Part Two CHAPTER 10

ENERGY AND CLIMATE

Abundant energy drives the world economy. But it comes
at a price: our efforts to extract energy from fossil fuels

and renewable sources take up large amounts of land. The
pollution generated by energy production and consumption,
including the burning of biomass, is altering the ecology of
the entire planet.

Climate change is the largest and most serious of these
impacts, created mainly by fossil fuel burning together with
significant greenhouse gas emissions from forest loss and
the food system. While land is both a source and victim of
climate change, it is also a part of the solution. Sustainable
land management practices can contribute to climate
mitigation strategies by halting and reversing the loss of
greenhouse gases from land-based sources and can provide
irreplaceable ecosystem services that help society to adapt
to the impacts of climate change.
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There has been a massive and unprecedented
explosion in energy use since the 19th century;
global energy use has grown by more than 20
times in the last 200 years, far outstripping the
rate of population growth." In particular, the use

of fossil fuels has increased dramatically, nuclear
fission has emerged as a globally important energy
source, and more recently a range of renewable
energy technologies have moved from niche
markets into the mainstream. The rapid growth

in energy production and consumption has in turn
had major impacts on land resources. This includes
direct impacts, such as land use change and land
degradation, and more subtle influences from the
local and downstream pollution of soil, air, and water
as well as carbon emissions causing global change.

The most significant impact has been the
acceleration of human-induced climate change. In
the 19" century, scientists first hypothesized that
anthropogenic emissions of greenhouse gases could
change the climate, but the idea only became more
widely accepted from the 1960s.2 There has been
an increasing consensus on the reality, scale, and
rate of climate change in the years since, although a
few skeptics still deny any human influence on the
climate. The establishment of the Intergovernmental
Panel on Climate Change (IPCC) in 1988 led to a
rapid growth of information, as scientists from
around the world were encouraged to pool research
efforts and work together to analyze data, build
climate models, and carry out assessments.?

In 1992 at the Earth Summit in Rio de Janeiro, the
signing of the UN Framework Convention on Climate
Change (UNFCCC) brought the issue into sharp
political focus thus starting a decades-long process
of negotiations on how to address climate change.*
Land and climate have a complex relationship: crop
and livestock management practices are both a
cause of climate change and a potential solution,

in terms of both mitigation and adaptation, while
terrestrial ecosystems will themselves be heavily
altered as a result. This chapter provides a brief
overview of some critical land issues relating to
energy and climate change.

© Thomas Richter

Every energy source has implications for the
condition of land resources and many also have side
effects in terms of damage to biodiversity, the wider
environment, and to human health; while the extent
of these impacts differs, no energy source comes
without some costs. Environmental and social costs,
life cycle analysis, and ratio of energy investments
to return are all important factors to consider.

Policy choices are complex and virtually every

type of energy supply has at least one civil society
group lobbying against it.> Although there have
been attempts to provide a unified environmental
strategy for energy supply,® the field remains
fractured, complicated, and deeply contentious.
However, the move towards renewable energy is
gathering pace and will further be spurred on by the
Paris Agreement on climate change, which strives
for global “decarbonisation.”

Sustainable Development Goal 7 aims to “Ensure
access to affordable, reliable, sustainable and modern
energy for all’ with associated targets 7.1 to “ensure
universal access to affordable, reliable and modern
energy services” and 7.2 to "increase substantially the
share of renewable energy in the global energy mix!

Many of these issues are covered elsewhere in
this Outlook, for example, biofuels are discussed
in Chapter 7 and hydropower in Chapter 8. Table
10.1 summarizes some of the major implications
of different energy sources operating on or having
an impact on land resources.
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Table 10.1: Implications of
different energy sources

for land, environment, and oil
human health

Gas

Coal

Nuclear

Hydropower

Tidal power

Wind

There are serious pollution risks during extraction on land® and at sea, and during
distribution. The world's biggest accident oil spill so far, in the Gulf of Mexico, released
4.9 million barrels of crude oil,® impacting large coastal areas. Regular oil spillage can
also damage vegetation such as mangroves.™ Qil burning is a major contributor to air
pollution; nitrogen oxides and particulates, predominantly from transport, are estimated
to cause over 50,000 premature deaths a year in the UK."" Fossil fuels are also the
world's single largest contributor to greenhouse gas emissions.’ The mining of tar
sands (a viscous form of oil) in Canada is a bitterly contested issue,™ as is drilling in

the Arctic and rainforests.™

The role of hydraulic fracturing (“fracking”) in the extraction of fossil fuels, including
particularly tightly-held natural gas, has created widespread opposition on health
and environmental grounds,’ and cumulative land impacts can be damaging to
biodiversity.” Gas burning is also a significant source of greenhouse gases; flaring
of unused gas during oil production alone creates emissions of around 250 million
tons of carbon dioxide a year."”

