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Executive summary

Far-reaching changes to the structure and function of the
Earth’s natural systems represent a growing threat to
human health. And yet, global health has mainly improved
as these changes have gathered pace. What is the
explanation? As a Commission, we are deeply concerned
that the explanation is straightforward and sobering: we
have been mortgaging the health of future generations to
realise economic and development gains in the present. By
unsustainably exploiting nature’s resources, human
civilisation has flourished but now risks substantial health
effects from the degradation of nature’s life support
systems in the future. Health effects from changes to
the environment including climatic change, ocean
acidification, land degradation, water scarcity, over-
exploitation of fisheries, and biodiversity loss pose serious
challenges to the global health gains of the past several
decades and are likely to become increasingly dominant
during the second half of this century and beyond. These
striking trends are driven by highly inequitable, inefficient,
and unsustainable patterns of resource consumption and
technological development, together with population
growth.

We identify three categories of challenges that have to be
addressed to maintain and enhance human health in the
face of increasingly harmful environmental trends. Firstly,
conceptual and empathy failures (imagination challenges),
such as an over-reliance on gross domestic product as a
measure of human progress, the failure to account for
future health and environmental harms over present day
gains, and the disproportionate effect of those harms on
the poor and those in developing nations. Secondly,
knowledge failures (research and information challenges),
such as failure to address social and environmental drivers
of ill health, a historical scarcity of transdisciplinary
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research and funding, together with an unwillingness or
inability to deal with uncertainty within decision making
frameworks. Thirdly, implementation failures (governance
challenges), such as how governments and institutions
delay recognition and responses to threats, especially
when faced with uncertainties, pooled common resources,
and time lags between action and effect.

Although better evidence is needed to underpin
appropriate policies than is available at present, this
should not be used as an excuse for inaction. Substantial
potential exists to link action to reduce environmental
damage with improved health outcomes for nations at
all levels of economic development. This Commission
identifies opportunities for action by six key con-
stituencies: health professionals, research funders and
the academic community, the UN and Bretton Woods
bodies, governments, investors and corporate reporting
bodies, and civil society organisations.

Depreciation of natural capital and nature’s subsidy
should be accounted for so that economy and nature are
not falsely separated. Policies should balance social
progress, environmental sustainability, and the economy.
To support a world population of 9-10 billion people or
more, resilient food and agricultural systems are needed
to address both undernutrition and overnutrition, reduce
waste, diversify diets, and minimise environmental
damage. Meeting the need for modern family planning
can improve health in the short term—eg, from reduced
maternal mortality and reduced pressures on the
environment and on infrastructure.

Planetary health offers an unprecedented opportunity
for advocacy of global and national reforms of taxes and
subsidies for many sectors of the economy, including
energy, agriculture, water, fisheries, and health. Regional
trade treaties should act to further incorporate the
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Key messages

1 The concept of planetary health is based on the understanding that human health and
human civilisation depend on flourishing natural systems and the wise stewardship of
those natural systems. However, natural systems are being degraded to an extent
unprecedented in human history.

2 Environmental threats to human health and human civilisation will be characterised
by surprise and uncertainty. Our societies face clear and potent dangers that require
urgent and transformative actions to protect present and future generations.

3 The present systems of governance and organisation of human knowledge are
inadequate to address the threats to planetary health. We call for improved
governance to aid the integration of social, economic, and environmental policies and
for the creation, synthesis, and application of interdisciplinary knowledge to
strengthen planetary health.

4 Solutions lie within reach and should be based on 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. This endeavour will
necessitate that societies address the drivers of environmental change by promoting
sustainable and equitable patterns of consumption, reducing population growth, and
harnessing the power of technology for change.
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protection of health in the near and long term. Several
essential steps need to be taken to transform the economy
to support planetary health. These steps include a
reduction of waste through the creation of products that
are more durable and require less energy and materials
to manufacture than those often produced at present;
the incentivisation of recycling, reuse, and repair; and
the substitution of hazardous materials with safer
alternatives.

Despite present limitations, the Sustainable Development
Goals provide a great opportunity to integrate health and
sustainability through the judicious selection of relevant
indicators relevant to human wellbeing, the enabling
infrastructure for development, and the supporting natural
systems, together with the need for strong governance.

The landscape, ecosystems, and the biodiversity they
contain can be managed to protect natural systems, and
indirectly, reduce human disease risk. Intact and
restored ecosystems can contribute to resilience (see
panel 1 for glossary of terms used in this report), for
example, through improved coastal protection (eg,
through wave attenuation) and the ability of floodplains
and greening of river catchments to protect from river
flooding events by diverting and holding excess water.

The growth in urban populations emphasises the
importance of policies to improve health and the urban
environment, such as through reduced air pollution,
increased physical activity, provision of green space, and
urban planning to prevent sprawl and decrease the
magnitude of urban heat islands.

Transdisciplinary research activities and capacity need
substantial and urgent expansion. Present research
limitations should not delay action. In situations where
technology and knowledge can deliver win-win solutions
and co-benefits, rapid scale-up can be achieved if

researchers move ahead and assess the implementation of
potential solutions. Recent scientific investments towards
understanding non-linear state shifts in ecosystems
are very important, but in the absence of improved
understanding and predictability of such changes, efforts
to improve resilience for human health and adaptation
strategies remain a priority. The creation of integrated
surveillance systems that collect rigorous health, socio-
economic, and environmental data for defined populations
over long time periods can provide early detection of
emerging disease outbreaks or changes in nutrition and
non-communicable disease burden. The improvement of
risk communication to policy makers and the public and
the support of policy makers to make evidence-informed
decisions can be helped by an increased capacity to do
systematic reviews and the provision of rigorous policy
briefs.

Health professionals have an essential role in the
achievement of planetary health: working across sectors
to integrate policies that advance health and
environmental sustainability, tackling health inequities,
reducing the environmental impacts of health systems,
and increasing the resilience of health systems and
populations to environmental change.

Humanity can be stewarded successfully through the
21st century by addressing the unacceptable inequities in
health and wealth within the environmental limits of the
Earth, but this will require the generation of new
knowledge, implementation of wise policies, decisive
action, and inspirational leadership.

Introduction
The environment has been the foundation for human
flourishing
By most metrics, human health is better today than at any
time in history. Life expectancy has soared from 47 years in
1950-1955, to 69 years in 2005-2010. Death rates in
children younger than 5 years of age worldwide decreased
substantially from 214 per thousand live births in
1950-1955 to 59 in 2005-2010."** Human beings have been
supremely successful, staging a “great escape” from
extreme deprivation in the past 250 years. The total
number of people living in extreme poverty has fallen by
0-7 billion over the past 30 years, despite an increase in the
total population of poor countries of about 2 billion.” This
escape from poverty has been accompanied by unparalleled
advances in public health, health care, education, human
rights legislation, and technological development that have
brought great benefits, albeit inequitably, to humanity.
Humanity’s progress has been supported by the
Earth’s ecological and biophysical systems. The Earth’s
atmosphere, oceans, and important ecosystems such as
forests, wetlands, and tundra help to maintain a
constant climate, provide clean air, recycle nutrients
such as nitrogen and phosphorus, and regulate the
world’s water cycle, giving humanity freshwater for
drinking and sanitation.’ The land, seas, and rivers, and
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Panel 1: Glossary

Holocene!

A geological epoch that began about 11700 years ago and
encompasses most of the time period during which humanity
has grown and developed, including all its written history and
development of major civilisations.

Anthropocene?

The proposed name for a new geological epoch demarcated
as the time when human activities began to have a
substantial global effect on the Earth’s systems. The
Anthropocene has to be yet formally recognised as a new
geological epoch and several dates have been put forward to
mark its beginning.

Ecosystem?

A dynamic complex of plant, animal, and microorganism
communities and the non-living environment acting as a
functional unit.

Ecosystem services*

The benefits provided by ecosystems that contribute to
making human life both possible and worth living. Examples
of ecosystem services include products such as food and
clean water, regulation of floods, soil erosion, and disease
outbreaks, and non-material benefits such as recreational
and spiritual benefits in natural areas. The term services is
usually used to encompass the tangible and intangible
benefits that human beings obtain from ecosystems, which
are sometimes separated into goods and services.

Biodiversity®

An abbreviation of biological diversity; biodiversity means the
variability among living organisms from all sources, including
inter alia, terrestrial, marine, and other aquatic ecosystems and
the ecological complexes of which they are part. This variability
includes diversity within species, between species, and of
ecosystems.

Wetland®

The Ramsar Convention defines wetlands as “areas of marsh, fen,
peatland or water, whether natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish or
salt, including areas of marine water the depth of which at low
tide does not exceed six metres”.

the plants and animals they contain, also provide many
direct goods and benefits—chiefly food, fuel, timber,
and medicinal compounds (figure 1).

Alongside the development of public health, the
development of agriculture and industry have been
major drivers of human success, harnessing the ability of
the Earth to provide sustenance, shelter, and energy—
underpinning the expansion of civilisation.” To achieve
the gains in nutrition, health, and energy use needed to
reach a population of more than 7 billion people has
required substantial changes in many of these systems,
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Representative Concentration Pathway (RCP)’

RCPs are trajectories of the concentrations of greenhouse gases
in the atmosphere consistent with a range of possible future
emissions. For the Fifth Assessment Report of
Intergovernmental Panel on Climate Change, the scientific
community has defined a set of four RCPs. They are identified
by their approximate total radiative forcing (ie, warming
effect) in the year 2100 relative to 1750. RCP 8-5 is a pathway
with very high greenhouse gas emissions, but such emissions
are in line with present trends.

Social-ecological systems®

Natural systems do not exist without people and social systems
cannot exist totally in isolation from nature. These systems are
truly interconnected and coevolve across spatial and temporal
scales.

REDD+°

Reducing Emissions from Deforestation and Forest Degradation
(REDD) tries to assign a financial value to the carbon stored in
trees to help developing countries invest in low-carbon paths to
sustainable development. REDD+ includes an added focus on
conservation, sustainable management of forests, and
enhancement of forest carbon stocks.

Externalities™
A benefit or cost that affects an individual or group of people
who did not choose to incur that benefit or cost.

Circular economy™

A global economic model that decouples economic growth and
development from the consumption of finite resources. Circular
economy systems keep products in use for as long as possible,
allow for the recycling of end products, and eliminate waste.

State shift”

Large, lasting changes in the structure and function of
social-ecological systems, with substantial impacts on the
ecosystem services provided by these systems.

Resilience®”

“the capacity of any entity—an individual, a community,

an organization, or a natural system—to prepare for disruptions,
to recover from shocks and stresses, and to adapt and grow
from a disruptive experience.”

often affecting their structure and function at a cost to
their ability to provide other vital services and to function
in ways on which humanity has relied throughout
history.” In essence, humanity has traded off many of the
Earth’s supportive and regulating processes to feed and
fuel human population growth and development.”

The scale of human alteration of the natural world is
difficult to overstate (figure 2). Human beings have
converted about a third of the ice-free and desert-free land
surface of the planet to cropland or pasture” and annually
roughly half of all accessible freshwater is appropriated
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Ecosystem services

Provisioning services Regulating services Cultural services
Food Climate regulation Aesthetic
Freshwater Flood regulation Cultural
Wood and fibre Disease regulation Recreational
Fuel Water regulation Spritual
Medicines and new Pollination services
chemical compounds Erosion prevention

Air quality regulation

Supporting services or habitat services

Habitat maintenance

Genetic diversity

Soil formation

Photosynthesis or primary productivity

Figure 1: Services provided by natural systems.
Adapted from the Millennium Ecosystem Assessment.?

for human use.” Since 2000, human beings have cut
down more than 2-3 million km? of primary forest.”
About 90% of monitored fisheries are harvested at, or
beyond, maximum sustainable yield limits.” In the quest
for energy and control over water resources, humanity
has dammed more than 60% of the world’s rivers,”*
affecting in excess of 0-5 million km of river.” Humanity
is driving species to extinction at a rate that is more than
100 times that observed in the fossil record® and many
remaining species are decreasing in number. The 2014
Living Planet Report* estimates that vertebrate species
have, on average, had their population sizes cut in half in
the past 45 years. The concentrations of major greenhouse
gases—carbon dioxide, methane, and nitrous oxide—are
at their highest levels for at least the past 800000 years.”
As a consequence of these actions, humanity has become
a primary determinant of Earth’s biophysical conditions,
giving rise to a new term for the present geological epoch,
the Anthropocene (panel 1).?

In 2005, a landmark study by the Millennium Ecosystem
Assessment (MEA) estimated that 60% of ecosystem
services examined, from regulation of air quality to
purification of water, are being degraded or used
unsustainably (figure 2). The authors of the MEA warned
that “the ability of the planet’s ecosystems to sustain future
generations can no longer be taken for granted”.”

In 2006, a report published by WHO estimated that
about a quarter of the global disease burden and more
than a third of the burden in children was attributable to
modifiable environmental factors.” These factors lead to a
range of exposures that have adverse effects on health,
including exposure to fine particulate air pollution,
contaminated water, and some types of unintentional
injury.” The 2012 Global Burden of Disease study by Lim
and colleagues® has provided a more recent estimate of
the disease burden from exposure to a range of
environmental and other risk factors. Neither of these
exercises examined the health impacts of global
environmental change that can be direct (such as heat

stress from climate change), secondary (due to the
alteration of natural systems), or indirect or tertiary effects
(for example due to social disruption; figure 3).> Many
effects of global environmental change are difficult to
quantify because they are mediated through complex
systems that might have feedback loops and non-linear
relationships between environmental change and health
outcomes. Nevertheless, these effects have the potential to
disrupt the progress of humanity because of their far
reaching effects on vital ecosystem services (such as the
provision of sufficient food) and their potential for
compounding pre-existing socially-mediated threats, such
as displacement, conflict, or civil disturbance.*

The importance of the natural environment in
supporting human health and wellbeing is only
becoming clear as the Earth’s systems are degraded. For
example, the ability of mangroves, coral reefs, and other
types of wetland to provide wave attenuation and reduce
damage from tsunamis and storm surges® has gained
increased prominence since devastating events such
as the tsunami caused by the 2004 Indian Ocean
earthquake and hurricane Katrina in 2005.*” The role
of intact ecosystems and the suitability of climatic
conditions in regulating the transmission of diseases is
complex and not fully understood, but several new
studies reporting an increased risk of zoonotic disease
transmission in disturbed and degraded habitats
emphasise the role of biodiversity in mediating exposure
to infectious diseases.**

Many global assessments from the Global Environment
Outlook®* to the MEA® and the Intergovernmental Panel
on Climate Change (IPCC) reports” have warned that
accelerating change to the structure and function of the
Earth’s natural systems represents a substantial threat to
global human health and that the threat will become
increasingly severe over time if steps are not taken to
remedy the situation. Nonetheless, policy makers have so
far failed to respond decisively to the incremental
changes in the Earth’s natural systems that have
occurred. However, despite these changes, human health
has mainly improved around the world. What is the
explanation for the overall improvements in global
human health while natural systems have deteriorated?

The paradox of improved health and natural system
deterioration

Throughout history, humanity has advanced by exploiting
the environment to provide essential services and resources,
but there is a growing awareness that humanity’s historical
patterns of development cannot be a guide for the future. At
first sight, the fact that humanity is experiencing substantial
and sustained improvements in life expectancy at a time
when many ecosystems worldwide are degrading at un-
precedented rates might seem contradictory.** In view of
this apparent contradiction, an assessment* of the difference
between environmental trends and human wellbeing has
reported partial support for several possible explanations.
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Figure 2: Characteristics
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Environmental changes
and ecosystem impairment Examples of health effects

— Climate change Direct health effects
Floods, heatwaves,water shortage, landslides,

exposure to ultravioket radiation, exposure
to pollutants

— Stratospheric ozone
depletion

— Forest clearance and land
cover change

Escalation — Land d-egrafiation and ;
of human desertification i?osyzth-medla;gd hea!tl; ef‘f;ctsclf ol
tered infectious disease risk, reduced food yields
pressure - < v !
on global I:—J;> Wetlands loss and damage Ej‘> (undernutrition, stunting), depletion of natural
environment medicines, mentél health (perﬁonal, cqmmumty),
—— Biodiversity loss effects of aesthetic or cultural impoverishment

—— Freshwater depletion and
contamination

Urbanisation and its effects Indirect, deferred, and displaced health effects

Diverse health consequences of livelihood loss,
— Damage to coastal reefs :'\V population displacement (including slum dwelling),
and ecosystems conflict, inappropriate adaptation and mitigation

Figure 3: Mechanisms by which the harmful effects of ecosystem change can affect human health
Reproduced from Millennium Ecosystem Assessment,’ by permission of WHO.

The first possible explanation is that wellbeing is
dependent on food services, which are increasing, and
not on other ecosystem services that are diminishing. So
far, the increased productivity of food systems has
probably outweighed the adverse effects from the
deterioration of other ecosystem services.”

Panel 2: The concept of planetary health

The concept of health is typically applied to individuals,
communities, and populations or, on occasion, to nations but it
does not take into account whether health gains are achieved at
the cost of eroding the Earth’s underpinning natural systems that
provide essential services (eg, food, fuel, water, shelter) on which
human civilisation depends. If a population attains a given level
of health by exploiting the environment unsustainably then it is
likely to be doing so at the expense of other populations—now or
in the future, or both. The environmental impact of populations
should therefore be represented in assessments of progress of
human health and wellbeing.

An ecological public health model has been proposed that
integrates the material, biological, social, and cultural aspects of
public health and accepts the complexity and non-linearity of
the dynamics of natural systems.* The model stresses not only
how ecosystems underpin human health but also makes the
case for widening the responsibility for health across disciplines
and sectors beyond the traditional confines of the health
sector.” The concept of planetary health builds on this approach
to address the challenges of how best to protect and promote
human health in the Anthropocene epoch.

According to the WHO definition, "health is a state of
complete physical, mental and social wellbeing and not

1978

A second possible explanation is that technology and
infrastructure have decoupled wellbeing from nature by
increasing the efficiency with which humanity can
exploit ecosystem services and by replacing nature’s
services (eg, intact ecosystems) that had provided
ecosystem services such as food, safe drinking water, and
household energy, with engineered infrastructure and
markets—ie, the “ecological transition”.”

A third possible explanation is that time lags might
exist between the deterioration of function of some
ecosystem services and the subsequent reductions in
human wellbeing that they cause. Lags might also result
from short-term adaptation to change until the limits to
adaptation are reached.” Widely used measures such as
life expectancy at birth are not a prediction of what will
happen in the future but rather they represent the
experience of those who have reached old age now,
having benefited from the exploitation of the Earth’s
resources. As such some measures could give a false
sense of reassurance.

Substantial health improvements might be one of the
first outcomes associated with ecosystem conversion as
threats are reduced and economic or provisioning goods
are realised. Increasing wealth means populations can
use ecosystem services from other locations through
access to markets. Over time, however, resources are
depleted, regulating services are compromised, and the
potential to source food, water, and other ecosystem
services from elsewhere will become increasingly difficult

merely the absence of disease or infirmity”.® Our definition of
planetary health is the achievement of the highest attainable
standard of health, wellbeing, and equity worldwide through
judicious attention to the human systems—political,
economic, and social—that shape the future of humanity and
the Earth’s natural systems that define the safe
environmental limits within which humanity can flourish.
Put simply, planetary health is the health of human
civilisation and the state of the natural systems on which it
depends.*

Progress toward planetary health implies the development of
an improved understanding of the connections between
natural systems and health, including the potential for
destabilising changes in crucial ecological pathways. Progress
also requires recognition of the benefits to health arising from
the conservation and rehabilitation of natural systems and the
mitigation of greenhouse gases and other damaging emissions
that result from human activities. For humanity to achieve
planetary health in the face of increasing demands for
resources, while addressing unacceptable inequities, will
necessitate the development, implementation, and assessment
of ambitious, integrated policies to address the social,
economic, and environmental determinants of health.s*
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as population and consumption levels increase.* A
danger also exists that wealthy nations and populations
will meet their demands at the expense of poorer nations
and populations, thus widening health inequities.

Humanity has undoubtedly benefited greatly, if
inequitably, from the harnessing of the environment to
human needs and demands, but the pace and extent of
recent changes suggest that we cannot continue to
exploit nature in the same way to provide for a world
population that might continue to grow to the end of the
century or beyond.*

Reasons for hope

The interconnected nature of people and the planet mean
that solutions that benefit both the planet and human
health lie within reach.” Unparalleled opportunities now
exist to improve governance, harness new knowledge, and
exploit a range of technologies that can improve health and
reduce environmental damage. Increasing demands from
investors, shareholders, and civil society can also potentially
be capitalised on to develop sustainable business models
that address social, environmental, and commercial goals.
The advent of the Sustainable Development Goals (SDGs)
and the post-2015 development agenda provide an
important opportunity to address these trends and to tackle
health, social, and environmental challenges in an
integrated way.® Wise policies to make the best use of
resources within environmental limits can help to
safeguard humanity through the 21st century. Panel 2
outlines the concept of planetary health, which integrates
human health and environmental sustainability.

The scope of the Commission

This Commission assesses the threats to health and to
the prospects for development posed by the many
environmental changes happening in the Anthropocene
epoch. The Commission also identifies major gaps in
evidence in the understanding of links between
environmental change and health and the effects of
interventions and policies to reduce environmental
change and protect and promote health. The Commission
also outlines research needs and implementation efforts
to help humanity to address these threats successfully. A
call for accompanying papers and case studies was issued
by The Lancet in August, 2014.%

The Commission builds on previous work, including that
of the Brundtland Commission (formerly known as the
World Commission on Environment and Development),
the IPCC, the MEA, the Convention on Biological Diversity
(CBD), and Tony McMichael whose visionary book
Planetary Overload, published more than 20 years ago,
presciently addressed many of the issues that confront the
world at present (see appendix for an abridged overview of
past studies).*®#%*** The work of this Commission is
complementary to that of the Lancet Commission on
climate change,” which focuses particularly on the
opportunities for health and development that arise from
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policies to address the challenge of climate change. An
assessment of systematic reviews on the relation between
environmental change and human health was undertaken
(see Acknowledgments), which included studies detailing
potential policy options to improve health and environ-
mental outcomes. A full description of search methods and
findings are provided in the appendix. Systematic reviews
were assessed by use of the AMSTAR measurement tool*
and relevant reviews rated as good or excellent are referred
to in this Commission report.

How are the Earth’s global systems changing?
Pressures on the Earth’s biophysical systems

The planetary boundaries framework identifies those
biological and physical processes and systems important
to the maintenance of the Earth’s functions that human
beings rely on to grow and flourish—the “safe operating
space” (figure 4).”* Changes in these systems either
manifest at the global or regional scale (eg, climate
change) or at the local scale (eg, biodiversity loss) but
show such similar trends, effects, or interactions that they
can add up to a global issue. Substantial changes in these
systems could produce rapid, non-linear, and potentially
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Figure 4: The present status of the control variables for seven of the

nine planetary boundaries

The green zone is the safe operating space (below the boundary), yellow
represents the zone of uncertainty (increasing risk), and red is the high-risk zone.
The planetary boundary itself lies at the inner red circle. The control variables
have been normalised for the zone of uncertainty (between the two red circles);
the centre of the figure therefore does not represent values of zero for the
control variables. The control variable shown for climate change is atmospheric
carbon dioxide concentration. The term novel entities represents the growing
awareness that, in addition to toxic synthetic substances, other potentially
systemic global risks exist, such as the release of radioactive materials or
nanomaterials. Processes for which global-level boundaries cannot yet be
quantified are represented by grey wedges; these are atmospheric aerosol
loading, novel entities, and the functional role of biosphere integrity.
Reproduced from Steffen and colleagues,” by permission of The American
Association for the Advancement of Science.

