current
methods of generating material prosperity have undermined
ecosystem health and caused massive environmental damage,
crossing several of these planetary boundaries, to the point
where the development of human societies and the 'safe
operating space' for human life on Earth is at risk. In this
planetary boundaries framework, environmental problems

are considered to be inherent systemic problems of humans'
deep-rooted transformation of nature and ongoing cultural
dynamics, and are not seen only as collateral damage of
societal development (Steffen 2000). Biodiversity is also
critical for human well-being (Secretariat of the Convention on
Biological Diversity [CBD] 2014), as are ecosystem services
more broadly (Millennium Ecosystem Assessment 2005).

Clearly, the functions of environmental policy have expanded,
and it now contributes to political/military security, economic
and social policy and other development activities. Likewise,
these other policy areas also have a major influence on

the state of the environment. A key implication of these
interlinkages is the need for an integrated approach to address
environmental, economic and social problems holistically
(United Nations 2015b; Jetzkowitz et a/. 2018). GEO-6 aims

to integrate the linkages between the environment, social and
economic security, global justice and human well-being, to
promote a new framework for sustainability to be an integral
part of all aspects of global, regional and national development
(United Nations Educational, Scientific and Cultural
Organization [UNESCO] 2014a; Lehmann et a/. 2015;

UNEP 2016a; UNESCO 2016).

1.3.1 Environmental and economic challenges and
opportunities

The environment is closely related, in both positive and
negative ways, to key economic issues such as poverty,
prosperity, jobs, production patterns, innovation, and resource
availability/scarcity. On one hand, the economy is a major



source of environmental problems, while environmental
problems are increasingly causing economic losses. Recent
articles have noted that "welfare losses due to pollution are
estimated to amount to US$4.6 trillion per year," which is
"about 6.2 per cent of global economic output" (Landrigan et
al. 2018, p. 462). Economically, countries are often still guided
by an approach of 'grow now, clean up later'. This report will
show that this is simply not sustainable in a world already
crossing planetary boundaries on a number of dimensions, a
situation which threatens to undermine economic growth if not
addressed. In addition, this option is likely to prove far more
expensive for most countries, because it is often costlier to
clean up later than prevent damage in the first place; it creates
stranded assets which lose their value, and is now leading

to irreversible negative impacts, including on human health.
This renders an economy unproductive and uncompetitive
compared with a flexible and proactive approach, capable

of managing the transition to a sustainable, innovative and
resource-efficient economy that can take advantage of
domestic and export market opportunities in fast-growing,
environmentally aware markets.

On the other hand, protecting the environment, as well as
preventing and mitigating the impacts of pollution, are also
major sources of economic opportunity, providing jobs,
reducing poverty, driving innovation and addressing resource
availability/scarcity and depletion. Positive synergies between
the economy and the environment are now more widely
recognized (Porter and van der Linde 1995; The Economics
of Ecosystems and Biodiversity [TEEB] 2010; OECD 2011;
UNEP 2011a; UNEP 2011b; Hepburn and Bowen 2012;
United Nations Economic and Social Commission for Asia and
the Pacific [UNESCAP] and Korea International Cooperation
Agency [KOICA] 2012; Global Commission on the Economy
and Climate 2014; Altenburg and Assmann 2017; OECD
2017b), compared with the view that trade-offs exist between
the environment and the economy.

The global economic value of ecosystem services was
estimated to be about US$ 125 trillion in 2011 (in 2007
US$2) (Costanza et al. 2014). Still, more effort is needed to
communicate this message about positive synergies, as

the perspective of the trade-off between the economy and
the environment is still reinforced by current methods of
calculating economic growth, which generally externalize
environmental impacts and emphasize short-term, rather
than long-term, perspectives. Especially in nations/regions
where people have anxieties about jobs, wages and
economic prosperity, there is a risk of weakening support for
environmental protection and MEAs if the linkages among
these concerns are not well understood. GEO-6 aims to
contribute to a more thorough assessment of costs and
benefits, as well as the cost-effectiveness of environmental
policies and practices, and how they are distributed in society.

Many businesses around the world now understand that
environmental problems pose major challenges to their
operations, and that addressing them presents significant
business opportunities, for example through circular economy
business practices (see Chapter 17), in the context of
sustainable consumption and production (Lacy and Rutqvist

2 Readers should assume that all values in this report are nominal market values, unless it is stated
to the contrary.

2015; Ghisellini, Cialani and Ulgiati 2016; Murray, Skene and
Haynes 2017; Hopkinson, Zils and Hawkins 2018, see section
17.5 of this report), as well as enabling increases in productivity
and profitability (at least in the initial stages of waste reduction
and efficiency improvements). It also avoids major liabilities
and burdens for future generations. Prominent business

groups, such as the World Business Council for Sustainable
Development and UN Global Compact, promote environmental
sustainability at all levels of society and decision-making.

Environmental protection and environmental business can

also be major sources of jobs (International Labour Office [ILO]
2016). In the global energy sector, renewable energy sources
are growing much faster than expected, and global annual
investment in these systems is now greater than investment

in fossil fuels (Renewable Energy Policy Network for the 21st
Century [REN21] 2018). It is suggested that 'clean’ energy
(renewable and low-carbon energy) and energy efficiency

may have more job creation potential than coal and natural

gas (Wei, Patadia and Kammen 2010; Garrett-Peltier 2017;
International Renewable Energy Agency [IRENA] 2018; Yihdego,
Salem and Pudza 2017). Most recently, in the United States of
America, the solar industry accounts for more than twice as
many jobs as coal (United States Department of Energy 2017).

Still, many economic trends pose challenges for addressing
environmental problems. Many governments face challenges

in raising revenue, and deregulation initiatives often focus on
weakening environmental standards/regulations (Castree 2008;
Steinebach and Knill 2017). The Addis Ababa Action Agenda,
which addresses the means of implementation for sustainable
development in general, including the SDGs, suggests ways to
help governments strengthen their domestic financing capacity
(United Nations 2015c).

Globalization has been an overall trend for several decades, and
its possible environmental effects have been a major research
focus. However, the linkages between economic development
and the environment are very complex and difficult to
summarize. Some aspects of globalization may worsen
environmental problems, while others may be beneficial (Boyce
2004; Gallagher 2009; Clapp and Dauvergne 2011; Newell and
Roberts eds. 2016). Identifying such trade-offs and synergies

is @ major element of the GEO-6 assessment (see chapters 4
and 17).

1.3.2 Environment and social challenges and opportunities

Environmental issues are closely related to social issues

such as hunger, consumption patterns, health, education,
inequality, gender gaps, waste and sanitation, refugees,
migration, conflicts and intolerance. For example, hunger and
food, addressed in SDG 2, are linked to agriculture, which in
turn is linked to the environment, especially SDG target 2.4
on sustainable agriculture. Environmental pollution harms
agriculture, while a cleaner environment will help to improve
agriculture, nutrition and health (Landrigan et a/. 2018).

Education promotes a healthier environment and vice versa
(UNESCO 2014b; UNEP 2017a). Environmental pollution,
biodiversity loss and climate change are important causes
of health problems and environmental diseases, which in
turn can negatively affect education and learning, especially
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among children; they can also be a hindrance to employment
among adults (Mohai et a/. 2011; Zhang and Zhang 2018). In
contrast, cleaning up, avoiding pollution, and protecting and
restoring habitats are major opportunities to improve health,
which in turn helps people lead fuller and more productive lives.
Diseases related to air pollution caused 9 million premature
deaths in 2015, accounting for 16 per cent of all deaths globally
(Landrigan et a/. 2018) while in some countries, hazardous air
pollution has forced schools to close (Sastry 2002;

Li et al. 2014; British Broadcasting Corporation [BBC] 2016;
Reuters 2017).

The environment is also related to growing social inequality,
including gender inequality, in many ways that may put
burdens on poor or socially disadvantaged people. These can
include unequal access to resources (e.g. land, water, food,
seeds), uneven distribution of the impacts of environmental
degradation (e.g. the health impacts of climate change and
waste), job creation and loss due to shifting consumption and
production between geographic areas, and uneven distribution
of responsibilities with respect to addressing environmental
challenges. Children are particularly susceptible to the negative
health impacts of chemicals, due to their rapid growth and
development and greater exposure relative to body weight.

In many cases, people's environmental impacts are related
to their income levels (Moser and Kleinhuckelkotten 2017).
Wealthier people are more able than poor people to insulate
themselves from environmental problems, while they have
more potential to contribute to solutions through their greater
resources and scope for lifestyle changes (UNEP 2016b).

This is also related to the geographic, economic and social

distribution of areas affected by environmental problems.

The drivers and pressures of environmental change, as well as

its state and impacts, have people-centred aspects that need

to be taken into account in order to develop effective and just

policies in an Agenda 2030 world. This approach is needed

to help address the vulnerability and different conditions and

capabilities of people to react to hazards and disruptions in

daily life (resilience) (Millennium Ecosystem Assessment

2005). People - poor and rich, women and men - affect and

are affected differently by environmental changes and related

risks. These differences play a major role in related political

decisions (Serret and Johnstone eds. 2006; UNEP 2016b).

Using this perspective, GEO-6 attempts to interpret how
environmental ‘'equity’ will be experienced by different people,
so it can inform future policy decisions by addressing complex
distributional impacts and conflicts. This perspective provides
a new baseline to design sustainable development policies and
governance systems for implementing the 2030 Agenda (World
Bank 2016).

In Agenda 2030, the sustainable use of the environmental and
natural resources is now understood to be complementary and
necessary to "end poverty in all its forms everywhere" (SDG 1).
Approximately 70 per cent of the world's poor people depend
directly on natural resources for all or part of their livelihoods,
particularly women and girls, as well as other marginalized
groups. Efforts to eradicate poverty and ensure prosperity

are directly linked to improving the management of both the
environment and natural resources in an integrated way

(TEEB 2010).
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1.3.3 Environment and political/military security
challenges and opportunities

Environmental problems such as land degradation (United
Nations Convention to Combat Desertification [UNCCD] 2017)
and resource scarcity and depletion, especially water, energy,
food and biodiversity, have the potential to be major sources of
conflict, security problems and migration (Homer-Dixon 1991;
Homer-Dixon 1999; Barnett and Adger 2007; Gupta, Dellapenna
and Heuvel 2016). Political/military security problems may be
amplified by climate change effects. Water security is being
compromised by pollution and unsustainable use, as well

as demand exceeding sustainable supply, climate variability,
droughts, flooding, etc. Climate change, including related
weather extremes, and environmental degradation are already
having a range of complex effects, especially in fragile states
and ecosystems. For example, they worsen the problems of
migrants and refugees (both within and between countries),
which in turn contribute to increasing political uncertainty

and instability ~worldwide. Environmental refugees displaced
by environmental degradation may also suffer from health
problems and difficulties maintaining their livelihoods.

Wars and conflicts are major sources of pollution, especially
air, water and soil pollution, waste, greenhouse gases and
land degradation. Likewise, addressing environmental
problems may provide important opportunities to help address
political/military security problems (Brown, Hammill and
McLeman 2007; UNEP et a/. 2013), including by helping to
secure livelihoods and reduce the necessity for migration.
International funding to war-torn states may be productively
aimed at addressing environmental problems through
development of sustainable infrastructure, including natural
infrastructure and ecosystem restoration, and services such
as waste, wastewater and resource management.

1.3.4 Resource availability and scarcity

Resource availability and scarcity problems clearly illustrate
the tight interlinkages between economic, social, human,
political/military ~ security and environmental issues (Qasem
2010; UNEP 2011a; Pereira 2015). Resources have significant
negative environmental and social/health impacts in their
production and/or use, for example through mining or other
extraction processes.

At the same time, they are important inputs to environmental
solutions. Resources are important economic inputs and
sources of jobs, and are used in products and services
supporting human well-being. This is not just related to the
key resources of water, energy and food, which have been
extensively researched as 'nexus' issues (UNESCAP 2013;
Food and Agriculture Organization [FAO] 2014; International
Resource Panel 2015). Phosphorus (Cordell and White 2015)
is a key input for food production and other important scarce
resources including materials such as rare earth metals
(Gupta and Krishnamurthy 2004; Abraham 2015; Graedel

et al. 2015), are used in many industrial applications including
key environmental technologies such as wind and solar
energy as well as advanced batteries. These materials, and
the many products made from them, also have important
military applications. On the negative side, in addition to the
environmental damage caused by their production, these



resources are also scarce (Calvo, Valero and Valero 2017),
leading to political/military security concerns related to
securing their availability.

1.4 Environmental governance

Environmental governance is increasingly important at all
levels, including global, regional, national and subnational
(local, provincial, etc.) governments, as well as business and
civil society stakeholders (Biermann et al/ 2012; Biermann
2014; United Nations Economic Commission for Europe
[UNECE] 2014; Patterson et al. 2015; Mortensen and Petersen
2017). New environmental governance challenges are

emerging, such as the opening of the Arctic and the advent

of new materials, while many old challenges have not been
adequately addressed. Greater multi-stakeholder participation

in governance is a major global trend, but there is a need for
greater synergies between governments and civil society
organizations. Many efforts have been made to develop more
effective facilitation methods to enable this collaboration

(Ansell and Gash 2008; UNECE 2014; Pattberg and Widerberg

2016; Dodds, Donoghue and Leiva-Roesch 2017). This includes

new technologies and social media, and citizen science, which
engages citizens in scientific research (Kobori et al. 2016, see
section 25.2) which may be the only way to obtain some kinds

of data. Also, governance within the private sector has become

an important innovation space.

Environmental problems have always been very complex and
closely related with other policy areas (Jordan and Lenschow
2010), but efforts to overcome separate sector/silo boundaries
have not made sufficient progress (Adelle and Nilsson 2015).
It is now more important than ever to promote the integration
and coordination of environmental concerns with other
development areas, such as economy, trade, health, water,
energy, education, food systems and urban planning (FAO
2014; Le Blanc 2015; OECD 2015; Elder, Bengtsson and Akenji
2016; United Nations 2016; Scheyvens et al. 2017).

Moreover, ecosystem boundaries often do not correspond to
geopolitical boundaries, so many environmental problems,
especially those related to pollution, are often transboundary in
nature, such as air pollution, freshwater contamination (surface
and groundwater), marine pollution, wastewater, leakages of
pollutants, dumping of hazardous and nuclear wastes and
species loss. Because many of these transboundary problems
are interrelated, there are extensive opportunities to take
advantage of co-benefits from policy solutions, but these require
greater cooperation and coordination across political boundaries.

Many efforts have been made to develop ways to improve
environmental governance, ranging from stronger regulation
and enabling policies to support voluntary actions, to
stakeholder self-governance. The state has an important

role in strengthening environmental governance, including

by ratifying and implementing environmental conventions,
supporting environmental research and supporting vulnerable
populations. Still, the best way forward is not always clear, and
further efforts are needed (Ansell and Gash 2008; Jordan 2008;
Newig and Fritsch 2009; Biermann et al. 2012; Galaz et a/. 2012;
Biermann 2014; United Nations Development Programme
[UNDP] 2014; Kanie, Andresen and Haas eds. 2014; Pattberg
and Widerberg 2015; Pattberg and Zelli eds. 2016; Biermann,
Kanie and Kim 2017).

1.5 The environmental dimension of
the sustainable development goals,
global environmental governance and
multilateral environmental agreements

Until recent years, global environmental governance has mainly
focused on MEAs (Najam, Papa and Taiyab 2006; Environment
Canada, University of Joensuu and UNEP 2007; Kanie 2007),
along with many regional and bilateral agreements (Balsiger
and VanDeveer 2012). It has been estimated that there are over
1,300 MEAs and 2,200 bilateral environmental agreements
(Mitchell 2018).

Despite these MEAs and five previous Global Environment
Outlooks, the state of the environment remains troubled and
has continued to deteriorate in many respects (Susskind and
Ali 2015; UNEP 2012b), to the point where the environmental
foundation for human society is increasingly at risk
(Rockstrom et al. 2009; Steffen et al. 2011; Steffen et al. 2015).
Moreover, some environmental pollutants, such as plastic
waste, marine pollution, military-related waste and pesticides,
remain largely unregulated at the global level. There has been
insufficient progress in achieving sustainable consumption and
production patterns.

Some international agreements and frameworks are working
to deal with global problems more comprehensively, rather
than focusing narrowly on specific environmental issues.
They combine political, economic, social and environmental
dimensions, while strengthening the environmental elements.
These include the SDGs, the Paris Agreement on climate
change, the Sendai Framework for Disaster Risk Reduction,
the New Urban Agenda - Habitat III, and the United Nations
Convention to Combat Desertification.

The SDGs and the 2030 Agenda are at the vanguard of this
trend, bringing an integrated, holistic perspective to sustainable
development. They link the environment with other dimensions
of sustainable development in order to take advantage of
synergies and minimize trade-offs between them. They also
represent a major change from the Millennium Development
Goals (MDGs). Not only are the SDGs universal and challenging
all countries, they also offer a broad sustainability agenda,
giving equal attention to social, economic and environmental
issues; by contrast, the MDGs had a greater focus on the
social agenda, paying insufficient attention to economic and
environment issues. Thus, the environment is incorporated into
the SDGs more extensively than it was into the MDGs

(UNEP 2016c).

Furthermore, where the MDGs mainly aimed at poverty
reduction in developing countries (with developed countries
committing to a Global Partnership for Development), the
2030 Agenda is a universal one, with goals and targets to be
achieved by all countries. According to UNEA, the 2030 Agenda
"represents a paradigm shift to replace today's growth-based
economic model with a new model that aims to achieve
sustainable and equitable economies and societies worldwide"
(UNEA 2016 p.1), noting that "ecosystems and the services
they provide, such as food, water, disease management,
climate regulation, and spiritual fulfilment are preconditions"
for sustainable development, while "unsustainable patterns of
production and consumption threaten our ability to achieve
sustainable development".
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The environment is represented in all the SDGs. More than half

have a direct environmental focus or address the sustainable

use of natural resources (UNEP 2016d). Many goals are

directly related to the quality of the physical environment,

e.g. water (SDG 6), climate (SDG 13), oceans (SDG 14) and

land and biodiversity (SDG 15). Other goals are more indirectly

related to the physical environment, e.g. via natural disasters

(SDGs 1 and 11), food, hunger and agriculture (SDG 2),

human health (SDG 3), energy (SDG 7), economic growth and
employment (SDG 8), industry (SDG 9) and cities (SDG 11)
(International Resource Panel 2014; International Resource

Panel 2015; OECD 2015; Lucas et a/. 2016). For example,

SDG 8 emphasizes sustainable economic growth and decent
jobs, while one of its targets calls for decoupling economic
growth from environmental degradation and improving global
resource efficiency in consumption. SDG 12 on sustainable
consumption and production, SDG 16 on peace, justice and
strong institutions, and SDG 17 on means of implementation
are cross-cutting goals that support all other goals and their
environmental dimensions. Clearly, the SDGs cannot be
achieved without fundamental environmental progress.

This is recognized in the 2030 Agenda, which directly calls

for an integrated approach to sustainable development

(International Resource Panel 2015).

Although the SDGs link the environment much more closely

to other development areas, they do not comprehensively
represent the global environmental agenda (Wackernagel,
Hanscom and Lin 2017). Some important environmental
problems are not well reflected in the SDGs, such as mining
and natural resource extraction, and the links between gender
and the environment (e.g. indoor air pollution from cooking;
Elder and Zusman 2016). The climate goal (SDG 13) does

not have a target or indicator directly related to the state

of the climate, although it references the Paris Agreement,
which does have such a target. Moreover, the environmental
indicators are not as well developed as those for other areas,
and there is less data available to quantify their impacts and/
or progress towards achieving the related targets. Many targets
have several dimensions, and often the dimension related to
the environment is not included in the indicator(s). The SDGs
address the goals of many MEAs, although few of the many
IAEGs are directly mentioned in the SDGs.

Similarly to the SDGs, other major recent United Nations
agreements and frameworks, such as the Paris Agreement

on climate change, the Sendai Framework for Disaster Risk
Reduction and the New Urban Agenda - Habitat III, require
substantial contributions from all sectors and actors, as well

as significant transformation of economic and social practices.
Thus, like the SDGs, these agreements have a broad scope and
should be implemented using an integrated approach.

Similarly, major non-United Nations global forums (e.g. the

Group of Twenty [G20], the Group of Seven [G7] and the World
Economic Forum) focus increasingly on environmental issues

and associated risks, especially in relation to the SDGs. In

2015, the leaders and heads of states of the G7 met in Elmau,
Germany, and agreed to decarbonize the world economy by
the end of this century (G7 2015); at the Ise-Shima Summit in
Japan, 2016, the G7 agreed to make concerted efforts to fulfil
their SDG and Paris Agreement commitments. At the Taormina
Summit in 2017 in Italy, all the G7 members reaffirmed their
strong commitment to swiftly implement the Paris Agreement
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(except the United States of America, which was in the process
of reviewing its related policies). The G7 has been holding
environment ministers' meetings regularly. The G20 also
adopted an SDG Action Plan (G20 2016).

Other major meetings of environment ministers include the
BRICS (Brazil, Russian Federation, India, China, South Africa),
the Asia-Pacific Ministerial Summit on the Environment, the
African Ministerial Conference on the Environment, and the
Tripartite Environment Ministers Meeting among China,

Japan and the Republic of Korea. The SDGs provide a
framework and common language to bring all these
agreements and actions together.

The target and indicator-based approach, which was a key
innovation of the MDGs, was also used by the SDGs, as well as
by the Strategic Plan for Biodiversity 2011-2020, including the
Aichi Biodiversity Targets developed under the CBD

(Kanie and Biermann eds. 2017). Many felt that this approach
made an important contribution to the MDGs' relative success
in mobilizing action and support, although it also has some
disadvantages (Fukuda-Parr, Yamin and Greenstein 2014).

If this approach is implemented broadly in line with the spirit
and language of the SDGs, and not in a narrow instrumental
manner, then implementation and accountability may be
strengthened (Biermann, Kanie and Kim 2017). Another major
innovation for the SDGs and the Paris Agreement is that each
country agreed to translate the global goals and targets into
national targets and indicators; however, this will introduce
the challenge/opportunity of accounting for progress.

Therefore, it is very important for GEO-6 to continue to focus
global attention on MEAs, IAEGs and its new focus on SDGs
and non-United Nations global forums. Still, implementation of
some traditional MEAs may also benefit from a more integrated
approach, possibly through greater linkages with the SDGs.

One of the main tasks of GEO-6 is to assess progress on the
Internationally Agreed Environmental Goals (IEAG) that have
been established by MEAs, highlighting gaps between the
commitments and achievements of these agreements. More
importantly, it will help to inform the global response and
institutional capacity-building needed to address the increasing
complexity and uncertainties associated with environmental
problems and addressing them through global development.
Given the urgency of the challenges associated with
environment and development, and the limited financial and
human resources available to address them, GEO-6 is focused
on a holistic and integrated approach to assessment in order
to leverage synergies across issues and minimize trade-offs,
and to communicate the resulting knowledge.

1.6 GEO-6 in the context of other
environmental assessments

To address environmental challenges effectively, their wider
impacts on people, economies, societies, markets, institutions,
justice, security and culture must be well understood. The GEO-6
process recognizes a need for participatory and integrated
environmental assessments (IEAs), and for institutionalized tools
and platforms to empower people, organizations and decision
makers by co-developing information and relevant knowledge on
the state and trends of the environment to inform policy action
and adequate responses (UNEP 2015).



GEO-6 is part of the growing body of global environmental
assessments (Mitchell et al. 2006; Kowarsch et al. 2014;
Jabbour and Flachsland 2017; Kowarsch et al. 2017).

Some of these assessments are, or include, regional
assessments (e.g. the European Environment Agency's

State of the Environment Report) or country-level
assessments, while others focus on specific themes, such

as the Global Gender Environment Outlook (UNEP 2016e).
These assessments are typically conducted by international
organizations and programmes, like UNEP through its
Environment Under Review sub-programme (UNEP 2018)
and create the needed evidence base that brings clarity and
transparency to the main concerns facing the planet and
humanity. This evidence base includes successes and failures
in addressing these issues and, most importantly, provides
options for actions to make sure that current and anticipated
problems are equitably and effectively addressed. This action-
oriented and stakeholder-focused approach has the desired
attributes of incorporating feedback from decision makers into
the knowledge development process and shortening the time
for implementing the information and knowledge. Annex 1-2
lists the IEAs from which GEO-6 draws.

An IEA (such as GEO assessments) follows a common
methodology and procedures to ensure the consistent application

Figure 1.2: The DPSIR approach used in GEO-6

Targeting state

of relevant quality standards, and links science to policy by:

O analysing and synthesizing existing environmental,
social and economic data to determine the state of the
environment using the Drivers, Pressures, State, Impact,
Response (DPSIR) framework, taking into account all
ecosystem components and processes (see Figure 1.2);

O determining risk and uncertainty in the information;

O identifying and assessing past and potential policy and
management actions;

O providing guidance for decision makers on the
consequences of various policy and management actions,
including not taking any action (UNEP 2017b).

1.7 GEO-6 approach, theory of change and
structure

1.7.1 Approach

Historically, the GEO process was established as part of the
follow up to the adoption of Agenda 21 in 1992, with the aim of
placing the status of the environment under permanent review
(UNEP 1995 - UNEP Governing Council in its decision 18/27).
Since the first GEO in 1997, its approach and structure have
undergone several changes and improvements.

- generally medium term

- generally local or national

In 1995, UNEP adopted the DPSIR causal framework approach for the GEO assessments. This represents a systems-analysis view in which the driving forces of
social and economic development exert pressures on the environment, which change the state of the environment. The changing state of the environment leads
to impacts on, for example, human well-being and ecosystem health, which then produces human responses to remedy these impacts, such as social controls,

redirecting investments, and/or policies and political interventions to influence human activity. Finally, these responses influence the state of the environment,

directly or indirectly, through the driving forces or the pressures. Existing policies increasingly need to be assessed in terms of how they address the drivers and

impacts of environmental challenges.

Source: UNEP (2017b)
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Box 1.2: Multidimensional aspects of the analysis

GEO assessments are multidimensional in scope, in an effort to incorporate environmental, social, economic, policy, geographic and
temporal perspectives to form various threads of evidence to answer the overarching questions. The main approaches used in GEO-6
include the following.

O The 'Healthy Planet, Healthy People' theme emphasizes the foundational importance of healthy ecosystems and environment for
human health. Human health is systematically covered throughout GEO-6 by focusing on the many direct and indirect health-
related impacts (e.g. diseases, mortality) deriving from environmental change and deterioration (see Chapters 2 and 4). In addition,
health-related objectives are recognized within transformative environmental policies and pathways (Part B). Where possible,
health-related impacts are analysed related to social criteria such as age and gender.

O GEO-6 includes thematic dimensions that track the state and trends of air, fresh water, oceans, land and biodiversity, and constitute
a 'state of the environment' report (Part A).

[0 GEO-6 presents more than 25 policy case studies that highlight the importance of evidence-based policymaking (Chapters 12-16).

The case studies allow examination of how to design effective policies without being policy prescriptive.

O GEO-6 includes cross-cutting dimensions that combine social, economic and environmental aspects of complex challenges.

GEO-6 covers 12 cross-cutting issues (e.g. food, energy, resource use, gender, health, disasters, etc.) throughout the assessment of
the environmental themes (Chapter 4) and policy effectiveness (Chapter 17), adding a specific focus on the interlinkages between
the environmental and other dimensions of the 2030 Agenda/SDGs.

O For the first time, GEO-6 examines climate change as both a driver (i.e. built-in climate change) and a cross-cutting issue
(i.e. anticipated impacts) in the sustainable development context through its overarching relevance to all other aspects of
GEO-6 (Chapters 2 and 4).

O GEO-6 considers the equity dimension systematically by considering distributional, representational and procedural issues in the
various parts of the assessment, highlighting impacts and possible opportunities of environmental policies and future development
pathways to overcome inequities.

O The outlook chapters of GEO-6 (Part C) combine traditional global and scenario-based analysis with local, participative and
decision-based analysis. This aims to provide a solution-oriented perspective which considers relevance and efficacy.

O GEO-6 uses modern tools and platforms (e.g. crowdsourcing) to expand stakeholder engagement in the assessment process

(Chapter 23).

Based on the core principles of developing integrated
environmental assessments (UNEP 2017b), the scope of the
GEO has evolved. A key new feature of GEO-6 is increased
emphasis on the interactions and interlinkages between the
environment and human health. The changing approach
and structure of this GEO reflects the most recent scientific
evidence and the new geopolitical context, particularly
implementation of the 2030 Agenda. GEO-6 provides the
evidence base for addressing the environmental dimension
of the SDGs.

The GEO-6 process in itself is part of the effort to strengthen
overall capacity-building within the global environmental
governance system, in order to increase the level of science-
based decision-making on multiple levels (United Nations
General Assembly Resolution 2997 of 1972). The GEO is an
independent, expert-led, participatory process created to
facilitate the interaction between scientific understanding
and policy development. Policymakers, as well as a wide
range of scientists and stakeholders, are consulted on each
edition's focus and methodology through the High-Level
Intergovernmental and Stakeholder Advisory Group, the
Scientific Advisory Panel and the Assessment Methodologies,
Data and Information Group, which provide advice and
guidance throughout the GEO process. This participatory
and consultative process gives GEO assessments scientific
credibility, accuracy and authority, as well as policy relevance.

In addition to producing GEOs, UNEP has a mandate for
capacity-building. This is an integral part of the GEO process
and works at different levels, using various mechanisms. GEO
reports include contributions from leading international experts
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from a wide range of organizations worldwide, as well as a
team of GEO Fellows who are early-career professionals or
students.

The thematic dimensions (state and trends of air, fresh water,
oceans, land and biodiversity) were also core elements of
previous GEOs, but all the other approaches listed above are
new to GEO-6.

Annex 1-3 contains information on the theory of change

that GEO-6 is built upon, and Annex 1-4 provides information
on how the authors of each chapter have established
confidence statements for the main findings of each chapter.
These confidence statements can be found in the Executive
Summaries for each chapter and are expected to assist
policymakers in understanding the extent of the evidence
that exists on a subject, and how much of that evidence is in
agreement on the findings presented in this assessment.

1.7.2 Structure

Based on this mandate and scope, the contents of GEO-6
are structured as shown in Figure 1.3.

Three chapters complement this introduction, Chapter 2:
Drivers of Environmental Change, Chapter 3: The State of Our
Data and Knowledge, and Chapter 4: Cross-cutting Issues.

As information and data become more important in society,
knowledge creation and use also become even more important
within GEO-6, since the organization of data, information

and knowledge form the foundation of scientifically sound
assessments and informed policy decision-making. Therefore,



Figure 1.3: Structure of GEO-6, with a link to its Theory of Ch
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GEO-6 makes greater efforts to explain both changing needs
and new opportunities around data, information and knowledge
generation derived from UNEP's mandate to deliver the
environmental dimension of the SDGs.

The global human system has many deep-rooted path
dependencies, which have evolved over a long time.

As society and civilization have evolved and developed, the
interlinkages between human and environmental systems

have become more complex and dynamic. To understand

the most relevant structural elements of the human system,
GEO-6 systematically examines the overall drivers, for example,
population and demographic changes, including the causes

of migration, current economic trends and technological
developments.

One new element is Chapter 4 on cross-cutting issues, which
presents the evidence explaining how the state and trends of
the environment are already impacting human systems on
various scales. The twelve cross-cutting issues addressed in
GEO-6 are also important SDG issues: health, environmental
disasters, gender, education, urbanization, climate change,
polar regions and mountains, chemicals, waste and
wastewater, resource use, energy and food systems). GEO-6
uses a matrix-approach to address these cross-cutting issues,

remote sensing, gender

Pressures, state,
impact and
current policy response

Problem statement

Biodiversity
Effectiveness of policy
response and governance
models Theory
» of

Change

Desired state

Path to
achievement

considering each within the context of the five environmental
themes (air, biodiversity, oceans, land, fresh water). This
approach helps reflect the growing need to synthesize

more effectively our knowledge on the environment's
multidimensional functionality and how it already affects
human systems.

The analysis in GEO-6 is divided into four parts:

Part A: State of the Global Environment features five thematic
chapters providing the latest data and information on the state
and trends of air, biodiversity, oceans, land, oceans and fresh
water. Chapters 5-9 have a common structure using the DPSIR
approach, and each includes information on related policy
responses.

Part B: Policies, Goals, Objectives and Environmental
Governance, an assessment of their effectiveness evaluates
the effectiveness of the current policy landscape within the
existing environmental governance structure at multiple
scales, based on the policy responses identified in the thematic
chapters in Part A, including the cross-cutting issues (Chapters
10-17). The methodology developed for this assessment is
based on a combined top-down and bottom-up approach. The
results are used to extract guidance for policymakers and to
support the promising policy approaches addressed in the final
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section of the report. Based on this analysis,
Part B also identifies needs for further improvements to
the global environmental governance system (Chapter 18).

