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Glossary
Combating desertification Activities specifically aimed at

prevention and/or reduction of land degradation,

rehabilitation of partly degraded land, and reclamation of

desertified land.

Desertification Land degradation in drylands resulting

from various factors, including climatic variations and

human activities.

Dimensions of desertification The interactions and

feedbacks of meteorological, ecological, and human

components of land degradation.

Dryland Development Paradigm A conceptual

framework to aid in understanding the complexity of

desertification and dryland development by identifying and

synthesizing those factors important to research,

management, and policy communities.

Drylands Arid and semiarid croplands, pastures,

rangelands, and subhumid woodlands where the index of

aridity is less than 0.65; they cover more than two-fifths of
cyclopedia of Biodiversity, Volume 2 http://dx.doi.org/10.1016/B978-0-12-3847
the land surface of the globe, and are home to 35% of the

human population.

Index of aridity Ratio of mean annual precipitation to

mean annual potential evapotranspiration.

Land The terrestrial ecosystem that encompasses soils,

vegetation, other biota, and the ecological, biogeochemical,

and hydrological processes that operate therein.

Land degradation Reduction or loss of the biological and

economic productivity and complexity of terrestrial

ecosystems, including soils, vegetation, other biota, and the

ecological, biogeochemical, and hydrological processes that

operate therein.

Myths of desertification Controversy stemming from

failure to consider all dimensions (meteorological,

ecological, and human) of the problem of land

degradation, and the alarmist tone connoted by the word

‘‘desertification,’’ which incorrectly suggests the action of

deserts ‘‘moving’’ across a landscape, engulfing fertile lands

and leaving starving people in their wake.
Introduction

Land Degradation in Global Drylands

Water covers 70% of the Earth’s surface, with the remaining

30% covered by land. In turn, more than 40% of this terres-

trial land area is classified as drylands, which exist on all

continents, but are most widespread in Africa and Asia

(Figure 1). Drylands are home to 2 billion humans or 35% of

the total population of the Earth, 90% of whom reside in

developing countries. The fate of many of these people is ul-

timately dependent on the availability (and efficient utiliza-

tion) of natural resources, for example, water, soils, plants, and

wildlife. However, unsustainable use of water, poor agriculture

practices, deforestation, and climate change have resulted in

the degradation of extensive land areas of drylands.

It is estimated that approximately 6–12 million km2

(B10–20%) of all drylands suffer from serious land degrad-

ation. This directly impacts the food security, health, material

needs, and other aspects of the livelihoods of 250–300 million

people (Millennium Ecosystem Assessment, 2005; Reynolds

et al., 2007a). Many more drylands are potentially at risk, es-

pecially as populations continue to grow. Dryland degradation

currently costs developing countries approximately 4–8% of

their gross annual domestic product (EMG, 2011).

Although present in all biomes, land degradation in dry-

lands is generally referred to as ‘‘desertification.’’ Desert-

ification has occurred over large areas in Asia, the

Mediterranean, Africa, Oceania, and the Americas, involving

the loss of the structural and functional integrity of soils,

vegetation, other biota, and those ecological, biogeochemical,
and hydrological processes that operate therein. Typical con-

sequences include the elimination or major reduction of the

endemic plant and animal species, a decrease in the infil-

tration of precipitation into the soil, inefficient nutrient

cycling, water erosion, and increases in soil salinity

(Figure 2(a–i)). These changes have direct impacts on the

human populations who rely on these ecosystems for their

livelihoods.
The Creation of Deserts: Reality versus Myths

Deserts on the Move!
The topic of desertification has evoked much confusion and

controversy over the years (Reynolds and Stafford Smith,

2002). Perhaps the number one culprit is the alarmist tone

connoted by the word ‘‘desertification.’’ The French forester

Andre Aubréville is credited with coining the term desert-

ification in 1949. Aubréville’s usage was in the context of the

indiscriminate felling and burning of forests and woodlands

in subhumid Africa and the accelerated soil erosion that en-

sued: that is, what he and his colleagues saw as the ‘‘creation

of deserts.’’ It evokes an image of deserts literally moving

across a landscape, engulfing fertile lands and leaving starving

people in their wake. These popular images have their roots in

a series of papers written in the 1930s by the British forester

Stebbing, who used titles such as ‘‘The encroaching Sahara’’

and ‘‘The man-made desert in Africa.’’

In the late 1970s, desertification was first brought into the

public spotlight when the United Nations (UN) announced

that more than one-third of the terrestrial land surface of the
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Figure 1 Drylands of the globe as defined by the aridity index, the long-term mean of the ratio of an area’s mean annual precipitation to its
mean annual potential evapotranspiration. This map is based on data from United Nations Environmental Programme Geo Data Portal. Global
area based on Digital Chart of the World data (147,573,196.6 km2). Data presented in the figure are from the Millennium Assessment core
database for the year 2000. Data from Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being: Desertification Synthesis.
Washington, DC: World Resources Institute.
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globe was ‘‘at risk of desertifying.’’. Africa was identified as a

particularly serious region of concern. This coincided with a

series of major droughts in sub-Saharan Africa that, when

combined with weak economies and civil strife in the region,

resulted in widespread famine and the deaths of millions. The

UN held a high profile Conference on Desertification in

Nairobi in 1977 and adopted a Plan of Action to Combat

Desertification (PACD) ‘‘to curb this onslaught.’’