See Online for appendix
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irreversible changes in the Earth’s environment that
would be disadvantageous to human development and
health. The framework relates to nine global or regional
pressures facing the Earth’s biophysical systems.

The boundaries associated with climate change—
biosphere integrity (measured at present by use of
extinction rates), biogeochemical flows (measured by flows
of nitrogen and phosphorus), and land-system change
(measured through amount of remaining forest)—are
estimated to already be outside of the identified safe
operating space. Additionally, the boundary associated
with ocean acidification is estimated to be nearing the
identified threshold value and freshwater use shows high
spatial variation, breaching regional thresholds in areas of
low water availability or high consumption.”

Trends in global environmental change

Climate change

Clear evidence now exists that climate change has occurred
because of human activity.” Climate change is caused by
increases in the atmospheric concentrations of the
greenhouse gases, particularly carbon dioxide, methane,
and nitrous oxide,/ together with black carbon. The
burning of fossil fuels to provide power for transport,
domestic use, agriculture, and industry, and the conversion
of areas of natural habitat to land used for agriculture and
human settlement cause most of these emissions. At
present, the world’s emissions trajectory is greater than the
highest Representative Concentration Pathway (RCP 8-5;
panel 1) used by the IPCC.”

The present and future effects of climate change
include increased melting of ice sheets in Greenland and
the Antarctic; a rise of mean sea level of about 0-19 m
since 1900, and a projected rise of 0-52 m to 0-98 m by
the year 2100 (relative to 1986-2005 levels) under RCP
8-5; an increase in global mean surface temperature of
0-85°C since 1880, and a projected further rise of between
2-6—4-8°C by the end of the 21st century (relative to
1986-2005; RCP 8-5), with greater warming over the land
than the sea; an increase in the frequency and duration of
both heatwaves and extreme rainfall events’*—although
in many mid-latitude and subtropical dry regions, mean
precipitation will probably decrease; and changes in the
abundance, distribution, and composition of plants and
animals, with a cascading effect for whole ecosystems.*

Ocean acidification

Increased absorption of atmospheric carbon dioxide has
resulted in changes to the chemical balance of the oceans
(which are naturally slightly alkaline), causing their acidity
toincrease. The pH of the oceans has, on average, decreased
by 0-1 pH since the beginning of the Industrial Revolution
250 years ago—equivalent to an increase in ocean acidity of
about 26%.” Ocean acidity is predicted to increase by up to
170% by 2100.® Ocean acidification also causes a reduction
in the saturation of some forms of oceanic calcium
carbonate that are used by marine species—such as

mussels, clams, and corals—to grow shells and create
skeletons.® The key predicted effects of ocean acidification
include reduced survival rates and abundance and impaired
growth and larval development of marine animals;* rapid,
global-scale losses of coral reefs; and a reduction in the
ability of shelled animals such as molluscs (eg, mussels,
oysters, and clams) to form and maintain shells.®

Cascading disturbances from individual affected
species will also affect other parts of the food chain.®
A study” published in 2013 predicted that the entire
population of southern ocean Antarctic krill (Euphausia
superba) could collapse within 300 years if carbon dioxide
emissions keep increasing because of the effects of
acidity levels on hatching success. Antarctic krill are not
only the region’s largest fishery resource, but are also a
primary source of food for top predators such as whales,
seals, and penguins.”? Some organisms, however, can
tolerate ocean acidification and others, such as some
seagrasses and fleshy algae, might even benefit from an
increase in carbon availability, but such disruptions
could also have knock-on effects for ecosystems, affecting
food webs and system dynamics.®

Freshwater

Freshwater resources can be defined as renewable (rivers,
surface water, and groundwater) and non-renewable
(eg, deep aquifers, which have a negligible rate of
replenishment on human timescales).® At present,
groundwater supplies about 50% of the freshwater globally
withdrawn for domestic use, 40% of the non-piped water
for industry, and 20% of the water used for irrigation. In
many parts of the world groundwater is being extracted
faster than it can be recharged and the rate of extraction
doubled between 1960 and 2000.*

The highest rates of groundwater depletion are in
regions of high agricultural production such as
northwest India, northeast China, northeast Pakistan,
California’s central valley, and the Midwest of the USA.%
The Arab world, is particularly susceptible to freshwater
shortages, with a reduction in freshwater availability
from 3035 m3 per person in 1962, to 743 m3 per person
in 2011—far below the water poverty level of 1000 m3 per
person per year.” By 2050, 3-9 billion people (more than
40% of the world’s population) are projected to be living
in river basins under severe water stress.

Water demand is projected to increase by 55%
worldwide between 2000 and 2050 (excluding rain-fed
agriculture). The increase in demand will arise mainly
from manufacturing (400% increase in water demand),
electricity (140% increase in water demand), and
domestic use (130% increase in water demand),
suggesting that in many countries irrigation (which
accounts for about 70% of all water used globally at
present) cannot expand and will need to become more
efficient than it is at present.* Water scarcity will have
important indirect implications for health through
decreases in food production and economic growth.®
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The most recent IPCC assessment,” published in 2014,
concluded that “climate change is projected to reduce
renewable surface water and groundwater resources
significantly in most dry subtropical regions”, and it is
therefore likely to exacerbate water stress due to
unsustainable extraction of groundwater. Climate change
is also projected to affect water availability by speeding
glacial melt, intensifying both precipitation events and
drought in some regions, with major effects on
availability projected, particularly after 2050.” Habitat
loss and pollution (especially from agricultural run-off)
also affect many water sources globally. Wetlands are
highly sensitive habitats, which are crucial in maintaining
the water cycle, which, in turn, underpins all ecosystem
services. About 70% of the world’s wetlands existing in
1900 were lost by the end of that century, with even
higher losses in Asia.”

Changes in land use and soil erosion

The conversion of areas of natural habitat to areas used for
agriculture and industry has affected most parts of the
world. In all realms, except Oceania and Antarctica, at least
a quarter of natural habitats have been converted to other
land uses.’ In southeast Asia, almost 50% of the natural
habitat has been converted. The temperate northern
realms of North America and Europe are widely cultivated
and urbanised at present; however, after large reductions
in natural habitat extent throughout the history of human
occupation, the expansion of agricultural lands in these
areas seems to have stabilised, with only small increases in
the past 40 years.

Habitat conversion continues at a rapid pace in many
places however, especially in tropical and subtropical
regions, driven by a growing demand for animal products
as populations increase in wealth® and the conversion of
natural habitats to grow non-food crops (eg, maize, sugar
cane, and oil palm) for biofuel and cosmetics. Oil palm
(Elaeis guineensis) cultivation is increasing by 9%
annually, driven by demand for biofuels in Europe and
food demand in India, Indonesia, and China.” Oil palm
plantations consistently hold half as many vertebrate
species as primary forests and show reduced species
richness compared with secondary forests.” Changes in
land use (particularly tropical deforestation) are
contributing to substantial losses of native species.”
Conversion of natural habitats to agricultural land is
linked to increased nitrogen and phosphorus deposition
through agricultural run-off. Burning of forests through
land clearing activities increases local levels of air
pollution and contributes to global greenhouse gas
emissions—driving climate change.

Land clearance and intensive farming techniques are
accelerating natural soil degradation processes,” which
are exacerbated by urban development (which paves over
the top soil) and unsustainable use of the land by
industry.” New soil is slow to form; tillage agriculture is
causing erosion rates that exceed soil formation by one to
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two orders of magnitude.” Soil degradation has resulted
in about 1-2-9 million hectares (10000-29000 km2) per
year of agricultural land becoming unsuitable for
cultivation,” often turning to desert. Globally, about 55%
of land desertification is caused by soil degradation due
to human activity™” The effects of soil degradation
include threats to food security, flooding due to decreased
freshwater retention, and microbial biodiversity loss
from soil.” Soil also acts as a carbon sink and its erosion
(especially when leading to a loss of peatlands or
permafrost) contributes to increased greenhouse gases
in the atmosphere due to a reduction in their removal by
carbon fixing. Agricultural soils contain 25-75% less
carbon than those in comparable natural ecosystems.” In
turn, future climate change is expected to affect the
extent, frequency, and magnitude of soil erosion, mostly
because of changes in rainfall and temperature driven
changes in plant biomass.”

Nitrogen and phosphorus pollution

Increases in the amounts of nitrogen and phosphorus
entering the environment through agricultural fertiliser
run-off and soil erosion have become key drivers of
ecosystem change in the past 60 years.® Levels of
biologically available nitrogen and phosphorus in the
environment are projected to increase substantially in
the future’ Human beings now produce more
biologically available nitrogen than all the natural
pathways for their production combined.’ This is a
result of the synthetic production of nitrogen fertiliser,
which has been pivotal for the substantial increase in
food production that has sustained population growth
during the past 50 years.” Present flow of phosphorus
into the oceans is also about three times the
preindustrial level, stemming mainly from the
application of phosphorus as a fertiliser sourced from
mined reserves and from livestock slurry and manure.”
Excess nitrogen running into terrestrial ecosystems,
especially temperate grasslands, shrublands, and
forests, leads to decreased plant diversity, whereas
excessive amounts of nitrogen and phosphorus in water
bodies, such as rivers and other wetlands, lead to algal
blooms and eutrophication (the process whereby
excessive plant growth depletes oxygen in the water) in
inland waters and coastal areas.’

Toxic chemical pollution and exposure

Many chemicals have an essential role in modern life,
in fields such as medicine, agriculture, and the
production of consumer goods. Production and
consumption of most types of chemicals have expanded
greatly worldwide since 1950.% For example, more than
140000 chemicals are estimated to be on the EU
market.* Global chemical sales are predicted to increase
at about 3% per year until 2050 and most of their
production will shift from established high-income
economies to low-income and middle-income
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Panel 3: Convention on Biological Diversity and WHO State of Knowledge Review

Through an interdisciplinary panel of experts, the Secretariat for the Convention on
Biological Diversity and WHO collaborated to create a comprehensive State of Knowledge
Review examining the state of scientific knowledge on the links between human health
and biodiversity, ecosystems, and the life supporting services they provide.* The evidence
gathered shows how anthropogenic drivers of biodiversity loss are hindering the capacity
of ecosystems to provide essential services, from provision of clean air and freshwater, to
discovery and production of medicines, to support for spiritual and cultural values. The
most pronounced risks often affect populations with insufficient social protection
mechanisms, including women, children, Indigenous peoples, the poor, and those most
reliant on natural resources for their health, wellbeing, livelihoods, and survival. Several
key risks have been identified.

+ The loss of agrobiodiversity, which supports the production, pollination, and pest
control services needed for food and nutrition security.

« Complex effects on the regulation of infectious diseases, including the transfer of
pathogens from wildlife to human populations.

+ Emerging evidence that biodiversity loss in the wider environment might lead to
reduced diversity in human microbiota, contributing to immune dysfunction and
disease.

The review identifies key gaps in the state of present knowledge and calls for the creation
of coherent cross-sectoral strategies to ensure that biodiversity and health linkages are
recognised, valued, and represented in national public health and biodiversity
conservation policies and implemented with the involvement of local communities.

A concerted effort should also be made to unite work across research disciplines—in social
and natural sciences—by use of approaches such as EcoHealth® and the One Health
framework® to produce knowledge and recommendations that can be used by policy
makers and practitioners.

countries.® Major sources of chemical contamination
and waste include pesticides from agricultural run-off;
heavy metals associated with cement production;
dioxins associated with electronics recycling; mercury
and other heavy metals associated with mining and coal
combustion; butyl tins, heavy metals, and asbestos
released during ship breaking; mutagenic dyes, heavy
metals, and other pollutants associated with textile
production; toxic metals, solvents, polymers, and flame
retardants used in electronics manufacturing; and drug
or pharmaceutical pollution through excretion in urine
and improper disposal.®*

The total quantity of chemicals released into the
environment as waste globally is unknown,® but as an
example of the scale of the issue in North America
(USA, Canada, and Mexico) alone, 4-9 million tonnes
of chemicals were released into the environment in
2009, including about 1-5 million tonnes of chemicals
that are persistent, bioaccumulative, and toxic; of this
more than 756000 tonnes were known or suspected
carcinogens, and nearly 667 000 tonnes were chemicals
that are known to be reproductive or developmental
toxicants.* In the USA, releases fell until 2009, and
have subsequently increased with, for example, a 15%
increase in total releases between 2012 and 2013, due
largely to increases in on-site land disposal from metal
mining.*

1982

Toxic chemicals also cause reduced ecosystem
function and thus can indirectly affect human health.
For example, chemical pollution can increase the sus-
ceptibility of ecosystems to species loss and land-use
change.® Many man-made pollutants accumulate in
deep oceans where they are consumed by small marine
organisms and enter the food chain.” Others are
dispersed in the atmosphere and accumulate in the
polar regions and their food chains (which include
human beings). Detailed evidence exists for the ecotoxic
effects of some chemicals on both aquatic and terrestrial
ecosystems.® Examples include feminisation of fish
and developmental delays and malformations in
amphibians.® As levels of some pollutants such as
polychlorinated biphenyl and dioxins in wildlife have
decreased, others, such as brominated fire retardants
and perfluorinated compounds, have increased.*

Climate change can cause increased mobilisation of
persistent organic pollutants from environmental
sources and increase airborne transport.” The impact
on the environment and human health of complex
mixtures of chemicals is also important to assess
because together they might cause substantial toxic
effects, even if all individual chemicals are only
present at individually non-toxic concentrations.®
Such assessments are difficult to implement however
because of the large numbers of chemicals that are
emitted.

Biodiversity loss
Biological diversity (biodiversity) underpins many of the
benefits that humanity derives from the Earth (panel 1).
Aloss of biodiversity has potentially serious consequences
for human health and wellbeing (panel 3).>** Much of
nature is uncatalogued however, and only 10-20% of
species are described at present” with pronounced
gaps in groups such as fungi, insects, and marine
invertebrates. Most measures for which we have
indicators show that biodiversity is decreasing.**” At the
species level, biodiversity is being lost at a rate
unprecedented in human history.’ The 2010 Global
Biodiversity Outlook® reported that all major types of
pressure were increasing. Key threats to biodiversity
include the loss, degradation, and fragmentation of
natural habitats; overexploitation of biological resources
(eg, overfishing); pollution, particularly the build-up of
nutrients such as nitrogen and phosphorus in the
environment; the introduction of invasive alien species;
and climate change and the acidification of the oceans.
The loss of biodiversity can affect the ways that
ecosystems are structured and function, with local
consequences especially for ecosystem services.” At a
planetary scale, biodiversity also has a major role in
limiting the impacts caused by changes to other Earth
systems. For example, biodiversity has a key role in
regulating the climate and removing harmful pollutants
from the environment.*
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Non-linear changes and interactions between multiple
environmental threats

In addition to the effect of a single environmental threat,
multiple threats might also negatively interact and
exacerbate each other, creating a total effect that is worse
for the environment than the sum of its parts.” Rather
than a steady decrease in ecosystem services as human
pressure increases, ecosystems might suddenly change,
affecting the services that they provide. These shifts in
social-ecological systems (panel 1) are based on well
documented past observations, wherein ecosystems have
transitioned rapidly to radically different states after
threshold or tipping point effects were reached or
breached.” An overview of recent social-ecological system
shifts and their consequences is given in the Regime
Shifts Database. Such effects are difficult to predict
because a critical threshold might only become apparent
in retrospect and changes can be rapid as thresholds are
approached. An analysis of the causes and ecosystem
consequences of 13 shifts in marine ecosystems reported
that they were driven by combinations of factors acting
across different scales. Factors included nutrient inputs,
fishing, climate change, climate variability, urbanisation,
deforestation, sewage, agriculture, and demand for food
and fibre.” An example of how multiple interacting
environmental changes contributed to an increase in the
risk of adverse pregnancy outcomes in coastal populations
in Bangladesh is given in the appendix.

Population growth, consumption, and
technology—drivers of environmental change
Key factors mediating human induced environmental
changes

The scale and pace of the human induced environmental
changes are ultimately driven by the context of human
civilisation in the Anthropocene. Three key factors in
mediating these changes are unsustainable consumption
or overuse of resources (that in turn is closely linked to
affluence); population numbers; and available technologies
that determine the effect of a given level of economic
activity on the environment. Moreover, these factors
interact, usually to multiply each other’s impact on the
environment, although appropriate technology (efficient,
sustainable) can reduce these effects.

Consumption

A study” ranking nations, for which relatively complete
data was available on their past and present effects on
the environment, reported that overall, increasing
absolute wealth was the main factor for increased
absolute environmental impact (figure 5). Population
size made an additional contribution to absolute
environmental impact and poor governance made a
smaller but significant contribution. The investigators
found no evidence for an environmental Kuznets curve
(le, at the early stages of economic development,
environmental degradation increases until a specific
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level of income is reached and then environmental
improvement occurs), although they did identify a small
reduction in environmental impact for countries with
increasing per-person wealth. This reduction could be
due to some degree of environmental recovery after
widespread habitat loss in the past (eg, European
deforestation). A limitation of the analysis is that so-
called leakage cannot as yet be accounted for
(ie, outsourcing of production processes that have high
environmental impacts through international trade).
Overall this analysis corroborates the damaging effects
of an array of environmental challenges that are
unprecedented in human history, which have mostly
resulted from a profoundly unequal, resource intensive
global economy. Most recent economic growth has been
in countries that are not members of the Organisation
for Economic Co-operation and Development (OECD),
but profound global inequities in development still
exist, with the OECD economies still dominating
consumption patterns.”

Present patterns of production and consumption are
often inefficient—one key example is that, at present,
30-50% of all food produced is wasted because of poor
practices in harvesting, storage, transportation,
marketing, and consumption.” Gross inefficiencies
also exist in the use of energy and water to drive
development; for example, about a third of global
energy use is dissipated as waste heat.* Although
historically energy intensity (expressed as units of
energy per unit of gross domestic product [GDP]) has
improved, the rate of improvement has been more than
offset by GDP growth, resulting in increased energy
use over time. Therefore, a priority for research and
innovation is to achieve accelerated progress in human
development by use of much lower amounts of
resources and energy from non-renewable sources than
are used at present.

In 2011, world biofuel production was five times that of
in 2001.” First generation biofuels compete for land with
food crops (figure 6) and could increase food prices. A
2013 review” of this complex and sometimes contested
topic concluded that “Everything else being equal, the
introduction of a rigid biofuel demand does affect food
commodity prices”.” The cultivation of different crops
(eg, corn alcohol vs sugar cane alcohol) and types of fuel
(ethanol vs biodiesel) are associated with different land-
use changes and agricultural practices and therefore
might have different impacts on the environment. In
some low-income countries, farming of biofuel crops
might have beneficial economic effects if they compete
with food exports but not domestic food production. The
dietary shift towards high consumption of fats and oils,
meats (particularly from ruminants), processed foods,
and refined carbohydrates—including so-called empty
calories—is a major contributor to the non-communicable
disease burden, and to greenhouse gas emissions, land-
use change, and agrochemical pollution.®

For the Regime Shifts Database
see http://www.regimeshifts.org
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Figure 5: Relative rank of countries by proportional and absolute impact on the environment

Proportional impact rank (A; 179 countries assessed) and absolute environmental impact rank (B; 171 countries assessed) are shown; the darker the grey the higher
the impact. The proportional and absolute rank of each country’s impact on the environment was a combination of their ranks for natural forest lost, habitat
conversion, marine captures, fertiliser use, water pollution, carbon emissions, and proportion of threatened species. Proportional ranks are relative to total resource
availability per country. Reproduced from Bradshaw and colleagues,” by permission of PLoS One under the terms of the Creative Commons Attribution License.

Population growth

Recent projections (revised in 2012) by the UN suggest
that the world population could reach 9-6 billion by
2050 (figures 2, 7)." A study* published in 2014, based
on revised UN Population Division estimates, used a
probabilistic model to address the limitations of
previous population projections and concluded that
there is a 95% probability that world population in 2100
will be between 9-0-13-2 billion. Gerland and
colleagues® concluded that population growth is
unlikely to end this century without unprecedented
reductions in fertility in sub-Saharan Africa. Between
1990 and 2012, unmet need for family planning
decreased from 17% to 12% in developing regions.
However, in 2012, in sub-Saharan Africa, 25% of women
aged 15-49 years, married or in union, reported the
desire to delay or avoid pregnancy, but had not used any
form of contraception. Large differences in contraceptive

use existed between urban and rural residents, rich and
poor households, and the educated and uneducated.®

If worldwide mean fertility could be reduced to two
children per woman by 2020 (compared with 2-37 at
present), the world’s population would have 777 million
fewer people by 2050 than if present fertility rates
continued.”

Empirical analyses of historical trends suggest that
carbon dioxide emissions from energy use respond
almost proportionally to changes in population size."
Comparison of UN low (7-4 billion) and high
(10-6 billion) population growth scenarios for 2050,
suggests a 32% difference in global carbon dioxide
emissions between the two population projections by
2050. At present, large differences in per-person
greenhouse gas emissions exist between high-income
and low-income countries, but limited attention has
been given to the links between rapid population

www.thelancet.com Vol 386 November 14,2015



The Lancet Commissions

growth and carbon emissions in the least-developed
countries.” To merely consider change in population
size however, does not take into account other factors.”
For example, population ageing can reduce emissions
substantially over time, especially in industrialised
nations, through the effect on labour supply and
economic activity."

In the case of tropical deforestation, population growth
operates in concert with political, economic, and other
factors, such as the transition from subsistence farming to
market-oriented crops, with migration often constituting
a major driver of forest loss.” Population growth also
places pressure on biodiversity hotspots and stresses on
35 world biodiversity hotspots are projected to be greatest
in Africa and south Asia.” Reduction of population growth
is essential to move humanity towards a more sustainable
trajectory of development, but it will not be sufficient to
avoid severe environmental damage unless it is combined
with policies to reduce consumption of material resources
and greenhouse gas emissions in high-income and
emerging economies."”

Technology

Technologies define the magnitude of environmental
impact resulting from the pursuit of a particular level
of affluence for a given population size. Technological
development has underpinned humanity’s exploitation
of the environment and has made possible human
progress across all key sectors of the economy. Many
technological advances increase resource use efficiency,
but frequently this does not result in an overall
reduction in the environmental footprint because these
efficiency gains stimulate consumption either directly
or indirectly through increasing disposable income,
which can fuel the purchasing of additional goods. This
situation is often known as the rebound effect (or
Jevons paradox). In developed economies, rebound
effects, for example, for household energy efficiency
measures, are between 20-45% and are probably higher
in low-income countries. Thus, technologies that
improve efficiency might only reduce the overall
environmental footprint of the economy if they are
accompanied by policies to cap emissions or the use of
a given resource.

Urbanisation
Most of the world’s population now live in towns and
cities and, for the foreseeable future, most population
growth will be in urban areas (figure 7).” By the middle of
the 21st century, another 2-3 billion people will need to be
housed in the cities of the world—more than 1 million
people every week. Most urban population growth is
projected to take place in small and medium sized cities
in low-income and middle-income countries."

Rapid economic development and urbanisation is
making cities in developing countries both susceptible
to health hazards from environmental changes and,
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Figure 6: Calorie delivery fraction per hectare

The proportions of produced calories that are delivered as food are shown. Crop use statistics were used to
determine the number of calories delivered to the food system, which include food calories (calories used for direct
human consumption), and feed calories after they were converted to meat, egg, and dairy calories. Crops that were
used for other non-food uses (biofuels and other industrial uses) were not delivered to the food system.
Reproduced from Cassidy and colleagues,* by permission of I0P Publishing under the CC-BY license.
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Figure 7: The urban and rural population of the world, 1950-2030

Estimated and projected values of the proportion of urban and rural populations from 1950 to 2030 based on a
model of medium variant population growth. Data are taken from the UN DESA World Urbanization Prospects, the
2014 revision.” Reproduced from Capon and colleagues,*® with permission from The Medical Journal of Australia.