Part C: Outlooks and Pathways to a Healthy Planet

with Healthy People incorporates the most promising
policy approaches from Part B into the pathways of
transformation. It combines global and scenario-based
analysis (Chapters 20-22) with local, participative analysis
(Chapter 23) to identify possible pathways towards
achieving the environmental dimension of the SDGs and
other MEAs (up to 2030), and assesses long-term or
mid-century strategies required for achieving long-term
sustainability (to 2050) (Chapter 24). The outcomes and
conclusions provide a baseline to guide policymaking and
implementation of the SDGs, as well as the development of
more transformative pathways to reach scientific targets
over a longer time-horizon (to 2050), such as the objective
to become a climate-neutral, resource-efficient society.
This long-term perspective will help to guide the further
development of global, regional and national governance
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systems to ensure future human development stays within the
Earth's ecological limits, and helps to create a more equitable

world with no one left behind. Where possible,

Part C emphasizes the economic and social costs and benefits
of various options for action and non-action.

Part D: Remaining Data and Knowledge Gaps (Chapter 25)
provides an overview of the data/knowledge trends and

issues and identifies the gaps that need to be filled in order

to implement the SDGs and achieve the IAEGs established in
MEAs. This is based on the premise that more data/knowledge
leads to better and more effective actions/solutions in more
places. A revolution in communications and information
technology is creating significant new data and information
opportunities beyond traditional environmental monitoring

and assessment.

We hope readers - whether policymakers, researchers or
citizens - find the analysis and assessment findings presented
in the following chapters useful, helping to inform future efforts
to address our collective environmental challenges.
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Executive summary

Population growth will be highest in countries that are

very poor, have a low carbon footprint per capita and high
gender inequity in terms of access to education, work, and
sexual and reproductive rights (well established)*. 1t will also
remain important in countries going through their early or late
demographic dividend (most middle-income and upper middle-
income countries). These are also the countries that have
presented the highest increases in carbon footprints per capita
- and in ecological footprints more broadly. {2.3.1}2

The world's population will become older, including in the
global South, more urban and will live in smaller households
(well established). In a business-as-usual scenario, all these
trends will contribute to higher levels of emissions. This is true
even if, in some cases, urban milieux show a more efficient
relationship between welfare improvement and environmental
footprint. {2.3.3}

Between today and 2050, the global urban population will
continue to increase (well established). Around 90 per cent
of the growth of cities will take place in low-income countries,
mainly in Asia and Africa, which are the world's most rapidly
urbanizing regions. {2.4}

Serious social and environmental challenges of urbanization
remain unsolved in many urban areas, particularly but not
solely, in the global South (wel/ established). These challenges
can be exacerbated by climate change and rapid urban growth
in regions and cities that currently lack the capacity to face
these mounting pressures. {2.4.1, 2.4.2}

On the other hand, urban population growth can represent an
opportunity to increase citizens' well-being while decreasing
their ecological footprint (established but incomplete).
Urbanizing areas can therefore be seen as an opportunity for
the reduction of greenhouse gas (GHG) emissions through
the appropriate planning and design of urban form and
infrastructure. {2.4.4}

Economic development in the past has been a driver of
increased resource use and environmental damage (we//
established). The production of internationally traded goods
accounts for about 30 per cent of all CO, emissions. The
household consumption, meanwhile, of goods and services
over their life cycle, accounts for about 60 per cent of the

total environmental impact from consumption (UNEP 2010).
Economic development continues to be the number-one policy
priority in most countries, because of its material benefits and
its potentials for poverty eradication, for narrowing inequalities
in income and wealth between and within countries, and for
providing win-win scenarios that can facilitate collective action
and global solidarity. At the same time, economic development
must coincide with sustainable consumption and production.
{2.5.1,2.5.4}

This assessment uses confidence statements to better inform policy makers of the extent of
evidence on a particular subject and the level of agreement across this evidence. The various
confidence statements used include: “well established” (much evidence and high agreement),
“unresolved" (much evidence but low agreement), "established but incomplete” (limited evidence
but good agreement) and "inconclusive" (limited or no evidence and little agreement). Annex 1-4
provides more information on the use of confidence statements.
Statements in the Executive Summaries of different chapters are referend to the subsections of
the chapter where the underlying analysis and evidence for the statement can be found.

~
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Achieving the SDGs will require that the fruits of sustainable
economic  development are predominantly used to increase
the capacity, capabilites and opportunities of the least-
advantaged people in societies (well established). Educating
girls, improving the status and opportunities for women, and
enabling poor people to achieve full participation in society will
strengthen  both sustainable economic growth and sustainable
economic development, and reduce alienation and conflicts in
society. {2.5.2, 2.5.3}

Technological advances have resulted in both positive as

well as negative impacts (well established). Oil and other fossil
fuels have accelerated economic development and lifted the
standard of living for billions of people in both industrialized
and developing countries, but they have also contributed

to climate change. At the same time, there are current and
emerging technology business models, which are building

a more circular economy, creating less resource-intensive
processes, and accelerating more effective resource innovation
cycles. {2.6.1, 2.6.2}

Technological advances have created unintended

consequences that make it difficult to determine whether the
advances have long-term positive and/or negative impacts
(established but incomplete). Scientific analyses of technology
issues often fail to capture the important negative and rebound
effects of technologies as well as the complex policy and

market challenge of diffusing sustainable technologies to
developing countries. {2.6.3, 2.6.4}

Climate change has become an independent driver of
environmental change and poses a serious challenge to

future economic development (well established). Regardless of
human action, or even human presence on the planet, impacts
will continue to occur. Climate change thus poses

a challenge to growth and development. {2.7.1, 2.7.2}

Climate change poses risks to human societies through
impacts on food, and water security (established but
incomplete), and on human security, health, livelihoods and
infrastructure. These risks are greatest for people dependent
on natural resource sectors, such as coastal, agricultural,
pastoral and forest communities; and those experiencing
multiple forms of inequality, marginalization and poverty
are most exposed to the impacts. {2.7.3}

Climate change will amplify existing risks and create new

risks for natural and human systems (we/l established).

Risks are unevenly distributed and are generally greater for
developing countries (mainly for SIDS) and for disadvantaged
people and communities in countries at all levels of
development. Risk of climate-related impacts results from

the interaction of climate-related hazards with the vulnerability
and exposure of human and natural systems, including their
resilience and ability to adapt. {2.7.4}



There is an important need to limit the potential negative
sustainability impacts of drivers of population, economic
development and climate change (established but incomplete)
Whether these three drivers serve as catalysts of positive

(rather than negative) transformative response in the form of
social equity, environmental resilience, and poverty eradication
is likely to be determined by uncertain long-term impacts of
drivers of urbanization and technology. {2.8, Figure 2.23}
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2.1 Introduction and context

The environmental movement has gone through many phases.
Initially the movement consisted broadly of the conservation
school, which emphasized husbanding of both renewable

and non-renewable resources (especially forests) for future
development, and the preservation school, which saw nature
as intrinsically valuable (Fckersley 1992). In addition to these
economic and aesthetic concerns, the modern environmental
movement is now more about risk, the risk that environmental
degradation poses to human health and well-being

(Carson 1962; Rees 1995; Guha 1999; Lenton et a/. 2008;
Rockstrom et al. 2009a; Diamond 2011). Increasingly, there
are concerns that the enormous gains in life expectancy and
quality of life since the industrial revolution are in danger of
being reversed (GBD 2015 Mortality and Causes of Death
Collaborators; Harari 2017).

The five drivers reviewed in this chapter — population growth
and demographics, urbanization, economic development, new
technological forces, and climate change — have led to an
unprecedented expansion of wealth for many but have also
left many behind and could produce trouble for the future.

If current trends in inequality continue, the top 0.1 per cent of
the population will own more wealth than the global middle
class by 2050 (WID 2018).

2.1.1 Overview of the Drivers

As noted in Section 1.6, the analysis conducted in the

GEO-6 uses the DPSIR framework, where DPSIR stands for
Drivers, Pressure, State (of the environment), Impact (on the
environment and human well-being), and Response3. 'Drivers'
are anthropogenic /nertial forces - social, economic, ecological,
technological, and political. They are inertial forces, in the sense
that they have their own rules of motion and reversing them
will require time and effort. GEO-5 referred to two drivers -
population and economic development - to which GEO-6 adds
three more, urbanization (previously covered under population),
technology and climate change.

Three of these drivers - population, economic development,
and technology - are ubiquitous in the DPSIR literature (Nelson
2005) and represent the disaggregation into three components
of aggregate human consumption, and therefore of what is
necessary for meeting survival as well as other welfare needs.

O  Population: Other things being equal, more people will
mean a proportionally higher pressure on the environment.
In such a scenario, long-term sustainability is incompatible
with growing populations, which the literature indicates will
continue to grow at a global scale throughout this century.
It is imperative in the present, therefore, to attend to how
key population dynamics - including fertility rates, ageing
populations, displacement and gender inequality - interact
at multiple scales and impact environmental sustainability.

O  Economic development: This refers to an increase in
human welfare, which depends on material consumption
and many other factors, including the environment. While
economic development has been highly correlated with
economic growth in the modern era, the two are quite

3 Note that The DPSIR framework has come under some criticism, especially on the elision over the
interdependence between the drivers. In this assessment, we incude an explicit examination of

this interaction.
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distinct, empirically as well as conceptually. Per capita
consumption is expected to continue increasing in the
foreseeable future (because of the unfinished agenda of
eradicating poverty, meeting survival needs and enabling
individuals to pursue prosperity). To decouple growth
from negative environmental impacts, resource-efficient,
sustainable patterns of consumption are needed.

O Technology: Technological change is well understood as a
driver of change, both negative and positive. Negatively,
it provides an opportunity to accelerate, with incentives,
the harnessing of natural resources for human ends;
in times of crisis, incentives strongly favour adoption
of riskier options and elimination or minimization of
safeguards. Positively, technological progress also creates
more efficient options, which can meet human needs at
lower resource costs.

In this assessment, urbanization and climate change are
added as independent drivers because of their importance in
socioeconomic change.

Urbanization has been going on throughout history, but its pace,
scale and impact have accelerated sharply in recent decades.
As such, it is included independently as a fourth driver.

Likewise, climate change has been added as a fifth driver, even
though, in principle it could be represented as an outcome of
the other drivers. According to the Fifth Assessment Report
(AR5) (Intergovernmental Panel on Climate Change [IPCC] 2014),
the world is on the threshold of entering the era of 'committed
climate change', namely that some impacts of climate change
have now become irreversible (such as extinction of species
and loss of biodiversity) and regardless of future mitigation or
adaptation actions. In other words, even if all human activity
were to cease, the impacts of climate change would continue to
manifest themselves over the next few centuries.

Taken together, these five drivers are bringing about changes
in natural as well as social systems. These impacts range from
resource depletion to biodiversity loss, water scarcity, changes
in the hydrological cycle, health impacts, and ecosystem
degradation as well as pollution. In the absence of an adequate
response, a changing climate could lead to a pre-modern world
of famine, plague, war, and premature death.

2.2 Changes since the last assessment

A number of changes, summarized as follows, have taken
place since the fifth Global Environmental Assessment (GEO-5).

O  Population: With the 2018 world population estimated at
7.6 billion people, estimates by the United Nations indicate
that the peak human population is likely to be higher
than had been projected earlier. The world has also seen
an increase in the number of migrants and refugees, in
part as the result of heightened conflict and increased
environmental degradation. Other demographic variables
remain on track.

O  Urbanization: Having passed the symbolic 50 per cent
of population living in urban areas, trends indicate that
rural-to-urban migration will continue, with acceleration in
the global south. This represents both an increased driver
of environmental pressure and an opportunity to enhance
sustainability.



O  Economic development: The global economy is coming
through a slow recovery from the 2008 recession, and there
are concerns about the persistent debt crisis, the increase
in income inequality, and emerging instability due to trade
wars. Offsetting factors include the increasing role and
contribution of emerging economies, and the adoption of
the Sustainable Development Goals (SDGs) as a new global
aspiration and orientation for development (Section 2.5.1).

O Technology: The environmental crisis is creating perverse
incentives for countries and businesses to resort to
environmentally riskier technological options, including
geo-engineering and nuclear technology. Yet it is also
providing sound incentives for such technologies as
renewable energy, energy efficiency, energy storage, and
expanded application of information and communications
technologies (ICTs).

O Climate change: The IPCC-ARS states that 'the warming
of the climate system is unequivocal, as evidenced
by observations of increases in global temperatures,
widespread melting of snow and ice and rising sea level'.

IPCC also notes that human influence on the climate
system is clear, and that 'many aspects of climate change
and associated impacts will continue for centuries, even
if anthropogenic emissions of greenhouse gases are
stopped' (IPCC 2014, p. 16).

Besides the drivers themselves, various policy developments
since GEO-5 also need mention. A number of global
agreements were reached to address key issues pertinent

to this assessment, including a new comprehensive treaty

to address climate change, an agreement on the new
development agenda, including the adoption of the SDGs, and
agreements on mobilization of finance for development as
well as climate action. In addition, several countries adopted
national policies on disaster risk management, renewable
energy, urbanization, transport, and water and sanitation.

Recent years have also seen increased interest in technologies
that can accelerate social and environmental benefits and
enable people, institutions, and communities to achieve their
needs at lower resource costs. Section 2.7 focuses on the
interactions across the five selected drivers and how actions
on one driver may affect the others.

Box 2.2: The demographic dividend

2.3 Population

Rapid population growth can undermine economic
development at the national level and is associated at the local
level with lower status and opportunities for women (Casey
and Galor 2017; Kleven and Landais 2017). Other things being
equal, a larger population means higher consumption, which
in the long run puts increased pressure on natural resources.
This is in spite of the fact that the short-run effect of a higher
population growth rate does not imply a higher growth rate of
consumption or resource use.

While the most important source of environmental pressure
comes from the global North and its high carbon footprint per
capita, high population growth in the global South is expected
to- under current conditions - reinforce environmental
pressures and enhance global inequality. Here, countries are
transitioning to early and late demographic dividend stages.

Equally, high population growth rates constitute a drag on the
development process. Whereas most countries that have been
able to make the transition to developed status have seen
massive reduction in their fertility rates (Sinding 2009), at the
level of families and individuals, poverty, conversely, is typically
associated with having many children (Gillespie et al. 2007).

The demographic dividend takes place when the dependency ratio goes down - because of lower fertility and the fact that societies
have not aged yet. Post-dividend societies are those that are already starting to increase their dependency ratio, led now by older people.

Countries going through their demographic dividend - also called the window of demographic opportunity - benefit from increasing
numbers of active-age population (15-64 years), decreasing numbers of young dependents (0-14 years) and small numbers of older
people (64 years and over). In schematic terms, pre-dividend countries are the poorest, early dividend ones are the low- to middle-income

countries, and late demographic dividend countries are mostly upper middle-income countries. Post-dividend countries are almost always

rich countries with some upper middle-income countries from the former socialist block. Pre-dividend countries and those in early stages
of the demographic dividend are expected to increase their population quite strongly, late-dividend societies are expected to grow still, but

more moderately, and post-dividend societies will increase their populations in the years to come at a much slower rate or, in some cases,

might even decrease their absolute population, and will continue to increase their older population. Pre-dividend countries and those in
early stages of the demographic dividend have a smaller carbon footprint per capita and GDP. Yet as can be seen in this chapter, both

early- and late-dividend countries (where both population and GDP should be expected to grow) have increased their carbon footprint per

capita substantially.
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Figure 2.1: World population, emissions and fertility
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Finally, countries with high population growth rates are often
characterized by adverse conditions for women, including lack
of access to education and health services, lower levels of
literacy and life expectancy, higher rates of maternal and child
mortality, significant barriers to participation in the

labour force, and other discriminatory factors (Iversen

and Rosenbluth 2010).

Sexual and reproductive health is often thought of as a universal
right. While no single human right is framed in such terms, in
the words of the United Nations Population Fund [UNFPA], "no
country today - even those considered the wealthiest and most
developed - can claim to be fully inclusive, where all people
have equal opportunities and protections, and fully enjoy their
human rights” [UNFPA 2017, p. 10.) Not only are sexual and
reproductive inequalities and economic inequality strongly
correlated, but the literature demonstrates they may be mutually
reinforcing (UNFPA 2017). Poor women, particularly those

who are less educated and live in rural areas, are often least
able to access sexual and reproductive health services. Lack

of access to these services, including contraception, places

a woman at heightened risk of unintended pregnancy, which
results in greater health risks and lifelong negative economic
repercussions for herself and her children (UNFPA 2017).

Population growth can affect the environment not only through
consumption and use of natural resources, but also through its

impact on other factors. This includes the strain it can create on

governance, its effects on the probability of conflict over limited
resources, and its impact on rapid and unplanned urbanization
(Organization for Economic Cooperation and Development
[OECD] 2016).
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As an example, consider the experience of Latin America.

As one of the regions with the highest inequalities, it experienced
rapid urbanization and the formation of megacities far too
rapidly for governing systems to cope. The result was inequality
within dysfunctional urban milieux, rendering them segregated,
unsafe and violent, in turn starving them of public resources,
dampening economic growth, shrinking civic spaces, weakening
public and merit goods, and undermining the quality and
availability of collective services (Filgueira 2014). This reinforces
inequality by encouraging private, segregated solutions for
leisure, education, security, transport and housing.

The following analysis focuses on global population trends
and global effects on environmental sustainability with some
discussion of impacts on a subregional, national and local level.

The expected trends show that global population growth rates
will slow but will continue to be positive in all regions except
Europe, at least until 2040 - even in the most conservative
estimates (United Nations Department of Economic and Social
Affairs [UN DESA] 2017). This means that population growth
will remain quite strong in many developing regions. These
regions will also rapidly increase gross domestic product (GDP)
and consumption per capita given both historical trends and
accepted projections. The rapid increase in the carbon footprint
per capita of countries sitting in the middle of the demographic
transition (early- and late-demographic dividend) clearly
illustrates the likely effects of high population growth on CO,
aggregate emissions under current circumstances (Figure 2.2).

Migration will probably move a large part of the population
born in areas of low carbon footprint per capita (rural areas, the
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Figure 2.2: Emissions per capita according to

demographics
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global South) to areas of higher carbon footprint (O'Neill

et al. 2012; OECD 2016). These are shifts that can increase the
efficiency of carbon production per unit of output (technology
or agglomeration reduces pressure for a given level of welfare).
These shifts also increase consumption, however, and so
increase aggregate CO, emissions in the process.

Finally, the still-growing world population will become older and
is living and will live in smaller households (Dalton et al 2008;
O'Neill et al. 2012; UN DESA 2017).

These trends imply - on average, and again, with other things
being equal - a higher carbon footprint per capita. In most
cases, this simplified logic of population growth, dynamics
and growing carbon emissions (assuming a business-as-
usual scenario - see Chapter 21) also applies to the national
and local levels and to other environmental variables such as
water and air pollution, soil degradation, desertification and
deforestation.

It should be stressed that population dynamics and population
growth do not in themselves lead to an unsustainable
environmental path. Rather, this path is the result of
population growth happening with the current consumption
and production patterns. Unsustainable consumption and
production are each largely fuelled by heightened inequality.
Both within and between countries, inequality remains one of
the largest obstacles to environmental sustainability (Chancel
and Piketty 2015; Oxfam 2015).

There are two detrimental effects against sustainability that are
produced directly by heightened inequality:

1. because of the highly uneven distribution of resources,
the level of growth required to lift people out of poverty is
far larger than it would be in a more egalitarian distribution
(Ravallion 2001; Bourguignon 2002; World Bank Group
2004). Put another way, the world would not have to
grow at very high rates to improve the lives of those
worse off if the distribution of those gains was more
equally distributed.

2. high inequality is associated with a preference for
overconsumption of private and positional goods,
weakening public and merit goods (Lopez and Palacios
2014; Samaniego et al. 2014).

Because public and merit goods usually mean collective
consumption and lower marginal costs per unit consumed,
because they are built on with economies of scale, they are

far more efficient than private and positional goods in terms

of their environmental footprint needed for their production

and consumption. In particular, as societies become more
urban, there is a unique opportunity for expanding collective
goods (both public and merit goods) such as public transport,
common utilities, green public spaces for recreation, bike lanes
for mobility, and collective food preparation in full-time schools
and work environments (Samaniego et al. 2014). A collective
meal, a bus, a bike or a public park has the potential to satisfy
needs (mobility, food, leisure) with a significantly lower footprint
than private cars, individual food preparation, or an enclosed
shopping mall (Jorgenson et al. 2015). Yet high inequality leads
precisely to a preference for the private goods and services

and not the former, because of fear, fragmentation, status
competition and segregation.

It is because of the inevitability of population growth and other
demographic dynamics (urbanization, smaller households and
ageing populations) that it is critical to decouple these trends
from unsustainable environmental pressure, by changing
current consumption and production patterns.
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2.3.1 Global population growth and composition

Four trends can be predicted with confidence: the world
population will continue to grow (until at least 2050;

Figure 2.3), average age will increase, populations will
become more urban, and household sizes will become smaller
(United Nations 2015a). These trends are the inevitable results
of underlying processes: industrialization, the agricultural
technological revolution and resulting landholding patterns,
the shift from extended households towards nuclear ones,
and the dramatic drop in mortality due to the epidemiological
transition (Lopez and Murray 1996; GBD 2015 Mortality and
Causes of Death Collaborators 2016).

Policy and behavioural changes could moderate the rate at
which these changes occur, but not reverse them. All other
things being equal, smaller households, urbanization and

ageing will generate more environmental impact per capita.

Given that such trends are inevitable - to a larger or lesser
extent - there are only three possible courses of action.

1. when possible and desirable, such trends can be
moderated. For example, lower fertility (due to improved
access to contraception and improved economic and
social empowerment for women) is positive for economic
development, moderating inequality, combating poverty
and decreasing environmental pressure.

2. avoiding rapid surges in unplanned urbanization due to
expulsion from rural areas provides a win-win scenario,

Figure 2.3: Projected world population
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allowing for national trajectories and urbanization
processes that are more balanced and welfare-
enhancing, which could enhance green cities and improve
ecosystem connectivity. (rural expulsion is due in part to
underinvestment in sustainable farming techniques and
overexploitation in the depletion of natural resources,
among other causes.)

3. patterns of consumption and production remain
highly inefficient in terms of CO, production and other
environmental pressures. Both hard and soft technological
innovations (substitutes for fossil fuel energy sources, soil
management, urban planning, collective care services in
urban centres, public transportation, etc.) can drastically
change the elasticity of consumption and production to
units of environmental pressure.

2.3.2 Population growth estimates

In 2017 (UN DESA 2015a), the total world population was
7.55 billion, growing at 1.10 per cent annually, a decline
from a decade earlier, when it was growing at 1.24 per cent.
Under middle projections for fertility, there will be 8.55 billion
people by 2030, and almost 10 billion by 2050 (9.77 billion).
However, any forecast looking a century into the future comes
with significant caveats. Depending on the rate of decline

in fertility rates, the global population could rise as high as
13.2 billion by the end of this century or reach 9.4 billion by
mid-century and stay around those levels until 2100

(see Section 21.3.1).
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Figure 2.4: Consumption and associated environmental pressures are unequally distributed between nations
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The key points to take away from this projection are:

a. that the population will continue to rise until at least the
middle of the century, and perhaps longer,

b. that there are significant uncertainties about long-term
trends, and

c. that population control is not responsive to direct policy
intervention, but rather indirectly to policies that, for
example, lower fertility rates through women's control over
reproductive choices.

Population growth depends on the numbers of births and
deaths in a given year, and these in turn depend on three
interrelated factors - fertility, mortality and the age and

sex structure of the population. These last three depend on
human behaviour, health conditions and demographic inertia,
respectively. While age and sex structures change slowly, there
are uncertainties about the rate of decline of fertility rates, as
well as future trends in mortality rates. Also, while changes in
fertile behaviour result in a lower rate of population growth,
they do so only eventually, after considerable lags.

Mortality rates are declining rapidly in almost all developing
countries, but fertility rates remain high in the least developed
group, where the average is above 4 children per woman,
almost twice the replacement level of fertility of 2.1 children
(UNFPA 2017). Fertility rates can respond to gender policies,
but if emerging medical technologies result in a dramatic
extension of lifespans, population growth would be closer to
the higher-end estimates, and ageing of the world population
would be far more pronounced.

2.3.3 Population composition and distribution

There is increasing evidence of the complex interactions

between the environment and the distribution and composition

of the population (age, urban/rural residence, and household
structure) (see Jiang and O'Neill 2007; Dalton et al. 2008;
O'Neill et al. 2012; Liddle 2014).
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Population growth is distributed unevenly around the globe
and within nations, as a result of differences in fertility patterns
and migration trends. Countries with high fertility rates, young
populations and steeply declining mortality rates will grow
more rapidly than others. In the coming decades

(Figure 2.5), According to current trends Africa is projected

to grow the fastest, followed by Asia, Latin America, North
America, Oceania and Europe (United Nations 2015b, 2017).

The impact of natural population growth is partially mitigated
by migratory patterns, which will lead to shifts in population
from less developed regions to more developed ones, and
from rural to urban areas (OECD 2016). The pace of migration
has increased in the last 50 years and will continue to do so
in the next 30 years (Massey and Taylor 2004; International
Organization for Migration [IOM] 2015). This is driven by the
persistence of the underlying push-and-pull causal factors:

O the push effects of global inequality, poverty, conflict-ridden
regions, and

O the pull effects, such as already established migrant
communities in more developed regions sometimes
attracting others from less developed regions.

South-South international migration has also increased along
the same patterns as South-to-North migration (Hujo and
Piper 2010). In many cases, migration is actually fuelled by
environmental degradation that makes life unsustainable in the
original locations (Leighton 2006).

Migration tends to dampen population growth, as data show
that migrants typically have lower fertility rates in their new
contexts (Majelantle and Navaneetham 2013). The net impact
on the environment can still be adverse, however, given that
migrants access higher levels of income and consumption
than they had in their previous milieux. Given that one of

the objectives of development, as well as of migration,

is less poverty, increased income and consumption are
desirable outcomes.

Figure 2.5: World population distribution and

composition
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Increased per capita consumption of resources may not be
the only impact of migration on the environment and natural
resources; resource efficiency may also change - for example,
energy and materials use per unit of consumption may decline.

2.3.4 From population programmes to gender equality and
women's empowerment

Population programmes, which were a major policy focus in
the 1960s and 1970s, have since been discontinued in many
countries, even though their benefits are widely recognized
(UNFPA 2017). Part of the explanation for their decline was
the systematic violation of basic rights that some of these
programmes entailed through mass sterilization or forced and
coercive policies limiting women's reproductive choices.

Figure 2.6: Contraceptive prevalence and total fertility
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The United Nations International Conference on Population
and Development in Cairo in 1994 and the Women's
Conference in Beijing in 1995 contributed to the view that
population policies should respect the rights of women and
their choices, moving from population targets to a rights-based
approach that places reproductive control in the hands of
women. There is little doubt that existing population policies in
Africa, Asia and parts of Latin America can contribute markedly
to moderating the rate of population growth while respecting
gender equality and empowering women. In turn, this seems
likely to contribute to more robust economic growth, through
higher female labour-force participation in the market
economy, and improved health for mothers as well as children
(UNFPA 2017).

These policies comprise a suite of actions, including access to
modern contraceptive methods (Figure 2.6), improved access
for women and men to voluntary family planning and other
reproductive health services, investment in women's education,
removal of barriers to female labour-force participation,
institution of legal penalties for discriminatory practices
associated with traditional patriarchal behaviour,

and investment in the social and economic uplift of less
developed areas within countries, and of developing countries
more generally.


https://data.worldbank.org/products/wdi

2.3.5 Gender and education

Placing reproductive choices as much as possible in the hands
of women has proven to have a definite impact on timing and
quantity of childbearing (UNFPA 2017; United Nations Entity
for Gender Equality and the Empowerment of Women [UN
Women] 2017). This is affected, in part, by access to education
and employment. One of the main contributing factors to

high fertility rates is lack of women's access to education and
employment opportunities. In least developed countries, where
fertility rates are highest, access to education for girls tends to
be lowest. Causal relations run both ways. (Figure 2.7).

Figure 2.7: Female secondary education and total

fertility rates
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2.3.6 Inequality, migration and cities

North-South inequality and international inequality in general
is a major driver of migratory patterns. Closing international
welfare gaps and promoting growth in the South has proven to
help moderate migratory flows, which can allow for slower and
eventually less CO, intensive welfare enhancing trajectories.

Similarly, within-country migration is driven by inequalities,
especially between rural and urban areas, leading to rapid -
and sometimes environmentally unmanageable - urbanization.
Again, adequate developmental support for rural areas helps
moderate such pressures. (IOM 2015).4

2.4 Urbanization

A distinct channel through which demographic trends affect
environmental resources is through urbanization (also analysed
as a cross-cutting issue in Section 4.2.5 of this report). The facts
about urbanization are well known. Urban areas have higher
incomes and consumption, greater access to political power,
higher rates of economic growth, and, per capita, place a higher
pressure on natural resources. On the other hand, cities exhibit
greater efficiency in the use of resources per unit of income
generated and better potential for energy efficiency (Dodman
2009; Bettencourt and West 2010; Barrera, Carreon and de
Boer 2018; Cottineau et al. 2018). Cities are also the engines of
economic growth. No country has made the transition from

4 This support in rural areas is not an alternative to avoiding migration. Such a policy can stil have
detrimental effects on migrants and host areas.

poverty to middle-income status without experiencing a
period of rapid urbanization. Managed effectively, though,
urbanization can help in the achievement of SDGs, efficiently
and sustainably. Finally, urbanization is generally associated
with a lowering of fertility rates (Martine, Alves and
Cavenaghi 2013).

Slightly more than half of the world's population is currently
living in urban areas, a share that is expected to rise to

60 per cent by 2030 and 66.4 per cent by 2050 (Brenner and
Schmid 2014; United Nations 2014; Melchiorri et a/. 2018).
It should be noted that urban areas are defined in different
ways worldwide, so UN DESA information is based on
heterogeneous data sources. Using a globally harmonized
definition of urban areas that combines demographic
characteristics and density grids, Melchiorri et a/. (2018)
place global urban population at 85 per cent in 2015.
Alternative understandings of the urban condition (Brenner
and Schmid 2014) that can benefit from these new
methodologies, and from an analysis of the transboundary
ramifications of cities (Section 4.2.5), could represent

an important tool for policy analysis and environmental
governance.

Around 90 per cent of the growth of cities will take place in
low-income  countries (United Nations Human Settlements
Programme [UN-Habitat] 2014). Africa is the world's most
rapidly urbanizing region, while European cities grew the
least in the 1995-2015 period (UN-Habitat 2016). The critical
factor accounting for these trends is neither fertility nor age
structure (which are, respectively, lower and older in urban
areas), but migration (UN-Habitat 2016).

The coming decades are crucial. It took 200 years for the
urban share of the world's population to rise from 3 per

cent to 50 per cent, to 3.5 billion people in 2010 (United
Nations 2014). This population is set to more than double
over this century, but in all the centuries that follow, we may
add, at most, another billion or so. This makes the current
global urbanization era not just immense, but also brief
(Fuller and Romer 2014). The choices around investment and
design of new and existing cities are effectively determining
the infrastructure, technologies, institutions and patterns of
behaviour that will define the functioning of our cities and the
future of the planet for the foreseeable future. This suggests
there is a very narrow window of opportunity to help plan and
design this future. The world's infrastructure will more than
double in the next 20 years (Bhattacharya et a/. 2016).

24.1 Cities of different sizes face different challenges

The pattern of urbanization is also relevant for understanding
both the potential for growth and the impact on natural
resources. At the high end of urbanization are megacities,
defined by UN-Habitat as cities with more than 10 million
people (UN-Habitat 2016, p. 7), most of which are located in
the global South. In 1990, there were 10 megacities housing
153 million people, or 7 per cent of the total urban population;
by 2014, there were 28 megacities, with 453 million people, or
12 per cent of the total (UN DESA 2014); in 2016 there were
31 megacities, 24 located in the less developed regions or the
global South; of these, 6 were in China and 5 in India

(UN DESA, Population Division 2016).
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However, while megacities might be economic powerhouses,
they do not represent the majority of the urban population
(see Figure 2.8), and are not the fastest-growing urban
centres (see Figure 2.9). Small and medium cities now
account for roughly 50 per cent of the world's urban
population and are growing at the fastest rates (UN DESA
2014; United Nations Economic and Social Commission

for Asia and the Pacific [UNESCAP] and UN-Habitat 2015).
They will "deliver nearly 40 per cent of global growth by 2025,
more than the entire developed world and emerging market
megacities combined" (UN-Habitat 2015a, p. 2;

Dobbs et al. 2011). Small and medium cities are also

more vulnerable to natural hazards than big cities and
megacities (Birkmann et al. 2016).