The droughts and famines of the 1970s served to reinforce

the impression that massive deserts were being formed in

drylands. The word ‘‘desertification’’ was applied indis-

criminately, even for climatic regions that were natural deserts.

To varying degrees, this myth persists to this day, especially in

the general news media and also in some policy and scientific

circles. Provocative news articles with titles such as ‘‘Droughts,

Deserts and Death,’’ ‘‘Sahara Jumps Mediterranean into

Europe,’’ and ‘‘Greedy Sahara Devours Land Along Its Border’’

certainly evokes emotions but not necessarily reality (Reynolds

and Stafford Smith, 2002).

The root problem is that land degradation is not a simple

phenomenon. One key misunderstanding stems from the fact

that drylands are fundamentally fragile ecosystems and, hence,

highly susceptible to disturbance. A decrease in vegetation

cover due to a short-term response to drought, for example,

those captured by satellite images in the Sahara, and soil

degradation (a longer-term or permanent response resulting

from chronic disturbances) are distinct and not necessarily
related phenomena. The former is reversible when the drought

is over, but severe land degradation may not be so. Satellite

images of the dynamics of plant cover on the margins of the

Sahara desert have clearly demonstrated that its ‘‘boundary’’ is

quite dynamic (Figure 3): There are periods of ‘‘expansion’’

and ‘‘retreat,’’ which coincide with the severity and duration

of droughts. Another example of short- versus long-term dy-

namics is given in the section Dimensions of Desertification.
A Stakeholders Perspective
To a large extent, the degree to which land is considered de-

graded in a particular area depends on the priorities of local

users. Clearing native woodland in order to grow crops may

increase soil erosion and negatively impact the economic

business of firewood collection, but increase food production.

With respect to land degradation, changes in the character-

istics of soils, water, and vegetation do not have a linear re-

lationship to the productivity potential of the land. Reynolds

and Stafford Smith (2002) provide an example to illustrate

how different stakeholders may view land degradation

through the lens of their particular needs and priorities.

Imagine a cattle ranch in central Mexico, where a herd

of cattle is grazing in a pasture that has a large number of

erosion gullies (e.g., Figure 1(b)). Whereas one might deduce

that these gullies are the result of overgrazing, which

removes plants and exposes the soil to water and wind erosion
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Figure 2 Images of land degradation in drylands. (a) Plowed field in Salar de Uni region of southern Bolivia, leaving soil highly susceptible to
wind and water erosion. (b) Erosion gullies being formed in cultivated landscape north of Port Elisabeth, South Africa. (c). Cattle and sheep
disturbance around a watering hole in southern New Mexico. (d) Terracing of hillsides on Loess Plateau (China) to curb soil erosion. (e) Mixed-
use cultivation and goat grazing in village of La Amapola, Mexico. (f) Woody plant encroachment in native grasslands of central Argentina and
dust storm from resulting exposure of sensitive soil surface. (g) Revegetation efforts to restore plant cover near La Sepultura (Chiapas), Mexico.
(h) Dune formation resulting in loss of plant cover due to overgrazing in Negev Desert, Israel. (i) Wood gathering in Ivory Coast, Africa. All
photos by author except (f) (courtesy of R. Distel), and (i) (courtesy of UNESCO-MAB).
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(which is usually true), alternative stake-holder views of these

gullies are possible (Figure 4):

1. the erosion gullies are the result of natural phenomena

(wind and water);

2. in some landscapes gullies, whether natural or induced by

overgrazing (and depending on the severity and length of

time since forming), may have no effect on what matters

in terms of human values (such as meat production);

3. although the erosion gullies may not connote a loss in

meat production on this ranch per se, they may be creating

salinity problems downstream from the ranch or threaten

the survival of endemic plant species; and

4. even if the gullies are the direct result of overgrazing, there

is room for debate as to whether the root cause is over-

stocking by the rancher, a product of the land tenure

system of this area, climate-driven, or an indication of

broader institutional problems (or possibly any combin-

ation of these).

An ecologist will view erosion gullies as representing a loss

of ecosystem structure and function, for example, the ability of
the soil to retain water, nutrient cycling, long-term soil sta-