For the CC-BY license see
http://iopscience.iop.org/1748-
9326/page/Copyright%20&%20
permissions

simultaneously, an increasing contributor to them,"”
but the relationships are complex.”® By 2050, urban
population growth will increase the number of people
living in cities with perennial water shortage (less than
100 L per person per day of sustainable groundwater and
surface flow within urban boundaries) from 150 million
to almost 1 billion people.”™ Urbanisation can lead to an
increase in greenhouse gas emissions in developing
regions through effects on labour supply, but, after
controlling for income, urban living can be more energy
efficient than living in rural areas.™ At the same time,
research undertaken in India suggests that urban living
can accelerate the transition away from highly polluting
biomass and coal combustion to clean household energy,
with major population health benefits.™

1985



The Lancet Commissions

Climate

Natural
variability

Anthropogenic
climate change

A

Effects of climate change on human beings and ecosystems

Vulnerability Development

Socioeconomic
pathways

Hazards Adaptation and
mitigation
actions

Governance

Emissions and land-use change

Figure 8: Example schematic of how hazard, exposure, and vulnerability interact to determine risk from

environmental change

Risk of climate-related impacts results from the interaction of climate-related hazards (including hazardous events
and trends) with the vulnerability and exposure of human and natural systems. Changes in both the climate
system (left) and socioeconomic processes, including adaptation and mitigation (right), are drivers of hazards,
exposure, and vulnerability. Reproduced from the Intergovernmental Panel on Climate Change, Working Group I,
Summary for Policy Makers,*® by permission of the Intergovernmental Panel on Climate Change.
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Low elevation coastal zones occupy 2% of the world’s
land area but contain 13% of its urban population.” The
coastal location of many cities predisposes them to flooding
and, in some areas, exposure to extreme events.™ Exposure
to dangerously high temperatures in urban centres is also
increasing because of global climate change and the urban
heat island effect,™ and is exacerbated by urban sprawl."™
The urban transition provides an unparalleled opportunity
to improve population health, increase resilience to
environmental change (eg, the 100 Resilient Cities—
Pioneered by The Rockefeller Foundation™), and reduce
the environmental impacts of cities through improved
urban planning, design, housing, development, and
management."”

Key health effects of environmental change

The unfinished agenda of environmental health

The 2006 study,® published by WHO on the burden of
disease from direct environmental causes, identified the
largest disease burdens related to environmental exposures
as including diarrhoeal disease, undernutrition, acute
respiratory infections (particularly from household air
pollution), malaria, and some categories of unintentional
injuries. The total number of healthy life years lost per
person from environmental exposures was 15 times higher
in developing countries than in developed countries. The
public health impacts of these environmental exposures
are important in their own right and populations exposed
to some of these risks might have increased susceptibility
to the effects of global environmental change on health.
The 2006 WHO assessment™ did not include the effects of
global environmental change, which are the focus of this
Commission report.

Exposure and vulnerability increase the risk of negative
health effects due to global environmental change
The risks to human beings from global environmental
change arise from the interaction between specific hazards,
exposure, and vulnerability; figure 8 shows an example of
this interplay in risk due to climate change." Vulnerability
is related to sensitivity, one or more factors that increase the
likelihood that individuals will have negative health effects
due to environmental change. The level of exposure of
individuals or populations is related to the likelihood that
they will experience hazards resulting from environmental
change from living in a particular place. For example,
those living at high latitudes might experience greater
magnitudes of change of temperature than those living at
lower latitudes, whereas those in the tropics are at more
risk from droughts and floods.™

Important factors that make people more sensitive to
environmental change include undernutrition, age (both
the very young and old are often at increased risk), and
the presence of a pre-existing disease burden. Elderly
people are particularly susceptible to thermal stress and
are disproportionately at risk of death in heatwaves. An
ageing world population means that the number of
people potentially at risk from heatwaves is growing
rapidly in many countries.™" Children are particularly
susceptible to the effects of toxic chemicals because of
their disproportionately large exposure, the sensitivity of
their developmental processes to disruption, and because
they are less able to detoxify and excrete many
environmental chemicals compared with adults.™

Interactions between existing health burdens and
environmental change might negatively affect the present
rates of progress in many diseases in a population. For
example, the number of new HIV infections per 100 adults
(aged 15 to 49 years) reduced by 44% between 2001 and
2012, but an estimated 2-3 million people of all ages still
became newly infected in 2012.° Many people living with
HIV/AIDS might also be susceptible to inadequate
nutrition due to environmental change (panel 4) and to
other infections. During symptomatic HIV, and sub-
sequently during AIDS, energy requirements increase by
about 20-30% to maintain adult bodyweight,'” therefore
without a secure supply of food, bodyweight can quickly
decrease. Food insecurity (which can be exacerbated by
environmental change) can also negatively affect the ability
of patients with HIV to adhere to antiretroviral therapy, a
primary determinant of HIV clinical outcome."®

Poverty increases risk from environmental change
through both increased sensitivity and exposure. Despite
progress, 1-2 billion people still live on less than
US$1-25 per day.* Those living in poverty are at increased
likelihood of living in hazardous locations prone to
flooding or landslides, or close to waste sites, with
inadequate housing and inadequate access to health care,
clean water, sanitation, and other essential services.
People living in poverty are also more likely to be living
with an existing infectious disease burden and are more
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Panel 4: Case study—green safety nets of natural resources buffer households affected by HIV from hunger in rural

South Africa

In sub-Saharan Africa high rates of HIV infection are causing
substantial strain on households, with infection rates in a South
African research site peaking at 45:3% in men aged

35-39 years.” In some cases, these high HIV rates are occurring
in settings where rural households rely greatly on the local
natural environment for a range of resources to meet daily
needs—eg, food, medicine, and cooking fuel. Thus, households
at the intersection of the HIV/AIDS pandemic and
environmental degradation face two crucial challenges
simultaneously. This case study examines the role of local
natural resources in the coping strategies of households affected
by a prime-age death—between 18 and 49 years of age—and
HIV/AIDS particularly, with a specific focus on food security.

Two cross-sectional household surveys were done in 2004
(n=240) and 2006 (n=290) at the Agincourt Health and Socio-
Demographic Surveillance System site (part of the INDEPTH
network), which collected data on about 90 000 people in rural
South Africa. The study area is characterised by large rural villages
embedded in a matrix of savannah woodland used for agriculture
and to harvest natural resources. Adult mortality negatively
affects household food and nutrition security by reducing the
capacity of the household to purchase food if the deceased was
an income earner (usually male), or produce food if the deceased
had an important role in food cultivation (usually female).”> The
local environment offers a means for mortality-affected
households to cope with these negative effects in several ways.

First, local ecosystems provide a source of readily available wild
foods, such as fruit, herbs, and insects, which substitute for

susceptible to undernutrition due to increases in food
prices than people who are not in poverty.” The
“ecological transition” from a society or population with
direct dependence on local ecosystems for essential
services to one with the ability to purchase these services
is associated with health benefits for most people who
are able to make the transition successfully, but leaves
poor populations increasingly susceptible to negative
health effects if their natural infrastructure is degraded
while their poverty prevents them from accessing the
benefits of engineered infrastructure or markets.*”

Recent reports on links between environmental change
and health

The findings of two reports®* on biodiversity and health
published in 2015 (panel 3) and climate change and health
published in 2014 (panel 5) have provided insights into the
links between global environmental change and health.

Effects of global environmental change on food security
and undernutrition

Overview

Undernutrition contributes to the deaths of about
3 million children each year, about 45% of the total
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previously purchased food. In the words of one respondent from
a mortality-affected household, “Locusts are now our beef”.*
Wild foods buffer households from severe food shortages and
increase dietary diversity.” They are most often consumed by
households that have lost an adult male, irrespective of
socioeconomic status, usually in response to a loss of income.”
Reliance on wild foods often persists for up to 3 years after the
death of the income provider, suggesting that such substitution is
not a short-term coping strategy, but a longer-term adaptation
by the household.***

Second, local natural resources provide other materials that enable
households to save money—eg, fuel wood and medicinal plants.
Mortality-affected households are far more likely to use wood as
their main source of cooking fuel,” and to note cost savings as the
prime reason for using a range of natural resources and products
compared with households not affected by a death.”

Third, the local natural environment provides opportunities for
the generation of supplementary income in times of crisis.
Although only 5% of survey households had been selling natural
products, most of these (86%) had been affected by an adult
death in the past 2 years.” Taken together, these findings point
to the underappreciated contribution of the local environment
to the resilience of rural households faced with livelihood shocks
related to health. Environmental degradation weakens this green
safety net, emphasising the importance of action to promote the
use of sustainable resources and improve environmental
governance and ecosystem management at the local level.

deaths in this age group.” Despite reductions in rates of
undernutrition in most regions, one in four children
younger than 5 years worldwide are stunted, with
attendant risks of impaired cognitive and physical
development. Some areas of the world are still showing
absolute increases in stunting; between 1990 and 2012,
the number of stunted children in sub-Saharan Africa
increased from 44 million to 58 million, although the
proportion fell from 50% to 30% (appendix).*

Global environmental change has the potential to
increase undernutrition and stunting, and to adversely
affect four dimensions of food security: food availability,
food accessibility, food utilisation, and food system
stability.”" Additionally, growing evidence suggests that
environmental changes can affect the nutritional content
of foods. Changes in land use and ownership, together
with failure to reduce food waste and spoilage, amplify the
effects of global environmental change on undernutrition.
An overview of food price fluctuations and their effects is
given in the appendix.

Land degradation and soil erosion: effects on agricultural yield
Degradation of arable land from a combination of
erosion, desertification, salinisation, and conversion to
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Panel 5: Health effects of climate change

The Intergovernmental Panel on Climate Change (IPCC) concluded
that it is likely that climate change has contributed to global levels
of ill health in recent decades. However, the present global burden
of ill health from climate change is relatively small compared with
other stressors on health, and substantial uncertainty on estimates
still remains.”® According to the IPCCit is likely that rising
temperatures have increased the risk of heat-related death and
illness and the IPCC has medium confidence that local changes in
temperature and rainfall have already changed the distribution of
some water-borne illnesses and disease vectors, and reduced food
production for some susceptible populations; see IPPC (2014)* for
the levels of confidence for each of these statements and how they
were reached.

Under the assumption that climate change continues as
projected, the IPCC predicts (with very high confidence) that, until
the middle of the century, the global risk of adverse health

developed land has led to substantial reductions in
agricultural productivity in many regions of the
world.”” At present, 90% of food is grown in soil, a non-
renewable (in human timescales) resource. Soil
degradation leads to a loss of between 1 and 12 million
hectares (120000 km?2) of agricultural land per year
(see appendix of reference 74 for an explanation of
variation in soil degradation estimates), therefore a
potential loss of up to 20 million tonnes of grain per
year™® In many parts of the world, a substantial
amount of land has lost its soil nutrients. In 37 African
countries, severe soil nutrient depletion over the past
30 years has led to substantial soil impoverishment and
reduced agricultural output.™

Loss of pollinators

Good evidence exists that concerns about reductions in
both wild and domesticated pollinators are well founded,
but multiple factors are implicated.” For example,
widespread population decreases in domesticated honey
bees are probably due to a combination of increased
exposure to pests and parasites, environmental stressors
(including agrochemicals), and reduced genetic diversity.”*
Pollination by insects is an important form of reproduction
for atleast 87 types of leading global food crops, comprising
more than 35% of the annual global food production by
volume.”™ As such, reductions in the distribution and
abundance of pollinators has substantial implications for
agricultural productivity and nutrition.” Depending on
dietary composition, up to 50% of the cultivation of plant-
derived sources of vitamin A requires pollination
throughout much of southeast Asia.” Iron and folate have
lower, but still significant pollinator dependence, reaching
12-15% in some parts of the world.”™ Smith and
colleagues™ report that losses of pollinators could leave
hundreds of millions of people at risk of vitamin A and

outcomes will increase because of additional intense heatwaves
and fires, and an increased risk of food and water-borne diseases.*
They also predict that poor regions will face an increased risk of
even greater undernutrition, compared with no climate change,
resulting from diminished food production (with high
confidence); that work capacity and labour productivity will be
reduced in susceptible populations (with high confidence); that
the risk of vector-borne diseases will increase (with moderate
confidence); and that any possible positive effects on global
health due to climate change (eg, from warmer winters) would be
outweighed by negative effects. Under the high emission
pathway (Representative Concentration Pathway 8-5, which
humanity is exceeding at present), by 2100, the temperature of
some of the world’s land area is predicted to increase by 4-7°C.
The IPCC concluded with high confidence that if this temperature
increase occurs, normal human activities—including growing
food or working outdoors—will be compromised.

folate deficiencies, and reduce the amount of fruits,
vegetables, and nuts and seeds in the diet. The
consequences for global health of such dietary changes
would be severe; a 50% loss of pollination is estimated to
increase deaths by around 0-7 million annually.

Unsustainable fisheries
Human health and the health of fisheries are tightly
linked. Fish are an important source of protein, with about
2-9 billion people getting 20% of their annual protein
from fish.” Fish also provide a valuable source of vitamins
and important micronutrients such as iron, zinc, and
omega-3 fatty acids.™ Overfishing, warming, and
acidification associated with climate change and marine
habitat degradation all threaten to disrupt fish supplies,™
leading to food insecurity and poverty. According to the
latest Food and Agriculture Organization assessment,” at
present, nearly 90% of assessed stocks are overfished or
fished at maximum yield. Overharvesting ultimately leads
to fish population reductions, species extinctions, and the
collapse of marine ecosystems." Some evidence exists for
stabilisation of fishing rates in North America, Europe,
and Oceania, but many fish stocks remain unassessed'”
and the Food and Agriculture Organization catch data are
often under-reported and therefore might underestimate
what is truly being caught. The true health of global
fisheries is mostly unknown, but continuing reductions in
fish catch, even under increased fishing effort, suggest
that populations of fish species continue to be depleted.”
Some kinds of fishing activity are more environmentally
damaging than others. For example, bottom trawling
causes massive habitat destruction and increases
greenhouse gas emissions because of the additional
energy required to drag the net across the sea floor.*®

In addition to overharvesting, large-scale distribution
shifts and local extinctions in commercially important
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species of fish and invertebrates are projected as the
climate changes, which will negatively affect fish catch,
especially at low latitudes (figure 9).# Climate change
combined with ocean acidification, overfishing, and
pollution also threatens the health of coral reefs. A third
of reef-building corals are threatened with extinction
because of human activities, with implications for the
livelihoods of millions of people living in coastal
communities (through loss of income and food)" and for
fish stocks because reefs provide vital habitats for many
commercially fished species. In 2000, the US Coral Reef
Taskforce estimated that 50% of all federally managed
fisheries species depend on coral reefs for part of their
lifecycle.* Shellfisheries in 16 of 23 bioregions around
the USA are exposed to rapid ocean acidification.” The
effects of ocean acidification have already cost the Pacific
Northwest oyster industry nearly $110 million and
jeopardised 3200 jobs.

Potential health benefits from consuming omega-3
fatty acids, mainly from oily fish on ischaemic heart
disease risk,”™ are constrained by reductions in fish
stocks. For example, the UK is unable to meet healthy
diet guidelines for its population from its domestic
landings, which fell to just 19% of the recommended
intake in 2012."" Restricted stocks might also increase
competition between different populations for fishing
rights and marine resources. Reductions in fish stocks
might also exacerbate terrestrial biodiversity loss. In
Ghana, years of poor fish supply (partly caused by high
fishing rates from European Union fisheries) coincided
with increased hunting in nature reserves. The increased
hunting led to sharp reductions in biomass of 41 wildlife
species, showing that as fish supplies fell, bushmeat
consumption in villages increased.™

Although aquaculture is keeping pace with increased
demands for fish, it is often unsustainable, degrading, or
destroying coastal habitats and polluting the marine
environment with effluent organic and toxic waste."”
About 70% of total aquaculture production in 2012 was
dependent on supplemental feed inputs.?” Poorly regulated
aquaculture might also result in widespread use of
antibiotics, leading to antibiotic resistance in bacteria such
as Vibrio cholerae or Escherichia coli.

Climate change

Climate change is expected to affect the quality and
quantity of food produced in a range of ways. The IPCC
also concluded with medium confidence that, based on
models of present agricultural systems, “large negative
impacts on agricultural productivity and substantial risks
to global food production and security” would arise from
mean local warming of 3—4°C, with particular risks to
tropical countries.” The IPCC concluded with high
confidence that although positive trends on crop and
food production have been recorded in some high
latitude regions, overall negative trends have been more
common.*
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Figure 9: Climate change risks for fisheries

Projected global redistribution of maximum catch potential of about 1000 exploited fish and invertebrate
species. Projections compare the 10 year average of 2001-2010 and 2051-2060 by use of the Special Report on
Emissions Scenario (SRES) A1B, without analysis of the potential effects of overfishing or ocean acidification.
Reproduced from the Intergovernmental Panel on Climate Change, Working Group II, Summary for Policy
Makers,® by permission of the Intergovernmental Panel on Climate Change, Working Group II.

Many studies have documented high levels of sensitivity
of agricultural crops to increased temperature (see
appendix for study references). This is important because
growing season temperatures in the tropics and subtropics
by the end of the 21st century are predicted to exceed the
most extreme seasonal temperatures recorded between
1900 and 2006.** The IPCC concluded, on the basis of a
meta-analysis of studies, that median crop yields would
decrease by 0-2% per decade for the remainder of the
century as a result of climate change alone, with or without
adaptation, whereas demands for crops are projected to
increase by 14% per decade up to 2050.” Such decreases in
crop yields are projected to increase stunting in children
due to malnutrition compared with a future without
climate change. The effects of climate change are predicted
to be worst in sub-Saharan Africa, increasing stunting by
about 23%, and south Asia, where stunting rates might
increase by as much as 63%."*

Changes in temperature variability might be an even
greater concern than a rise in temperature for agricultural
yield.*® Although farmers have some capacity to adapt to
increased mean temperatures by developing new
cultivars or changing the timing or location of their
planting, increased temperature variability is much more
difficult to adapt to.

The potentially beneficial effect of carbon dioxide
fertilisation on crop yield is not as evident as once
thought.”” Several studies suggest that crop productivity
improvements reported in the field are lower than those
shown by laboratory results.”® Carbon dioxide fertilisation
is expected in the long run to favour Cs; plants such as
wheat, sugar, barley, potatoes, or rice over C4 plants such
as maize, sorghum, and millet."”” Field trials show that
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rising concentrations of carbon dioxide in the atmosphere
will lead to substantial reductions in zinc, iron, and
protein in grain crops such as rice and wheat, and similar
reductions in zinc and iron in legumes such as soybeans
and field peas.”™ Myers and colleagues™ estimate that
these reductions in the zinc content of food crops could
put about an additional 150 million people, mostly in
Africa and south Asia, at risk for zinc deficiency.
Methane, a potent greenhouse gas, is a precursor of
tropospheric ozone. If methane emissions rise—for
example, as a result of leaks from gas wells or increased
emissions from melting tundra—this will lead to
increasing concentrations of ground-level ozone, which
is a potent plant toxin. Increased ozone concentrations
reduce the yields of important food crops™ and could
substantially exacerbate the effects of rising temperatures
on crop yields." Climate change will also change rainfall
patterns globally and increase the likelihood of extreme
rainfall events," representing conditions different from
those to which global agriculture has become adapted.
Climate change also threatens food security indirectly
by triggering an increase in plant diseases caused by
fungi, bacteria, viruses, and oomycetes (water moulds),
potentially decreasing crop yields by an estimated 16%
globally. These losses due to plant pathogens are expected
to increase with climate change. Heat-stressed plants are

7 s
SOy
\\‘l“%ﬂ'f"& "7

!

Figure 10: Potential change in total crop production at end of century from maximal use of available water
on rainfed or irrigated areas

Figure shows areas with increased and decreased irrigation use in terms of total calories (Pcal) of food production
of maize, soybean, wheat, and rice. (A) Median of 156 general circulation models (GCM), global hydrological
models (GHM), and global gridded crop models (GGCM) combinations for scenarios created with GHM estimates
of present irrigation demand. (B) Median of 202 GCM, GHM, and GGCM combinations for scenarios created with
GGCM estimates of present irrigation demand. Figure reproduced from Elliott and colleagues,””* by permission of
National Academy of Sciences.
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generally less able to defend against pathogen attacks
because several immunological systems in plants are
impaired."*

A combination of water stress, rising atmospheric
carbon dioxide, and raised temperatures can increase
aflatoxin production by Aspergillus sp infecting crops
such as maize."” Aflatoxin exposure increases the risk of
liver cancer, particularly in conjunction with hepatitis B,
and can increase the risk of childhood stunting.* Studies
using analyses of aflatoxin albumin adduct levels, which
are a biomarker of exposure, in west Africa in people of
all ages show that 95% of blood samples contained
detectable adduct. High exposures have also been found
in east Africa, China, and parts of southeast Asia.'”
Aspergillus flavus (a fungus) and Aspergillus parasiticus
(@ mould), which produce aflatoxins, grow on a wide
range of food commodities, including maize, oilseeds,
spices, groundnuts, tree nuts, milk, and dried fruit."®

Diminishing freshwater availability—effects on food
security and sanitation

Access to water for drinking, agriculture, and sanitation
Although major advances have been made during the
Millennium Development Goal era, about 748 million
people still relied on unsafe drinking water sources in
2012, of which 173 million used drinking water directly
from rivers, streams, or ponds.® Many so-called improved
water sources might not be bacteriologically safe. Despite
advances in sanitation coverage, about 1 billion people
are still defecating in the open.® Development of sewage
treatment lags behind extension of sewerage connection,
increasing risk of exposure to untreated sewage after
floods and storms."* Conventional high volume flushing
systems can be susceptible to failure after extended
droughts.

Water tables in the world’s three biggest grain
producing nations are falling in response to un-
sustainable withdrawals for agriculture. In the North
China Plain, where half of China’s wheat is grown,
water tables are decreasing by more than 1 m/year.” In
India, 15% of grain production depends on water mined
from fossil aquifers that are not being replenished. In
the USA, the water table below parts of Texas,
Oklahoma, and Kansas—three leading grain-producing
states—has dropped more than 30 m. Climate change
is predicted to cause freshwater limitations in some
irrigated regions. This could mean that 20-60 Mha of
cropland has to be reverted from irrigation back to
rainfed watering by the end of the century, potentially
causing a loss of 600-2900x 1012 kcal of food production
(depending on assumptions about water demand and
the plants under consideration). Increases in freshwater
availability in other regions might help lessen the
impact of these losses, but a large investment in
infrastructure would be required. These freshwater-
related losses are projected to be in addition to direct
adverse climate impacts on maize, soybean, wheat, and
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rice, resulting in yield losses of 400-1400x 1012 kcal,
which is about 8% of the present-day total, even taking
into account potential carbon dioxide fertilisation
effects (figure 10).” These environmental challenges to
maintaining the world’s food supply are intensifying at
a time when demands are expected to rise faster than at
any time in human history” (see appendix for an
overview of the Food—Water—Energy Nexus).

