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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 dffordable, 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 illnesses 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.?? 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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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
21t 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 01
(2009) Natural gas 1.0
(c) IINAS (2017) Coal Und 4 06
(d) UNEP (2016) oa ndergroun .
(e) generic estimate Surface
B . 82
("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
Sugar'calne 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 m?/MWh (except open surface
coal mining), while land use from non-biomass
renewables is in the order of 1 - 10 m*/MWh, 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.
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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

» Disasters: Coastal regions and low-lying areas will

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
bluntin its assessment of the evidence for climate
change, its causes, and likely future impacts on the
environment and human society.

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).

The IPCC outlines likely impacts on a range of issues » Biodiversity: A large fraction of species face

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

increased extinction risks during and beyond the
215t 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.

increases would pose large risks to food security » Human health: Until mid-century, projected

globally (high confidence).

» Water security: a projected reduction in
renewable surface water and groundwater
resources in most dry subtropical regions (robust
evidence, high agreement)

Migration
increased displacement
of people is likely
Disasters O O
increased floods and
droughts with coastal regions O O
and low-lying areas at risk
from sea rise level Py

:

Political & social

security

indirectly increased

risks of violent

conflicts by amplifying
well-documented drivers

) 4

Food security
basic foodstuffs grown in
tropical & temperate
regions will be negatively
impacted

Cities

Impacts of
climate change

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
surface water & groundwater resources
in most dry subtropical regions

Human health
impacts will be mainly
by exacerbating existing
health problems

Biodiversity
a large fraction of species face
increased extintion risks

&)

Rural areas

shifts in the production
areas of food & non food
crops around the world

risks will be worse for those lacking
essential infrastructure/services or
living in exposed areas
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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)."s®

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.
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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.%" 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”®

3,000 all practices
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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 soil 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.8®
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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ElgllW el CHAPTER 11

URBANIZATION

The millennia-old relationship between town and country is being
transformed. Rapid urbanization is taking place all over the world,
driven largely by rural migration, resulting in urban sprawl and
slum developments as well as in the development of high quality
infrastructure and overall improvement in the standard of living.
If current projections are accurate, 66 per cent of the world's
population will be living in cities by 2050. This is having dramatic
impacts on the environment and increasing pressure on limited
land resources; future urban expansion is likely to result in the
loss of some of our more productive croplands.

The footprint of cities extends far beyond their boundaries
due to the demand for food and water as well as transport
and energy infrastructure. But cities can offer economies of
scale with respect to resource use and environmental impacts.
The concept of sustainable cities is gaining ground but urban
planners are struggling to put these approaches into practice.
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Figure 11.1: Urban

and rural population

in developed and less
developed world regions,
1950-2050: Redrawn
from™?

Less developed regions
Africa, Asia (excluding
Japan), Latin America and
the Caribbean, Melanesia,
Micronesia & Polynesia

=== Urban Population
m=== Rural Population

More developed regions

Europe, Northern America,

Australia, New Zealand &
Japan.

Urban Population
Rural Population

INTRODUCTION

The distinction between urban and rural

lifestyles goes back centuries. The oldest cities

in Mesopotamia, China, the Indus valley, Egypt,
Peru, and Mesoamerica can trace their roots back
over 4,000 years and were at first predominantly
ceremonial centers. Gradually cities developed into
independent administrations, which distributed
food, focused on manufacturing, and controlled
trade. Before 1800, urban areas contained less than
2.5 per cent of the world's population and most
were relatively small. With the exploitation of fossil
fuels and industrialization, truly urbanized societies
began to emerge in Europe and North America
around 200 years ago. Where land was cheap and
population density low, as in North America, urban
sprawl was extensive; Boston's radius grew from

2 to 10 miles between 1850 and 1900." By 1900,
about 10 per cent of the world's population lived

in cities, which gradually began to take on the
characteristics we recognize today.?

However, the overall rural/urban balance was
slower to change. In 1960, only 34 per cent of
people lived in urban settlements and two-thirds
were still rural.? From the second half of the 20"
century, change was more rapid. Symbolic of the
fundamental shift in the way that we live is the

Millions

Projections

1950 1970 1990 2010 2030

Cities are growing at
an unprecedented and
challenging speed

rise of the megacities. In 1990, there were only 10
cities with more than 10 million inhabitants* but by
2017 there were 34,° containing about 12 per cent
of the world's population.® Urban agglomerations,
encompassing multiple cities, suburban, or peri-
urban areas, began to form as contiguous and
continuous regions.” In 2007, the global balance

of urban versus rural living tipped for the first time
in history, with more people living in urban than

in rural areas.® Levels of urbanization have varied
across regions. By 2014, urbanization at or above
80 per cent could be found in Latin America, the
Caribbean and Northern America while 73 per cent
of Europeans, 48 per cent of Asians and 40 per cent
of Africans lived in urban areas.® Some countries
are almost completely urbanized. Singapore is
considered 100 per cent urbanized, followed by
Qatar at 99.2 per cent, Kuwait 98.3 per cent,

Japan 93.5 per cent, and Israel 92.1 per cent.™

Future urbanization

In the early 21°t century, cities generated over

half of global GDP and this economic dominance is
helping drive their continued growth.”™ Addis Ababa,
for example, has 2.6 million residents representing
only 4 per cent of the total population yet it
accounts for almost one-fifth of Ethiopia's GDP.™

In 2014, 28 megacities were home to 453 million
people; by 2030, 13 new megacities are expected
to emerge in the less developed regions.’

Nearly 90 per cent of this increase is likely to

be in Asia and Africa where urban populations

are projected to rise to 56 and 64 per cent
respectively.’® Current estimates indicate that

new urban residents in Africa will rise by over 300
million between 2000 and 2030 — more than twice
that in rural populations.”” While African cities,
such as Dar es Salaam and Kinshasa, are among
the fastest-growing in the world, only 12 percent
live in settlements of 1 to 5 million people and 52
per cent in settlements below 200,000." Changes
have been more dramatic in Asia, where countries
like China have moved from being overwhelmingly
rural societies to increasingly urban within a single
generation. Twenty-two of the world's 100 largest
cities are now in China.” Although numerically
relatively small, the fastest rate of urbanization
has been in the Caribbean with 62 per cent of the
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population residing in urban areas at the start of
the millennium, increasing to 70 per cent in 2015,
and projected to reach 75 per cent by 2025.%°

In most parts of the world, the urban land footprint
is expanding faster than urban populations.?? While
urban populations are projected to reach around 5
billion in 2030 and 6.3 billion people in 2050,% the
extent of urban areas is forecast to triple from a
2000 baseline over the same period,* increasing by
1.2 million km2.%

Box 11.1: Rapid urbanization

in India

High profile projects in India highlight infrastructure
developments and land use change associated with
rapid urbanization, with over half the population
expected to be city-dwelling by 2050:%

» Transport infrastructure: New Delhi alone is
adding 1,400 new cars a day onto the roads.

To improve transport systems, the country
constructed 20,000 km of new and upgraded
roads between 2012 and 2017.

» Urban agglomerations: An industrial corridor is
being planned between Mumbai and Delhi, which
will develop as many as six new cities.

» Energy infrastructure: Investments worth USD
250 billion are planned for electric plants and
power grids.?’
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While attempts to forecast population growth

have not always been particularly accurate,?® the
trend towards urbanization seems irreversible.?
Economists generally link urbanization with
growth*® and opportunities for gaining efficiencies
in land and resource use; decreasing fertility rates in
urban populations will also reduce overall population
growth.?" But cities also support the largest
inequalities in wealth,3 with the largest cities also
being the most unequal.?? Cities have major impacts
on the surrounding land: urban expansion is a
primary cause of land use change and a significant
driver of habitat loss and species extinction.>
Sustainable development challenges will be
increasingly concentrated in cities, particularly in
the lower- and middle-income countries where

the pace of urbanization is fastest.® Cities need to
take on an increased responsibility for designing
and implementing solutions to the challenges

they create and their impacts on the rest of the
planet.*® However, it must also be recognized that
many municipal authorities face challenges, such

as a lack of guidance from national governments
and increasing expectations without the necessary
financial support. The remainder of this chapter
discusses some of the challenges and impacts
presented by an increasingly urban future.



RURAL-URBAN LINKAGES

Urban areas provide centralized functions and public
services that are often too costly to provide in rural
areas, while rural areas provide cities with relatively
inexpensive goods and services, such as food, water,
and fuel. Ideally, compact urban areas would allow
rural areas to prosper as long as there is adequate
infrastructure to facilitate the necessary flows of
goods and services. However, in reality, rural-urban
linkages rarely operate smoothly and unsurprisingly
there is an increasing disconnect between cities
and their surroundings.* In particular, there are two
urban-related factors impacting the health of rural
landscapes:
= Migration to and from urban areas driven by
factors such as economic opportunities, land
degradation, and government policies
= Peri-urbanization resulting in urban sprawl
and slums

1. Migration

Migration from rural to urban areas is often seen
as a natural consequence of uneven regional
development®® with gaps in incomes between rural
and urban dwellers cited as a major incentive for
people to move,*" often coupled with a more general
desire to increase their quality of life.*2 However,
alongside the possibility for higher incomes, many
other motives affect these migration flows, such
as access to improved amenities, educational
opportunities, and involvement in “knowledge
economies,”® and avoidance of climate change**
and weather-related disasters.*® There are also
countervailing forces that may restrict migration,
such as constraints placed on migration by finance,
distance, access to information, social networks,
and limitations set by government policy.*® In
many countries, rural migrants are regarded as an
underclass within cities. At the same time, out-
migration from rural areas reduces the tax base
and cuts resources available to rural municipalities
for development activities. Migration is multi-
directional and complex, and includes permanent
and temporary movements within rural areas, from
small towns to larger cities and between cities.
Rural-urban migrants often return to their home
area or other rural areas if the urban economy
weakens or prices rise,*” or once they retire.*®

The decision to migrate therefore depends on a
variety of factors operating simultaneously, which
range from national or global political decisions to
personal or local circumstances, some of which
can be traced back to land use decisions. The

liberalization of agricultural policies in Sub-Saharan
Africa, for example, led to the removal of subsidies
and the subsequent failure of some farms, resulting
in migration to cities.“® In some cases, rural-urban
migration has resulted in the expansion of forests
and other natural ecosystems due to abandoned
agricultural land.*® Alongside global and regional
processes, national macro-economic policies based
on reform and adjustment also have an impact on
rural-urban relationships and the movement of
individuals. The flow of rural migrants to cities in
China increased following market reforms in 1992.51
The result was a transition from a planned to a
market economy with associated industrialization
and urbanization, economic growth, and urban
sprawl, and the loss of agricultural land near cities
and rural industrialization in areas close to cities.

Box 11.2: Village level impacts of

migration in Pakistan and Nepal

Migration can have complex implications for land.
In some areas in Pakistan, out-migration of

men from mountain villages in search of work

has resulted in the degradation of pastures. The
women, children, and older people left behind are
less able to enforce the traditional user limits,
allowing outsiders to take advantage by grazing
large numbers of animals. In addition, households
lack the necessary labor to keep livestock. Women
switch to keeping goats, which are easier to
maintain while still managing the household, but
browsing by goats causes greater damage to fragile
mountain vegetation than cattle grazing.*®

In Nepal, the current exodus from upland areas

to the cities or foreign countries has led to marked
changes in the demographics of the hills. Again,
the task of managing the land falls to those left
behind, mainly women and the elderly. Labor
shortages in rural areas often lead to more
unsustainable agricultural practices and land use
patterns. In spite of this, there have been some
positive environmental impacts: lower population
pressure and better management measures have
promoted forest growth and helped to stabilize
slopes as less fodder and fuelwood were collected.
However, soils in areas experiencing out-migration,
on the slopes or uphill, are now less fertile as
there is less livestock and therefore less manure.
The villages at the valley bottom, with increasing
numbers of people, are also experiencing soil
fertility declines due to increased cropping cycles
from two to three a year.”
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The impacts of
migration on land
can be positive.
Migration from rural
to urban areas can
result in a flow of
money, technology,
and information
back to rural areas.

with liberalized economies.*? Increased regional
disparities have resulted in land use change in
China,*® including land degradation, pollution

from increased industrialization, a reduction in
food security as agricultural land is converted or
abandoned, and over-intensive farming practices.
Conversely, the abandonment of marginal
agricultural areas has resulted in the recovery

of natural vegetation in some mountain areas.*®

The impacts of migration on land can be positive.>
Migration from rural to urban areas can result

in a flow of money, technology, and information
back to rural areas. This may finance innovation

in agriculture or diversification towards non-farm
activities, thus opening up land for other uses.®°
The relationship between rural depopulation and
forest cover is similarly ambiguous and depends

on both local and non-local factors.®” Some

studies on rural out-migration support the ‘Forest
Transition Theory'®? which highlights how this

leads to reforestation as well as agricultural land
abandonment.®® Conversely, out-migration can lead
to increased cultivation, particularly when migrants
return with cash savings to reinvest in farming or to
hire labor in their absence,® boosting food supplies
but further undermining the productivity of the land.
It can also lead to the disruption of environmentally
sound management systems based on labor that is
no longer available.®

2. Peri-urbanization

Peri-urban areas represent the interface between
the city and the countryside, a hybrid landscape
with both rural and urban characteristics. At best,
such areas can represent a useful bridge between
the urban and rural, providing services for both
communities such as recreational areas, markets
or shopping centers, or waste disposal sites.

Under certain conditions, peri-urban demands

for ecosystem services and recreational areas

can result in the regeneration of forests and

other natural ecosystems in what were marginal
farming areas around cities.®® However, they can
also be barriers. Urban sprawl, loosely defined as
dispersed, excessive, and wasteful urban growth,®’
can quickly degenerate into unregulated slums
becoming virtual no-go areas apart from those
unfortunate enough to live in them. Unregulated and
unplanned urbanization, often exacerbated by weak
governance structures and the lack of institutional
coordination,®® can lead to land degradation,
biodiversity loss, pollution and water contamination,
higher levels of crime and congestion, and the
spread of disease.®>7°
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The money and power involved in the spread

of cities means that peri-urban areas are often
predisposed to eminent domain (compulsory
purchase), land acquisitions, and tenure changes
that can have disruptive social and environmental
impacts.” For example, informal peri-urban
development occupying ecologically valuable gjido
land in Xalapa, Mexico is threatening remnants of
montane cloud forest, which not only have intrinsic
biological importance but also regulate local climate
and urban microclimate by virtue of their tree
cover.”? Smallholder farmers being taken over by
expanding cities in the Peruvian Andes express
fears about food security as fertile land disappears
under concrete.”

Slums account for a significant proportion of

urban expansion, particularly in many developing
economies. Slums are often framed as the archetype
of "over-urbanization” whereby settlements develop
informally without adequate infrastructure and
sanitation. Some 828 million people live in slums
today and the number keeps rising:”* in sub-Saharan
Africa, 62 per cent of the urban population lives in
slums,’” as does half the population of Mumbai,
India.”® Unplanned settlements are often formed

by individuals seizing or invading land that does

not belong to them; inequitable land distribution,
initiated for example through land privatization
schemes, can mean individuals are driven to occupy
land as a survival mechanism.

Policies to govern uncontrolled urban expansion
include spatial development plans (e.g., urban
growth boundary, green belts) and accompanying
regulations. An urban growth boundary is a common
strategy focusing on efficient land use and the
preservation of rural functions. This approach
requires strong legislation in order to control
development and ensure effective implementation,
where success depends on development taking
place within the existing urban planning framework.
Similarly, green belt strategies promote compact
cities, which not only reduce the ecological urban
footprint but also the cost of providing additional
services and infrastructure.

Slum settlements are often located in areas of

high environmental risk (e.g., floods or landslides)
and are potentially more affected by changing
climatic conditions, particularly when built on land
considered unsuitable for urban development. At
the same time, worsening environmental conditions
in rural areas can increase unplanned peri-urban
development. Dhaka in Bangladesh is the fastest



growing megacity in the world’” as people migrate greater than five million, were within 10 meters of

from coastal and rural areas often because of a LECZ. Without adequate protection, the impacts
environmental factors. Coastal flooding is destroying  of climate change will devastate economies and
vegetable crops and rice fields as saline water infrastructure;® it is estimated that 400 million
pushes further inland and river banks erode.”® urban dwellers are exposed to risks associated
Communities move, often first from islands to the with sea-level rise.®? Urban areas in LECZ and in
mainland,” and then frequently into urban slums.& least developed regions, such as Dhaka, are likely
This unplanned urban development is being directly to experience the brunt of climate change-related
stimulated by environmental degradation and the disasters and effective governance is needed to
impacts of climate change, which is in turn largely prepare for such situations.®® In Africa, countries
driven by greenhouse gas emissions from the with over 50 per cent of coastal urban areas
developed countries. vulnerable to climate-related storm surges include

Mozambique, Tanzania, Cote d'lvoire, Equatorial
Urban areas in low elevation coastal zones (LECZ) Guinea, and Morocco.®* While 70 per cent of high-
are growing faster than elsewhere. One third of income countries integrate land use and natural risk
the cities reviewed in a recent study, accounting for management, only about 15 per cent of low-income
nearly two-thirds of urban areas with populations countries do s0.%°
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Figure 11.3: Urban area
expansion on croplands
in Nigeria, India and
China: Used with
permission®

LAND FOOTPRINT OF CITIES

Cities pack most of humanity into a very small

area but have impacts beyond their boundaries.
Cities cover just 3 per cent of the Earth’s land,®’
about 200,000 km?in total, but their limited extent
conceals a much larger consumption footprint.
Increasing urban and peri-urban expansion, coupled
with population growth, changing lifestyles and
associated resource demand, have together led to
unprecedented levels of consumption and waste
generation during the 20" and 21 centuries.®®
Urban footprints spread far and wide: a typical
household in a European city is using goods and
services that are causing greenhouse gas emissions,
excessive water withdrawals, and land use change
in dozens of countries around the world.®° The
dense population in cities and the relatively higher
wages of many city dwellers®® also mean that urban
consumption patterns are different from their rural
counterparts, with higher consumption of meat,
dairy, and processed foods taking up proportionately
more land resources.®” The footprint of the city — the
impact that the city has beyond its boundaries — has
many components, of which six are discussed below:

» Food impacts, both directly from land use change
and increased pressure to produce food for city
dwellers

= Water use, with people living in urban areas
tending to use proportionately more water than
rural dwellers

= Transport infrastructure, both from a resource
perspective and habitat fragmentation

= Urban soil sealing and impacts on the overall

water cycle and susceptibility to extreme weather

events

Biodiversity loss

Climate change impacts

1. Food impacts

Because of their design and population density, cities
cannot provide meaningful amounts of food for their
own inhabitants, which means that food must be
imported from surrounding areas and, increasingly,
from other parts of the world. Whereas in the recent
past imported foodstuffs were primarily small,
portable, and highly-priced goods, like spices or other
luxuries, today the mass transportation of food
means that it is more likely to travel longer distances.
For example, an ecological footprint analysis of London
found that around 80 per cent of food consumed in
the city is imported from other countries.®® A similar
footprint for the Netherlands found that to meet the
food needs of this small, highly urbanized country
requires a land area four times larger than the
country as a whole.® Food system issues are
discussed in more detail in Chapter 7.

Rapid urbanization is also increasingly shifting the
impacts of malnutrition from rural to urban areas:
food security in cities depends mainly on access

to cash, rather than growing or collecting food,

and poor urban households in many developing
countries spend over half their budget on food. One
in three stunted children now lives in urban areas.®

But while cities need more land to feed their
populations, they are expanding in area and thus
reducing the amount of available cropland. Even
though the total area may be relatively small, these
lands are often the most suitable for producing
food to feed the city's population. For example, in
Tripoli, the second largest city of Lebanon, urban
area increased by 208 per cent from 1984 to
2000, with a concurrent decrease of 35 per centin
nearby agricultural lands, mainly the fertile soils of
the coastal plain, which formerly supported citrus
orchards.®® More than 60 per cent of the world’s
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Table 11.1: Global and
regional implications of
urban area expansion on
croplands™?

Region or country

Expected cropland

Relative cropland

Production loss Productivity com-

loss, Mha loss pared to regional
average
World 30 2.0% 3.7% 1.77
Asia 18 3.2% 5.6% 1.59
Africa 2.6% 8.9% 3.32
Europe 0.5% 1.2% 218
America 1.2% 1.3% 1.09
Australasia 0.1 0.2% 0.2% 0.94

irrigated croplands are located near urban areas;

as cities grow so will the competition for land
between agricultural and urban or infrastructure
uses. In 2000, a projected 30 million ha of croplands
globally were located in areas that are expected to
be urbanized by 2030, representing a total cropland
loss of around 2 per cent (see Figure 11.3). With the
most rapid rates of urban expansion, Africa and Asia
are projected to experience 80 per cent of the global
cropland loss due to urban area expansion.®’ The
impact of these losses is more acute as expansion
takes place on prime agricultural lands, much of
which is twice as productive as national averages;*®
the United Nations identifies 58 high-fertility
countries,®® 39 of which are in Africa.”® A 3 per cent
loss of these most valuable croplands translates
into a 6 per cent production loss in Asia and a 9 per
cent drop in Africa.’®"

It is clear that the governance of urban expansion
will be critical for securing livelihoods in these
agrarian economies, particularly in regard to food
distribution networks. On the other hand, by
consuming products produced in more efficient
agricultural systems, cities can contribute to
reducing the total amount of agriculture area.

2. Water use

Although agriculture remains the largest user of
water (see Chapter 8), urban water use is increasing
due to rising population and per capita usage. Many
of these water sources for cities are under threat.
Source watersheds for the world's cities cover more
than 37 per cent of the ice-free land; 40 per cent of
these show moderate to high levels of degradation,
which impacts the quality and quantity of water."%3
Furthermore, half of all cities with populations
greater than 100,000 are located in water-scarce
basins with freshwater sources (rivers, lakes, or
aquifers) running dry as more water is extracted
than recharged.' As a result, an estimated 150
million people currently live in cities with acute
water shortages.’® The situation will likely get
worse as the demand for water is projected to

outgrow extraction capacity by 40 per cent by 2030;
and by 2050, up to one billion urban dwellers could
experience water shortages.'%

The urban water crisis has been ignored for a long
time. Urban and agricultural water use planners
have paid more attention to accessing additional

Box 11.3: Development of urban

water policies™?

Five generic steps that can be applied in the
development of urban water policies:

Use of local water supplies: until they are
exhausted. At this point, there is a shift from
groundwater to surface water (or vice versa) as
initial sources become depleted from combined
agricultural and urban use. The construction of
reservoirs is important in enabling cities to more
fully exploit local surface water supplies.
Inter-basin imports of water: usually a short-
term step, as these imports tend to be scrutinized
for their environmental and social impacts as
well as their cost. As a result, cities turn to water
conservation instead of adding new imports.
Water conservation: many cities began
conserving water in earnest by the 1980s, with
growing attention and investment in water
conservation approaches and technologies in
recent decades.

Water recycling: particularly recycling and reuse
of wastewater or storm-water became a notable
contribution to urban water supplies beginning in
the 1990s and is expanding rapidly.
Desalination: usually a solution of last resort
due to high energy demand compared with other
supply options. Desalination only accounts for
about 1 per cent of global water consumption,
however as cities are faced with limits to water
importation and advances in solar power, it is
increasingly a more viable option.
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water than they have to conserving and using water
more efficiently, which has only recently emerged
as an important consideration (see Box 11.3).1%8

In contrast to the expected trends in population,
urbanization, and GDP, some regions could see
economic growth rates decline by as much as

6 per cent of GDP by 2050 as a result of water-
related losses.™ China and India''® are at the
center of the debate on water and urbanization.

In China, water resources are becoming increasingly
scarce and the quality of the water is seriously
affecting the health and livelihoods of the entire
nation; despite impressive investments in water
infrastructure, policies have not always addressed
efficiencies in the long term, or social and
environmental conditions.™

Many urban centers get their water from
surrounding natural areas or have it piped in

from watersheds at a considerable distance; land
management practices in these areas determine
water quality, flow regulation, and in some cases
the quantity of water available. In Chapter 8, various
management options are described that can help
increase the security of urban water supplies,
including use of protected areas to maintain healthy
functioning watersheds.
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3. Transport infrastructure

Rapid urban growth tends to coincide with
infrastructure development, particularly for
transport networks. In the European Union,
motorway kilometers tripled between 1970 and
2000; in India and China, the road network has
grown by 4-6 per cent annually over the past
decade.’ In China, for example, 41,000 km of
expressways were added to the national transport
network and 400,000 km of local and township
roads were improved between 1990 and 2005.™"
The global transport sector uses around a quarter
of the world's total delivered energy consumption.™®
Transport energy and carbon dioxide emissions
have increased by 28 per cent since 2000.""® Cities
influence transport systems both within the city
and from peri-urban to urban areas, an intensive
resource demand that results in a larger network
with impacts on the wider landscape.

Cities can in theory operate highly efficient transport
systems that reduce resource use and pollution,
however, in reality we see gridlock and catastrophic
air pollution occurring throughout the world. Over
forty years ago, the philosopher Ivan lllich pointed
out that the average speed of an urban car journey
in the United States was four miles an hour: the rate
of a brisk walk,”” and in many cities, the speed has
slowed even further. Pollution levels from transport



are causing a global health crisis: in Delhi and its
satellite cities, it is estimated that 7,350-16,200
premature deaths and 6 million asthma attacks
occur every year due to particulate pollution, up to a
third of which comes from vehicle exhausts.""® Bad
planning decisions quickly make things worse. In
South Africa, a policy of building subsidized homes
in isolated regions to save money failed to consider
how to connect homes to jobs, resulting in residents
having to travel by collective taxis, which are
expensive and slow due to poor road infrastructure,
and cause additional pollution.” It should be noted
that while outside air quality is higher in rural areas,
the use of inefficient and polluting stoves fueled by
wood, charcoal, and coal results in damaging levels
of indoor air pollution for many rural dwellers.