2.4.2 Urban agglomeration economies

Agglomeration economies reflect the advantage of people
clustering to reduce transport costs for goods, people and
ideas. Higher productivity attracts inflows of people, who in
turn further increase productivity. Agglomeration economies
thus generate a positive feedback loop and multiply the impact
of external productivity factors, and so boost urban populations
and wages (Glaeser and Gottlieb 2009; Zenghelis 2017).

Figure 2.8: Global urban population growth propelled by cities
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Figure 2.9: City growth rates
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Cities are a source of wealth creation, where wealth is
measured as the sum of natural, human, and physical assets
(Hamilton and Hartwick 2017). Natural capital includes land,
parks, green spaces, water and biodiversity. Human capital
includes the population's education, knowledge and skills.
Physical (or manufactured) capital includes such things as
housing, infrastructure, industry and offices. Added to these
is intangible capital - ideas and inspiration captured in forms
that include research and development, patents, intellectual
property rights, customer lists, brand equity, social capital
and institutional governance. Intangible capital is perhaps
the most important but feeds off and interacts with the other
forms of capital. It also provides the source for innovation
and investment necessary to decouple growth from resource
use and CO, emissions, in absolute levels as well as in rate of
growth terms.

A growing body of research supports the hypothesis that cities
have the capacity to spread knowledge, so the key driver of
wealth is now the ability to attract skilled and creative individuals
and to nurture and spread ideas. Cities therefore appear to
have a comparative advantage in more idea-intensive sectors.
Unlike manufacturing, which is increasingly located outside
cities, ideas-oriented industries tend to cluster in urban centres.
It is unsurprising that much of the generation and distribution
of ideas occurs in major cities given the role of close spatial
proximity. The evidence clearly suggests that the direction of
innovation is strongly influenced by urban and national planning
and policy, and there is substantial scope for policy to direct
cities towards resource-efficient low-carbon innovation.

planning. But the medium- and long-run costs to society,

the economy and the environment can be dire. Unregulated
cities will be less attractive, more polluted, congested and
inefficient in the use of resources. About a third of the global
urban population lives in slum-like conditions without basic
services and social protection (United Nations Population
Fund 2010/2011 cited in Urban Habitat III #1, p.3). Poor women
living in slums are particularly vulnerable and face barriers

to accessing some of the advantages of urban living (United
Nations Population Fund 2014 cited in Urban Habitat III #1,
p.2). Moreover, two thirds of urban dwellers live in cities where
income inequalities increased between 1980 and 2010

Lopez Moreno 2012 cited in Urban Habitat III #1 p.1). Urban
sprawl, poor public transport and a lack of access to basic
services such as water, waste collection and energy offset
the economic benefits of urban concentrations and increase
costs. These growth penalties hinder opportunities to prosper
and also exacerbate urban poverty. Unplanned urban growth
also leads to excessive GHG emissions, alienation and social
exclusion, as well as a range of other social, economic and
environmental costs such as congestion, ill health and crime
(Floater and Rode 2014).

These trends place an enormous burden on governance
structures (Frank and Martinez-Vazquez 2014; UNESCAP

and UN-Habitat 2015). In developing countries, local taxes,
measured as a percentage of GDP are three times lower than
in industrialized countries (Bird and Bahl 2008).

Similarly, many of the small and medium-sized cities "lack
the technical capacity to lead a major urban development

process" (UN-Habitat 2012, p. XIV) and suffer from devolved
responsibilities without corresponding resources, hampering
their planning capacity (Frank and Martinez-Vazquez 2014).
The result is that the capacity of urban governments to
protect both natural resources and the rights of its citizens
is severely circumscribed.

Urbanization carries its own penalties of success, including
pollution, congestion, urban heat effect, ill health, crime,
informal settlements (slums), lack of affordability and waste.
Unregulated, unplanned urban sprawl might appear to be
the cheapest option in the short run, as it requires minimal
institutional interference, infrastructure provision and urban
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Mass urbanization is not new in Europe, North America and
richer parts of Asia, but the most recent wave is focused in
developing regions, including Southern Asia and sub-Saharan
Africa. This influx of people into cities can place great strain

on urban institutional resources and infrastructure in growing
cities. Figure 2.10 shows that in countries with lower levels

of urbanization and higher growth, urban citizens are highly
vulnerable - vulnerability being "calculated by adding the
urban susceptibility, the lack of coping capacities and the

lack of urban adaptive capacities" (Garschagen et al. 2014,

p. 46). If the relative change in the degree of urbanization is
disaggregated by income class for the 1990-2015 period, it can
be seen that in Asia, low-income countries (LICs) are urbanizing
at the fastest rates (15.5 per cent) in comparison with low to
middle-income countries (LMCs), at 1.2 per cent, and upper
middle-income countries (UMCs), at 1.5 per cent. A similar
pattern is seen in Africa - where the urbanization rates are

8 per cent for LICs, 3.6 per cent for LMCs and 5.7 per cent for
UMCs - and in Latin America and the Caribbean. Globally, the

pace of change in urbanization overall is 2.3 per cent
(1990-2015), and the disaggregation by income class
reveals the pace of change in LICs is 8 per cent while in
LMCs it is 1.6 per cent (Melchiorri et al. 2018)

These rapidly urbanizing areas present a challenge but also
represent "the largest opportunities for future urban GHG
emissions reduction [... because their ...] urban form and
infrastructure is not locked-in" (Seto et a/. 2014, p. 928). As is
presented below and in Part B of this report, there are positive
and negative examples of rapidly urbanizing areas with

regard to environmental effects. Cities exemplify the reality
emphasized in this report, that when it comes to the creation

of complex spatial networks, the future is not 'God-given', but is
system and path-dependent. If new cities are built over the next
two or three decades on a resource-hungry, carbon-intensive
model, based on sprawling urbanization, all hope of meeting
ambitious resource and climate-risk targets will be lost. This
could leave cities and countries struggling to meet their

Figure 2.10: Where rapid growth faces high vulnerability
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resource needs and unable to compete in global markets,

with the stranding of physical and human assets. Cities are

also vulnerable to environmental and climate impacts such as
heat, water stress, and floods; while coastal cities face sea level
rise, saltwater incursion and storm surges.

24.3 Trends in urban expansion and density

Currently there are different views regarding territorial
expansion of cities and population growth. In the absence of
sustainable urban management, some studies show that cities
are growing in size more than in population, reporting territorial
expansion at double the population growth (Angel

et al. 2011). Pesaresi et al. (2016) show that between 1975 and
2015, built-up areas increased 2.5 times while total population
increased by a factor of 1.8 (Figure 2.11), with the highest

Figure 2.11: Built-up area vs. Population (1975-2015)
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urban growth concentrated in India, China and countries in
Africa. Urban land growth in these regions has also outpaced
urban population growth rates, suggesting that urbanization
has resulted in sprawled developments (Seto et a/. 2011;
Wolf, Haase and Haase 2018). Even in cities that are
shrinking in population, sprawl still occurs (Schmidt 2011;
Wolf, Haase and Haase 2018). Conversely, recent studies
from Asia have shown that urban population has grown
faster than urban land (in eastern South-East Asia, a 31 per
cent population increase compares with a 22 per cent land
increase) and that urban areas (in East Asia) are four times
more dense than in land-rich developed countries: two
times more than in Europe, 1.5 times more than in the Latin
American and Caribbean region, and 1.3 times more dense
than in the Middle East (Schneider et al. 2015; World Bank
Group 2015).
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Increasing density alone is insufficient to make the transition
to sustainable cities. Another factor that affects urban impact
on the environment is urban form, namely the pattern of urban
physical infrastructure, which cannot be easily modified, and
determines land use, transportation and energy demand for
long periods of time (Seto et al 2016; Guneralp et al. 2017).
Form patterns have implications for energy consumption,

GHG emissions, biodiversity (Seto, Guneralp and Hutyra 2012;
Salat, Chen and Liu 2014), water infrastructure (Farmani and
Butler 2014) and land use and conversion of croplands (Bren
d'Amour et al. 2016). Urban form, ‘infrastructure design and
socio-spatial disparities within cities are emerging as critical
determinants of human health and well-being"

(Ramaswami et al. 2016, p. 940).

2.44 Urbanization as an opportunity

In a world where environmental limits are visibly closer,

and with rural to urban migration expected to continue,
urban population growth can represent an opportunity

to increase citizens' well-being while decreasing their
ecological footprint. This is made possible through lifestyle
choices, improved governance, awareness and education
programmes, the availability of infrastructure and services,
and technological solutions. Small and medium cities have

a particularly important role to play as they are usually a
stepping stone between rural populations and urban centres
(UN-Habitat 2015¢, p. 3). In other words, urbanization can
be positive, but will only amplify existing challenges if poorly
managed. If cities could build technological solutions that
took advantage of economies of scale not feasible in rural
contexts, they could potentially hold the promise of limiting
the negative environmental effects of population growth and
increased consumption.

2.5 Economic development

The term economic development has been used in the
literature to distinguish it from a one-dimensional measure

of human welfare, which focused solely on economic growth
(or, properly speaking, the growth in GDP). It includes, for
example, social equity, poverty eradication, the meeting of
basic human needs (access to health, education, and water
and sanitation services), the provision of physical infrastructure
(housing, energy, transport and communications), and the
guarantee of essential political, economic, and social freedoms
as elaborated by Sen (2011). Similarly, the term economic
development highlights structural transformation, namely

the changes in industrial structure (from an agriculture-based
structure towards industry and services), social organization
(from small-scale productive activities towards large-scale
organizational structures), and the diversification of skills.

The SDGs are derived from this broader concept of economic
development.

2.5.1 The social role of economic growth

As the economy has moved from an 'empty world' to a 'full
world'" (Daly 1973), it has become clear that conventional
growth cannot continue far into the future (United Nations
Environment Programme [UNEP] 2011). Yet the social and
political commitment to a vision of unending growth remains
as strong as ever. The reasons are easy to see. Economic
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growth plays a number of vital roles in modern society,
including poverty eradication, the pursuit of social justice, the
building of social solidarity, the defence of civic peace and the
establishment of good governance.

The most important of these is poverty eradication. Two

and a half centuries after the advent of the Industrial

Revolution, about 783 million people (10.7 per cent of the

global population), still live on less than US$1.90 per day, and

48.7 per cent of the population lives on less than US$5.50 per
day (World Bank Group 2013). Globally, about 22 per cent of
children are stunted and 7.5 per cent are underweight (UNICEF
2018a) while 264 million children and adolescents are unable
to enter or complete school (UNICEF 2018b), the majority of
them girls. Nearly 2.1 billion lack access to safely managed
water and 2.3 billion lack basic sanitation (UNICEF/WHO 2017).

This poverty is not because of a lack of economic resources. In
2017, the world's average income per capita was $16,906 per
year (PPP current international $), which is $46 per day (World
Bank Group 2018) and about 24 times the poverty threshold.
While redistributive policies and social security arrangements
can help people to cope with poverty, the only reliable
mechanism for eradicating poverty is to enable the poor to
benefit from fast, steady growth.

Another argument for economic growth in developing countries
is the need to narrow the huge income gap that separates
them from developed countries. Indeed, this gap continued to
widen well into the second half of the 20th century. Only in the
21st century was there evidence of a narrowing of the gap, as
growth rates in developing countries began to outstrip those in
developed countries (Figure 2.12).5

As such, even critics of the growth agenda agree that it is
essential for developing countries (see, e.g. Jackson 2009, p.
4). Their main critique focuses on developed countries, where
growth is, they argue, neither necessary nor desirable (see
Daly 1973; Rees 1995; Victor 2008; Jackson 2009). Others
(e.g. Friedman 2005) argue, however, that growth continues to
play important political roles in developed countries, including
supporting fairness, social mobility and social solidarity, while
attracting popular support for civic and international peace
(Benhabib and Rustichini 1996, p. 139; Weede 1996, p. 32;
Gartzke 2007, p. 180).

In sum, then, the recent episodes of global economic growth
are associated with:

a. a narrowing of the income gap between developed and
developing countries, and

b. ahuge dent in the incidence of poverty in the latter
countries.

The danger is that if the growth engine slows down, these
trends may not continue, and this could - as outlined in the
report of the United Nations Secretary-General on climate

5 This was in large part due to the higher growth rate in the large populous economies, especially
China and India, but was not restricted to them. Indeed, the first decade of this century witnessed
the first occasion when sub-Saharan developing countries, as a group, grew by more than 5 per
cent per year for 5 years. However, the global financial crisis has resulted in the slowing of average
developing country growth rates by 2-3 per cent, and a widening in the variance in growth rates, as
larger countries (.., Brazi, China, Germany and the United States) recovered more quickly than
smaller economies.



Figure 2.12: How growth rates in developing countries began outstripping those in developed countries
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Source: Canuto (2010)

change and its possible security implications (A/64/350) -
signal a reversion to a zero-sum world in which conflict and war
would proliferate, governance systems atrophy and popular
support diminish for social justice, solidarity and civic peace.

The question is not whether growth in developed countries is
needed to meet their material aspirations, but whether it is an
essential element in the quest of modern societies to meet
their political, social, cultural and even moral and ethical goals.
Ideally, economic growth and environmental sustainability are
mutually reinforcing rather than in conflict.

2.5.2 From growth to development

Economic growth is only one of the factors contributing to
human welfare, which also depends on social justice, poverty
eradication, good governance (including anti-corruption efforts)
and environmental health. The global policy process has
sought to reflect this integrated approach in the form of the
Millennium Development Goals (MDGs) and SDGs.

The structure of the SDGs provides an insight into the broader
issues discussed in this section. The MDGs were motivated

by a simple idea, namely the resolve of heads of state and
government at the Millennium Summit of the United Nations
General Assembly to halve poverty in 15 years (United Nations,
2000). The SDGs take it a step further and seek to eradicate
poverty and hunger by 2030. In addition, the SDGs draw
explicit attention to environmental and social factors, including
climate change, terrestrial and marine biodiversity, sustainable
consumption and production, inequality, industrialization

developing countries

and decent jobs, and peace and justice (United Nations
Development Programme [UNDP] 2018).

In retrospect, the MDGs were a qualified success; they
coincided with accelerated progress on poverty eradication,
health and education, but lagged on nutrition and on
access to water and sanitation (McArthur and Rasmussen
2017). The successes of the MDGs can be attributed to
four factors, in descending order of significance, namely:
high economic growth in developing countries, support for
local programmes and community-based initiatives, large
vertical programmes (especially in the health sector), and
the enactment of legal rights and protections. Although

it is difficult to assess the causal impact of MDGs (it is
impossible to know what would have happened in their
absence), some empirical research has found evidence of
the MDGs accelerating progress in these areas (McArthur
and Rasmussen 2017).

Although the SDGs seek to build on this success, the
underlying context is very different. Their adoption was
preceded by a major financial crisis, barely avoiding a full-
fledged financial meltdown, a long-drawn out recession in
industrialized countries, a potentially disastrous debt crisis,
a dramatic rise in income inequality in the OECD countries,
recurrent commaodity-price volatility, significant political
fallout from food price shocks, shrinking natural resources
and biodiversity, growing evidence of adverse climate-change
impacts, an increasing awareness that the global economy
was coming up against planetary boundaries (Rockstrom et
al. 2009b), and a dramatic rise in global conflicts.
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The SDGs can be loosely grouped into three categories:

O  Human development: tackling income poverty, hunger, lack
of access to basic services (health, education, water and
sanitation) and gender inequality (i.e. SDGs 1-6),

O Economic development: enabling conditions for poverty
eradication, providing access to energy, providing
economic growth, decent jobs, infrastructure and industry,
declining inequality, housing, and peaceful societies
(SDGs 7-11 and 16-17)

O Environment: ensuring that the agenda of poverty
eradication (and by implication, of economic growth) is
protected against ecological threats (SDGs 12-15).

This agenda is relevant to the Global Environment Outlook
assessment. The poverty agenda remains unfinished, and the
development consensus remains that its pursuit will require
further economic growth in the world economy. There is a
growing concern, however, that the prospects of development
itself are increasingly threatened by the closing in of planetary
boundaries, especially through the impacts of climate change.
In the loop's other direction, there continue to be fears that the
growth process entails increasing use of natural resources and
sinks, thus increasing the pressure on the natural environment.

The poverty agenda remains the highest priority of the
international policy community, as documented in almost every
international agreement pertaining to economic development
and the environment in the past quarter century. The reasons
for this are not exclusively or even primarily altruistic. In

the words of the founding principles of the International
Labour Organization (ILO), as cited by its Director-General:
"poverty anywhere is a threat to prosperity everywhere"

(ILO 2011). The reasons thereby reflect an understanding that

Figure 2.13: World trade growth

Source: Data from CPB Netherlands Bureau for Economic Policy Analysis (2018)
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global peace cannot be built on conditions that condemn a
significant segment of humanity to permanent deprivation and
subservience.

2.5.3 Recent experience

The financial crisis was followed by a slowdown in global
growth. The reasons for this were to do with stagnant
international trade, revival of the spectre of trade wars,
heightened policy uncertainty, and a dampening of the main
engine of global growth, namely emerging economies (World
Bank Group 2017, p. 3). From an average of about 6 per cent
growth per year between 1992 and 2008 (and a height of

10 per cent per year in 2006-2008), growth in global trade has
shrunk to about 1 per cent since 2010 (see Figure 2.13). More
recently, this appears to have resulted in renewed threats of
trade wars.

A second notable trend is the rising inequality in industrialized
countries. There is a paradox in the contrasting movements

in international and intra-national inequality. For much of the
20th century, income inequality between countries widened (or,
at best, was static), while income inequality within countries
narrowed (or, at worst, remained static). Since 1980, however,
both these trends have reversed.

One consequence is Milanovic's global elephant curve,

so called for its shape as seen in Figure 2.14 (Lakner and
Milanovic 2013, p. 31; Weldon 2016). This shows that between
1988 and 2011, while the incomes in the top 1 per cent as well
as those in the 40-70 percentiles (presumed to be in developing
economies) were rising, incomes in the bottom 10 per cent and
in the 80-90 percentiles (presumed to be in the middle class of
developed countries) were growing more slowly.

Year



Figure 2.14: Milanovic s elephant curve
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The relationship between income inequality and the use of
natural resources is not straightforward. On the one hand,

the classic economic argument is that the poor have a higher
propensity to consume than the rich (Carroll et al. 2017),

and transferring income from the former to the latter should
therefore reduce the impact on the natural environment.

On the other hand, heightened income inequality creates
upward pressure on resources, both through the impact of
conspicuous consumption and out of the squeezing of the
middle class. More importantly, inequality has the potential to
exacerbate conflict, which in turn has an adverse impact on
the environment. Inequality's effects on the environment move
through the consumption, investment and community channels
(Islam 2015).

There are two main justifications for the global growth agenda:
the material one and the political one. The former is for the
role of growth in poverty eradication while the latter is for the
pursuit of growth for its possible contribution to other needed
political aims, such as social justice, fairness, solidarity, civic
peace and democratic governance.

Recent trends show that a significant dent has been made

in the twin agendas of poverty eradication and reduction of
global, between-country inequality. On the other hand, the
manner and pace at which this has happened has given rise to

new tensions and fractures, both within and between countries.

This may indicate that there has been a renewed urgency
for reviving the growth momentum, not only in developing
countries, but equally in developed ones too.

2.5.4 The role of energy

A key question is the relationship between two different
dimensions of economic development, namely aggregate
economic growth and resource consumption, especially the
consumption of energy.

There is a large body of literature on decoupling economic
growth from its impact on resource consumption (see, e.g.
UNEP 2011; UNEP 2017; Hennicke 2014). A key distinction is
between renewable and non-renewable resources. Since the
latter are finite in nature, the only way to reduce depletion is to
reduce, reuse and recycle (the three Rs). However, as has been
noted prominently in the literature, this redirects the focus onto
energy consumption (i.e. on the energy component embedded
in resource use). The 3R strategies are fairly well known; their
viability depends on the cost of energy used for recycling or
reuse relative to the cost of new extraction.

Some renewable resources, such as solar and wind, are
drawn on without concern that these resources will run out.
Other resources are renewable as long as the encompassing
ecosystems are not degraded. For renewable biomass
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resources such as forests, the primary challenge is ensuring
that their use does not exceed the rate of natural (or enhanced)
regeneration. This, too, boils down to the rate with which

these resources can regenerate themselves by harnessing the
energy of the sun. Various techniques of increasing natural
resource productivity are equivalent to enhancing their energy-
harnessing potential.

In short, as noted by Hennicke (2014, p. 2), energy is the

key to decoupling. Not surprisingly, environmental analysis
has often used the concept of energy flows to frame these
issues. Energy, construed broadly, is the motive force in both
human and natural affairs. The miraculous transformation
introduced by the Industrial Revolution is in essence the result
of harnessing an enormous volume of readily available energy
resources, namely fossil fuels (Smil 2010; Bithas and Kalimeris
2016). This is a major factor responsible for the idea of a
permanently growing economy.

As we look to the future, the need for energy will continue
to increase, not only to promote economic development in
poor countries, but also to help reduce the unsustainable
consumption of material resources. To avoid catastrophic
climate change and a scarcity of resources, a major shift is
needed by this increase, towards affordable and sustainable
energy resources (see e.g., Yihdego, Salem and Pudza 2017;
UNDP 2018, SDG 7).

2.6 Technology, innovation, and global
sustainability

Technology can be a positive and a negative driver of
environmental change. Technological innovation has been -
and is likely to continue being - a critical driver of sustainability
changes at a global level (Segars 2018). At the same time,
technologies have often created unintended consequences
that are far beyond the predictive ability of our best scientific
analysis (e.g. the impact of effects of fossil fuel consumption
on the climate system). Existing scientific analyses of
technology issues often fail to capture the important negative/
rebound effects (Chitnis et a/. 2013) of the systematic impact
of technologies as well as underplay the problem of technology
diffusion, particularly in terms of agricultural technological
innovation (Juma 2015). Motor vehicles and electricity are
good examples of past scientific limitations. They represent
two of the most important technological breakthroughs of the
20th century, but their negative environmental and resource
impacts are likely to persist well through the 21st century.

2.6.1 Technological innovation and sustainable economic
development

From an economic perspective, technological innovation has
long been recognized as one of the core drivers of economic
development, but in modern theories of growth it is given a
pre-eminent role (see Romer 1994; Acemoglu and Daron 2009;
Zenghelis 2011). Innovation in human capital, through
investment in research and development and knowledge-
sharing, is the key not only to productivity growth, but also to
getting more out of the resources we have. This is crucial to
solving many environmental problems.

Innovation offers the most important route out of many
environmental problems. In an environmentally sustainable
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economy, economic growth and development would still occur,
and humanity would continue to prosper. Economic growth and
human well-being can be decoupled from material throughput
and environmental impact, though the policy challenge of
actually achieving this is considerable (Jacobs 1991; Hepburn
and Bowen 2013).

Recognition of new opportunities, together with the falling cost
of key low-carbon technologies (solar, wind, etc.), has proved
game-changing in terms of driving global policy action. While
the United Nations Framework Convention on Climate Change
(UNFCCC) negotiations are often seen as moving slowly,

40 countries and 20 subnational regions have implemented or

are planning to implement carbon pricing and other types of

low-carbon technology-enabling policies (Global Commission

on the Economy and Climate 2015). There are now over

1,200 climate change or climate change-relevant laws

worldwide, which is a 20-fold increase over the past 20 years

(Nachmany et al. 2017).

The Paris Agreement on climate change (United Nations
Framework Convention on Climate Change [UNFCCC]

2015) itself can be seen as a consequence of accelerating
momentum in countries, cities and businesses across the
world to reduce GHGs. Falling technology costs of renewables
and energy efficiency, growing market opportunities, changing
behaviours, and a growing awareness of the co-benefits of
lower emissions (such as less urban pollution and congestion,
and fiscal opportunities from pricing scarce resources, carbon
and pollution and from removing environmentally damaging
subsidies) all helped to support the voluntary commitments
signed into action after the Paris Agreement.

2.6.2 Cleaner and energy-efficient technologies

Rapid advances are occurring in the market development of
cleaner and energy-efficient technologies, including renewables
(solar, wind, advanced biomass, etc.), storage (batteries, pumped
hydro, etc.), energy efficiency (e.g. demand-side management
and dematerialization), decarbonized transport options (e.g.
electric vehicles). Research and development advances are also
emerging for cleaner technology options (e.g. carbon, capture
and storage, second- and third-generation biofuels, decentralized
electricity generation at small/micro scales, self-driving vehicles)
(International Energy Agency [IEA] 2016b).

In the case of renewable energy, for instance, diffusion and
scale-up become both feasible and affordable worldwide.

By the year 2040, renewables will constitute two-thirds

of the global investment in power generation, while solar
energy will become the largest source of global low-carbon
capacity, fuelled by growth in China and India. In the case

of the European Union, renewables are expected to account
for 80 per cent of new power-generating capacity, with wind
energy becoming the leading source of regional electricity after
2030 (IEA 2017b).

Regionally, in the case of sub-Saharan Africa, where there are a
number of public, private and cross-sector initiatives to address
energy poverty, a rapidly developing cleaner and energy-efficient
technology ecosystem is incubating early-stage off-grid solar
technology companies, as well as helping to accelerate the
overall market dynamics of sub-Saharan African countries

(Park 2016; Yihdego, Salem, and Pudza 2017).



For instance, investments in off-grid solar companies in sub-
Saharan Africa and other countries went up tenfold, to more
than US$200 million between 2013 and 2016 (Bloomberg
New Energy Finance 2017), although it should be stressed
that this rapid growth still represents a small percentage of
the investments that will be needed to make an impact on the
regional energy marketplace.

Box 2.3: Electronic waste

Electronic waste (e-waste) - which can be defined as “items

of electrical and electronic equipment and their parts that have
been discarded by the owner as waste without the intention of
re-use" - represents one of the fastest-growing waste streams

in the world (Solving the E-waste Problem (StEP) Initiative 2014).
Scalable solar-powered  off-grid  electrification ~ solutions are
important for sustainable development in many developing
regions and represent a critical element in the case of the
sub-Saharan  Africa region (International Renewable Energy
Agency [IRENA] 2013). Access to energy represents a critical
economic, social and environmental issue in both industrialized

Fuelled by rapid global sales of computers and electronics,
combined with shortening product life cycles, 44.7 million metric
tons - the equivalent of 6.1 kg per inhabitant of e-waste were
generated in 2016, while the overall e-waste stream is expected
to increase to 52.2 million metric tons or 6.8 kg per inhabitant by

2021 (Baldé et al. 2017).
and developing countries because energy access is linked to

a wide range of economic and environmental benefits (IRENA
2016). Yet sub-Saharan Africa as a region consumes just

145 terawatt-hours of electricity a year - or one incandescent
light bulb per person used three hours a day (Lucas 2015) -
making it the most energy-poor region in the world (Park 2016).

Some e-waste from industrialized countries is being shipped to
the developing world, “where crude and inefficient techniques
are often used to extract materials and components”, a trend
which is posing challenges to global sustainability governance
(Baldé, Wang and Kuehr 2016).

There is substantial potential for the unit costs of resource-
efficient and low-carbon technologies to continue to fall as
these new technologies are developed and deployed, and as
engineers learn how to connect and service them cheaply.

This potential is far higher for new technologies than it is for
long-established, high-carbon incumbents.¢ For example, price
drops in renewable energy technologies have allowed new
combinations of solar, wind, and energy storage to outcompete
coal and gas on cost.”

Not only does the energy sector benefit from productivity
improvements associated with a transition to low-carbon,
there are also important economic spillovers from low-carbon
innovations. Acemoglu et a/. (2012) argue that sustainable
growth can be achieved by adopting temporary policy levers
such as a carbon tax that can redirect innovation towards
clean inputs, while Dechezleprétre, Martin and Mohnen

(2014) conclude that economic spillovers from low-carbon
innovation are consistently 40 per cent greater compared

with conventional technologies, while information and
communication technologies (ICTs) can, in theory, vastly
increase productivity and energy efficiency, while reducing
material consumption throughout the lifespan of a product

(a mobile phone for instance). While ICTs may one day usher
in a new era in which digital technologies play a key role in
accelerating global environmental governance, it is not yet clear
if the energy and materials savings are greater and outweigh
the cumulative sustainability impact of the ICT product lifespan
from resource extraction to waste disposal (see Box 2.3 on
electronic waste).

Beyond the direct social and environmental impacts of
ICTs, one emerging sustainability issue is the electricity
use of data centres, which in the case of the United States
is estimated to be around 2 percent of the country's total

6 The so-called sailing ship effect (whereby the introduction of steam ships induced a leap forward
in efficiency and design of sailing ships) suggests that incumbent industries can respond with
competitive innovation when faced with existential competition.

~

electricity consumption (Whitney and Kennedy 2012). With
energy efficiency of computers reportedly doubling every

1.5 years (Koomey et a/. 2011), the more important long-term
sustainability question may be the use and application of ICTs
in avoiding future energy use and lowering climate change
impact.

Digital technologies such as smart meters are projected to link
more than 1 billion households and 11 billion smart appliances
in interconnected electricity systems by 2040. The use of
digital technology innovations will enable individual homes

to determine when and how much they draw electricity from
the grid. They will also enable the design of environmentally
friendly demand-side responses in the building, industry and
transport sectors, resulting in US$270 billion of avoided new
investments in new electricity infrastructure (IEA 2017a).
Governments of cities ranging from Copenhagen to Addis
Ababa are also investing in ICT-based smart technologies
(e.g. open data stores, citizen engagement platforms) to help
improve urban governance at lower financial and environmental
cost (C40 Cities Climate Leadership Group 2015).

2.6.3 Food-agricultural technology

A number of global food-agricultural trends - population
growth and increasing global affluence, among others - will
require increased agricultural productivity (by as much as 60-
120 per cent on 2005 levels), in direct conflict with the wider
SDGs (Ort et al. 2015).

Moreover, there is a wide range of perspectives in terms of
what the yield gap is likely to be - the difference between how
much a crop could yield per hectare with enough water and
nutrients, and how much is currently being harvested (White
2015) - and over what technology options are available to
address it. Total agricultural production is projected to increase
by 60 per cent by 2050 compared with 2005 (Alexandratos
and Bruinsma 2012), due to an increase in global population

Solar photovoltaic and onshore wind technologies are competitive with gas and coal in a number
of global locations, even without a carbon price. The cost of solar photovoltaic modules fell by 60

and in the number of people from the developing world who

per cent in the two years to the first half of 2017, and by a factor of five in the five years post-2008 : :
(Bloomberg NEF 2017). Energy storage prices are faling even faster than solar photovoltaic and can afford to eat more and better food. The emerging question
wind prices. A recent study found that research and development investments for energy storage confronting the international community is likely to be: will the

projects have lowered lithium ion battery costs from US$10,000/kWh in the early 1990s to a

trajectory set to reach US$100/kWh on or by 2018 (Kittner, Lill, and Kammen 2017). global food supply be adequate to meet global food demand,
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and can this demand be met without adversely impacting land
use, biodiversity, freshwater use and other natural resources?
If not, can this demand be met, or reshaped, using alternative
technologies beyond agriculture as we know it today?

Bijl et al. (2017) suggest that a sustainable balance between
reducing global hunger and staying within, among others, the
planetary boundaries of land and water use might be struck by
changing dietary patterns and more effectively addressing food
waste as a policy priority. In the case of agricultural water use,
a Pacific Institute study (2014) concluded that the adoption

of existing water technologies and management techniques
could reduce agricultural water use in the state of California

by 5.6 million to 6.6 million acre-feet (one acre-foot is 1,233.48
cubic metres) per year, or by between 17 and 22 per cent, while
maintaining the same level of agricultural productivity.

The International Food Policy Research Institute (IFPRI) (2014)
argues that certain agricultural technologies and practices

(e.g. crop protection, drip irrigation, drought tolerance, heat
tolerance, integrated soil fertility management, no-till farming,
nutrient use efficiency, organic agriculture, precision agriculture
[see Box 2.4], sprinkler irrigation, water harvesting, and land
conservation measures) might be scaled up to achieve the dual
goal of increasing food production and reducing food insecurity
in the developing world. No-till farming alone can increase
maize yields by 20 per cent, while heat-tolerant varieties of
wheat can lead to a 17 per cent rise in crop yields (IFPRI 2014).

With the livestock sector accounting for about half of food-
system GHG emissions (Food and Agricultural Organization of
the United Nations [FAO] 2017; Gerber et al. 2013), emerging
food-agricultural technologies may have the potential to
reshape demand for animal produce and increase the
sustainability of the food system. Reducing overall meat
consumption as well as providing alternatives to conventional
livestock production systems (e.g. through the introduction
of plant-based meat alternatives) would, for instance,
substantially reduce the agricultural land use footprint from
food production (Alexander et a/. 2017). In another example,
although there are uncertainties in terms of an increased

The world's population is expected to reach 9 billion by 2050,
while climate change and income growth will drive food demand
in the coming decades. Baseline scenarios show food prices
for maize, rice and wheat would significantly increase between
2005 and 2050, and the number of people at risk of hunger in
the developing world would grow from 881 million in 2005 to
more than a billion people by 2050 (IFPRI 2014).