Growing populations and changing diets in emerging
economies are also increasing freshwater consumption.
To double the global production of meat and dairy
products to address this increasing demand will need an
estimated 2000-3000 km3 of additional water.” Beef
requires about 11 times the amount of irrigation water per
calorie consumed than poultry, eggs, and pork.” Biofuels
can also require large amounts of water, ranging from
1400 L to 20000 L of water per L of biofuel depending on
the crop used.”™

Water-rich and water-poor nations increasingly depend
on the same finite water resources; for example, the
importation of food is associated with a hidden transfer of
freshwater resources (the water used to produce the
foodstuff) from production to consumption areas, so-
called virtual water trade. Climate change and over-
consumption of water means that water-rich regions are
soon likely to reduce the amount of virtual water they
export, thus leaving import-dependent regions without
enough water to sustain their populations. According to a
recent analysis, declines in exports of foodstuffs dependent
on large amounts of virtual water for their production
could adversely affect the capacity of importing nations to
sustain their populations by around 2030 in the absence
of cooperative behaviour by water-rich nations.”

Effects of global environmental change on water-related
diseases

Diarrhoeal disease

In 2012, inadequate drinking water and sanitation together
accounted for 685000 deaths from diarrhoeal disease.”
For example, the Ganges river basin provides freshwater
for 400 million residents of northern India, but also serves
as a dumping ground for raw sewage from more than a
hundred cities located along the river.”™ Despite prevention
and treatment campaigns, by the 2040s the incidence of
diarrhoeal disease is expected to increase by more than
13% in the Ganges basin and 8-11% globally due to
changing environmental conditions.™ Rising temperatures
and humidity and increased variability of rainfall associated
with climate change are likely to amplify the spread of
water-borne pathogens, causing increased incidence of
diarrhoeal disease.™

Schistosomiasis

Each year, schistosomiasis affects hundreds of millions of
people, leading to malnutrition, stunting, anaemia, loss of
worker productivity, and poor school performance.® River
fragmentation and biodiversity loss has led to an increase
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in the number of freshwater snails that act as vectors of
schistosomiasis, which in turn might lead to the
widespread proliferation of the disease.®™ Eutrophication
and overfishing can also contribute to an abundance of the
snails that act as intermediate hosts of schistosomiasis."™
Schistosomiasis has also been identified as a cofactor in
the spread and progression of HIV/AIDS in places where
both diseases are endemic™ as a result of damage and
inflammation in male and female genital tracts due to
urogenital schistosomiasis.® The co-burden of the two
diseases falls mainly on poor populations and countries
with weak health systems.™

Effects of global environmental change on the occurrence
and spread of zoonotic and vector-borne diseases
Overview

Nearly all of the most important human pathogens are
either zoonotic or originated as zoonoses before adapting
to human beings™ and more than three-quarters of
emerging infectious diseases are estimated to be directly
transmitted.® Ecological changes have led to increased
rates of emerging and re-emerging diseases, including
malaria (in some locations), hantavirus pulmonary
syndrome, Nipah virus, and Ebola virus disease
(panel 6).**" However, an improved understanding of the
ecological mechanisms of human disease and how
dependent the causal mechanisms are on local conditions
is needed. At present, not enough predictive power exists
to accurately model human disease outcomes resulting
from environmental change (panel 7, appendix).”

Half of the global emerging infectious disease events of
zoonotic origin between 1940 and 2005 are estimated to
result from changes in land use, in agricultural practices,
and in food production practices.*® The highest risk areas
for the emergence of infectious zoonotic diseases occur
where human population growth is high, ecologically
disruptive development is under way, and human and
wildlife populations overlap substantially Only for a
handful of infectious diseases do researchers have a detailed
understanding of how causal mechanisms associated with
ecosystem change contribute to new zoonotic risks. For a
comprehensive overview of these mechanisms see Pongsiri
and colleagues,® Myers and colleagues,” and the IPCC
Working Group II Report 2014."

Extreme weather events such as drought followed by
rewetting can affect water table levels, vegetation, and
aquatic predators and thus affect mosquito populations.”
Several studies reported an association between a drought
during the previous year and West Nile virus incidence.
Urban mosquito vectors of dengue virus and chikungunya
virus can exploit many aquatic habitats created in response
to drought (eg, water storage containers).”” Inadequate
infrastructure can also exacerbate the risk of vector-borne
diseases in times of drought—for example, water
restrictions brought on by extreme drought in S3o Paulo
have led to increased water hoarding, providing the ideal
breeding ground for dengue carrying mosquitoes. The
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Panel 6: Case study—the Ebola virus

The first documented outbreak of Ebola virus disease was in
1976. Since that time, human populations in Africa have
increased substantially. Forest loss has accompanied this
demographic explosion,** because new agricultural land was
predominantly created by the cultivation of previously
undisturbed forest.**” Between 1990 and 2010, 10% of Africa’s
forest was lost.*®® Present evidence for causality between
environmental change and Ebola virus disease outbreaks is still
mostly circumstantial, but to conclude that these immense land
cover and population changes have acted to increase the
likelihood of contact between people and wildlife, and thus the
likelihood of zoonotic disease emergence is not without reason.

Bats are the putative natural host of Ebola virus. The 2-year-
old patient zero in the 2014 outbreak in Guinea possibly came
into contact with bats or bat faeces,**® as did a hunter in the
Democratic Republic of the Congo connected to the 2007
outbreak in Luebo.”* The 2007 Ebola virus disease outbreak
was suspected to have links to an annual fruit bat migration
and particularly a stopover site at a large abandoned palm oil
plantation that was targeted by local hunters.”° Further,
surveillance of several species of fruit bats and a small number
of other bat species shows that they can carry antibodies
against Ebola virus or test positive for its viral RNA, or both.**
Although fruit bats are probably the candidates, a definitive
host has not been identified. Great apes, duikers, and pigs also
seem to be susceptible to Ebola virus disease, with some
outbreaks traced back to hunters consuming ape and duiker
carcasses that were probably infected from other animals or
fruit bats.™

city had a substantial rise in dengue cases in the first
6 weeks of 2015, which have increased 163% compared
with the same period in 2014.2

Malaria

Malaria is multifaceted and has many contributing
factors, but ecological factors have a major role in
driving transmission dynamics.*” Forest loss, habitat
fragmentation and modification, and the accompanying
loss of plant diversity have been shown to affect the
risk of malaria transmission through changes in
mosquito abundance, survival, and distribution.*®
Deforestation and resulting development and human
settlement can create breeding sites for malaria-
transmitting mosquitoes, but regional differences
exist (see appendix for an overview). Microclimates
that are warmer than the surrounding environment
often speed up mosquito reproduction rates and
development times of the pathogen in the mosquito.?”
In the wake of deforestation, malaria increased as a
result of an increased density of the mosquito species
Anopheles gambiae and Anopheles arabiensis in the
Sahara, and of Anopheles funestus and A gambiae in
sub-Saharan regions.”®

Beyond the complex social, cultural, economic, and political
settings that fuelled the spread of Ebola virus disease throughout
west Africa, initial commentaries on the causes of the Guinea virus
spillover event have pointed to the environmental context. “The
region was systematically plundered and the forest decimated by
clear-cut logging, leaving the ‘Guinea Forest Region’ largely
deforested”.”** Wallace and colleagues™* also argue that the
region’s “policy-driven phase change in agroecology,” particularly
to oil palm, is a disturbance that could be increasing human and
fruit bat contact in the dry season, when Ebola virus disease
outbreaks often happen. Fruit bats and land cover change after
development have also been linked to human outbreaks of Nipah
virus in Malaysia,*® and to Hendra virus outbreaks in Australia.*®

Fruit bats are social animals that often congregate in large
groups. Shifting resource or habitat availability could
substantially affect human disease risk by changing the bats’
migratory patterns, group size, and connectivity,”** along with
other life history traits that are associated with zoonotic
infections in bats.”” Historically, little attention has been paid
to steps that could prevent a patient zero from becoming
infected with Ebola virus (eg, Kamins [2014]).2* The overall
cost to address the 2014 Ebola virus disease outbreak is
staggering and its effects on food security, livelihoods, and
national economies extend well beyond treatment and
containment of Ebola virus disease.’* Such outbreaks also set
development activities back by decades. According to
Margaret Chan, head of the WHO, the 2014 Ebola outbreak
threatened the “very survival of societies and governments in
already very poor countries”.*®

Changes in biodiversity due to deforestation have also
been reported to have adverse effects on the risk of
malaria (increasing numbers of Anopheles darlingi and
increased biting rates) in the Brazilian and Peruvian
Amazon.” Another probable reason for increased
malaria transmission risk in the Amazon is an increase
in the number of preferred breeding sites created by
human settlement—specifically, settlement followed by
deforestation to clear land for farming practices.””
Human factors, such as immune status, migration
patterns, and treatment of disease, also have important
roles in malaria incidence and continued transmission.™
Therefore prevention and control programmes have to
consider both the effects on disease transmission of
human behaviours that contribute to ecological change
and the human behavioural responses to malaria risk.”?

The IPCC have reviewed in detail the future role of
climate change in mediating risk from diseases such as
malaria. They cite evidence that despite socioeconomic
development helping to reduce malaria risk, 200 million
additional people would be at risk of malaria under
climate change (the AIB scenario)™ and that disease
incidence will depend on the effectiveness of control
measures. The effects of climate change on malaria
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incidence are generally hard to predict;” different
mosquito species differ in their response to climate
warming and precipitation changes and, as with many
such multifactored relationships, human actions to
reduce the burden of disease are difficult to separate
from the environmental impacts. Interactions between
climate change, land-use change, and biodiversity change
can be reasonably expected to substantially increase the
frequency of emerging infectious diseases in the future
by changing where species live and the composition of
biological communities. The kinds of species most
capable of withstanding global environmental change
might be those species most likely to promote new
diseases.™

Air pollution—impacts on health and the environment
Combustion of fossil fuels

Combustion of fossil fuels, particularly coal and diesel,
produces large amounts of fine particulates. The health
implications of fossil fuel combustion are discussed in
detail by both the IPCC?"™ and the Lancet Commission
on Climate Change,” so will not be discussed in this
Commission report.

Household air pollution

Household air pollution caused an estimated 2 - 6 million
to 4-4 million deaths in 2010, mainly in women and
children,* and a WHO estimate in 2014 put the number
of deaths at the higher end of the range, at about
4-3 million per year? Household air pollution is
generated by the incomplete combustion of solid fuels
(wood, charcoal, crop residues, dung, and sometimes
coal) in the home. Although the proportion of
households burning mainly solid fuels has decreased in
the past few decades, the numbers of people exposed
has remained constant at about 2-8 billion because of
population growth.”® Household air pollution is a risk
factor for acute respiratory infections in children,
together with chronic obstructive pulmonary disease,
stroke, and ischaemic heart disease in adults.”
Combustion of biomass results in large emissions of
complex mixtures of several pollutants including black
and brown carbon, which have warming effects on the
climate together with some cooling aerosols. Black
carbon has been particularly studied and can affect the
climate, contributing to the disruption of the monsoon
in south and east Asia and the warming of the
Himalayan-Tibetan region—potentially having sub-
stantial effects on the food and water security of the
region (see appendix for a list of relevant studies). Black
carbon is also emitted from other sources such as
agricultural open burning and diesel vehicles. The use
of wood for fuel might also have local effects on
deforestation.”?” Charcoal is easier to transport and
causes less household air pollution than wood but is
sourced from trunks or large limbs and requires that
trees be cut down. Compared with wood burning,

www.thelancet.com Vol386 November 14,2015

Panel 7: Mechanisms by which large-scale environmental change can affect exposure

to vector-borne diseases with examples

Change to the natural habitat (and associated human settlements)

Example: increased transmission of Marburg virus, Chagas disease, yellow fever, and
leishmaniasis have been associated with the loss of primary forests for mining and
logging operations, plantation development, and oil and gas extraction. Agricultural

intensification—the conversion of forest to pig farming operations—contributed to the

spread of Nipah virus in Malaysia because it creates a pathway for the repeated
transmission of Nipah virus from fruit bat reservoirs to pigs.

Change in the number or type of species in a system
Example: the rates of infection of ticks by the pathogen associated with Lyme disease
increases as animal community composition is reduced. Increased richness of non-

passerine birds, which are less competent reservoir hosts than passerines, was associated
with decreased West Nile virus infection rates in mosquitoes and a decreased number of

human cases. The loss or extinction of large predators due to hunting and land-use
change can increase the population of a particular vector or host. These population

increases can result in an increased transmission of infectious disease to human beings.

Invasion or introduction of disease vectors to new areas—caused by global trade,
climate change, and accidental introduction

Example: a review of studies modelling the potential effects of climate change on dengue
projected that the area of the planet climatically suitable for dengue transmission would

increase under most scenarios.

Genetic changes in disease vectors or pathogens caused by human actions
Examples include mosquito resistance to pesticides or the emergence of antibiotic-
resistant bacteria. The drivers of these changes include pesticide application and the
overuse of antibiotics.

Adapted from Sustaining Environmental Capital: Protecting Society and the Economy, Working Group Report.” See appendix

for references.

widespread charcoal use will reduce deaths from
household air pollution but increase greenhouse gas
emissions, forest cover loss, and biodiversity loss in the
absence of new technological approaches.”®

Landscape fires

Landscape fires also have important effects on health
and the environment through emissions of PM2-5
(particulate matter with a diameter of 2-5 pm or less)
and ozone.” Smoke from landscape fires, mainly
related to deforestation and land clearing, is estimated
to cause more than 300 000 premature deaths worldwide
per year (figure 11).*° A small number of reports from
southeast Asia and Brazil exist that link various
exposure indicators to short-term respiratory outcomes
(see references in appendix).

Ground level ozone

Ground level ozone is formed from chemical reactions
between oxides of nitrogen, methane, and volatile
organic compounds. Ozone air pollution is estimated to
kill about 150000 people per year worldwide and also
reduces crop productivity, forest growth, and the ability
of vegetation to take up carbon dioxide.”
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Figure 11: Map showing the main estimates of the annual average (1997-2006) global mortality attributable to landscape fire smoke
Reproduced from Johnston and colleagues, ™ by permission of Environmental Health Perspectives.

Toxic chemical exposure—implications for health and
the environment
Toxic chemical exposure
Health risks from chemicals occur via several exposure
pathways including the ingestion of contaminated water
and food, inhalation of contaminated air or dust, dermal
exposure, exposure of fetus during pregnancy, and the
transfer of toxins through breastmilk. Some chemicals
can travel vast distances by air or water, creating
exposures far from the site of release.”” Bioconcentration
in food chains is of particular concern.* Key groups
susceptible to the toxic effects of chemicals include
individuals living in poverty because of their increased
likelihood of being exposed to toxins and individuals
who are undernourished, elderly, or very young
(including those in utero) because of their sensitivity to
toxins.®

Data on the release of pollutants relevant to human
health are quite sparse. The International Agency for
Research on Cancer has only assessed 941 chemicals
and exposure circumstances for carcinogenicity, but has
reported more than 400 of these to be carcinogenic,
probably carcinogenic, or possibly carcinogenic—most
of which are used in industry.*

Risks to children

Lead poisoning remains an issue in many low-income
countries; an estimated 99% of all children exposed to
excessive amounts of lead reside in low-income
countries.”” Methylmercury, which is known to have
adverse effects on fetal brain development, bio-
accumulates in aquatic food chains.™ Although
decreasing in high-income countries, mercury exposure
through consumption of affected fish remains high in
many low-income countries. The International Labour
Organization estimated that about 215 million children
aged 5-17 years are child labourers, of which 115 million
work in hazardous conditions.”* More than half of these

child labourers work in agriculture where exposure to
pesticides is common.

Of the 3000 chemicals classified as high production
volume (“those chemicals produced or imported in the
United States in quantities of 1 million pounds or more
per year”)* by the US Environmental Protection Agency,
about half of them have insufficient information about
their toxicity, whereas for about 80% of them, no
information is available about their capacity to harm
children or cause developmental toxicity."

Endocrine disruption

About 800 chemicals are known or suspected to be
endocrine disruptors and many more have not been
tested.”” A consensus statement on the state of the
science relevant to human exposures to endocrine
disruptors identified many reasons for concern,
including a rising or persistently high incidence of
genital malformations, such as undescended testes
(cryptorchidism) and penile malformations (hypospadias)
in baby boys, poor quality semen in up to 40% of men in
some countries, increasing rates of endocrine-related
cancers, and a high prevalence of neurobehavioural
disorders associated with thyroid disruption in some
countries, which has increased in past decades.”
Compelling evidence is available about the effect
endocrine disrupting chemicals have on wildlife,
including feminisation of male freshwater fish exposed
to treated sewage in parts of Europe, egg thinning and
impaired reproductive success in birds exposed to
dichlorodiphenyltrichloroethane, and the development
of male genitalia in female marine molluscs due to
exposure to some types of anti-fouling paint.?”® Overall,
the evidence points to pervasive but so far mostly
unquantified effects of chemical pollution on human
health, both directly and indirectly, through damage to
wildlife and a worrying failure to test many chemicals for
adverse effects.
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Extreme events—their relation to global environmental

change and associated health implications

Extreme events result from the effect of unusual and
severe natural hazards affecting people, property, and
societies. They include floods, storms, cyclones, wild fires,
landslides, droughts, and heatwaves. The severity of the
effect on people is a combination of the hazard and the
degree to which people are exposed to it, and to which
they are vulnerable to its effects." Progress has been
made globally towards the reduction of the number of
lives lost in extreme events since the 1980s, although
mortality risk is still increasing in some countries with
poor risk management. Evidence from past events
suggests that societies are good at learning from disasters
and taking steps to build resilience to them." Conversely,
however, the global economic cost of disasters has
increased in recent decades, at a faster rate than population
or economic growth.”” The total costs of extreme weather
events between 1980 and 2004 is estimated to be
$1-4 trillion (of which just a quarter was insured).

Extreme events pose substantial risks to people and
economies because of their potential to cause substantial
damage, not only through immediate loss of lives and
assets, but also through longer-term damage to health,
livelihoods, and economies, which are often difficult to
monitor. Documentation of the beginning and end of a
specific event might also be difficult to do.”® Climate,
weather, and water-based disasters caused the loss of
1-94 million lives between 1970 and 2012.* For every
person killed by natural disaster, another 1000 people are
estimated to be affected physically, mentally, or through
loss of property or livelihood.” For example, more than
50 million people globally were affected by drought alone
in 2011 if all its effects are taken into account.”®
Furthermore, well documented evidence exists that after
floods the risk of faecal-oral transmission of disease and
of some vector-borne diseases increases, particularly in
low-income settings, as does the risk of leptospirosis and
adverse mental health effects in a range of settings.”® A
systematic review*' of water-borne diseases after extreme
water-related events showed that more than half (54%)
were due to contamination of drinking water supply,
particularly from floods and heavy rainfall.

Risk from extreme events can be compounded by
increasing  susceptibilities related to changing
demographic profiles, population density, technological
and socioeconomic conditions, unplanned urbanisation,
development within high-risk zones, environmental
degradation, climate change, competition for scarce
resources, and the effect of epidemics such as HIV/
AIDS.** See panel 8 for a case study from Pakistan
exemplifying these complexities.

Conflict and displacement—environmental causes and
health consequences

By the end of 2013 a record annual number of 51 million
people were displaced forcibly worldwide as a result of
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persecution, violence, conflict, and human rights
violations, with another 33 million displaced within the
confines of their own countries. They constitute a
growing pool of people susceptible to, and affected by,
environmental and other threats.® The total amount of
migration caused by environmental change is
unknown. However, the increased frequency and
severity of extreme events driven by climate change is
probably already resulting in substantial population
movements. In 2008, about 20 million people were
displaced by extreme weather, compared with
4-6 million internally displaced by conflict and violence
over the same period.” Gradual changes in the
environment tend to have a greater effect on the
movement of people than extreme events. For example,
in the past 30 years, twice as many people have been
affected by droughts (1-6 billion) as by storms (about
718 million). By 2050, between 50 million and
350 million people are predicted to relocate because of
climatic reasons—a rise in sea level, increased water
scarcity, desertification, insufficient food, and extreme
poverty.* The growth of environmental refugees has
been greatest in sub-Saharan Africa, but risk in other
areas is likely to increase as multiple environmental
stressors come into play.”**' See the appendix for a case
study of displacement in Ethiopia.

The effects of climate change are already thought to
increase the likelihood of conflict. A meta-analysis by
Hsiang and colleagues* reported that for every SD of
increased rainfall or temperatures, the likelihood
of intergroup conflict increased, with a median increase
of 14%. The CNA Military Advisory Board, composed of
retired generals, warned that climate change could
stimulate instability and conflict** For example, the
severe and long-lasting drought in Syria in 2007-2010,
which is implicated in the present conflict, is estimated
to have become more than twice as likely as a result of
human induced climate change.”

Displacement, war, and conflict disproportionally affect
the poor and have a range of health implications, especially
on mental health (post-traumatic stress disorder and
depression) and the health of women and children
(especially after sexual violence during conflict).” In the
so-called emergency phase, when crude mortality rates are
greater than one death per 10000 people in a single day,
displacement also substantially affects the traditional
disease burden—from undernutrition and infectious
disease to diabetes.™ At the same time, migration,
particularly mass migration, can also have substantial
environmental repercussions for the areas of origin, areas
of destination, and the migratory routes in between, and
contribute to further environmental degradation.**

Effects of global environmental change on mental health
Degradation of a familiar environment can cause
solastalgia, a term that refers to distress associated with
environmental change.” Research in Australia during
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Panel 8: Case study—environmental change: shocks and slow motion catastrophe in Pakistan

Pakistan is facing threats to the health and development of
millions of people from a combination of adverse environmental
trends and a high population growth rate of nearly 2% per
annum.” Surface water availability is diminishing rapidly in
Pakistan and water demand is increasing,”* putting many
populations in Pakistan under conditions of water stress. About
5000 m® of water was available per person peryear in the early
1950s,”* but by 2005 this number had reduced to 1400 m* and,
if preventive action is not taken and present trends continue,
demand is projected to outstrip supply by 2025.2%¢ Most water
in Pakistan is used for crop irrigation, in 2008, 96% of water used
was for agriculture.”® To support this demand, large volumes of
water in the Indus river have been diverted for agriculture and
cities, such that downstream, water flow has shrunk to a relative
trickle, threatening the livelihoods of fishermen and destroying
coastal ecosystems.” Widespread discharge of untreated
effluents from cities and use of pesticides and nitrogenous
fertilisers also affects water quality in many downstream areas.*
This effect is compounded by salination and waterlogging of
soils in some areas due to poor water management.”*

Climate change is likely to increase water stress. The amount of
water flowing into Indus river might decrease by as much as
30-40% in the next 20 years, due to a decreasing magnitude of
run-off and a reduced contribution of glacier melt to the main
stem of the Indus river.”* Dwindling water flows, combined
with a substantial increase in the frequency of heatwaves®
have the potential to affect agricultural productivity through
reduced yield and lost labour,?° creating a serious threat to
economic growth and food security as agriculture contributes
23% of the total gross domestic product and employs 45% of
the workforce in the country.?*

Although Pakistan is characterised by generally low rainfall for
most of the year, heavy rainfall during the monsoon season
between July and September is not uncommon.* In 2010,
monsoon rains across Pakistan resulted in catastrophic flash

the recent decade-long drought, which officially ended
in 2012, revealed an increase in anxiety, depression, and
possibly suicidality in rural populations (see appendix
for a list of studies). In these communities, concerns
about financial and work-related issues were
compounded by loss of hope for the future and by a
sense of powerlessness or lack of control.”* Similar
effects have been reported in Alaskans whose villages
were endangered by climate-related changes.”® The
extent and consequences of this disorder are not well
documented, although an Environmental Distress
Scale?” has been proposed to support quantitative study.
Place attachment refers to the psychological importance
of bonds between individuals and their sociophysical
environment. Disruption of these cherished bonds can
cause grief, loss, and anxiety, which have to be
addressed by the engagement of local communities to
plan and implement adaptation to environmental

floods and landslides,** submerging a fifth of Pakistan’s total
land, an area equal to the size of England. The floods killed more
than 1900 people and affected an additional 18 million through
displacement, disease, loss of income, and damage to
infrastructure. Short-term health consequences were
widespread—10 million people were forced to drink unsafe
water and 37 million infectious disease-related medical
consultations were reported within 1 year of the floods.*** A
cross-sectional survey of more than 1700 households estimated
that 6 months after the floods, 54% of homes destroyed by the
initial flooding still stood wrecked, 50% of people affected were
living in camps for the internally displaced, and an
overwhelming 88% reported loss of income.?* The following
year, the highest ever recorded monsoon rains caused the 2011
Sindh floods; this time about 5-3 million people were affected.
The Intergovernmental Panel on Climate Change predicts that
extreme precipitation events are very likely to increase in
frequency under climate change,* but a single extreme event
such as the 2010 floods is difficult to attribute to climate change,
particularly in view of natural variability.** Deforestation leading
to soil erosion and landslides, encroachment onto flood plains
by growing human settlements, and the diversion of river flow
(often due to political influence) are also implicated in
exacerbating the effects of the 2010 floods.*

As climate and other environmental changes become more
manifest, the chances of conflict due to competition for scarce
resources increases,* as does migration due to lost income from
heat stress.?* Pakistan’s water stressed situation is already
creating rifts between the country’s ruling agriculturalist elite
and the manufacturing sector over distribution of water for
energy shortages. The situation is also creating rivalries between
feudal families over timely and abundant availability of water for
their crops.*” In combination with pre-existing susceptibility and
together with social and political issues, environmental changes
could become a major destabilising factor in the country.

change, which might involve managed retreat, for
example, of threatened coastal communities.”®

The mental health effects of environmental change-
related displacement are caused by the trauma of leaving
familiar surroundings and possessions, the breaking of
social ties, the increased risk of violence, the difficulty of
resettlement, and the absence of mental health services.?®
An important protective factor is to keep families, and
even entire communities united.® Risk factors for
depression in adults after natural disasters include being
female; not being married; holding religious beliefs;
having poor education; experiencing injury, or bereavement
during the disaster; or losing employment or property.**

Challenges to achieving planetary health

The challenges for humanity from global environmental
change can be broadly categorised into three categories
(see appendix for a broader discussion of challenges).
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Firstly, conceptual and empathy failures (imagination
challenges), such as an overreliance on GDP as a
measure of human progress, the failure to account for
future health and environmental harms alongside present
day gains, and the disproportionate effect of those harms
on the poor and people in developing nations—ironically
the groups who often have least say about policy matters.