From a land perspective, the building of major road
and rail networks between cities can be even more
damaging if routes pass through natural and semi-
natural ecosystems, opening these up for rapid and
often unplanned development. More than 95 per
cent of deforestation, fires, and atmospheric carbon
emissions in the Brazilian Amazon occur within

50 km of a road:'?° there are already 22,713 km of
state roads and 190,506 km of unofficial roads,'
including a dense network of private roads spinning
off from state roads,'?? known as the “fishbone
effect”?® Over 20 road building projects are taking
place in intact forest.'* Roads like the Belem-
Brasilia highway,'* and the Interoceanic Highway
linking Peru and Brazil?® play a significant role in
deforestation?” and forest degradation, by opening
new areas to migrants.’® Even protected areas

are not secure: a planned road through Serengeti
National Park in Tanzania would permanently
disrupt the world's largest mammal migration and
provide open access for poachers.’ New transport
infrastructure to meet the demand of cities also
encourages urban sprawl along roadways, further
displacing local food production and impacting
natural ecosystems. Ensuring that infrastructure
policy, planning, and implementation explicitly
recognize ecological assets, inside and outside

city boundaries, is a key step towards developing
sustainable cities.°

Global urban land cover
in biodiversity hotspots
will increase by over 200%
between 2000 and 2030.

4. Urban soil sealing

Soil sealing, in an urban context, refers to the
covering of soil with impermeable materials,

such as concrete, and occurs primarily in urban
areas; this not only makes the land unavailable for
food production but also undermines most other
ecosystem services, particularly water filtration
and regulation. Without open soil and vegetation
to absorb water, heavy rainfall can quickly lead

to flooding, ™" with storm water runoff often
contaminated with waste and oily residues.™?

Soil sealing in residential, commercial, and
industrial areas reduces soil life,”** and changes
surface albedo (reflection) and heat transfer from
evapotranspiration, which can contribute to higher
temperatures and increase health problems during
heat-waves.’*

Soil sealing is a global problem: within European
cities, it varies between 23-78 per cent,> and is
regarded as one of the main threats to soil function,
with around half of all new urbanized areas within
the European Union being sealed.'* In the Emilia-
Romagna region in Italy, it is estimated that from
2003-2008 some 15,000 ha of agricultural land
was lost, mainly due to urbanization, equivalent to
the crop production potential for feeding 440,000
people.™®” Flood hazards in the region have also
increased significantly, particularly from smaller
watercourses, necessitating additional investment
in flood control.'*®

5. Biodiversity loss

As cities expand, many destroy natural ecosystems
while the associated transport and energy
infrastructure fragments much of what is left.

In 2010, a global meta-analysis of urban land
conversion found almost half of the cities studied
were within 10 km of a terrestrial protected area;
more significantly, the average annual rate of
expansion of these cities from 1970 to 2000 was
greater than 4.7 per cent.”® In the United States,
urban housing expansion is now considered a
major threat to protected areas, with 17 million
additional housing units expected to be built within
50 km of protected areas by 2030."*" Research
comparing projected urban expansion against a
global list of Alliance for Zero Extinction sites —
places where species assessed to be Endangered
or Critically Endangered under IUCN Red List criteria
are restricted to a single remaining site — found that
over a quarter of species in amphibian, mammalian,
and reptilian classes will be affected to varying
degrees by urban expansion. In total, the habitats
of 139 amphibian species, 41 mammalian species,
and 25 bird species that are on either the Critically
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Box 11.4: Urbanization in

biodiversity hotspots

The expansion of urban land area is likely to lead to
considerable biodiversity loss, for example:

» Large-scale urbanization in Eastern Afromontane,
the Guinean Forests of West Africa, and the
Western Ghats and Sri Lanka hotspots could, by
2030, increase urban areas by approximately
1,900 per cent, 920 per cent, and 900 per cent
respectively over their 2000 levels, resulting in
major biodiversity loss.

In already diminished and severely fragmented
habitats, such as the Mediterranean and the
South American Atlantic Forest hotspots,
relatively small decreases in habitat can cause
extinction rates to rise disproportionately.

The five biodiversity hotspots with the largest
percentages of their land areas expected to
become urban are predominantly coastal regions
or are islands, which are especially important for
endemic species.'*

Endangered or Endangered Lists of IUCN could
either be encroached on or devastated as a result
of urbanization.*?

Urban expansion disproportionately damages
wetlands, which tend to be in-filled, drained, or
polluted, thus reducing their capacity to regulate
water quantity and quality, and buffer against
extreme weather events. Wetlands around Harare,
Zimbabwe are the water source for half the
country’s population and responsible for recharging
the water table, filtering and purifying water,
preventing siltation and flooding, and providing a
valuable carbon sink; they are also an important
bird sanctuary. However, pressure on these
wetlands, from conversion, informal agriculture,
fertilizer pollution, and commercial borehole use,
has led to an average annual fall in the water
table of 15-30 meters over the past 15 years."3

The harvesting of fuelwood (usually converted to
charcoal) for developing country cities significantly
impacts the health of surrounding areas, causing
forest degradation and sometimes deforestation.
Poverty and the lack of access to alternative energy
sources keep many city dwellers dependent on
fuelwood. Much of this wood comes from peri-urban
and forested areas near cities. Without effective
management and regulation, forest degradation
and deforestation spread out from urban centers
as populations grow with fuel supply chains that
are often informal, fragmentary, and illegal.
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For example, wood and charcoal accounts for
over 80 per cent of household fuel use in Africa,
that is over 90 per cent of harvested wood,
making it the largest cause of forest degradation
in Africa.’® Around Dar es Salaam, Tanzania, the
radius of logging expanded 120 km in 14 years; a
deforestation front that started with high quality
trees and finally woody biomass for charcoal.™’
Population growth or a sudden influx of migrants
leads to rapid increases in fuelwood use as in the
case of Abéché, Chad. Kinshasa and Abuja which are
experiencing huge increases in urban populations
due to conflicts and rural poverty, leading to more
rapid deforestation.™®

The unsustainable use of fuelwood is not only bad
for forests. In 2010, household air pollution from
solid biomass caused more deaths than malaria,
and the death rate is projected to continue rising.™
Where the standard of living allows, city dwellers
switch to charcoal, which is cleaner at the point of
consumption but requires more wood and releases
a range of pollutants during production.

6. Climate change

Cities affect the climate both locally and globally,
and are, in turn, impacted by climate change. Urban
areas alter local climate through the modification
of surface albedo and evapotranspiration, and
increased aerosols and anthropogenic heat
sources, resulting in elevated temperatures®

and changes in local precipitation patterns.™">2
Cities are generally warmer than the surrounding
rural areas, a phenomenon known as the “urban
heatisland”; these differences are even greater
during heat waves, increasing discomfort and
health risks.’3 Cities contribute to global climate
change by emitting greenhouse gases from heating,
cooling, transportation, and industry. If the complete
urban footprint is taken into account, cities are
estimated to be responsible for 60—80 per cent

of all resource consumption and energy use, and
approximately half of global anthropogenic carbon
dioxide emissions; they also play a major role in
ecosystem degradation.”™ Analysis suggests that
urban per capita emissions themselves are often
lower than the average for the countries in which
they are located.™* Conversely, urban populations
in developing countries tend to generate higher
greenhouse gas emissions per capita than
surrounding rural populations due to the intensive
use of biomass and fossil fuels.'®

Cities are increasingly vulnerable to climate change
risks as they grow, particularly if growth is ad-
hoc or unplanned. With land at a premium, many



Figure 11.4: Building
sustainable cities

Minimizing the impact on
land, such as soil sealing,
land use change, etc.

Reducing the urban food
and energy footprint

Integrating water
management at the
catchment scale to ensure
sustainable supplies

Developing sustainable
transport systems

poorer city dwellers settle in sub-optimal conditions
such as on flood plains, low-lying coastal regions,
by rivers, on steep slopes, and in places with

little natural shade or vegetation; while wealthier
people can afford to take steps to address climate
change impacts such as fortifying and insulating
houses, improving storm drains, and other disaster-
preparedness measures. Hundreds of millions of
urban dwellers have no all-weather roads, no piped
water, drains, sewage systems, or electricity, and live
in poorly constructed homes on illegally occupied or
sub-divided land, with few opportunities for climate-
proofing.'™” Climate change will likely bring more
floods, droughts, heat waves, and sea-level rise.’®
Emerging coastal cities will have greater areas
exposed to flooding: projections for 53 African cities
estimated that an additional 11.6 million people

will be exposed to storm surges by 2100."° Other
estimates suggest that 16 million people per year
will be subject to floods by 2100, with 10 million
forced to migrate."®®

Maximizing climate
mitigation and adaptation
in an urban context

Cutting pollution of water
and air

Reducing resource use
through effective recycling

Designing green spaces and
protecting biodiversity inside
and outside the city

BUILDING SUSTAINABLE CITIES

“Sustainable urbanization requires that cities
generate better income and employment
opportunities, expand the necessary infrastructure
for water and sanitation, energy, transportation,
information and communications; ensure equal
access to services; reduce the number of people
living in slums; and preserve the natural assets
within the city and surrounding areas.”™®"

Sustainable Development Goal 11 aims to “make
cities and human settlements inclusive, safe, resilient
and sustainable” while target 11.6 strives to “reduce
the adverse per capita environmental impact of cities.

"The New Urban Agenda adopted at Habitat IlI
states that "We envisage cities and human settlements
that: ... protect, conserve, restore, and promote their
ecosystems, water, natural habitats, and biodiversity,
minimize their environmental impact, and change to
sustainable consumption and production patterns!''®?

Distinguishing between urban and rural planning no
longer makes sense given the extent to which the
two are interconnected; sustainable approaches

to managing cities must take into account urban
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areas as well as rural lands, communities, and the
ecosystems that they depend on.’ Making cities
sustainable is possible but long-term planning
based on environmental criteria is often unpopular.
The World Bank notes that countries facing severe
financing constraints may need to choose between
“building right” (which may make both economic and
environmental sense) and "building more” (which
may be what is required socially).”®* Among the
steps needed to achieve sustainable cities are:

= Minimizing the impact on land, such as soil
sealing, land use change, etc.

» Reducing the urban food and energy footprint

» Integrating water management at the catchment
scale to ensure sustainable supplies

» Developing sustainable transport systems

» Maximizing climate mitigation and adaptation in
an urban context

= Cutting pollution of water and air

» Reducing resource use through effective
recycling

» Designing green spaces and protecting
biodiversity inside and outside the city

1. Minimizing the impact on land

Urbanization can help take pressure off natural

and semi-natural ecosystems, but only if sprawl

is limited and the rural-urban interface is carefully
managed. Compact, well-ordered cities minimize
their impacts on surrounding areas by reducing the
demand for land-based goods and services. For
example, in Singapore planned densities vary by
location, use, and infrastructure availability, with
higher densities encouraged near metro stations.®
High-density urban communities also have lower
per capita energy use and greenhouse gas emissions
than low-density suburban development; transport
and heating costs also decline.'® Philadelphia

has developed a green infrastructure plan that

will convert 34 per cent of existing impermeable
surfaces to "greened acres” by 2036.%%’

Regenerating and redesigning cities rather than
expanding into productive agricultural land and
natural ecosystems will reduce soil sealing and
land use change. Effective urban planning provides
opportunities for sustainable economic growth.

In the UK, London spent USD 13.4 billion on the
Olympics site, turning a dilapidated area into a
recreational, entertainment, and commercial center
with housing for 8,000 families.'®®

Although close to half of the world's urban dwellers
live in relatively small settlements of less than
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500,000 inhabitants, ' the role of small- and
medium-sized cities and their contribution to
national economies is often overlooked."”® Ensuring
that these smaller cities adopt a sustainable
development trajectory from the outset will prevent
them from encountering many of the problems
faced by the world's bigger cities.””” Such initiatives
are urgently needed as many of these cities are on
the cusp of rapid expansion.'”?

2. Reducing the urban food and
energy footprint

Cities can provide both positive and negative models
for sustainable food production. Tightly-packed
communities offer economies of scale and can in
theory minimize waste. But if badly planned, food
waste and the food footprint can actually increase
under urbanization. Strong policies and careful
planning are critical to success.

While cities rely on food grown in other places,
there are untapped opportunities to maximize
efficiencies once food is inside the city. Promoting
urban and peri-urban agriculture and maximizing
relatively local food production increases nutrition
and food security, preserves regional foods, reduces
food miles, and helps limit urban sprawl. Cities like
Bujumbura in Burundi are including horticulture

in the urban master plan.'3 Sustainable food
production around cities brings a range of other
ecosystem services in addition to food. However,
local producers sometimes find it hard to compete
economically against larger and more distant
farming operations, and sometimes need a measure
of support to survive. A global meta-analysis of
current urban land conversion noted that the
presence of farm subsidies in these areas drives
down the average annual urban expansion rate

by 2.43 per cent.””* Farmers are often reluctant to
invest in agricultural conservation measures — even
with the prospects of productivity increases and
reduced water costs — because the associated cost—
benefit ratios and payback periods are insufficient.
Cities can help tip this balance.’”

Cities provide opportunities for reducing overall
energy use through sharing and optimizing
energy and reducing waste with initiatives such
as the development of district heating schemes,
incorporating energy saving measures into new
buildings, and installing energy generating devices
including solar panels and electric cells. Smart
grids — electricity grids that harmonize supply

and demand - offer further savings, combining
greater connections within and between countries,
drawing on rapidly advancing storage technology,



Figure 11.5

The major elements and
flows of a water fund:
Redrawn from?

Improved
water quality
& quantity

O

monitors
project impacts

Landholders
Upstream
communities and
NGOs “at the top"”
protect the
watershed

and managing demand flexibility."® New technology
can connect individual producers and consumers
without a centralized utility, making use of surplus
energy easier and more efficient."””” Improvements
in storage and efficiency offer new possibilities
such as the use of direct current in appliances and
photovoltaic cells.'® Natural solutions, such as
urban tree planting, can help reduce household air
conditioning bills,"”® along with many other benefits.
Water funds183 have been developed over the last

15 years to promote a healthy urban-rural interface.

The aim is to bring water users together collectively
to invest in upstream habitat protection and land
management, and mobilize innovative sources of
funding. The major elements and flows of a water
fund are illustrated in Figure 11.5.

3. Integrating water
management

Maintaining a good flow of clean water is perhaps
the most promising opportunity by which city
authorities can work together closely and
synergistically with neighboring rural communities.
Such developments could be integrated with
effective sanitation systems within cities. A
municipal council or water company that provides
incentives to rural communities for protecting and
restoring watersheds creates a win-win strategy
where cities get cost-effective water supplies and
rural incomes rise. It is estimated that one in six
major cities worldwide (e.g., roughly 690 cities with
more than 433 million people) have the potential to
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fully offset these conservation costs through water
treatment savings alone.’ Such initiatives can

be further strengthened by steps to reduce water
usage and waste through education and water
pricing policies.™?

One of the most well-known examples is the
package of policies and financial support that links
New York City's water system with the management
of the three watersheds that supply water to the
city. By working with private landowners to promote
healthy watersheds, New York has secured the
largest unfiltered water supply in the United States,
saving the city more than USD 300 million annually
on water treatment and maintenance costs.’®?

4. Developing sustainable
transport systems

Because they are compact, cities are places where,
with good planning and strategic investments, the
transport footprint can be minimized through traffic
reduction measures, bicycle lanes, mass transit,
pedestrian walkways, and financial incentives, such
as taxes on private vehicles or subsidies for public
transport. Designing more compact cities would
reduce urban transport costs.™* These changes are
as much about culture as technical knowledge or
policy models: for instance, cities like Amsterdam
and Cambridge have long placed an emphasis on
cycling, whereas in Toronto a mayor was voted into
office partly on a promise to remove bicycle lanes
following opposition from car drivers.
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The practical problems of commuting by car are
creating a gradual change in attitudes. Bangkok
and Delhi had both reached virtual gridlock until the
opening of their metro systems. Some analysts are
already predicting that the world has reached a peak
in per capita car use and urban rail patronage and
urban rail services are now on the rise, even in the
traditionally car dependent cities of North America
and Australia.' Cheap public transport systems
and the use of new technologies are changing
attitudes to urban transport. An OECD study that
modeled the use of self-driving cars in Lisbon found
that shared autonomous vehicles could reduce

the number of cars needed by 80-90 per cent. The
reduction in cars will also free up urban space: up
to a quarter of the area of some American cities are
devoted to parking.'®

5. Maximizing climate mitigation
and adaptation

Compact urban development, coupled with high
residential and employment densities, can reduce
energy consumption, vehicle miles traveled, and
carbon dioxide emissions.™’ The city of Dongtan,
near Shanghai, seeks to become the world's first
purpose-built eco-city complete with sustainable
transportation, efficient water systems, green
spaces, and the overall goal of being carbon neutral.
Once completed, the city is expected to consume
64 per cent less energy when compared to a similar
modern city of its size.'®

Redirecting investment from carbon-intensive
industries to climate-smart solutions, such as
renewable energy and micro grids, is an important
way in which the financial sector can support
sustainable cities. This requires a sophisticated
understanding of carbon risk, and an appetite to
seek out the most appropriate renewable and low
carbon investment opportunities. Investments of
this type are being promoted by international bodies
such as the OECD, IMF, and World Bank.™®

Cities will also rely on ecosystem services in
surrounding areas to enhance adaptation to climate
change.™® For instance, shoreline mangroves can
help to buffer coastal cities against increased
storm events;™" well-managed dryland vegetation
minimizes dust storms and dune formation;' and
forests on steep slopes stabilize snow and soil.®3
Within the city itself, numerous options exist for
utilizing ecosystems services, such as increasing
natural or green areas to absorb excess rain'*

and planting trees for shading.’®
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6. Cutting pollution

Air and water pollution from our cities is having
terrible impacts on human health. But experience
shows that many of these can be reversed; rivers
in Europe are far cleaner than they were a few
decades ago and many are seeing aquatic life
return. The quality of drinking water is often higher
than in rural populated areas. Land management is
critical to water management: four out of five cities
could reduce sediment or nutrient pollution by a
meaningful amount (at least 10 per cent) through
forest protection, pastureland reforestation, and
agricultural best management practices. This could
lead potentially to an extra 10 Gt per year of carbon
dioxide mitigation.'*®

7. Reuse and recycling

Recycling provides important social and
environmental benefits that reduce pressure on
land-based production activities and their impacts.
Recycling just three metals — ferrous, aluminum,
and copper — yields an annual savings of 572
million tons of carbon dioxide when compared with
extracting and processing new metals.”’” Recycling
plastics reduces the enormous pollution load that
they create: an estimated 250,000 tons of plastics
are now found in the world's oceans.'® Cities also
have the opportunity to implement proven and
cost-effective strategies for recycling and re-use.
Recycling has three major drivers: (i) an economic
incentive (often among the poorest in society); (i) a
voluntary element such as the separation of waste
or visits to local recycling centers, primarily learned
behavior, and (iii) laws and policies that strongly
encourage recycling. While the recycling market is
complicated and the value of materials is chronically
unstable, recycling continues to grow around the
world. Roughly 4 Gt of waste material is recycled
every year around the world, ' still a miniscule
proportion of the potential.

8. Maximizing green spaces
and protecting biodiversity

As described in Chapter 9, cities can address
biodiversity losses by reducing their impact on

the wider landscape. Urban areas can also engage
with nature more directly by creating green spaces.
The existence of trees, parks, and gardens is not
incompatible with compact cities, and indeed
integral to some of the world's most densely
populated urban areas. Trees have multiple benefits
such as reducing water runoff and CO, emissions,
providing air purification and aesthetic values
while improving the quality of life in overcrowded
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areas. In Lisbon, Portugal, the combined benefits
associated with street trees, including cleaner air,
energy savings, increased property values, and
carbon dioxide reduction, amount to USD 4.48 per
USD 1 invested.?©

Some cities are going further and prioritizing green
spaces in their designs for expansion. Singapore
promotes its green image with green infrastructure
plans as one of the key reasons that it continues to
attract large amounts of investment.?°" South Africa
has identified nine key areas in its green economy
programme including increased recycling, urban
farming, and non-market interventions to avoid
urban sprawl.?°? At the city level, this is matched by
interventions like the Green Goal Action Plan for the
2010 World Cup in Cape Town, and plans to redesign
Johannesburg to reduce greenhouse gas emissions
from transport.?®

In addition to parks and green spaces within urban
areas, peri-urban green spaces may play a key role
in environmental protection (e.g., watersheds),
recreational activities, and the protection of local
biodiversity; sometimes with comparatively lower
opportunity costs by virtue of being located in areas
of steep slopes or frequently flooded terrains.

CONCLUSION

Cities are and will likely continue to be
drivers of economic growth, requiring
large public investments. They will

also continue to have impacts on land
resources and associated ecosystem
services that make up the natural
infrastructure on which they depend.?®
It is projected that 65 per cent of all
urban land area in 2030 will have been
urbanized in the first three decades of
the 21°t century.?®®> Urban development
decisions are long-term and hard to
reverse. Policies to ensure sustainable
urbanization are urgently needed given
the current trends.

The growth in the importance and extent of cities

is transforming our approach to governance. As
economic activities become more dispersed as a
result of privatization, deregulation, and increasing
globalization, new strategic alliances among cities
are being formed as a green alternative to traditional
national territories.?*® Greater collaboration between
cities in sharing best practices will be vital for
developing sustainability. Some cities are already
engaging in cooperative partnerships and beginning
to take a more active role in resource management
and impacts on the regional or even global scale.

For example, city responses to GHG emissions
include the C40 Cities Climate Leadership Group

and the World Mayor's Council on Climate Change.?®’
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Elgll el CHAPTER 12

DRYLANDS

Drylands cover 41 per cent of the land surface, produce

44 per cent of the crops, and contain over 2 billion people
and half of the world's livestock. Drylands are often regions
of water scarcity yet with immensely rich biodiversity,
including some of the most iconic species. They are also
home to a diverse human culture including some of the
world's largest cities.

Rural communities in drylands are often poorer than
elsewhere and the land is more vulnerable to degradation
from climate change and direct human pressures. Poor
management can lead to desertification. We know how to
manage drylands sustainably, but often do not achieve this
in practice; policies and agricultural systems need to be
transformed if we are to avoid the continued loss of health
and productivity in the drylands.
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Drylands cover approximately 41 per cent of all
land.” They are used most commonly for livestock
production, and rangelands cover three-quarters
of the drylands, while nearly 20 per cent are used
for rain-fed and irrigated farming. Drylands include
some of the most productive areas on the planet,
but also some of the most fragile, where minor
alterations in conditions can result in dramatic
changes in ecology and subsequently in human
well-being. Today, drylands face increasingly
acute threats from the over-use of resources,
poor management, and a changing climate.
Dryland degradation costs developing countries an
estimated 4-8 per cent of their national domestic
product each year.? Understanding drylands is
critical to achieving their long-term sustainable
management. Here some key biophysical and
social characteristics of dryland landscapes are
summarized, including:

» Water scarcity and unpredictability
Specialized soil life adapted to dry and
extreme conditions

Underlying role of fire in shaping many
dryland ecosystems

Adaptive capacity of species and ecological
interactions in arid regions

Social and cultural adaptation to living in
the drylands

Vulnerability to climate change

Drylands are defined in various ways, even within
the United Nations. Here the Aridity Index (Al) is
used: annual average precipitation/potential
evapotranspiration. Between 0.5<Al<0.65,
drylands are classified as dry, sub-humid, and
often naturally dominated by broad-leaved
savannah woodlands, sometimes with quite
dense tree canopies, or by perennial grasses.

Dry, sub-humid lands make up 18 per cent of

the world's land surface while semi-arid areas

Drylands are arid, semi-arid, and dry, sub-humid
areas? that receive less precipitation than the
evaporative demand, and plant production is

thus water limited for at least a substantial part

of the year. Water scarcity has shaped dryland
ecosystems, their biodiversity, and human cultures.”
The distinction between drylands and deserts is
complex with hyper-arid deserts generally excluded
from the definition of drylands; slight changes in
the management of drylands can result in desert
formation (desertification).

Dryland characteristics are also influenced by the
extreme unpredictability in rainfall. As the climate
gets drier, weather patterns tend to become more
uncertain with high variability from one year to the
next. Rainfall data over a 30 year period from the
Zarqa Basin in Jordan's Baadia region shows a mean
precipitation of approximately 270 mm per year with
a low of 50 mm in the driest years and a high of 600
mm in the wettest.® This 12-fold difference between
the low and high is not uncommon in drylands.

Such variability in humid climates would cause
severe ecological stress butin the drylands it has
been accommodated over time by various species
adaptations, including opportunistic behavior to take
advantage of moisture as and when it is available

(0.2<Al<0.5) account for 20 per cent of the land
surface with their potential evapotranspiration
between 2 and 5 times greater than mean
precipitation. Arid lands (0.05<Al<0.2), about

7 per cent of land, have at least 20 times greater
potential loss to evapotranspiration than actual
mean precipitation and support minimal
vegetation.®” Using these definitions, drylands
cover between 39-45 per cent of the planet's
land surface.
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Figure 12.1: World map
of the drylands®
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Dryland soil ecosystems and their species have
developed specialized interactions in response to
the harsh conditions. In savannas, for example,
termites play a vital role in recycling organic

matter and maintaining soil porosity, particularly

in the driest and most nutrient-poor soils. In many
drylands, vegetation grows more vigorously and is
more drought resistant around termite mounds.®
Bacteria in the guts of large herbivores play a similar
role in maintaining soil fertility, digesting vegetation
and accelerating the process of nutrient cycling; this
inter-dependence between larger animals, insects,
and grasslands is responsible for some of the
world’s most cherished landscapes, like the
Serengeti in Tanzania and the Asian Steppe.

At the same time, dryland soils face a range

of important management challenges that are
characteristic of or amplified by dry conditions,
including crusting and compaction, restricted soil
drainage, wind and water erosion, low fertility, and
soils that are shallow, stony, saline, or sodic.™

Natural fires are another defining feature of many
drylands. Natural fire regimes have driven many
ecological adaptations to the extent that suppression
or changes in fire regimes can lead to significant and
often harmful ecological change. Some dryland plants
rely on fire for growth or reproduction, including many
grasses which recover more rapidly than shrubs after
fire events, or species that require heat to germinate
their seeds. Where fire is restricted, it can lead to a
medium-term increase in woody biomass,"" often at a

cost to ecosystem productivity and overall biodiversity.