While no single technology can be offered as a solution to these
global agricultural and food challenges, precision agriculture
(GPS-assisted, machine-to-machine solutions that combine
information collected by sensors with automated management)
represents one of 11 agricultural innovations, which, in
aggregate, might help by 2050 to improve global crop yields by
up to 67 per cent while reducing food prices by nearly half
(IFPRI 2014).
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energy-use rebound effect®, production of cultured or /in vitro
meat requires smaller quantities of agricultural inputs and land
compared with raising livestock (Mattick et al. 2015).

Other emerging technological advances are demonstrating

the potential to decouple crop production from the vulnerability
of land use and climate (Gilmont et a/. 2018). Hydroponics
employ nutrient-rich water rather than soils to grow crops,

and aeroponics use nutrient-dense sprays to nourish

plants suspended in the air. Both techniques permit precise
application of nutrients to crops grown under controlled
conditions, including in land-sparing indoor vertical farms that
can be located in urban and degraded environments
(Eigenbrod and Gruda 2015).

As the cost of decentralized renewable energy sources

falls, the constraints to the broader deployment of these
technologies, including broadening them to grow staple crops,
will continue to decline as the environmental benefits increase
(Kalantari et al. 2017). To truly accelerate innovative food and
agricultural technologies on the global level, particularly in the
developing world, it will also be critically important to have
complementary sustainable policy initiatives, such as the FAO
Global Agenda for Sustainable Livestock Initiative, to diffuse
both technology-based and non-technology-based sustainable
food and agricultural innovations.

2.6.4 Technology diffusion and global sustainability

While there is strong scientific consensus on the importance

of technological innovation as a driver of global sustainability
change, there is far less scientific consensus in terms of two
issues: first, sustainable technology diffusion - particularly

in terms of the adoption and deployment of what might be
described as sustainable technologies - in the developing
world, and, second, how to regulate and govern new and
emerging technologies in terms of global sustainability (Juma
2015). For technological diffusion, in terms of the rates of both
adoption and acceleration, a good place to start might be the
market development of solar, wind and other renewable energy
technologies in the developing world, particularly relating to
cities and urbanization (IEA 2016a).

Although renewable energy sources accounted for 70 per
cent of the net increase in the global power capacity in 2017
due to the rising economic competitiveness of solar and wind
energy (REN21 2018), rising energy demand, particularly in the
developing world, coupled with population growth, is likely to
outpace the development of economically viable and scalable
renewable-based  solutions  without additional  technology
breakthroughs in the energy sector (IRENA 2017).

To provide the necessary institutional and socioeconomic
conditions for technological diffusion, there is a critical need to
design the appropriate innovation scale-up conditions (Rogers
2003) and to implement new public and private measures to
more effectively deal with incoherent policies, misalignments
in electricity markets and cumbersome and risky investment
conditions (Ang, Rottgers and Burli 2017) in both industrialized
and developing countries.

8 The energy use rebound effect refers to the observation that people may begin to consume more
energy as a result of increases in energy efficiency.



In terms of technology diffusion and sustainability pathways
in OECD member countries, the emerging 'industry 4.0' model
is likely to have a major impact on the nexus of technology
diffusion, market development and sustainability. Industry
4.0 - which can best be described as a digital industry
technology platform powered by sensors, machines and
information technology systems (see Figure 2.15) - is
regarded by many scientists, technology experts and business
executives as the fourth wave of technological advancement
(RuBmann et al. 2015).

While the industry 4.0 model, particularly as a technological
platform, has the short-term potential to produce more efficient
processes and higher-quality goods at reduced costs, the long-
term social, environmental and economic impacts, particularly
in terms of employment and workforce development, remain,
at best, unclear. The emerging industry 4.0 model, along with
artificial intelligence, additive manufacturing, the Internet

of things, and other disruptive technologies, reflects a deep
uncertainty that lies at the technology-sustainability nexus:
how can the international community properly weigh the
sustainability risks and benefits, particularly with regard to
short- and long-term impacts on employment and economic
development?

Despite the growing visibility of the social, environmental

and economic impacts of global climate change and
environmental dilemmas, slow progress on a wide range of
international environmental (e.g. climate change) and social
(e.g. refugees) policy negotiations has limited the scope for
so-called good public policy options and tilted the governance
framework towards riskier forms of technology like climate
geoengineering as a policy alternative. Whether a particular

Figure 2.15: Industry technological transformation
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Source: RiBmann et al. (2015)

emerging technology should be adopted or actively promoted
by public organizations or private companies is not the critical
issue. Rather, it is how and to what degree the international
community can make sure that proper oversight, monitoring
and protection against the potential adverse effects are in
place as we proceed with the complex task of identifying,
developing and diffusing technologies that positively impact
wealthier OECD as well as lesser developed countries.

2.7 Climate change

GEO-6 includes anthropogenic climate change as a driver of
environmental change because it has acquired a momentum
independent of future human activity; it is also analysed as a
cross-cutting issue in Section 4.3.1 of this report.

Figure 2.16 demonstrates the increase in CO, concentration

over the industrial period, charted on the same scale as the

data for the transitions in CO, concentration between the

glacial and interglacial periods over the past 20,000 years.

Other GHGs such as methane and nitrous oxide have also

been increasing consistently over the decades, as indicated

by the National Oceanic and Atmospheric Administration's

greenhouse gas index and shown by Hartmann et a/. (2013).

The impact of such changes demonstrates that climate change

is now a major driver of environmental change - an inexorable

force that can no longer be ignored.

According to the Fifth Assessment Report of the IPCC (2014),
the world has entered an era of committed climate change.
The concept of climate commitment, first introduced by
Ramanathan (1988), refers to changes that are already in the
pipeline, regardless of any further emissions or any future
change in GHG concentrations in the atmosphere. "A large
fraction of anthropogenic climate change resulting from CO,
emissions is irreversible on a multi-century to millennial time
scale, except in the case of a large net removal of CO, from the
atmosphere over a sustained period" (IPCC 2013, p. 28).

Figure 2.16: Mean atmospheric CO, concentration
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Surface temperatures will remain roughly constant at elevated
levels for many centuries after a complete cessation of net
anthropogenic CO, emissions. According to Mauritsen and
Pincus (2017), "due to the lifetime of CO,, the thermal inertia
of the oceans [Wigley 2005] and the temporary impacts of
short-lived aerosols [Hare and Meinshausen 2006] and reactive
greenhouse gases, the earth's climate is not equilibrated with
anthropogenic forcing. As a result, even if fossil-fuel emissions
were to suddenly cease, some level of committed warming

is expected, due to past emissions, as studied previously

using climate models [Solomon et a/. 2009; Gillett et al. 2011;
Frolicher et a/. 2014]."

Therefore, the current global temperature is controlled largely
by past CO, emitted over past decades, a consequence of
the inertia in the climate and carbon cycle. The climate is
committed at the current concentration of GHGs. This means
that climate change has now become an independent driver of
environmental change. Regardless of human action, or even
human presence on the planet, impacts will continue to occur
through temperature change, fluctuations of precipitation,
snow melt, sea level rise, drought and other climate variables,
and through changes in the hydrological cycle (Salem 2011).
Climate change thus poses a challenge to growth and
development.

2.7.1 Greenhouse gas emissions and concentration
The emission trends in selected countries are illustrated in

Figure 2.17 and Figure 2.18. More than half of total cumulative
emissions since the Industrial Revolution were emitted in

the past four decades. Cumulative CO, emissions for the
period 1750-1970 (220 years) are estimated at 910 gigatons?,
while those for the period 1970-2010 (just 40 years) are
about 1,090 gigatons (IPCC 2014). This growth is despite the
presence of a wide array of multilateral institutions as well as
national policies aimed at mitigation. The 2007/2008 global
economic crisis only temporarily reduced the GHG emissions
growth rate, compared with the trend since 2000

(Peters et al. 2011).

There is an unequal distribution of GHG emissions, both
terms of individual emissions coming from varied lifestyle

consumption patterns and in terms of country emissions.

The richest 10 per cent of the population emits 50 per cent of
total GHG emissions, while the poorest 50 per cent emit only
10 per cent (King 2015). At the same time, when the carbon
budget for limiting global warming below 2°C is considered, a
generational inequality arises, with future generations having a
lower allowance to emit. If the current Nationally Determined
Contributions (NDCs) are fully implemented, the carbon budget
for limiting global warming below 2°C will be 80 per cent
depleted by 2030 (UNEP 2017).

Atmospheric  concentrations of GHGs have increased

around 277 parts per milion (ppm) in 1750 to 403.3 ppm in

2016 (World Meteorological ~Organization 2016). Regional
contributions to this global GHG concentration are detailed
in the GEO-6 Regional Assessments (UNEP 2016). The

growth in atmospheric CO, was 6.0 + 0.2 gigatons in 2016

(2.85 £ 0.09 ppm), well above the 2007-2016 average of
4.7 + 0.1 gigatons a year (Le Quere et al. 2017).

Figure 2.17: Global growth in emissions of GHGs by economic region
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Figure 2.18: Emission trends in different
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2.7.2 The emissions budget

Cumulative total emissions of CO, and the response of the
global mean surface temperature are approximately linearly
related. Any given level of warming is associated with a range
of cumulative CO, emissions. Therefore, a given temperature
target (e.g. 2°C) will translate into a long-term emissions
budget. Using this information, in the synthesis report of the
Fifth Assessment, the IPCC (2014) estimated how much CO,
we could emit and yet keep the global average temperature rise
over pre-industrial levels to no more than 1.5°C, 2°C or even
3°C, which could be catastrophic.

The Paris Agreement's central aim is to strengthen a global
response to the threat of climate change by keeping a global

Figure 2.19: The carbon crunch
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temperature rise this century well below 2°C above
pre-industrial levels, and to pursue efforts to limit the
temperature increase even further, to 1.5°C (UNFCCC 2015).
To accomplish this, countries have submitted NDCs outlining
their post-2020 climate action, which will undergo a global
stocktake every five years to assess the collective progress and
to inform further individual actions by parties (UNFCCC 2015).

In order to achieve the Paris temperature target, the carbon
budget that remains after deducting past emissions is between
150 and 1,050 gigatons CO,. At the current annual emission
rates, the lower limit of this range will be crossed in four years
and the midpoint (600 gigatons CO,) in 15 years (Figure 2.19).
The emissions would have to drop to zero almost immediately
after the budget is exhausted (Figueres et al. 2017).
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If the emission pledges in the Paris Agreement are fulfilled, the
worst effects of climate change can be avoided, and studies
suggest this could avoid a temperature increase of 3°C by 2100
(Le Quere et al. 2016). The implications of the 2017 withdrawal
of the United States, the second-largest emitter, from the

Paris Agreement are mixed, because the withdrawal does

not preclude individual American states' policies to support
environmentally friendly innovation. It is still possible to meet
the Paris temperature goals if global emissions begin to fall

by 2020 (Figueres et al. 2017).

Under current and planned policies, the world would exhaust

its energy-related carbon budget (CO,) in under 20 years to
keep the global temperature rise to well below 2°C. To meet the
below 2°C goal, immediate action is crucial to reduce further
cumulative emissions by 470 gigatons by 2050, compared with
current and planned policy targets (IRENA, 2018)

2.7.3 Impacts of Climate Change

Climate change will amplify existing risks and create new

risks for natural and human systems (IPCC 2014). The risks
are not only unevenly distributed but are generally greater

for disadvantaged people and communities. This is so in
countries at all levels of development. The risk of climate-
related impacts is a result of complex interactions between
climate-related hazards and the vulnerability, exposure and
adaptive capacity of human and natural systems. The rise in
the rates and magnitudes of warming and other changes in the
climate system, accompanied by ocean acidification, increase
the risk of severe, pervasive and in some cases irreversible
detrimental impacts. Already, the annual global mean surface
temperature has increased at an average rate of 0.07°C per
decade since 1880 and at an average rate of 0.17°C per decade
since 1970 (National Oceanic and Atmospheric Administration

[NOAA] 2015). The trends in sea surface temperature, marine
air temperature, sea level, tropospheric temperature, ocean
heat content and specific humidity are similar (IPCC 2014)
(Figure 2.20).

Beyond temperature increase, the impacts already observed
include changes in the water cycle, warming of the oceans,
shrinking of the Arctic ice cover, increase in the global mean
sea level, and altering of the carbon and biogeochemical
cycles (see more detail in Chapters 4 and 5). Further, there
have been increases in the frequency and intensity of
wildfires that in turn release GHGs. Observations and climate
model simulations indicate polar warming amplification
resulting from various feedbacks in the climate system - the
positive ice-albedo feedback being the strongest (Taylor et
al. 2013). The reduced extent of ice cover reveals a darker
surface, which leads to a decreased albedo, in turn resulting
in a stronger absorption of solar radiation and a further
acceleration of warming. In response to the increased
warming in the Arctic, sea-ice extent is strongly decreasing,
especially in summer (Vaughan et a/. 2013). However,
recent literature has concluded that temperature feedbacks
play a dominant role, making surface albedo feedback the
second main contributor to Arctic amplification (Pithan and
Mauritsen 2014).

The global water cycle has been affected, impacting on global-
scale precipitation patterns over land, and on surface and
subsurface ocean salinity, contributing to global-scale changes
in frequency and intensity of daily temperature extremes since
the mid-20th century. The global mean sea level rose

by 0.19 metres (range, 0.17-0.21 metres) over the period
1901-2010, calculated using the mean rate over these

110 years, and based on tide gauge records plus, since 1993,
satellite data (IPCC 2014).

Figure 2.20: Multiple independent indicators of a changing global climate
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Changes in the climate system have had large-scale impacts
on various ecosystems, as documented across the thematic
chapters that follow in Part A. As a driver of environmental
change, climate change is exacerbating current pressures on
land, water, biodiversity and ecosystems. If atmospheric CO,
concentration increases from the current levels of 406 ppm
to 450-600 ppm, leading to greater than 2°C warming over
the coming century, it will lead to several irreversible impacts,
including sea level rise (Smith et a/. 2011). O'Neill et a/. (2017)
have elaborated individual risks as well as overarching key
risks, including risks to biodiversity, health, agriculture and

so on, as well as risks of extreme events such as extreme
precipitation and heat waves and risks to specific ecosystems
such as mountain and Arctic, to name but a few

(see Figure 2.21).

Future climate will thus depend on the combination of
committed warming caused by past anthropogenic emissions,
the impact of future anthropogenic emissions, natural

climate variability and climate sensitivity. There are regions
(particularly at northern, mid- and high latitudes) already
experiencing greater warming than the global average, with
mean temperature rise exceeding 1.5°C in these regions.

These impacts have implications for the quality and quantity of

ecosystem services, as well as for patterns of resource use, their

distribution and access across regions and within countries.

Time is running out to prevent the irreversible and dangerous
impacts of climate change. Unless GHG emissions are reduced
radically, the world remains on a course to exceed the agreed
temperature threshold of 2°C above pre-industrial levels, which
would increase the risk of pervasive effects of climate change,
beyond what is already seen. These effects include extreme
events (including flooding, hurricanes and cyclones) leading to
loss of lives and livelihoods, pervasive droughts leading to loss of
agricultural productivity and food insecurity, severe heat waves,
changes in disease vectors resulting in increases in morbidity
and mortality, slowdowns in economic growth, and increased
potentials for violent conflict (Salem 2011; SIDA 2018). The
extent, distribution and acute nature of the impacts is different
between countries, and several islands have faced multiple
impacts in one season - Haiti in 2004, for example - or annually
in multiple years, such as Dominica experiencing hurricanes
Erika in 2015 and Maria in 2017. These impacts can undermine
food security mechanisms and systems, as well as social and
economic progress in health and other areas.

he enhanced burning embers diagram, providing a global perspective on climate-related risks
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Figure 2.22: Trends in numbers of loss-relevant natural events
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One indication of the potential impacts is the doubling of the
frequency of climate-related loss events (Figure 2.22) since
1980 (Hoeppe 2016). These events are already estimated to
have resulted in the loss of 400,000 lives and the imposition of
a cost of US$1.2 trillion annually on the global economy, wiping
1.6 per cent from global GDP

These risks are greatest - currently as well as in the future -
for people who are dependent on natural-resource sectors.
Such people include coastal communities, people in agricultural
and forest communities, and those experiencing multiple forms
of inequality, marginalization and poverty, thereby amplifying
existing risks and create new ones for natural and human
systems. The scale of potential damage from climate change
poses a major systemic risk to our future well-being and the
ecosystems on which we depend, in particular for societies in
less-developed, less-resilient countries (OECD 2017).

2.7.4 Implications

The Paris Agreement recognizes that limiting warming by
the end of the century could help prevent more problems. It
explicitly states the need for achieving a balance of emissions
and removals in the second half of the century. The 2°C
target is important to achieve, to reduce the likelihood of
more intense storms, longer droughts, rising sea levels and
other natural disasters that are being increasingly reported
(Munich Re 2016). To keep a good chance of staying below
2°C, and at manageable costs, emissions should drop by
40-70 per cent globally between 2010 and 2050, falling to
zero by 2100 (IPCC 2014; Kroeze and Pulles 2015). The
current trajectory of global annual and cumulative emissions
of GHGs is inconsistent with the widely discussed goals of
limiting global warming to 1.5-2.0°C above pre-industrial
levels. Should emissions continue to rise beyond 2020, or
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even remain level, the temperature goals set in Paris become
almost unattainable. Delayed action or weak near-term policies
increase the mitigation challenges in the long-term. There

are risks associated with exceeding 1.5°C global warming by
the end of the century (increases in the severity of projected
impacts and in the adaptation needs), making the achievement
of many SDGs much more difficult. The overall costs and

risks of climate change include a prediction that some regions
could see growth decline by as much as 6 per cent of GDP

by 2050, according to a recent report from the World Bank
Group (2016) on climate change, water and the economy. If
the worst of the climate change-related risks are to be avoided,
the pace and scale of the required economic transformation is
unprecedented (OECD 2017).

2.8 Unravelling drivers and their interactions

The same driver of environmental change can exert both
positive and negative forces on the environment, as described
in the previous sections. Moreover, the five drivers highlighted
in this chapter are mutually interdependent, and this
interdependence can itself also be positive or negative. The
cumulative effect the drivers can have on the environment has
been extensively discussed in the literature (Wu et al. 2017).

Table 2.1 presents the interactions between the drivers covered
in this chapter. These are first-order interactions (excluding
interactions with other variables) at a global scale and under
current conditions.

The aggregate effects of these interactions on climate change
are negative. This is clear from the current trajectory of GHG
emissions, which not only continue to increase, but at a rate
that has accelerated in the last 15 years, compared with

the 1980-2000 trajectory (Section 2.7). Thus, there is little



Table 2.1: Interrelationships between the drivers

Population growth

Economic growth

Technological

Climate change

Urbanization

change
Population Negative impact Population  growth Population Increased pressure
growth due to delay in the fosters  technological growth increases on urban areas, more
demographic window innovation, to environmental people might move to
of opportunity accommodate  the pressure, and climate urban areas
additional  demands. change
Alternatively, it could
lead to lower savings
and investment due
to high dependency
rates
Economic Higher GDP and Economic growth Increased economic Growth will push
growth development in is associated with output is associated towards increased

general is associated
with lower fertility
rates

increased investment
and technological
innovation

with increased
environmental
pressure

urbanization

Technological

Technological

Innovation is

Current trends

Technological change

change innovation is associated with show an increase in can contribute
associated with increased growth in green technological to processes of
increased capacity to GDP innovation, thus urbanization or it can
lower fertility rates lowering pressure per help to decrease the
unit of output migration patterns
through better access
to technologies and
communication
Climate Climate change There are costs Climate change Effects of climate
change increases mortality associated with pressures foster change on rural

rates and negatively
affects health

climate change that
limit economic growth

adaptive technological
innovation

communities puts
pressure on migration
towards urban areas

Urbanization

Urbanization is
associated with

lower fertility rates
(due to access to
better health care and
education)

Urbanization is
strongly associated
with higher economic
output

Urbanization will lead
to intensification of
technology use due
to greater population
density

There is no clear
causal link, but there
is an association
between urbanization
and higher emissions

doubt about the unsustainability of the current interaction

and aggregated

effects

development and technological innovation.

of population

growth, economic

These aggregated effects are not the same for different
regions. In developed countries (such as Canada, European
Union countries, Japan and the United States of America),
emissions have plateaued and in some cases diminished
substantially. Moderate growth, stable populations, some
change in consumption patterns, and technological innovations
have allowed for a reduction in aggregate GHG emissions. At
the same time, emerging economies that are moving from
lower middle-income status to upper middle-income status
have increased aggregate emissions (this is the case in most
middle-income countries, including China and India).

On the other hand, both in per-capita terms and in aggregate, it
is the richest and better off countries that contribute, by far, the
most to emissions. This is true both for countries by income
level (the developed world accounts for more than half of total
emissions, with a far higher carbon footprint per capita) or

for individuals by income level within countries (people in the
world's richest quintiles, both from developed and developing
countries, produce both higher carbon footprints per capita
and greater aggregate emissions). Consumption patterns
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and production functions in the developed world, and the
lifestyle and consumption options of the world's elites and
better-off, therefore have to change drastically to adjust GHG
emissions for a more sustainable path. The pathway to growth
in emerging economies cannot reiterate the carbon expansion
and GHG emissions witnessed in the last 20 years. Both
technology and urbanization provide a window of opportunity -
but no guarantee - for emerging economies to follow a
developmental path that will prove more sustainable, from both
consumption and production perspectives.

The diagram below (Figure 2.23) shows another way to look
at the interactions between the drivers, by focusing on how
each domain relates to the other, and how that can change.
The diagram is used to evaluate the obstacles that different
paths will confront. Three of the drivers considered - economic
growth, population growth and climate change - stand at

the left, while the right of the diagram presents the desired

or preferred outcomes - lower environmental pressure,

human well-being and equity. In the middle are the mediating

Figure 2.23: Relationship across the drivers
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factors of technological change and urbanization (potentially
enabling mechanisms, but also potentially negative forces).
Economic growth, population growth and climate change

are to the left because they reflect the fundamental realities
of human aspiration, demographic momentum and climate
change commitment. What can change the impacts of these
processes is the nature of the two other drivers in the middle -
technology and urbanization.

Limiting the negative effects of the various drivers described -
and indeed reframing them as the catalysts of an urgently
needed transformative response - is necessary to achieve
sustainable development and equity, including poverty
eradication. At the same time, it is important to ensure that
efforts to address one driver do not undermine actions overall
to promote sustainable development.

The chapters in Parts B, C and D present a comprehensive
assessment that looks at development pathways more broadly,
along with their policy implications.



The IPAT identity makes a conceptual link between population, development, and technology, and different trajectories depend on the
interactions between these determining factors. The IPAT identity has the following form:

I=PA.T=P(Y/P). (I/)Y) = I, where (Eq. 1a)

I = impact, i.e. use of natural resources or energy

P = population

A = affluence, an alternative term for per capita income, P/Y

Y = national output or GDP

T = technology, or the efficiency with which production takes place, generally interpreted as the amount of resource use

(or resource impact) per dollar of output.

< < << <

Eq. 1a suggests a simple multiplicative relationship between the three constituent factors, P A and T. Indeed, population is viewed in some
of the scientific and policy literature as simply a proportional factor or multiplier of the environmental impacts of the more 'substantive'
factors of economic growth, technological change and regulatory restriction. Other things being fixed, a doubling of population will lead

to double the consumption of natural resources and energy. We know that this does not happen, however - other things are not fixed -
overall moderating population growth will improve economic growth in emerging and low-income economies thus limiting the positive
effects that population moderation will have on aggregate emissions. On the other hand moderating economic growth can limit growth in
lower-income economies, affecting also the rate of population moderation. So once again, what might be a gain on one side can be lost
on the other. Further, growth is required to meet the other substantive SDGs. Thus a radical decoupling of emissions from both population
and economic growth has to be achieved.

The Kaya Identity has often been used to analyse the various drivers of climate change.

C=PA. e c=P(Y/P). (E/Y). (C/E) (Eq. 1b)

Where:

C = carbon emissions

P = population,

A = affluence = Y/P where Y = Income (or consumption)

e = energy intensity (or energy consumption per dollar of output) = E/Y, where E is total energy consumption
¢ = carbon intensity (i.e. carbon emissions per unit of energy consumed) = C/E

What this suggests is that the reduction of emissions will occur only if one or more variables in Eq. 1b are reduced. Two inferences can be
drawn from this relationship. First, while a marginal and gradual reduction in emissions can be achieved through marginal changes in one
or more of the constituent factors (P A, e, and c), radical reductions implied by the Paris Agreement (including, e.g., reducing emissions
to zero by 2050) can be achieved only through some combination of rapid decarbonization of energy use (i.e. reducing C/E), reduction of
the overall energy intensity (E/Y) of the economy, reduction of the consumption level (Y/P) of the world's rich and better off (both in the
developed and the developing world), and reduction of the ultimate level of the population (P). All of these options present challenges.
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im) Executive summary

There is a growing demand for environmental indicators and
analysis, particularly analysis that addresses interlinkages
across different environmental domains and between the
environment, society and the economy (well established).
There have been advancements in terms of collecting official
statistics related to the environment, including geospatial
statistics, particularly in terms of promoting environmental
economic accounting and building geospatial information
systems, which contribute to environmental monitoring.
However, there are still methodological gaps in measuring
some aspects of the environment, there is very limited
information which links people and the environment, and
there are capacity gaps in countries attempting to build their
environmental information systems. {3.2}

Measuring the nexus between gender and the environment

has been identified as a high priority, as women and men, in
many contexts, have differing rights over and access to the
environment (wel/ established). Women and men have different
vulnerabilities to environmental degradation and hazards,
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and often play different roles in environmental management
decision-making. Currently, only limited time series data and
statistics are available on the gender-environment nexus. {3.5}

Much environmental data collection is part of one-off studies
or projects, limiting their usefulness (well established).
Through the Sustainable Development Goals (SDGs) there has
been a global recognition that monitoring the environmental
dimension of development will require regular, standardized
data collection, which can translate into time series statistics
and indicators, including time series for geospatial data
products. This will increase the emphasis on compiling high-
quality information based on international best practices. {3.7}

Transforming the provisioning of environmental data and
statistics will require new and innovative means of data
collection, (well established) including new partnerships with
the private sector, multilateral institutions, space agencies,
non-governmental organizations and other partners. {3.8}



3.1 Introduction

This section provides an introduction to environmental

statistics and data and covers the state of existing data and
knowledge that contribute to any environmental assessment,
including national-, regional- and global-level assessments.

It attempts to elaborate the state of data collection and the use
of data to compile statistics and produce indicators. Emerging
areas of statistics, such as big data, citizen science and
traditional knowledge - which are currently underutilized, but
present tremendous opportunities for better measuring - are
discussed in Chapter 25 of this report.

3.2 The demand for environmental statistics
and data

Knowledge and data are essential bedrocks of environmental
assessment. Without an evidence base to work from,
conducting and publishing an accurate assessment is
impossible. But what is an evidence base, and how do we
generate it?

'The Environment' was traditionally considered to refer only to
biophysical earth systems. But this paradigm is shifting. It is
important not only to measure the state of the environment,
but also to determine how environmental problems, which
manifest in the biophysical environment, arise from social
systems and economic arrangements, and how economic
development and social well-being depend on the environment.

The GEO-5 report chapter on the Review of Data Needs
presents the deficiencies in scientifically credible data on
the environment; in particular, the report notes the need for
time series on freshwater quantity and quality, groundwater
depletion, ecosystem services, loss of natural habitat, land
degradation, chemicals and waste, and other issues (United
Nations Environment Programme [UNEP] 2012). It also
acknowledges that the factual and scientific quality of an
assessment rely on the quality and availability of data on the
environment (UNEP 2012). Further, it indicates that more
systematic data-collection can help governments, as well as
regional and international bodies, to assess their progress
towards international goals.

In his 2015 Millennium Development Goals (MDG) Report, Ban
Ki Moon (Box 3.1) (United Nations 2015a) called for urgent
and rapid improvements in data for the post-2015 agenda,
especially its availability, reliability and timeliness. He urged
governments to make substantial investments in their national
statistics offices and systems, as well as to scale up the
capacity and capability for producing high-quality data.

The Drivers, Pressures, State, Impact, Response (DPSIR)
conceptual framework (see Section 1.6) is a useful framework
for environmental monitoring and assessment. Many of the

Box 3.1: Statement from Ban Ki Moon, 2015

"Strong political commitment and significantly increased
resources will be needed to meet the data demand for the new
development agenda.”

Ban Ki Moon, 2015 (United Nations 2015)

drivers and pressures of environmental change are located

in the social realm, and so are many of the impacts. Many
environmental challenges are the result of inequalities in access
to resources and institutions of power, as well as along the axes
of gender, age, race, ethnicity, income and other social status.

As highlighted in the GEO-5 report (UNEP 2012), there is a need
not only for regular monitoring data, but also for harmonization
of data-collection approaches and methodologies.

Governments rely on national statistical systems to provide the
necessary data for national policy; however, historically, many
national statistical systems have not considered environmental
statistics to be within their purview.

3.3 History of environmental statistics

Historically, official statistics have risen in response to a clear
demand from governments for information. The first Roman
census was justified by the need for accountability in terms

of taxation and military service (Hin 2007). National accounts
were born out of the stock market crash of 1929 and the need
for wartime statistics, which would allow countries to avoid
economic catastrophe and provide information on how to pay
for World War II (Stone 1947; Vanoli 2005). In 1947, the United
Nations established the United Nations Statistical Commission
(UNSC) to develop and promote statistical guidelines which
could be used by countries for national monitoring. The scope
of the Commission's work covers statistical methodologies

for keeping stock of the economy, and for policy on global
macroeconomic stability, including economic growth, price
movements and population dynamics, migration, mortality,
births and longevity - but not the environment.

The Brundtland Commission of 1983 led to the Framework

for the Development of Environment Statistics which was first
adopted by the UN Statistical Commission in 1984. Later, the
UNSC worked on environmental economic accounting which
arose from the 1992 Earth Summit. There have been three
revisions of the System of Environmental Economic Accounts
(SEEA) these include the SEEA 1993, the SEEA 2003 and the
SEEA 2012 - the latest was adopted as a statistical standard in
2012 (United Nations 1993; United Nations et a/. 2003; United
Nations 2012). Additionally, the Experimental Ecosystem
Accounts were adopted in 2013. The link between these two
statistical frameworks forms the basis for monitoring progress
towards sustainable development and focuses on the effects
of life on the environment and that of the environment on life.

There was a 91 per cent participation by countries and
territories in the 2010 census round, and a 95 per cent
submission rate of national accounts to the United Nations
Statistics Division (United Nations 2015b; United Nations
2017a). However, for the first six decades of the UNSC,
progress in official statistics was mostly related to demography
and economic statistics. The adoption of the MDGs, which
included goals focused mostly on social development, and the
desire to track progress as measured by the MDG indicators
was transformational in terms of increasing investment

in statistics. The MDG implementation efforts resulted in
increased statistical capacity of countries to produce and use
statistics on poverty, education, health, gender, environment
and governance (World Bank 2002; Organisation for
Economic Co-operation and Development [OECD] 2015;
United Nations 2016a).

The Current State of our Data and Knowledge



Environmental ~statistics and statistics disaggregated by
location, gender, age, poverty and other factors were not

a focus of MDG monitoring and therefore received less
investment. These areas are a focus of the SDGs; however,
many challenges remain in terms of measuring different
aspects of the environment and also in creating disaggregated
statistics.

3.4 Better data for a healthy planet with
healthy people

Improved environmental data and statistics are required

for many levels of decision-making, for environmental
assessments at the local, national, regional and international
levels, and for analysis of the interaction between the
environment and the economy and society. A robust
environmental statistics system, which is geospatially
disaggregated, would ideally provide information that could be
used for different purposes and at different levels.

3.4.1 Measuring the environmental dimension of
sustainable development

The context within which this report is produced is one where

the MDGs have run their course. In September 2015, the

United Nations General Assembly endorsed 7ransforming Our
World: The 2030 Agenda for Sustainable Development, a global
development agenda which captures goals and targets needed

to achieve economic, social, and environmental development
(A/RES/70/1). The Sustainable Development Goals (SDGs)
represent a move away from treating social development in

Figure 3.1: SDGs data and knowledge framework
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isolation towards an approach aimed at sustainable prosperity,
dignity for people, and a healthy planet through national action
and partnerships.

In the quest for achieving these ambitious goals, the SDGs

are defined around 17 goals, 169 targets and 244 indicators
(inclusive of duplication) (United Nations 2017b). Transforming
Our World... clearly notes that data requirements for the global
indicators present a tremendous challenge to all countries. One
study estimated that an investment of US$ 1 bilion per annum
will be needed in order for lower-income countries to monitor
the SDGs (Sustainable Development Solutions Network 2017).
Thus, as highlighted in the 2016 SDG report, tracking progress
on the SDGs will require a shift in how data are collected,
processed, analysed and disseminated, including using data
from new and innovative data sources (United Nations 2016b).