Secondly, knowledge failures (research and information
challenges), such as an increasingly molecular approach
to medicine, which ignores social and environmental
context; a historical scarcity of transdisciplinary research
and funding within the health community; and an
unwillingness or inability to deal with uncertainty within
decision making frameworks.

Thirdly, implementation failures (governance chal-
lenges), such as how governments and institutions
recognise and respond to threats, especially when faced
with uncertainties, pooled common resources, and time
lags between action and effect.

In the second half of this Commission report we
outline strategies and actions to address these challenges,
identifying solutions that support both human health
and the health of the planet. Our policy propositions
provide a starting point to help move towards a
conceptual planetary health framework that can guide
humanity through the Anthropocene.

Charting a course for the future

Overview

Present trends have the potential to reverse health gains
and to destabilise human civilisation unless collaborative
and coordinated policies are put in place to reduce the
risks. We Dbelieve that a course correction is required,
which would be to address the unfinished agenda of ill
health that is mainly related to poverty, to adapt to
environmental change that cannot be prevented, and to
achieve equitable human development within finite
environmental limits. Just as the Lancet Commission on
Climate Change® has articulated the opportunities for
the improvement of health by tackling climate change,
we outline the potential for policies to improve health
and protect environmental sustainability across a range
of sectors and drivers of change.

We start by outlining examples of specific strategies
and interventions that can protect and promote human
health while addressing environmental threats and the
underlying drivers of change. We then discuss
enabling policies and improvements in governance
that can help achieve these ambitious goals.

Integrated strategies to address growing demands for
food within environmental limits

Food and agriculture

Food and agricultural policies that can support 9-10 billion
or more people in good health this century will need to
address many challenges. The policies would have to
reduce the environmental impact of agriculture and food
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production; develop resilience in the face of many
environmental changes and increases in extreme events;
ensure stability of food prices and protect the vulnerable
from variability that does occur; and tackle malnutrition,
both underconsumption of protein, calories, and
micronutrients, and obesity and non-communicable
diseases related to dietary risk factors.

Such policies will need to take into account the
combined effect of trends in, and threats to, food
production from both terrestrial and aquatic ecosystems
(marine and freshwater; figure 12). They should also
recognise the varying dependencies and capabilities of
farmers, from poor subsistence farmers (who might use
food and other products from public lands) to those
working on highly mechanised farms with access to
advanced technologies. The management of natural
systems to protect biodiversity is an important cornerstone
to the protection of global nutrition, particularly for
resilience to shocks in the food production system.
Interdisciplinary collaboration between public health,
agriculture, environmental, and nutritional strategies will
be needed to develop and implement appropriate policies.

Sustainable intensification

Although global crop yields grew by 115% between 1967

and 2007, the area of land in agriculture increased by

only 8% and the total stands at about 4- 6 billion hectares

(46 million km?) at present. With new land for agriculture

becoming scarce sustainable agricultural intensification o

has been proposed as a strategy, which enables more :L:‘::::::i';;z‘::m"°fthe
food to be grown on the same land compared with under g ganization see http://faostat.
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Figure 12: Historical and projected grain production requirements to feed the world

Global cereal production has risen from 877 million tonnes in 1961 to 2351 million tonnes in 2007 (blue). However,
to meet predicted demands (red), production will need to rise to more than 4000 million tonnes by 2050. The rate
of yield increase must move from the blue trend line (32 million tonnes per year) to the red dotted line (44 million
tonnes per year) to meet this demand, an increase of 37%. The inset table shows the 2007 data for the three major
cereals. Data are from the Statistics Division of the Food and Agriculture Organization website. Reproduced from
Tester and Langridge,” by permission of The American Association for the Advancement of Science.
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Figure 13: Imbalance in global nitrogen consumption

Redistribution of nitrogen could help reduce pollution in areas of excess and increase crop yield in areas of deficit. Original graphic created by Paul C West (Institute on
the Environment, University of Minnesota, MN, USA; data from West and colleagues [2014], see appendix for citation). Reproduced from National Geographic,*” by

permission of Jerome Cookson/National Geographic Creative.

biodiversity and other environmental assets.”* In a low-
income country context, sustainable agricultural
intensification might consist of three interlinked
activities: ecological intensification (eg, conservation
agriculture, agroforestry, and integrated pest
management to minimise pesticide use), genetic
intensification (plant and animal breeding), and market
intensification, which provides an enabling environment
for both producers and consumers to benefit.*

Innovation is an important component of each of these
sustainable agricultural intensification strategies. For
example, plant performance can be improved through
molecular breeding, use of companion plants, and
genetic modification. A report*® published in 2014
suggests that no evidence exists that genetically modified
crops are unsafe for human consumption but it was not
a systematic review. If these technologies are to make a
useful contribution to the reduction of global hunger
they have to both protect the environment and be
accessible to farmers in low-income settings, otherwise
inequities will persist and increase.

Efficient use of water and fertiliser

Strategies to increase crop yields while reducing water
losses include water harvesting and water conservation.
Although drip or trickle irrigation methods are more
expensive to install than conventional irrigation methods,
they can be as much as 33% more efficient in water use
and can carry fertilisers directly to the roots of crops.”

In China, integrated soil-crop system management
practices based on present knowledge of crop
ecophysiology and soil biogeochemistry have been
shown to increase yields for rice, wheat, and maize
substantially while reducing greenhouse gas emissions
and not increasing demands for fertiliser®® This
approach would enable China to meet its increased
demand for crops for direct consumption and animal
feed by 2030 with lower environmental impacts than at
present. Most of the benefit from fertilisers comes with
the first increments of added nitrogen, but higher use
produces diminishing returns and increased adverse
effects. Only 30-50% of applied nitrogen fertiliser and
about 45% of phosphorus are taken up by crops.* Much
greater efficiency of use is needed, including through
increased public sector research, extension education of
farmers, soil testing, and improved timing of fertiliser
application. In parts of the world, such as sub-Saharan
Africa, increased fertiliser use might be necessary
(figure 13). Recycling of phosphorus in regions of excess
to regions of deficiency is recommended to mitigate
eutrophication, increase crop yield, and address potential
global shortages of phosphorus.*®

Reduction of food waste and spoilage

The estimated 1-2-2 billion tonnes (30-50%) of all food
produced globally per year that is wasted” is split fairly
evenly between preharvest and postharvest losses.” In
low-income countries the wastage occurs mainly at the
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farmer—producer end of the supply chain and, as
countries become more developed, the wastage moves
further up the supply chain. Almost 1-4 billion hectares
(14 million km?2) of agricultural land (nearly 30% of the
world’s total agricultural land) is used to produce food
that is never eaten.”® Additionally, food waste contributes
to biodiversity loss, consumes about 250 km3 of surface
and groundwater, and generates 3-3 billion tonnes of
carbon dioxide equivalent greenhouse gas emissions, the
third largest source after the national greenhouse gas
emissions of China and the USA.* To reduce food waste
along the food supply chain by about 50% seems
feasible” and would have major benefits to the
environment and the world economy.

Reduction of spoilage due to fungal contamination can
improve health and reduce waste. Several promising
aflatoxin control strategies are being developed, including
the use of a natural, non-toxic technology that uses the
ability of native atoxigenic strains of Aspergillus flavus (the
fungus that produces aflatoxin) to naturally outcompete
aflatoxin-producing strains and has been adapted for use
in Africa.”

Sustainable aquaculture and fisheries
To address rising food demands, a major shift towards
sustainable aquaculture is needed, which does not need
major inputs of fish meal or large amounts of antibiotics
(figure 14).”* Aquaculture makes use of 600 freshwater
and marine species from all trophic levels and this
diversity might confer resilience to environmental
change.”” The Food and Agriculture Organization Code
of Conduct for Responsible Fisheries contains principles
and practices for sustainable aquaculture development.”
The Global Ocean Commission aims to articulate
strategies to protect coastal zones, control overfishing,
reduce plastic pollution, and tackle harmful subsidies.”
Nutritional profiles of fish vary substantially. For
example, the amount of omega-3 fatty acids is lower in
fish at low trophic levels (eg, catfish or crawfish)
compared with salmon and some other types of fish,
particularly when they are farmed rather than wild,
showing the importance of diversity of intake and the
effect of feed composition of farmed fish.”® Health and
environmental policies should be harmonised—eg, to
ensure that dietary recommendations to increase fish
consumption because of the health benefits do not lead
to further overexploitation of fisheries. Projected
increases in aquaculture, which will add 15% to the total
supply of seafood by 2021, could, if equitably distributed,
provide sufficient fish globally to satisfy nutritional
guidelines, depending on the type of fish farmed.”*
Aquaponics has potential to support both sustainable
aquaculture and the reduction of fertiliser use in
agriculture by integrating aquaculture and hydroponics
(soil less plant farming). Fish waste water is used as a
source of nutrients for plant farming by circulating it
through hydroponic growing beds.”
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Figure 14: Aquaculture production is expanding to meet world fish demand (million tons), 2011-2050
Calculated at the World Resources Institute with historical data (1950-2010) sourced from the software FishStatJ
published by the Food and Agriculture Organization of the United Nations. Graph assumes 10% reduction in wild
fish catch between 2010 and 2050, and linear growth of aquaculture production at an additional 2 million tons
(about 1-8 billion kg) per year between 2010 and 2050.72 Although aquaculture is needed to meet world fish
demand to reap co-benefits for nutrition and the environment, the aquaculture has to be sustainable. Reproduced
from Waite and colleagues,” by permission of the World Resources Institute.

Support of subsistence farmers For FishStat) see http://www.
Experts debate about the balance between support of fac.org/fishery/statistics/
large-scale industrial and smallholder subsistence ~SCftware/fshstatiien
farming, which is of particular concern because sub-

sistence farming overlaps with undernutrition and is

often done by women. An indirect strategy is to rely on

the spillover benefits of economic growth in agriculture.

A direct strategy, particularly for forest communities, is

to promote integrated agricultural development and

forest conservation projects” or to support forest based

enterprises™ so that households can both protect and rely

on forest products to cope with agricultural shocks. Other

potential strategies include enhanced social protection,

education, improved access to markets, infrastructure,

credit, and information systems.” Furthermore, thermal

stress because of climate change will prove to be a major

threat to agricultural labour productivity.”® Strategies

such as clean water for hydration, changes in working

practices, and mechanisation could help to sustain farmer

productivity in the face of increased thermal stress from

climate change.

Innovative sources of nutrition

Insects are estimated to form part of the traditional diets
of at least 2 billion people. More than 1900 species have
reportedly been used as food.”” Insects have high feed
conversion efficiencies, lower greenhouse gas emissions
than conventional livestock, and usually require less land.
Insects are less likely to transmit zoonotic infections.
Insects have substantial diversity in their nutritional
value? but they can be a highly nutritious and a healthy
food source with high fat, protein, vitamin, fibre, and
mineral content. Novel sources of protein such as
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Figure 15: Protein conversion efficiency and emissions comparison for various livestock

(A) Feed and protein conversion efficiency of beef, pork, and fish. (B) Nitrogen and phosphorus emissions for
animal production systems. Data for fish sourced from Hall and colleagues, and data for beef, pork, and chicken
sourced from Flachowsky and from Postrk (references in appendix). Reproduced from Béné and colleagues,™ by
permission of Springer under the Creative Commons Attribution License.

2000

seaweed or microalgae could also be exploitable if heavy
metals and other possible hazards can be addressed.”

Diversification of diets and crops can both improve the
prospects for adaptation and nutrition

The world’s agricultural landscape has been dominated
by 12 species of grain crops, 23 vegetable crop species,
and about 35 fruit and nut crop species.” Dietary diversity
is increasingly recognised as being good for health by
improving dietary quality, including micronutrients.”
Major variation in nutrient content can exist within a
single type of food; for example, rice can vary in protein
content from around 5-15%*° and the provitamin A
content of different species of bananas varies sub-
stantially.? To combat undernutrition, promotion of
increased production of nutrient-rich foods for direct
consumption by poor populations will be essential, as will
income generation, particularly for women, through
diversification and the use of technologies and practices
that reduce food losses and conserve nutrients.”®

Biofortification

In view of the existing burdens of micronutrient deficiency
and future challenges to improve nutrition, several
strategies can be used. These strategies include fortification
of foods such as staple grain flours with vitamins or
minerals and the pursuit of increased agricultural and
dietary diversity. Biofortification is also being increasingly
promoted to address micronutrient deficiencies in poor
populations particularly. Crop varieties with particularly
high concentrations of the desired nutrients are cross-bred
with high yielding varieties, resulting in high levels, for
example, of zinc or beta-carotene. The seedlings or cuttings
can be made available through extension programmes,
targeting of nutritionally vulnerable smallholders, or
market mechanisms. Growing evidence exists that

biofortified crops can improve micronutrient profiles in
deficient populations. Examples include high iron staple
foods in four countries; maize with high beta-carotene
traits, which is as efficacious as supplements; and orange
flesh sweet potato, which increases beta-carotene levels
and vitamin A status in consumers (see appendix for
references). However, regulatory hurdles will need to be
addressed for biofortification to make a contribution to
meeting nutritional requirements.”

Promotion of healthy, low environmental impact diets
Major proportions of the world’s crops are being fed to
animals (and are subject to conversion inefficiencies) or
are used for biofuels, resulting in 41% of the calories
available from global crop production being lost to the food
system (figures 6, 15).* Without changing crop mix, if food
was exclusively grown for direct human consumption
enough extra calories would be available to feed an
additional 4 billion people (more than the 2-3 billion
people projected to be added to the world population in the
coming decades).” The ratio of animal product calories to
feed calories is, on average, still only about 10%.

Animal products have much higher greenhouse gas
emissions per gram of protein than legumes. For example,
beef and lamb have emissions per g of protein that are
about 250 times those of legumes.® By 2050, if present
dietary trends continue, the increase in demand for animal
products will be a major contributor to the projected 80%
increase in global agricultural greenhouse gas emissions
from food production and to global land clearing.® Thus
even small shifts in allocation of crops from animal feed
and biofuels to direct human consumption could sub-
stantially increase global food availability. However, the
different bioavailability and aminoacid content of vegetable
and animal protein needs to be taken into account because
this would probably necessitate that more legumes be
grown than are grown at present.

Another consideration is affordability of food traded
internationally, which is out of reach for many poor people.
For some populations, livestock products provide both
essential protein and a wide range of essential
micronutrients and can help to prevent stunting. In
pastoralist communities, for example, livestock represent a
vital source of wealth and nutrition and can be grazed on
marginal land that would not support food crops. However,
in high consuming countries, animal product consumption
could be reduced and fruit and vegetable consumption
increased, benefiting health in terms of reduced non-
communicable disease burden and reducing the impact
on the environment (figure 16). At present, the global
production of fruit and vegetables is insufficient to meet
nutritional requirements, with a global shortfall of about
22% (34% if food waste is included), mostly as a result of
supply gaps in low-income and middle-income countries.””
This shortfall underscores the need for policies to
incentivise fruit and vegetable production and remove
subsidies on less healthy foodstuffs, which also generally
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Figure 16: Relative change of greenhouse gas emissions and land use of alternative diets compared with baseline diets

(A) Point estimates of relative changes in greenhouse gas emissions from studies comparing environmental impacts of present dietary patterns with healthy and
sustainable alternatives, in carbon dioxide equivalents per person per year.”' An alternative diet category of switching from ruminant to monogastric meat intake
was omitted because it contained only one study (-18% relative difference in greenhouse gas emissions). (B) Point estimates of relative changes in agricultural land
use from studies comparing environmental impacts of present dietary patterns with healthy and sustainable alternatives, in square metres per person per year.* The
existing scientific literature has several limitations in the methods used, including the widespread use of a single absolute number for environmental impacts and
emissions derived from lifecycle analysis. These limitations make the reliability of results difficult to assess. The scientific literature is dominated by studies of
European populations. Additionally, varying assumptions existed about system boundaries (eg, greenhouse gas emissions up to the farm gate or including the retail
sector) and the inclusion of greenhouse gas emissions from direct and indirect land use change.”* However, the use of relative changes might counteract some of the
variability in the methods across studies. Figure prepared by Lukasz Aleksandrowicz.

have higher greenhouse gas emissions. A report” from the
Chicago Council on Global Affairs published in 2015 has
made a compelling case for prioritising actions by the US
Government and other stakeholders, both nationally and
internationally, to make food systems more productive,
nutritious, and sustainable than they are at present.
Dietary risk factors are among the most important
contributors to the global burden of disease, with large
numbers of premature deaths in particular being due to
inadequate consumption of vegetables, fruit, and nuts
(figure 17). Generally, diets with reduced animal prod-
uct consumption, particularly from ruminants, are
associated with reduced greenhouse gas emissions.
More environmentally sustainable diets tend to be
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healthier than less sustainable diets, but not invariably
so0.”" For example, a study® in France suggested that
diets that scored higher in the author-defined nutritional
quality class also had higher greenhouse gas emissions.
This finding might have been due to the low greenhouse
gas emissions associated with starches and sugar, which
also scored low on the authors’ measure of nutrient
quality, and underscores the need to use approaches
that optimise diets for low environmental impact, high
nutrition quality, and affordability and minimise
deviations from present patterns to enhance acceptability.

Using an optimisation modelling approach, researchers
have shown that if the UK population were to adhere to
WHO dietary recommendations, this would incidentally
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2010
Risk factor Mean rank % change (95% Ul)
(95% UI)
| 1 High blood pressure | | 11(1-2) | | 27% (19 to 34) |
| 2 Smoking (including second-hand smoke) | | 1.9 (1-2) | | 3% (-5to11) |
| 3 Household air pollution | | 4-6 (3-7) | | -37% (-44 to -29) |
4 Low dietary fruit 5-0 (4-8) 29% (25 to 34)
5 Alcohol use 51(3-7) 32% (17 to 47)
6 High body-mass index 6-1(4-8) 82% (71to 95)
7 High fasting plasma glucose 66 (5-8) 58% (43 to 73)
[ 8 childhood underweight | [ 8561 | [-61% (661055 |
| 9 Ambient particulate matter pollution | | 87(7-12) | | -7% (-13to-1) |
10 Physical inactivity 100 (8-12) 0% (0to 0)
11 High dietary sodium 11-2 (8-15) 33% (27 to 39)
12 Low dietary nuts and seeds 12.9 (11-17) 27% (18 to 32)
13 Iron deficiency 135 (11-17) -7% (-11to-4)
| 14 Suboptimum breastfeeding | | 13-8 (10-18) | | -57% (-63to-51) |
| 15 High total cholesterol | | 15.2 (12-17) | | 3% (-13to 19) |
16 Low dietary whole grains 153 (13-17) 39% (32 to 45)
17 Low dietary vegetables 15.8 (12-19) 22% (16 t0 28)
18 Low dietary omega-3 18.7 (17-23) 30% (21to 35)
19 Drug use 202 (18-23) 57% (42t072)
20 Occupational injury 20.4 (18-23) 12% (-22t0 58)
| 21 Occupational low back pain | | 21.2 (18-25) | | 22% (11 to 35) |
| 22 High dietary processed meat | | 22:1(17-32) | | 22% (2to 44) |
23 Intimate partner violence 23.8 (20-28) 0% (0 to 0)
24 Low dietary fibre 24-5(19-32) 23% (13to 33)
25 Lead exposure 25-5(23-29) 160% (143 to 176)
26 Sanitation
| 29 Vitamin A deficiency |
| 31 Zinc deficiency |
| 34 Unimproved water |

Figure 17: Rank of risk factors for global burden of disease in 2010

Dietary risk factors or those strongly associated with diet (highlighted in red) contribute substantially to the global
burden of disease. The top 25 ranked factors in 2010 are listed alongside factors that were in the top 25 in 1990.
Percentage change shows change in rank since 1990. Air pollution and physical inactivity are also major
environment-related risk factors for ill health. Ul=uncertainty interval. Reproduced with permission from Lim and
colleagues.®

result in a 17% reduction in greenhouse gas emissions
and increase life expectancy at birth by about 8 months,
mainly from benefits to coronary heart disease.”*
Greenhouse gas emissions could also be reduced by
about 40% in the UK through dietary change while
adhering to WHO dietary recommendations, maintaining
affordability, and without departing radically from
existing diets.” Such diets would produce substantial
improvements in health, particularly as a result of
increased fruit and vegetable consumption and reduced
consumption of red and processed meat. An outline of
the implications of palm oil and organic food for health is
given in the appendix.