Restrictions can also produce a large fuel-load that
can ultimately result in more severe and ecologically
harmful fires and invasion by alien species.’

Fire is frequently used as a management tool

in dryland production systems, for example, to
encourage fresh growth of pastures or to remove
brush that can harbor parasites. In parts of East
Africa, efforts to suppress traditional practices

of fire management have led to extensive bush-
encroachment and the return of the disease-bearing
tsetse fly which have rendered large areas of
grassland inaccessible to domestic herds.’ On the
other hand, the continuous use of fire can change
nutrient availability and species composition,™
making fire management one of the critical tasks
for maintaining healthy drylands in many regions.
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Dryland biodiversity is often relatively low,
although there are exceptions like the succulent
karoo in southern Africa. Furthermore, recent
surveys in apparently species-poor drylands (e.g.,
in the Sahara)' find higher levels of endemism

and diversity than once thought. Species develop
physiological’® and behavioral'’ strategies to cope
with dramatic variations in temperature, drought,
and fires. Four main categories of adaptation are
recognized: drought escapers (species that migrate
in search of water and vegetation), evaders (deep-
rooting plants), resistors (cacti that store water),
and endurers (frogs that go dormant during drought
periods). For example, some plants have evolved
the capacity to store water in roots or leaves, to
root deeply in search of water, or to lie dormant
through the drought season. Similarly, some dryland
animals minimize water loss through physiological
adaptations; some aestivate (undergo prolonged
dormancy) during the driest season while others
migrate to more humid regions.”® The huge herds
of grazing animals on the Serengeti plains will run
towards distant lightning as rainstorms stimulate
plant growth. Research provides empirical evidence
that intact dryland biodiversity supports ecosystem
function™ and plant diversity increases multi-
functionality in drylands.?° Biological soil crusts,
consisting variously of cyanobacteria, fungi, lichens,
and mosses, are the dominant ground cover

over large areas and play an important but still
poorly understood role in the ecology of dryland
environments.?’

Much dryland biodiversity is highly threatened. Two
large species of dryland mammals are now extinct
in the wild: the Sahara oryx (Oryx dammah) and milu
deer (Elaphurus davidianus) although the latter has
now been re-introduced in China. Seventy more
species of dryland mammals, birds, reptiles, and
amphibians are listed as critically endangered by
the IUCN.22 Cacti, the most quintessential of dryland
plants, are among the most threatened taxonomic
plant groups with almost a third of the species
under threat, and their decline linked to growing
human pressure.??



Box12.2: Cactus species at

unusual risk of extinction

Box 12.3: Pastoralists in dryland
Uganda

Cacti are among the most threatened plant
taxonomic groups assessed to date, with 31 per
cent of 1,478 evaluated species considered to be
under threat of extinction, demonstrating the high
pressures on biodiversity in arid lands. Both the
distribution of threatened species and the drivers of
extinction are different from those found in other
plant groups and in animals. The most significant
threats come from dryland conversion to agriculture
and aquaculture, their collection as biological
resources for commercial markets, and residential
and commercial development. The dominant drivers
of extinction risk are the illegal and unsustainable
collection of live plants and seeds for horticultural
trade and private ornamental collections, along with
eradication by smallholder livestock ranching

and agriculture.?

5. Social and cultural adaptation

Human societies that have thrived in the drylands
for centuries are usually highly adapted to the twin
challenges of water scarcity and climatic uncertainty.
Clothing, building design, and lifestyle strategies are
all designed to minimize the difficulties of living in
conditions of water scarcity. Farming and pastoralist
adaptations to drylands include strategies such as
planting drought-resistant crops or practicing water
harvesting and selective irrigation. When necessary,
individuals or communities undertake regular
nomadic movements or occasional migrations in
response to short-term weather patterns or
long-term climatic shifts.

Bedouin pastoralists in Jordan have traditionally
used herd mability to track resources across the
landscape, taking advantage of different resource
patches according to the prevailing weather, and
using opportunistic strategies to capitalize on

the most productive years.?® The Sukuma people

in Tanzania set aside areas (ngitilj for private or
communal grazing or fodder reserves to see them
through dry periods.?® The hima system in the
Arabian Peninsula, now largely abandoned, is one of
the oldest forms of “protected areas” in the world,
established to halt and reverse land degradation.?’
Dryland farming practices include agroforestry and
land fallows that conserve both soil moisture and
fertility, practices that are for example increasingly
being adopted in India.?® Many studies show how
agroforestry creates micro-climatic variation within

Itis June in Moroto, a dryland district in
northeastern Uganda, and it is the peak of the rainy
season. Agro-pastoralists from the Karimojong
ethnic group have planted sorghum crops in fields
near their homesteads and the young men have
moved westwards with their herds of cattle, sheep,
and goats to graze seasonal pastures. During the
rainy season the distant pastures briefly provide the
most nutritious fodder of the year and can be
accessed due to the presence of surface water
along the migratory routes. The Karimojong rely on
locally-adapted, drought and disease-resistant
varieties of sorghum. They herd equally well-
adapted livestock over large distances to take
advantage of unpredictable and patchy grasslands.
Rainfall here reaches over 800 mm per year on
average; higher than London (750 mm) or Paris
(600 mm). However, it is not the level of rainfall that
determines the drylands but the potential of the
land to lose water through evaporation and
transpiration. Moroto's average annual temperature
of 22°C means that evapotranspiration rates are
high and the region is classified as semi-arid. Since
water is the source of life, the capacity of dryland
ecosystems to minimize evapotranspiration (i.e.,
capture and store water) determines how

they function.®®

fields and farms, in otherwise vast and relatively
homogeneous landscapes, that enhance biodiversity
and can help buffer against climate risks.?°

While humans and other species have

developed survival strategies in the face of the
most challenging conditions in the drylands,

these lifestyles are vulnerable to change and
deterioration. Traditional sustainable management
practices are declining due to a mix of social,
cultural, and demographic changes, increasing
competition for land resources, and sometimes

a lack of legal or formal access to land.
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6. Vulnerability to

climate change

The increase in the number and severity of climate
events will make drylands more vulnerable to
ecosystem changes and land degradation. Between
1951 and 2010, a small increase in drought
frequency, duration, and severity was observed,
especially in Africa, while drought frequency
decreased in the Northern Hemisphere.3" Unlike
other extreme events, droughts develop slowly over
large areas.®? Their impacts cascade through the
hydrological cycle, affecting soil moisture, reservoirs,
river flows, and groundwater. Ultimately, droughts
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impact all sectors of society and the natural
environment (e.g., wildlife habitats) over
varying timeframes.

Climate change is likely to lead to more water
scarcity and reduced crop yields in drylands. Climate
change is a significant driver of land degradation
and scientists predict that drylands will expand
considerably by 2100.33 Many traditional land
management practices increase resilience to climate
change and adaptation strategies in the drylands
can be transferred to other regions experiencing
increased aridity.



Although the term "drylands” evokes an image of
scarcity and harsh conditions, these areas provide

a wide range of important benefits to society,
including cultural identity, and habitat for important
wild plant and animal species. Few people doubt the
importance of biodiversity in the world's savannas
or the value of fine fibers like cashmere and alpaca
wool produced in dry grasslands.

There has been a tendency to dismiss drylands as
unworthy of investment and to categorize them as
low productivity lands. Several countries have even
legally classified them as “wastelands.” However,
research and field trials in India and China
demonstrate that apparently low value drylands

can yield high returns. A combination of agricultural
reforms and investment in research, education,
roads, and electricity in China has stimulated growth
in the non-farm rural sector, which in turn supported
agricultural development and job creation for urban
migrants.?* Similarly, in India, rural non-farm
employment grew and poverty declined in response
to dryland infrastructure investments, especially

so in places where literacy rates were increased.®
Five key dryland values are:

= Food from wild species, crops, and livestock

» Water resources including some of the world's
most important watersheds

» Homeland for many indigenous people, local
communities, and more recent settlers

» Cultural values to society

= Other ecosystem services from drylands

The drylands support about 2 billion people.®

An estimated 44 per cent of croplands and

50 per cent of livestock worldwide are found in

the drylands.?” Shrublands and grasslands support
extensive livestock production which often overlaps
with croplands, forests, and woodlands in the
drylands. In dryland countries like Afghanistan,
Burkina Faso, and Sudan, agriculture generates
almost a third of GDP. In Mali, Kenya, Ethiopia, and
numerous other African countries with extensive
drylands, the livestock sector provides over

10 per cent of GDP; in Kyrgyzstan and Mongolia,
the figure is closer to 20 per cent.® Drylands can
also supply subsistence and wild harvested
foodstuffs, a safety net for communities to survive
lean periods or drought: these so-called “famine
foods" are often the only source of nutrition
available when times are hard.*

Drylands include globally important watersheds that
supply clean water to millions of people. Over one
third of the world's major river basins have at least
half their extent in the drylands, and many have
their sources upstream in areas with greater
precipitation.“®#" In these areas, river systems that
collect and channel water are of critical importance
to human survival and require careful management.
However, many of these dryland water resources
are under pressure. The Yangtze River, the longest in
Asia, begins in the high-altitude drylands of the
Tibetan Plateau, supplying water for irrigation,
sanitation, transport, and industry; and now to the
world's largest hydro-electric power station, the
Three Gorges Dam. The Yangtze Delta generates
around one-fifth of China's GDP,*? yet the river is
increasingly polluted and silted with soil from poorly
managed land upstream, reducing water quality, and
intensifying flooding.*3

Drylands are home to about one-third of
humanity.** The vast majority — some 90 per cent
— of the dryland population lives in developing
countries.*> Their livelihoods vary from the very
traditional to the ultra-modern: rural communities
directly or indirectly manage land and are intimately
connected with its ecology, while urban dwellers
live in megacities like Los Angeles, Cairo, and
Karachi. Although it is common to think of people
living in drylands as being highly attuned to their
environment, modern city dwellers are largely
insulated and unaware of their ecological footprint.
Yet the way in which drylands are managed
directly affects these urban centers and their
inhabitants. Land degradation and desertification
can compromise the safe and regular supply

of clean water and air, food and fuel as well as
opportunities for recreation and eco-tourism.
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4. Cultural values

Dryland communities embrace an astonishing
array of cultures, from the San people of the
Kalahari to the glitz of Las VVegas. Many ancient
religious traditions are rooted deep within drylands.
The three great monotheistic faiths of Judaism,
Christianity, and Islam developed there and are

still in evidence with mud-built mosques in Mali,
Christian monasteries in Armenia, and Jerusalem
itself a desert city. Other faiths have been influenced
by their place in the drylands, such as Hindu and
Jain temples in Rajasthan and Buddhist temples

in Ladakh. Many smaller faith groups are also
found in drylands. In southern Madagascar, the
Mahafaly and Tandroy communities are working
with local authorities and the government to
conserve the sacred forests of Sakoantovo

and Vohimasio, part of the dry spiny forests

that have exceptional biodiversity value.®

Traditional desert cultures are often nomadic,
frequently moving in a regular pattern for water and
grazing. Nomadic people still roam in Central Asia,
sub-Saharan Africa, and the Middle East, in many
cases in spite of government efforts to settle them.
The nomadic spirit is deeply ingrained in modern
culture: for example, businessmen in Kuwait City
still take to their tents in the spring. The drylands
preserve some of the oldest libraries in the world,
as in Timbuktu, and an array of coveted arts,
handicrafts, and jewelry. In the 215t century, dryland
cultures are continuing to expand and renew

Box 12.4: Cultural and physical

impacts of desertification in
Jordan

The Bedouin inhabitants of Jordan's Baadia
experience lower agricultural productivity,
biodiversity loss, and the decline in water supplies
as a result of desertification. Vegetation in the
Baadia has declined by half since the 1990s, directly
impacting livestock production and contributing

to a decline in biodiversity, including risks to 49
medicinal plant species that have significant market
value, particularly for women. Desertification has
led to declines in water infiltration, which is felt

not only by the Bedouin but also by downstream
consumers, including a large part of Jordan's
industrial sector. There are other external costs

of desertification in the Baadia, such as the
sedimentation of dams that supply power, the
release of greenhouse gases, and loss of the
capacity of sail to store carbon.*’
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themselves, with cultural celebrations such as the
Sahara's nomadic Tuareg people and their annual
Festival in the Desert.

5. Other ecosystem services

Food and water are not the only values that
drylands provide to society.*® Natural vegetation
and organic crusts are important and cost-effective
stabilizing features in controlling erosion, sand
and dust storms,*® and desertification. Similarly,
drylands play an important role in mitigating
climate change through carbon storage in soils.®
Despite arid areas having low plant biomass, and
hence relatively low organic carbon in vegetation
and soil, inorganic soil carbon increases as aridity
increases. Dryland soil organic reserves represent
27 per cent of the global total.®" Dryland forests
and woodlands also contribute to national
economies through the provision of fuel, timber,
and non-timber forest products, and indirectly
through watershed protection and other ecosystem
services.>? The extent of forests in the drylands
has until now been underestimated by 40-47

per cent; these additional 467 million hectares
increase current estimates of global forest cover
by at least 9 per cent.>3 Drylands also contain
unigue and globally important biodiversity,>*
including the source plants (crop wild relatives) of
many of our most important crops, such as wheat,
barley, coffee, olives, and many fruit trees.

LAND DEGRADATION AND
DESERTIFICATION IN THE
WORLD’S DRYLANDS

Because of the fragile conditions, land degradation
in the drylands is both more serious and harder to
reverse, and can progress in some cases into
desertification, dune formation, and ecological
collapse. History and literature provide many
examples of environmental mismanagement in the
drylands, which contributed to events ranging from
the collapse of the Mayan Civilization a millennium
ago®® to the American Dust Bowl in the 1930s as
described in John Steinbeck’s Grapes of Wrath.>’

Yet these lessons are largely ignored and dryland
degradation continues at a rapid pace; indeed it is
such a major environmental concern that a global
agreement has been established to halt and reverse
it: the United Nations Convention to Combat
Desertification (UNCCD).%8 Desertification has been
described by UNCCD as one of the greatest
environmental challenges of our time and a threat
to global wellbeing and human security.>® A growing
number of countries, particularly in the developing



Figure 12.2: Drivers

of desertification

Desertification is a complex phenomenon with still
much uncertainty about definitions, causes, and
extent. According to the text of UNCCD (1994)¢°,
"desertification” means land degradation in arid,
semi-arid, and dry sub-humid areas resulting from
various factors, including climatic variations and
human activities. Combating desertification includes
activities that are part of integrated sustainable
development, aimed at the:

1. prevention and/or reduction of land degradation;
2.rehabilitation of partly degraded land; and
3.reclamation of desertified land.

world, are expressing their concerns about the
closely-related challenges of desertification, land
degradation, and drought and their impacts on
migration, conflict, and overall human security.

Estimates of the extent of land degradation in the
drylands differ considerably, although figures are
converging on moderate to severe degradation in
25-33 per cent of all land,®" with perhaps a higher
incidence in the drylands. The absence of a standard
global assessment and monitoring system®?
contributes to this variance and leads to a divergent
understanding of land degradation and widely
differing range of estimates.®® A study in 2007
estimated that there was severe degradation on
approximately 10-20 per cent of drylands.®* A more
recent analysis of 25 year trends, using remote
sensing to measure inter-annual vegetation, found
land degradation hotspots covering about 29 per
cent of global land area, with dryland-dominated
biomes affected to an above-average extent.®®

Indirect

Many inter-related factors contribute to
desertification, including population growth,
demands for greater levels of production,
technologies that increase resource exploitation,
and climate change. An analysis in China found that
a combination of socio-economic factors and to a
lesser extent climate were the main drivers of
desertification in drylands, but the relationship
between various factors is complicated and varies
between regions.®® Major influences on dryland
health and productivity include climate, fire regime,
grazing, agriculture, and atmospheric carbon dioxide
levels.®” Desertification is driven by increasing
demands to produce food, fuel, and fiber combined
with a reduction in the total area of agricultural land
available and declines in soil fertility and water
access. When desertification happens as a result of
intensive management practices and efforts to
increase productivity, it is often associated with a
misunderstanding of dryland ecology and a failure to
manage soil fertility and moisture appropriately.
Traditional agricultural approaches may no longer be
enough to meet rising demand, but they are often
being replaced by more damaging and less
sustainable alternatives.

The practice of leaving land fallow in Sudan’s
drylands has been widely abandoned due to rising
population pressure and the demand for food.
National policies encouraging intensive agriculture
have led to the widespread clearance of land for
mechanized farming under monocultures, the
removal of trees, and abandonment of traditional
crop rotations and other sustainable management
practices.®® Drylands cultivated in this way rapidly
lose soil biodiversity — fungi, bacteria, and other
organisms — which is important for recycling
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nutrients and maintaining organic carbon in the
soil; declining organic carbon means less nutrients
and less water is retained in the soil, negatively
impacting food production and leading to land
degradation.

In Australia, as in other dryland countries, one of
the most significant drivers of desertification is
salinization. Increased salinity is caused by land
clearing, mainly for agricultural production, and
occurs when the water table rises and brings natural
salts to the surface. This is largely the outcome of
employing farming practices developed in the
temperate lands of Europe and based on shallow-
rooting crops and pastures.®® In the year 2000,

5.7 million hectares of Australia were assessed

as having a high potential to develop salinity, with
the salt-affected area predicted to reach 17 million
hectares by 2050 if there is no remedial action.”®

There is a close relationship between poverty, land
degradation, and desertification, and although
dryland populations may have historically practiced
sustainable land management, many are finding it
increasingly difficult to do so. There are numerous
reasons for this: from rural population growth to a
breakdown in local governance and the adoption

of unsuitable farming practices and crop selection.
Poverty in the drylands is often rooted in the
historical neglect of areas regarded as "low
potential,’ creating a self-fulfilling diagnosis as
resources are channeled elsewhere leaving drylands
starved of investment. Poverty levels in the
drylands, measured in terms of literacy rates and
health indices, are above average in many countries.
Adult female literacy rates in the humid lands of
West Africa, for example, are around 50 per cent but
drop to 5-10 per cent in the drylands. In the
drylands of Asia, infant mortality rates are around
50 per cent above the mean.”

Another important driver of land degradation is
weak land tenure and ineffective governance over
natural resources, particularly in communally
managed areas’? like grasslands and dry forests.
These lands have historically enjoyed strong
governance through customary arrangements and
practices, such as the coordination of harvesting
forest and rangeland products, and the
establishment of rules to prevent malpractice.”

In many cases, these institutions are weakening
as the result of emerging state powers that
undermine customary authority and fail to provide
a viable alternative.
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Strengthening governance of tenure is fundamental
for the increased uptake of sustainable land
management practices. This often requires
innovative and specialized approaches to
accommodate the unique governance requirements
in the drylands, where resource sharing, communal
management, and mobility are critical livelihood
strategies. Hybrid governance arrangements, which
combine elements of traditional governance with
the modern state apparatus, are increasingly being
utilized. Improved governance can provide a
platform for the effective blending of traditional
institutions and knowledge with the relevant science
and more formal institutions. It also plays an
important role in supporting the equitable
development of value chains connecting the many
values of drylands with markets in ways that
promote rather than erode sustainability.”

Desertification is a global threat that impacts heavily
on the livelihoods of millions of people both in and
outside the drylands. The true cost of desertification
is frequently underestimated due to the unknown
scale of these external and downstream impacts.
Costs include those that directly impact human
health and well-being, including food and water
security, as well as the more intangible costs in
terms of culture and society, all of which are a result
of losses in biodiversity and ecosystem functioning.

There are many challenges in estimating the cost of
desertification at local and national scales, and any
attempts to identify a global figure must be treated
with caution. Nevertheless, a few examples have
been published in recent years. A study in fourteen
Latin American countries put the figure for losses
due to desertification at 8-14 per cent of agricultural
gross domestic products (AGDP) annually,”® and
another study estimated the global cost of
desertification at 1-10 per cent of AGDP annually.”®
Some assessments differentiate between the direct
costs that result from decreased land productivity
and the indirect economic costs known as
externalities. Direct costs have been estimated at

2 per cent of AGDP in Ethiopia, &4 per cent in India,
and up to 20 per cent in both Burkina Faso and the
USA.”” Indirect costs may be felt far from the source
of degradation and can include the disruption in
water flows, and contributions to climate change,
sand and dust storms, and other phenomena.

Land degradation can disrupt water cycles and
diminish water quality through the siltation of rivers
and reservoirs. Degraded landscapes are prone to
flooding as rainwater runs off rather than soaking



© Tim Gimbert. Source: UNEP, WMO, UNCCD (2016).

into the soail, increasing the loss of top soil and
biodiversity, and in extreme cases can lead to
inundation of downstream communities and land.”®
Soil organic matter plays an important role in water
retention and as it declines so does the capacity of
soil to hold moisture. The rate of water infiltration
can also be reduced by surface compaction, loss of
soil invertebrates, and other factors related to
desertification, leading to drier soil, lowering of
aquifers, and soil erosion. As a result, the incidence
of drought can increase independent of changes in
rainfall, simply due to reduced capacity of the land to
capture and hold water. It has been estimated that
on severely degraded land as little as 5 per cent of
total rainfall is used productively.”®

Sand and dust storms (SDS) occur when high winds
impact dry and degraded soils. Sand storms occur
relatively close to the ground whereas dust storms
can rise kilometers into the atmosphere and be
transported long distances. They impact human

health, agriculture, infrastructure, and transport; the
economic losses from a single SDS event can be in
the order of hundreds of millions of USD. About

75 per cent of global dust emissions come from
natural sources, such as ancient lake beds, with the
rest coming from anthropogenic sources, mainly
ephemeral water bodies. However, the removal of
vegetation, loss of biodiversity, and disturbance of
the sediment or soil surface (e.g., by off-road
vehicles, livestock) will increase susceptibility to dust
generation. It is estimated that SDS have increased
25-50 per cent over the last century due to a
combination of land degradation and climate
change & Major dust-bowl events can occur through
a combination of prolonged drought and poor
management. The ecological impacts are diverse:
under different circumstances, dust can increase
drought or stimulate rainfall, provide valuable
nutrients to rainforests or harm distant coral reefs.
The inhalation of dust particles can cause or
aggravate asthma, bronchitis, emphysema, and
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Reclaiming the land in
the Kubuqui Desert,
Inner Mongolia, China
Well established
protection belt along
the highway 25 years
later. The original sand
dunes can be seenin
the background.
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silicosis, while chronic exposure to fine dust
increases the risks of cardio-vascular and
respiratory disease, lung cancer, and acute lower
respiratory infections. Fine dust also carries a range
of pollutants, spores, bacteria, fungi, and potential
allergens, thus leading to a host of other diseases
and medical complaints.®'

The largest areas of high dust intensities are located
in a so-called "dust belt” stretching from the west
coast of North Africa, over the Middle East and
Central/South Asia to China; other affected areas
include central Australia, the Atacama Desert in

South America, and the North American Great Basin.

Places where humans are contributing to the extent
and frequency of SDS events include the southern
Sahel, Atlas Mountains and Mediterranean coast,
parts of the Middle East, the high plains of North
America, Argentine Patagonia, and parts of the
Indian sub-continent. Simulations suggest that
global annual dust emissions have increased by
25-50 per cent over the last century due to land
use change and climate change.®?

Besides these visible impacts of desertification,
society can be affected in less visible ways through
the increase in food prices when agricultural
productivity is reduced or when poverty contributes
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to migration, both domestically and internationally.
Desertification has also been implicated in conflict®3
as a result of increased competition over scarce
resources with climate change as an additional
contributing factor,®* although the causes of conflict
are generally complex. When desertification leads to
lower food production, it contributes to national
poverty and the vulnerability of the poorest
communities. This can create a vicious circle since
the poorest farmers also face the greatest challenge
in addressing land degradation.®®

Perhaps the least tangible cost of desertification is
the loss of cultural and aesthetic values associated
with the drylands, and yet in many cases this is the
cost that finally drives people to act. Land is more
than a place to produce food or supply water; for
many people, it is inextricably connected to their
cultural identity and dignity, and many rural
communities feel a sense of responsibility towards
the land.®® Assigning a number to such losses is
impossible, although methodologies have been used
to estimate what people would be willing to pay to
avert the cost. As an elderly Bedouin woman
responded to the question of why she was investing
her time in rehabilitating the rangelands, "l want to
open my door in the morning and see the beauty of
nature in front of me."®”




Table 12.1: Role of
dryland soils in storing
carbon®®

© Martine Perret

Desertification and climate
change

Soils store more carbon than the combined total

of the worlds' biomass and atmosphere, and a
substantial part of this carbon is in the drylands
(see Table 12.1). When land is degraded, carbon can
be released into the atmosphere along with other
greenhouse gases, like nitrous oxide, making land
degradation one of the most important contributors
to climate change: about one quarter of all
anthropogenic greenhouse gas emissions come
from agriculture, forest, and other land use
sectors.®8 Climate change is projected to increase
aridity in some of the drylands, with a higher
frequency of droughts in the drylands, and there is
“medium agreement but limited evidence that the
present extent of deserts will increase in the coming
decades!"® As more and more productive land is
degraded or lost to urban expansion, there is a risk
that a growing proportion of future land use change
will take place in the drylands, increasing its
contribution to climate change.

Climate change can exacerbate poverty and
further undermine the capacity of people to
manage the land and livestock sustainably.®’

The poorest people on Earth are the most
vulnerable to climate change,®? and yet for the
most part they contribute the least to this threat.
Since the drylands include a disproportionate
number of the world's poor, they are likely to

be among the most affected by climate change.
Many dryland communities have well-developed
practices of resource sharing that help them to
spread risk. In some pastoral communities, this
includes cultivating debts and obligations over many
generations and vast distances, so that in times
of hardship they can call on the support of people
who may be less affected. Mongolian pastoralists
have a long history of reciprocal arrangements
that enable herding families to spread climate
risks, such as blizzards and drought. However,
there are signs that these institutions are coming
under pressure from economic forces and changing
relationships between herders and the state.®

_ Biomass Carbon Soil carbon

Global 576 Gt 2,529 Gt 1,583 Gt 946 Gt
Drylands 83 Gt 1,347 Gt 431 Gt 916 Gt
Portion in drylands 14% 53% 27% 97%
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Figure 12.3: Managing
drylands sustainably

MANAGING DRYLANDS
SUSTAINABLY

There is a wealth of management experience to build
upon and achieve a major overhaul in the way
ecosystems are valued, protected, and managed.
The linkages between desertification, climate change,
and poverty help to focus attention on responses
that deliver multiple benefits. Addressing these
challenges together would create positive feedbacks
by capturing atmospheric carbon in the soil, halting
and reversing land degradation, closing agricultural
yield gaps, and increasing the overall resilience of
communities and ecosystems in the drylands. It is
crucial to ensure that soil carbon is fully accounted
for and monitored as an indicator of progress not only
towards combating desertification but also towards
reversing climate change and biodiversity loss.®*

Because land degradation is often the result of
multiple drivers, responses need to be tailored to

1.Sustainable Cropping

No-till agriculture requires
substantial changes in farming
practices; nevertheless, it can be
more profitable than conventional
farming by reducing the cost of
labor, fuel, irrigation and machinery.