Pollution occurs during extraction and in particular open cast mines create widespread
damage to air, water, and human health."™ But underground mines actually have a
larger land footprint due to the need for timber pit props, etc.” There are serious health
and safety issues for coal miners, who suffer a range of fatal ilinesses through long-
term inhalation of coal dust.?® Coal pits and waste dumps destroy habitat. Coal is a
major source of local pollution and smog, which is associated with a range of human
illnesses;?" long-range dry and wet deposition (“acid rain”) impacts on freshwater?? and
forests, water pollution?® and greenhouse gas emissions. Abandoned coal mines result
in acid mine drainage lasting decades.?*

Regarded by some as a favorable option because of its low greenhouse gas
emissions,? others are highly critical of this perspective.?® The overall land impact is
also low, although uranium mining can have significant biodiversity impacts, cause
contamination, and there are serious health issues among miners.?’. However, there
is widespread concern about safety implications, highlighted by major accidents

at Harrisburg in the United States, Chernobyl in Ukraine,?®and Fukushima in Japan,
damaged during the 2011 earthquake?® and still highly unstable today. The highly
radioactive waste from nuclear fission also requires unprecedentedly long storage,

a problem that the industry has yet to resolve and will be likely left to governments.*

There are high costs in terms of changes to river flow, leading to impacts on biodiversity
(e.g., migratory fish), downstream nutrient availability, and ecosystem services such as
periodic flooding for irrigation.3' Reservoirs for hydropower flood valleys and low-lying
areas, replacing either natural vegetation or agricultural land and communities.3? Under
some circumstances, hydropower impoundments are significant methane sources.?

To date only developed in a few places. There is a long-term controversy about the
potential impacts of a tidal power scheme in the Severn Estuary in the UK due to likely
impacts on bird populations.®* New lagoon and tidal stream technologies have lower
environmental impacts and may offer viable alternatives.

Wind energy systems have significant land use implications and have been opposed

on aesthetic grounds, in terms of impacts on landscape appearance, and also because
of potential impacts on bird populations® and biodiversity-rich areas.*® Farming can in
theory take place within wind farm installations,?” and planning strategies exist to avoid
areas of conservation importance.® Offshore wind farms are less controversial and
becoming more popular; they can have negative impacts for seabirds but conversely
provide refuges for benthic habitats and marine life.*
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Source Issues

Solar

Three main types of solar energy exist: solar water heating systems, concentrating solar
power systems, and photovoltaic (PV) cells.*® The emergence of solar power stations

— large banks of photovoltaic cells or concentrating mirrors generating heat — on
farmlands and in arid regions has created concerns about the trade-off between energy
and both food production and nature conservation.“* However, solar power stations can,
if carefully designed be integrated with agricultural systems,“? and such “agrivoltaic”
systems are increasingly being installed.*® It is important to note that greenhouse gas
emissions from PV manufacturing are themselves significant.

Biofuels

More than 2.4 billion people rely on fuelwood and charcoal for cooking, and when
unsustainably harvested, these contribute to forest loss and degradation.** Biofuel
plantations also have major impacts on land use, through directly clearing natural

or semi-natural vegetation to establish biofuel crops, or by displacing food crops.
Conversely, sustainable management of grass for biomass harvest could in theory
provide an incentive to protect threatened grasslands.** Various standards and
certification systems exist.“® Some biofuels can also have serious health impacts: an
estimated 420,000 people die prematurely every year in China alone due to indoor air
pollution from coal and fuelwood.*” Fossil fuel use is too large for a simple substitution
by biofuels to be viable.*®