2002

Integrated land use solutions

The REDD+ mechanism (panel 1) has been created to
reduce greenhouse gas emissions from deforestation and
forest degradation, and also holds the promise of providing
a host of regional and local co-benefits such as livelihoods
and ecosystem services. Although the programmes are too
recent to generate empirical evidence of benefits,” lessons
can be learnt from Costa Rica, which is a pioneer in taking
an integrated landscape perspective to conservation
(appendix). Costa Rica has effectively combined protected
areas, innovative payments for ecosystem services, and
strict enforcement to achieve conservation targets related
to biodiversity protection, hydrological services, and
carbon sequestration, among others.” Evidence from
Indonesia also suggests that forest protection can improve
watershed functions, reducing cases of diarrhoea® and
evidence from Brazil offers hope that forest protection can
deliver health benefits (panel 9).”*

Human disease risk can be reduced indirectly by
management of the landscape, ecosystems, and the
biodiversity they contain. For Lyme disease and West Nile
virus, high risk of transmission is associated with the loss
of vertebrate diversity, which in turn is associated with
some types of habitat destruction and fragmentation.” For
example, forest fragmentation and destruction in the USA
have been shown to reduce mammalian species diversity
and to increase populations of the white-footed mouse, the
most efficient host of Lyme disease.” The maintenance of
forested areas near or abutting to residential zones—
which keeps the composition of ecological communities
intact and mouse population sizes low—might help to
reduce the risk of Lyme disease transmission.””
Community zoning policies can protect contiguous forests
while at the same time promoting the spatial aggregation
of deforested areas. For example, housing developments
can be designed in which lawns and cleared backyards are
clustered—leaving neighbouring forests untouched. For
infectious diseases, in which high species diversity has
been shown to reduce disease risk, policies that maintain
or enhance biodiversity could be implemented. Further
evidence on the role of the environment in mediating risk
from vector-borne and zoonotic disease and how policies
can be developed to benefit both health and ecosystems is
given in the appendix.

Landscape fires in southeast Asia are one of the greatest
drivers of biodiversity loss and are also a major regional
public health threat. A 2015 study*® reported that
protection of peatlands in Indonesia from degradation
and burning would reduce smoke concentrations in
Palembang and Singapore by more than 90%, and by
80% for equatorial Asia. The health effects of landscape
fires can now be modelled and quantified at a very fine
scale. Incorporation of the public health effects of land
use can help create targeted policy solutions that can
simultaneously reduce biodiversity loss and optimise the
health of populations. A recent analysis* published in
2015 shows that PM2-5 air pollution levels are lower in
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Panel 9: The complex interrelations between health and land use change

Protected areas and indigenous reserves reduce deforestation,
whereas roads and mines increase (or at least are positively
related to) deforestation. Generally, the process of
deforestation benefits the mosquitoes that transmit malaria by
creating new breeding sites, reducing biodiversity (including
predator populations), and creating microclimates that are
favourable to mosquitoes for survival and reproduction (eg, by
increasing temperature and humidity). Deforestation is also
associated with smoke and sedimentation, and more generally,
with disruption of the hydrological cycle and loss of the water
and air filtering functions of trees. However, protected area
types, indigenous reserves, roads, and mines also have their
own distinct effects on the environment and people’s
interaction with the environment, hence affecting both disease
and exposure to disease. Several conclusions have emerged
regarding the interactions between health and land-use change
on the basis of research that focuses on Latin America.”®

Forest conservation

Malaria

(-) Intact forests affect anopheline ecology and malaria
epidemiology because they contain fewer breeding sites than
fragmented forests.

(-) Intact forests contain larger vector predator populations and
a greater diversity of mammalian species (promoting dilution
effects) compared with fragmented forests.

(-) Intact forests generate microclimates that inhibit
anopheline mosquitoes.

Acute respiratory infections

(-) Forests can filter air particulates.

(<) Conservation reduces the number of fires and amount of
smoke emission.

(-) Intact forests are associated with a reduction in the collection
and burning of biomass fuels, and an increased water supply
(improving personal hygiene) compared with fragmented forests.

Diarrhoea

(-) Intact forest can reduce flooding and filter pathogens from
surface water, thus maintaining water quality and stabilising
the hydrological cycle.

Protected areas

Malaria, acute respiratory infections, and diarrhoea

(=) All protected areas generate disease regulation service
through the ecosystem changes associated with forest
conservation (already described).

(-) Strict protected areas reduce human exposure to forest
habitat of anopheline mosquitoes, in addition to reducing
forest disturbance.

communities with forest certification compared with
communities without forest certification.

Ecosystem restoration can also contribute to poverty
alleviation (panel 10). For example, the Shinyanga Soil
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(+/-) Sustainable use protected areas have people living and
working in them and thus exposed to forest habitat of
anopheline mosquitoes, in addition to allowing more forest
disturbance than strict protected areas. Compared with strict
protected areas and indigenous reserves, these protected areas
are more likely to promote the mixing of infected and
susceptible populations.

() Indigenous reserves are established where indigenous
populations live, who are often highly susceptible to disease,
but if regulations and borders are enforced, these reserves can
reduce mixing of infected and susceptible populations.

Roads

Malaria
(+) Roads create a forest fringe, which is a favourable habitat
for anopheles, thus creating so-called frontier malaria.

Acute respiratory infections
(+) Roads worsen air quality because of traffic, road
construction, and economic activities.

Diarrhoea
(+) Roads worsen water quality because of traffic, road
construction, and economic activities.

Malaria, acute respiratory infections, and diarrhoea

(<) Roads ease access to medical care and public health system.
(+) The construction of roads attracts susceptible labourers,
who move too quickly and often to be helped by the public
health system and who might not have developed any natural
immunity.

Mining

Malaria

(+) Mining creates vector breeding sites such as borrow pits and
dammed ponds used to process alluvial deposits.

Acute respiratory infections

(+) Mining worsens air quality (eg, through associated
production of charcoal and increases in unplanned
settlements).

Diarrhoea
(+) Mining worsens water quality and increases unplanned
settlements.

Malaria, acute respiratory infections, and diarrhoea

(+) Mining draws in migrants who can be both susceptible and
disease carriers, and who typically work long hours and live in
precarious housing, which increase exposure to disease.

Each change in land use might either decrease (-) or increase (+) the likelihood of the
spread of the given disease or diseases in the area. Reproduced from Bauch and
colleagues.™ References are given in the appendix.

Conservation Programme, better known by its Swahili
acronym HASHI (Hifadhi Ardhi Shinyanga), ran between
1986 and 2004 in northwest Tanzania and combined
forest restoration and traditional land management
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Panel 10: Case study—relieving poverty through ecosystem restoration in the Loess
Plateau

The Loess Plateau in China has had soil and water loss caused by grain production for more
than two thousand years. Consequently, land productivity has diminished greatly and
riverbed height has substantially increased in the lower reaches of the Yellow River* In 1994,
the Loess Plateau was also one of the poorest regions in China, with about half of the counties
listed as poverty stricken as part of the Seven-Year Priority Poverty Alleviation Program.>®
With support from the World Bank and the Chinese Government between 1994 and 2005,
two consecutive projects, which covered 22 counties in Shaanxi, Shanxi, Gansu, and Inner
Mongolia, aimed to increase agricultural production and income, reduce sediment inflows to
the Yellow River, and restore local ecosystem productivity. Eco-based adaptions were adopted
to control soil and water loss, including afforestation, dune stabilisation, the banning of
grazing, and the construction of sediment retention dams and terraces. Additionally, an
ownership structure was established to encourage local engagement, giving participating
farmers the right to acquire use of the land after completion of the project.*** Consequently,
the Loess Plateau is becoming greener,** with forest and grass coverage increasing from
11-4% to 27-3%.2* These projects also resulted in an increase in mean annual per person
income from ¥360 to ¥1624, an increased annual grain output from 427 000 tonnes to
1265000 tonnes, a reduction of annual sediment inflow to the Yellow River by 57 million
tonnes, increased biodiversity, improved soil fertility, and increased carbon sequestration.
Furthermore, high grainyields in good years, together with livestock and fruit trees, help to
provide enough food to sustain local people through drought years of low crop yield and the
increased income also helps buffer against food poverty.®*

techniques to restore ecosystems and also increase
household income.*”

Policies for planetary health: co-benefits to health and
the environment

Greenhouse gas emissions

Many measures to reduce greenhouse gas emissions in the
housing, transport, food and agriculture, and electricity
generation sectors have ancillary health benefits (co-
benefits), which are often substantial™ An important
mechanism is by the reduction of fine particulate air
pollution. Ambient air pollution from fine particulates
causes between 2-8 million and 3-6 million deaths per
year, mostly as a result of fossil fuel combustion, particularly
coal and diesel fuel.* WHO estimates of mortality for 2012
are even higher at 3.7 million deaths.” The health co-
benefits from reduced fine particulate air pollution as a
result of reduced fossil fuel combustion have been studied
in detail and the evidence has been synthesised by the
IPCC and the Lancet Commission on Climate Change®**
and are not discussed in detail in this Commission report.

Short-lived climate pollutants

Measures to reduce short-lived climate pollutants could
yield major health benefits; an estimated 2-4 million
premature deaths worldwide could be prevented annually,
mainly as a result of some measures to reduce black
carbon exposure. Some measures to reduce short-lived
climate pollutants also reduce carbon dioxide emissions
and thus additionally contribute to efforts to combat
climate change.*® Access to clean household energy has

2004

the potential to greatly reduce household exposure to air
pollution, the risk of burns, and the emissions of black
carbon and a range of other pollutants.*® Solar lamps, for
example, reduce black carbon emissions, burns, and
dependence on costly kerosene.™

Policies to reduce ground level ozone, which is formed
from chemical reactions between oxides of nitrogen,
methane, and volatile organic compounds, can also yield
co-benefits. Ozone air pollution directly affects health and
also reduces crop productivity, forest growth, and the
ability of vegetation to take up carbon dioxide.” As such,
policies to reduce methane emissions yield health and
agricultural co-benefits through increased crop productivity
as a result of reduced tropospheric ozone levels.*?

Increased physical activity

Increased active travel (walking and cycling) in cities can
reduce greenhouse gas and fine particulate emissions
and address physical inactivity, which contributes to
more than 3 million deaths a year” and is a risk factor for
major non-communicable diseases such as ischaemic
heart disease, stroke, diabetes, colon and breast cancer,
Alzheimer’s disease, and depression. The health
benefits generally outweigh increased risks of road
injury. New technologies, such as electric vehicles, will
reduce tailpipe emissions of hazardous pollutants but
will not address other health problems of physical
inactivity or road injuries. Furthermore, physical activity
related to transport and changes in dietary patterns are
associated with obesity.”® Obesity could potentially be
addressed through strategies to reduce private car use in
cities by providing improved public transport and
encouraging active travel.” See the appendix for a case
study on the co-benefits of addressing health and the
environment in cities.

Sound management of chemicals

The need for accelerated progress to achieve sound
management of chemicals has been documented in the
Global Chemicals Outlook,”® which argues for “a
revitalised commitment to the sound management of
chemicals”. The Global Chemical Outlook report
concludes with a call for “an investment in capacity for
sound management of chemicals that has widely been
acknowledged as lacking”.*® Moral arguments have little
effect on how chemicals are managed and evidence that
permits quantification of externalities and costs is still
fragmentary. Nevertheless, in their report™ on the costs
of inaction, the UN Environment Programme estimated
a very high rate of return from investments to improve
the management of chemicals. Unregulated pesticide
use poses substantial risk to human health and
ecosystems as shown by studies in west Africa® and
Costa Rica.™ According to a conservative estimate, the
costs of inaction in Africa in 2009, related to pesticide use
alone, were greater than the total overseas development
assistance to health care (excluding HIV/AIDS) in Africa.
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The estimated health costs of pesticides vastly outweighed
the low costs of sound chemical management in a
country such as Uganda. Sound chemical management
in the agricultural sector would also result in improved
crop yields (by about 20%).**

Barriers to progress include the erroneous perception
that exposure to chemicals is mainly an environmental
issue rather than a health issue, the absence of legally
binding instruments linking chemical safety to
development policies, poor communication between
environment and health authorities, and fragmented
regulatory approaches combined with inadequate
implementation of regulations. Expertise on safe
chemical management is not sufficiently transferred
from high-income to low-income countries, although
increasingly production is moving from high-income
countries to emerging economies and low-income
countries. Only about 45 countries have National Cleaner
Production Centres that provide training and technical
advice for sound chemical management to small and
medium sized enterprises.

The total insurance capacity to support chemical liability
risks (including pharmaceuticals) is only $2-5 billion
worldwide annually and the actual purchase much lower,
a tiny amount compared with the $4 trillion worldwide
annual sales of the chemical industry. The costs incurred
by the financial sector for mismanagement of chemicals
can be high: more than $100 billion and rising fast for
asbestos; $3-5 billion for the Bhopal chemical disaster;
and $25 billion for Chinese drywall (the sale of imported
synthetic gypsum panels in the USA, which cause
corrosion and possible health effects). Banks have often
tended to ignore such risks when providing financing.
The financial and insurance sectors could also prove
instrumental in promoting the implementation of policies
to reduce risk. Liabilities arising from emerging risks
such as nanotechnologies, endocrine disruptors, and
mixtures between different chemical compounds are
likely to particularly concern the insurance industry and
this realisation could spur action.

Much of the flow of hazardous waste from rich to poor
countries is in contravention of the Basel Convention on
Transboundary Movements of Hazardous Waste, but the
Protocol of the Convention on Liability and Compensation
has so far been ratified by only half of the 20 countries
needed to enter it into force. Consequently international
mechanisms for the implementation of the “polluters pay
principle” for hazardous waste are inadequate.

A range of approaches for sound management of
chemicals are needed, including promotion of safer
alternatives and guidance to accelerate the achievement
of the Strategic Approach to International Chemicals
Management (SAICM) goals by 2020.** To develop a
comprehensive approach to chemical safety, all five
themes encompassed in the SAICM—risk reduction,
knowledge and information, governance, capacity
building and technical cooperation, and illegal
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Figure 18: Psychological and emotional outcomes from exposure to natural
versus synthetic environments

A systematic review*? of benefits to health from exposure to natural
environments reported that significantly lower negative emotions, such as
anger and sadness, were experienced after exposure to a natural environment in
comparison with a more synthetic environment in a subset of studies where
these were measured. The pooled effect sizes (Hedges g) and 95% Cl for each
outcome are based on aggregated data (one average effect size per study). In
brackets are shown the number of studies that were used to calculate the effect
size and an asterisk is used to denote a significant heterogeneity test (p<0-05)
for a particular group. Reproduced from Bowler and colleagues,* by permission
of the Collaboration for Environmental Evidence.

international traffic in chemicals—have to be addressed,
backed by effective and enforced legal instruments.*
Potential solutions include movement towards a circular
economy, which minimises waste through recycling
and reuse, procurement policies for public institutions
that promote safe substitutes for chemicals of concern,
the use of lifecycle assessment to assess health and
environmental impacts, innovative technologies per-
mitting rapid chemical screening, and assessment of
alternatives.

Sustainable cities
Healthy city design promotes active and healthy living.*”
Active travel (walking and cycling) can reduce the risk of
ischaemic heart disease, obesity, diabetes, some types of
cancer, and all-cause mortality, while also averting costs to
health systems and reducing greenhouse gas emissions.™
Importantly, sustainable practices are associated with
mental health benefits.” In epidemiological studies,™ an
increase in physical activity is associated with a reduced
risk of depression. The steps needed to adapt to climate
change and to prepare for disasters require cohesive
community action. Implementation of such action could
increase social capital,”™ which, in turn, promotes
health.” Exposure to natural environments might also
improve mood but had no effect on physiological variables
(figure 18).2

The rich biodiversity that urban areas can contain is
being increasingly recognised and policies to preserve
ecosystems and their services could provide many
benefits.”” Almost a third of the 100 largest cities have
nearby natural areas that provide catchment for the
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supply of stable and affordable drinking water.
Furthermore, green spaces in or near cities also deliver
services such as reducing air pollution, temperature
regulation, groundwater recharge, and cultural services
including recreation—all contributing to the physical
and mental health of the urban population. Urban
biodiversity and ecosystems deliver myriad other benefits
including climate change adaptation and mitigation—eg,
by absorbing run-off from heavy rainfall events and
carbon sequestration. Urban parks are around 1°C cooler
than built-up areas during the day and help reduce the
effects of urban heat islands.*

More than 370 cities worldwide, mainly but not exclusively
in industrialised countries, are experiencing population
loss, and this process of urban shrinkage provides
opportunities to create additional green space, enhance
biodiversity, and promote urban food production with a
range of social and health benefits, including the halting
and reversal of population loss.*” Allotment gardens can
provide a range of ecosystem services, including habitats for
pollinators (which can be better than formal parks) and
benefits from physical activity and locally produced foods.™

Urban centres are susceptible to water supply
difficulties—such as the case of Sdo Paulo, which is
experiencing its worst drought for 80 years. Policies to
protect watersheds are increasingly recognised to have
the potential to save money, conserve water, and improve
water quality.’” In the case of S3o Paulo, the Cantareira
watersheds, which supply nearly 50% of the city’s water,
have lost 70% of their original forest cover, increasing the
sedimentation of rivers, dams, and reservoirs, thus
decreasing their ability to supply water. In 2005, the
municipality established the first water payments for
ecosystem services scheme in Brazil, Conservador das
Aguas.’”

The external costs of urban sprawl are about $400 billion
per year in the USA alone due to the increased cost to
provide public services such as water and waste,
increased capital investment needed for infrastructure
such as roads, and the costs of increased traffic
congestion, collisions, and air pollution not borne
directly by private individuals. The total costs amount to
about 2-6% of US GDP at present prices. If the USA
followed an alternative growth pattern without urban
sprawl, the savings could cover the funding gap for
infrastructure investment.”® These lessons are also
relevant for the development and expansion of cities in
low-income settings where much of the growth will
occur. Integration of health and environmental goals into
the planning of such cities will result in reduced costs
and environmental impacts and improved health.

Improvement of access to modern family planning

Globally, an estimated 225 million women who want to
avoid a pregnancy are not using an effective contra-
ceptive method.”” Fulfilment of the unmet need for
family planning alone could cut the number of maternal

deaths by almost a third, especially in sub-Saharan
Africa, and help to improve food security. Meeting the
needs for modern contraception in low-income countries
would cost only an additional $5-3 billion per year.”” A
reduction in fertility by 0-6—0-7 births per woman in
developing countries, which is similar to the fertility
reduction assumed between the high, medium, and low
population growth scenarios used in the UN long-range
population projection, would also help to achieve
greenhouse gas emission reductions.” The reduction in
births would also have substantial positive effects on
many of the other environmental trends mentioned in
this Commission report and help to reduce pressure on
infrastructure.

Provision of modern contraception at the health facility
level should be accompanied by culturally appropriate
social marketing approaches to increase demand,
including use of the mass media and community based
distribution, especially through primary health care.” An
increased support for rights-based family planning
services, including family planning, reproductive health,
and HIV service integration, is an important com-
plementary measure.

The population growth forecast for some high-income
countries such as the USA and Australia might have
disproportionate effects on environmental sustainability
because of their prevailing high consumption lifestyles
and will therefore need to be addressed by effective
policies to reduce their environmental impact.**

Integration of environmental care with health systems
The concept of planetary health calls for improved health
systems, above and beyond the present discourse on
universal health coverage that pays insufficient attention
to the need for transformation of health systems to
encompass environmental health, the integration of
multisectoral actors, or the benefits of balancing
investments between the health of present and future
populations. Health systems that address the investment
trade-off between subsectors, and between technology,
prevention, and care need to be created and successfully
implemented (panel 11).

Opportunities exist for the integration of health care and
environmental care at the primary level.” Primary health
care can strengthen response and preparedness to natural
disasters by providing community-based responses to
common health problems such as diarrhoeal disease,
mental health problems, and chronic disease. Primary
care and public health provision that foster multisectoral
collaboration should be developed and the effect assessed
in different contexts, taking advantage of new technologies
and building on local knowledge and human resources
capacity. Metrics relevant to planetary health can also be
systematically included in facility and population-based
health surveys. The creation of integrated systems that
collect rigorous health, socioeconomic, and environmental
data for defined populations over long time periods is
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needed to attribute changes in health to underlying
environmental change while accounting for potential
confounding factors. These systems could give early
warning of breakdown in adaptation mechanisms
presaging rapid reduction in a population’s health status;**
for example, the INDEPTH network.*®

In particular, growing opportunities exist to integrate
primary health care into areas that are vulnerable to
environmental change or managed by local communities.
Training of indigenous and other local community
members as primary health-care workers, while respecting
their local knowledge and culture, can help protect health
and biodiversity.” These training programmes also allow
the development of locally credible strategies that
sustainably and safely harness local biological resources;
for example, by avoiding consumption of species such as
bats or primates that can harbour hazardous viruses
causing zoonotic diseases, such as Ebola, and by providing
early warning of any outbreaks that do occur.

Principles for transformative change

Solutions for the drivers of global environmental change
Ethics and values

The UN IPCC pointed to the ethical challenges posed by
climate change and this Commission suggests the need
to widen the perspective to consider the range of
interacting environmental changes. Principle 21 of the
Stockholm Declaration of 1972 (modified by Principle 2
of the Rio Declaration) recognises the right of countries
to exploit their own resources, provided that their
activities do not damage the environment of other states
or the global commons.”” Although, in many cases,
national policies and consumption patterns are having
adverse effects outside their own boundaries.

Protection of future generations

Several justice theorists have advanced the view that the
present generation has a moral duty to protect the health
and wellbeing of future generations on the grounds that
the basic rights of people in the future include health,
subsistence, and survival, which could be violated by
major rises in temperature and other environmental
changes (for discussion see Knox’*). Arguably, the
principles of compensatory justice imply that those who
act in the knowledge that their actions can cause harm
should compensate those on the receiving end of adverse
effects of environmental change. This argument is also
grounded in the predominant global legal practice to
attribute liability for the effects of harmful emissions to
the party who emitted them. This argument is implicitly
accepted by those developed nations prepared to
contribute to climate change adaptation and miti-
gation funds. Economic approaches used to shape
environmental policies also have important ethical
dimensions. For example, the ethical dimensions of the
practice of discounting, which places a reduced value on
consumption at some point in the future for such reasons
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Panel 11: The implications of planetary health for health systems

WHO has proposed a Health Systems Framework consisting of six building blocks to
analyse health systems. This panel reviews the implications of planetary health for just
two of the building blocks, namely the health workforce and financing.

Health workforce

To address the challenge of planetary health, countries need to ensure a minimum
threshold of health-worker density and capacity to prevent and respond to the health
consequences of environmental change in line with the International Health
Regulations.®' Planetary health concepts should be integrated into the training of health
professionals, particularly, but not exclusively, that of public health professionals and
health-care leaders. For example, in Ethiopia more than 35000 health extension workers
have been trained and deployed over 3 years. They help to prevent and treat diseases that
are sensitive to environmental change such as malaria, diarrhoea, and undernutrition,?
and work in multisectoral teams to address hygiene, sanitation, and nutrition issues. Such
innovative models of health-worker education and training should be emulated and
scaled up.

Financing

Planetary health concerns need to be fully integrated into health budgeting and
purchasing processes. For example, present epidemiological and expenditure trends
show an increasingly rapid expansion of health spending to respond to the epidemic of
non-communicable diseases.’* Meanwhile little if any attention is given to funding the
unfinished agenda of environmental health (sanitation, hygiene, and household air
pollution), let alone to the emerging and expanding planetary health agenda.
Environmental health should thus be raised to a high level of budget priority and the
potential for health financing through recycling of harmful subsidies and taxes on
externalities should be exploited.

as because consumption levels are presumed to increase
in the future, or because technological changes will make
climate change easier to deal with than it is now, or
because people inherently prefer the present. High
discount rates diminish the attractiveness of action to
prevent environmental change and ultimately the choice
is an ethical one. The bioethics community has shown
little inclination to tackle these fundamental ethical
challenges, although they are now beginning to give
attention to these issues.™

Addressing inequities

Many environmental changes predominantly affect the
poor (at least initially) who have contributed little to the
issues and thus could widen inequalities—eg, Dby
increasing poverty. The perspective of low-income
countries on environmental justice can be considered as
having three elements: first, a concern that the past
patterns of emissions or other effects have to play a part
in determining present entitlement; second, entitlements
to emissions or other environmental impacts should be
equal (distributive justice); and third, the mechanisms
for reaching agreement on environmental justice should
be fair and transparent (procedural justice).”* High-
income countries, however, tend to focus on the most
economically efficient approach for minimising the
effects of climate change and delivering global ecological
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health and stability, which often has a lower priority than
short-term economic gains. At present trends, even with
optimistic assumptions, the eradication of poverty (with
a poverty line income of $5/day per person) will take
200 years, or 100 years for a poverty line of $1-25/day.** A
fundamental principle for the improvement and
maintenance of human health should address present
inequities in health and protect the health of future
generations as far as possible while preserving the
integrity of the biophysical systems, on which humanity
ultimately depends.