3. Water security

particular situations. Simple responses, such as
tree planting, are not always effective and land
abandonment does not necessarily lead to
recovery.®® Sustainability requires many steps, from
holistic management approaches to crop selection
and production, livestock raising, and water
conservation as well as a suite of enabling factors.
These include:

» Sustainable cropping, including choice of
species and management practices

» Rangeland management to avoid over-grazing
and degradation

» Water security through improved management
and conservation

» Policy incentives and legal changes including
improved security of tenure and land rights

» Research and capacity building to fill knowledge
and skills gaps

» Investment to reverse land degradation in
the drylands

2. Ranegland Management

In Namibia, some farms have
replaced domestic livestock
altogether with the management and
cull of wild antelope and zebra which
are better adapted to arid conditions.

4. Policy Incentives

Between 1980 and 2000, only
3.23 % of environmental aid
was aimed at addressing

land degradation.

In Israel, the use of drip irrigation
systems combined with recycling
wastewater has led to a 1,600 %
increase in the value of produce grown

by local farmers over the last 65 years.

5. Research and

Capacity Building

Traditional ecological knowledge is
being lost in many places and needs
to be supported and recorded.

6. Investment

“Unproductive” drylands are
likely in the future to be used
increasingly for energy,
including wind and
geothermal sources.
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1. Sustainable cropping

Many of the elements of “sustainable
intensification"®® in drylands are already well known
and described in Chapter 7: nutrient conservation,
the use of manure, compost, and mulches, fertilizer
micro-dosing, integrated pest management
strategies,®” selection of suitable and sustainable
crop mixes, and a variety of soil conservation
techniques are all available, aimed at more fully
harnessing ecosystem services for long-term food
security.®® Fallows, which have long been integral to
maintaining soil fertility and boosting soil moisture
in the drylands, are showing some signs of revival
despite a global decline in recent years.

No- or low-till agriculture minimizes soil disturbance
and maintains crop residues and other organic
matter on the soil surface where it helps to reduce
evaporative losses and increase infiltration. Evidence

shows that no-till agriculture can lead to a greater
concentration of soil organic carbon near the surface
which often translates into improved productivity.
The impact of no-till on the overall soil carbon
balance is still not fully understood, but there is clear
positive benefit for climate change adaptation.®®
No-till agriculture requires substantial changes in
farming practices; nevertheless, it can be more
profitable than conventional farming by reducing the
cost of labor, fuel, irrigation, and machinery. No-till
agriculture is practiced to the greatest extent in the
drylands of the world's leading grain-exporting
nations, such as Australia and Argentina, and in the
US where it accounts for 22.6 per cent of all
cropland areas.’®

Agroforestry is another proven approach to
sustainable land management in the drylands.

Trees on farms provide shade for humans, crops,
and livestock, deliver nutrients and help stabilize
soils, provide emergency animal feed and other raw
materials; trees can also bear edible fruits and nuts.
Agroforestry underwent a decline in the 20t century
due to changes in socio-economic conditions, public
policy, and land tenure as part of an alternative
vision of agricultural development based on
large-scale mechanization and mono-cropping.’™’
However, research shows that trees are increasing
once again on farms worldwide, most notably in
Brazil, Indonesia, China, and India. Some 43 per cent
of agricultural land globally has at least 10 per cent
tree cover.’? In Niger, agroforestry has undergone
somewhat of a renaissance with over 5 million
hectares restored through the revival of simple
practices of selective protection of high-value trees
within farming landscapes.’®® Farmers are using a
variety of techniques to encourage regeneration or
the planting of native tree species, including the Zai
technique, which encourages tree planting in small
holes filled with manure, usually in combination with
stone bunds as part of the Farmer-Managed Natural
Regeneration approach.’

2. Rangeland management

The most widespread land use in drylands is
extensive livestock production or pastoralism.
Traditional pastoralists use herd mobility to track
resources as they are made available by the rains. In
this way domestic herds mimic the behavior of wild
ungulates (hooved animals). Pastoralists maintain
both natural and artificial infrastructure for water
supply, including deep wells, tanks, and surface
ponds. Land is prone to degradation around these
water points and oases, particularly when people
are encouraged to settle permanently with their
livestock. Pastoralists often have elaborate customs
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and arrangements governing the use of water and
pasture, enabling equitable communal resource use
over vast areas and in some cases across
international boundaries.'® Poorly planned water
infrastructure projects can undermine these
traditional systems.'% Several countries are taking
measures to strengthen local regulation of resource
use by embracing hybrid governance systems that
link customary tenure with state institutions, in
some cases involving tools like remote sensing and
telecommunications to enable more efficient
rangeland planning. Spain's 1996 "Vias Pecuarias”
Act has revived transhumance movements
(seasonal movement of people with their livestock)
through the protection of an ancient network of
120,000 km of livestock tracks — a livestock corridor
that would circumnavigate the Earth 3 times -
leading to major improvements in biodiversity and
ecosystem services.'’

Rangeland management may be improved by the
selection of well-adapted species or mix of
herbivore species, chosen for their genetic potential
(e.g., drought resistance) and ability to utilize a range
of ecological niches; this could include
disaggregating herds to avoid over-grazing and
loaning animals to others to build or rebuild herds as
a form of social capital.’® In Namibia, some farms
have replaced domestic livestock altogether with
the management and cull of wild antelope and zebra
which are better adapted to arid conditions.’®®
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3. Water security

The management of water is central to effective
management of land in the drylands. As discussed in
Chapter 8, land management practices can reduce
and capture run-off, reduce evaporation, boost the
water-holding capacity of soils, and increase the
water-use efficiency of crops. However, run-off
representing a loss in one place may be a vital
resource for people living downstream, and
decision-making has to take place at the right scale
to ensure equitable and sustainable outcomes
throughout the landscape.

There is a great diversity of water harvesting
practices in the drylands, many of which have been
known for centuries. Water harvesting is influenced
by topography and soil type, and can be applied at
different scales. Small-scale measures, sometimes
called micro-catchments, are used to capture
run-off within fields and include practices like
planting-pits and contour bunds. These work by
slowing down the rate of run-off and encouraging
localized infiltration. Larger-scale measures are used
for capturing run-off outside individual fields and
include dams and ponds for community use. These
macro-catchments usually require water storage
and in the drylands, where evaporative losses are
great, this can include sub-surface storage in cisterns.
In some soils, sand-dams are used to trap sand, which
in turn holds water, thereby effectively creating
sub-surface storage.’'® Where water is stored in
macro-catchments or harvested from rivers and
aquifers, irrigation techniques are then required to



apply water to the land. This can include irrigation on
a grand scale, although such schemes are inefficient,
costly, and challenging to manage, and have many
environmental costs. Smaller-scale irrigation can be
more carefully controlled to supplement rainfall at
critical times in the growing cycle by boosting
growth or extending the growing season.’™

In Israel, the use of drip irrigation systems combined
with recycling wastewater has led to a 1,600 per
cent increase in the value of produce grown by local
farmers over the last 65 years."2 But wastewater
use often entails the risk of increasing salinization
and efficiency receives a further important boost if
desalinized water is used.'

Promoting investments in the drylands depends first
on creating the enabling conditions, ranging from
supportive laws, policies, and institutions within
countries to international agreements and donor
commitments. However such conditions, for the
most part, currently do not exist. Drylands have
generally been left out of mainstream development
efforts: between 1980 and 2000, only 3.23 per cent
of environmental aid was aimed at addressing land
degradation.”™ The challenges to growth in the
African drylands persist due to fundamental
development gaps, combined with the frequency of
drought and other shocks. The population of Africa’s
drylands is projected to increase by between 65 and
80 per cent in the next 15 years;'"® this, combined
with increasing outside investment in large-scale
industrial agriculture and extractive industries, has
the potential to exacerbate land and soil degradation.
Degradation in turn increases the human impacts of
drought and water scarcity, which often divert
resources from long-term development into more
costly short-term and reactive measures. Although
it is anticipated that economic growth in the
drylands will be significant in the medium-term, this
may not keep pace with population growth and
climate change-induced vulnerability.”"®

Divergent policy priorities between sectors can lead
to harmful consequences, especially when land,
water, trees, wildlife, and other resources are
managed for different goals. This is particularly
problematic given the scale of drylands and the
potential misunderstanding about the most
appropriate development pathways. Improved
coordination between sectors, such as agriculture,
wildlife, forestry, and water, driven by high-level
political leadership and guided by knowledge and
evidence, is needed to ensure closer collaboration
and more joined-up action on the ground.

A critical policy element in encouraging sustainable
dryland management is the need to improve resource
rights and tenure security, giving land managers the
freedom and legitimacy to implement long-term
sustainable management strategies. For example,
the success of forest restoration projects is greatly
increased if local communities are confident that
they will retain access to the resulting benefits.
However, securing tenure frequently requires
innovative solutions that reconcile statutory law and
customary rights. Stronger local institutions can
provide a vital interface between modern and
traditional systems, and may be the key to improving
local governance overall, along with improved access
to markets and other services. In several countries,
this is being facilitated by government decentralization
which allows for greater participation in local-level
decision making and greater respect for local rights
and responsibilities. The Voluntary Guidelines on the
Responsible Governance of Tenure, produced by the
Food and Agriculture Organization of the United
Nations,""” have been endorsed by over 100
countries and provide an excellent platform for
strengthening land rights. In Mongolia and
Kyrgyzstan, for example, public policy supports the
establishment of Pasture User Groups for rangeland
governance, an important mechanism for ensuring
community representation and the coordination of
management activities.”"®

Formal and informal agreements to enhance
dryland conservation efforts also influence tenure.
Worldwide about 9 per cent of the drylands

(~5.4 million km?) are formally protected, slightly
below the global average of 12.9 per cent.

While early protected area policies were frequently
exclusionary, many protected areas today protect
the rights of resident human communities. Non-
governmental approaches, such as Indigenous

and Community Conserved Areas (ICCAs), and
quasi-governmental approaches such as Indigenous
Protected Areas are gaining recognition as a tool for
legally recognizing tenure in the drylands and for
promoting synergies between economic use and
conservation objectives.'®

Many drylands are effectively protected through
traditional land management practices that sustain
the biodiversity on which local livelihoods depend.
These de facto protected areas are often overlooked
by governments and thus remain vulnerable to
competing interests. Designating them as ICCAs
could offer communities greater potential to
capitalize on the environmental benefits of

their production system and further incentivize
sustainable land management. Formally recognizing
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these lands as ICCAs could also help establish
standards for sustainable management and
improved monitoring as well as provide incentives
to retain sustainable practices.?® The so-called
communal or land conservancies, most fully
developed in Namibig, create a way for communities
to gain economic returns from tourism linked to
wildlife and provide an innovative model, particularly
for dryland countries with low human populations.™’

5. Research and capacity
building

Scientific knowledge on dryland production systems
remains underdeveloped and is often side-lined in
favor of management approaches that have been
developed for humid lands. This is compounded by
inadequate data on dryland environments and
economies, which allow important decisions to be
made in an information vacuum. The lack of funding
for dryland development coincides with a lack of
support for dryland research; our understanding of
the rates and causes of desertification remain
woefully incomplete. The complexity of risk-adapted
strategies for dryland management and the value of
local knowledge and practices need renewed
attention; traditional ecological knowledge is being
lost in many places. Greater efforts are needed to
combine local with emerging scientific knowledge
through appropriate partnerships, participatory
learning, and more effective dissemination of
information and technology.'?
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Finally, for investments to be mobilized, major
efforts are often needed to upgrade the skills of
professionals, including extension services and peer-
to-peer learning, in the drylands. This includes
professionals working in the public sector providing
advice to land users as well as those who are the
repositories of the local knowledge that is vital for
enhancing dryland resilience.

6. Investment

Business as usual in the drylands will see
continuing desertification and vulnerability,
combined with heightened risks from climate
change, contributing to greater social problems

of poverty, migration, and conflict. In 2011, the
United Nations published a report noting that
drylands had become "investment deserts” where
chronic under-investment was driving under-
development and poverty.’?> Meanwhile, the
Sustainable Development Goals adopted in 2015,
and particularly target 15.3 on Land Degradation
Neutrality,"?* demonstrates a growing willingness
and commitment to halt and reverse desertification.
This enthusiasm has to be matched by the capacity
and resources to act in accordance with national
development priorities. Our understanding of

how to adapt investments to the drylands is
constantly improving and offers reason for hope.

Dryland problems are not automatically solved by
the availability of finance: serious desertification
problems in comparatively rich countries, like the
United States, show that the problems are not



confined to the developing countries. But the extent
of human deprivation in many drylands in the
developing world should not be underestimated nor
should the absence of the most basic conditions for
human development.

One area that needs particular attention is how to
capitalize on or leverage multiple values. Dryland
ecosystems provide many benefits to humanity
beyond the obvious provisioning services of food,
fuel, fiber, and building materials. The rehabilitation
of rangelands in the Jordanian Baadia have shown
modest improvements in livestock production

and marketable biodiversity, like medicinal plants,
but vastly greater benefits to groundwater flows,
carbon storage, and reduced sedimentation in
hydropower dams, all of which are enjoyed by
people other than those responsible for their
protection.’® Incentivizing the most sustainable
land management practices in the drylands will
require a shift from maximizing output of single
commodities towards the optimization of a range
of inter-connected ecosystem goods and services.

Moving towards an economy based on balancing
multiple land-use values may imply additional
challenges for developing profitable markets.

Many dryland communities are able to generate
substantial secondary income through ecotourism,
and if managed correctly, this can often be
integrated with other activities such as sustainable
livestock production. Elsewhere land managers can
tap into markets for high-value products, like fruits,
oils, and herbs, or receive payments for ecosystem
services. All of these rely on the creation of value
chains as well as new skills and sources of finance
to enable dryland communities to capture a greater
proportion of the value-added benefits of

their labor.'%®

Improving markets for sustainably managed
products also requires attracting the right investors.
Drylands have been particularly at risk of large-scale
foreign land acquisitions in recent years, aided by
the comparatively poor tenure security and in some
cases the weak political voice of the inhabitants.”?’
Smaller scale transfers of land are also increasing,
leading to unplanned or unregulated changes in land
use. Governments can do more to mobilize
investments that support existing land users to
improve management and develop landscape-scale
plans for integrating crop farming, grazing, forest
and wildlife management, and the protection of
wetlands, and so on. Particular effort is required to
mobilize and incentivize local entrepreneurs to
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develop small- and medium-sized enterprises to
help strengthen and diversify rural livelihoods.

Small-scale investments by farmers are vital to
future sustainability. Dryland farmers and herders
invest in many different ways on a relatively small
scale that is multiplied thousands of times across a
landscape. These investments can be hard to value
but represent a significant and diverse portfolio of
capital, including labor and social capital. The seven
million hectares of agroforestry that have been
established in Niger was achieved through
thousands of individual acts by small farmers
across a vast landscape.'?®

Other forms of investment will have a role in
determining the future of the drylands. Today

a major source of fossil fuels, in the future, the
drylands will become increasingly important for
various types of renewable sources. Deserts

are already used for siting large-scale solar
photovoltaic power stations,’?® with some
arguing that this could eventually be the largest
global energy source. Such developments already
challenge conservation managers to protect
fragile ecosystems,° but “unproductive” drylands
are likely in the future to be used increasingly

for energy, including wind™" and geothermal3?
sources. Integrating energy production, mineral
extraction, and other global demands with more
traditional farming and livestock-raising could
present significant opportunities in the future.
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CONCLUSION

A strategic agenda for managing
drylands sustainably should revolve
around the three established pillars

of sustainability: social, environmental,
and economic.

1. Environmental sustainability in drylands

requires a major overhaul of the natural resource
sector, integrating agriculture and environmental
management, increasing awareness of dryland
issues, and not treating food production as an
extractive industry. Soil is produced slowly in arid
conditions and often regarded as a finite, non-
renewable resource; in the future, agriculture

must ultimately put back into the soil as much as

it takes out. It is particularly important to broaden
our understanding of biodiversity, above and below
ground, and to develop agriculture practices around
the recognition that organic carbon, the prime
indicator of soil fertility, is itself a part of biodiversity.
Farmers, as stewards of soil carbon, are at the heart
of the effort to address the biggest environmental
challenges of our time: biodiversity loss, climate
change, and land degradation.

2.Social sustainability and stability in the drylands
must be strengthened through the development

of human capital, including improved access to
basic services like education, health, and security.

It should also include secure land tenure, improved
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social protection, and better management of and
planning for the profound social pressures currently
underway, such as urbanization, rural poverty, and
the continued marginalization of women. Social
sustainability requires effective institutions for

the proper governance of natural and economic
resources, and will only be achieved when human
rights are respected as the foundation for people-
oriented development.

3. Economic sustainability must build upon, and
ultimately contribute to, ecological and social
sustainability. It requires investment in value
chains that reflect the essential diversity of
dryland production systems, including capitalizing
on environmental services and the certification

of sustainably produced goods. This includes
supporting the development of small- and medium-
sized enterprises that increase added value locally
and create jobs for the growing urban poor. It

also requires an effort to overcome transaction
costs, particularly those associated with access

to information and technology transfers. For

this, enabling investments from the public sector
are needed in order to unlock private sector
engagement and to overturn the legacy of under-
investment. Economic sustainability in the drylands
must be built around sound risk-management,
including the efficient management of soil and
water, and the strengthening of locally-proven land
management practices.
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Part Three

A MORE SECURE FUTURE

Recognizing that the world is at a critical juncture
pushing against planetary boundaries, we argue
that a broader, landscape approach to management,
which considers and integrates a wide range of land
use strategies, can help reverse many of the current
negative trends in land degradation. Addressing the
drivers and impacts of land degradation continues to
be a challenge; many political and economic forces
remain committed to business-as-usual pathways.

The fact that we know how to relieve many of the
pressures on land resources is a good start, but without
concerted action that brings all sectors and stakeholders
on board we will not succeed in realizing change.

Under the auspices of the 2030 Agenda for Sustainable
Development, innovative programmes around the

world are taking shape to halt and reverse land and soil
degradation. Part Three highlights the responses needed
as well as the responses needed to achieve the target of
Land Degradation Neutrality, and the related objectives
of poverty reduction, food and water security, biodiversity
conservation, climate change mitigation and adaptation,
and sustainable livelihoods.
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We are all decision-makers in our daily lives and can
empower ourselves to act knowing that our choices
have consequences. Steering the transition toward
more efficient, and thus more sustainable land

use, involves an understanding of the impacts of
management decisions at all scales, the creation of
appropriate incentives for sustainable consumption
and production, and a greater capacity to adopt and
scale up better land management practices. We can
catalyze the shift needed to move from the current
“"age of plunder” toward an “age of respect” — one
that accepts a world governed by biophysical limits
and seeks to maintain life within those boundaries.”
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Nature offers us many opportunities by which we
can transform the way we consume, produce, work,
and live together without compromising socio-
economic and environmental security for current
and future generations.

Here we set out some of the guiding principles
upon which individuals, communities, corporations,
and countries can make informed decisions that
will define the future quality of life on the planet,
and describe how these principles underpin an
integrated landscape approach to sustainable
development. But before this, we briefly

describe the concepts and ambition underlying
Land Degradation Neutrality, target 15.3 in the
Sustainable Development Goals.
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Figure 2: Land-based
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Land Degradation Neutrality
(LDN)

The UNCCD defines LDN as "a state whereby the

amount and quality of land resources necessary to

support ecosystem functions and services and enhance

food security remain stable or increase within specified

temporal and spatial scales and ecosystems.”? The

primary objectives are to:

= Maintain or improve natural capital stocks and
ecosystem services

= Maintain or improve productivity in order to
enhance food, water, and energy security

= Increase the resilience of the land and populations
dependent on the land

» Seek synergies with other social, economic, and
environmental objectives

= Reinforce the responsible and equitable
governance of land tenure

Effective LDN strategies will also act as an SDG
accelerator to achieve many of the broader aims
of the 2030 Agenda for Sustainable Development.
A conceptual framework (see Annex One) was
developed to provide guiding principles for those
countries that choose to pursue LDN.? These
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principles help prevent unintended outcomes during
design and implementation of LDN measures.
While there is inherent flexibility in its application,
the fundamental structure and approach of

the conceptual framework are fixed to ensure
consistency and scientific rigor:

» Land use decisions are based on multi-variable
assessments, considering land potential, land
condition, resilience, social, cultural, and economic
factors.

A response hierarchy is applied in planning LDN
interventions to avoid, reduce, and reverse land
degradation.

» Aninclusive, participatory process is used to
include relevant stakeholders, especially land
users, in designing, implementing, and monitoring
interventions to achieve LDN.

Responsible governance regimes need to be in
place that protect human rights, including tenure
and gender equality, and ensure accountability and
transparency.

Monitoring trends in land degradation uses three
core indicators (i.e., land cover, land productivity,
and carbon stocks), complemented and enhanced
with other relevant indicators.



Figure 3: Response
pathways for a more
secure future

LDN is a simple but revolutionary idea that links
many global goals and targets by avoiding future
degradation and moving towards sustainable land
management, while at the same time massively
scaling up the rehabilitation and restoration of
land and soil. It is also a powerful concept that will
encourage us to rethink and hopefully redefine our
relationship with nature.”

As of mid-2017, over 100 countries were using the
LDN framework to set individual targets, identify
prescriptive measures, and establish monitoring
protocols to achieve and surpass a position of “no
net loss” of healthy and productive land. Lessons are
being drawn from experience in 14 pilot countries.® As
part of the LDN target setting programme, countries
can apply a standardized approach to reporting SDG
indicator 15.3.1 ("Proportion of land that is degraded
over total land area”), one which focuses primarily

on the use of three sub-indicators adopted by the
UNCCD Parties in 2013:6 land cover and land cover
change, land productivity, and carbon stocks above
and below ground. Because land degradation is
subjective and context-specific, these core indicators
are considered necessary but not sufficient and
should be complemented and enhanced by other
relevant indicators at the national and local levels.
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In Part Three, we look at six response pathways
that producers and consumers, governments and
corporations can follow to stabilize and reduce
pressure on the land base, and achieve a more
secure and equitable future. For each pathway, we
introduce the concept, describe key tools to help
achieve success, and highlight illustrative case studies:

1. Multifunctional landscapes: balancing different
needs at a landscape scale while incorporating
site-level specificity on land use, demand, and
condition

2.Building resilience: against climate change and
other shocks through a planned combination
of conservation, sustainable management, and
restoration of land resources

3.Farming for multiple benefits: towards an
optimization of the total value of ecosystem
services for current and future food production

4. Managing the rural-urban interface: framing
a new approach in the face of increasing urban
sprawl and infrastructure development

5.No net loss: in the consumption and production
of natural resources

6.Creating an enabling environment: for scaling
up small successes into transformative regional
and global change
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» Individual areas of land often need to be
prioritized for particular uses — food production,
ecosystem services, transport, biodiversity
conservation, etc. — but these areas must be
balanced so that at a landscape scale a full range
of goods and services are produced

» Achieving this balance requires land managers
to think beyond their own management unit,
balancing needs and negotiating trade-offs
between different stakeholders

» Tools exist to help achieve a successful landscape
approach, including land use planning

A landscape approach’ represents a commitment to
multifunctional land use planning and management
that promotes healthy economic growth, strong
environmental stewardship, and social cohesion
and stability. It encourages planners and decision-
makers to set priorities, manage trade-offs, and
coordinate action across the various land-based
sectors while engaging all relevant stakeholders.®
Managing trade-offs at a landscape scale will
ultimately decide the future health and productivity
of our land resources.

A multifunctional landscape approach does not

try to deliver every good and service from a single
site — an impossible task — but recognizes that
specialization is needed at a site scale. However, for
an area to supply a full range of services over the
long term, site-level uses must be balanced within
the landscape.

Underpinning a move towards more sustainable
land management is the recognition that actions
at the local level impact the surrounding land and
water. Therefore, in a world of competing interests,
many different goals need to be integrated within
a single landscape: for example food production,
the maintenance of water resources and various
ecosystem services, biodiversity conservation,
poverty alleviation, human well-being and other
forms of social and economic development.® For
true sustainability, some degree of coordination and
cooperation among different land users is needed.
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Most attempts at achieving “multifunctional
landscapes” try to fit all the values into a single
parcel of land, with the result that none of the
potential functions are really developed to an
optimal extent and usually one particular use
predominates over other values. A landscape
approach recognizes that specialization is
important and acceptable in individual sites as
long as the required suite of goods and services
are represented and harmoniously integrated
at a landscape scale. This is challenging in
places where planning is weak or where there
is a strong tradition of individual rights that fail
to recognize common values. Getting it right
involves a combination of well-known tools as
well as new approaches to collaboration.

Therefore, while the ideal scale for planning is at
the landscape or watershed level, it will be the
sum total of local actions and collaborations on the
ground that will shape our future. It is impossible
to always have win-win outcomes and a critical
element in achieving sustainability is the ability to
maximize complementarities through negotiation
and stakeholder engagement.

In conjunction with national and regional spatial
planning, interactive and adaptable land use
planning processes need a strong bottom-up
component where different but overlapping
interests can best be integrated within a
multifunctional landscape. The willingness of
communities to consider such approaches differs
markedly around the world. In historical landscapes,
with generations of interaction and collaboration,
such integration is understood at an intrinsic or
cultural level and will be relatively easy. In more
recently settled areas, or cultures with a history of
individualism, major social and cultural changes may
be needed before the idea of community-wide
cooperation is accepted or achievable. In many
countries, implementing a landscape approach will
require new or changes to existing policies,
legislation, and regulation, and the adoption of
appropriate instruments and institutions to support
integrated management planning for soil, water, and
biodiversity resources. Addressing tenure and
gender issues and providing incentives for sustainable
management are two critical elements for success.