Although the SDG framework creates monitoring challenges,
it also creates opportunities. It represents the first time that
there has been an attempt to holistically include environment-
related indicators in a global monitoring framework. Although
the SDG framework has set out indicators for measuring
across all 17 SDG goals, many of the indicators lack a
statistical methodology. This is recognized in the framework by
assigning each indicator to one of three tiers (see Figure 3.2).
The inclusion of a broad range of environment-related SDG
indicators can be used to leverage increased investment in
environmental statistics and to promote their use.

Figure 3.2: SDG indicator status
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Figure 3.3: Environment-related SDG indicators by goal and tier

Tier I Tier II Tier III

Source: United Nations (2018).

There are 93 SDG indicators directly related to the environment
(Figure 3.3). There are also a number of additional indicators
that are indirectly related to the environment (e.g. poverty,
zoonotic disease, nutrition and life expectancy, economic
growth, inclusive societies and policy processes which are
not included in Figure 3.3). The environment-related SDG
indicators are spread across all of the SDGs, with at least
one environmentally relevant SDG indicator for each, except
Goal 10 - which reflects the cross-cutting nature of the

SDGs and the interactions between people, the environment
and the economy. However, of the 93 environment-related
SDG indicators, only 34 currently have an existing agreed
methodology and data that are available from most countries

(Tier I). The other indicators have either been given a Tier II or IIT

status (27 and 34 indicators, respectively) by the Inter-Agency
and Expert Group on the SDG indicators (Figure 3.4).

Monitoring the environmental dimension of the SDGs will not
only require research and development in terms of statistical
methodologies but will also require investing in environmental
statistics and utilizing new data sources to achieve a data
revolution. Traditional data collection by national statistical
offices cannot be the only source of data, but countries will
need integrated data systems which bring together official
statistics, earth observation, citizen science, big data and
traditional knowledge. Integrated data systems can bring many
sources of information together to provide a more complete
picture. Environmental data integration includes:

O bringing together ethnographic information about
environmental changes as experienced on the ground;

O a participatory understanding of personal experience;
indigenous and traditional knowledge; geospatial
information about people and the environment;

O combined information on the environment and women, the
poor, and other vulnerable groups in order to reveal patterns
and challenges hidden in other systems of knowledge;

O knowledge from Big Data on sustainable consumption and
production patterns; and

Sustainable Development Goals

</ </

poverty dynamics within and between contries, some
dimensions of which can be revealed by satellite
observations of 'the earth at night' or deforestation

boundaries.
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A new approach to data and knowledge systems with
increased emphasis on an evidence-based approach to
decision-making is crucial to meet the various SDGs.

By placing these systems at the forefront for all end users,
cross collaboration can be innately encouraged to foster

new skills, technologies, and sources of data. In turn, our
knowledge of sustainable development will improve, alongside
our understanding of the SDGs. However, organizational and
methodological challenges will arise regarding data privacy,
ownership and use (Sustainable Development Solutions
Network 2017).

3.4.2 Thematic data gaps

In almost all thematic areas (including biodiversity, land, air,
water and oceans), available data are lacking (Figure 3.4),
particularly in developing countries. Environmental indicators
linked to industrial activities are easier to measure and monitor,
for example energy consumption or water use. Land cover and
ecosystem extent can be assessed on a broad scale using
satellite remote sensing, but not always with the necessary
resolution. The effects of environmental change, air and water
pollution, and other environmental conditions are particularly
difficult to measure (UNEP 2012); hence the need to explore

a paradigm shift on environmental monitoring approaches -
depicting the social orientation and complementing the
approach with physical attributions.

The following is a brief description of some of the major data
gaps from the thematic chapters in Part A of this report.

Drivers (Chapter 2)

National-level population data are relatively sound for most
countries due to government census requirements, but
weaknesses arise from aggregation across sectors of the
population. National census data are generally insufficient

to answer important intra-household questions, such as
contraception use and access, fertility, household decision
making and family structure (e.g. age of marriage). To be
properly understood, these and other variables should be
disaggregated by age, gender, race and other socioeconomic
factors. Urbanization data are plagued by similar issues of
national aggregation. There is a lack of information on small
and medium-sized cities, and inconsistency in the scale of
reporting. For both population and urbanization, there need
to be standard agreements on statistics at a global scale,

and greater consistency and coverage. Other significant data
gaps include rural to urban migration, the role of nuclear
households, the distribution of benefits provided by technology,
and patterns of production and consumption. Uncertainty also
exists in the myriad factors affecting economic development,
and dependencies between this and other drivers. For example,
financial estimates of the cost of unsustainable practices

and impacts of climate change require greater accuracy and
transparency, given that, while numbers exist, there is low
confidence in their accuracy.

In addition to gaps in raw data, gaps exist in the mechanistic
understanding of the driver processes. Future technologies and
events will alter the global landscape and qualitatively change
the roles of other drivers. For example, automation may change
the nature of transportation, which would have flow-on effects
to many other areas. The impact of climate change on human
health requires better analyses and understanding of current
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and future links between these factors. More data are needed
on the effect of climate change on human demographics,
including migration estimates at finer scales (McMichael,
Barnett and McMichael 2012). There is sectoral imbalance in
knowledge on the effects of climate change, with impacts on
the energy sector being well understood, while impacts on land
use, ecosystem processes and functions, and intersectoral
issues are not.

Air (Chapter 5)

An overarching issue with air quality data is that, unlike
meteorological variables, few air pollutant concentrations

are measured with sufficient spatial and temporal coverage.
Therefore, the effects of most chemicals are estimated

by using other (measured) chemicals as proxies, which is

likely to be inaccurate in many cases. For example, only

a few persistent, bioaccumulative and toxic substances

are measured, and their data are globally patchy. Where
monitoring does exist, it is biased towards developed countries,
compromising analyses of air pollution versus human health

in developing countries. There is a general need for capacity-
building to facilitate the measurement of air pollution in
developing countries, both for national benefit and to complete
global coverage. Bias in air quality sampling also exists within
countries, and there is a need for more sampling in areas of low
socioeconomic status (e.g. informal or slum dwellings).

Impacts of air quality on human health gained attention in the
Global Burden of Disease Study - a global study of factors
influencing human health (World Health Organization [WHO]
2018), which elevated air pollution to a top priority. Instead of
relying only on cities that have air quality monitoring, satellite
data and modelling were used to estimate air pollution at large
scales (Brauer et al. 2016). Additionally, there are currently
few consistent global emissions inventories. Inventories

are gathered or modelled in some regions, but data quality
and sources vary. There are, however, consistent inventories
available at a European level and at international level for

a selection of pollutants (e.g. under the United Nations
Economic Commission for Europe Convention on Long-range
Transboundary Air Pollution).

Efforts should focus on greater sampling coverage and/or
modelling, potentially with sensors or satellites. The Copernicus
programme aims to measure a number of air quality variables
on a regular basis and provide data for all countries. Another
European initiative for data reporting is the Air Quality Directive,
which provides for statistical data that are produced annually,
and an online map of air quality that is updated every 6 hours.

Biodiversity (Chapter 6)

Biological data and knowledge are sparse compared with the
complexity and diversity of biological systems. In general,
data paucity increases at finer spatial scales, and at higher
taxonomic resolutions. Estimates of the total number of
species vary between 2 million and 13 million (Costello,
Wilson and Houlding 2012; Scheffers et al. 2012), with the
majority (86 per cent of terrestrial species, and 91 per cent of
oceanic species) believed to be undescribed (Mora et a/. 2011).
Invertebrates and deep-sea ecosystems are particularly poorly
described. Biologists increasingly use genetic information

to identify species (a technique known as DNA barcoding)
(Hosein et al. 2017), but more traditional taxonomy is still
needed to describe morphological traits.



Gaps in data of ecological processes and ecosystem and
community structure are even greater than gaps in species
information. Examples include ecosystem function and
services, which are understood conceptually but are often
difficult to measure. A consequence of this is an inability to
effectively prevent species invasions, which is considered by
some to be the second greatest threat to global biodiversity
(Doherty et al. 2016).

There is substantial uncertainty in the extent of climate
change impacts on biodiversity, and bioinformatic challenges
in processing the volume of earth observation data relevant

to climate-driven biological change (e.g. in forest cover).
Current solutions to such big data problems include change-
detection software, which minimizes the need to store data for
every fly-over, and multidimensional data structures such as
'data cubes', which manipulate large amounts of raster data
efficiently.

Global initiatives to advance biological data include the
Convention on Biological Diversity's Global Taxonomy Initiative
(Siebenhuner 2006) and the Global Biodiversity Information
Facility (GBIF) (Yesson et al. 2007). GBIF species occurrence
records now cover all parts of the globe (1 billion records
referring to 1.7 million species); (GBIF 2018), and its taxonomy
follows the Catalogue of Life (http://www.catalogueoflife.org)
using established Biodiversity Information Standards (TDWG)
for data transfer (http://www.tdwg.org/).

Much indigenous ecological knowledge (e.g. medicinal

plants) is translated by word of mouth and risks being lost if
undocumented (McCarter et al. 2014). However, a framework
has recently been developed for connecting indigenous
knowledge with other knowledge systems (Tengo et al. 2013),
such as international assessments (Sutherland et al. 2014),
and some indigenous knowledge is now captured digitally
(Liebenberg et al. 1999; Stevens et al. 2014).

In addition to data gaps, there are deficiencies in data sharing

and access. Some biological problems are inherently
or global and require coordinated multinational management.

A field where this is a major problem is transnational
environmental crime (White ed. 2017), which includes
harvesting, transporting and tracing trade of endangered
species, illegal mining, fishing and deforestation. Improvements
in shared data infrastructure are essential for effective
regulation in this area.

Oceans (Chapter 7)

Ocean data have many gaps, which is unsurprising since
satellite observations cannot penetrate below surface waters.
Most oceanic data are collected by direct measurement or
modelling, so it is difficult to obtain good coverage for a vast
environment that extends over 70 per cent of the earth's
surface. Some issues exist through lack of global coordination,
as both coral reefs and marine litter lack global databases.
The National Oceanic and Atmospheric Administration (NOAA)
maintains the largest coral reef database, but it does not
draw upon all sources globally. Similarly, marine litter data
are collected by different countries with different protocols
and have not been globally consolidated. In addition to litter
abundance and distribution, significant knowledge gaps exist
regarding the ecological impacts of marine litter, including the

toxicity of ingestion, impacts of nanoparticles, microplastics,
and how plastics ingested by fish impact human consumption.

Global fish catch data are maintained by the Food and
Agriculture Organization of the United Nations (FAQ), to which
all countries report national catch and yield. Commercial
fishing catches are well monitored in developed countries,

but are almost certainly underestimated since illegal fishing
constitutes as much as 40 per cent of all catch in some areas
(Agnew et al. 2009). In countries with fewer resources to devote
to reporting, fishing estimates are often based on a small
number of samples and are therefore less reliable. Research
vessel costs are a major impediment to obtaining fisheries-
independent data, particularly in developing countries where
even catch monitoring in ports may not be economically viable.

Land (Chapter 8)

Land is one of the most data-rich domains due to the
effectiveness of earth observation in monitoring land surfaces,
but there are still notable data gaps and quality issues. Earth
observation generally measures the quantity rather than the
quality of change, and is unable to measure certain processes.
For example, there is agreement that land degradation has
increased, but it is not done often and is inconsistently
measured. The interrelationships between the Normalized
Difference Vegetation Index (NDVI) and land degradation are
often difficult to generalize and transfer, since land use and
biophysical conditions are changing regionally. While forest
cover data have improved since the mid-1990s and some broad-
scale data are maintained by FAO, other data exist in multiple
databases that are not always comparable. Soil erosion,
salinization, desertification and change in ecosystem services
are all difficult to measure from satellite images, and there are
questions as to the appropriate scale of observation. There is no
global database or standardized measurements of soil erosion,
preventing a globally coherent or comprehensive assessment.
Other difficult areas are land tenure and cadastral (map-based)
information, since there is no global standard for defining land
use, and systems are not comparable across countries.

Freshwater (Chapter 9)

Data on fresh water suffer from spatial and temporal
patchiness, and a divide between variables than can be
remotely sensed by earth observation versus those that cannot
(Lawford et al. 2013). Data-deficient areas at all scales include
water quality, water consumption, groundwater quantity, water
withdrawals and wastewater. The SDGs require monitoring of
ambient water quality, but not all countries have the capacity
or will to meet these reporting requirements. There are better
data for surface-water quality than for groundwater, but these
are still patchy. Earth observation systems measure optical
qualities of water (chlorophyll, salinity, turbidity), but cannot
measure nitrogen or phosphorous concentrations. In recent
years, progress has been made in using satellite data from the
GRACE mission to estimate changes in groundwater storage
(depletion), but assessing groundwater resources requires the
collection of direct data which are relatively expensive as they
require access to groundwater through wells or boreholes.
There are also gaps in glacier, snow and ice data, and
uncertainty around impacts of climate change (Salzmann et al.
2014), though the Copernicus programme may address this on
a global scale with a satellite dedicated to monitoring snow/
ice cover. Some other variables are difficult to measure by any
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means, such as groundwater and saltwater intrusion, which
are mostly understood by modelling rather than observation.

These models are in urgent need of reliable on-the-ground data

for calibration and verification. Geopolitical issues of water
use, such as transboundary water sharing, are another area
requiring more data, particularly at times of water scarcity.

Citizen science may offer some solutions to issues of
freshwater sampling coverage and basic monitoring of
groundwater levels. Examples include the use of mobile
applications to monitor water quality (Lemmens et al. 2017)
and the use of testing kits in EarthWatch Freshwater Watch
(http://www.freshwaterwatch.thewaterhub.org/) and other
volunteer groups (Overdevest et al. 2004). An early form of
citizen science has successfully been deployed for many
decades in Netherlands where volunteers from across the
country measure groundwater levels in piezometers bimonthly,
contributing to the building up of long-term time series of
groundwater data in the country. However, citizen science
initiatives usually involve simple water monitoring and do not
measure the suite of modern pollutants such as antibiotics,
persistent organic pollutants, current use pesticides,
microplastics, nanoparticles and endocrine disruptors.

3.5 Gender and social-environment
intersectionality

The paradigm shift that is bringing social analysis into the
heart of environmental assessment has developed since

the mid-1990s with the emergence of gender-disaggregated
environmental analysis and analysis focused on other
vulnerable groups. This section will focus on the gender-
environment nexus; however, many of the issues presented
could be applied to other vulnerable groups. Broader equity
issues, including, importantly, North-South inequalities in
environmental footprints and impacts - which are themselves
gendered - are addressed elsewhere in this report.

The role of gender in environmental analysis will accelerate as
the social equity and equality commitments of Agenda 2030
shape global policymaking (Box 3.2).

At the heart of gender analysis is the understanding that
virtually all environmental relationships, including drivers and
impacts, are 'gendered'. Socially constructed gender roles and
norms position men and women differently in relation to the

Box 3.2: Gender statistics

environment. Men and women are often exposed to different
environmental problems and risks; in turn, this may mean that
men and women have different perspectives on the extent and
seriousness of environmental problems, and on what solutions
might best be attempted or deployed. Further, because of the
social construction of gender roles, men and women are often
positioned differently in terms of being able to take action or
being taken seriously as agents of environmental interpretation
and change.

Gender analysis requires new approaches to the structure of
environmental inquiry. Analysing the environment through a
gender lens requires new and different questions, brings to
the foreground different dimensions of human-environment
relationships, and requires different methodological tools
and approaches. Gender analytical lenses encompass 'the
environment' in both its physical and social aspects, and in the
interactions of these. Gendered commitments to "lift the roof
off the household” in data collection reveal intra-household
dynamics of resource utilization and decision-making,

which are often critically important in understanding local
environmental behaviour and environmental outcomes
(Seager 2014).

Gender analysis also brings to the fore intersectionality - an
understanding that social relationships with the environment
are seldom shaped by a single social identity, but rather by a
combination of gender identities and norms, as well as other
social identities such as race, sexuality and class.

The UNEP Guidelines for Conducting Integrated Environmental
Assessment (UNEP 2017) reflect these new approaches by
bringing to the fore gender-informed questions that should be
integrated into environmental assessment from the earliest
planning stages (Box 3.3).

Data availability and statistical systems have not kept pace
with the interest in and demand for gender-disaggregated
analysis in environmental assessment. The GEO-5 assessment
notes the lack of - and need for - gender-disaggregated
environmental data (UNEP 2012). One of the most consistent
messages in the field of gender-disaggregated environment
analysis is that this information is crucial to a comprehensive
analysis (United Nations 2015a; UNEP 2016). Some progress
has been made since the GEO-5 assessment, and UNEP (2016)
synthesizes the data and analytical approaches that are now

“Gender statistics are defined as statistics that adequately reflect differences and inequalities in the situation of women and men in all

areas of life...First, gender statistics have to reflect gender issues, that is, questions, problems and concerns related to all aspects of
women's and men's lives, including their specific needs, opportunities and contributions to society. In every society, there are differences
between what is expected, allowed and valued in a woman and what is expected, allowed and valued in a man. These differences have a

specific impact on women's and men's lives throughout all life stages and determine, for example, differences in health, education, work,
family life or general well-being. Producing gender statistics entails disaggregating data by sex and other characteristics to reveal those
differences or inequalities and collecting data on specific issues that affect one sex more than the other or relate to gender relations

between women and men. Second, gender statistics should adequately reflect differences and inequalities in the situation of women and
men. In other words, concepts and definitions used in data collection must be developed in such a way as to ensure that the diversity

of various groups of women and men and their specific activities and challenges are captured. In addition, data collection methods that

induce gender bias in data collection, such as underreporting of women's economic activity, underreporting of violence against women

and undercounting of girls, their births and their deaths should be avoided..."

Source: UNSD (2015)
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available. Nonetheless, very little information is available about or across hard-to-access scholarly reports. There are almost
the different needs of men and women, their different use of no complementarities countries,
resources, and their different responsibilities in contributing to making it almost impossible to aggregate and compare issues
conservation and sustainable development. across regions. The lack of sufficient long-term data further
impedes gender-disaggregated assessment
because relationships

common standards or across

environmental

Even less information is available to support intersectional between gender and the environment

analysis of gender with age, race, caste or class dynamics.
Existing data on gender and the environment are fragmented
and scattered among small and often grey-literature sources

Box 3.3: Gender-informed questions

What are the geographic locations and subject areas,

sectors and activities in which gender difference

and social class impact one's relationship with the
environment?

Are there any other intersectional issues that might need
to be considered (e.g. how different cultural/ethnic/class
groups use, imagine and/or relate to place and are there
any conflicts between these groups)?

How do general differences between socioeconomic

classes, in relation to the environment (as mapped in

reports such as the Global Gender and Environment
Outlook, UNEP 2016) apply to the environmental issues
undergoing assessment?

What are the differences in behaviour of men, women,
boys and girls in relation to the environmental issues
undergoing assessment (as mapped in reports such as
the Global Gender and Environment Outlook?

Are gender-disaggregated data available to understand

that relationship or will it need to be collected?

Figure 3.5: Unpaid care work
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may only become evident over long time periods.

The absence of gender data undercuts the momentum towards
further gender-environmental analysis - 'what's not counted is
assumed to not count'. In the absence of data, environmental
assessments remain partial; establishing baselines, monitoring
progress and assessing outcomes are almost impossible.
Progress towards SDG commitments to gender equity and
equality in all domains, including the environment, will be
impossible to measure without substantial improvement in
gendered data.

Even simple gender-disaggregated data-based analysis, such
as that on average time spent in unpaid work by men and
women (Figure 3.5), can reveal important gender dynamics.
The burden of unpaid work restricts women, more than men,
from undertaking paid work and from participating fully in civil
and economic spheres. Figure 3.5 illustrates the uneven burden
of unpaid work between men and women. Many hours of
women's unpaid work, especially in poorer countries, are spent
in directly managing local environmental resources to meet

the needs of household water, fuel and food. At the same time,
'time poverty', which is produced by the burden of unpaid work,
means that women are less likely than men to be available

for environmentally relevant training, nor are they available to
participate in formal processes relating to environmental use,
management and decision-making.

Europe EAP SSA
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The expectation that environmental assessments will include
gender analysis and data is achieving mainstream acceptance.

In 2016, UNEP produced the Global Gender and Environmental
Outlook (GGEQ) entirely through a gender lens. The GGEO
report concluded that the effectiveness of environmental
decision-making would be enhanced by "Strengthening

the focus on developing, collecting and analysing gender-
disaggregated data, indicators and other information, including

at the intra-household level.” (UNEP 2016, p. 201).

The SDG target 17.18 specifically calls for improved collection
and availability of gender-disaggregated data: "By 2020,
enhance capacity-building support to developing countries,
including for least developed countries and small island
developing States, to increase significantly the availability

of high-quality, timely and reliable data disaggregated by
income, gender, age, race, ethnicity, migratory status, disability,
geographic location and other characteristics relevant in
national contexts” (A/RES/70/1).

The GGEO provides a summary of the most complete gender-
disaggregated data sets available as of 2016. These include
several gender-disaggregated agricultural indices (from FAQO)
on indicators such as agricultural employment and landholders;
cross-national comparative information on access to and
ownership of land (from FAO, the Organization for Economic
Co-operation and Development [OECD] and the World Bank);
and sex-disaggregated burden-of-disease data for a few
environmental factors (Pruss-Ustun et. al. 2017).

Additional large-scale efforts are under way to collect and
analyse environment-related gender-disaggregated data:

O in 2014, the United Nations Educational, Scientific and
Cultural Organization (UNESCO) launched a project to
identify gender and water priority indicators (UNESCO
2014);

O the FAO Gender and Land Rights Database "was launched
in 2010 to highlight the major political, legal and cultural
factors that influence the realisation of women's land
rights” (FAO 2018). By 2018, the FAO database had
data from more than 80 countries, and the FAO 'Legal
Assessment Tool' maps the intricacies of men's and
women's access to land.

The prospects for improving gender-disaggregated
environmental data are promising and the expectations for
data collection for the SDGs should accelerate efforts to
systematically collect both sex-disaggregated (indicators
specifically related to biologically rooted activities, roles and
impacts), as well as gender-disaggregated (related to social
roles and impacts) environmental data. There remains,
however, a considerable gap between demand and supply.

3.6 Equity and human-environment
interactions

Assessing human-environment interactions requires data,
knowledge and integrated approaches as outlined in Chapter
1 of this report. A balanced evaluation of existing data and
scientific results can lead to balanced policy choices. However,
is the knowledge base able to provide a balanced story about
human-environment interactions? This leads to three key
questions, as shown in Figure 3.6.

Setting the Stage

Figure 3.6: Equity questions in data and knowledge

Who pays for data and knowledge and for what sorts of data
and knowledge? All data and research are funded by specific
actors - the state, but also non-state actors such as civil
society, industry and philanthropists. There is clear evidence
that states invest large sums of money in natural science and
technology research, but there is significantly less invested in
environment- and resource-related social science and equity-
related research. For example, a study of funding in the United
States of America shows that between 1970 and 2015 social
sciences received very little funding in comparison with other
fields of study (National Science Foundation 2017).

Whose interests do the existing data and knowledge
serve? Research questions and data tend to serve dominant
interests, for example those identified by the funding
agencies. They may also serve disciplinary interests rather
than human-environment interactions more integratively
(McMichael, Butler and Folke 2003). Furthermore, although
there is need for data and knowledge on the causes and
impacts of internally displaced people, such data are not
yet available (Bennett et a/. 2017, p. 11). The need for
disaggregated data is vital to address issues of equity, but
such data and knowledge are limited.

Whose data and knowledge counts and why? In international
assessments there is increasing evidence that researchers
come from the richer 'developed' world, rather than the
non-English speaking and/or developing world. For example,
87 per cent of the world's researchers, 92 per cent of the
research budget and 94 per cent of scientific publications
come from the G20 countries (UNESCO 2015). In 2015,

the majority of authors in the Intergovernmental Panel on
Climate Change (IPCC) came from developed countries

with significantly fewer from developing countries (Schulte-
Uebbing et al. 2015).

There is little assessment in any of the environmental
literature of the politics of data and knowledge, and this is
challenging.



3.6.1 Environment and economy

A number of SDGs depend for their realization on
understanding and properly taking into account the costs

and benefits of environment-economy relationships. Most
importantly, the SDGs and natural capital accounting
indicators provide insight into the value of 'nature's
contributions to people', human societies more broadly, and

of the cost of residuals such as pollution and waste. The
economics of nature or natural capital accounting involve

the assessment, measurement, aggregation and valuation

of these contributions, to help policymakers ensure that this
value is reflected in the economic activities of production,
consumption, trade and investment through such instruments
as pricing, costing and regulation. Evaluating the economic
dimension of the environmental impacts of economic activities
helps policymakers realize synergies between economic and
environmental issues, gain efficiency in the allocation of limited
resources and avoid trade-offs (or minimize them where they
are inevitable). Any such evaluation should take into account
that economic activities are increasingly characterized by
global chains (e.g. investment, trade), and the role of such
'teleconnections’ is crucial in determining overall impacts.
Therefore, what we do to sustain environmental resources in
one place may be at the expense of resources or environmental
quality elsewhere. The System of Environmental Economic
Accounts provides a framework for analysing the interactions
between the environment and the economy. It includes
information on four policy quadrants, namely: access to
services and resources; managing environmental resources
supply and demand; the state of the environment; and risks and
extreme events (United Nations 2014).

When considering the benefits of nature, a fundamental issue is
whether these values are comparable with and substitutable by
other economic benefits. Most conventional economic analysis
assumes substitutability of factors of production, called

'weak sustainability', when applied to natural capital (Solow
1974; Hartwick 1977). But there are many instances when

the contributions of nature to human life (e.g. the regulation
of the climate) cannot be provided by other human activities.
These situations of 'strong sustainability’, often related to

the planetary boundaries, need to be revealed through robust
analysis. Such analysis will need to rely on methodological
diversity, using insights from ecology, economics, social and
cultural studies, and recognizing their dynamic evolution.

In natural capital accounting and in the System of
Environmental Economic Accounting, methodologies may be
used to give monetary value to environmental benefits and
costs, so that they may be compared with other economic
activities and costs. Alternatively, in some cases, only the
stocks and flows of environmental resources and residuals
are measured using an accounting framework as opposed
to including a valuation. An accounting framework provides
information on the use of environmental resources, such as
water and energy, and the residual to the environment, such as
emissions and wastes, by industrial classification.

For economic valuation, the valuation should always be applied
in a way that it can capture trade-offs and the demand for
resources for competing uses. It should also be recognized
that there are numerous environmental situations in which,

due either to lack of data or absence of credible science or
methodological agreement, economic analysis has limited

scope.

Economic analysis of the environment can be oriented
towards the wider goals of the United Nations system, and
the SDGs related to peace, human rights, equity and security,
as well as sustainability. It needs to recognize the complexity
of environmental-economic interactions and highlight
uncertainties, through clear and simple communication.

Sustainability, and the policies necessary to achieve it, should
focus on trends in per capita wealth, as well as flows of income
and non-monetary benefits. It is the natural capital stock that
generates nature's contribution to people, and correct wealth
accounting in relation to the environment and resources,
avoids the mixing up of income and wealth.

Macro-models are required to assess national and global
outcomes of policies for the use of resources and the
environment. Recent results from use of these models
suggest that the conventional perception of the economy and
environment having a trade-off relationship may be incorrect.
Increasingly, 'green economy' analyses seem to suggest

that natural resources are an essential input to sustainable
economic growth. From this perspective, an appropriate
‘economics of nature' could be a great enabler of both
conservation and development. Such messages need to be
transmitted with clarity and confidence.

3.6.2 Environment and health

The environments in which we live are a key determinant

of human health and well-being. The physical environment
provides us with the air we breathe, the food and water required
for sustenance, solar radiation that provides heat and light,
and more. These are direct effects, but indirect effects are
also important in supporting healthy ecosystems, which in

turn provide food security and other ecosystem services. The
social environment also has a strong influence on health and
well-being, as clearly shown through socioeconomic gradients
in health, whereby social disadvantage is associated with poor
health and well-being across a wide range of diseases and
health-risk behaviours (Friel and Marmot 2011). Degradation
of our environment (e.g. air pollution, contamination of food
and/or water, insufficient or excessive sun exposure, excessive
noise, conflict and war) adversely affects food and water
security, health and well-being.

Exploring the links between the environment, in its broadest
sense, and human health and well-being requires measurement
of the 'exposure' (the environmental factor of interest) and the
'outcome' (some measure of health and/or well-being). The
next step is to assess whether there is a causal relationship
between the exposure (e.g. air pollutants, conflict, green space,
noise) and the outcome, which typically requires good study
design, appropriate statistical methods, and causal analysis.
The size of the effect, coupled with an understanding of the
prevalence of the exposure in the population, can be used

to provide an attributable effect (i.e. what proportion of the
health outcome is caused by exposure to the environmental
risk factor) (Pruss-Ustun et a/. 2017). In addition to analysing
exposure to certain contaminants, analysis of environmental
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conditions and health and well-being can also reveal underlying
relationships between health and the environment. For
example, data on underweight children, malnutrition and

other food security indicators can be analysed through an
environmental lens to better understand the relationship
between climate change and food security, health and
well-being.

Environmental exposure can be directly measured at the
individual level (usually only for relatively small numbers of
people) or inferred at the individual level or at an ecological
level using data from routine monitoring (e.g. of air and water
quality, levels of solar radiation, or modelled, for example
using combinations of atmospheric variables to estimate
climate change-related exposures). These methods can also
be combined, for example, where data from multiple weather
stations are used to calculate individual exposures at different
locations within an area (Miranda et a/. 2016). Exposure
measurement is more precise for some environmental factors
(e.g. blood lead levels) than for others (e.g. lifetime exposure to
noise pollution) (Klompmaker et a/. 2018), and for short-term
rather than long-term (e.g. lifetime) exposures. Here, large
sample sizes ('big data'), plus innovative study designs and
data analysis, are required, but there must also be recognition
of the potential biases within these 'noisy' data sets
(Ehrenstein et al. 2017).

Data to assess the burden of the health outcome with

environmental factors are available at the individual level

through epidemiological studies, and from administrative

databases (e.g. hospital separations data, where modern

data linkage methods can allow examination of individual-

level data). However, considerable challenges remain to using
administrative data due to ethical issues around protection

of individual privacy. Administrative data can also be used in
ecological studies (e.g. of the effect of air pollution on hospital
admissions). For some health outcomes in some countries,
surveillance through disease registries provides comprehensive

and accurate incidence and mortality data. These can be linked

to other data sets to derive associations at an individual level

(Korda et al. 2017), or used in ecological studies to assess
relationships between disease and environmental parameters

(Adams et al. 2016). The Global Burden of Disease (GBD)

Study is a valuable data set for disease-specific incidence
and mortality (GBD 2016 Causes of Death Collaborators
2017, GBD 2016 Disease and Injury Incidence and Prevalence
Collaborators 2017). The GBD is now updated annually and
seeks to collect the best possible health (typically disease)
data from all countries to provide comprehensive estimates
at the global, country and, for some countries, regional levels.

In addition, the GBD Study estimates health loss through

morbidity, as well as disability adjusted life years (DALYs) and

health adjusted life expectancy (HALEs) (GBD 2016 DALYs and

HALE Collaborators 2017). However, additional disaggregated
information on who is impacted and on location, which would

be necessary for a comprehensive assessment, is typically

not available. Recent developments in 'omics' technologies -
genomics, metabolomics, exposomics, epigenomics and

others - deliver a huge amount of data that may allow

assessment of the effects of environmental exposures on

human health and well-being. However, challenges remain in
separating out effects of specific exposure (e.g. the various
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components of 'air pollution') and accurately quantifying effects
attributable to exposures:

a) that are difficult to measure precisely,

b) have non-linear dose-response or threshold effects,
c) when exposure levels change over life, or

d) have both risks and benefits to human health.

3.7 Existing data systems

Official statistics, national geospatial data, and Earth
observation monitoring data often are not part of a single
data system at the national level, and there is a need for
better integration of data from these sources in assessments.
Although gaps remain in official statistics, national geospatial
data and Earth observation data, these data sources are
currently being used for environmental assessment and

are better developed globally than the emerging tools for
environmental assessment presented in Chapter 1.

3.7.1 Official statistics

The disciplines of official statistics and Earth observation

have developed independently and manifestations of their
interconnectedness have been sporadic. The relationship

has benefited from guidance emanating from the national
statistical systems through the following developments:
adoption of the System of Environmental Economic Accounting
(SEEA) under the Central Framework in 2012, adoption of

the SEEA Experimental Ecosystem Accounts in 2013 and

the revised Framework for the Development of Environment
Statistics in 2013. These three statistical frameworks provide
an increased methodological basis for statistics; however,
there is still a need to scale up statistical production and to
involve more actors in the production of environment statistics,
including local-level actors. Additionally, there remains a need
for methodological guidance on the interactions between
society and the environment, including the gender dimension.