Bioenergy with
Carbon Capture
and Storage

If bioenergy is combined with carbon dioxide capture and storage (BECCS), this could
result in negative GHG emissions: biomass cultivation removes carbon dioxide from
the atmosphere, biomass is converted to energy, and the carbon dioxide released from
biomass combustion is captured and stored, providing BECCS with a unique advantage
in terms of greenhouse gas reduction if feedstock supply could be managed with low
greenhouse emissions. BECCS is central to virtually all strategies for a “below

2°C" world, which require substantive negative carbon emissions by the end of the
21°t century.“® However, the technology remains unproven.>°

Geothermal

An important and long-term source in countries with a large supply, such as Iceland.
Lower grade geothermal energy can also be harnessed through heat pump technology.®

Energy recovery
from waste

A growing energy source, through for example thermal treatments systems®? and biogas
generators.>® The land and footprint implications of such systems are relatively low.

© Dean Morley
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Table 10.2: Land intensity
in different energy
systems

Data Sources

(a) Trainor et al. (2016)

(b) Fthenakis and Kim Nuclear 0.1
(2009) Natural gas 1.0
(c) IINAS (2017) Coal Und d 06
(d) UNEP (2016) oa ndergroun .
(e) generic estimate Surface 8
("open-cast”) '
Renewables Wind 1.3
Electricity Geothermal | 5.1
Hydropower 16.9
(large dams)
Solar PV 15.0
Solar CSP 19.3
Biomass 810
(from crops)
Fossil ail 0.6
Biofuels Corn (maize) | 237
Sugarlcalne 274
(from juice)
L Sugarcane
Liquid Fuel (residues)
Soybean 296
Cellulose, SRC | 565
Cellulose,
residues

The greatest impacts in terms of direct land use
change come from biofuels and the extraction
of fossil fuels, with tar sand and oil shale mining
probably having the largest direct fossil fuel
footprint in terms of land area per unit of energy
produced. Indirect impacts on land come from
various forms of pollution, with fossil fuels again
the most important in terms of area impacted,
both from sulfur and nitrogen oxides, and more
pervasively through the release of greenhouse
gases. Table 10.2% provides a summary of land use
intensity related to energy systems.

In general, non-renewable energies imply land
footprints of 0.1 - 1 m2/MWh (except open surface
coal mining), while land use from non-biomass
renewables is in the order of 1 - 10 m?/MWHh, and
100 - 1,000 m?/MWh for biomass (except residues
and wastes).>> Nuclear power generally has fewer
impacts on the land base, although if things go
wrong the effects are much longer lasting.

216 UNCCD | Global Land Outlook | Chapter 10 | Energy and Climate

0.1 1.0 0.1
03 0.1 0.2 0.2
0.2 0.2 0.2
0.2 0.4 15.0 5.0
1.0 0.7 03 1.0
25 03 25
4.1 35 33 10
0.3 8.7 13.0 10
7.8 14.0 15
13 450 500
0.1 0.4
220 230
239 250
0.1
479 400
410 500
0.10 0.1

Hydroelectric power causes dramatic changes

to rivers and watersheds, which in turn affects
the surrounding land, reduces the availability of
irrigation water, affects soil fertility, and often
creates other land use changes: large dams flood
areas, destroy habitats, and displace communities.

Choices about energy supplies are not simple and
planning needs to take into account the whole life
cycle of technologies and fuels. It is for example
important to differentiate between centralized (non-
renewable) technologies that require fuel and other
resources to be delivered to the production facility
and distributed, and renewable energy technologies
that rely on either on-site fuel and/or use the
energy locally, significantly reducing the need for
transportation and transmission infrastructure.®



Figure 10.1: Impacts
of climate change

Sustainable Development Goal 13 states “Take
urgent action to combat climate change and its
impacts” recognizing that climate change will cause
fundamental changes in ecosystem functioning that
increase risks to overall human security. The IPCC is
blunt in its assessment of the evidence for climate
change, its causes, and likely future impacts on the
environment and human society.

The IPCC outlines likely impacts on a range of issues
pertinent to this Outlook:

» Food security: a projected reduction in food
security. Wheat, rice, and maize grown in
tropical and temperate regions will on balance
be negatively impacted under local temperature
increases of 2°C, although some places may
benefit (medium confidence). Greater temperature
increases would pose large risks to food security
globally (high confidence).