Integrated landscape management (ILM) is built on
the principles of participation, negotiation, and
cooperation, and long-term collaboration among
diverse stakeholders to achieve multiple objectives.
By coordinating strategies between different levels
of government, ILM can create cost efficiencies and
also empower communities. It can enhance regional
and transnational cooperation across ecological,
economic, and political boundaries. Five key features
characterize ILM, all of which facilitate participatory
development processes:

1.Shared or agreed management objectives

which encompass multiple benefits from the
landscape: agreement on the principle of working
at a landscape scale, plus a way of facilitating
discussion and negotiations. Broad participation
ensures a more democratic process and locally
appropriate planning objectives. Defining near-term
targets can initiate collaboration, and allow shared
learning to build confidence and trust. A recognized
forum is needed for discussions to take place, where
everyone feels comfortable.™®

2.Field practices that are designed to contribute
to multiple objectives: this does not mean that

all objectives need to be met on a single piece of
land, but that management of one area should

not undermine aims in other sites, and wherever
possible should contribute to wider landscape aims
(such as ecosystem services).

3.Management of ecological, social, and economic
interactions to realize positive synergies and
minimize negative trade-offs: approaches need

Landscape approaches and the concept of
integrated land management have developed quickly
over the past few decades. Over 80 communities

of practice have been documented relating to the
management of watersheds, forests and other
ecosystems, ecological restoration, climate-

smart land management, indigenous landscapes,
agricultural green growth, and city-region food
systems;'such processes are taking place
throughout the world."'*'3 Integrated landscape
management aims to reduce land use conflicts,
empower communities, and achieve development
objectives at a large scale. It is built on the principles
of participation, negotiation, and cooperation, and

to be based on understanding of many different
issues: ecosystem services, development priorities,
conservation and restoration opportunities, and
the interactions between social, economic, and
environmental forces shaping land use change.””
Spatial information, such as maps, and monitoring
bio-physical factors, and socio-economic and
cultural variables, provides critical information.

4, Collaborative, community engaged planning,
management, and monitoring processes:
stakeholders in different sectors and at different
scales must work together to coordinate action,
align goals, or reduce trade-offs. This often

entails new ways of working together, structuring
local institutions and arrangements to support
community and stakeholder empowerment. Once
implementation is underway, effective monitoring
and evaluation of the results is needed, followed by
a process of adaptive management as necessary.'®
5.Re-configuration of markets and public policies
to achieve diverse landscape objectives: supportive
market institutions, public policies, and investment
programmes can encourage synergies and reduce
trade-offs among landscape objectives. This might
mean, for example, rewarding land owners or
users for management actions that provide others
with benefits. Other important elements involve
establishing secure systems of use, access rights,
and property rights for farmers and communities.
To be effective, cooperation between government
agencies at all scales is necessary to align sectoral
policies, finance and investments, and regulations.

requires long-term collaboration among different
groups of stakeholders to achieve the multiple
benefits required from the landscape.™

The assimilation of energy and transport
infrastructure in land use planning at the urban-rural
interface and at regional scales will also be crucial

in promoting economic growth and sustainable
development. For example, green or low-impact
infrastructure in urban and peri-urban areas will
influence future population distributions, helping

to reduce urban sprawl and the loss of productive
agricultural land, natural habitat, and its biodiversity.
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Land use planning is the systematic assessment of
land and water potential, land use alternatives, and
socio-economic conditions in order to formulate
and implement the best land use options.™ Its main
purpose is to select and put into practice those land
uses that will best meet the demands of people
while safeguarding soil, water, and biodiversity

for future generations. Land use planning can
provide a blueprint for policy, advocacy, and action
at various scales as well as support and trigger
effective response pathways, such as ecological
restoration or tenure reform. It can be employed as
either a driver of, or response to, change — both of
which acknowledge the need for change, improved
management, or different patterns of land use due
to changing circumstances.

Land use planning at the landscape, watershed,

or regional scale can be a powerful instrument to
further the conservation, sustainable management,
and restoration of land resources; provide more
rational land use allocations that lead to greater
resource use efficiency and the reduction of

waste; and create the preconditions or enabling
environment needed to encourage policies and
practices that address land degradation at the scale
required. In order to be an effective tool that delivers
multiple benefits, land use planning must be:?°

Empirical, based on an understanding of land
cover and its multiple functions to help ensure
more efficient allocations of limited resources.
Inclusive, engaging stakeholders involved in or
affected by land use and management practices.
Integrative, mainstreamed and implemented
across sectors, guided by a long-term vision for
managing trade-offs and reconciling potential
conflicts with national development strategies.
Applicable, as a single planning instrument at

a landscape, watershed, or regional scale that
accounts for the cumulative and downstream
impacts of future land uses.

Supported by policy responses, institutions,

and incentives based on rights, rewards, and
responsibilities to balance economic development
and environmental stewardship.
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In Tanzania, the Village Land Act (1999) and

the Land Use Planning Act (2011) establish the
legal framework for land use planning at village
level. Village land use planning and management
regulates the use of land resources, enhances
security of land tenure, resolves conflicts
relating to communal lands, and improves land
husbandry measures according to the priorities
and capacities of stakeholders. The participatory
approach enables direct involvement of
stakeholders in the different planning phases,
which include participatory rangeland

resource mapping, individual village land use
planning, negotiation of land allocation, and

the preparation of land use agreements.?'

In Denmark, the Spatial Planning Act (2007) ensures
that the overall planning synthesizes the interests
of society with respect to land use and contributes
to protecting the country’s nature and environment,
thus achieving sustainable development with
respect for people’s living conditions and the
conservation of wildlife and vegetation. Spatial
planning aims towards appropriate development

of the whole country and the individual
administrative regions and municipalities, based

on overall planning and economic considerations;
creating and conserving valuable buildings,
settlements, urban environments, and landscapes;
preventing pollution of air, water and soil and

noise nuisance; and involving the public in the
planning process as much as possible.?

The formulation and implementation of land use
planning and processes each comprise a range

of activities. The formulation requires a broad
assessment of current land uses as well as the
main limitations and opportunities for development.
After a land use zoning or spatial plan is elaborated,
specific policies, programmes, and initiatives

are identified to achieve the desired results (e.g.,
payments for ecosystem services, market-based
instruments, taxes, subsidies, regulation).

A clearly defined framework and roadmap then
facilitate implementation and monitoring to identify
and correct mistakes, and improve the ongoing
process. For example, land use planning can serve
to evaluate and screen preliminary land use options
when setting national development priorities or
selecting projects at a local or sub-national levels.
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Land use planning can also include social
programmes to compensate for exclusion from
protected areas or other forms of land use, or to
encourage investments into non-agricultural income
activities, such as eco-tourism or communal forest
management.? Frequent among these are the
integrated conservation and development projects

(ICDPs) that combine rural development with
biodiversity conservation goals.?* NGOs are often
lead actors in designing and implementing ICDPs in
partnership with local and/or national government
as demonstrated in this case study of Central
American countries.

Box 3: Land use planning to promote sustainable land use and

conservation of tropical forest*

Selva Maya is a region of tropical forest covering a
vast area of Belize, Guatemala, and Mexico. It is
exposed to a number of pressures, such as forest
fires, illegal logging, the exploitation of flora and
fauna, and the advancing agricultural frontier. The
main challenge is to protect the Selva Maya in the
long term, through sustainable resource use. Land
use planning, taking environmental protection into
consideration, is one activity within a larger
programme devised to promote protection and
sustainable use of this area. Participatory land use
planning has been conducted at the community
level (Guatemala) and in gjidos (communally owned
land in Mexico). This approach enables civil society
groups to contribute to the development of the

plans. It raises the level of acceptance of the plans
and significantly improves their chances of
successful implementation. Land use planning, in
this context, leads to the subsequent development
of management plans for sustainable use and forest
protection, as well as of agro-ecological projects
that develop capacity on sustainable agriculture,
promotion, and marketing of products. The indirect
benefits extend to improved environmental
governance of the region, including cross-sectoral
collaboration between governmental and non-
governmental actors within each country, in
particular to improve forest-fire prevention,
cross-border ranger patrols, and alternative income
sources for local communities.
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Healthy, functioning and diverse ecosystems help
to mitigate and adapt to climate change and other
environmental pressures

Agricultural land, forests, grasslands, urban

and peri-urban areas, and other cultural
landscapes can also contribute to planetary
resilience, if managed correctly

Where land degradation is advanced, ecological
restoration or rehabilitation is needed to restore,
or partially recover, ecosystem services

Many tools for ecosystem protection, good
management, and restoration exist and need

to be employed in a consistent and coordinated
manner

Itis critically important to halt net conversion

of natural ecosystems and vegetation

Different land uses are often seen as being

in competition: in particular conservation

is resisted and seen as an obstacle to other
forms of land use. However, when resilience
and long-term productivity is brought into the
equation it becomes clear that the options

of conservation, management, and restoration
are all parts of a single whole in terms of
landscape scale sustainability. This perspective
is embraced by the concept of land degradation
neutrality which, in particular, identifies the
critical need to maintain large areas of our
natural ecosystems that can be managed under
a landscape approach.

Building a resilient planet, addressing land
degradation, the loss of biodiversity and ecosystem
services, and climate change requires a portfolio of
responses, which can be classified under three main
management strategies:

» Conservation: maintaining biodiversity and

systems, affordability of alternative technologies,
legislation and regulation as well as payments for
environmental services.

Restoration: major efforts are needed to restore
ecosystem functioning in working landscapes,
to support a healthy mosaic of natural and

ecosystem services by conserving large natural
ecosystems in protected areas and through other
effective area-based conservation measures,
such as forest watershed conservation and
restoration for low-cost, high-quality urban water
supplies. Systematic planning can help achieve
conservation outcomes through the identification
and protection of natural areas with significant
biodiversity values, by redirecting development
away from natural areas, and by mitigating the
impacts of other land uses on these areas.

Management: the widespread adoption and
scaling up of sustainable land management
practices is needed to reduce soil degradation
and associated offsite impacts, e.g., by avoiding
overgrazing, using cover crops, residues and
organic compost, water harvesting, sustainable
forestry including agroforestry, and adopting
low- or no-tillage farming. The main challenge is
to make sustainable land management happen
in practice and especially in such a way that
producers see and profit from the benefits.
Mechanisms to stimulate this involve effective
stakeholder participation, improved tenure
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semi-natural components that provide essential
services, including those for food production,

e.g., pollination, pest control, water and nutrient
regulation. Land use planning and policies that
incentivize ecosystem restoration or rehabilitation
can rely on instruments such as land use zoning to
create restoration areas or designate land use and
management restrictions within existing ones.

There is an active debate about how much of the
world's land surface should remain in a natural
state to ensure the future sustainability of the
planet, and about exactly what “natural” means in
these circumstances. Two main tools for conserving
natural ecosystems are recognized:

Protected areas: the Convention on Biological
Diversity (CBD) defines a protected area as: "A
geographically defined area which is designated or
regulated and managed to achieve specific conservation
objectives.*° IUCN has a related definition: "A clearly



Box 4: How much conservation do we need?

There is a growing recognition among scientists, of protected areas, and other effective area-based
indigenous people, and civil society that there must conservation measures, and integrated into the wider
be a limit to the human transformation of the landscape and seascape®’

environment in order to safeguard the provision of

ecosystem services for future generations. Some The aim of increasing area of conservation has been

argue that we need to conserve half of the Earthina  supported by the Sustainable Development Goals.
natural state and that these areas need to be fully SDG target states: "15.1: By 2020, ensure the

representative in terms of ecosystems and conservation, restoration and sustainable use of
biodiversity;? it is not enough to conserve terrestrial and inland freshwater ecosystems and their
mountains tops, deserts, and ice fields. Natural services, in particular forests, wetlands, mountains and

areas need to be linked through biological corridors drylands, in line with obligations under international
or other forms of connectivity to avoid ecosystems agreements!"?®
becoming isolated and genetically impoverished

over time. Currently around 15 per cent of global land is in

a protected area, with an unknown amountin
Aichi target 11: Currently, the main international “other effective area-based conservation measures”
guidance is from the CBD, which set the following (OECMs), as stated in Aichi target 11. Given that
targetin 2010: Target 11, aiming to improve the the 17 per cent goal was set before an OECM was
status of biodiversity by safeguarding ecosystems, defined, the area target agreed by the international
species, and genetic diversity. It states: "By 2020 at ~ community will likely increase after 2020, although
least 17% of terrestrial and inland water, and 10 % of this debate is ongoing. »® Two questions are

coastal and marine areas, especially areas of particular ~ intertwined: how much land should be retained
importance for biodiversity and ecosystem services, are in a near-natural state and how should this
conserved through effectively and equitably managed, be managed?

ecologically representative and well-connected systems

defined geographical space, recognized, dedicated

and managed, through legal or other effective means,
to achieve the long-term conservation of nature with
associated ecosystem services and cultural values.™!
The CBD and IUCN recognize these as equivalent.®
The details of what “counts” as a protected area are
determined by national policy and laws. For example,
countries differ in their view of the relationship
between indigenous territories and protected

areas. Six management categories are recognized,
ranging from strictly protected areas set aside

to protect biodiversity where human visitation is
strictly controlled; to protected landscapes where
people and nature co-exist in cultural landscapes.
Protected areas can also be managed under a
number of different governance types including by
governments, communities, indigenous peoples,
various profit or not-for-profit private enterprises,
or a range of shared governance models.** Research
shows that if protected areas are adequately
resourced and effectively managed, they prevent
the loss and degradation of natural land cover.?*3>
Protected areas have also slowed the rate of species
loss;*® there is evidence that some species would
probably be extinct without targeted conservation
interventions within protected areas.3”:33°

© GIZ-Alona-Reichmuth
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Population growth and declines in land productivity
have increased pressure on land use. As a result,
there are a growing number of conflicts occurring
between different land users often related to
insecure tenure, poor development of land markets,
degradation of soil and water resources,
deforestation, and increased migration of people
and livestock. The sharing of resources (e.g., water,
grazing land) and the movement of livestock across
village boundaries is the norm, given that lands held
by individual villages are usually insufficient to
sustain rangeland production systems. However,
the breakdown of traditional, local governance
regimes has led to higher levels of unsustainable
land use, and undermined rural development.

The Village Land Act and the Land Use Planning
Act established a legal framework for land use
planning at the village level, which helps regulate
and improve the use of land resources. It does so by
providing conflict resolution mechanisms, improved
land tenure security, and the improvement of

land husbandry measures, according to the
priorities and capacities of stakeholders. The
negotiation and protection of rights to resource
access of pastoralists, agro-pastoralists, and crop
farmers take the form of reciprocal agreements
(transhumant herds manure farmers’ fields;
farmers' livestock are raised in neighboring pastoral
areas). Carefully negotiated livestock movements
support local livelihoods and sustainable rangeland
management, and contribute to national economic
growth. In addition, the Act strengthened local

level decision-making through institutional
capacity building at the district and village levels.
Participatory land use management teams were
established and trained as part of the process to
better manage land, and deal with land use conflicts.
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Other effective area-based conservation measures:
a new category, emerging from debates within the
CBD and still in the process of being finally defined.
OECMs recognize that many areas of the planet must
be retained in a natural state for reasons other than
conservation and that effective broad-scale planning
efforts need to understand and quantify these
contributions to ecosystem services.*' A preliminary
definition is: "A geographically defined space, not
recognized as a protected area, which is governed and
managed over the long-term in ways that deliver the
effective and enduring in-situ conservation of biodiversity,
with associated ecosystem services and cultural and
spiritual values!? OECMs include places that are not
being managed primarily for biodiversity conservation
but which nonetheless have important conservation
values and a reasonable expectation of being
maintained in their current state for the long term.?
It remains unclear how OECMs will be incorporated
into national and international land management
targets, but they open up more possibilities for retaining
natural vegetation, making the target of preserving
half the world in a natural state more attainable.

The Bonn Challenge is a global aspirational

challenge to restore 150 million hectares of the
world's degraded and deforested lands by 2020 and
350 million hectares by 2030.* It is a vehicle for
addressing national priorities such as water and food
security and rural development while contributing

to the achievement of international climate change,
biodiversity, and land degradation commitments.
Regional implementation platforms for the Bonn
Challenge are emerging around the world, including
Initiative 20x20 in Latin America and the Caribbean,
AFR100 for Africa, and ministerial roundtables

in Latin America, East and Central Africa, and the
Asia-Pacific region. The Bonn Challenge is overseen
by the Global Partnership on Forest Landscape
Restoration, involving over 20 institutions. It already
has commitments in excess of two-thirds of the 2020
goal, for instance 2 million hectares from Rwanda,*
12 million hectares from Cameroon,“® 12 million
hectares in Brazil,*” and 13 million hectares from
India“® The Bonn Challenge builds on the experiences
of major restoration initiatives that have already
proved effective, such as the case of the Republic

of Korea.*It is not a new global commitment but
rather a practical means of realizing many existing
international commitments, including the CBD's Aichi
Target 15, the UNFCCC REDD+ goal, and now SDG
target 15.3 on land degradation neutrality.
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Box 6: Incorporating climate-smart regional planning using

a collaborative approach

The Trifinio territory is a historically marginalized
area on the border of El Salvador, Guatemala,

and Honduras, containing 45 municipalities and
800,000 people, mainly dependent on subsistence
farming. Slash and burn agriculture and poor
infrastructure have led to widespread ecosystem
degradation. Restoration is in the interest of all
three countries, since the watersheds provide each
with hydropower and municipal water. The region
also has high biodiversity values, including endemic
species found in the Montecristo Cloud Forest.

In 1987, a tri-national agreement was made to
finance research, regional capacity, reforestation,
and flood control in Trifinio. But after nearly 30
years of cooperation, while some progress had
been made, efforts were hindered by centralized
approaches, which excluded local communities.
Challenges remained, including extreme poverty,
overexploitation leading to land and watershed
degradation, and increased climate variability.

In 2014, these challenges were addressed through
direct engagement of the people working the land,
assisted by the Mesoamerican Agroenvironmental
Program of the Tropical Agricultural Research and
Higher Education Center (CATIE-MAP), a regional
center that champions the Climate-Smart Territory
(CST) model of integrated landscape management.
The CST model assumes that rural people depend

heavily on natural resources and are thus affected
by ecosystem quality, implying that management
needs the involvement and buy-in of local actors.
The boundaries of the landscape are defined by how
stakeholders interact with ecosystems.
Commonalities in land use create a group bounded
by a shared sense of place. The resulting
stewardship establishes the unit’s authority to
guide and lead land use decisions to address
challenges including from climate change. The input
of people with intimate knowledge of local climate
change helped decide how best to target
investments, build land use planning capacity, and
support climate change resilience on the ground.

By supporting multi-stakeholder platforms,
CATIE-MAP builds the capacity of local people to
improve the management of natural, human, and
social capital, thus increasing climate change
resilience. To open market opportunities, CATIE-
MAP works to strengthen producer organizations
and associated value chains. Practical and easy-to-
use innovations in the management of water, solid
waste, soil management, and crop production
empowers local people to contribute to larger
conservation goals while accessing a more reliable
and nutritious source of food. It gives a historically
marginalized population critical leverage in the
design of policies that directly affect their livelihoods.
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Box 7: Land restoration in Israel through privatization and

economic incentives°

The Northern Negev in Israel is at the interface
between arid and semi-arid climate. Due to good
soil quality, the area has been exploited for rain-fed
field crops, grazing, and agroforestry for thousands
of years. However, years of neglect and turmoil
after the demise of the Byzantine Empire has left
the ecosystems and farmlands profoundly degraded.
Traditional land use and ownership were disrupted
during the creation of the state of Israel, with land
transformed to public rangeland, intensive agriculture,
or forestry leaving a large area under disputed
ownership. Traditional livestock management
suffered under deteriorating rangeland productivity
due to intensive grazing, excessive land tilling, and
misguided forestry practices.>"*?

Private farms for mostly rain-fed extensive
agriculture were created to improve management
of open rangelands. Selected Jewish and Bedouin
farmers were allocated 100 ha farms (50 year
leases), linked to detailed management proposals.
Private initiative coupled with scientific advice and

ad hoc learning applied on two properties, Yattir
Farm>3and Abu Rabbia Farm,>* allowed cheap, rapid,
and effective restoration of biological productivity,
range improvement,>® and creation of enhanced
grazing potential. Planting of olive orchards, other
fruit trees, medical plants, and silvopasture trees
enhanced watershed protection, soil and
biodiversity conservation, and economic potential.

The impact of improved farm management was
significant on both farms. Soil recovery and terrace
agroforestry reduced erosion, and increased

carbon sequestration into biomass and soil organic
matter. Farm income has risen due to higher fodder
availability,>® income from olive oil, and other
agroforestry products.>” More biodiversity increased
ecosystem resilience and provides a significant
ecotourism potential.>® The well documented
recovery from a limited number of low-cost
restoration measures make widespread application
of such initiatives a promising option for large-
scale restoration of agro-ecological landscapes.

Photos: Stone terraces across dry riverbeds at Aby Rabbia Farm create ideal conditions for olive and other agroforestry
trees (left). Planted Acacia victoriae trees at Yattir Farm together with conservation management and manure application

allowed tripling range productivity within 20 years (right).

284 UNCCD | Global Land Outlook | Part Three | A More Secure Future



Efficient agriculture is critical to global food
supply, but the huge land area dominated by
croplands and rangelands makes these areas vital
for ecosystem services as well

» A fundamental shift in agricultural practices is
required to give better recognition to and support
for wider ecosystem and social services provided
by these lands

Such a shift could be of critical value to the half
billion small farmers existing often in more
marginal areas, and who are currently in danger
of being displaced

Agriculture plays the most fundamental and
irreplaceable role in human society by providing
food. The modernization of agriculture over the

last seventy years — a process still underway —

has reduced the risk of global famine during a
period when human populations have increased

at unprecedented rates. However, these increases
in yields have come at a heavy price, in terms of
offsite impacts, pollution, energy use, and a global
food system that has increased inequalities and
driven many smaller farmers out of business. These
impacts are in turn undermining the sustainability
of the global food system. Changes in consumption
patterns, diets, and expectations, have undermined
many of the increases in productivity per unit of
land area. The side effects of modern agriculture are
eroding the ecosystem functioning upon which food
production ultimately relies, meaning that whatever
the efficiencies attained today, the long-term
sustainability of agriculture is under threat.

Small farmers, the backbone of rural livelihoods and
food production for millennia, are under immense
strain from land degradation, insecure tenure, and
a globalized food system that favors concentrated,
large-scale, and highly mechanized agribusiness.
Many individual farmers feel locked into the current
system because their margins are so tight that any
deviation can result in bankruptcy. Many of the
world's smallest farmers have neither the capacity
nor the capital to make significant changes.

These costs are not inevitable and shifts are
occurring. There are ways of growing food without
excessive environmental costs, both through
modifications to conventional systems and
alternative production pathways where yields are

Farmers have for generations been judged
almost entirely on their ability to produce food,
as abundantly and cheaply as possible, with
any other benefits regarded as “extras” which
are sometimes compensated for, but often not.
Expanding the scope of agriculture to include

a broader range of benefits, and bringing
ecosystem services and cultural values into
the heart of farmers’ enterprise, would be as
profound a shift as the wave of industrialization
that began after 1945.

fast approaching those of more intensive systems.
A new deal for farmers is therefore required,
comprising four main elements:

1. Policies that help switch the emphasis of food
production towards land stewardship for the
provision of multiple benefits.>®

2. Development and application of methods that
measure farm output in terms that are more
than just yield per area, but include nutritional
value, and wider values in terms of both the costs
to environment and society, and benefits of a
healthy landscape.®°

3. Pricing policies that achieve a balance between
the needs of consumers to access healthy
and nutritious food and producers to stay in
business.®’

4. Targeted support, including through Payment for
Ecosystem Service schemes and similar schemes
that offer positive incentives for multifunctional
land management.®?

Most of the elements outlined above have

already been developed or are in use. The question
is primarily one of scaling up, an issue discussed
below.

This new deal will also change the perceptions and
values of the half billion small farms. Of the 1.3
billion people employed in agriculture, roughly a
billion operate farms of less than 2 hectares, which
provide much of the food eaten by urban residents
in developing countries.®® These small-scale farms
support livelihoods and enforce cultural identity
often with no viable alternatives for the farmers
concerned. In cases where rural communities
want to stay on and work the land, incentives can
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help maintain their position. Small farmers with
an intimate knowledge of and feeling for their
particular land are often in a good position to
adopt sustainable land management policies. Yet
historical trends suggest that many will disappear
in the next few years, driven out by economies of
scale, urbanization, changing expectations in rural
communities, and in some cases by deliberate
policies ranging from agricultural subsidies that
favor consolidation to land grabbing.

These half billion small farms play a critical role in
providing food for rural households — perhaps a
fifth of the world's population — who are among
those least able to meet this demand by entering
the cash economy. In addition, small farms and
grazing herds are increasingly operating on marginal
agricultural land. While abandonment might provide
opportunities for the restoration of more natural
ecosystems and the accompanying ecosystem
services, in other cases farmers themselves play

or could play a critical role in maintaining these
services. A shift from farming solely for food
production towards farming for multiple purposes
would provide extra incentives and a lifeline for
many millions of the poorest land managers, itself
an important positive outcome.
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Sustainable intensification

Research drawing on data from 85 projects in 24
countries calculated that 50 per cent of all pesticides
are not necessary for agricultural benefit.®
Resource-conserving agriculture can be highly
efficient, as can labor-intensive, lower external-
input small farms, frequently producing higher
yields than conventional systems.%> Intensification
of agriculture, often blamed for many environmental
problems, is not bad in itself, but rather it is the type
of intensification that is important.®® The concept

of "sustainable intensification” is gaining increasing
attention from policy-makers,®” including in
particular integrated nutrient and pest management
approaches, which are already being used on many
millions of farms.