Technological change - including better satellite data,
monitoring stations and personal electronic devices - is
changing the data landscape, including through citizen science.
The data revolution and its technological derivatives, namely
big data and citizen science, unleashed new possibilities for
measurement, potentially disrupting existing organizational and
institutional relationships in the management of measurement
and production of scientific knowledge. The response to these
new manifestations of technology-inspired measurement have
been led by, among others, the United Nations Committee of
Experts on Global Geospatial Information Management (UN-
GGIM). However, it is likely to be long before the urgent need of
integration is achieved. There remains a need to better utilize
technologies, including mobile applications, smart devices

and other tools, to make data accessible to populations

and to provide an interface for making citizen science data
discoverable.

The imperative for statistics and data

The injunction of 'leaving no one behind' imposes a high
premium on the production and delivery of disaggregated
data by all attributes possible, including (importantly) by local
area. In so doing, the SDGs bring to bear the importance of



geospatial data and statistics. A geospatial statistical approach
to measurement provides a transformative infrastructure that
improves the information necessary to 'leave no one behind'
through analysis of interactions and causality at the local level
and for particular populations.

The SDG indicator framework

While the SDG agenda is bold and ambitious, it is not possible
to cover everything at the same time. Therefore, the ability to
prioritize and sequence is strategic for success in the delivery
of measurement to the global agenda. So, which data, which
statistics and which indicators?

An attempt to answer the questions cannot be made without
historical experiences of global development measurement
exercises, of which the MDGs represented the most
enlightening. In his 2015 MDG report, the United Nations
Secretary-General notes with regret that, first, statistical
information is collected with a major temporal lag. Yet, today's
world is a fast moving one requiring real-time data; second,
that the information is highly aggregated and lacks locational
specificity for use in directing interventions; and third, there is
minimal resource allocation to countries and institutions that
require data the most for development (for their people and
environment).

That the nature of the problem has been defined does not imply
that the questions the problem raises should not be answered.
The benefit of defining the problem is in identifying with a
greater level of clarity what needs to be done in prioritizing and
sequencing.

With regard to indicators, official statisticians, under the
guidance of the UNSC, have worked hard to identify an
indicator framework and the feasibility of indicators that

would feed into the framework. However, the design of

the framework has, in practice, been directed towards the
number of indicators, rather than to an architecture that would
determine the indicators. The existence of the framework and
the ability to identify indicators feeding into the framework is a
commendable start.

In relation to the Global Environment Outlook, it is more
important to note that the task becomes even more serious
and politically challenging given that tens of the goals in the
SDGs relate directly to or are closely linked to the environment.
Perhaps this will lead to a different GEO outcome.

As defined in Section 3.1, less than a quarter of the
environment-related SDG indicators are Tier 1. This gives some
idea of the difficulty of measurement, including resourcing of
the statistics systems, in some countries.

The former United Nations Secretary General has recognized
the need for clear coordination mechanisms for data and
statistics. In this regard, the Secretary-General called on
countries to recognize the significance of coordination

among national agencies (Box 3.4), including national
statistical institutions, in providing, encouraging and enforcing
compliance with statistical standards through principles,
legislation and practice notes.

Box 3.4: Statement the United Nations

Secretary-General

"National statistical offices should have a clear mandate to lead
the coordination among national agencies involved and to become
the data hub for monitoring.”

Ban Ki Moon, United Nations Secretary-General 2007-2016,
(United Nations 2015a)

Measuring the environment in the context of the SDGs
Accurately assessing the interaction between people and

the environment will require new data sources and new tools

for environmental assessment. For example, geospatial
information can be incorporated with population maps to
determine the regional environmental issues that affect people
(e.g. where poor people live and where water quality issues are).

The key driver to the exponential growth of access to and use
of technology has been the ability of technology to create and
push towards common standards. Through this innovation,

a movement has emerged towards standardized forms of

data to be collected at a much lower cost. This has made
collection of larger amounts of data a lot more attractive. More
importantly, technology has unleashed possibilities for the use
of geospatial statistics and a greater ability to observe changes
in the environment.

Environmental data, statistics and knowledge are the
foundations of successful environmental assessments.
Remote technologies, Earth observation systems and
national statistical offices remain the leading generators
of environmental data. New and emerging knowledge
frameworks and data capacities in database management,
citizen science, disaggregated social and gender analysis,
big data, data visualization tools, spatial modelling, social
media and the Internet offer opportunities to collect and
disseminate information. Collectively, data aggregated from
these approaches improve capacity to support strategic
decision-making processes that are based on wide-ranging
and multidisciplinary knowledge. Effective monitoring of
environmental trends is critical to clean up environmental
damage.

The disaggregated and location-based information needed
to 'leave no one behind' is believed to be achievable, and
this meets the requirements for effective monitoring of
environmental trends.

If we are, however, true to the notion of 'leaving no one behind'
as prescribed in the SDGs, then multiple methods need to be
handled by information management systems. These include
the well-established traditions of statistical standards and

the future of statistics is enhanced with the availability and
analysis potential of land information systems. Furthermore,
new technologies and their capabilities in the data and
geographic space create new ways for citizens to participate in
science and also to increase the possibilities of environmental
data integration.
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The challenge, however, for these new knowledge platforms
to be useful, is if they are supported by an institution. First,
can they be seen as systems of today and tomorrow that
attract reasonable resources, and that enhance the well-being
of people and the planet? The 2015 MDG report of the United
Nations Secretary-General argues the need for coordination
and involvement of national agencies in monitoring (see

Box 3.5). Second, can these data and information systems
work together across space and time? That is, can they be
trusted to help social, economic and political discussions, and
also withstand times of transition? Third, are they auditable?
Will they stand up to scrutiny? Fourth, knowledge, statistics
and data are inherently political and can create challenges to
governments in the knowledge discourse.

Underlying challenges

Major data gaps, across the globe and across environmental
domains, limit our ability to identify trends and manage
unwanted outcomes. In many countries, official statistics on
the environment are rarely generated, are difficult to access,
are scattered across different institutions, and reporting is
fragmented (UNEP 2016). Across many environmental topics,
data availability is geographically unbalanced, being scarcer
for rural areas and developing countries. Monitoring systems
from global to regional scales are fragmented, lack coverage
and are often not updated on a regular basis (UNEP 2012, p.
129). There is a pressing need to create regular monitoring
that follows commonly agreed international standards that are
best enacted through international cooperation. There is also
a need for increased sharing of data in a standardized format,
for example, data that is compliant with Statistical Data and
Metadata e-change standards.

The United Nations SDG report of 2016 explains that

data requirements for the global indicators are almost as
unprecedented as the SDGs themselves, and constitute

a challenge for many countries. Tracking progress on the
SDGs would require the collection, processing, analysis and
dissemination of an unprecedented amount of data and
statistics at the subnational, national, regional and global
levels, including those derived from official statistical
systems, as well as from new and innovative data sources
(United Nations 2016b).

While knowledge systems often cross national boundaries,

the creation, custodianship, distribution and use of knowledge
have historically and politically been associated with
governments. Knowledge does not exist in a geopolitical, social
or economic vacuum. Will these new systems be able to inform
political decision making and acceptance of environmental
development and management?

3.7.2 Geospatial information

Environmental monitoring and forecasting systems have
been growing rapidly. However, combining information from
multiple systems to generate statistics and indicators remains
a major challenge. Earth observation is defined by the global
Group on Earth Observations as both surface observations
(in situ) and those collected by aircraft and remote sensing,
including from satellites and other space missions. Similarly,
a data set collected for one purpose can often be used for
multiple purposes. For example, agricultural land cover could
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be useful for understanding natural disaster risk, examining the
migration of people, the nature of informal settlements, urban
infrastructure and their relationship with biodiversity

and ecosystems.

Earth observations and environmental monitoring are being
transformed through integration of administrative data from
national statistical agencies, including economic data, and
open data policies for Earth observations that benefit both
emerging economies and developed countries. Open Earth
observations, citizen science, social media, and digital platform
or big data access can stimulate a transformation to a new
model for creating data which results in more inclusive, social,
robust knowledge for decision-making, where there is broader
understanding and access to policy-relevant knowledge.

For example, the first Atlas of the Human Planet (Pesaresi et al.

2017), derived from the Global Human Settlement Layer (GHSL),
provides a validated source of information on human habitations,
from villages to megacities. The baseline data, spatial metrics
and indicators related to population and settlements, developed
in the frame of the Group on Earth Observations Human

Planet initiative, provide users with a baseline data platform for
monitoring and analysis. The GHSL resource is an example of
the potential of public data to support global, national and local
analyses of human settlements and, in particular, support policy
and decision-making. This application of Earth observations is
essential for evidence-based modelling of human and physical
exposure to environmental contamination and degradation,

as monitored through multilateral environmental agreements;
disasters as encompassed by the Sendai Framework for
Disaster Risk Reduction; the impact of human activities on
ecosystems, as measured by the Convention on Biological
Diversity; and human access to resources, assessed by the
SDGs (European Commission 2018).

In September 2015, the United Nations General Assembly
endorsed Transforming Our World: The 2030 Agenda for
Sustainable Development, a global development agenda to use
to monitor progress on economic, social and environmental
aspects of sustainability, as stipulated in Article 76 (Box 3.5)
(A/RES/70/1).

Within the United Nations system, agencies including the
UNSC InterAgency Expert Working Group (IAEG-SDG) and the
United Nations custodial agencies taking a lead in developing
monitoring methodologies are examining, and in some cases
preparing to incorporate, Earth observation and geospatial
data for support of the SDGs, its targets and indicators. A 2016
analysis by the Group on Earth Observations estimated that

at least 98 targets and indicators could benefit from and use

Box 3.5: Article 76 of the 2030 Agenda

"We will promote transparent and accountable scaling-up of
appropriate public-private cooperation to exploit the contribution
to be made by a wide range of data, including Earth observation
and geo-spatial information, while ensuring national ownership in
supporting and tracking progress.”

- United Nations, General Assembly (2015)



Earth observations data (United Nations 2016c). The Earth
observations global community is fully engaged and ready to
provide expertise to all United Nations members, particularly
developing countries, with regional and specific national
capacity-building.

3.8 Conclusion

Gender and social-environment intersectionality
The differences in exposure to environmental problems and
risks result in different perspectives for men and women,
thereby reflecting unequal reaction to and interpretation of
opportunities for development and sustainability. Since the
environment is shaped by a blend of social identities and
norms, improved collection and strengthened analysis of
high-quality and timely disaggregated data by gender, age,
race and other characteristics in the national contexts are
required to establish a holistic baseline, and for monitoring
and assessment. Such data should also be spatially
disaggregated and geographically sensitive to capture

local variations.

Equity and the human-environment interactions
Collection, disaggregation and analysis of data for the most
vulnerable communities remain a challenge. More work in

this area would better capture issues of inequality (United
Nations 2012, p. 12). Industry generally funds research that
helps improve industrial processes and increase shareholder
value, while philanthropists may cover a range of issues
including equity issues. It is important to promote data and
knowledge on how "to overcome barriers to political and social
participation and to accessing services and proactive policies
and sustained social communication to influence social norms
that perpetuate discrimination and exclusion” (United Nations
2012, p. 9). Furthermore, in terms of regional concentration,
research is concentrated geographically in the United States of
America, China, Japan and Germany, which collectively account
for 63 per cent of the global research and development
expenditures, mostly funded by the business sector (National
Science Board 2016, pp. 41-46). Businesses as funders of
research have overtaken government-led funding, which has
moved the balance towards more applied research than basic
research (United States National Science Board 2016). This
issue raises the question of who is reaping the benefits of
research and if a greater good is achieved by it.

Environment and economy

Economic evaluation of environmental impacts involves

the overall assessment of nature's contributions to the lives

of people; the accounting of global economic activities,
investment and trade to people and the environment; and the
comprehensive institutional issues affecting equity and market
operations. Specific findings on sustainability can only be
revealed through a robust analysis, covering ecological, social
and cultural factors, and their interaction over time. Valuation

attributes a monetary values to environmental benefits and
costs, as well as trade-offs and competition. Economic analysis
of the environment should be oriented towards the wider scope
of the SDGs, including peace, equity and security. The monetary
and non-monetary values in relation to the environment and
resources, as well as models reflecting the economics of

nature, can only be generated through timely and reliable data
and information from statistical surveys and other new data
sources such as big data.

Environment and health

Combined physical and social environments have strong
influences, both direct and indirect, on human health and
well-being. With this, the measurement of linkages between
the 'exposure' and 'outcome’, the assessment of causal
relationships, and the exposure to populations need strong
statistical bases and large sample sizes (i.e. big data).
Challenges facing epidemiological studies include data
protection, reliability and disparity when using administrative
databases. Recent developments include the use of big data to
allow assessment of long-term environmental exposures. It is
necessary to explore the use of other sources of information to
validate the long-term effects of human activities and natural
disturbance such as climate change on health, with the use

of new forms of data and knowledge (i.e. citizen science and
traditional knowledge).

3.8.1 Better data for a better planet and better lives

The United Nations 2030 Agenda serves as the global
framework for assessing economic, social and environmental
development, focusing on building a healthier planet and
fostering better lives through national engagement and
partnerships. Monitoring the progress on the SDGs requires
shifts in data collection, analysis and dissemination, including
using environmental statistics, geospatial data, Earth
observation and new data sources (i.e. citizen science,

big data, traditional knowledge).

A new and innovative approach to data and knowledge
systems with an aligned focus on evidence-based information
gathering is essential for achieving the ambitious SDG
framework. However, monitoring the entire SDG framework
over the 2016-2030 period is estimated to cost as much as

a quarter of a trillion dollars (Jerven 2014). So, in addition to
improving data systems, there is also a need for priority setting
to target data collection and improve efficiencies.

Environmental change is difficult to measure, and the effects
of environmental change are even more complicated to
measure, especially in relation to identifying causes. A shift
from focusing solely on the physical dimensions to including
social orientation, economic value and impacts on health and
well-being is crucial but is a challenge for even well-developed
statistical systems.
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EH) Executive summary

Environmental pollution is still a major source of damage

to the health of the planet (wel/ established), human health
(well established), equity (well established) and economic
sustainability (established but incomplete). The risks, however,
are systemic and wide-ranging, including climate change,
ecosystem and biodiversity loss, wildlife damage, systemic
change and other major issues. Sustainable development is
possible if 'Healthy Planet, Healthy People' becomes central
to our understanding of genuine progress. Solutions need to
be both evidence-based and systemic, tackling sources of
pollution, aiming for co-benefits and checking for unintended
consequences. {4.2.1}

The number of people affected by both slow and sudden-
onset environmental disasters is increasing due to
compounding effects of multiple and interacting drivers

(well established). These drivers include climate change and
environmental degradation, poverty and social inequality,
demographic change and settlement patterns, increasing
population density in urban areas, unplanned urbanization,
unsustainable use of natural resources, weak institutional
arrangements, and policies which do not consider disaster risk.
Disasters undermine human security and well-being, resulting
in loss and damage to ecosystems, property, infrastructure,
livelihoods, economies and places of cultural significance while
forcing millions of people each year to flee their homes. {4.2.2}

Gender equality and women's empowerment are multipliers
of sustainability (well established). Ensuring gender-equal
representation in environmental assessments, resource
management and environmental decision-making ensures
that diverse experiences and knowledge systems about the
environment are integrated and ecosystem conservation and
sustainable use of natural resources are enhanced. In this
way, increasing gender equality and women's empowerment
contribute to achieving the environmental dimension of the
Sustainable Development Goals (SDGs). {4.2.3}

Significant progress has been made around the world with
implementing education for sustainable development

(ESD) in all educational sectors (well established). However,
upscaling of ESD is still needed in order to include it as a core
element in the structures of educational systems globally.

In this way, education will contribute to achieving the SDGs.
Policies are needed that eliminate economic and gender
barriers to accessing education. {4.2.4}

Urban footprints have transboundary ramifications (we//
established). The magnitude, scale and scope of contemporary
urbanization is now so large as to be affecting global resource
flows and planetary cycles. At the same time, the current
urbanization process and its prospects represent not only

a challenge, they also represent an opportunity to improve
human well-being with potentially decreasing environmental
impacts per capita and per unit of production. {4.2.5}

Climate change is one of the most pressing issues affecting
natural (well established) and human systems (established
but incomplete) (SDG 13). The evidence of current global
climate change is unequivocal. Worldwide, the average surface
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temperature has gone up by about 1.0°C since the 1850-1879
period; if the current rate of greenhouse gas emission persists
by the 2040s warming will exceed 1.5°C. Eight of the ten
warmest years on record have occurred within the past ten
years. The impacts of climate change are much wider than
temperature increase, affecting water availability, ecosystems,
energy demand and production, transportation and other
sectors. Shifts in weather patterns, extreme events

(e.g. heat waves and droughts) and environmental disruptions
(e.g. crop failures) result in greater risks to human health and
well-being, and livelihoods, especially among the poorest and
most vulnerable groups. {4.3.1}

Current observations and climate model experiments

indicate that polar surface temperatures increases exceed

twice the mean global temperature rise (well established). This
amplified warming has cascading effects on other components
of the polar-climate system, with sea ice in the Arctic retreating;
permafrost thawing; snow cover extent decreasing; ice sheets
decaying; and ice sheets, ice shelves and mountain glaciers
continuing to lose mass, contributing substantially to sea level
rise. {4.3.2}

Modern society is living in the most chemical-intensive era

in human history, the pace of production of new chemicals
largely surpasses the capacity to fully assess their potential
adverse impacts on human health and ecosystems (we//
established). The risks to human health and ecosystem
integrity produced by the combined effects of certain currently
used chemicals, including in products, given their occurrence

in the environment as a complex mixture, even in remote areas,
are poorly understood and need further evaluation. Regulations,
assessment and monitoring as well as industry and consumer
responsibility, in informing and substituting the use of
chemicals of global concern with safer alternatives are needed.
Sustainable and green chemistry is aiming to achieve the
sustainable design, production, use and disposal of chemicals
throughout their life cycle, while taking into account the three
dimensions of sustainable development. {4.3.3}

The disposal and discharge of waste to receiving
environments is negatively impacting ecosystem and

human health (well established). Issues of global concern
include: increasing distribution and impact of marine litter,

in particular plastic, in the world's oceans; the loss and
wastage of approximately one-third of the food produced for
human consumption; and increased trafficking of waste from
developed to developing countries. While developed countries
transition to reduced waste generation and greater resource
efficiency, developing countries grapple with basic waste
management challenges, including uncontrolled dumping,
open burning, and inadequate access to waste services. {4.3.4}

The use of resources and the environmental impacts of
resource extraction and use are growing despite a large
potential for resource efficiency through circular economy

and sustainable consumption and production approaches

(well established). Global resource use has accelerated since
the year 2000 and reached 90 billion tons in 2017; high-income
countries consume ten times the amount of resources that



low-income countries consume; resource efficiency has been
stagnant and the environmental impacts of resource use have
been growing at a rate commensurate with overall resource

use; there are many economically attractive opportunities for
resource efficiency in the short term; in the medium and long
term resource efficiency creates better economic outcomes

compared with business as usual; there are considerable co-

benefits of resource efficiency for climate mitigation.{4.4.1}

Coupled with efficiency improvements, transition to low-
carbon energy sources has been accelerating globally over
the last decade but it is still not sufficient to achieve the 2°C
target of the Paris Agreement (well established), warranting
bolder action in terms of technology innovation. Meanwhile
the access of billions of poorer people to electricity and other
modern energy services remains a challenge. {4.4.2}

The food system is increasing local to global pressures

on ecosystems and the climate (we// established). Farming
is the most expansive human activity in the world and the
principal user of fresh water. Food production is the main
driver of biodiversity loss, a major polluter of air, fresh
water and seawater, a leading source of soil degradation,
and a significant source of greenhouse gas emissions.
Changing consumption patterns are both increasing these
pressures and presenting new food security challenges
resulting in malnourishment, including overnourishment,
as well as undernourishment. Climate change, natural
resource constraints, and demographic trends suggest
that the challenge of producing and distributing nourishing
and sustainable food for all continues to escalate and will
necessitate significant changes in food production and
consumption. {4.4.3}
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4.1 Introduction

As understanding of the interdependence between a healthy
planet and healthy people becomes more developed, complex
issues that thread through systems and societies gain new
importance. Beyond the traditional Global Environment
Outlook (GEO) themes addressing air, biodiversity, oceans,
land and fresh water, this GEO-6 assessment addresses
cross-cutting issues worthy of further examination. Using

a systems approach, these cross-cutting issues offer

entry points allowing another dimension for analysing
GEO-6 themes as well as understanding the network of
interconnections throughout earth and human systems.
These cross-cutting issues are grouped according to shared
characteristics: health, environmental disasters, gender,
education and urbanization are grouped as 'people and
livelihoods'; climate change, polar and mountain regions,
chemicals and waste and wastewater are grouped as
‘changing environments'; and resource use, energy and food
systems are considered as 'resources and materials'. While
each issue provides useful entry points into GEO-6 themes,
it is important to discuss the state of the environment and
policy context for each one.

As the deficiencies in our traditional issues-based approach
to environmental assessment limit our ability to consider
truly transformative pathways, cross-cutting and more
integrated approaches are essential and must ultimately
displace those based on single-issue analyses. Therefore,
this chapter initiates a new approach in the GEO assessment
process through an analysis of selected cross-cutting issues
that illustrate the pressing need for more integrated and
transformative policy responses. Given the global scale of
the GEO-6 assessment, the chapter can address only a few
cross-cutting issues, threads and influences among the
myriad possible combinations. The cross-cutting issues
selected for this assessment are chosen because of their
close alignment with the SDGs and the fact that the scope
and influence of these different issues vary dramatically over
time, scale and region.

Given the obvious intersections among these cross-cutting
issues, a number of emerging issues arose in regard to taking
a 'Healthy Planet, Healthy People' perspective. This chapter
addresses the health of the environment, the consequences
for human health from pollution of all kinds, climate change
impacts, environmental disasters and unsustainable
consumption of natural resources, as well as the longer-

term health effects of rapid and intense changes to lives,
livelihoods and the environment, which require a wider focus.

The policy implications of addressing these cross-cutting
issues converge on four particular human and economic
systems that could accomplish the required transformation
into a healthy planet supporting healthy people. Contributions
from all 12-issue teams, including insights from at least

50 issue specialists from around the world, developed into
system studies on climate change adaptation, sustainable
food, clean energy systems and a more circular economy.
The products of these collaborative efforts are presented in
Chapter 17 (Part B) of this report.
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4.2 People and livelihoods
4.2.1 Health

The public health community has two long-established ways
of reflecting the complex web of relationships between healthy
planet and healthy people that is central to GEO-6. One way

is to define human health inclusively as "a state of complete
physical, mental, and social well-being and not merely the
absence of disease or infirmity" (World Health Organization
[WHO] 1948), and then use 'well-being' (Glatzer et al. 2015;
Maggino 2015) together with 'health’ to incorporate the
psychological, emotional and social dimensions. The second
way focuses on the determinants of health: it recognizes that
human health is mediated by multiple factors in the natural,
social and built environments, including our senses of equity
and safety as well as equitable access to environmental
resources and human contact with nature (WHO 2008).

So, while human health is the direct focus of Sustainable
Development Goal (SDG) 3, this complexity links health and
well-being directly and indirectly to all the SDGs (e.g. Section
20.3.1) and to issues throughout GEO-6, including the thematic
chapters and other cross-cutting topics.

Buse et al. (2018) identify six frameworks developed from late
20th century onward to show and deal with this complexity:
political ecology of health, environmental justice, Ecohealth,
One Health, Ecological Public Health, and Planetary Health.
These frameworks represent a shift towards a more
sophisticated understanding of the implicit, complex and
systemic links between human health and well-being and the
natural environment. They build on an older tradition (from
the mid-19th century), of 'occupational and environmental
health'. This is narrower (e.g. Ayres et al. eds. 2010) than the
more recent frameworks in two ways. First, health is often
interpreted as risk of death and disease or illness, referred to
as mortality and morbidity, rather than as the more holistic
health and well-being. Second, it focuses on the physical,
chemical and biological spheres, rather than on the social as
well as determinants of health.

Within this traditional but narrow framework of pollution and
disease, this report shows numerous examples of how health
is damaged by environmental changes including air, water

and land pollution; heat waves, flooding and other weather
extremes; toxic chemicals; pathogens; ultraviolet and other
radiation; desertification; reduced biodiversity; melting of polar
ice; and destruction of coral reefs. Overall, "natural systems are
being degraded to an extent unprecedented in human history”
(Whitmee et al. 2015, p. 1,974) and the damage to human
health is already severe. For example, the Lancet Commission
on pollution and health (Landrigan et a/. 2017) estimated

that diseases caused by environmental pollution resulted

in 9 million premature deaths in 2015. The biggest effects

are from exposure to outdoor and indoor air pollution, which
together caused 6.4 million deaths in 2015

(Cohen et al. 2017). More generally, the incidence of non-
communicable diseases is on the rise globally and will

continue to be affected by the state of the environment in
relation to pollution, diet and physical (in)activity. However,
human health depends on much more than a healthy planet.



Similarly, Pruss-Ustun et al (2016) estimated that in 2012
modifiable environmental health risks caused 12.6 million
deaths globally, representing 23 per cent (13-34 per cent,

95 per cent confidence interval [CI]) of all deaths. These are
big impacts, but nevertheless they show that even if it were
desirable and feasible to attain a healthy, sustainable planet
without ~ addressing  socioeconomic  issues and  associated
determinants of health, it would still leave humanity far short
of the goal of 'healthy people' (see also Section 20.3.1).

Environmental pressures and their impacts on health and
well-being are not equitably distributed. They fall especially

on groups that are already vulnerable or disadvantaged, such
as young people and elders, women, poor people, those with
chronic health conditions, indigenous peoples and people
targeted by racism (Solomon et a/. 2016; Landrigan et al. 2017,
pp. 27-31). For example, unsafe food and water can cause
diarrhoeal diseases (Mills and Cumming 2016), with children
under five in sub-Saharan Africa and South Asia being the most
affected (Walker et al. 2013; Pruss-Ustun et a/. 2014) (SDG 3
notes that four out of every five deaths of children under age
five occur in these regions).

New challenges (which may be countered by relevant, sound,
scientific research) include the growth of resistance of
pathogens to antibiotics (antimicrobial resistance) that have
been, and are, used heavily in agriculture and aquaculture
(Finley et al. 2013; Wallinga, Rayner and Lang 2015); the
multitude of industrial chemicals (though not all are widely
used) that challenges our ability to meaningfully test their
potential impacts on environmental and human health,
including for future generations (The American Society

of Human Genetics et al. 2011; Sharma et al. 2014;
Landrigan et al. 2017); the cumulative effect (both social
and environmental) of multiple exposures, including those

of chemical mixtures (Solomon et a/. 2016); emergence and
re-emergence of infections originating in birds and animals
(Ostfeld 2009; Lindahl and Grace 2015; Hassell et a/. 2017);
increased physical inactivity associated with new technology
for work and leisure; and others including some whose effects
on human health are currently unclear (e.g. the presence of
microplastics in fish and marine biological resources).

Solutions to the degradation of natural systems, including the
management of environmental pollution at its sources, should

take account of the complex interactions between planet and

health (Whitmee et a/. 2015) and consider environment-health

as a complex system, seeking co-benefits (Haines 2017), and

where practicable avoiding trade-offs or win-lose situations or

unintended adverse consequences (von Schneidemesser

et al. 2015). There are now many examples of health co-benefits,
especially of greenhouse gas reductions (Chang et a/. 2017;

Quam et al. 2017; Deng et al. 2018). For example, the unfolding
transition to cleaner energy improves air quality and slows

climate change effects, each of which greatly benefits health

and well-being (Smith et a/. 2014a; Haines 2017; see also Section

4.2.1). Active travel, such as walking and bicycling, can have
multiple benefits for health and well-being (Saunders et al. 2013;
Smith et al. 2014a); however, benefits will vary with (for example)
climate and pollution levels. Reducing red meat intake per capita
where there is high consumption, especially of processed meat,
will improve human health (McMichael et a/. 2007;

Wolk 2017), while reducing pressure on biodiversity and

greenhouse gas emissions, including methane. The benefits to
human health and well-being of access to safe and biodiverse
natural environments, green and blue spaces, are being
recognized (Coutts and Hahn 2015; Wolf and Robbins 2015;
Wall, Derham and O'Mahony eds. 2016; Grellier et a/. 2017).

Rigorous incorporation and integration of human health
considerations within health-determining sectoral plans

(e.g. agriculture, water, disaster management, urban design)
can support responses that address human health impacts,
with a focus on prevention activities. Initiatives to reduce
environmental risks, focusing on benefits across sectors, are
consistent with the World Health Organizations (WHO) call for
Health in All Policies (WHO 2014) and the development of tools
for integrated environmental and health assessment (Fehr et al.
2016). The health sector must rapidly strengthen the way that
it articulates messages on human health and emphasize that
the majority of environmental pressures will ultimately have
human health impacts.

More fundamental changes may be needed, for example "the
redefinition of prosperity to focus on the enhancement of
quality of life and delivery of improved health for all, together
with respect for the integrity of natural systems" (Whitmee
et al. 2015). This view resonates with intentions to keep the
GEO-6 goal of Healthy Planet, Healthy People central to our
understanding of genuine progress.

4.2.2 Environmental disasters

Hazards become disasters when they disrupt human
communities. Therefore, the consequences of these

disasters are as much a part of where and how people live

as the presence of the hazard itself (Sun 2016, p. 30). This
includes anthropogenic effects on the climate, but also
disasters directly caused by human activities such as oil

spills, accidents at nuclear power stations or other hazardous
installations, and even earthquakes triggered by fracking

and the building of large dams (Legere 2016). Sudden-onset
disasters, such as earthquakes, tsunamis, landslides, flash
floods and severe storms, are distinguished from slow-onset
events, experienced as drought, desertification, sea level rise
and coastal erosion. Slow-onset events comprise as much

as 90 per cent of disasters worldwide and threaten growth,
development and livelihoods (Lucard, Jaquemet and Carpentier
2011). Development and disaster risk are closely linked;
decisions regarding the management of natural resources and
development pathways determine patterns of vulnerability
and exposure to a range of environmental hazards. Disasters,
in turn, can set back development gains by years or even
decades, at immense social and economic cost. Over the long
or short term, these decisions and their management can act
as drivers of migration and displacement (United Kingdom
Government Office for Science 2011). They can also affect
peace and security (Schilling et al. 2017).

Environmental disasters are affecting an increasing number

of people globally and taking an ever-larger toll on societies

and economies, particularly in the poorest communities and

countries. Between 2005 and 2015, they affected more than

3 billion people (Centre for Research on the Epidemiology of
Disasters 2017). This is partly due to an increase in frequency
and magnitude of climate and hydrometeorological hazards
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: The economic and human impact of disasters in the last ten years

Damage (US $ billion)

2005 214
2006 .
2007 74
2008 190

2009 46
2010 132
2011 364
2012 156
2013 119
2014 110

US $1.4 trillion
Total damage

Source: United Nations Office for Disaster Risk Reduction (UNISDR) 2014

such as tropical cyclones, fires and floods. However, social
and economic processes that increase exposure to hazards

by placing more people, infrastructure and economic activities
in harm's way significantly escalate disaster risk. For example,
migration away from rural drought to overcrowded, poorly
planned, coastal megacities in flood-prone zones can

increase mortality, displacement, health and disaster risks

in urban areas.

In some cases, disasters result from the combined effect of
several interacting hazard events. The 2011 Tohoku disaster in
Japan exemplified such a case when a sequence of cascading
events occurred, including an earthquake, a tsunami and

a nuclear power plant accident, all contributing to 15,893
casualties. The disaster forced more than 350,000 people

into protracted displacement (i.e. displacement of more than
one year) and cost an estimated US$ 210 billion in direct
damage. Disasters also disproportionately affect some of the
most vulnerable populations; 54 per cent of fatalities from

the Tohoku disaster were women and girls, and 56 per cent
were above age 65 (Leoni 2012). To date, it remains the most
expensive environmental disaster in history (Ranghiere and
Ishiwatari eds. 2014, pp. 2, 269, 284).