Safe and just operating systems—adding a social foundation to
efforts to address global environmental change

The doughnut concept is a framework that attempts to
identify a “safe and just operating space for humanity” by
adding social boundaries to the planetary boundaries
framework previously described.*? The framework adds a
social foundation of resource use, below which lies
unacceptable levels of human deprivation, including
undernutrition, ill-health, income poverty, and energy
poverty.** Social boundaries were identified on the basis
of the priorities from global development goals identified
in the lead up to the UN Conference on Sustainable
Development in 2012 and the High-Level Summit on the
Millennium Development Goals in 2013.*? The doughnut
approach has been tested at the regional scale, identifying
the regional safe and just operating space for two rural
Chinese communities through analysis of local ecological,
palaeoecological data and social survey statistical data.*®
Dearing and colleagues’ conclude that agricultural
intensification has led to poverty reduction but not
poverty eradication, and that agriculture has caused
environmental degradation, including degraded water
quality and effects on soil and sediment quality. Standards
for available piped water and sanitation are identified as
falling behind many other social development gains. In
this example, the doughnut approach identified both the
social needs and environmental constraints around water
access and quality in the study communities.**

Building resilience

The imperative to strengthen resilience is becoming an
increasingly dominant theme in the policy arena, as
emphasised by recent events such as the Ebola crisis in
west Africa, Hurricane Katrina (panel 12), the 2003
French heatwave, and the 2010 and 2011 Pakistani floods
(panel 8)." Sudden failures in essential systems such as
health care and public health, flood defences, or
emergency responses can have disastrous consequences
for many people. The term adaptation is often used to
focus on the capability of social actors to respond to
specific environmental stimuli and to reduce
vulnerabilities to environmental change. Nelson and
colleagues® state that “the resilience approach is systems
orientated, takes a more dynamic view, and sees adaptive
capacity as a core feature of resilient social-ecological

systems”. The two approaches converge in identifying
necessary components of adaptation.

As Superstorm Sandy showed, even wealthy and highly
developed areas of New York might be unable to cope with
extreme weather and could suffer economic losses as a
result. Accumulating evidence from both New York and
New Orleans about the effectiveness of different features
of community based responses at protecting people from
the worst outcomes clearly suggests that societally based
support and resilience networks can buffer people from
the worst extremes. A systematic review’ examining the
health implications of power outages as a result of extreme
events in 2013 reported that although evidence was scarce,
loss of power increased the difficulty to access to health
care and maintain front-line services. These difficulties
suggest the need for resilient power systems, including the
use of renewables that do not require a functioning grid.

Building resilience requires planning and preparation
based on assessments of risks; development of capacity to
restore functions quickly and effectively in the face of
disruptions; and the capacity to adapt and change after a
shock. Resilient health systems need to internalise five
elements: awareness, diversity, self-regulation, integration,
and adaptability.*® Effective surveillance and early warning
systems give an indication of prevailing disease patterns
and permit early detection of disease outbreaks or changes
in food security. The vulnerability of specific subgroups to
environmental change should be understood and plans
put in place—eg, heatwave early warning systems—to
permit rapid intervention, particularly for elderly people
living alone or in high risk institutions.” Multifunctional
teams, which can be redirected towards emerging threats
in times of emergency, are necessary. For example, the
contribution of Lady Health Workers (trained community
health workers) in the aftermath of the Pakistan floods.*®
Integrated resilience strategies are needed that work
closely with other sectors vital to human health, including
transport, communications, water and sanitation, and
food supplies.

Intact and restored ecosystems can contribute to
resilience, such as the improvement of coastal protection
through wave attenuation or the ability of floodplains and
greening of river catchments to protect from river flooding
events by diverting and holding excess water.”® Although
the effectiveness of ecosystem-based adaptation measures
is deemed to be lower than comparable engineered
solutions at present, ecosystem-based adaptation
measures tend to be implemented at much lower cost and
are also often so-called low-regret options because they
provide other benefits beyond resilience. For example, in
Vietnam, planting mangroves for storm surge protection
incurs one-seventh the cost of the creation and
maintenance of seawalls or dykes for this purpose® and
the coastal ecosystem also preserves wetlands and marine
food chains that support local fisheries. Care has to be
taken with ecosystem approaches, however, to consider
and address potential adverse health effects, such as the
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proliferation of mosquitoes (a potential carrier of vector
borne diseases) in restored wetlands.*?

National governments have an important role in strategic
planning for resilience, but plans need to involve local
initiatives, including providing advice and technical and
financial resources. In the poorest countries, support is
needed from international institutions and initiatives such
as the UN Framework Convention on Climate Change, the
UN International Strategy for Disaster Reduction, the
Sendai Framework for Natural disaster reduction (see
appendix for an overview of the Sendai framework), and
the new SDG process. Increasingly, adaptation to a range
of environmental stressors could be addressed by building
on National Adaptation Programmes of Action, which

Panel 12: Case study—Hurricane Katrina

Hurricane Katrina caused severe destruction and permanently
changed the landscape of the US Gulf Coast in 2005. This
enormous storm caused 1833 deaths and was one of the deadliest
in US history; it was also the costliest natural disaster in national
history,** with $108 billion in property damage.** Fatalities were
greatest in New Orleans and concentrated among elderly people,
who represented 49% of total deaths, and African-American
people, who had mortality rates 1-7-4-0 times higher than white
people in some areas,** raising important social justice issues.
Katrina exemplified risks faced by large metropolitan areas in
disasters. High population density, infrastructure susceptible to
damage by extreme events, reliance on transportation
infrastructure that might be damaged or whose capacity might be
exceeded by evacuation demands, and likely utility outages are
among factors that can adversely affect public health in
emergencies. Climate change is expected to exacerbate such risks
in coming decades by increasing the frequency of high intensity
storms like Katrina and by increasing storm surge magnitudes,
making preparedness efforts even more crucial 3

Devastation from Katrina was greatest in coastal communities
of Mississippi and the city of New Orleans, where levees were
overtopped or breached and left 80% of the city flooded at
depths up to 6m for several weeks.** New Orleans, which has
been flooded by hurricanes six times within the past century,
was at particular risk because the city is below sea level and
surrounded by water. Flooding from hurricane Katrina, which
resulted from catastrophic failure of the New Orleans hurricane
protection system, was mostly avoidable and attributed to
many engineering and engineering-related policy failures.3* In
response to forecasts, a state of emergency was declared by the
Federal Government before Katrina made landfall.>* Despite
mandatory evacuation orders, an estimated 100 000 to
300000 New Orleans residents were unable to evacuate, mainly
because of ineffective communication and insufficient access to
personal vehicles among the urban poor.**° The Superdome,
which sheltered many people that could not evacuate, sustained
substantial damage, and looting and violence ensued as
remaining city residents searched for food, water, and supplies
not immediately available through relief efforts.
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provide a process for countries to identify priority activities
that respond to their urgent and immediate needs to adapt
to climate change.*® The 100 Resilient Cities Challenge is
showing how cities can strengthen resilience to a range of
threats by addressing social, health, environmental, and
governance concerns in an integrated way. Cities can
catalyse effective policy and action at the national level."

Monetisation of non-market benefits

Many planetary health outcomes cannot readily be
expressed in monetary terms, but construction of
alternative measures of progress often depends on
reasonably robust estimates of all benefits and costs
in monetary terms. For example, monetisation of

Criticism of the Katrina response was widespread, spanned all
levels of government, and focused on delayed evacuations,
inadequate preparation for the relief effort, and
mismanagement. Many difficulties that arose resulted from
inadequate planning and back-up communication systems at
various levels.** The 2004 US National Response Plan
delineated disaster response as mainly a local government
responsibility; when local response capacity is exceeded
additional resource requests are made, first to the county and
then at state and federal levels as needs are identified. The
National Response Plan was revised in response to
organisational changes and experiences in the 2005 hurricane
season and was later replaced by the National Response
Framework 3>

The destruction of coastal wetlands in Louisiana, mostly due to
the spread of urban areas, has also been cited as a contributory
factor in increasing the susceptibility of New Orleans to
inundation by flooding because of reduced river input and canal
dredging, which previously acted as a buffer against coastal
storms.> Coastal wetlands act as natural horizontal levees;**
forest covered wetlands can reduce the wind stress available to
generate surface waves; and the vegetation and shallow water
depths associated with intact wetlands provide wave
attenuation, reducing the destructive effect of waves on levees.**
Therefore the restoration and protection of such habitats and
their integration into the defence strategies of coastal cities is an
essential consideration for planners and policy makers.”

Hurricane Katrina, and more recently the hurricane Superstorm
Sandy, have important implications for preparedness efforts
and human welfare in natural disasters in an age of increased
variability in climate systems. An emphasis on the development
and implementation of nationally appropriate preparedness
and response strategies, combined with ecosystem and
ecosystem-engineering hybrid approaches to adaptation™>—
particularly in low-income and middle-income countries and in
Asia where most of their effects occur—is crucial to protect the
health and wellbeing of populations that will inevitably
experience these events in future.
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co-benefits to help policy makers offset the cost of action
is discussed in the Lancet Commission on Climate
Change.” A 2014 full lifecycle analysis based in the USA
shows that monetised human health benefits stemming
from air quality improvements can offset the cost of US
carbon policies by 26-1050%.** For locations such as east
Asia, air quality-related health benefits are 10-70 times
the abatement costs in 2030.* A recent paper**® shows
how the monetisation of the health co-benefits of climate
mitigation should encourage the top 20 emitting nations
to cut carbon dioxide emissions by 13-15%, even without
considering climate or other benefits.

The USA and Europe traditionally estimate economic
benefits and costs related to environmental change and
ecosystem services.*? This economic approach is not only
because federal policies have to use cost-benefit analysis
to develop regulations and standards, but also because
non-market benefits are used to settle lawsuits (eg, Exxon
Valdez oil spill damage), to improve the accuracy of
estimates of quality-adjusted-life expectancy, and to
identify sustainable sources of financing.”” For example,
enough empirical evidence already exists on some
environmental changes (eg, water quality) in some
settings (eg, the USA) to learn from meta-regressions
and synthetic reviews.” A set of credible methods and
estimates for how to consider the values of human lives
is now widely accepted.’® More mundane and less
controversial outcomes, such as time savings (eg,
because piped water eliminates the need to fetch water
from long distances), can be valued by examination of
the behavioural choices of households.”

Incentivisation of behaviour change

Human behaviours have a pivotal role in both reducing
damages from adverse environmental changes and
reducing the magnitude of adverse environmental
changes. By having a clear understanding of behavioural
determinants, policy makers can harness an array of
regulatory, fiscal, and tax policies; mass media
campaigns; and incentive-based interventions to effect
behaviour change.” The Vitality programme by
Discovery, one of South Africa’s largest health insurance
providers, promotes healthy diets by offering cash
incentives on healthy foods, which has increased fruit
and vegetable purchases by 6-9% and decreased sugary
and fatty food purchases by 6-7%. This change in diet of
the participants led to estimated decreases of 8-13% in
land requirements, 7-12% in water footprint, and 8-10%
in greenhouse gas emissions.”

Similarly, information campaigns focused on showing
households information about the quality of their drinking
water”” or combined social mobilisation and peer pressure
to create a sense of public discomfort regarding open
defecation™ can lead to preventive behaviours that both
improve personal health while reducing community
contamination. A village-level intervention based on
emotional drivers of behaviour, rather than knowledge,

improved handwashing behaviour substantially in rural
India.™

Mobile technologies (also known as m-health) have
been used to promote behaviour change. For example, text
messaging substantially reduced biochemically verified
smoking.”” The case study on technology developments
for health in the appendix shows an example of a mobile
phone application to change behaviour around the users
personal environmental footprint. Low-income countries
now tend to be thought of as having greater leeway for so-
called technological leapfrogging (eg, use of telemedicine
or going from biomass fuel for cooking straight to electric
or other kinds of clean stoves) compared with in the past.
However, behaviour change related to technology adoption
in developing countries still faces many barriers, including
financial constraints, cultural behaviours, and weak
institution and infrastructure.”” New technologies need to
be assessed for their capacity to yield multiple benefits,
including for health, and to avoid unintended adverse
consequences. For example, diesel vehicles usually use
less fuel than petrol engines but emit more fine
particulates and although biofuels are (in theory)
renewable, they might compete with food crops for land,
helping to drive up food prices.” Examples of technologies
that could fundamentally change the availability of
resources at much lower levels of environmental impact
than at present are given in the appendix.

Ultimately, many behaviour change interventions focus
on encouraging individuals to reflect on their conscious
decisions.” An alternative and probably more effective
approach might be to change environments to constrain
choices or target the automatic processes that underpin
most decisions, or both.” For example, cafeterias, which
increase the accessibility of food choices that are healthy
and have a low impact on the environment increase the
likelihood that those foods will be chosen. Restriction of
marketing opportunities for unhealthy and unsustainable
products could reduce opportunities for advertisers to
prime the behaviour of potential customers—eg, as has
been done with consumers of snacks and alcohol.

Movement towards a circular economy

Several essential steps need to be taken to transform the
economy to support planetary health. These steps include
the reduction of waste through the production of
products that are more durable and require lower
quantities of materials and less energy to manufacture
than those that are being produced at present; the
incentivisation of recycling, re-use, and repair; and the
substitution of hazardous materials with safer
alternatives. These changes will necessitate innovations
in design and manufacture that capitalise on the potential
restorative powers of natural systems combined with
strategies to reduce overall demand for resources that
greatly damage the environment during the course of
their extraction, production, use, or disposal—leading
ultimately to the circular economy (panel 1; figure 19)."
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Importantly, such a transformation could also bring
benefits to health and wellbeing if occupational health
standards are adhered to, including through reduced
amounts of air, water, and soil pollution; increased
employment opportunities; and changes in diet and
physical activity.

An example of how transformative economic change
might affect health outcomes is given in the appendix
case study using the PoleStar engineering—accounting
integrated assessment model to assess four scenarios of
future development that exemplify alternative worlds
that might emerge from the present. Two scenarios
represent an evolution of conventional world views and
dominant forces; Market Forces exemplifies market-
centred growth-oriented globalisation, whereas Policy
Reform tells of a government-led redirection of growth
toward sustainability goals.” The other two scenarios
envision a fundamental restructuring of the global order:
authoritarianism and fragmentation in Fortress World
and positive transformation in Great Transition, in
which material consumption is reduced but is more
equitable than the present. Each scenario tells a different
story of the 21st century, with varying patterns of
resource use, environmental impacts, and social
conditions. Both the Policy Reform and particularly the
Great Transition scenarios result in substantially better
health (greatly reduced stunting and improved nutrition)
and less greenhouse gas emissions than the other two.
The Great Transition brings added benefits for social (eg,
reduced inequities and increased leisure time) and
environmental outcomes (eg, reduced water stress and
toxic chemical load).

Measures of human progress and wellbeing

The present focus on GDP as a global benchmark of
societal success is a relatively recent occurrence, whose
origins date back to the 1930s and 1940s.” Economists
have long been aware that GDP was never intended as a
broad measure for the state of national progress, moreover,
Kuznets explicitly warned against the use of GDP as a
measure of welfare.® In addition to missing non-market
transactions, GDP fails to capture the cost of environmental
degradation, ecosystem services beyond those traded
commercially, and many other outcomes of relevance to
human health and wellbeing.* Comprehensive wealth per
person can reduce even when GDP per person increases
or Human Development Index improves because these
gains in manufactured and human capital might not offset
the diminution of natural capital. In support of this point,
compelling calculations by Arrow and colleagues®™ show
that between 1970 and 2000, comprehensive wealth per
person decreased in south Asia and sub-Saharan Africa,
two of the poorest regions of the world, even though
Human Development Index and GDP per person
increased. This exercise by Arrow and colleagues™ was a
gross underestimate because it only considered three
dimensions of natural capital—standing forests, oil and
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minerals, and carbon stocks—and omitted losses of several
ecosystem services (eg, watershed protection, pollination,
ecotourism, and non-timber forest products).*

In recognition of the limitations of GDP, in 2011, the
UN General Assembly adopted Resolution 65/309,
inviting member states to “pursue the elaboration of
additional measures that better capture the importance
of the pursuit of happiness and well-being in development
with a view to guiding their public policies”.*®

Many measures and initiatives have been proposed to
address the shortcomings of GDP. Adjusted economic
measures such as the Natural Capital Initiative,”® the
Economics of Ecosystems and Biodiversity,” and genuine
savings* attempt to capture the true financial worth of
ecosystem goods and services, both in their provision and
degradation. The Genuine Progress Indicator also uses
an accounting framework to modify income inequality
adjusted GDP with monetised economic, social, and
environmental factors.® Alternative methods attempt to
develop new measures by which to assess human
progress and success that are entirely separate from GDP.
The Social Progress Index measures three dimensions of
society: basic survival needs (eg, food, water, and shelter),
access to the building blocks for the improvement of life
(eg, education and health), and the chance to pursue
goals and dreams (eg, access to knowledge™) free from
obstacles (eg, discrimination). Similarly, the Happy
Planet Index measures the extent that countries deliver
long, happy, sustainable lives for the people that live in
them.* The Happy Planet Index uses global data on life
expectancy and experienced wellbeing, weighted by
ecological footprint, as a measure of environmental
degradation. See the appendix for a case study describing
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Figure 19: Circular economy model

A conceptual diagram showing in a simplified way the main phases of a circular
economy model, with each phase presenting opportunities in terms of reducing
costs and dependence on natural resources, boosting growth and jobs, and
limiting waste and harmful emissions to the environment. The phases are
interlinked, as materials can be used in a cascading way; for example, industry
exchanges by-products, products are refurbished or remanufactured, or consumers
choose product-service systems. The aim is to minimise the resources escaping
from the circle so that the system functions in an optimum way. Reproduced from
the European Commission,™ by permission of the European Commission.
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the efforts of Costa Rica to balance social, environmental,
and economic concerns.

Subjective self-reported measures such as happiness
need further development and scrutiny. Differences in
culture and society norms mean such measures are
difficult to compare across nations and many of the
respondents to surveys on happiness might not be aware
of the ultimate drivers of wellbeing—for example
ecosystem services such as nutrient cycling and water
filtration.*” Statistical assumptions about the distribution
of happiness scores might also affect inter-country
rankings and need further study.*

Policies for taxes and subsidies that support planetary
health
Well designed and implemented taxes and subsidies are
an important part of the policy toolkit that can be deployed
by governments to mobilise resources and align
incentives for planetary health goals. Taxes can make
polluters pay for negative effects on the environment; for
example, a carbon tax to account for greenhouse gas
emissions or taxes on waste disposal, water pollution, and
any other such externalities (panel 1) imposed on present
and future generations.”” Taxes are also the main
mechanism for raising public revenues, including the
additional resources needed to implement policies on
planetary health. Clearly, opportunities exist to realise
environmental and health goals and thus recycle
revenues—eg, subsidisation of universal health coverage
or other welfare programmes with revenues generated by
taxation of greenhouse gas emissions.”” Additionally,
taxes and subsidies also act as a key mechanism to
redistribute wealth and reduce health inequities. Such
redistribution could target the people most exposed to the
consequences of environmental degradation, namely the
poor and those susceptible to natural disasters.
Conceptually, subsidies are the mirror opposite (negative
of taxes). For example, farmers who protect trees on their
farms to reduce downstream erosion and improve the
habitat for threatened species should receive a payment for
the environmental services they have provided—effectively
a subsidy.® Most subsidies at present are in the energy,
water, agriculture, and fisheries sectors,® amounting
to $1-9 trillion, 2-5% of global GDP, or 8% of
total government revenues, excluding externalities.”
Unfortunately, subsidies are often poorly targeted and
captured by the wealthiest; for example, in 2010, only 8%
of fossil fuel subsidies reached the poorest 20% of the
world’s population.’” A recent (May 2015) update of earlier
work by the International Monetary Fund on fossil fuel
subsidies™ suggests that these are even greater than
previously estimated—$4-9 trillion (6-5% of global GDP)
in 2013. The largest post-tax subsidies relative to GDP are
in emerging economies where they can amount to 13-18%
of GDP. The largest contribution to the subsidies is from
the failure to charge sufficiently for the cost of domestic
environmental damage, including premature air pollution

deaths, with coal accounting for the largest energy
subsidies. Although uncertainties exist, the elimination of
post-tax subsidies in 2015 could boost global economic
welfare by $1-8 trillion (2-2% of global GDP), even after
allowing for the increased energy costs to consumers.

Subsidies might also be deemed harmful if they lock in
obsolete and damaging technologies that affect the supply
of natural resources or increase poverty. Win—-win solutions
are not always possible to find when removing subsidies;
sometimes governments face trade-offs between goals.
Almost 1-5 billion people still live without electricity and
more than 3 billion people still rely mainly on solid fuels.
Subsidisation of a transition for these groups to modern
energy—even when based on modern fossil fuels (gaseous
or liquid) and electricity (including based on fossil fuels)—
is likely to lead to substantial reductions in black carbon and
only trivial increases in carbon dioxide emissions.*”

Planetary health offers an unprecedented opportunity
for advocacy of global reforms of taxes and subsidies for
many sectors of the economy—including energy,
agriculture, and health—and will require comprehensive
global and national measures. For example, the Institute
for European Environmental Policy (IEEP) recommends
that phasing out harmful subsidies in the European
Union should be accompanied by use of safety nets to
protect the poor, new pricing structures, financial
transfers (to account for inequities within and across
countries), and multilateral agreements on environmental
objectives (see appendix for more on governance
challenges).** These types of subsidy reform are underway
in several countries, including Iran, Nigeria, and Tunisia
(see appendix for references), but are often difficult to
achieve because the subsidies that would need to be
reduced or removed usually benefit vocal and powerful
constituencies.

Governance to secure planetary health

Achievement of improved governance for planetary health
necessitates action at global, national, and subnational
levels. Action has to be taken before irreversible changes in
key Earth systems occur, which will require decision
making under uncertainty (panel 13) about the critical
thresholds or rates of deterioration of these systems.
Decision makers tend to overestimate the carrying capacity
and resilience of their system because their knowledge of
complex systems involved is incomplete.” History is
replete with examples where decision makers failed to act
in time, but these rarely have a simple explanation.
Examples—such as the Old and New Kingdoms of Egypt;
and Islamic Mesopotamia—show the importance of the
complex interplay between environmental change,
sociopolitical forces, civil war, dispossession of elites,
breakdowns in social justice, ideological shifts, poor
leadership, administrative dysfunction, and corrupt
institutions in determining outcomes.”*** Of course many
differences exist between these historical examples and
our increasingly globalised economy but most of the
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Panel 13: Decision making under uncertainty

Uncertainty is the rule, rather than the exception, when
thinking about planetary health. Conventional approaches to
decision making require more information about probabilities
and effects than is likely to exist for many planetary health
policies. Decision rules that do not rely on expected values
address some of these challenges but still require information
about the range of possible states, how states combine with
policies to generate planetary health outcomes, and to assess
their net benefits. In recognition of the limitations of decision
rules, alternative rules for decision making under risk and
uncertainty have been formulated.*" Notably, these rules
include methods aimed at low probability catastrophic
events.*? Additionally, a suite of other approaches have been
based on system science. Polasky and colleagues*> summarised
three such methods:

Thresholds approach

Social-ecological systems are complex and can have non-linear
dynamics. A threshold approach (eg, planetary boundaries) can
be useful to organise thinking about complex systems by
focusing attention on crucial boundaries that have major
consequences if crossed, such as screening out actions thought
to have too high a risk of inducing a shift in social-ecological
systems. Uncertainty about the exact level of a threshold can
restrict the usefulness of this approach.