» Water security: a projected reduction in
renewable surface water and groundwater
resources in most dry subtropical regions (robust
evidence, high agreement)
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» Disasters: Coastal regions and low-lying areas will
be at risk from sea level rise, which will continue
for centuries even if the global mean temperature
is stabilized (high confidence). Evidence of an
increase in extreme precipitation events implies
greater risks of flooding at regional scale (medium
confidence). Impacts from recent climate-related
extremes, including heat waves, droughts,
floods, cyclones, and wildfires, reveal significant
vulnerability and exposure of some ecosystems
and many people to current climate variability
(very high confidence).
Biodiversity: A large fraction of species face
increased extinction risks during and beyond the
21t century. Most plant and animal species will
be unable to shift their geographical range fast
enough to keep up with projected rates of climate
change in most ecosystems (high confidence). At a
large scale, there will likely also be changes to the
composition, structure, function, and resilience of
many ecosystems.
= Human health: Until mid-century, projected
impacts on human health will exacerbate existing
health problems (very high confidence), leading to
increased ill-health in many regions throughout
the century, especially in developing countries
with low income (high confidence).

Water security

a projected reduction in renewable
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Human health
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Cities: In urban areas there will likely be
increased risks for people, assets, economies,
and ecosystems, including risks from heat stress,
storms, and extreme precipitation, inland and
coastal flooding, landslides, air pollution, drought,
water scarcity, sea level rise, and storm surges
(very high confidence). These risks will be worse
for those lacking essential infrastructure and
services or living in exposed areas.

» Rural areas: are expected to experience major
impacts on water availability and supply, food
security, infrastructure, and agricultural incomes,
including shifts in the production areas of food
and non-food crops around the world (high
confidence).

» Migration: increased displacement of people is

likely (medium evidence, high agreement).

Populations unable to undertake planned migration

will be more exposed to extreme weather events,

particularly in low income countries.

Political and social security: “Climate change

can indirectly increase risks of violent conflicts

by amplifying well-documented drivers of these

conflicts such as poverty and economic shocks

(medium confidence)!"s8

The Earth is heading into a period of climatic
instability unprecedented in historical times, where
ecosystems will change and extreme weather
events become more common, thus undermining
overall human security. We are already feeling the
impacts; the continuation of current trends could
result in changes of a magnitude several times
greater than those already experienced.

In addition to land being impacted, land use and
management practices are an important contributor
to climate change. Land use change, land and water
management, and climate determine how much
carbon can be stored, sequestered, or released in
the form of greenhouse gases. In 2019, the IPCC
will publish a special report on climate change,
desertification, land degradation, sustainable land
management, food security, and greenhouse gas
fluxes in terrestrial ecosystems.® Land use change
often entails the conversion of pristine, carbon-rich
systems to a land use with lower carbon storage
potential (e.g., forests to grasslands or cropland

to settlement and transportation infrastructure).
Land management activities can increase carbon
loss through soil disturbance, reduced aggregate
stability, increased fire incidence, and loss of
vegetative cover.

218 UNCCD | Global Land Outlook | Chapter 10 | Energy and Climate

The Intergovernmental Panel on Climate Change
released its latest report in 2014. Below are some
key findings.

“Warming of the climate system is unequivocal,
and since the 1950s, many of the observed
changes are unprecedented over decades to
millennia. The atmosphere and ocean have
warmed, the amounts of snow and ice have
diminished, and sea level has risen...

“Anthropogenic greenhouse gas emissions have
increased since the pre-industrial era, driven largely
by economic and population growth, and are now
higher than ever. This has led to atmospheric
concentrations of carbon dioxide, methane and
nitrous oxide that are unprecedented in at least the
last 800,000 years. Their effects, together with
those of other anthropogenic drivers, have been
detected throughout the climate system and are
extremely likely to have been the dominant cause of
the observed warming since the mid-20th century...

“In recent decades, changes in climate have caused
impacts on natural and human systems on all
continents and across the oceans. Impacts are due
to observed climate change, irrespective of its
cause, indicating the sensitivity of natural and
human systems to changing climate...>’

“Continued emission of greenhouse gases will cause
further warming and long-lasting changes in all
components of the climate system, increasing the
likelihood of severe, pervasive and irreversible
impacts for people and ecosystems. Limiting
climate change would require substantial and
sustained reductions in greenhouse gas emissions
which, together with adaptation, can limit climate
change risks.”