Evidence shows that higher yields can be achieved
despite reductions in pesticide use,®® pest
management can be assisted by ensuring intra-
specific crop diversity,**7° and efficient agriculture
does not require large-scale monocultures.”’ These
types of intensification strategies can help address
both food insecurity and biodiversity decline.”? These
gains become even more apparent if calculations

of agricultural efficiency include values such as net
nutritional benefits, offsite impacts on the use of
water and energy, rather than just productivity per
area.”Yet there is comparatively little investment
for research into lower external-input systems, and
they remain significantly undervalued. There are a
variety of reasons. In part there has been opposition
from vested interests but also a poor understanding
of comparative externalities and the productivity of
small farms, leading to lack of support in trade and
agricultural policies.”




Box 8: Going organic at the state and national level

In parts of the world, organic agriculture is moving
from the margins to be a major or sole mode of
production.

India: In January 2016, Sikkim became India’s first
state to go fully organic. It took 10 years for Sikkim
to convert 75,000 hectares of farmland into certified
organic farms.” The state now produces 800,000
tons of produce, accounting for nearly 65 per cent of
all of India’s 1.24 million tons of organic produce.
Sikkim is a model state for the world because .
nature’s services are protected while demonstrating 7 3. Phase out chemical fertilizers and
that going organic does not mean falling productivity subsidies on all chemical inputs

nor is development compromised. The five steps
illustrate how other states can follow.

2. Protect arich tradition of
home-made bio fertilizers

4. Cater to farmers' needs and

Bhutan: In 2011, the mountain nation of Bhutan provide crop specific incentives

announced a lofty goal to make the country's
agricultural system 100 per cent organic by the year
2020. If successful, it would be the first country in
the world to go wholly organic in its food production.
With only 700,000 people living within its borders,
most of whom are farmers, the only challenge is to
demonstrate that the benefits outweigh the costs
and that yields are not affected by using only natural

5. Get all producers on board,
go 100% organic and cash in
on economies of scale

fertilizers. Bhutan's organic strategy is to take a eradicate diseases and improve crop yields.”
step-by-step approach, advancing region-by-region,  Simultaneously, if organic produce is to be
product-by-product recognizing that new economically viable, the capacity for certification
innovations are essential to find ways to naturally needs to be developed within Bhutan.
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» Cities designed for sustainability can reduce the
environmental costs of transport, food supply, and
energy as well as offer new opportunities
for recycling and resource efficiency

» Rural-urban migration can also take pressure
off the land, particularly in marginal areas least
suited for intensive production

» Particular challenges relate to managing the rural-
urban interface: cities bring new pressures to bear
on the surrounding landscape in terms of resource
demands and pollution, but also offer chances for
targeted support to rural communities

» As cities grow, deliberate and planned cooperation
with people in surrounding landscapes will increase
the chances of positive synergies developing

Urbanization is taking place at an unprecedented
rate, and this increase looks set to continue,
altering the balance between rural and urban
dwellers in ways that have never been seen
before. This presents numerous challenges, as
outlined in Chapter 11, but also presents a range
of opportunities to improve livelihoods within cities
and to reduce their footprint, which is often global
in reach.

These challenges and opportunities are perhaps
greatest in the new cities including emerging
medium-sized cities.”” Large cities with a long
history — like Paris, Washington, or Buenos Aires —
have already made many of their decisions about
natural resource use. However, cities that are
currently expanding rapidly, including megacities
like Lagos’® but many smaller cities in countries
like China, still remain largely unnoticed by the
rest of the world and debates about sustainability.
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Environmental analyses usually treat cities as
a problem or ignore them altogether. Yet soon
over half of the world’s population will live in
cities and the ways that cities are planned and
managed has and will have profound impacts
on the rest of the planet. By focusing explicitly
on the interface between city and country

— both immediately in the peri-urban or
suburban areas but also through consideration
of the wider urban footprint — this Outlook
focuses attention on the places which will
have the greatest impact on the way that land
is managed for the rest of the 215t century

and beyond.

Decisions taken over the next few years will
determine their future transport policies, energy
policies, resource use, and overall footprint. It is
much more cost-effective to start with a plan for
a sustainable city than to try and retrofit one in
the future.”

In those peri-urban areas, urbanization brings

new pressures and demands but also fresh
opportunities. There will likely be a net cost in terms
of land use due to new buildings, roads and rail,

and other infrastructure development.® Traditional
land uses may also be affected by new demands for
ecosystem services, such as watershed protection,
landslide control, or recreational areas, so that farms
may be converted back to forested watersheds and
natural areas to ensure water supply and create
areas for city dwellers to go walking. Protected
areas close to urban areas are expanding around the
world and play an important role in reconnecting city
dwellers to the natural world.8" Municipal authorities
have a key role to play in extending their planning
beyond the city boundary, to consider how the
competing demands for land can be balanced within
the city. Tools such as green belts that limit urban
spread or Payments for Ecosystem Service schemes
can all help to optimize land use in the areas
surrounding cities. Positive support and incentives
for locally-grown food, such as subsidized farmers’
markets, can help small producers to compete
against larger, more distant food enterprises, thus
reducing the overall food footprint .8
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Cities impact more remote areas as well, both within
countries through demand for food, transport links,
and energy but also to an increasing extent in terms
of land-intensive imports from other countries.
Positive initiatives, such as certified sustainable

or fair trade products, can help to ensure that
negative aspects of the distant urban footprint

are minimized.®

Sustainable cities require a new style of municipal
leadership; thinking globally but acting locally.

At a time when national governments are in many
cases reducing their influence, cities are sometimes
taking over leadership in innovation. Where state

or national governments have been unable to take
steps to reduce environmental impacts of urban
development, positive models have come instead
from city councils. This is seldom straightforward;
cities often do not have the budget or expertise

to take over the role of the state, and may be
hampered by national level policies, but the political
landscape is changing. Building this capacity,
particularly in developing countries undergoing rapid
expansion, is a key priority for the immediate future.

Box 9: Cities taking the initiative

Throughout the world, urban areas are showing
initiative in addressing land-related challenges.

Bogota, Colombia: the capital city enjoys clean
water courtesy of several protected areas and
other conserved watersheds. Over 80 per cent of
the population receive their drinking water from
Chingaza National Park, an area where valuable
paramos vegetation is conserved.

Seoul, South Korea: Bukhansan National Park,
close to the capital city, receives up to a staggering
10 million visitors a year, predominantly Korean
citizens. Despite major urbanization only being a
generation old, Korea's city dwellers have learned
to appreciate and use natural areas in urban
hinterlands throughout the country.

Australia, the United States, and others: a national
network helps city dwellers to support local
producers, through farmers’ markets, Community
Supported Agriculture (CSA) schemes whereby
individuals contract with farmers to buy regular
supplies of food, and through local box schemes.
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RESPONSE 5: No net loss in the consumption and production
of natural resources

Key concepts WHAT’'S NEW?

= Applying the concept of no net loss switches Dramatic increases in crop yields have been
the emphasis from a narrow focus on yield to a accompanied, paradoxically, by equally dramatic
broader perspective of the total benefits from costs to environmental and human health,
food production such as accelerated land and soil degradation,
» No net loss in healthy and productive land means water shortages, pollution, and the loss of
no net negative environmental or social impacts species and natural habitats. In spite of food
offsite production increases, we are now experiencing
= No net loss in food processing and retail is an widespread food insecurity in what should be
aspirational target recognizing the need to a world of plenty. Attempts to address these
minimize the current levels of food waste issues have largely been reactive, piecemeal,
and loss within the system and ineffective. This Outlook proposes a more
» The concept of no net loss will be a major comprehensive and serious response.
challenge but if accepted would help to

revolutionize approaches that reduce pressure

on land resources

The concept of no net loss is discussed below in
terms of food production but has clear application
in other natural resource sectors, such as forestry,
mining, hydropower, and dryland management

Around the world, inefficiencies and waste in Box 10: Ten StEPS for greater
the production and consumption of land-based food secu rit\/
commodities and the value chains that connect
them significantly increase pressures on land 1. Close the gap between actual and potential
resources, hindering the full realization of their yield in all environments
biological and economic potential. No system 2. Use land, water, nutrients, and pesticides more
is perfect and losses are bound to occur. But efficiently
by pursuing a strategy of no net loss, we can 3. Reduce offsite impacts of food and non-food
incentivize a certain amount of restoration and production
other remedial actions needed to balance net 4. Stop expanding the agricultural frontier
costs in terms of leakage from agricultural systems 5. Shift to more plant-based and whole food diets
or wastage further down the food distribution 6. Raise awareness about health, sustainability,
chain. The 10 steps, elaborated in Chapter 7, for and responsibility
addressing some of the land challenges for the 7. Reward sustainable land management practices
modern agricultural systems are summarized here. 8. Reduce food waste and post-harvest losses

9. Improve land tenure security and gender equity
While most of these issues have already been 10. Implement integrated landscape management

addressed, here we look at the role of global value approaches

chains, shifting diets, and food waste/loss as they
provide immediate opportunities to relieve pressure
on land resources.
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Agribusiness has changed dramatically in the last
50 years and now involves complex networks,
known as Global Value Chains (GV(),® usually
spanning many countries.® GVCs account for
about 80 per cent of global trade, and 30 per

cent of the value-added in developing country
economies.®” The main outcome of this type of
market arrangement is that trade has displaced
many environmental pressures from developed to
developing countries where governance and the
enforcement of environmental standards are often
weaker.28 Most value chains are demand-driven,
with major supermarkets as the chief buyers and
large traders acting as intermediaries. Supermarkets
have expanded rapidly throughout the world® and
retain the power®® to determine prices and influence
production practices as a result of their economies
of scale. Food producers are often forced to engage
with companies via contract farming agreements,
which set the terms for what, how much, when,
and at what price goods will be purchased.®’

Given the fierce competition in the retail sector,
companies must assure that their operations are
cost-effective. They implement private and public
standards in their supply chains, to ensure quality
standards and compliance with desired social and
environmental performance. These standards have
positive impacts by assuring consumers that food
meets a set quality level and that production has
not created negative socio-environmental impacts.
However, the standards can also represent a burden
on small farmers’ livelihoods. They often do not
have the financial and technical resources to comply
with rigorous standards, thus risk being excluded
from a retailer's value chain. At the same time, their
welfare is affected by other business practices, such
as delays in payments, price points that encourage
bulk sales (e.g., buy one, get two promations), and
cosmetic standards (e.g., shape/color of the fruits
and vegetables).*?

Thus small producers must either comply or exit the
value chain and enter into traditional or informal
markets.>®* When neither option is lucrative, the

only option left is for smallholders to sell, often to
companies involved in large plantations, leading

to the further consolidation of agricultural lands.
Alternatively, farmers may try to expand output

to make up for lower profits which, in developing
countries, often leads to land-use change and
deforestation. The power imbalance between buyers
and producers is distorting markets and squeezing

small farmers out of business. Public palicies

to address this imbalance can include financial
mechanisms that incentivize sustainable agriculture;
laws to ensure fair deals between supermarkets
and small farmers; and policies to help farmers
overcome market failures that prevent them from
accessing more distant markets.

Encourage dietary shifts away from land-
intensive foods with long value chains, such as
animal products, processed foods, and out-of-
season fruits and vegetables. A shift away from
land, water-, and energy-intensive commodities
will help increase food security and long-term
sustainability. At the same time, it would decrease
food prices in developing countries while reducing
the health-related costs of overconsumption and
environmental degradation. Reducing food miles
would also reduce land pressures: in “short-chain”
systems, food passes directly from producers to
consumers, such as in subsistence farming, farmers'
markets, or where school-meals programmes
source local food.

Governments and corporations have a key role to
play in awareness raising and encouraging dietary
changes, such as the adoption of meat-free days
and non-dairy milks/products, vegetarian school
meals, and persuasive dietary guidelines. For
example, the Chinese government has outlined a
plan to reduce its citizens’ meat consumption by
50 per cent in order to improve public health and
significantly reduce greenhouse gas emissions.

If successful, the new dietary guidelines would
reduce per capita meat consumption between
14-27 kg a year.* These types of initiatives can
focus on the role of nutrition in the development
of chronic disease; physiological reasons we

are drawn to foods that do not support health;
environmental consequences of food choices; or
the holistic rationale for whole food, plant-based
nutrition. These awareness-raising strategies have
already helped millions of people around the world
transition to plant-based diets.

Reducing food waste and loss throughout the food
supply chain is the responsibility of consumers,
producers, corporations, and governments to

help alleviate land system pressures. About one
third of the food produced is lost or wasted. In the
developing countries, food losses mainly occur
post-harvest or during processing, storage, and
transport while in developed countries food losses
are primarily at the retail and consumer levels.
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The main reason for consumer food waste in
wealthy countries is that people can afford to waste
food. Consumers in industrialized countries throw
away up to 40 per cent of the food they buy, and
organic matter in landfills generates 20 per cent

of all methane emissions,®® a potent greenhouse
gas. This type of behavior is encouraged by multiple
factors, such as restaurants that serve buffets at
fixed prices and retail stores that offer incentives
for large purchases of a single commodity. When
not consumed, food disposal is often seen as
cheaper and easier than using or re-using, such

as composting waste into nutrient-rich fertilizer.

Consumers in the developed world also expect

a wide range of products to be available, which
increases the likelihood of some of them reaching
their "sell-by"” date and thus being wasted. One
effective approach to reducing waste is to develop
markets for “sub-standard” products whereby
commercial and non-profit organizations could
arrange for the collection and sale or use of
discarded foodstuffs that are still safe, taste good,
and have nutritional value. Changes in consumer
attitudes will only come about through education,
awareness, and public sector initiatives that are
supported by the marketing and retail sectors.
Consumers are generally willing to buy irregular
or damaged produce as long as the taste is not
affected.®® One approach to reducing this type of
waste is selling fruits and vegetables directly to
consumers — without having to pass the quality
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standards set up by supermarkets on weight, size,
and appearance — through local farmers' markets,
food cooperatives, and community-supported
agriculture initiatives.

Finally, consumers can tackle food waste in a
meaningful, systemic way, incentivizing change
through cuisine. This has been done for thousands
of years in food cultures around the world, founded
on diversity and resourcefulness in the field and
supported by creativity and culinary techniques. In
the past, this meant taking advantage of what the
land could readily supply seasonally and resulted in
a food system ruled by diversity and efficiency.®’

Reducing post-harvest losses, including food left

to rotin the fields and that which perishes during
storage and transport due to a lack of infrastructure.
This results in reduced income for small farmers and
higher prices for poor consumers in food-insecure
countries. Food losses generally occur in the early
stages of the value chain and vary according to the
crop and harvesting technique. These can occur as

a result of financial, labor, or technical constraints

in the field, or market and infrastructure limitations
that prevent adequate storage, processing,

and distribution.®® Strengthening the supply

chain through the direct support of farmers and
investments in infrastructure, transportation, as
well as in an expansion of the food and packaging
industry could help to reduce the amount of

food loss.*®




» Creating an enabling environment means
supporting the right underlying social and
economic conditions that allow progress,
particularly those relating to stakeholder
engagement, land tenure, gender equality, and
the availability of sustained investment and
infrastructure

» Most of the techniques and practices needed to

achieve Land Degradation Neutrality and no net

loss in sustainable consumption and production
are known and tested, but there are major

challenges in scaling up small enterprises to a

landscape scale

Once these pre-conditions are in place, a conscious

process for scaling up good practices embedded in

the design of projects and programmes needs to
be implemented. An eight step process for scaling
up is described

Despite decades of research and work on sustainable
land management,’® the evidence and analysis
presented in this Outlook show that we are still
losing ground in terms of global land health and
productivity. This is far from inevitable: many
examples of successful management exist. Yet the
multitude of small-scale projects has not substantially
translated into large-scale adoption. While some of
the inertia can be accounted for by the many vested
interests relying on the business model of the current
food system, these obstacles are not immoveable.
Technologies that nurture the adoption and spread
of sustainable land management rely on approaches
and institutions that enable and empower people.
An enabling environment helps foster shared
responsibility in managing trade-offs so as to balance
economic development with environmental
sustainability. Issues like participatory processes
and tenure and gender equality can seem a long way
from the technical details of soil management or
supply chains but are central to overall success in
scaling up. Below we outline some of the most
important elements.

1. Stakeholder engagement: A landscape approach
can help reconcile different perceptions and ensure
that land is not viewed solely in utilitarian or financial
terms, but also managed in ways that account for
the indirect or intangible ecosystem services that
provide cultural identity and a viable future for the

There is a lot of talk about the need to

scale up best practices in sustainable land
management, but projects rarely plan a scaling-
up strategy. Tools are available including scale
considerations in the design and planning
phase, the use of peer-to-peer learning, and
information dissemination through local modes
of communication, but most often the financing
for these types of activities is lacking. Small,
inspirational projects have a role to play but are
no longer enough. We need to go to scale.

rural sector while protecting multiple functions of
land. Several elements are considered important:

Negotiating trade-offs and developing the
structures and institutions that endure and that
all stakeholders respect and are prepared to work
with. These may be existing arrangements, such
as local government bodies, traditional community
councils, religious and farmers' organizations, or
may be established especially for the purpose of
scaling up.

Addressing inequities in tenure, gender,

access, income, and social justice. Sustainable
management in the long term depends on
everyone having a stake and being respected.
The rights of religious and cultural minorities,

and the rights of women and children, usually
need particular attention.

Supporting a viable future for the rural sector,
such as access to markets, energy, and
infrastructure. Rural transformation is resulting

in larger, more consolidated land holdings and

the displacement of small-scale farmers.
Recognizing wider needs: land is not a purely
biophysical resource but is also imbued with many
historical, cultural, emotional, and spiritual values,
and a sense of belonging.

» Addressing the moral and ethical imperatives:
there is also a powerful ethical case that humans
do not have the right to drive species and
ecosystems into extinction.
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Box 11: Building a great green wall in Africa

As early as the 1980s, Thomas Sankara, then
President of Burkina Faso, proposed re-greening the
Sahel. In 2007, the Great Green Wall for the Sahara
and Sahel initiative was adopted by African Union.
The initiative is a harmonized regional strategy'"

to create a mosaic of green and productive
landscapes across North Africa, the Sahel, and the
Horn. Farmers will manage the natural regeneration
of forests, croplands, and grasslands. Where
degradation is severe, active restoration is needed,
involving communities in selecting native species.
The Wall will cross arid and semi-arid zones to the
north and south of the Sahara: a 15 km wide belt of
7,775 km from Dakar to Djibouti, with a core area
of 780 million hectares, supporting 232 million
people. Around 10 million hectares will need to

be restored each year."*? The wall aims to reverse
land degradation by 2025 and achieve regional
transformation of the land by 2050.

Mauritania

Mali

Senegal

Gambia

Nigeria

Burkina Faso Ghana  Togo  Benin

Many changes have already taken place:'03%

Ethiopia: 15 million hectares of degraded land
restored, improving water catchments and land
tenure security; with incentives for communities
to participate.

Burkina Faso, Mali, and Niger: about 120
communities involved in re-greening; more than
two million seeds and seedlings planted from
fifty native species.

Nigeria: 5 million hectares restored including
319 km of windbreaks; 20,000 jobs created.

In northern Nigeria 5,000 farmers have been
trained in regeneration and over 500 youths
employed as forest guards.

Senegal: 11.4 million trees planted; 1,500 km

of firewalls; 10,000 ha using assisted natural
regeneration; in all 24,600 hectares of degraded
land restored.

Sudan: 2,000 hectares of land restored.

Chad Sudan

Ethiopia
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Box 12: China's great green wall

Deserts cover almost one fifth of China, with more
areas at risk of desertification, especially in dry
western China, which is also among the poorest
regions. The livelihoods of 400 million people are
threatened or affected by degradation and
encroaching deserts. Rapid industrialization and
urbanization have eaten up farmland, compounding
an already severe problem. Timber extraction has
exposed vulnerable land to encroaching sands. A
prolonged drought in northwestern China has made
things worse, intensifying dust and sand storms.

Since 1978 a Great Green Wall of trees, shrubs, and
grasses has been planted in the Kubugi Desert to
protect northern cities, costing USD 6.3 million, and
slowing desertification from roughly 3,400 km?a
year in the 1990s to some 2,000 km?a year since
2001. According to a government survey, by 2010
12,452 km? of desertification-prone lands had been
rehabilitated, although in some areas desertification
has increased.®

The Kubugi Desert is one of the world's wettest
deserts and sand is relatively moist at 20 cm depth
Saplings of Xinjiang poplars and willows are

protected by wooden frames, sunk in the sand,
where roots help to stabilize mobile dunes. Local
farmers, formerly skeptical, are now supportive of
restoration.'® However, desertification remains
serious and restoration only partially successful.’"’
Planting has generally been with monocultures of
non-native species and many died; one pest
outbreak killed a billion poplars.’® Strategic changes
are needed if the huge ambitions are to be

fully realized.
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2. Land tenure and gender equality: \Weak
governance of tenure is a major constraint in
planning for and achieving sustainable development;
it can lead to land degradation and exacerbate
conflicts over the use of land resources. Conversely,
secure resource rights and land tenure contributes
to the uptake of sustainable land management
practices. Insecure land tenure still exists around the
world, even though many countries have completely
restructured their legal and regulatory frameworks
for land administration, in many cases harmonizing
modern statutory law with customary rights.

In many developing countries, more effective

policy and legal reforms are needed to safeguard
these rights for smallholders, rural communities,
indigenous people, and women. In some cases, this
includes empowering traditional and customary land
users within formal land administration systems

to increase their confidence in making long-term
investments in the land. Equal rights for both women
and men to hold and use property are a cornerstone
of social, political, and economic progress.

Figure 4: Land
administrative functions
for sustainable
development:

It is widely acknowledged that women play a pivotal
role in conserving and managing land resources.
While some countries have recognized women's
land rights in their constitutions and laws, in

most developing countries, the predominance of
patriarchal systems relegates women to minority
positions, ensuring that women only have access

to land and related resources through their spouse
or male relatives. This system of primary (male)

and secondary (female) access to land — through
which rural women suffer insecurity of land tenure
— impacts the way men and women manage natural
resources both individually and in communal areas.

Land is a critical resource for women, particularly
when they become heads of household, which
may occur through male migration, abandonment,
divorce, or death. In both urban and rural settings,
secure property rights for women can mean the
difference between dependence on natal family
support and the ability to form a viable, self-reliant,
female-headed household. Equally, ensuring
women's land rights during marriage may afford
them greater claims on the disposition of assets in
the case of divorce or death of their husband.™®

Redrawn from'® Sustainable Development
economic, social & environmental
A
| L L
:F‘I: R Land Administration
--------- Function eeecccce e
ooo O
Land Tenure, Land Value, Land Use, O O
] Land Development . .
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5

Country context
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Box 13: Empowering women and small producers in the Peruvian

Altiplano™"

The Peruvian Altiplano is one of the world’s poorest
areas. High climatic variability, high altitude, land
fragmentation, and limited access to markets and
financial resources drive highly diverse and complex
potato-based farming and low productivity livestock
systems, in which the main goal is the minimization
of food vulnerability and climate-related risks.
Farming is on family-owned smallholdings and
communal land, which provide an average annual
income of USD 517 (+183) per capita per year.

In order to improve farm productivity and family
income, and reduce vulnerability by improving
resilience of farming systems, an integrated
systems approach was used and three activities
selected to organize value chains for quinoa
cropping, dairy farming, and trout farming. The work
involved over 120 rural communities and best
practices were selected based on the climate, the
human and natural resources of the region, and the
competitive advantage of production options based
on improving market opportunities, income, and
women's empowerment. The organization of
producers’ groups, technical support, improved
market access through value-added products, social
participation, availability of credit for investment in
productive activities, and livelihood diversification
were critical factors promoting scaling up.

Producers were encouraged to dedicate more
resources to quinoa production, formerly a low
priority crop for consumption. 1,175 families
participated in organic quinoa production,

which received supervised credit support plus
processing and marketing assistance. Due to

an increase in planted area, higher yields, and
more exports, annual net family quinoa income
increased from USD 72 to USD 700 from 2006
to 2011. Milk production increased substantially
with additional forage, feed, and the introduction
of small silos. Fourteen producer-run cheese
factories raised annual dairy income per family
from USD 29 to USD 767 by 2011; the factories
themselves generated an average yearly
income of USD 3,328 per participant family.

The project also organized 84 families in seven
groups, and provided training and credit to
start trout farms; women's participation was
close to 50 per cent. The groups planned and
managed the production process, built the
basic infrastructure, standardized the product,
managed production costs, and marketed their
produce. Over five years, the farms produced
4,421 tons of trout with a gross value exceeding
USD 11 million. Annual income per participating
family ranged from USD 784 to USD 7,788.
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Land tenure is an important factor in land use
planning given that selected land use options may
pre-determine a pool of potential users, or vice
versa, where the type of land tenure or governance
regime narrows the range of land use options. In
turn, land use planning can improve governance

by fostering:

Policy and legal frameworks: Policy and legal
reforms need to ensure security of land tenure and
resource rights for smallholder farmers, women,
and rural communities. This involves pro-poor
land policies and laws that ensure tenure and
enforcement mechanisms, while empowering
smallholder farmers to make use of the law. Land
often belongs to a "community,” which may include
different ethnic groups and land user types, so
defining land rights often needs to account for
traditional governance systems and instruments
of negotiation.

Conflict or dispute resolution: The nature and
scope of conflicts must be characterized before
intervention occurs. Decisions must be enforceable,
and adjudications provided. Resolution mechanisms
are only likely to be successful if viewed by citizens
as legitimate. The means of accommodating

the “losers” of the dispute or conflict must also

be provided.

Redistribution: Access and land allocation
patterns must be identified, along with sources of
available land, if distribution is an option. Rental
markets should provide access to all, including
indigenous peoples and women. When appropriate,
land redistribution should be accompanied by a
transparent tenure granting process supported by
the planning and provision of rural infrastructure.