The consequences of disasters are far-reaching and long
lasting. In 2016 alone, 24.2 million people in 118 countries
became newly internally displaced by sudden-onset disasters
(Internal Displacement Monitoring Centre [IDMC] 2017, p. 10).
They outnumbered those who were newly displaced by conflict
and violence three to one (IDMC 2017). Precipitation shocks,
droughts, floods and storms in Philippines, for example,
correspond with significant intensifications of conflict
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People killed
Roughly 70% of deaths Deaths caused
are caused by earthquakes by other disasters

A More than 150 million people were
affected by floods

Around 65% of damages were caused
by earthquakes and tsunamis with Asia
losing more than US $250 billion

Others

Confirmation of
0.7 million a trend stretching
Total people killed back 20 years when
they averaged 86%

(Eastin 2016, p. 12). The Protection Agenda of the Nansen
Initiative, endorsed by 109 governments in 2015, is a key
instrument to foster the protection of the rights of those
displaced across borders by disasters. The Platform on
Disaster Displacement, established in 2016, is tasked with
supervising implementation of the Agenda and following

up on the work carried out by the Nansen Initiative between
2012 and 2015 (Disaster Displacement 2017). In many cases,
drivers of displacement are difficult to disentangle from

other destabilizing factors. The African Union's Kampala
Convention, a legally binding protection instrument shielding
those displaced by conflict, violence and human rights abuses
alongside disasters, is an important step in recognizing these
interactions (African Union 2009).

Learning from past disasters and shifting from a culture of
disaster response to one of prevention, preparedness and
resilience is imperative. While initiatives such as disaster
response and recovery strategies have been formulated

in many countries following disaster events, the number

of countries that have incorporated prevention, mitigation
and preparedness as part of a comprehensive disaster risk
reduction strategy remains quite low (Ranghiere and Ishiwatari
eds. 2014, p. xv). The Sendai Framework for Disaster Risk
Reduction 2015-2030 (UNISDR 2015) represents a new
opportunity to further improve disaster risk reduction efforts.
Improvements can be achieved by mobilizing and prioritizing
investments, enhancing policy and institutional coherence,
promoting innovation and technological development,
increasing collaboration and cooperation, and mainstreaming
disaster risk reduction in development and climate change
adaptation efforts.



4.2.3 Gender

A gender approach redefines the environmental situation
through the lens of social relationships and their reflection in
human-environment interactions, instead of defining the state
of the environment primarily in its physical or ecological forms.
Gender analysis reveals that while systemic environmental
problems typically manifest in physical landscapes and
ecosystems, the state of the environment can only be
explained by examining social, cultural and economic systems
and arrangements. Those structures are 'gendered': they are
shaped by socially constructed roles and relationships between
women and men. For example, in The State of Food and
Agriculture 2010-11 paragraph 4.3.3 on 'Food systems' the role
of women in agriculture is underlined (Food and Agriculture
Organization of the United Nations [FAO] 2011).

Figure 4.2 shows that women's and girls' responsibilities

in collecting water is much larger than that of men and
boys (United Nations Entity for Gender Equality and the
Empowerment of Women [UN-Women] UN Women 2015;
Sagrario and Willoughby 2016; United Nations Environment
Programme [UNEP] 2016a; WHO 2017).

Assessments of the economic value of environment-related
sectors are often seriously distorted because women's
contributions are overlooked (see also Section 4.1.3). For
example, the economic work of women in fisheries continues
to be undercounted, partly because fishing is often defined only
as catching fish at sea with specialized equipment. This type of
fishing is highly masculinized (Harper et al. 2013; UNEP 2016a;
Harper et al. 2017). Women's tasks in the fishing sector focus
on coastal fishing, fish processing and trade, and are often

Figure 4.2: Percentage distribution of the water

collection burden across 61 countries

73.5%

| Boys B Girls B Men Women

Source: UNICEF and WHO (2017, p. 30).

neglected (Lambeth et al 2014). Throughout this publication,
some other examples of the gender-environment relationship

are included.

The scholarly and practitioner field of gender and environment
has been developing since the 1980s and is now a large and
robust domain of analysis and assessment (Skinner 2011;
Aguilar, Granat and Owren 2015). Early directions in this field
focused on identifying the gender-differentiated impacts of
environmental change (Dankelman and Davidson 1988). Now,
an emerging focus is examining the ways in which the drivers
of environmental change are also gendered, rooted in socially
constructed norms of masculinity and femininity, including

in our economies, sciences and technologies (Harcourt and
Nelson eds. 2015; UNEP 2016a). Revealing the gendered
dimensions of environmental dynamics illuminates new
aspects of environmental states and trends, as well as pointing
out pathways for transformations and policy solutions that are
sustainable. The Global Gender and Environment Outlook, which
elaborates on the importance of gender in most environmental
areas, provides the first comprehensive global assessment of
the gender-environment nexus and offers a channel for gender
analysis in GEO-6 (UNEP 2016a). Applying a gender lens to
environmental assessment also creates awareness of the
relevance of additional social dimensions and intersections in
environmental use and management, such as differentiation by
class, race or ethnicity, caste and age (Harris 2011).

Recent studies recognize the diverse roles of men and women
in collecting forest products and their related diverse knowledge
systems (Sunderland et a/. 2014; Chiwona-Karltun et a/. 2017).
Evidence from studies on community forest management

point to the understanding that women's participation in
environmental assessment and resource management can
enhance ecosystem conservation and sustainable use of

natural resources (Agarwal 2010; Agarwal 2015).

Other evidence suggests that when women are accorded equal
voice in environmental decision-making, public resources

are more likely to be directed towards human development
priorities and investments (Chattopadhyay and Duflo 2004; UN-
Women 2014). Women's enhanced access to and control over
productive agricultural resources helps create food security

and sustainable livelihoods (FAO 2011; UN-Women 2014).

The use of gender budgeting is another important approach

to promote gender-responsive financing. The SDG framework
reveals that sustainable development will not evolve, nor will
environmental policies and initiatives be effective, if gender
equality and women's empowerment are not enhanced (United
Nations 2015a). Environmental sustainability and justice
contribute significantly to SDG 5: achieving gender equality and
empowering all women and girls, and to the gender targets of
SDGs 1, 4, 8 and 10 (Agarwal 2010; UNEP et al. 2013; Agarwal
2015; United Nations 2015b; Dankelman 2016; UNEP 2016a).
While gender equality can be tacitly read in all the other SDG
goals, there are almost no explicit gender targets and indicators
included in the environment-related SDGs.

Bringing gender perspectives to bear on environmental
frameworks is not a matter of simply adding 'women' into
environmental analyses. Approaching the environment
through a gender lens means new and different questions in
environmental assessment, emphasizing different dimensions
of human-environment relationships and requiring gender-
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responsive methodological tools and approaches, as well ESD discourse, there is agreement that the following key

as gender-disaggregated data (Patt, Daze and Suarez 2009; competencies are of particular importance for thinking and
Doss 2014; Seager 2014; Bradshaw and Fordham 2015; acting in favour of sustainable development (UNESCO 2017b;
Harcourt and Nelson eds. 2015; Jerneck 2018). Given the Rieckmann 2018):
difficult state of the environment, the persistence of drivers
of environmental change, and the severity of societal and Systems thinking competency
ecological consequences that societies face, a gender- Anticipatory competency
integrative approach is a precondition for more effective and Normative competency
transformative environmental policies and interventions. Strategic competency

Collaboration competency
4.2.4 Education Critical thinking competency

Self-awareness competency
Education for Sustainable Development (ESD), a key area Integrated problem-solving competency
of education, reaching gender equality, developing healthier
and more sustainable lifestyles, and creating more peaceful However, while competencies describe the capacity or
societies. However, this requires access to education for all disposition of acting, they do not necessarily imply that an
and a high quality of education (United Nations Development individual will act in a certain way in a specific situation.
Programme[UNDP] 2016; United Nations Educational, Scientific Sustainability-oriented performance depends on the interplay
and Cultural Organization [UNESCO] 2017a). Despite all efforts of knowledge and skills, values and motivational drivers, and
to provide all children worldwide with access to education, opportunities (Biberhofer et a/. 2018). The interrelation of these
this is still not a reality for all children. "Worldwide, 91 per dimensions influences personal behaviour (Figure 4.3).
cent of primary-school-age children were enrolled in school
in 2015” (UNICEF 2018). "In 2015, there were 264 million ESD is directly related to the other cross-cutting issues. It
primary and secondary age children and youth out of school: enables people, for example,
61 million children of primary school age (9% of the age
group), 62 million adolescents of lower secondary school age O "to act in favour of people threatened by climate change”,
(16%), and 141 million youth of upper secondary school age and "to promote climate protecting public policies”
(37%)” (UNESCO 2017a, p. 118). Also gender equality is still (UNESCO 2017b, p. 36);
a major challenge: "While there is gender parity in education O "to develop a vision of a reliable, sustainable energy
participation, global averages mask gaps between countries: production, supply and usage in their country”, and "to
only 66% have achieved gender parity in primary education, apply and evaluate measures in order to increase energy
45% in lower secondary and 25% in upper secondary” (UNESCO efficiency and sufficiency in their personal sphere and to
2017a, p. 182). Education for Sustainable Development, a key increase the share of renewable energy in their local energy
area of education, aims to enable individuals to contribute to mix” (UNESCO 2017b, p. 24);
fostering sustainable development. Instead of promoting certain O "to communicate the need for sustainable practices in
behaviours and ways of thinking (instrumental approach), an production and consumption”, and "to challenge cultural
emancipatory concept of ESD concentrates in particular on and societal orientations” (UNESCO 2017b, p. 34);
the critical reflection on expert opinions, testing possibilities O "to reflect on their own gender identity and gender roles",
of sustainable development and exploring the trade-offs of a and "to plan, implement, support and evaluate strategies
sustainable lifestyle (Wals 2015; UNESCO 2017b; Rieckmann
2018). It aims to empower individuals to act responsibly in order Figure 4.3: Key competencies and performance of
to contribute to the creation of sustainable societies, and to sustainability citizens

prepare them for disruptive thinking and the co-creation of new
knowledge (Lotz-Sisitka et a/. 2015; UNESCO 2017b), but also for
exploring and using traditional and indigenous knowledge. oon,,

With the overall aim to develop cross-cutting sustainability
competencies  within learners (Wiek, Withycombe and Redman
2011; Rieckmann 2018), ESD is an important contribution

to achieving the SDGs: it enables all people to contribute

to achieving the SDGs by providing them, not only with the
knowledge to understand what the SDGs are all about, but
also the competencies to make a difference towards a more
sustainable society (UNESCO 2017b).

The emancipatory ESD approach asks which key competencies

are needed for learners to be 'sustainability citizens' (Wals

and Lenglet 2016). Various key competencies essential to

sustainable development have been outlined (e.g. Wiek,

Withycombe and Redman 2011; Rieckmann 2012; Glasser and

Hirsh 2016; Wiek et al. 2016) - describing what individuals

need to be able to do to transform their own individual lifestyles

to more sustainable ones and to contribute to societal

transformation towards sustainability. In the international Source: Rieckmann (2018).
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for gender equality" (UNESCO 2017b, p. 20); and

[0 "to encourage others to decide and act in favour of
promoting health and well-being for all", and "to include
health promoting behaviours in their daily routines"
(UNESCO 2017b, p. 16).

ESD is at the heart of teaching and learning and should

not be seen as a complement to the existing curriculum.
"Mainstreaming ESD requires integrating sustainability

topics into the curricula, but also sustainability-related
intended learning outcomes" (UNESCO 2017b, p. 49). Since
sustainability competencies cannot be taught or conveyed,
but can only be developed by the learners themselves, an
action-oriented transformative pedagogy is required (Mindt
and Rieckmann 2017; UNESCO 2017b; Rieckmann 2018). In
addition to the formal education curricula, ESD should also be
promoted by non-formal and informal education. Community
engagement and local learning can also play an important role,
especially for involving traditional and indigenous knowledge
into the learning process.

During the United Nations Decade for Education for
Sustainable Development (2005-2014) (DESD) significant
progress was made around the world with implementing ESD
in all educational sectors (e.g. McKeown 2015; Watson 2015).
Monitoring and evaluation of the DESD has shown many

good examples of integrating ESD in curricula. Reviews of
official curriculum documents show that "many countries now
include sustainability and/or environmental themes as one of
the general goals of education" (UNESCO 2014, p. 30). Most
progress has been made in developing curricula towards ESD
in primary and secondary education. "Close to 40% of Member
States indicate that their greatest achievement over the DESD
has been the integration of ESD into formal curricula, with
another fifth describing specific school projects as being their
most important contributions to ESD" (UNESCO 2014, p. 82).
There has also been good progress with the implementation of
ESD in higher education (Karatzoglou 2013; Lozano et al. 2015).
This is particularly the case in Europe, where there has been a
stronger interest in the integration of sustainable development
in higher education institutions than in other parts of the world
(Lozano et al. 2015; Barth and Rieckmann 2016).

However, upscaling of ESD is still needed in order to include
it as a core element in the structures of educational systems
(Singer-Brodowski et al. 2018). The Global Action Programme
on Education for Sustainable Development, which was
launched in 2014 at the UNESCO World Conference on ESD
in Aichi-Nagoya, Japan, has five priority areas:

advancing policy;

transforming learning and training environments;
building capacities of educators and trainers;
empowering and mobilizing youth; and

no W o

accelerating sustainable solutions at local level.

It strives to scale up ESD, building on the DESD (Hopkins

2015; Mickelsson, Kronlid and Lotz-Sisitka 2018). Of particular
importance in this context is the increased integration of ESD
into (pre-service and in-service) teacher education. "Efforts

to prepare teachers to implement ESD have not advanced
sufficiently. More work still needs to be done to reorient teacher
education to approach ESD in its content and its teaching

and learning methods" (UNESCO 2017b, p. 51). For achieving

this reorientation of teacher education towards sustainable
development, it is necessary to form strategic institutional
alliances among national, regional and local governments, non-
governmental organizations, universities and other educational
institutions involved in teacher education. Further challenges
for scaling up ESD are:

integrating ESD in policies, strategies and programmes;
integrating ESD in curricula and textbooks;

delivering ESD in the classroom and other learning settings;
and changing the ways ESD learning outcomes and the
quality of ESD programmes are assessed

(UNESCO 2017b).

In order for all learners to benefit from ESD and to develop
sustainability competencies, policies are needed that eliminate
economic and gender barriers to access to education.

4.2.5 Urbanization

As explained in Section 2.3, urbanization is a major driver
shaping the economy, the environment, the planet and

human well-being worldwide. About 54 per cent of the world's
population lives in urban areas that collectively generate more
than 80 per cent of the world's gross domestic product (GDP)
(United Nations Human Settlements Programme [UN-Habitat]
2011; UN-Habitat 2016a). By the year 2050, about 6.7 billion
people - some 66 per cent of the world total population of

9.7 billion - are expected to be living in cities, adding 3.1 billion

to cities' populations over the short span of about 40 years

(United Nations 2018). While all world regions (except polar

regions) will continue to urbanize, 90 per cent of future urban

population growth is expected to occur in Africa and Asia

(UN-Habitat 2014).
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Cities are centres of innovation and historically they experience
economies of scale with GDP increasing linearly with city
population numbers (Bettencourt 2013). This capacity for
innovation and wealth-generation, enabled by proximity and
activity-intensity, is one of the features that attracts migrants to
cities (International Organization for Migration [IOM] 2015),
and will lead to an expansion of urban population by 2050
(Figure 4.4). However, the wealth of cities is not distributed
equally across the globe, with only 600 cities contributing more
than 62 per cent of the global GDP (UN-Habitat 2011).

There is also significant inequality within cities, with a
staggering 2 to 3 billion people -35 to 50 per cent of the
urban population in 2050 - expected to be living in informal
settlements (UN-Habitat 2014; UN-Habitat-2016a: UN-Habitat
2016b). Urbanization is associated with lower fertility rates,
longer life expectancy, and better access to basic physical
infrastructure and social amenities such as education and
health care. However, inequality, crime and social exclusion are
becoming characteristics of many urban areas, where living
conditions are deteriorating in relation to the rural origins of
many migrants (United Nations 2014).

Cities face huge challenges regarding social inclusion and
improved provisioning of basic physical services. Energy, water,
buildings, transportation and communication, food, public
spaces and waste management emerge as key factors that
shape the effect of cities on people, the environment and the
planet.

The magnitude, scale and scope of contemporary urbanization
is now so large as to be affecting global resource flows and
planetary cycles. Urbanization is affecting the entire planet,
not solely the areas defined as urban. Through networks

of trade, migration and infrastructure, cities are influencing
the natural environment well beyond their administrative

Figure 4.4: World urbanization trends

9.7 billion
2-3 billion
0.9 billion
2010 2050 2010 2050 2010 2050
World Urban Informal urban
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Source: Own elaboration based on (UN-Habitat 2014; UN-Habitat 2016a;
UN-Habitat 2016b; United Nations 2018)
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boundaries (Wiggington et al. 2016). For example, although
directly occupying only 3 per cent of the world's land area,
energy supply to cities contributes more than 70 per cent of
the world's energy-related carbon emissions (Seto et a/. 2014).
Direct water supply to cities puts pressure on 42 per cent of
the world's watersheds (McDonald et a/. 2014). In addition,
water embodied in food supplied to cities exceeds direct water
requirements in urban areas by more than a factor of ten
(Ramaswami et al. 2017).

Urban footprints that represent both the bounded and
transboundary ramifications that cities have on natural
resources and the environment are essential to characterize the
consequences of different urban activities, such as household
consumption, production and community-wide infrastructure
provisioning, and to chart pathways towards a sustainable
future. In some regions, urban areas are de-densifying: urban
population growth at declining densities leads to urban land
expansion, which, in ecologically sensitive regions, can cause
habitat fragmentation and contribute to large-scale biodiversity
loss (Seto, Guneralp and Hutyra 2012).

Cities also face management and technological transformative

opportunities. Around 60 per cent of the urban area required to
accommodate the urban population of 2050 is yet to be built
(Secretariat of the Convention on Biological Diversity [SCBD]

2012). Once built, it will last for at least the next 40 years. The

bases of urban structures (e.g. street networks, blocks) "can

affect and lock in energy demand for long time periods”

(Seto et al. 2016).

At the same time, existing cities in advanced economies

are repairing or replacing ageing infrastructures. Several
infrastructural innovations are on the horizon in cities of
both developed and developing countries that can enhance
equity, resource efficiency and environmental sustainability.
These innovations include new strategies for shared mobility,
in situ slum rehabilitation, a One-Water approach to urban
water management, urban-industrial symbiosis based on
sustainable production and consumption through a circular
economy, electric and autonomous vehicles for mass transit
and private trips, and distributed renewable energy to achieve
a decarbonized and resilient grid. Cities around the world are
experimenting with infrastructure involving technology,
human behaviour, financing and novel governance
arrangements. This provides a historic opportunity and the
imperative to build inclusive and sustainable infrastructure
(UNEP 2013a). Successful urbanization relies on human as
well as infrastructural assets.

Urban areas will continue to act as generators of economic
growth and, through fertility and migration, they will continue
growing in population and size. This can result in increased
impacts of cities, but also in potential decreases in impacts
per unit of production and per capita. As stated in the Section
2.3 of this report, there are clear challenges and opportunities
that urgently need to be understood and addressed. These
are related as much to governance as to technology, as is
highlighted in Part B of this report (UNEP 2017).



4.3 Changing environments
4.3.1 Climate change

As explained in Section 2.7, climate change is driven by
modifications in atmospheric composition due to land-use
change, primarily deforestation, and to greenhouse gas (GHG)
emissions, such as CO, emitted through fossil fuel burning and
methane released from agriculture and other sources, as well
as the emissions of aerosol particles (Vaughan et a/. 2013).
The evidence of current global climate change is unequivocal
(Vaughan et al. 2013).

Eight of the ten warmest years on record have occurred

within the past decade (United States National Oceanic and
Atmospheric Administration [NOAA] 2018). Within this period,
2016 was the warmest year in the history of instrumental
observation (NOAA 2017), and 2017 was the warmest year
without an El Nifio influence (NOAA 2018). As a result, global
warming has reached approximately 1.0+0.2°C above the pre-
industrial level (Figure 4.5, Haustein et al. 2017; Yin et al. 2017).

The current GHG emission rate, if it persists, will result in
continuation of the current rate of global temperature increase
of ~0.2°C per decade (e.g. Haustein et al. 2017), crossing the
1.5°C Paris Agreement target by the 2040s (Leach et a/. 2018).
While not unattainable, the goal of limiting warming to 1.5°C
requires transformational changes leading to radical reduction
of GHG emissions and expedited transition to carbon neutrality
(Schellnhuber, Rahmstorf and Winkelmann 2016), that requires
balancing of remaining anthropogenic CO, emissions with
anthropogenic CO, removals.

Climate change modifies the water cycle by altering precipitation
patterns and seasons. In general, dry areas are becoming
drier, and wet areas are becoming wetter (Trenberth 2011;

Figure 4.5: Global annual average temperature anomalies

Intergovernmental Panel on Climate Change [IPCC] 2014; Feng
and Zhang 2015), but numerous exceptions exist. Additionally,
the increased water-holding capacity of warmer air leads to
more extreme rainstorms that arrive less frequently (Trenberth

2011). Higher temperatures increase evapotranspiration

rates and shift precipitation from snow to rain. A warmer

atmosphere also governs the growth, melt and discharge of

glaciers (Bliss, Hock and Radic 2014). These hydrological

modifications determine river flows and the risks of early

spring flooding and summer drought (Seneviratne et al. 2012;

Cook et al. 2014; Kundzewicz et al. 2014). Changes in flow

patterns alter water availability and, at the same time, higher
temperatures increase demands from and competition among
agricultural, industrial and domestic users (Hanjra and Qureshi

2010; Jimenez-Cisneros et al. 2014).

Oceans play an important role in climate regulation, having
stored 93 per cent of the additional heat absorbed by the earth
system since 1955. During that period, land has taken up 3
per cent of the heat absorbed, ice another 3 per cent, and the
atmosphere only 1 per cent (IPCC 2013; Levitus et al. 2012).
Heat-induced expansion of ocean water contributes to the
observed sea level rise that has been accelerating over the
past two decades; this trend will continue into the future even
if the warming is limited to 1.5°C (Schewe, Levermann and
Meinshausen 2011). Higher sea levels increase risks from
storm surges for vulnerable small islands, coastal communities
and exposed infrastructure. Oceans also absorb CO, from the
atmosphere. Estimates suggest that, of all the CO, released to
the atmosphere from human activities since the beginning of
the industrial era, approximately 40 per cent has been absorbed
by oceans (IPCC 2013; Khatiwala et a/. 2013), resulting in a
reduction of seawater pH (acidification), referred to as 'the
other CO, problem' (Caldeira and Wickett 2003; Doney et al.
2009). This ocean acidification combines with warmer water
temperatures and de-oxygenation processes to alter ocean

(relative to the long-term average for 1981-2010).

Labelling designates different data sets; for explanation refer to the source
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ecosystems (Achterberg 2014), most visibly as coral bleaching
(see Chapter 7) when symbiotic algae are expelled from the
reefs, reducing or ending their productivity (Fabry et al. 2008).

Estimates suggest that approximately 20 per cent of fossil-fuel
CO, emissions are absorbed by land ecosystems (Arneth et al.
2017). Increased concentrations of CO, in the atmosphere may
eventually benefit some C, crops!, a category that includes
wheat and beans, through carbon fertilization (McGrath and
Lobell 2013). Warmer temperatures could bring yield gains in
high-latitude regions, if soil and precipitation characteristics

are suitable (IPCC 2014). Seventy per cent of global agriculture
is rain-fed, and shifting rainfall patterns may benefit certain
regions, but higher temperatures generally cause water stress
that limits yields (Lobell, Schlenker and Costa-Roberts 2011;
Challinor et al. 2014). Despite potential local yield increase, at
a global level, yields are expected to suffer due to elevated risks
from droughts and heat stress (Schlenker and Roberts 2009;
Lobell and Gourdji 2012; Jimenez-Cisneros et al. 2014; Porter
et al. 2014). Additionally, climate change, together with direct
effects of rising atmospheric CO, concentration, has also been
demonstrated to benefit invasive plant species (Ziska and

Dukes eds. 2014).

Climate change also affects forest productivity, including
increased stress from droughts, wildfires, insects, pathogens
and windstorms (Williams et a/. 2013; IPCC 2014). However, the
influence of carbon fertilization on forest productivity is not well
understood given the complexity of contributing factors (Norby
et al. 2016). In combination with other human pressures, such
as habitat destruction, climate change affects biodiversity at
genetic, species and ecosystem levels. Seasonal changes can
disrupt the timing of gestation, birth, hibernation, resource
availability and optimal productivity. Species that are able are
shifting their ranges, patterns and interactions on land, in fresh
water and in oceans (IPCC 2014). There are possible shifts

in infectious disease distributions in flora, fauna and humans
(Lafferty 2009).

The shifts in weather patterns and extreme events, such as

heat waves and droughts, and environmental disruptions,

including crop failures, result in greater risks to human health

and survival, especially among the poor and most vulnerable

groups (Smith et al. 2014b). Climate change is also affecting

the toxicity, environmental fate and behaviour of chemical

toxicants by modifying physical, chemical and biological drivers

of partitioning between the atmosphere, water, soil/sediment

and biota, wet/dry deposition, and reaction rates with a

potential of adverse impacts on biodiversity and human health

(Noyes et al. 2009). Recent studies have examined the link

between climate change and poverty in developing countries.

In general, rural households in developing countries depend
on crops, forest extraction and other income sources for their
livelihoods, which tend to be extremely sensitive to climate
change (Wunder, Noack and Angelsen 2018). The poor are
more exposed to extreme climate conditions and experience
greater rainfall fluctuations, while the poorest in dry regions
experience the greatest forest loss (Angelsen and Dokken

2018). Poor people are often disproportionately exposed to
droughts and floods, particularly in urban areas, and in many
countries in Africa (Winsemius et al 2018). Poorer households

1 The plants that utilize C3 photosynthesis (85% of all plants) have disadvantage in hot, dry
conditions. C3 crops include wheat, rice, soybeans, and many others.
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tend to be located in hotter locations within hot countries, and
poorer individuals are more likely to work in occupations with
greater exposure to increased temperatures across and within
countries (Park et al. 2018). It is expected that by the end of the
century global labour productivity may be reduced by 40 per
cent (Dunne, Stouffer and John 2013).

The climate continues to change and the impacts on the
natural and human system are increasingly recognized. Social
responses such as population migration and displacement
exacerbate health risks and threats to geopolitical stability
(Adger et al. 2014); these risks increase with continuing
warming beyond 1.5°C as detailed in chapters 3 and 5 of the
IPCC 1.5°C report (IPCC 2018). Limiting the observed warming
trend to 1.5°C requires transformational changes in policies,
technologies and societal goals.

4.3.2 Polar regions and mountains

Covering approximately 20 per cent of the Earth's surface and

containing the ice sheets of Greenland and Antarctica, the polar

regions play a significant role in the global climate system.

Land and sea ice not only regulate the energy balance of the
climate system due to their high albedo, or reflectivity, but also
store a record of climate information. In addition to their role as
engines of global climate processes, the Arctic and Antarctic
act as bellwethers of climate change because warming is
amplified at their high latitudes (Taylor et a/ 2013). Warming
is also amplified at high altitudes, so mountain regions can be
included in this discussion as a 'third pole' (Pepin et al. 2015).

Amplified warming affects all components of the polar

climate system. Arctic Sea ice is shrinking in area and volume
(Figure 4.6). Permafrost is thawing resulting in a release of
greenhouse gases, including CO,, and snow cover extent is
decreasing. Ice sheets and mountain glaciers continue to lose
mass, contributing significantly to sea level rise that threatens
coastal regions at every latitude (Vaughan et a/. 2013). These
transformations have consequences for polar and high-
altitude ecosystems and for the people who live there. Shifting
environmental and socioeconomic conditions in the Arctic in
particular are delivering consequences to environments and
populations further south through teleconnections within the
climate system (Francis, Vavrus and Cohen 2017) and through
close geopolitical connections. In fact, polar regions are
gaining politico-strategic importance. The Arctic has already
been subjected to resource extraction and exploitation, from
hydrocarbons to diamonds (Dodds 2010; Ruel 2011), and the
Antarctic is becoming an area of strategic interest for countries
looking at potential resource extraction in the future. At the
same time, the Arctic and particularly the Antarctic, which

has a treaty devoting the continent to peace and scientific
cooperation, are regions of peaceful international coordination
and enhanced environmental cooperation, exhibiting
governance systems that can be exemplars for environmental
protection in other regions.

The ecosystem services of the polar regions that relate to
global climate regulation are further enhanced by the formation
of super-dense Antarctic bottom water, and to a lesser extent
of North Atlantic deep water, which are significant contributors
to the thermohaline circulation. The cooler ocean waters of
higher latitudes, especially the Southern Ocean, also represent
important carbon sinks and areas of high marine productivity.



Figure 4.6: Arctic sea ice age and extent
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Source: United States National Snow and Ice Data Center (2017).

They play a significant role in food production in the high
latitudes and require careful management through agencies
such as the North Atlantic Fisheries Organization and the
Commission for the Conservation of Antarctic Marine

Living Resources. Some high-latitude fisheries have been
significantly affected by fishing activities in the last century
as highlighted in the collapse of the Atlantic cod fishery
(Villasante et al. 2011).

More than 70 per cent of the planet's fresh water is locked up
in ice in the polar regions. If released, the water stored in the
Greenland Ice Sheet would result in a 7.4 metre rise in sea
level, the water in the Antarctic Ice Sheet would result in a
58.3 metre rise, and the water stored in all mountain glaciers
would yield a 0.4 metre rise (Vaughan et a/. 2013). In a
scenario limiting temperature increase to below 2°C,

the world would still see a mean rise of global sea levels by
0.4 to 0.6 metres. A business-as-usual scenario produces an
average sea level rise of 0.7 to 1.2 metres by the end of the
21st century (Horton et al. 2014). As the latest IPCC report
and multiple independent scientific studies indicate, mountain
glaciers and polar ice sheets are already losing mass and are
contributing on average the equivalent of 1.85 mm of sea level
rise per year (Bamber et al. 2018).

As more fresh water is transported to the ocean from
seasonal permafrost thaw, iceberg calving, glacier and ice
sheet melt, and other fluvial discharge, the increase of silt,
carbon and other nutrients will affect the polar regions'

Year

primary productivity in the marine food chain. The source and
quality of food for higher organisms will shift, with much less
primary productivity originating from ice-related algae, so that
species at higher trophic levels, such as krill and fish, will be
challenged (Alsos et al. 2016; Frey et al. 2016). This, combined
with invasive species shifting into newly tolerable conditions
and their potential threats, requires humans to adapt to new
economic and cultural livelihoods and may result in conflicts,
especially with regard to resource use, governance, cultural
concerns and marine protected areas (Conservation of Arctic
Flora and Fauna [CAFF] and Protection of the Arctic Marine
Environment [PAME] 2017).Nearly all of the world's glaciers
are losing mass and some will vanish in the coming decades
(Kaltenborn, Nellemann and Vistnes eds. 2010; Vaughan et
al. 2013). More than a billion people rely on mountain glaciers
for water, with the majority of these people living in Asia,
which has around 100,000 km? of glaciers (Yao et a/. 2012).
Over 200 million people rely on water from the Hindu Kush
Himalayan mountains with hundreds of millions more people
downstream who are affected by reduced reliability of local
water sources and increased hazards, including glacial lake
outburst floods. Run-off is expected to decrease until 2050 in
the Ganges, Brahmaputra and Mekong basins. At the same
time, the Hindu Kush Himalaya region can expect higher
variability in water flows and more water in pre-monsoon
months leading to more floods and droughts. The Andes are
already experiencing less run-off. Changes in temperature and
precipitation will affect agriculture, water resources and health
(Shrestha et al. eds. 2015).

Cross-cutting Issues | 87



Further adjustment to new realities will warrant responses to
increasing levels of contaminants that have been transported
long distances and accumulate in the polar regions. Despite few
local industrial sources, persistent environmental contaminants
were detected decades ago in these remote locations and pose
significant threats to local people and environments through
polar food chains (Andrew 2014). Sea-ice melting will result in
air-water exchange of persistent organic pollutants in areas

of the Arctic that are no longer covered with ice. Likewise,
melting of polar and alpine glaciers, ice sheets and shelves, and
permafrost will also release persistent organic pollutants and
mercury, enabling further air-soil exchange of these pernicious
compounds (Arctic Monitoring and Assessment Programme
[AMAP] 2015; Sun et al. 2017). Due to new regulations, the
levels of many persistent organic pollutants are now declining,
but new chemicals are a cause for increased concern, such as
organophosphate-based flame retardants, phthalates, some
siloxanes, and some currently used pesticides (AMAP 2017).
Equally, microplastics have now been detected in all of the
world's oceans (Thompson et al. 2004; Browne et a/. 2011),
including in deep-sea sediments (Barnes, Walters and
Gongalves 2010) and even in Arctic sea ice (Thompson et al.
2004; Browne et a/. 2011; Ivar do Sul and Costa 2014;
Obbard et al. 2014; Isobe et al. 2017; Waller et al. 2017).
More research is needed to trace the distribution and impact
of microplastics in the Antarctic, but their existence in the
Southern Ocean (Isobe et al. 2017; Waller et al. 2017)

and in the Ross Sea (Cincinelli et a/. 2017) has already

been confirmed.