Scenario planning

Creative and systematic consideration of complex possible
futures involves the generation of plausible stories, supported
with data and simulations, about how the future might unfold
from present conditions under alternative human choices.**
Scenario planning can help to depict a range of potential

underlying sociopolitical forces are still relevant now. A
precautionary approach is therefore needed to reduce the
risks to health and vital ecosystems in a world where vested
interests undermine the political will to act and where
persistent (and in some cases widening) inequities have
marginalised the voices of many disadvantaged groups.”
The University of Oslo Commission*' on governance
for global health published in The Lancet focused on
social and political determinants of health but also
acknowledged that environmental factors could affect
health. The Commission also recommended the creation
of a UN multi-stakeholder platform and an independent
scientific monitoring panel on global social and political
determinants of health, but did not specifically propose
governance mechanisms for addressing the threats to
health and civilisations posed by environmental changes.
An additional body with responsibilities for monitoring
and overseeing progress solely on social and political
determinants of health will perpetuate their separation
from environmental sustainability. The Earth Systems
Governance project has proposed reforms based on seven
building blocks, including UN reforms* to upgrade the
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futures and decision makers can assess the robustness of
alternative policy options by examining their effects in a range
of plausible scenarios.

Resilience thinking

Resilience thinking focuses on identifying and managing critical
thresholds for system performance, maintaining the capacity to
adapt to surprises by conserving key processes. Resilience thinking
also confers the capacity to transform to an entirely new mode of
operation if existing practices become untenable. Resilience
thinking can be usefully combined with decision theory, threshold
approaches, and scenario planning to guide management.

The science of decision making for planetary health should be
done in two phases. First, the issue should be scoped as
broadly as possible to cover a large set of imaginable states
and associated outcomes. Second, what is known, what is
possible but unknown, along with judgments about the net
benefits of different potential futures should all be combined
to guide policy making. Science by itself will fail however,
unless scientists understand the gap in standards of evidence
and risk tolerance between the science community (high
certainty), decision makers, and informed citizens.** Decision
makers wish to avoid high political and social costs and so
might act before all evidence is in. Communication of
uncertainty to policy makers is challenging and scientists
rarely have the skills to do so effectively. Closer interactions
between scientists, the public, and policy makers than is done
at present, together with innovative approaches to the
communication of risk such as the use of infographics and
other ways to represent uncertainties visually, show great
promise for the future.*®

UN Environment Programme to a specialised agency
similar to WHO (but with a focus on environmental
protection) and to create a high level UN Sustainable
Development Council directly under the UN General
Assembly. Their proposals, however, do not specifically
include a role for health as both an outcome and an
indicator of the long-term success of reforms. Planetary
health has to be addressed in an integrated way. One
possibility is to work through both the proposed UN
Sustainable Development Council and the process for the
development and monitoring of indicators for the SDGs.
Additionally, the UN agencies, programmes, funds, and
related organisations responsible for oversight of health,
environment, and development should strengthen their
collaborative mechanisms to ensure optimum coherence
in tackling the threats to planetary health.

Lessons can be learnt from the success of the Montreal
protocol to phase out substances that deplete stratospheric
ozone.”> The protocol proposed restrictions on all
countries from the outset, had strong incentives for
participation and compliance, and created incentives for
positive steps. An amendment proposed May 9, 2014, is
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Panel 14: Why the grassroots matter

For planetary health to become a mobilising, engaged, and
effective advance in global health thinking, it will need the
participation, commitment, and ownership of those most
affected by threats to health from the degradation of the
biosphere. The indigenous communities, the poorest billion
living in the most marginal environments of the developing
world, the rural poor, and the urban poor in the sprawling cities
will face the greatest burdens as planetary health erodes.
Grassroots movements to protect food, water, environments,
and livelihoods and to address the poor governance and corrupt
systems that drive the exploitation of precious resources for
global elites are already underway in many settings. But to have
real effect, and to change the trajectory of planetary health,
these local movements will need coherence, organisation, and
solidarity with the scientific and health communities. The
extraordinarily effective movement for access to antiretroviral
drugs, which emerged from the HIV/AIDS pandemic, is a potent
example of how some of the world’s poorest and most
stigmatised individuals and communities were able to organise,
mobilise, and successfully press for change.

In the case of HIV, by 2000, an effective (triple drug) therapy
existed, but had a profoundly uneven distribution of treatment
access; 95% of HIV drugs manufactured were given to patients
in high-income countries, who represented only 5% of the
global population living with HIV.#* The great majority of

addressing replacements for ozone depleting chemicals
that are climate active such as for hydrofluorocarbons.™
Regional trade treaties should give a much higher profile
to the protection of health in the near and long term than
they do at present. Such treaties provide unprecedented
protections for investors and intellectual property rights
holders, and furthermore are often negotiated under
conditions of secrecy, suggesting the need for a more
proactive assessment of their implications for health and
sustainability than is done at present.** So far, concern has
understandably focused on the potential for these treaties
to influence nearterm determinants of health such as
trade in tobacco or food products. These efforts should
now be complemented by an analysis of how such trade
treaties can support or undermine planetary health.
National governments can support planetary health by
integrating cross-sectoral policies at the cabinet level to
address key trends and drivers and communicate these
to the public. Actions at the municipal level could have
an important catalytic effect and present groups such
as the C40 Cities Climate Leadership Group, the
International Council for Local Environmental Initiatives,
and the 100 Resilient Cities network can stimulate
innovative policies providing so-called test beds, from
which others can learn through evaluative research.
Local governance can also be strengthened by the
engagement of civil society, including indigenous

Africans, Asians, and Latin Americans were consigned to difficult
early deaths—about 40 million women, men, and children. The
treatment access movement, which emerged from this
unacceptable reality, took on governments, the global drug
pricing and intellectual property regime, and the prevailing view
that AIDS treatment was not cost effective or sustainable. The
movement brought together unlikely coalitions of activists and
campaigners: gay men from the USA and Europe with African
women's networks; secular human rights organisations with
faith-based movements; and providers with patients. 15 years
later, the world is approaching the tipping point of half of the

37 million people living with HIV having access to treatment,
and drug costs have reduced to US$50 per person per year.

Planetary health will have to build novel coalitions to achieve
meaningful and lasting change. Communities struggling to
preserve their environments and livelihoods need scientists and
health leaders to engage on their issues, document their suffering,
and work with them to create social change. The scientific and
health communities, in turn, will be much more successful in
influencing decision makers who are feeling pressure for change
from their constituents than they would without the support of
civil society. Better evidence is needed for the importance of
planetary health than exists at present. But that evidence will
need a broad based movement for social change to have the
kinds of effect needed to preserve the biosphere.

communities. An example of how grassroots engagement
with the HIV community galvanised progress is given in
panel 14. Such movements help to support so-called
polycentric governance, according to which individuals
and local communities solve common-pool resource
issues on their own, leading to solutions that are
sustainable over time.*”

The potential to capitalise on the post-2015
Development Agenda

Progress towards the Millennium Development Goals has
been mixed—across goals and between regions.” As the
MEA pointed out, “any progress achieved in addressing
the Millennium Development Goals of poverty and
hunger eradication, improved health, and environmental
sustainability is unlikely to be sustained if most of the
ecosystem services on which humanity relies continue
to be degraded”.’ The Millennium Development Goals did
not effectively address unsustainable environmental
trends or inequities and it is therefore essential that the
post-2015 agenda supports the integration of social,
economic, and environmental dimensions of sustainable
development in all nations.

The Open Working Group of the UN General Assembly
has suggested 17 SDGs and 169 targets,”® but criticism
exists that only a third of the targets are well developed,
with the remainder either being too unspecific or

www.thelancet.com Vol 386 November 14,2015



The Lancet Commissions

requiring substantial refinement.”> For example, target
3.9, “substantially reduce the number of deaths and
illnesses from hazardous chemicals and air, water, and
soil pollution and contamination”,” needs to specify key
pollutants and chemicals to be effective. Potential
linkages between different goals and targets need to be
identified; for example, successfully addressing stunting
depends not only on nutritional intake but also on access
to clean water and sanitation.”

Despite the present limitations, the SDGs provide a
great opportunity to integrate health and sustainability
through the judicious selection of indicators.® The SDG
indicators, accompanying the SDGs and targets, can
form the basis for collection of national data to enable
monitoring of trends over time and assessment of the
comparative progress of countries. Indicators relevant to
planetary health fall into several categories that indicate
reductions in poverty or improvement in human
development (eg, through universal health coverage and
increased access to education); the effectiveness of
policies to increase resilience to environmental change;
the effectiveness of policies to reduce or reverse
environmental change, particularly where health co-
benefits exist; and support for implementation through
improved governance and financing.

Figure 20 shows how the proposed SDGs representing
human wellbeing (inner circle) are dependent on those
that provide the enabling infrastructure for development
(the first ring) and the supporting natural systems (the
outer ring). The proposed SDGs also suggest the need
for strong governance to ensure that infrastructure
related goals are not achieved at the expense of those
supporting natural systems.*!

The proposed SDGs do address many key barriers to
progress that were not covered by the Millennium
Development Goals but they are fragmented and require
an integrating statement to bind them into a coherent
whole. The concept of planetary health can provide the
necessary coherence for the overarching statement for the
SDGs by integrating the aim of sustained improvements
in human health and wellbeing with the preservation of
key natural systems, supported by good governance and
appropriate policies.

Development and funding of an integrated
research agenda

Addressing gaps in knowledge

Our overview has uncovered substantial gaps in
knowledge that have to be addressed to improve planetary
health. A transparent interdisciplinary process of research
agenda setting is needed, which takes into account the
needs of decision makers and builds on the restricted
knowledge available. This scarcity of knowledge on
planetary health is shown by the relatively small number
of high quality systematic reviews available on topics
related to planetary health and the high frequency of
inconclusive findings within these studies, usually due to
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Figure 20: Framework for examining interactions between sustainable development goals
Note that goal 17 is excluded from this framework because it is an enabling goal. Reproduced with permission
from Waage and colleagues.*

small sample size and low comparability between studies
(see appendix for references). Our overview of systematic
reviews also suggests the need for capacity strengthening
to develop a global collaborative effort analogous to
the Cochrane Collaboration, which oversees the co-
ordination of systematic reviews that link health and
environmental sustainability. Additionally, universities
and research institutes need to find new ways to encourage
transdisciplinary research teams to investigate scientific
questions of societal importance and to develop, reward,
and promote academic staff pursuing a research agenda
informed by the planetary health framework.

Through our assessment of the state of knowledge
relevant to planetary health we have identified several
priority areas for research.

The mechanisms through which environmental change
affects human health

The first priority for research is to improve evidence
of how environmental changes, both singly and in
combination, can affect human health through
mechanisms such as changes in the availability and
quality of water and food; altered transmission of vector-
borne, zoonotic, and other infectious agents; and the
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Panel 15: Understanding and modelling complex feedbacks—a systems approach

The interdependence between human wellbeing and ecology is
highly complex, both in the nature of connections and in
responses in time and space. Achievement of an improved
understanding of human-ecological systems interaction is
essential, just as is being achieved in climate science through
computer modelling. Systems modelling (understanding and
modelling complex systems, in this case socioenvironmental and
economic interactions and feedbacks) has been evolving quickly
during the past 20 years with the growing power of computer
processors and the evolution of new mathematical modelling
techniques. In 2013, a review** reported that 17 different
systems resource models existed for city development, resource
planning, and technology system optimisation, but none
incorporated ecological systems and human wellbeing.

This revolution in systems modelling has reached the point where
it is now possible to begin modelling the interplay between the
economic (values), societal (health, welfare, and productivity), and
the environmental impacts of decisions and investments to
support long-term decision making.* The data to support such
resource flow modelling can come from earth observation, crowd

effects of changes on the frequency and intensity of
extreme events in both aquatic and terrestrial ecosystems.
The advancement of research on decision making under
uncertainty is crucial, which will be the norm in the case
of non-linear, complex, interacting forcers (panel 13).

Objectives for this research could be to characterise
the causal mechanisms by which (interactions of
changes in) natural systems affect health; enhance the
understanding of the role of environmental change in
complex emergencies such as forced migration, conflict,
and civil unrest; assess threshold values for crucial
ecosystem services,” such as availability and access to
food and water; and forge links with existing initiatives
such as Future Earth, a new 10 year international
research initiative to develop the knowledge needed to
respond effectively to global environmental change
and “for supporting transformation towards global
sustainability”.**

Quantifiable human health effects can be taken into
account as part of the economic analysis that goes into
the decision-making process for policies affecting the
environment and natural resource use; these effects
inform the development of environmental indicators of
human health risk, which could be used in predictive
modelling, monitoring, and assessment of interventions
(panel 15). Assessment of the effects of environmental
change on equity can help identify who is most at risk
and where, and guide resource allocation. The
assessment of trade-offs between short-term gains and
longer-term benefits can support transparent decision
making. The results from research can inform best
practices on land use and ecosystem protection and
restoration.

sourcing, ground-based sensors, census, surveys, cohort studies,
and other epidemiological approaches. The opportunity these
data sources provide have informed several key recommendations
for actions to be taken on data offered to the UN secretary general
by the UN Independent Expert Advisory Group, established in
August 2014.%¢ Geospatial data exists at high resolutions*” and
complimentary human demographic and health datasets are now
advancing (eg, WorldPop®®). The next step in the improvement of
these models will be to improve coverage of civil registration and
vital statistics at the subnational scale.” These data will also help
to identify the inequalities in access to services and the differences
in outcomes and also to improve the quality of other statistics,
such as household surveys, that depend on accurate demographic
benchmarks.”® In many cases, models of complex ecological
systems used to make projections of future trends use data
derived statistically from putative causal associations, but these
associations can change under novel conditions and thus
predictions might be questionable. Models that are based on an
understanding of the underlying processes that cause a system to
behave in particular ways are increasingly needed.

Strategies to reduce environmental damage and
harmful emissions including assessment of co-benefits
The second priority for research is to assess the ability
of cross-sectoral policies, new technologies, and
products to reduce environmental damage and harmful
emissions in different geographic and socioeconomic
contexts, with a particular focus on health co-benefits
(and potential co-harms), including the economic
consequences of valuation of these co-benefits.
Research should include the identification of effective
economic (including changing behavioural incentives)
and governance approaches to promote planetary
health, including how best to reduce and recycle
harmful subsidies; develop and implement appropriate
taxes and subsidies that promote sustainability,
improve health, and reduce inequities; support local
sustainable development initiatives; and regulate
harmful activities. Supporting references are given in
the appendix.

Achievement of a full characterisation of how policies
to protect planetary health can cause a range of changes
in the state of natural systems and can affect a range of
critically important dimensions of human health in the
long term will allow researchers to assess the extent to
which these policies have the intended effects. The
insights generated can also help identify unintended
adverse results of policies under consideration, which
can then be mitigated or avoided. Environment and
human health co-benefits can justify integrated
approaches to policy solutions across disciplines and
sectors. Furthermore, the results can inform new
opportunities for technology transfer and capacity
building and stimulate innovation.
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Strategies and technologies to promote resilience and
support adaptation to environmental change

The third priority for research is to assess strategies
that use ecosystem approaches to reduce vulnerability
of populations to environmental change and that
engage local communities, particularly in low-income
countries. Outcomes should represent the range of
potential benefits and potential unintended results
after a systematic impact assessment.

The results will assist policy makers in making
investments to reduce risk, assess trade-offs between
different outcomes, and deal with scenarios with uncertain
stressors and outcomes. Resilience thinking can be
combined with decision theory, threshold approaches, and
scenario planning to guide management under uncertainty
related to multiple environmental changes.*’

If communities are provided with the capacity to
recognise and respond to emerging threats from global
environmental change before they occur, progress can be
achieved in several domains (social, economic, and
environmental) simultaneously. Community engagement
can empower disadvantaged and marginalised groups.

Indicators of human welfare and natural systems
The fourth priority for research is to develop and use
more robust indicators of human welfare and the integrity
of underpinning natural systems than exist at present
and explore how these measures should be weighted
across time (discount rates). Such attempts would
necessarily involve additional and improved inputs from
ecologists, epidemiologists, and environmental scientists
in the monetisation and valuation of non-market goods
and services affected by ecosystem degradation.
Although GDP is widely recognised to be a poor
indicator of human progress and the Human
Development Index also has several limitations, less
consensus exists on what is a better substitute; whether
or not different discount rates should be used in different
settings; and what are the appropriate methods for the
monetisation of non-monetary outcomes. Nonetheless,
policy makers often use heuristics and rely on
conventional economic calculus (GDP, high discount
rates, and the default zero value for environment) to
inform their choice of policies because alternatives are
either not available or not universally accepted.

Translational research and implementation science
The final priority for research should be to prioritise
translational research and implementation science to
address the on-the-ground realities of what is feasible and
relevant in the settings facing the greatest threats to
planetary health. The dissemination, communication, and
implementation of knowledge has to be central to research.
Research can and does end up with recommendations
that cannot to be translated into policy and action
because the research did not fully capture the barriers
to policy and behavioural change and how to address
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them. An unacceptable gap exists between the un-
precedented amount of knowledge of diseases
(including their control) and the implementation of
that knowledge, especially in poor countries. Directed
and innovative research is needed to analyse the causes
of this situation and to point toward solutions at the
global and local levels, both within and outside the
health sector.

Opportunities for action by key constituencies
Several key constituencies can have pivotal roles in
promoting planetary health: health professionals;
academics and research funders; governments; the UN;
and corporations and citizens, including those who are
often marginalised by prevailing sociopolitical systems
and who are most susceptible to disruptions in natural
systems.

Health professionals can have an influential role
in promoting planetary health. Using their voice
individually and collectively, through advocacy and
outreach, they can help mobilise a wide community of
actors. To achieve this influence, health professionals
need to become well informed about the dangers posed
by global environmental change to the health of those
they serve and the potential for health co-benefits from
policies to prevent damage to natural systems.
Additionally, by speaking out as they have when faced
with other threats to health, health professionals can
build on a track record of achievement in areas such as
tobacco control, injury prevention, and addressing the
health effects of weapons of mass destruction. Finally,
they can help to build capacity to address the present
neglected agenda of environmental health and poverty
related diseases.

Research funders and the academic community frame
what questions get asked by scientists and can steer
development of new ways of addressing major gaps in
knowledge, scientific awareness, and academic focus.
Planetary health as a field straddling many uncoordinated
disciplines demands investment and the development of
a culture of interdisciplinary research. The health
research community should forge links with the full
range of relevant disciplines in the natural, physical, and
social sciences to understand complex systems and
assess potential policy solutions.

The UN and Bretton Woods bodies are optimally
placed to define metrics (including but not restricted to
the process of developing the SDGs) and to build early
and long-term warning and response systems across all
key sectors that affect planetary health. By strengthening
and updating their use of integrated assessment
methods of environmental impacts, they can place the
health of people and of natural systems more centrally in
their decision-making processes than they do at present.

Governments can help planetary health by putting it
at the centre of national policy discourse, such as by
giving responsibility for integrated monitoring and
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communication of trends in health, socioeconomic
development, and natural systems and the development
of policies to secure planetary health to a body answering
directly to the head of state.

Investors and corporate reporting bodies have made
progress in requiring companies to report on many non-
financial aspects of their performance within the worlds of
integrated and sustainability reporting. The Global
Reporting Initiative,” the Dow Jones Sustainability Index,*?
and related bodies need to review and update their metrics
on the corporate effects of determinants of planetary health
and work with major investors to ensure that financing
follows assessments of long-term prevention or reduction
of risks to human health and natural systems.

Citizens often feel powerless to act in the face of global
forces, but real opportunity exists to build on successful
civil society movements that have transformed the
prospects for health for many who were previously
marginalised (panel 14).

Conclusions—policy propositions to advance
planetary health

Propositions to address imagination (conceptual)
challenges

To advance planetary health, policies should:

Account for depreciation of natural capital and nature’s
subsidy so that economy and nature are not falsely
separated. Policies should balance social progress,
environmental sustainability, and the economy.
Support planetary health by addressing the unfinished
agenda of environmental health challenges (which are
mainly related to poverty), increasing resilience to
emerging threats, and tackling the driving forces of
environmental change (resource use, population, and
technology)—thus enhancing the integrity of the natural
systems on which humanity ultimately depends.
Facilitate action before irreversible changes in key
natural systems occur—in the presence of uncertainty
about critical thresholds or rates of change in natural
systems—to reduce the risks of major catastrophic
effects on human civilisation caused by failures of
complex systems, both natural and human.

Scale up resilient food and agricultural systems that
address market failures leading to both undernutrition
and overnutrition, reduce waste, diversify diets, and
minimise environmental impacts.

Complement the curative, biomedical, molecular
approach to health—which is increasingly reliant on
precision medicine—with a focus on addressing
environmental and social roots of ill health through a
preventive approach.

Develop more resilient health systems, above and
beyond the present discourse on universal health
coverage, integrating health care and environmental
care, particularly at the front-line primary level. Environ-
mental health needs to be integrated into health
budgeting and purchasing processes.

Propositions to address research and information
challenges

To advance planetary health, policies to address research
and information needs should:

« Expand transdisciplinary research activities and
capacity substantially as a matter of urgency. Research
should not delay action; in situations where technology
and knowledge can deliver win-win solutions and co-
benefits, moving ahead and assessing implementation
of potential solutions can support rapid scale-up.
Address other substantial gaps in knowledge through
research such as to define the links between health and
environmental change, improve understanding of
potential non-linear state shifts in the natural systems
underpinning human health, and develop potential
adaptation strategies for populations susceptible to
environmental change.

Build integrated surveillance systems that collect rigorous
health, socioeconomic, and environmental data for
defined populations over long time periods to provide
early detection of emerging disease outbreaks or changes
in nutrition and non-communicable disease burden and
to assess the integrated health, environmental, and
socioeconomic effect of policies and technologies.
Capitalise on the opportunity of the SDGs to monitor
indicators relevant to planetary health in an integrated
way and report on progress nationally and internationally.
Document and acknowledge uncertainty, and embrace
decision-making frameworks that operate under
uncertainty to reduce risks to planetary health.
Improve risk communication to policy makers and the
public and to support policy makers to make evidence-
informed decisions, including by increasing capacity to
do systematic reviews and provide rigorous policy briefs.

Propositions to address governance challenges

To advance planetary health, policies are needed that:

«+ Achieve improved governance for planetary health
through cross-sectoral action at global, national, and
subnational levels. Governance should help with a
precautionary approach to reduce the risks to health
and natural systems in a world where vested interests
undermine the political will to act and where
inequities have marginalised the voices of many
disadvantaged groups.

Implement creative financing—eg, reduction of harmful
subsidies, revenue recycling, payment of providers of
ecosystem services, and taxation of polluters—to support
rapid transition to a more sustainable world economy
than exists at present.

Promote transformative change through combinations
of different approaches using a range of regulatory,
fiscal, and tax policies; mass media campaigns; and
individual behaviour change interventions. These
strategies should be assessed by rigorous research to
define their effectiveness and tailored in view of the
findings.
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Incentivise and provide evidence-based methods to
encourage more robust adherence within the private
sector than exists at present to high standards of
environmental stewardship and health protection and
build capacity in private sector entities based in low-
income and middle-income settings.

Engage civil society and community organisations by
promoting public discourse, participation, and
transparency of data and systems models to allow
monitoring of trends and to encourage polycentric
governance building on local capabilities to steward
environmental resources and protect health.
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