Land administration: Overall, there is a need
to improve the efficiency of land administration
systems, specifically:

Establishing systems for registration and
titling of existing rights, providing cadastral
services, improving land surveying, and
capacity building in local communities to
support identification and management
(including registration) of customary rights;
Formalizing and securing land transactions,
and regulating land markets;

298 UNCCD | Global Land Outlook | Part Three | A More Secure Future

Rights of customary land owners were secured
through the adjudication, demarcation, and
registration of customary land in Kasese District,
Uganda. Previously, customary rights holders did
not feel secure and would not invest in the land
because of fear of eviction. For the implementation
of the Voluntary Guidelines on Responsible
Governance of Tenure of Land, Fisheries and Forests
(VGGT), FAO supported the issuance of Certificates
of Customary Ownership (CCOs) to customary
rights holders comprising men and women. This
involved: customization of the VGGT Open Tenure
software to respond to Uganda legal and policy
requirements; training and capacity development
of District staff and Area Land Committees with
involvement from Makerere University students;
sensitization and mobilization of communities;
fieldwork for adjudication and demarcation of

land rights; and data processing and uploading

to the community server. Over 5,000 households
comprising approximately 30,000 people

directly benefited from this initiative including
women and marginalized individuals who now
enjoy improved tenure security. There was also

a significant reduction in land-related conflict
among beneficiaries as well as increased capacity
to access capital and planning in the district.

» Establishing simple and fair procedures for
land transactions and their formal registration;
developing mechanisms for regulation of land
markets (giving priority to local communities,
allowing local bodies to define rules regarding
land sales to members outside the community,
etc.); maintaining land information systems and
undertaking regular land valuation exercises.

3. Sustained investment and infrastructure:

A secure flow of investments, via long-term and
predictable funding mechanisms, are necessary

but not sufficient in order to manage land resources
sustainably at a landscape scale. Infrastructure,
such as markets (credit), transportation, and energy,
is often required to improve productivity and

reduce natural resource inefficiencies and waste.
The public sector must take a lead role in providing
the rural infrastructure, and in some cases the
extension services, needed to encourage or ensure
ongoing private sector investments in sustainable
land management.
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Secure resources are needed to manage

sustainable landscapes and provide the appropriate
infrastructure. This will entail structuring
investments within a broader socio-economic model
that guarantees greater societal benefits while at
the same time providing reasonable private benefits,
including access to credit and markets:

» A new generation of enlightened public policies,
reflecting both public and private gains aiming
to limit or curtail unsustainable practices or
those with heavy environmental or social costs,
while providing positive encouragement to more
sustainable alternatives

Achieving more equity between the needs of
consumers and producers in value chains
Directing investment towards more sustainable
and less land-intensive products, valued in social
and economic terms

Box 15: India adopts the world's
first national agroforestry

policy™3

In 2014, India became the first nation in the world
to adopt a national agroforestry policy, which
promotes the practice of integrating trees, crops,
and livestock on the same plot of land. Farmers
have been growing trees on their farms for
generations to maintain healthy soil and secure
supplies of food, timber, and fuel. But the practice
of agroforestry has been declining sharply in India
in the past few decades. Agroforestry has the
potential to achieve sustainability in agriculture
while optimizing its productivity. The new policy
talks of coordination, convergence, and synergy
between various elements of agroforestry,
scattered across various existing missions,
programmes, and schemes under different
ministries — agriculture, rural development, and
environment. The policy will be implemented
through an integrated agroforestry mission

or board. Besides, the policy also talks about
security of land tenure, promoting research

and capacity building, felicitating participation

of industries dealing with agroforestry

produce and offering incentives to farmers.
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Box 16: Investing in plant protein agriculture™™

As plant-based diets and meatless meats are
becoming more popular with wealthy and urban
consumers, primarily for health and environmental
reasons, a number of large multinational food
corporations have established venture capital funds
to support innovative forms of protein and ways of
producing food. These funds are meant to increase
their exposure to a fast-growing segment of the
protein market and food entrepreneurs who are
focusing their efforts on developing products and
technologies that will help change our existing food
system. One example is the vegan /Impossible Burger,
which when compared to beef uses 95 per cent less
land, 74 per cent less water, and creates 87 per cent
less greenhouse gas emissions; furthermore it is
100 per cent free of hormones, antibiotics, and
artificial ingredients. Its distinct iron-like, meat
flavor is due to the addition of heme, a molecule
found in high concentration in animal blood, which
is extracted from the roots of legume plants.’”

Tyson Foods has launched a USD 150 million
venture capital fund to complement its existing
investments and focus on companies that are

developing breakthrough technologies and business
models such as Beyond Meats, a company making
hamburgers, chicken, and other traditional meat
products out of high protein vegetables. Similarly,
General Mills established a fund that has taken
positions in start-up companies such as Kite Hill,
an alternative dairy company that is making yogurt,
ricotta, and even cream cheese out of nut-milk.
Campbell Soup invested USD 125 million in Acre
Venture Partners which has issued USD 10 million
series A round of preferred stocks for Back to the
Roots, a company making home-growing
mushroom kits as well as organic cereal. Kellogg
has set up a USD 100 million fund aimed at
investing in emerging food brands that embrace
new consumer-driven technologies that could lead
to long-term, mutual growth opportunities, such
as Rhythm Superfoods that makes snacks from
kale, beets, broccoli, seeds, and nuts. According to
Dow Jones VentureSource data, venture capital
firms invested USD 420 million in food and
agricultural companies during the first three-
quarters of 2016. In 2015, these investments
totaled nearly USD 650 million.
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Box 17: Farmer managed natural

regeneration in Africa’®

Currently, there are efforts under way to upscale
on-farm natural regeneration as well as tree
planting to develop new agroforestry systems in
17 countries in Africa and several countries in
Asia. Natural regeneration is less costly than tree
planting and can produce returns more quickly.

In times of financial scarcity, these are strong
arguments for a bigger emphasis on natural
regeneration. But an accelerated effort is needed
to expand the reach of these systems to transform

the farms of tens of millions of the poorest farmers.

The accelerated scaling-up of existing natural

regeneration successes is a pragmatic way forward.

It will help achieve the ambitious restoration targets,
which cannot be achieved with the business-as-
usual approach limited to tree planting projects.
Unless the conditions are created in which land
users are willing to invest their scarce resources

in the protection and management of on-farm or
off-farm trees, the battle against climate change,
ecosystem degradation, and famine and
malnutrition can't be won.

There is a lot of talk about the need to

scale up best practices in sustainable land
management, but projects rarely plan a scaling-
up strategy. They may have a budget for farmer
study visits, but not one for radio programs,
which reach many farm households. Most
steps proposed for scaling up require only
modest funding, but they all require patience,
persistence, creativity, and local champions.

Box 18: One farmer kicks off a

large-scale restoration initiative
in South Africa’?

Intensive goat farming has degraded more than

1.5 million hectares of subtropical thicket in the
Eastern Cape province of South Africa resulting in

a desert-like open landscape with surface
temperatures reaching 70 °C. The reduction or loss
of virtually every ecosystem service provided by the
thicket led to declining farmer incomes and a
depressed local economy. The challenge was how
to restore the health of the ecosystem to maximize
both environmental and economic benefits.

In the early 1970s, a livestock farmer near
Uitenhage took one small but important step
towards addressing this challenge. He had built a
barn at the bottom of a degraded slope which then
flooded whenever it rained heavily. He decided to
try and restore the slope back to a dense thicket to
increase rainwater infiltration and prevent the
flooding of his barn. Using cuttings of the indigenous
succulent tree — the elephant-food tree (Portulacaria
afra) - he and other farmers began to regenerate
the thicket structure; soil quality and carbon stocks
improved, and the animal carrying capacity of the
land and income increased 10 times.

Based on the evidence from these pioneer farmers
and ranchers, the South African government decided
to invest in large-scale restoration of degraded
thicket. The Subtropical Thicket Restoration
Programme was established and approximately
USD 8 million was spent between 2004 and 2016.
Farmers, reserve managers, government officials,
and scientists joined forces to work out how to
upscale restoration efforts. To date, more than
10,000 hectares have been planted with elephant-
food tree cuttings within nature reserves, on private
land, and across the Addo Elephant National Park.

A large experiment of more than 300 quarter-hectare
plots spread out over more than 1,000 km was also
established. And it all started with one farmer.

UNCCD | Global Land Outlook | Part Three | A More Secure Future 301



Figure 5: Stepwise
framework for scaling up
best practices: Adapted
from™*
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Scaling up framework to halt
and reverse land degradation

In theory, successful small-scale projects can be
transformed into broader changes in practice, yet
this has proven challenging. The World Overview
of Conservation Approaches and Technologies
(WOCAT)"*® is an established global network

that supports innovation and decision-making
processes in sustainable land management (SLM).
Understanding why particular innovations take off
and finding the most effective ways of scaling up
successful innovations is essential for achieving
sustainability. Evidence suggests that many pilots
and demonstration projects often lack the critical
elements to be successful at larger scales, such
as stakeholder engagement, design features, or
technical capabilities. Figure 5 synthesizes some of
the key steps in scaling up SLM practices from the
local to the national and beyond.
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The scope for scaling up SLM practices needs to start
with an assessment identifying the biophysical, social,
or administrative limitations (Step 1). An inclusive
process is recommended to engage all actors in land
management decisions by collectively diagnosing
the environmental, social, economic, technological,
and political contexts, and identifying the main
drivers of degradation (Step 2). The current state of
land degradation, both in terms of biological and
economic productivity, is then clearly defined (Step 3).

A screening of potential management options is
next, using criteria such as improvements in crop
selection or biomass productivity, economic cost/
benefits, and social and cultural acceptance (Step
4). In parallel, SLM options and their potential scale
are prioritized in terms of previously demonstrated
successes or the local enabling factors (Step 5).
Next pilot projects and demonstration sites should
be established (Step 6) with a clear idea of what
elements are being scaled up and the financing
needed (e.g., technology, process, or organizational).
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Sharing information, peer-to-peer learning, and
developing collaborative partnerships are important
(Step 7), including how roles are allocated or shared
among diverse stakeholders (e.g., farmers, NGOs,
extension agencies, private sector, administrative
units, donors, research organizations). Finally, a
process and protocols for monitoring and evaluation
are essential, both to provide feedback to actors and
for adaptive management responses (Step 8).

Determining whether there is a sound basis for
successful scaling up depends largely on the
evidence available. This can include innovative
practices with minimal objective evidence; a
promising practice with anecdotal reports; a model
that has positive evidence in a few cases; good
practice with clear evidence from numerous cases;
best practice with evidence of impact in multiple
contexts; or a proven policy principle.’?°In many
cases, these innovations are driven by “champions”
that are able to gain much-needed social,

political, and financial support. This framework

also recognizes the importance of multiple-actor
mechanisms in scaling up SLM practices, which
can be used as vehicles for further adaptation and
innovation, moving beyond a simple scaling out of
one particular intervention.'?’

Science and traditional knowledge play a major

role in understanding under what contexts (e.g.,
biophysical, socio-economic, political, financial) a
particular option, such as conservation agriculture or
agroforestry, is likely to be adopted, scaled up, and
sustained.’?? This can help avoid disappointments
associated with many development projects that
have run their course and lack follow up, resulting

in the abandonment of interventions that were
supposed to be self-sustaining. In conjunction

with an overarching national framework for land
degradation neutrality which strives to implement
transformative projects, this framework can serve
to further align incentives for short-term private
and local benefits, often within one growing season,
with long-term public and more diffuse benefits.
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CONCLUSION:
THINKING AHEAD

In an angry, unstable, and increasingly
dangerous world, getting land
management right needs to be an
urgent priority for everyone if humanity
Is not just to survive but thrive. The
numerous practices and actions
highlighted in this Outlook serve as

a timely reminder of proven, cost-
effective response pathways that will
allow us to realize a prosperous and
more sustainable future based on
rights, rewards, and responsibilities.

The first edition of the Global Land Outlook provides
an overview of the state of global land resources,
looks at some trends, and suggests an agenda for
action, a new deal for land managers. Some key
themes have emerged during its preparation, but
many questions still remain unanswered. History

is full of unexpected game changers: inventions,
ecosystem collapse, and apparently trivial things like
changes in taste and fashion that suddenly make or
break an entire industrial, commercial, or agricultural
sector. By their nature such things are hard to
predict. Below are some critical questions that we
believe could radically shift the direction of land use
over the next few years and decades.
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Will small farmers survive?

Currently, there are over one billion small farmers.
Current trends suggest that many, perhaps most,
will disappear under a wave of consolidation into
bigger, more profitable enterprises. Is such a change
inevitable? Will people want to continue farming

a few hectares of land when other opportunities
become available? Will job opportunities open up in
new sectors of the economy or will the loss of these
farms result in destitution? If small-scale agriculture
is to survive, it will need positive recognition and
support through government policies, consumer
choices, and extension services. The future remains
very uncertain.

What is the future for genetically modified crops?
The industry and some governments think they

are critical for agriculture. The experience in South
Asia and Africa tells a very different story pointing
to the failed promise of GM crops. So are GM crops
really providing widespread benefits to agriculture,
regardless of the scale, or can we do better relying
on the old-fashioned way of plant and livestock
breeding? The Drought Tolerant Maize for Africa
project has developed 153 new varieties to improve
yields in 13 countries. A comparable GM variety is at
least ten years away.'??



Will organic agriculture feed the world?

Or any other kind of less intensive agriculture for
that matter? Many farmers are convinced that
heavy applications of artificial pesticides and
fertilizers are essential to increase production;
farmers practicing organic agriculture in developing
countries often adopt chemical inputs if they can
afford them. Would a large-scale switch to less
chemical intensive systems cause a food crisis?
Organically grown food, beverages, supplements,
cosmetics, and other household goods are a rapidly
growing market in the developed countries and
emerging middle classes in the developing world. It
is still too early to say whether organic agriculture
will remain a niche market or become a major global
food source.

What should be done about land grabs?
International land grabs get a lot of attention but
wealthy elites appropriating land within their own
countries is another, perhaps even bigger issue. Both
have important social and political ramifications,
displacing communities without compensation
and destroying livelihoods. Are these inevitable as
the rich countries hedge against future resource
scarcities? They are hard to address through legal
instruments, and in many cases are carried out
through semi-legal or illegal means. Can countries
and corporations set an example through their
leasing and purchasing decisions?

What is the role of the private sector?

Many of the negative impacts of land use have been
ascribed to aspects of modern agriculture, which

is driven by an agribusiness model that is heavily
subsidized in the sense that all costs to society are
not being paid for. Still, many businesses are trying
hard to address sustainability, through certification,
purchasing policies, and other means. Will the
industry be a positive or negative force in addressing
land degradation and meeting the Sustainable
Development Goals in the future? What kind of
economic incentives or taxation measures would

tip the scales in favor of sustainability?

What would happen if there were widespread
adoption of alternative protein sources?

Some meat substitutes already taste virtually like
meat; in a few years they will be indistinguishable
and less costly in many ways. They will not involve
the inhumane treatment of animals inherent

in industrial meat production. The number of
vegetarians and vegans is growing rapidly; a new
generation of plant-based products that do not
sacrifice taste or nutrition could transform large
parts of the food system in just a few decades.
When combined with lower price points for local,
organic, and fair trade products as well as the lower
levels of food waste/loss, there is potential to
significantly reduce the demand for land resources.

Will emerging technology and innovation take

us to scale?

Traditional technologies tend to be cheap and
effective but can modern science revolutionize

their implementation at greater scales? Warka
water towers simply use gravity, condensation,

and evaporation to harvest potable water from the
atmosphere (i.e,, rain, fog, and dew). Innovations like
these, owned and operated by communities, can

be game changers at the local level. The Vallerani
System is based on direct sowing of seeds of shrubs
and trees of locally available, indigenous species but
it is the mechanization of the traditional "zai” and
semicircular bunds techniques for water harvesting
that takes us to scale with each tractor unit able to
rehabilitate approximately 1,500-2,500 hectares
per year. Similarly, will we be able to restore large
swaths of forests using drones? Will precision
agriculture reduce vield gaps and at the same time
protect water and biodiversity? There are many
outstanding questions and it is expected that the
second edition of the Global Land Outlook will be able
to provide some answers.
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Annex One

THE SCIENTIFIC CONCEPTUAL FRAMEWORK FOR LDN

Land resources provide food, feed and fibre, and support the
often-overlooked regulating and supporting services on which
these provisioning services depend, as well as the cultural services
delivered by healthy ecosystems. Pressure on the world's finite
land resources will grow as the population grows and increases

in affluence. Increased competition for land resources is likely to
increase social and political instability, exacerbating food insecurity,
poverty, conflict and migration. Maintaining the land’s ability to
deliver ecosystem services will depend on building resilience of
the land resource base.

While demands on the global land resources are increasing, the
overall health and productivity of land is declining. Thus, it is
critical to find effective measures to address land degradation.
Avoiding and reversing land degradation will have co-benefits for
climate change mitigation and adaptation, and also for biodiversity
conservation, in addition to enhancing food security and
sustainable development.

Land Degradation Neutrality (LDN) is the new paradigm for
managing land degradation, introduced to halt the ongoing loss

of healthy land as a result of unsustainable management and land
conversion. Defined as “a state whereby the amount and quality
of land resources necessary to support ecosystem functions and
services and enhance food security remain stable or increase
within specified temporal and spatial scales and ecosystems,”

the goal of LDN is to maintain the land resource base so that it can
continue to supply ecosystem services such as provision of food
and regulation of water and climate, while enhancing the resilience
of the communities that depend on the land.

The target of LDN is a major plank in the global 2030 Agenda for
Sustainable Development: LDN will underpin the achievement of
multiple Sustainable Development Goals (SDGs) related to food
security, poverty reduction, environmental protection and the
sustainable use of natural resources.
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Figure 1: Schematic of
the scientific conceptual
framework for land
degradation neutrality

Overview of the conceptual
framework

The Scientific Conceptual Framework for Land
Degradation Neutrality? provides a scientific
foundation for planning, implementing and
monitoring LDN. It was developed by a group

of experts led by the Science-Policy Interface

(SPI) of the United Nations Convention to Combat
Desertification (UNCCD), and has been reviewed by
technical experts and policy makers. By defining the
LDN concept in operational terms, the framework

is designed to create a bridge between the vision
and its practical implementation. It articulates the
scientific basis for the vision and logic of LDN, and,
based on this, presents a strategy for achieving LDN,
an approach to monitoring LDN status, and guidance
on interpreting the results of monitoring.

The objectives of LDN as articulated in the
conceptual framework are to:

» Maintain or improve ecosystem services;

»  Maintain or improve productivity, in order
to enhance food security;
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» Increase resilience of the land and populations
dependent on the land;

»  Seek synergies with other environmental
objectives;

»  Reinforce responsible governance of land
tenure.

The framework is structured around five
‘modules’: the Vision of LDN, which articulates the
aspirational goal of LDN; the Frame of Reference,
that explains the LDN baseline against which
achievement is measured; the Mechanism for
Neutrality, that describes the counterbalancing
mechanism; Achieving Neutrality, that presents
the theory of change (logic model) describing

the pathway for implementing LDN, including
preparatory analysis and enabling policies;

and Monitoring Neutrality, which presents the
indicators for assessing achievement of LDN. The
conceptual framework is described in a report that
presents the five modules, and focuses on the
neutrality aspect of LDN, highlighting the features
of LDN that differ from historical approaches to
land degradation assessment and management.

The framework presents principles to be followed
by all countries that choose to pursue LDN.
Principles govern application of the framework
and help prevent unintended outcomes during
implementation and monitoring of LDN.

There is flexibility in the application of many
principles but the fundamental structure and
approach of the framework are fixed, to ensure
consistency and scientific rigour. The conceptual
framework is summarised in Figure 1.

In order to achieve the SDG target of a land
degradation-neutral world, countries have been
invited to commit voluntarily to LDN at the national
level. While the scope of the UNCCD is limited to
drylands, the LDN conceptual framework is intended
to be applicable across all land types, land uses, and
ecosystem services, so it can be used by countries
according to their individual circumstances.
Therefore, the LDN conceptual framework is
designed to apply to all land uses (i.e., land managed
for production — e.g., agriculture, forestry, for
conservation — e.g., protected areas, and also land
occupied by human settlements and infrastructure)
and all types of land degradation, across the wide
variety of countries’ circumstances, so that it can

be implemented in a harmonized fashion by all
countries that choose to pursue LDN.
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The elements of the conceptual
framework

The Vision and Baseline The aspirational goal of
LDN is to maintain or enhance the natural capital

of the land and associated land-based ecosystem
services. Pursuit of LDN therefore requires effort

to avoid further net loss of the land-based natural
capital relative to a reference state, or baseline.
Therefore, unlike past approaches, LDN creates a
target for land degradation management, promoting
a dual-pronged approach of measures to avoid

or reduce degradation of land, combined with
measures to reverse past degradation. The intention
is that losses are balanced by gains, in order to
achieve a position of no net loss of healthy and
productive land.

All Land (T,)
(stratified by land type)

Figure 2: The LDN
mechanism for
neutrality is the
counterbalancing

of anticipated gains
and losses in land-
based natural capital
within unique land
types via land use
and management

decisions.

Land that Land to be
may degrade improved
ANTICIPATED PROPOSED

FUTURE LOSSES FUTURE GAINS
Land where Land where
new efforts to
degradation reverse
is likely degradation
may lead to
improvements

Counterbalancing Future Land Degradation

Integrated land use planning and the
counterbalancing mechanism Achieving LDN

will require tracking land use changes where
degradation is anticipated so that cumulative
negative impacts can be estimated, and
implementing an optimal mix of interventions
designed to avoid, reduce or reverse land
degradation, with the intent of achieving neutrality
at national scale. Therefore, the conceptual
framework introduces a new approach in which
land degradation management is coupled with land
use planning. Decision-makers are encouraged and
guided to consider the cumulative effects on the
health and productivity of a nation’s land resources
caused by the collective impact of their individual
decisions that influence management of particular
parcels of land. LDN thus promotes integrated land
use planning, with a long-term planning horizon
including consideration of the likely impacts of
climate change. The counterbalancing mechanism
requires implementation of interventions that

will deliver gains in land-based natural capital
equal to or greater than anticipated losses due

to degradation elsewhere (see Figure 2).

Achieving neutrality Actions to achieve LDN include
sustainable land management approaches that
avoid or reduce degradation, coupled with efforts
to reverse degradation through restoration or
rehabilitation of degraded land. The response
hierarchy of Avoid > Reduce > Reverse land
degradation (see Figure 3) expresses the priorities
in planning LDN interventions: most effort should
be applied to avoiding land degradation, on the
basis that “prevention is better than cure’, because
restoring degraded land is time-consuming and
expensive. The implementation of LDN is managed
at the landscape scale. Counterbalancing anticipated
losses with measures to achieve equivalent gains is
to be undertaken within each land type. Land types
are defined by land potential, which is a reflection
of inherent properties such as soil type, topography,
hydrology, biological and climatic features.
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Figure 3: The LDN
response hierarchy
encourages broad
adoption of measures
to avoid and reduce land
degradation, combined
with localised action to
reverse degradation, to
achieve LDN across each
land type.

Avoid

Avoid — Land degradation can be avoided by
addressing the drivers of degradation and through
proactive measures to prevent adverse change

in the quality of non-degraded land and confer
resilience, via appropriate regulation,

planning and management practices.

ractices.
Reduce "

Reduce — Land degradation can be reduced
or mitigated on agricultural and forest land
through the application of sustainable
land, water and forest management

Reverse ecosystem functions.

Reverse — Where feasible, some (but
rarely all) of the productive potential
and ecological services of degraded
land can be restored or rehabilitated
by actively assisting the recovery of

Land potential influences vegetation community
composition and productivity, and determines
suitability for uses such as cropping, grazing,
forestry, infrastructure or urban development.
Counterbalancing will generally not occur between
different land types, to ensure "like for like,” when
assessing and managing the counterbalancing
between losses and gains. In other words, a gain
in one land type cannot counterbalance a loss in a
different land type. Also, the counterbalanced land
should have as high or higher natural capital value
than that which is anticipated to be lost. Note also
that land with the same biophysical characteristics
may have different value with respect to human
well-being and livelihoods depending on where it
is located. Counterbalancing losses in land types
managed for conservation with gains in land types
managed for production should be avoided.
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To achieve the broader development objectives

of the UNCCD and the Sustainable Development
Goals, LDN activities should seek to deliver ‘win-
win' outcomes whereby land restoration and
rehabilitation contribute to broader environmental
goals and more sustainable livelihoods. Planning of
LDN measures should therefore consider the full
environmental, social and economic implications
of alternative options. Resilience of the measures
should be assessed, to ensure that restoration
activities undertaken will provide counterbalancing
of degradation in the longer term.



Figure 4: Selection of
indicators based on
ecosystem services to
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losses (significant negative changes in LDN
indicators=degradation), within each land type
across the landscape. The LDN indicators specify
what to measure, while the metrics state how each
of the indicators is assessed. Indicators for LDN
were selected to reflect the land-based ecosystem
services the LDN seeks to support. The relationship
between ecosystem services, indicators and metrics
is illustrated in Figure 4.
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The global LDN indicators (and associated metrics)
are land cover (land cover change), land productivity
(net primary production) and carbon stocks (soail
organic carbon stocks). These indicators are applied
in a "one out, all out” approach: where any of the
indicators shows significant negative change, it

is considered a loss, and conversely, if at least

one indicator shows a positive trend and none
shows a negative trend, it is considered a gain.
Countries are encouraged to supplement the three
global indicators with additional indicators for the
ecosystem services not covered by the three global
indicators, which may include other SDG indicators
and/or national indicators that are relevant to their
context, such as measures of land contamination
or biodiversity impacts. A participatory review of
monitoring results will help ensure their accuracy
and local relevance, allowing for refinements

to account for false positives, such as invasive
shrub encroachment.
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Governance, stakeholder
engagement and learning

Governance of LDN is a critical element. Suitable
policies should be enacted to support the
implementation of LDN. Safeguards should be
introduced to ensure that vulnerable communities
are not displaced when lands are targeted for
restoration activities. The conceptual framework
recommends adoption of the Voluntary Guidelines
on the Responsible Governance of Tenure of Land,
Fisheries and Forests in the Context of National
Food Security (VGGTs), which provide practical
guidance on how to protect the rights of local land
users, especially those individuals and communities
that have no advocate in land use decision-making.

Stakeholders should be involved in the planning and
implementation of LDN, and in the verification and
interpretation of the results of monitoring.