Figure 4.7: Chemical intensification, 1955-2015

Global Change

Source: Bernhardt, Rossi and Gessner (2017).
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Those who live at high latitudes and in mountain regions
are vulnerable to the compounding effects of air pollution,
and-use changes and other factors, as well as the threats
from climate change. However, people in these areas,
especially the indigenous peoples who have inhabited
the Arctic and mountain regions for millennia, have a rich
knowledge about their environment that provides crucial
insights for effective adaptation strategies (Magga et al.
eds. 2009; Nakashima et al. 2012).

4.3.3 Chemicals

Modern societies produce and inhabit the most chemical-
intensive environment humans have ever experienced - today,
it is estimated that there are more than 100,000 chemicals on
the market of modern society (European Chemicals Agency
[ECHA] 2018) - and now chemical pollution is considered a
global threat (Barrows, Cathey and Petersen 2018). Common
categories of chemicals include pharmaceutical and veterinary
chemicals, pesticides, antibiotics, flame-retardants, plasticizers
and nanomaterials (Tijani ef a/. 2016). Even the more familiar
chemicals, used for generations in agriculture and industry,
are now used so intensively and in such concentrations as to
require responsible monitoring and evaluation programmes
(Figure 4.7) (Bernhardt, Rossi and Gessner 2017).

Global chemical pollution has been raised as a problem that
needs urgent action: calls for more active involvement of
governments and industry and for more research are included

Synthetic Chemical Change

2015



in all relevant studies and the existence of the problem is
admitted in global change assessments and clarion calls

(UNEP 2012; Stehle and Schulz 2015; Bernhardt, Rossi and
Gessner 2017). However, the assimilative capacities for
chemical burdens are largely categorized as undetermined and
then ignored, even in efforts to inspire concern about planetary
environmental issues (Diamond et al.2015; Steffen et al. 2015).
The global dimension of chemical pollution manifests as

these substances spread to the most remote environments

on the planet, including the polar regions (Andrew 2014),

high mountain peaks (Ferrario, Finizio and Villa 2017) and the
deepest oceans: persistent organic pollutants were detected

in fauna found at more than 10,000 metres depth in the Pacific
Ocean's Mariana Trench (Jamieson et a/. 2017). However, there
are currently ongoing efforts in developed countries to carry
out regular monitoring programmes to mitigate the impact of
chemicals, especially pesticides, on human and environmental
health (Brouwer 2018).

Some chemicals that are persistent, toxic and bioaccumulating,

and may travel long distances, are listed under international

conventions, such as the Stockholm Convention

organic pollutants) and Minimata Convention (mercury),

scientific evidence shows that more chemicals regularly made

(persistent

but

available for commercial use display the same properties as

the regulated persistent organic pollutants (Strempel et al.

2012). Countless new chemicals, as well as old chemicals that
were not well understood, are not regulated at all even though

they are suspected of causing adverse effects (Petrie,
and Kasprzyk-Hordern 2015; Ferrario, Finizio and Villa 2017).

Pharmaceuticals are commonly mishandled 'from cradle to
grave' with over 200 different substances reported in river
waters globally (Petrie, Barden and Kasprzyk-Hordern 2015).
Antibiotic-resistant bacteria have evolved and spread due to
mismanagement of antibacterial drugs (Marti, Variatza and
Balcazar 2014; Grenni, Ancona and Caracciolo 2017). Recent
research indicates that the development of antimicrobial
resistance in pathogens is accelerated and achieved at lower
exposure concentrations, in the presence of heavy metals and
other contaminants that are commonly found in the same
contaminated reservoirs (The Lancet Planetary Health 2018).
The presence of such contaminants in the natural environment
results from the discharge of wastewater from treatment plants
that are unequipped to effectively remove these dangerous
compounds (Petrie, Barden and Kasprzyk-Hordern 2015) and
from mismanagement of their use for agricultural production,
particularly in livestock (Hamscher and Bachour 2018).

The effects of some endocrine-disrupting chemicals are of
particular concern because of potential multigenerational
effects on the health of humans and wildlife (Gore et al. 2015).
Endocrine activity or disruption has been associated with a
wide variety of compounds, including some persistent organic
pollutants (Kabir, Rahman and Rahman 2015) and industrial
chemicals (UNEP and WHO 2013). They are present in many
pesticides that are designed to interfere with the life cycles of
organisms and are highly valued for those abilities (Gore et al.
2015). Endocrine disruption potential has also been attributed
to certain chemicals present in manufactured plastics

(Schug et al. 2016).

Barden

Products used in everyday life may contain toxic
compounds that interfere with human and environmental
health, spanning cosmetics, plastic containers, and
household cleaners and pesticides. Addressing the issue
of chemicals in products may offer new opportunities

in terms of innovation through green and sustainable
chemistry efforts and could represent a valuable
opportunity to improve sustainable consumption and
production patterns and life cycle thinking. Application

of the circular economy model to chemical production
and consumption could establish some measure of
control from the extraction of primary materials, through
the design, formulation, production, use and final
disposal of the substances and products that people use
(Roschangar, Sheldon and Senanayake 2015). Chemicals
in everyday products, as well as endocrine disruptors
and nanomaterials, have been identified as emerging
policy areas under the Strategic Approach to International
Chemicals Management (SAICM) (UNEP 2013b). Highly
hazardous pesticides, used in agricultural practices in
developing countries, are another issue addressed by
SAICM: alternative approaches rely on agroecological
practices to promote substitution of hazardous pesticides
by pest management approaches and products that
pose less risk (FAO and WHO 2016), as well as demand
reduction and non-chemical alternatives.

Nanotechnology, by decreasing the particle size of
materials and increasing its reactivity, may give a
material some interesting properties, but these may be
toxic (Schulte et al. 2016). There remain a number of
questions about the toxicity of nanoparticles to humans
and the environment, but comparison of nanomaterials
of certain size and shape with asbestos indicates similar
toxicological potential (Nagai and Toyokuni 2012;
Allegri et al. 2016).

Even those substances considered under control in some
regions may be distributed in developing countries with
no guidance on health and safety issues and proper use.
The Global Chemical Outlook (UNEP 2013b; UNEP 2013c)
estimates total health-related pesticide costs - the costs
of inaction - for agricultural smallholders in sub-Saharan
Africa from 2015 to 2020 at US$90 billion, assuming a
continued scenario of inadequate capacity for pesticide
management.

Further studies evaluating the combined effects of
chemical mixtures are critical, in addition to understanding
the cumulative effects of chemicals over time. Equally,
more information is needed on causal linkages between
exposures to certain chemicals and related health effects
(The Lancet Planetary Health 2018). Promoting safer

and sustainable alternatives to chemicals, especially
biodegradable replacements for plastics, and sound cradle-
to-cradle chemicals management is essential. Institutions
and instruments are available and coordination through
United Nations agencies is an objective of SAICM. The
costs of inaction to global society is high if measures are
not taken to detoxify the environment and to create a safe-
chemical future in coming decades (UNEP 2013c).
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4.3.4 Waste and wastewater

The Global Waste Management Outlook (UNEP 2015)
estimates the total 'urban' waste generation, including
municipal solid waste, commercial and industrial waste, and
construction and demolition waste, at around 7-10 billion tons
per year. Waste generation rates are stabilizing in developed
regions. However, Asia and Africa are expected to contribute
significant amounts to global waste generation over the next
century (UNEP 2015).

GEO-6 highlights key global waste management challenges
consistent across the regional assessments prepared for it
and prioritized in the Global Waste Management Outlook
(UNEP 2015). These include food waste, marine litter, waste
trafficking and crime, and the growing disparity in waste
management between developed and developing countries.

Approximately one-third of the food produced for human
consumption is wasted or lost annually, at a financial cost of
US$750 billion to US$1 trillion (FAO 2013; FAO 2015; UNEP
2015). This wasted food could feed over 2 billion people,

more than twice the number of undernourished people
estimated globally (FAO 2013). Food losses and waste result in
unnecessary greenhouse gas emissions, estimated at

3.3 gigatons of CO, equivalent in 2007, or around 9 per cent

of total global GHG emissions that year (UNEP 2015). This
estimate does not take into account GHG emissions as a result
of land-use changes. Considering land-use changes, GHG
emissions from food waste would be 25-40 per cent higher. Even
without counting land-use change, if food losses and waste all
occurred in one country, it would rank as the third largest country
in the world in terms of CO, emissions (FAO 2013).

With increasing global demand for resources, the waste
market has become a viable economic sector, estimated

at US$ 410 billion a year, from collection to recycling. In a
context of increasing costs for the safe disposal of hazardous
waste, weak environmental regulations and enforcement, and
increasing resource scarcity, this market creates opportunities
for waste trafficking and illegal activities. This is evident in
large quantities of often hazardous waste being unlawfully

Figure 4.8: Global illegal waste traffic

Source: Pravettoni (2015).
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exported to developing countries, with the potential to cause
significant, and displaced, impacts (Figure 4.8) (Rucevska

et al. 2015). The illegal trafficking of end-of-life electrical and
electronic equipment has become an issue of global concern
(UNEP 2015; UNEP 2016b).



Developed countries have advanced their waste management
systems to the point where they can consider strategies for
integrating new and complex waste types; driving sustainable
consumption and production; moving towards near zero
waste schemes and a circular economy; and the adoption

of emerging and potentially disruptive technologies on

waste management. Developing countries are still grappling
with basic waste management challenges, including
uncontrolled dumping, open burning and inadequate access
to waste services. Globally, 3 billion people lack access to
controlled waste disposal facilities, according to United
Nations estimates, with the potential to cause significant
environmental, social and economic impacts from poor waste
management (UNEP 2015). In the first seven months of 2016,
an estimated 750 people died due to poor waste management
at dumpsites (International Solid Waste Association [ISWA]
2016). In early 2017, some 115 people were killed in a waste
landslide in Addis Ababa, Ethiopia (Gardner 2017) and

16 people were killed in the collapse of the Hulene Garbage
Landfill in February 2018 in Maputo, Mozambique. A high
percentage of the fatalities were women. Such dumpsites in
developing countries are often home to millions of informal
waste pickers (ISWA 2016; Duan, Li and Liu 2017). While
developed countries chase the ideals of reduced waste, a
circular economy and greater resource efficiency, developing
countries must not be left behind.

Any circular economy plan incorporates wastewater in its
design. This includes human sewage, industrial effluent and
both agricultural and urban run-off (Mateo-Sagasta et a/. 2013).
Agriculture is the main contributor, accounting for

79 per cent of wastewater produced in arid West Asia, where

it is discharged straight into the environment (Figure 4.9)

Figure 4.9: West Asia non-conventional annual

resources
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Source: Abuzeid et al. (2014).
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(AbuZeid and Elrawady 2014). It is estimated that in 2015, 68
per cent of the global population used at least some form of
basic sanitation services (WHO and UNICEF 2017). However,
34 per cent of rural and only 26 per cent of urban sanitation
and wastewater services actually prevent human contact

with excreta along the entire sanitation chain in an effective
manner (United Nations World Water Assessment Programme
[WWAP] 2017). Moreover, 80 per cent of all wastewater
produced globally is discharged into the environment

without any treatment - wastewater contaminated with
human faecal matter as well as all the pharmaceuticals and
endocrine disruptors that are newly threatening human health
and ecosystems (WWAP 2017). Although wastewater is a
considerable resource for water and nutrients, it presents risks
for public health and environmental integrity if not managed
properly. Significant disease outbreaks and associated
mortality (Saxena, Kaushik and Krishna Mohan 2015;
Priiss-Ustiin et a/. 2016), eutrophication (Lewandowski et al.
2015) and soil salinization in arid lands (Qadir et a/. 2014) are
reported as main challenges associated with poorly managed
wastewater.

4.4 Resources and materials
4.4.1 Resource use

Sustainable resource use requires sound management of
renewable resources and aims to recycle non-renewable
resources, leading to the concept of a circular economy in
which a waste, the by-product of a process, becomes a raw
material for another process. In a circular economy, efficient
use of resources across their entire life cycle is critical: from
extraction to manufacturing, through consumption and use,
to recycling and reuse (Ellen MacArthur Foundation 2012;
European Commission 2015).

From the 20t century, resource exploitation has grown
considerably, especially of metals, such as iron and copper,

and of minerals, such as sand and limestone for cement.

Fossil fuel exploration and extraction, and its consumption,
exemplify modern society's great advances, according to one
narrative. However, fossil fuel exploitation has also created great
challenges. The momentum of consumption has led to ever
increasing scales of resource exploitation, leading to concerns
over the cumulative and global consequences of such activities,
as well as over local damage (Rockstrom et a/. 2009).
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Traditionally, the discovery of new and accessible deposits
of non-renewable resources has kept pace with or even
outpaced growing extraction, so concern over the depletion
of such resources would not be considered highly important
(Mudd, Weng and Jowitt 2013; Mudd and Jowitt 2014; Weng
et al. 2015; Mudd and Jowitt 2017). However, as a measure
of their quality, the grades of most mined ores are in gradual
decline, meaning that the most easily and economically refined
ores have already been exploited (Ruth 1995; Mudd 2010).
Larger amounts of lower grade ore have to be extracted and
processed to meet global demands, as can be shown by
tracking exploitation of copper ore deposits (Figure 4.10).

When declining ore grades are combined with the larger project
scales needed to extract enough ore to supply market demand,
greater risks threaten the natural environment. More land is
cleared, or simply removed and shipped away, as mountain-top
removal illustrates. Larger volumes of mine waste accumulate,
with heavy metals and reactive agents recombining into
noxious compounds. Water pollution risks, especially from acid
and metalliferous drainage, increase. Threats to biodiversity
become more complex. Energy demand intensifies, along with
associated greenhouse gas emissions (Norgate and Haque
2010). To meet global demands in 2014, the global metals

Figure 4.10: Example of ore grade decline over

estimated tailings generated annually
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Source: Ruth (1995); Crowson (2012); Mudd, Weng and Jowitt (2013); Mudd and Jowitt (2016).
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and mining industry produced around 90 billion tons of mine
waste, excluding construction materials (Mudd and Jowitt
2016). This massive mining scale requires an acute focus

on environmental assessment, monitoring and management
for primary resource extraction (Hudson-Edwards 2016;
Mudd and Jewitt 2016). Currently, much of the mine waste is
stored, exposed to changing environmental and management
conditions. The 2015 Samarco tailings dam failure in Brazil,
among other events, demonstrated how long-term storage
strategies are not solutions (Philips 2016; Roche, Thygesen and
Baker 2017).

Some mined resources are widely distributed around the world,
including sand, gold, copper and lead-zinc; other resources,
such as nickel, rare earth elements and phosphorous, are
concentrated in a small number of countries. Given the
fundamental contribution of mineral resources to modern
social systems, technologies and infrastructure, these
materials need to be assessed for their role in modern society.
This analytical approach is known as criticality - examination
of the potential implications of supply disruption, resource
substitution, recyclability and environmental impacts

(Graedel et al. 2015) For example, many metals such as iron,
copper, gold and lead are recyclable. Other minerals, such

mining, showing world annual copper production

—— Estimated Copper Tailings (Mt/year)



as phosphorous, are dispersed in soils and water bodies,
ultimately washing away and being effectively lost to any
further use. That kind of material dissipation raises alarms
over the eventual depletion of the essential resource
(Ciacci et al. 2015; Nassar, Graedel and Harper 2015).

In contrast, when a metal is recycled, the environmental risks
are typically much lower. For instance, fabricating a product
from recycled aluminium uses one-twentieth of the energy
than production from primary aluminium does. For the circular
economy, this means that recycling should lead to reduced
environmental pressures and risks, mainly due to lower
energy and raw material needs (Wernick et a/. 1996; Wernick
and Ausubel 1997; Balke et a/. 2017). The focus of a circular
economy concentrates on sound product or infrastructure
design, as well as on the systems in place to monitor resource
use, waste and environmental repercussions (Ghisellini, Cialani
and Ulgiati 2016). Other strategies may include variations of
upcycling or recycling: refuse, rethink, reduce, reuse, repair,
refurbish, remanufacture and repurpose. Here, environmental
and sustainability education is crucial.

An important issue arising from resource use is that the
environmental and social costs are typically greatest during
extraction when land is cleared, or populations displaced, while
the greatest benefits accrue at the other end of the supply
chain. To fully appreciate the cost-benefit ratio and the actual
value of a product, it is important to consider the environmental
consequences of global trade in resources, including the
repercussions for local communities in areas of resource
extraction. Interest is growing in tracing the origins and added
values of supplied resources through sustainable supply chain
management. This traceability supports action on issues such
as conflict minerals, chemical and pharmaceutical waste, food
contamination and illegal trade in endangered species (Mundy
and Sant 2015; Paunescu, Stark and Grass 2016; Tijani et al.
2016; Sauer and Seuring 2017). The availability and distribution
of this type of information defines a connection between
supplier and consumer and encourages more sustainable
resource use choices. Recent research indicates, however, that
humanity has overshot the safe operating space for certain
planetary systems, specifically climate change, the rate of
biodiversity loss and the biogeochemical flow of the nitrogen
cycle (Rockstrom et al. 2009; Steffen et al. 2015). Some
updated analyses would add phosphorus to that overshoot list
(Carpenter and Bennett 2011; Cordell and Neset 2014).

The pressures upon our planet have therefore brought

global society to a decisive crossroads: the continuation of

a conventional process model to 'extract-make-use-discard'
through a linear economy or the transformation into a circular
economy with society focused on the entire life cycle of resource
use and management. Some thinkers consider that it may
already be too late (Urry 2010; Scheffer 2016). Others suggest
the transition from a linear economy with wasteful resource
management to a circular economy with sustainable resource
management can be accomplished but requires new concepts
of de-growth and a post-capitalistic economic vision (Jackson
and Senker 2011; Kosoy et a/. 2012; Krausmann et al. 2017).

The transition to a circular economy will provide many
opportunities for technology innovation and deployment that
also present many new business prospects. At heart, a circular
economy will require sound policies for resource accounting

and waste management that create the demand for recycled

resources and deliver a resource efficient and sustainable

economy (Ghisellini, Cialani and Ulgiati 2016; Balke et al.

2017). Resource use is also intimately connected to energy
technologies and policies, such as the materials required for
various renewable energy technologies, highlighting the need
to consider the links among material resources, energy and
environmental outcomes (Akenji et al. 2016; McLellan 2017).

All 17 of the Sustainable Development Goals involve
competition for natural resources, with many requiring
efficient and sustainable use of resources and minimizing
associated impacts - especially the metals considered

critical for renewable energy and, consequently, for progress
on climate change solutions (Arrobas et al. 2017; International
Resource Panel 2017).

4.4.2 Energy

By 2015, global energy consumption reached around 13.5
billion tons of oil equivalent (International Energy Agency
[IEA] 2018). That is expected to increase to around 19 billion
tons by 2040 (IEA 2016). Much of this increase is attributed
to consumption expected in developing economies that
currently depend largely on fossil-based energy sources. This
makes accelerated efficiency a crucial strategy to mitigate
energy-related impacts. At the same time, nearly 1.2 billion
people remain without access to electricity and 2.7 billion

still resort to traditional fuels for cooking and heat, facing
exposure to concentrated indoor air pollution (IEA 2016).
Improved access to modern energy services is not only
closely connected to all Sustainable Development Goals

and indicators, including food security, health and quality
education, but shifting to clean and efficient forms of energy
also empowers women and other marginalised groups
responsible for the collection and burning of primitive solid
fuels (World Energy Council 2016).

Energy demand also leads to competition for water, land and
even atmospheric limits; to inequitable distribution of these
and other sets of natural capital, such as mineral resources
and access to sensitive ecosystems; and to processes
involving different approaches that often cause disputes and
conflicts at several levels and magnitudes (Rodriguez et al.
2013; Jagerskog et al. 2014; McLellan 2017).

The competition between biofuels and food re-emphasizes
the need to understand the nexus of energy, food, water
and land use (see Chapter 8). Popp et al. (2014) discuss the
impact of biofuel production on food supply, environmental
health and land requirements, and highlight the need for
integrated policies to manage the various components of the
energy, food, water and land-use nexus.

The rise in water demand, while usable water reserves
decline, accentuates the need to examine water-energy
linkages against the backdrop of growing energy demand.
Jagerskog et al. (2014) discuss the energy and environmental
trade-offs related to hydropower. Rodriguez et al. (2013) also
provide an overview of water requirements for generating
power, particularly in the case of thermal power plants.
Copeland and Carter (2017) address the energy requirement
for delivering water to end users and for the disposal of
wastewater in the United States of America.
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At the global scale, greenhouse gas emissions amounted to 33
gigatons of CO, equivalent in 2014 and may reach 38 gigatons
in 2040, due mostly to the burning of fossil fuels (IEA 2015).
Historical data demonstrate trends in decoupling through
decarbonization and improved efficiency, but the current trend
still indicates a global temperature increase beyond the 2°C
threshold target of the Paris Agreement (Figure 4.11) (IEA
2015; United Nations 2015b; IEA 2016). This likely overshoot
warrants bolder action.

The economics of transition to low-carbon energy sources
have been greatly assisted by a dramatic reduction in the cost
of renewables, especially wind and solar photovoltaic systems.
Solar photovoltaic systems experienced a price decline of

23 per cent for each cumulative doubling of production over
the last 35 years. In many cases these costs are now lower
than those of conventional fossil fuel electricity generation
technologies (International Renewable Energy Agency [IRENA]
2015). Further reductions are expected making them possibly
the best economic-environmental option in practically every
country in the world before 2025 (Figure 4.12).

Figure 4.12: Ranges of levelized cost of electricity for differel

Figure 4.11: Technology wedges to achieve the
2°C pathway
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Education is crucial for developing energy literacy. Seen from
the perspective of the SDGs, it enables individuals to apply
and evaluate measures to increase energy efficiency and
sufficiency in their own lives. It also influences public
policies related to energy production, supply and usage
(Aguirre-Bielschowsky et a/. 2015; UNESCO 2017a).

4.4.3 Food systems

The global food system is central to sustainable development
and to many of the SDGs. Across the complex interactions of
activities including farming, fishing, food processing, retailing,
preparing and consuming, and the multiple actors who
perform them, the food system both significantly affects and
is affected by environmental and social-economic dynamics
(UNEP 2016c). Agriculture provides jobs for over 30 per cent
of the global workforce, the majority in developing countries
where 40 per cent of smallholder farmers and laborers are
women (FAO 2011; FAO 2017a). Smallholder-dominated
systems in developing countries produce more than half of
all global food calories (Samberg et al. 2016) and contribute
significantly to micronutrient production (Herrero et al. 2017).
Fifty-seven million people work in fisheries and aquaculture,
where women's roles are often invisible and underrecognized
(Koralagama, Gupta and Pouw 2017), with many more in food
manufacturing and retail (FAO 2016). A great number of these
women and men live in poverty.

While the food system produces more than enough to feed
the world's population adequately, it does not distribute it well.
Over 800 million people are undernourished (FAO 2017a) and
more than 2 billion suffer from micronutrient deficiencies
(Global Panel on Agriculture and Food Systems for Nutrition
2016). However, over 2.3 billion people - about one-third of the
human population - are obese or overweight (Abarca-Gomez
et al. 2017). Diet-related diseases are globally pervasive, and
many are associated with overconsumption of saturated fats
and processed foods, such as type 2 diabetes, colorectal
cancer and cardiovascular disease (Monteiro et al. 2013;
Tilman and Clark 2014; UNEP 2016c). These diseases are
becoming increasingly prevalent in low-income and middle-
income countries, as animal protein and products high in fats
and sugars become more widely available (Popkin 2006;
McMichael et al. 2007).

The environmental footprint of the global food system is
immense. It is estimated to account for 19-29 per cent of
global greenhouse gas emissions (Vermeulen, Campbell and
Ingram 2012). Farming is the most expansive human activity in
the world, accounting for 38 per cent of global land area, and it
is the principal user of fresh water, responsible for 70 per cent
of withdrawals (FAO 2017a; FAO 2017b). Food production is the
main driver of biodiversity loss (Kok et al. 2014). It is a major
polluter of air, fresh water and seawater, particularly in farming
systems that make heavy or poorly managed use of chemical
pesticides and fertilizers (Popp, Peto and Nagy 2013; Sutton

et al. 2013; Zhang, Zeiss and Geng 2015). Food production
systems are also a leading source of soil degradation and
deforestation (Amundson et a/. 2015; Vanwalleghem et al.
2017; FAO 2017a). Yet the global food system is estimated to
convert only 38 per cent of harvested energy and 28 per cent
of harvested protein into required food consumption after
accounting for losses from food waste, trophic losses from
livestock and human overconsumption (Alexander et a/. 2017).

Within the global food system's environmental footprint, the
consequences of livestock raising are disproportionately

large. While supplying only 18 per cent of calories and 40

per cent of protein to the world's food supply, the livestock
sector accounts for about half of agriculture's greenhouse

gas emissions (Gerber et al. 2013; FAO 2017a) and almost

80 per cent of agricultural land use - a third of all cropland is
used to produce feed crops (FAO 2009). Due to the livestock
sector, food production is the principal cause of habitat
destruction (Machovina, Feeley and Ripple 2015) and the main
disrupter of the nitrogen and phosphorous cycles that produce
most of agriculture's pollution (Bouwman et a/. 2013; Sutton
et al. 2013). As with many resource extraction activities, the
environmental burden of food production is localized, and often
spatially dislocated from the consumption that drives demand.
Around 20 per cent of cropland area and agricultural water
use is devoted to agricultural commodities consumed in other
countries (MacDonald et a/. 2015). Similarly, overexploitation
of wild fish stocks and intensive aquaculture have detrimental
effects on marine and terrestrial ecosystems (see Chapter 7).
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Current environmental pressures from the global food system
cannot be sustained, yet to meet projected demand in 2050,
with current efficiencies, world agricultural production would
need to increase by 50 per cent from 2013 levels (FAO 2017a)
with global crop demand forecast to increase 100-110 per cent
over the same period (Tilman et a/. 2011). Flows of nitrogen
and phosphorous into the biosphere and oceans already
exceed globally sustainable levels (Figure 4.13) (Steffen et

al. 2015). On current trajectories, agricultural emissions are
incompatible with a 2°C pathway. Action to reduce the volume
and intensity of agricultural emissions, the amount of food
waste and, most importantly, the share of animal products

in diets will be necessary if the Paris Agreement's goal is

to be achieved (Bajzelj et al. 2014; Hedenus, Wirsenius and
Johansson 2014; United Nations 2015b). On a global basis,
diets with lower levels of animal products and higher levels of
fruit, vegetables, pulses, whole grains and nuts are necessary
to meet environmental and nutritional goals (Springmann et al.
2018), although particular requirements for dietary change will
vary according to national context.

Figure 4.13: The subglobal distributions and

phosphorus; (B) biogeochemical flows of nitrogen

Source: Steffen et al. (2015).
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current

status

of

The food system is highly vulnerable to the pressures it is
exerting on ecosystem services. Habitat loss is degrading
pollinator services, with implications for crops important

to human nutrition (Vanbergen 2013; Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem

Services 2016). Land degradation decreases crop yields, and
abandonment rates of agricultural land due to that degradation
appear to have increased (Gibbs and Salmon 2015; United
Nations Convention to Combat Desertification 2017). Rising
temperatures are thought to be diminishing crop yields rather
than enhancing them in certain regions, especially for wheat
and maize (Asseng et al. 2014; Porter et al. 2014; Moore and
Lobell 2015; Schauberger et al. 2017). This trend is likely

to have an increasingly detrimental effect on agriculture,
particularly in low-latitude developing countries, although some
temperate regions may benefit from warmer temperatures and
longer growing seasons in the medium term, if soil and water
characteristics are right (Deryng et al. 2014; Porter et al. 2014;
Zhao et al. 2017). Water scarcity may limit the extent to which
irrigation expansion can counter climate threats to crop yields;

the control variables for (A) biogeochemical flows




in fact, it may force reversion to rain-fed agriculture in a
number of important crop-producing regions by the end of
this century, with further consequences for crop production
(Elliott et al. 2013). Overexploitation is already compromising
groundwater in several large aquifers critical to agriculture
(Gleeson et al. 2012).

4.5 Conclusions

This GEO-6 assessment offers opportunities to identify cross-
cutting issues as entry points for further understanding the
state of the global environment. By exploring the 12 cross-
cutting issues and how they relate to the Earth system topics,
GEO can demonstrate where intersections and nexus issues
will need synergistic solutions with the objective of achieving
true transformative change.
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Executive summary

Concentrations of CO, and other long-lived greenhouse
gases (GHGs) continue to increase, driven mainly by people
consuming fossil fuels to satisfy ever-increasing demands for
energy (well established). {5.2.4}

Given the current concentrations of GHGs and their lifetime in

the atmosphere, significant changes in climate and sea levels

are unavoidable, with widespread consequences for people and
the environment (wel/ established). There is robust evidence that
climate change and increased climate variability worsen existing
poverty, exacerbate inequalities and trigger new vulnerabilities.
However, even greater changes are expected in the future if
action is not taken soon to halt GHG emissions. {5.3.4}

Climate change impacts include increased frequency

and magnitude of heatwaves and storms (established but
incomplete),; changes in the distribution of disease vectors,
exacerbation of air pollution episodes, and decreases in water
supply and impacts on crop yields and food prices. {5.3.4}

Efforts to decrease emissions of short-lived climate pollutants
(SLCP), specifically black carbon (BC), methane (CH,),
tropospheric ozone (O;) and hydrofluorocarbons (HFCs), are a
critical component of an integrated climate change mitigation
and air quality management programme (wel/ established).
Along with rapid mitigation of long-lived GHG emissions,
decreases in SLCP emissions achieve the objectives of the
United Nations Framework Convention on Climate Change
(UNFCCC). {5.2.4}

Air pollution is the most important environmental contributor to
the global burden of disease, leading to an estimated 6 million
to 7 million premature deaths annually and large economic
losses (established but incomplete). Of those deaths,

2.6 million to 3.8 million deaths have been attributed to
burning wood, coal, crop residue, dung and kerosene for
cooking, heating and lighting. Another 3.2 million to 3.5 million
deaths have been attributed to other sources of ambient air
pollution. The monetary value of the global welfare losses

has been estimated at US$5.1 trillion (or 6.6 per cent of global
world product). {5.3.1}

People who are elderly, very young, sick and poor are more
susceptible to air pollution, which can exacerbate pre-existing
illnesses or conditions (well established). Exposures are highest
for people living in urban areas in low- and middle-income
countries and for the approximately 3 billion people who

depend on burning solid fuels or kerosene to meet household
energy needs. {5.3.1}
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Globally, decreasing emission trends in some sectors and
regions have been offset by increasing emission trends in
rapidly developing and emerging economies and areas of rapid
urbanization (well established). {5.2}

East and South Asia have the highest total number of deaths
attributable to air pollution, due to large populations and cities
with high levels of pollution (well established). These regions
also bear the largest health burden caused by the production
of goods consumed in other regions of the world, primarily
Western Europe and North America. {5.3.1}

As controls have been placed on power plants, large industrial
facilities and vehicles, the relative contributions of other
sources have grown in importance (well established). Sources
of pollution that are increasingly relevant to achieving air
quality objectives include agriculture, domestic fuel burning,
construction and other portable equipment, artisanal
manufacturing and fires. The relative contributions of these
sources to air quality problems differs from region to region,
such that priorities for air pollution control may vary in different
locations. {5.2.1}

Emissions of ozone-depleting substances (ODSs) have
decreased dramatically as a result of the Montreal Protocol
(well established). New studies provide robust evidence that
stratospheric ozone over Antarctica has started to recover.
Although stratospheric ozone concentrations in other regions
have increased since 2000, the expected increase in total
atmospheric column ozone and decrease in ultraviolet (UV)
radiation reaching the Earth's surface have not been observed
outside Antarctica due to natural variability, increases in GHGs,
and changes in attenuation of the UV radiation by tropospheric
ozone, clouds and aerosols. {5.2.3}

International agreements have been successful in addressing
specific chemicals, but new chemical risks are emerging

(established but incomplete). Environmental concentrations
of persistent organic pollutants (POPs) have been reduced
Europe, North America, Asia and the Pacific,c and the Arctic.

{5.2.2}

Rapid development and urbanization combined with
insufficient environmental governance in many regions suggest
that climate change and air pollution are likely to worsen
before they improve without additional policy interventions
(well established). However, future policy efforts can build
upon renewed attention to these issues in international forums
and several decades of experience with various governance
strategies in different countries. {5.4}



5.1 Introduction

Emissions generated by human activity have changed the
composition of the Earth's atmosphere, with consequences

for the health of people and the planet. The impacts of human
activity on the atmosphere are often framed in terms of four
separate challenges: air pollution; climate change; stratospheric
ozone depletion; and persistent, bioaccumulative, toxic
substances (PBT) (Abelkop, Graham and Royer 2017). The
causes of these four challenges, their effects on atmospheric
composition and meteorological processes, and their impacts
on humans and ecosystems are closely intertwined

(see Figure 5.1). Solutions to these challenges are also
interrelated, as changes in lifestyle, technology