Agriculture, forestry, and other land use (AFOLU) is
responsible for just under a quarter of the world's
greenhouse gases and the total contribution has
remained consistent for some time. The main
factors are deforestation and agricultural emissions
from livestock, and soil and nutrient management,
although biomass burning is also significant.®®
Estimates suggest that under a business-as-usual
scenario, the global economic cost of climate change
from forest loss could reach USD 1 trillion a year by
2100.5" While cutting emissions from fossil fuels
remains the number one global priority, halting



Table 10.3: Carbon
stored by biome®®

and reversing forest loss and land degradation is
thus one of the most urgent tasks in mitigating
climate change, fully recognized by researchers,®?
governments,®® and NGOs.

At the same time, the world's ecosystems also
have the potential to mitigate climate change by
storing and sequestering greenhouse gases, and
to help humanity adapt to changes by maintaining
vital ecosystem services and the biodiversity that
underpins them.

For climate change mitigation, the challenge and
opportunity is how to turn the land from a carbon
source into a carbon sink. If land management is to
significantly contribute to mitigation, the impacts of
different land uses and management practices on
carbon sequestration rates, plant productivity, and
total storage capacity must be better understood.®
Sufficient incentives to encourage land uses that
prevent emissions and sequester additional carbon
are needed. Changes in land management practices
could reduce greenhouse gas emissions and also
help sequester carbon from the atmosphere (see
Table 10.3), but potentials remain unclear.

Soils, including peat, are thought to be the largest
carbon reservoir on land, holding more than the
atmosphere and vegetation combined,®® although
estimates vary. Carbon is sequestered into soils
from atmospheric carbon dioxide, obtained by plants
through photosynthesis and contained in crop
residues and other organic solids. Sequestration

is increased by management systems that add
more biomass to the soil, reduce soil disturbance,
conserve water, improve soil structure, and enhance
soil fauna activity. Conversely, stored soil carbon
may be lost through mismanagement as discussed
in Chapters 7, 8, and 9. Despite the size of the

carbon store, the role of soil carbon has often been
downplayed or ignored as a mitigation strategy in
many climate change initiatives.®’

Forests also represent massive carbon stores.
Estimates for carbon stored in tropical moist forests
range from 170-250 t carbon/hectare (tC/ha),®®
depending partly on the amount of large woody
species:®® around 160 tC/ha in above-ground
biomass, 40 tC/ha below ground and 90-200 tC/
ha in soil.” Tropical moist forests sequester carbon
even once they reach old-growth stage, both in the
Amazon” and Africa.”? Boreal forests contain the
second largest terrestrial stock of carbon, stored
mostly in soil and leaf litter, averaging 60-100 tC/
ha,”® and continue to sequester carbon as they
mature.” The peat under boreal forests is the main
reason this ecosystem type stores so much carbon.
However, carbon is lost if fire frequency is high,”® a
condition likely to increase under climate change,’®
and if wood harvest volumes increase,”” the biome
could very well switch from a sink to a source of
carbon in the future.

There is a host of crop and livestock management
practices that protect and restore the productivity
of land resources while at the same time reducing
emissions and sequestering carbon (see Figure
10.2). Inland wetlands, particularly peatlands, are
very significant carbon stores. While they only cover
about 3 per cent of the land surface, peat is believed
to contain the planet’s largest store of carbon.”
Intact peatlands contain up to 1,300 t of tC/ha®
with global estimates of 550 Gt of carbon stored.?!

Grasslands are also major carbon stores® holding
in excess of 10 per cent of total terrestrial carbon.®3
Tropical grasslands and savanna have carbon
storage ranging from less than 2 tC/ha when

trees are absent and up to 30 tC/ha for wooded
savannah.® Temperate grasslands and steppe are
also significant carbon stores.®

Tropical and subtropical forests 547.8
Tropical and subtropical grasslands, savannas, shrublands 285.3
Deserts and dry shrubland 178.0
Temperate grasslands, savannas, and shrublands 183.7
Temperate forest 314.9
Boreal forest 384.2
Tundra 155.4
Total 2049.3
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Figure 10.2: Global
potential for agricultural-
based GHG mitigation
practices where 1Pg
(Pentagram) equals 1
billion metric tons and

