Part Two

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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INTRODUCTION
Drylands cover approximately 41 per cent of all
land.1 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.2 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

1. Water scarcity and
unpredictability
Drylands are arid, semi-arid, and dry, sub-humid
areas3 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.4
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.5 This 12-fold difference between
the low and high is not uncommon in drylands.
Such variability in humid climates would cause
severe ecological stress but in 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

Box 12.1: Defining the drylands
Drylands are defined in various ways, even within
the United Nations. Here the Aridity Index (AI) is
used: annual average precipitation/potential
evapotranspiration. Between 0.5<AI<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

(0.2<AI<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<AI<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.67 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 drylands8
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2. Specialized soil life
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.9
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.10

3. Underlying role of fire
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,11 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.12
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 bushencroachment and the return of the disease-bearing
tsetse fly which have rendered large areas of
grassland inaccessible to domestic herds.13 On the
other hand, the continuous use of fire can change
nutrient availability and species composition,14
making fire management one of the critical tasks
for maintaining healthy drylands in many regions.
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4. Adaptive capacity of species
and ecological interactions
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)15 find higher levels of endemism
and diversity than once thought. Species develop
physiological16 and behavioral17 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 (deeprooting 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.18 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
function19 and plant diversity increases multifunctionality in drylands.20 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.21
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.23

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.24

It is 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 welladapted 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.30

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 mobility 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.25 The Sukuma people
in Tanzania set aside areas (ngitili) for private or
communal grazing or fodder reserves to see them
through dry periods.26 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.27
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.28 Many studies show how
agroforestry creates micro-climatic variation within

fields and farms, in otherwise vast and relatively
homogeneous landscapes, that enhance biodiversity
and can help buffer against climate risks.29
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.31 Unlike
other extreme events, droughts develop slowly over
large areas.32 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.

THE VALUE OF DRYLANDS
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.34 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.35
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

1. Food
The drylands support about 2 billion people.36
An estimated 44 per cent of croplands and
50 per cent of livestock worldwide are found in
the drylands.37 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.38 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.39

2. Water resources
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.40,41 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,42 yet the river is
increasingly polluted and silted with soil from poorly
managed land upstream, reducing water quality, and
intensifying flooding.43

3. Homeland
Drylands are home to about one-third of
humanity.44 The vast majority – some 90 per cent
– of the dryland population lives in developing
countries.45 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 Vegas. 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.46
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 21st 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 soil to store carbon.47
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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.48 Natural vegetation
and organic crusts are important and cost-effective
stabilizing features in controlling erosion, sand
and dust storms,49 and desertification. Similarly,
drylands play an important role in mitigating
climate change through carbon storage in soils.50
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.51 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.52 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.53 Drylands also contain
unique and globally important biodiversity,54
including the source plants (crop wild relatives) of
many of our most important crops, such as wheat,
barley, coffee, olives, and many fruit trees.55

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
ago56 to the American Dust Bowl in the 1930s as
described in John Steinbeck’s Grapes of Wrath.57
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).58 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.59 A growing
number of countries, particularly in the developing

Box 12.5: Desertification

Causes of desertification

Desertification is a complex phenomenon with still
much uncertainty about definitions, causes, and
extent. According to the text of UNCCD (1994)60,
“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,61 with perhaps a higher
incidence in the drylands. The absence of a standard
global assessment and monitoring system62
contributes to this variance and leads to a divergent
understanding of land degradation and widely
differing range of estimates.63 A study in 2007
estimated that there was severe degradation on
approximately 10-20 per cent of drylands.64 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.65

Figure 12.2: Drivers
of desertification

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.66 Major influences on dryland
health and productivity include climate, fire regime,
grazing, agriculture, and atmospheric carbon dioxide
levels.67 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.68 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 shallowrooting crops and pastures.69 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.70
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.71
Another important driver of land degradation is
weak land tenure and ineffective governance over
natural resources, particularly in communally
managed areas72 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.73
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.74

Costs of desertification
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,75 and
another study estimated the global cost of
desertification at 1-10 per cent of AGDP annually.76
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.77 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 soil, increasing the loss of top soil and
biodiversity, and in extreme cases can lead to
inundation of downstream communities and land.78
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.79
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.80 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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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.81
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.82
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

© Elion Foundation. Source UNEP (2015).

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 seen in
the background.
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to migration, both domestically and internationally.
Desertification has also been implicated in conflict83
as a result of increased competition over scarce
resources with climate change as an additional
contributing factor,84 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.85
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.86 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, “I want to
open my door in the morning and see the beauty of
nature in front of me.”87
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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.88 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.”89 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.

Table 12.1: Role of
dryland soils in storing
carbon90

Biomass Carbon

Climate change can exacerbate poverty and
further undermine the capacity of people to
manage the land and livestock sustainably.91
The poorest people on Earth are the most
vulnerable to climate change,92 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.93

Soil carbon
All Soil C

Soil Organic C

Soil Inorganic C

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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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.94
Because land degradation is often the result of
multiple drivers, responses need to be tailored to

Figure 12.3: Managing
drylands sustainably

particular situations. Simple responses, such as
tree planting, are not always effective and land
abandonment does not necessarily lead to
recovery.95 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

1.Sustainable Cropping

2. Ranegland Management

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.

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.

3. Water security
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

4. Policy Incentives
Between 1980 and 2000, only
3.23 % of environmental aid
was aimed at addressing
land degradation.

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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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.99
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.100

1. Sustainable cropping
Many of the elements of “sustainable
intensification”96 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,97 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.98 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

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 20th 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.101
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.102 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.103 Farmers are using a
variety of techniques to encourage regeneration or
the planting of native tree species, including the Zaï
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.104

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.105 Poorly planned water
infrastructure projects can undermine these
traditional systems.106 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.107
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.108 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.109
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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.110 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.111
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.112 But wastewater
use often entails the risk of increasing salinization
and efficiency receives a further important boost if
desalinized water is used.113

4. Policy incentives
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.114 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;115 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.116
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,117 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.118
Formal and informal agreements to enhance
dryland conservation efforts also influence tenure.
Worldwide about 9 per cent of the drylands
(~5.4 million km2) 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. Nongovernmental 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.119
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.120 The so-called
communal or land conservancies, most fully
developed in Namibia, 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.121

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.122
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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 peerto-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 underdevelopment and poverty.123 Meanwhile, the
Sustainable Development Goals adopted in 2015,
and particularly target 15.3 on Land Degradation
Neutrality,124 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

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.125 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.126
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.127
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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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.

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.128
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,129 with some
arguing that this could eventually be the largest
global energy source. Such developments already
challenge conservation managers to protect
fragile ecosystems,130 but “unproductive” drylands
are likely in the future to be used increasingly
for energy, including wind131 and geothermal132
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, nonrenewable 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 peopleoriented 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 mediumsized 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 underinvestment. 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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