There are many relevant stakeholder groups,
including land users, policymakers and regulators

at local, regional and national levels involved in land
use planning, resource management; experts in land
assessment, restoration, and agricultural extension
officers. Where available and effective, stakeholder
engagement for LDN should utilise existing local and
regional networks.

Learning is a key cross-cutting element of the LDN
conceptual framework. Knowledge from monitoring
should be verified through stakeholder consultation,
and lessons learned should be used for adaptive
management, that is, applied to adjust plans for the
implementation of LDN, and for future management
of land degradation.

Principles to govern LDN

The conceptual framework proposes the following
principles to govern the implementation of LDN:

Maintain or enhance land-based natural capital.

Protect the rights of land users.

Respect national sovereignty.

For neutrality, the LDN target equals (is the

same as) the baseline.

5. Neutrality is the minimum objective: countries
may elect to set a more ambitious target.

6. Integrate planning and implementation of LDN
into existing land use planning processes.

7. Counterbalance anticipated losses in land-
based natural capital with interventions to
reverse degradation, to achieve neutrality.

8. Manage counterbalancing at the same scale as
land use planning.

9. Counterbalance "like for like" (within the same
land type).

10. Balance economic, social and environmental
sustainability.

11. Base land use decisions on multi-variable
assessments, considering land potential,
land condition, resilience, social, cultural and
economic factors.

12. Apply the response hierarchy in devising
interventions for LDN: Avoid > Reduce >
Reverse land degradation.

13. Apply a participatory process: include
stakeholders, especially land users, in
designing, implementing and monitoring
interventions to achieve LDN.

14. Reinforce responsible governance: protect
human rights, including tenure rights; develop
a review mechanism; and ensure accountability
and transparency.

15. Monitor using the three UNCCD land-based
global indicators: land cover, land productivity
and carbon stocks.

16. Use the "one-out, all-out” approach to interpret
the result of these three global indicators.

17. Use additional national and sub-national
indicators to aid interpretation and to fill gaps
for ecosystem services not covered by the three
global indicators.

18. Apply local knowledge and data to validate and
interpret monitoring data.

19. Apply a continuous learning approach:

anticipate, plan, track, interpret, review, adjust,

create the next plan.

FWN =
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CONCLUSION

Land degradation neutrality is a new
approach to management of land
degradation that is intended to encourage
action to avoid or reduce degradation,
and also to restore degraded land, in
order to achieve the goal of no net loss
in healthy, productive land, at national
level. The scientific conceptual framework
for LDN provides scientifically-based
guidance in planning, implementing and
monitoring LDN.

To achieve LDN countries will need to assess the
cumulative effect of land use decisions, and then
undertake measures to restore degraded land,

to counterbalance anticipated losses. Linking

LDN objectives with existing land use planning
mechanisms will facilitate the implementation of LDN.
Countries should consider the social and economic as
well as environmental outcomes of alternative options
when planning LDN measures, and should engage
relevant stakeholders.

Counterbalancing anticipated losses with measures
designed to achieve gains should occur on a “like for like"
basis, and should be managed within each land type.

Three indicators that reflect the land-based
ecosystem services have been selected to report on
LDN: land cover change, primary productivity and
carbon stocks. The conceptual framework provides
practical guidance including theoretical examples

of how the indicators are assessed. The practical
approach presented in the conceptual framework has
led to significant country buy-in: in September 2016,
the Global Mechanism (GM) of the UNCCD announced
that 100 countries — over half of all UNCCD
signatories — had embarked on the process

of establishing national targets for LDN.

Further information

UNCCD/Science-Policy Interface (2016). Land

in Balance: Scientific Conceptual Framework for
Land Degradation Neutrality. Science-Policy Brief
02- September 2016. http:/www.unccd.int/Lists/
SiteDocumentLibrary/Publications/10_2016_spi_
pb_multipage_eng.pdf

UNCCD/The Global Mechanism (2016). Achieving Land
Degradation Neutrality at the country level, Building
blocks for LDN target setting. http:/www2.unccd.int/
sites/default/files/documents/18102016_LDN%20
country%20level _ENG.pdf
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Annex Two

MAPPING LAND PRODUCTIVITY DYNAMICS:

detecting critical trajectories of global land
transformations

All life on Earth depends on the conversion and fixation of solar
energy in the form of organic carbon compounds. On land, this
process is driven by the photosynthesis of plants that form the
terrestrial vegetation cover and the resulting output is typically
referred to as land productivity, which can be quantified in terms
of Net Primary Production (NPP). All other organisms (e.g., humans,
other species of animal, bacteria, fungi) depend directly and
indirectly on this primary production for their health and well-being.

Globally, humans appropriate a constantly increasing
proportion of this NPP, affecting the structure and functioning
of ecosystems, and which in many cases exceeds their

natural variability and dynamics.” Hence, land productivity is
an essential variable for detecting and monitoring active land
transformations typically associated with land degradation
processes. It can be expressed as an equivalent of terrestrial
NPP per unit of area and time, and reflects the overall capacity
of land to support biodiversity and provide ecosystem services.
Changes in land productivity are the result of environmental
conditions and/or land use and management that impacts

the quantity and quality of terrestrial ecosystem services.

A persistent decline in land productivity points to the long-term
alteration in the health and productive capacity of the land,

the basis for economic growth and sustainable livelihoods.

Against this background, trends in land productivity has

been adopted by the United Nations Convention to Combat
Desertification (UNCCD) as one of three biophysical progress
indicators? for mandatory reporting and is proposed as a sub-
indicator for the global indicator to monitor progress towards
achieving Sustainable Development Goal (SDG) target 15.3 on
land degradation neutrality (LDN).3

322 UNCCD | Global Land Outlook | Annex 2 | Mapping land productivity dynamics



Figure 1: Comparison
between integrated
gross primary
production from

12 flux towers and
integrated NDVI
from MODIS Terra,
for the respective
growing seasons
where the flux towers
were situated. This
demonstrates the
strong relationship
between NDVI and
primary production
which is directly
related to chlorophyll
abundance and energy
absorption.’o"

GPP (kg C/m?

Basic principles of monitoring
land productivity at the
global level

The state of the Earth’s vegetative cover and its
development over time is a generally accepted
representation of land productivity and its dynamics,
reflecting integrated ecological conditions and the
impact of natural and predominantly anthropogenic
environmental change.

The global monitoring of land productivity
typically relies on the multi-temporal and
thematic evaluation of long-term time series of
remotely-sensed vegetation indices, computed
from continuous spectral measurements of
photosynthetic activity. The provision of the time
series of suitable vegetation indices and partly of
model-derived gross and net primary production
(GPP, NPP) is operationally addressed by existing
national and international Earth Observation
Systems, closely cooperating within international
frameworks such as the intergovernmental Group
on Earth Observation (GEQ) in implementing Global
Earth Observation System of Systems (GEQSS).

A substantial body of peer-reviewed research clearly
underpins the use of these indices for studying
vegetation dynamics at global, continental and sub-
continental scales. There is empirical evidence that
these data are highly correlated with biophysically
meaningful vegetation characteristics, such as
photosynthetic capacity and primary production
that are closely related to typical global land surface
changes associated with the processes of land
degradation and recovery.*
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The use of continuous time series of global
vegetation data, primarily in the form of a
Normalized Difference Vegetation Index (NDVI),
developed rapidly in the early 1990s. Since then, the
data processing and techniques for their analyses
have improved significantly. Techniques for data
quality screening, geometric correction, calibration
between sensors, atmospheric and solar zenith
corrections, cloud screening, and data compositing
have resulted in several databases of global NDVI
data of high quality that are freely accessible over
the Internet. Currently, the spatial resolution of
these datasets range from coarse (8 to 1 km) to
medium (250 m) resolution.®

Although NDVI is the most commonly used
vegetation index, other indices have been proposed
and used for global and regional scale studies,
such as two variants of the Enhanced Vegetation
Index (EVI),® the Soil Adjusted Vegetation Index
(SAVI),” and the model derived FAPAR (Fraction of
Absorbed Photosynthetically Active Radiation).®
Although some of these indices have been
reported to perform better than NDVI under some
specific vegetation conditions, e.g., SAVI for sparse
vegetation cover or FAPAR for sparse and very
dense canopies, they require additional adjustment
factors or model inputs for their derivation which
are not always reliably measured and depend on
empirical estimates. An up-to-date review and
comparison of the various vegetation indices can
be found in Yengoh et. al., 2015.°

Despite its well-understood limitations, NDVI

is currently considered the most independent

and robust option for the global analyses of land
productivity, offering the longest consolidated time
series and a broad range of operational data sets at
different spatial scales. Over the last few decades,
extensive research has demonstrated the strong
relationship between NDVI and primary productivity
as shown in Figure 1.
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Figure 2: Schematic
trajectory of a
hysteresis curve. With
increasing pressure,
productivity declines

to reach point B until
the stress is reduced.
When stress is reduced,
productivity increases
again. A fully resilient
system (green curve) will
go back to its original
state (A), thus oscillating
between stages A and

B. If the system has
decreased resilience (red
curve) it will only return
to lower productivity

at point C and possibly
reach a new equilibrium
at a lower productivity
level. The resilience of
the system (R) is related
to the distance between
Aand C.

Thus, the use of NDVI time series is consistent

with the demand to use a metric that can provide
equivalents of primary productivity. However,

in the context of combatting desertification

and implementing LDN within the UNCCD and

SDG frameworks, approaches to assessing land
degradation with global satellite data require the
ability to disaggregate information from national
scales to sub-national administrative and landscape
units (e.g., watersheds) in order to be policy relevant.
This is essential as all measures to halt and reverse
land degradation have to be addressed at the
national or sub-national level fully considering the
local context and conditions.

The challenge is how to express land productivity
changes directly in physical units of GPP or NPP at
the subnational and local levels. Comprehensive,
spatially-distributed, direct ground measurements
of GPP/NPP are not feasible. Current satellite based
products, such as the MODIS NPP* or the COPERNICUS
DMP (Dry Matter Productivity)," though delivered at
1 km sampling, are modelled with very coarse
resolution inputs of radiation and climate variables
(typically 5 to 10 km) which, when disaggregated to
the sub-national level, do not reflect the
characteristic vegetation heterogeneity at landscape
level.”™ More advanced techniques using chlorophyll
fluorescence measurements have only recently
started with spatial resolutions of 10 km or more.™

Consequently, in terms of maturity and “operational
readiness”, the estimation of primary productivity
state and changes at national and local scales (at
resolutions of 250 m to 1 km) with remote sensing
inputs, in the form of time integrated vegetation
indices as proxies for primary productivity, are the
most realistic option for routine use at this time."®

Productivity
proxy

A

A

Time series processing for land
degradation assessments:
rationale and strategies

The use of productivity change in land degradation
monitoring is aligned in many respects with the
principles of ecosystem resilience theory. In this
context, a central concept is the system'’s ability to
cope with and recover from disturbance and stress,
which can be described and analysed following
trajectories of a hysteresis curve as outlined in
Figure 2.7

This implies that land productivity changes cannot
be assessed just on the basis of comparing land
productivity values expressed in units of primary
production (GPP, NPP) for single reference years

or averages of a few years centred around them.

To be meaningful, approaches must be based on
multi-temporal change and trend analysis which are
continuously repeated in defined time steps using
an extended time series.

In addition, it should be understood that the
analyses of trends and changes in land productivity
is a methodology to detect areas with persistent
and active declines in primary productivity pointing
to on-going land degradation rather than areas
which have already undergone degradation
processes and have reached a new equilibrium
from which they do not further degrade within the
observation period in the time series used. This is
confirmed by studies which paired and monitored
non-degraded and degraded areas in South Africa
for 16 growing seasons; while both types of land
were exposed to identical rainfall regimes, the
degraded areas were not less stable or resilient
than non-degraded areas.®

4

Disturbance (e.g. drought, grazing, land clearing)
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In view of this, the term “land productivity
dynamics” (LPD) used in the 3 edition of the World
Atlas of Desertification (WAD)'™ produced by the
Joint Research Centre of the European Commission
highlights that the primary productivity of a land
system, even in stable conditions, is not a steady
state but usually highly variable between different
years/vegetation growth cycles. This is a function
of natural or human-induced (e.g., sustainable land
management) adaptation to the considerable natural
variability of environmental conditions. Hence a
land system’s primary productivity assumes a
dynamic equilibrium rather than a linear continuum.

The LPD maps used in the 3" edition of the

WAD' do not provide a numerical measure of
land productivity per se but depict the persistent
trajectory of land productivity dynamics during the

15 year observation period of the available remote
sensing time series. It provides 5 qualitative classes
of persistent land productivity trajectories during the
available time window from 1999 to 2013 where
classes do not directly correspond to a quantitative
measure (e.g., t/ha of NPP or GPP) of lost or

gained biomass productivity. The 5 classes, as
described in Tables 1 and 2, are rather a qualitative
combined measure of the intensity and persistence
of negative or positive trends and changes in the
photo-synthetically active vegetation cover over the
observed period. The main elements of the LPD data
set processing chain leading to the 5 classes in the
image data are summarised below.
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for land productivity

dynamics mapping Pre-processing | Input: SPOT-VGT daily coverage

» geometric correction

» spectral and radiometric calibrations to top of atmosphere reflectance (ToA)

» pixel masking (land- water-snow delineation, cloud and cloud shadow detection)

» atmospheric correction (includes correction for the absorbing and scattering effects of
atmospheric gases, in particular ozone, oxygen and water vapour, of the scattering of
air molecules, of absorption and scattering due to aerosol particles) and correction of
directional effects.

» NDVI derivation and extraction of 10 days NDVI composite images (3 per month)

i.e., a total of 540 observations in the time series.

Classification | Main steps:

» Forall 15 years, aggregation of the 36 annual NDVI observations to an annual
productivity proxy metric i.e., integral NDVI over the main seasonal growth cycle,

in case of pronounced ecosystem seasonality, or integrated yearly NDVI in the
absence of pronounced seasonality. (see Figure 3)

Calculation of linear trend of the z-score normalized time series of aggregated

NDVI values over the 15 years and parallel calculation of the net change over the
same period by applying the Multi Temporal Image Differencing (MTID) method.?®
Combination of the two variables trend and change with 4 variants possible
(+trend/+change; +trend/-change; -trend/+change; -trend/-change).?' (see Figure 4,
Step 1)

» |so-data class levelling and differencing of the average productivity in the initial and
final 3 years of the time series, resulting in a productivity class change layer. (see
Figure 4, Step 2 and Step 3)

Logical matrix combination of the latter two layers to an integrated class layer and
conclusive aggregation to the final 5 classes (see Figure 5 Global LPD map), applying
weighting functions derived from Local Net Scaling (LNS)?2 (see Figure 4, Step 4)
applied to the last 5 years average values of the annual productivity metric within

an Ecosystem Functional Units?32#

Legend The five classes of productivity trends are described as combinations of the above

description mentioned steps as follows:

1. Declining trend: where negative trend, negative MTID change, LNS performance
below median

2. Early/moderate signs of decline: negative trend, negative MTID change, LNS
performance above median

3. Stable, but stressed: combinations of contradicting signs of negative trend and
positive MTID change, LNS performance below median

4. Stable, not stressed: positive trend, positive MTID change + LNS performance
below median or positive trend, negative MTID

5. Increasing trend: positive trend, positive MTID change, LNS above median
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Figure 3: Phenological
parameters derived from
remote sensing time
series for each year 1999
to 2013 from 1 km SPOT
VEGETATION data (36
observations/year)

Sl: seasonal integral
(b+e+g)

CF: cyclic fraction (g)

PF: permanent fraction
(d+e+f)

SER: seasonal exceeding
residual integral (d+f)
MPI: minimum-minimum
permanent integral
(a+b+c)

SPI: seasonal permanent
integral (b+e)

SRI: seasonal residual
integral (e+g)

© AGFORWARD project
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Figure &4: lllustration

of the sequence of the
4 main intermediate
processing steps as
outline in Table 1,
applied to full time
series of 15 annual
phenological aggregates
(1999 to 2013), see also
Figure 3 and resulting in
final LPD map shown in
Figure 5.

Step 1: Steadiness (1999 - 2013)

Key

Il Strong negative ECD

[ Moderate negative ECD
Moderate negative ECD

Il Strong positive ECD

Step 2: Initial standing biomass (1999-2001)

Key

Low

Bl Vedium
Bl High

Step 3: Standing biomass at change (1999-2001 vs 2011-2013)

Key

I No change
Change for 1 class

Il Change for 2 and more classes
Mixed?

Step 4: Local net scaling (performance of last 5 years)

Key

[ LS =50%
Bl s <50%
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Table 2: Five classes
of land productivity
dynamics

Figure 5: Global Land
Productivity Dynamics
map 1999 to 2013
showing 5 classes

of persistent land
productivity trajectories
during the observation
period. Decreasing
productivity trend
classes do not per se
indicate land degradation
or increasing trends
recovery. For further
evaluation with the aim
of identifying critical land
degradation zones, an
analytical convergence
of evidence framework
using additional thematic
information is required as
outlined in the following
sections.

Key

Il Declining

I vioderate decline
Stressed
Stable

B Increasing

1 Persistent decline in productivity

2 Persistent moderate decline in productivity

3 Stable, but stressed; persistent strong inter-annual productivity
variations

4 Stable productivity

5 Persistent increase in productivity

The thematic evaluation of the resulting LPD
map (see Figure 5) is further analyzed in light
of available information on land cover/land
use and as a second step contextualized with
environmental change processes that coincide
with potential drivers of land degradation
following the WAD conceptual “convergence
of evidence” framewaork.

To accommodate the complex interactions and
dynamics that trigger land cover/use change,

the WAD relies on the concept of convergence of
evidence: when multiple sources of evidence are in
agreement, strong conclusions can be drawn even
when none of the individual sources of evidence

is significant on its own. Convergence maps are
compiled by combining global datasets on key

processes using a reference period of 15-20 years.

Combinations are made without prior assumptions
in the absence of exact knowledge of land change
processes at variable locations. Patterns indicate
areas where substantial stress on land resources
is to be expected.?

The LPD map shows that declining land
productivity is a global phenomenon with
considerable differences between continents
and regions. Even more distinct variations

in LPD class distributions are evident at the
continental level when they are disaggregated by
key land cover/land use types. While excluding
land areas with no significant vegetal primary
productivity, i.e., hyper-arid, arctic and very-high
altitude mountain regions, it is apparent that
indications of decreasing land system productive
capacity can be observed on all continents.
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Figure 6: Global and
continental area
percentages affected by
persistent declining or
unstable land productivity
dynamics during the
observation period 1999
to 2013.

Key

Il Declining and
moderate decline
combined

Stressed

Referring to the observation period from 1999 to
2013, approximately 20.4% of the Earth's vegetated
land surface shows persistent declining trends in
land productivity. However, the level to which the
different continents are affected by persistent
productivity decline (classes 1 and 2) or a signal of
instability or stress in the land'’s productive capacity
(class 3) varies significantly (see Figure 6). Africa,
Australia and South America are affected to an
extent that is greater than the global average, with
declining or stressed areas at approximately 22% for
Africa, 37% for Australia and 27% for South America.
Asia with 14%, Europe with 12% and Northern
America with 18% declining or unstable land
productivity dynamics are below the global average.
Further differentiation of the extent and significance
of land productivity changes become possible by
further stratified analyses of LPD class distributions
for example as function of land cover/land use
information as briefly demonstrated in Chapter 4

of this Outlook.

Validation of LPD classes against
other data sets

The validation of LPD classes is not a trivial task

as typically there is no directly comparable field
data on land productivity change. Nevertheless,

the validation of LPD classes in terms of plausibility
testing against the land cover change detected

by the European Space Agency's Climate Change
Initiative Land Cover (CCI LC) data set?® and locally
against multi-temporal high resolution data in
Google Earth has been performed. A preliminary
statistical validation of LPD classes was performed

WORLD * ‘

Australia & Oceania #

South America *
Africa * :

North America — ‘
Asia — ‘

Europe S

0% 5% 10% 15% 20%
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against mapped land cover changes between the CCl
LC epochs 2000 and 2010, taking into consideration
the full range of mapped CCI LC classes, not only

the 6 IPCC land cover/use classes. The area of

CClI LC mapped land cover change globally covers
approximately 246,067 km?.

For a number of critical land cover transitions,
cross correlation between the expected LPD class
distributions in relation to observed changes were
investigated and further verification is ongoing. For
example, transitions from semi-natural land cover
classes with tree cover to bare/sparsely vegetated
areas are expected to feature predominantly in LPD
classes 1 to 3, but less soin LPD classes 4 and 5.
This highlights a somewhat different picture than
the overall global LPD class distribution where
classes 4 and 5 account for the vast majority
accounting for roughly 80% of all pixels.

This example is illustrated in Figure 8 a) and b)
where a high level of correspondence between
declining land productivity and independently
mapped loss of vegetation cover, expressed as
land cover class change, provides evidence of

the plausibility and relative accuracy of the LPD
class distribution. The inverse case is shown

with transitions from semi-natural tree covers to
irrigated crops (Figure 8 c), one of the limited cases
where high input and intensive agriculture may
exceed the natural potential of primary productivity.
For other land cover transitions, the correlation

is less clear at global level (e.g., conversion from
evergreen broadleaf forest to cropland) but initial
steps towards more refined

25% 30% 35% 40%



Figure 7: Global
distribution of areas with
CCI LC mapped land cover
change between 2000
and 2010. Area extents

are exaggerated in order *

to be visible at the scale
presented.

Figure 8: Distribution
of LPD classes within

areas transitioning 600

from a) forest to 500

bare/sparsely

vegetated land, 400

b) forest to shrub £ 300

e

land and c) forest to 200

irrigated crop. 100
0

km?

km?

600
500
400
300
200
100

600
500
400
300
200
100

LPD versus Land Cover Change 2000 to 2010
a. Forest to sparsley vegetated/bare land

1
LPD1+2

LPD versus Land Lover Change 2000 to 2010
a. Forest to sparsley vegetated/bare land

1
LPD1+2

2
LPD3

2
LPD3

and spatially disaggregated verification at regional
to national levels indicate clearer and more plausible
relationships between LPD classes and transition
from semi-natural land cover to cropland. Results
of this more refined validation process will be

made available and presented in the 3™ edition

of the WAD.

o+

A The vast majority of LPD classes indicating a clear

R . . and persistent change of land productivity fall into
LPD4 LPD5 areas where no mapped information of land cover
change is available. Therefore, local verification
using Google Earth multi-temporal high-resolution
images is recommended as a quick option for
verifying land productivity changes. The LPD geo-tiff
class images can be easily downloaded from Google
Earth and interactively investigated against changes
visible in the underlying high-resolution image data
base. During the UNCCD's first LDN pilot phase

e 2014/2015,% it was shown that in many cases

$ ! e 1| declining productivity classes were due to urban and
R = 0828474 infrastructure expansion (e.g., dam construction,

3 4 5 mine openings) which acted as a driver of localized

LPD4 LPD5 land productivity losses affecting ecosystem

functioning in their wider surroundings.

LPD versus Land Lover Change 2000 to 2010
a. Forest to sparsley vegetated/bare land

1
LPD1+2

2
LPD3

b
B = 8784
3 4 5
LPD4 LPD5
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CONCLUSION

The 5 classes of the LPD data set
integrate — over a 15 years observation
period from 1999 to 2013 -
information on the direction, intensity
and persistence of trends and changes
in above-ground biomass generated

by photosynthetically active vegetation
cover, widely equivalent to GPP of the
global land surface.

Within one pixel (1 km?), low-resolution imagery
may typically assemble a considerable amount
of vegetation heterogeneity, and above-ground
biomass production is not to be equated with
crop production. Consequently, it must be
clearly understood and communicated that
‘land productivity' in the context of the LPD
dataset strictly refers to the overall above-
ground vegetation biomass productivity. This is
not conceptually the same as, nor necessarily
directly related to, agricultural income per area
unit or 'land productivity’ as used in conventional
agricultural terminology.

Furthermore, it has to be understood that the 5
LPD classes provided are not associated to specific
levels of above-ground biomass production or
specific biomass quantities lost or gained during the
observation period. Each class characterizes mainly
the overall direction, relative change intensity, and
persistence of GPP, independently of the actual
level of vegetation abundance or land cover type.
This means each LPD class can appear in any type
of land cover and at any level of vegetation density.
Nevertheless, the quantitative information on
biomass productivity levels is contained in the input
NDVI time series data and used in the processing
chain as outlined in Table1.
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Given that the global time series of daily
observations of vegetation indices, such as the

NDVI (or others), are continuously updated for each
subsequent monitoring phase, the extended NDVI
time series will be used to produce the LPD classes
but with longer time series as input. Thus, LPD

class changes between the baseline period and the
follow-up monitoring phases will indicate changes in
land productivity trajectories. The next LPD release
will extend the existing product to the period 1999
to 2016. In parallel it is proposed to address land
productivity monitoring with numerical values of
change than rather than with ‘qualitative classes'’

of the LPD by providing information on percentage
change in land productivity between the baseline
and each subsequent monitoring year. A GPP proxy
could be expressed as an average of time-integrated
NDVI over a 3 to 5 year window centered on the
baseline year and the monitoring reference years.

In terms of maturity and “operational readiness,’
the estimation of GPP at national and sub-national
levels (at spatial resolution between 1000 to 250m),
the use of remote sensing inputs in the form of
vegetation indexes, that reflect green vegetation
cover dynamics and spatial heterogeneity at

these scales, are currently the most practical for
routine use. Extension of the LPD approach to 30m
resolution for specific areas using available Landsat
archives and new data sources (e.g., Copernicus
Sentinel) is only 5 to 10 years away.



© Paul Engelfield
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The GLO Working Papers Series is a supplementary set of
publications that cover a wide variety of strategic issues related to
land management and planning. A number of working papers were
commissioned to provide insights and analysis on the major themes
addressed in this first edition of the GLO. The series is expected to be
an ongoing activity that will contribute to successive Outlooks.

Visit www.unced.int/glo to download your copy.
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Bold decisions and investments
made today will determine
the quality of Life on Land

tomorrow. This Outlook serves
as a timely reminder of the

steps we can take to shape a

prosperous and more secure
future. A future based on rights,

rewards and above all respect
for our precious land resources.
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