Mg (Megagram) equals

1 metric ton: Redrawn
from’®

3000 all practices
' Biochar application in Pg CO,(eq) yr'
Enhanced root
phenotypes
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E Cropland
% management
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S land management
° Restore
S 0.3-1.6
g degraded land
S 100 0.1-0.7
a
“‘g Set-aside
g 0.01-0.05 Restore
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1. Reduce emissions from land management

changes and intensive cultivation which constitute

a source of greenhouses gases:

= Spare land with a higher carbon-storage
potential from conversion through sustainable
intensification of land already in production
(mainly cropland)

= Avoid or reduce major land use changes (e.g.,
deforestation, rapid urbanization and unplanned
urban sprawl, biofuel plantations)

» Protect wetlands and grasslands from conversion

» Improve production systems that currently
release high amounts of greenhouse gases (e.g.,
reducing greenhouse gas emissions by drying and
wetting of paddy rice fields)

2. Protect high carbon content soils:

» Avoid excessive drainage leading to oxidation and
mineralization of organic soils; keep groundwater
levels at an optimal height by regulating
groundwater levels; protect and restore wetlands

» Avoid agronomic practices and production
systems that accelerate soil erosion and the
decomposition of soil organic matter; replace with
no- or low-tillage systems, permanent sail cover,
rotational grazing, etc.

» Avoid clearance of bush or forest related with
burning, overgrazing, and overexploitation of
vegetation, which reduces above and below
ground organic matter

3. Increase carbon sequestration and improve

storage capacity

» Restore intensively-used cropland or grazing land
to more extensive systems, such as rewetting
of organic soils or reversing land-use (e.g., from
cropland back to grasslands or restoration of
wetlands)

» Increase carbon sequestration and carbon stocks
of mineral soils; apply agronomic management
practices that improve above and below ground
biomass production and residue retention

» Where necessary maintain “cool fires” by
prescribed burning and avoid large and intense
wild fires

Climate change mitigation through improved land
use and management is a long-term investment
which involves tradeoffs, in some cases due to
the time required and lack of immediate benefits
accruing to the local land users. For example,

the improved management of mineral soils by
planting cover crops and reducing soil disturbance
can improve carbon stocks without increasing
groundwater levels. This reduces the risk of
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methane emissions in both organic and mineral
soils, and demonstrates why the overall carbon
balance needs to be carefully calculated. Some
strategies for climate change mitigation, including
re-wetting of organic soils and restoration of
grasslands, have clear co-benefits for both
biodiversity conservation and increasing the
resilience of the whole system.

In addition to carbon sequestration and storage,
properly managed natural and semi-natural
ecosystems provide a range of important ecosystem
services, as described in Chapter 4. This includes
their role in preventing or reducing the effects of
weather-related disasters, providing a secure and
potable water supply, addressing climate-related
health issues, and protecting food supplies, including
wild foods, fisheries, and crop wild relatives. More
fundamentally, by maintaining a healthy, functioning
biosphere by protecting nutrient and water cycles
and soil formation, well-functioning ecosystems can
provide the building blocks to ensure long-term food
and water security.

Effective adaptation depends on the ecosystem
itself continuing to function, so that those
responsible for management of natural areas are
increasingly looking at options to increase resilience
against climate change and other forms of stress.®®
Ensuring that land-based natural capital is as robust
as possible and sustainably managed reduces the
release of greenhouses gases and sequesters
carbon while improving human and ecosystem
resilience to the impacts of climate change.
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Reconciling rapidly increasing food demand with the
pressing need to address global climate change by
stabilizing or reducing emissions from agriculture is
a complex problem requiring novel policy measures
that incentivize best practices. Climate mitigation
policies should therefore be directed to locations
where crops have both high emissions and high
intensities. Findings clearly indicate that climate
mitigation policies for croplands should prioritize
elimination of peatland draining.®® Dietary shifts also
have a high potential to help reduce carbon losses.®’

Some believe that nuclear power, whatever its
hazards, is preferable to our continued reliance on
fossil fuels,® while others argue for a non-nuclear,
renewable energy future.®®> Some analysts believe
that oil supply has peaked and that the world faces
real energy shortages®* while others disagree.®

The extent to which countries should rely on
hydropower remains a subject of deep controversy.
The momentum to continue with business-as-usual
approaches is enormous, and major industry players
have the power to create energy futures that profit
their own industries. Strategies that address the
twin challenges of energy and climate are starting
to emerge, but are generally doing so piecemeal and
much more slowly than we need.
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