bility, and reduced forage production. Although true, this may

resonate with a local rancher only if it has a demonstrable

impact on his beef production. Of course, broader concerns

for appearances or genuine environmentalism may also arise,

but the rancher would unlikely invest in gully control on these

grounds alone unless, for example, it was linked to an en-

vironmental accreditation scheme for the ranch. Gullies could

also matter to a local tourist operator who finds that eco-

tourists are put off by the appearance of environmental

damage. Simply put, different stakeholders may see this

problem differently.
The Dryland Syndrome

Reynolds et al. (2007a) posited that drylands tend to have a

common nexus of environmental, ecological, and social–

economic characteristics. They termed this as ‘‘dryland syn-

drome.’’ Some of the main features of the dryland syndrome

are presented below.
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Figure 3 Extent of the Sahara Desert, shown in terms of annual deviations from average size defined by a 200-mm rainfall isohyet extending to the
north of 251 N. Calculations based on rainfall data collected at 141 locations throughout West Africa (Rain Obs), from Meteosat satellite data (Rain
Satellite) and from the NDVI (a simple ratio between the red and near-infrared reflectance bands obtained from the National Oceanic and Atmospheric
Administration (NOAA) polar-orbiting satellite). The NDVI correlates well with percent vegetation cover and biomass and thus the interannual
fluctuations of the desert boundary, as assessed from NDVI, generally mimics that of rainfall. This work by Sharon Nicholson and coworkers at
Florida State University shows considerable agreement between estimates based on rainfall and those based on NDVI and demonstrates that there is
no ‘‘march’’ of the desert over West Africa. Plotted from data in Nicholson SE, Tucker CJ, and Ba MB (1998) Desertification, drought, and surface
vegetation: An example from the West African Sahel. Bulletin of the American Meteorological Society 79: 815–829.
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Environmental/Ecological Characteristics

Drylands occur on all continents (Figure 1). Annual precipi-

tation is quite low, often consisting of high-intensity events

that occur over short periods of time. Rainfall is also highly

variable throughout the year. Most, if not all, of the annual

precipitation is lost from the system via evapotranspiration

(evaporated from the soil or transpired by plants), rather than

via drainage to ground water or surface runoff. This is due to

the high evaporative demand of the atmosphere resulting

from high air temperatures, low humidity, and abundant solar

radiation, that is, the potential for evapotranspiration is high.

It is estimated that only 8% of the world’s renewable fresh-

water supply is available to drylands, which, on a per capita

basis, is 30% less than the minimum needed for human well-

being and sustainable development (Safriel et al., 2005).

Quantitatively, drylands are determined by the ratio of

mean annual precipitation (P) to mean annual potential

evapotranspiration, which is known as the index of aridity

(IA). If the IA of a region is less than 0.65, it is considered a

dryland. As shown in Figure 1, drylands are classified into four

types: hyperarid (IAo0.05; examples include the Atacama,

Arabian, and Sahara deserts), arid (0.05–0.20), semiarid

(0.20–0.50), and dry subhumid (0.50–0.65).

The greatest concentrations of drylands are in Asia and Af-

rica, which combined account for almost 60% of all drylands.

The remaining drylands, especially when expressed on a global

basis, appear relatively small (e.g., 3% in Europe and 10% in

South America). However, these numbers can be deceptive: in

Australia, drylands represent only 15% of the world’s total but

cover nearly 90% of the land surface area of the continent.

Drylands are classified as rangelands, croplands, or urban

(Figure 5). Drylands tend to have low amounts of soil organic
matter and low soil fertility. In spite of this, and the xeric

nature of drylands, more than 44% of all cultivated land in

the world is found within drylands (EMG, 2011). Most of

the cropping systems are concentrated on the more mesic

range of the gradient (in dry subhumid regions). Another

notable feature is that endemic dryland plant species consti-

tute 30% of all plants cultivated in the world (Figure 6).
Social–Economic Characteristics

Drylands are home to more than 2 billion people, or ap-

proximately a third of the total human population. Approxi-

mately 2% live in the hyperarid regions, 4% in arid, 14% in

semiarid, and 15% in dry subhumid (Figure 2). Importantly,

90% of these 2 billion people live in developing countries,

including 40% of the human populations of both Africa

and Asia. The latter statistic is significant in that the UN

World Population Prospects (2010 Revision) estimates that

there will be an increase of approximately 2.3 billion in the

global population by 2050, with the majority of growth

attributable to ‘‘high-fertility countries’’ located in Africa

and Asia.

Although urban systems constitute only a tiny fraction of

drylands (Figure 5), they contain nearly 45% of its total

population. In fact, eight of the world’s 20 megacities are lo-

cated in dryland regions, for example, Cairo, Mexico City, and

New Delhi. However, the remaining 1 billion people live in

rural areas and thus rely directly on the land for their liveli-

hoods. Their fate is ultimately dependent on the availability of

ecosystem goods and services via rainfed or irrigated farming,

harvesting native plant products, hunting, and pastoralism.

Potential climate changes, limited resources, and increasing
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Figure 4 Vastly different perceptions by state-holders arising from concerns over erosion gullies, illustrating how land degradation is a concept
that resides in the ‘‘eye of the beholder.’’
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population size increases the pressure on limited dryland re-

sources, which can in turn lead to rapid land degradation

threatening people’s livelihoods.

As compared to more mesic systems, the distribution of

these rural populations tend to be sparse and more mobile,
and there is a scarcity of human capital (e.g., labor). They are

also apt to be physically isolated, that is, (1) located far from

markets (and hence higher transaction costs) and (2) bur-

eaucratic decisions are made by distant policymakers. As a

result, dryland populations tend to lag behind populations in

MAC_ALT_TEXT Figure 4
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Figure 6 Quinoa (Chenopodium quinoa) field in the Salar de Uyuni region of southern Bolivia. Quinoa has long been a staple in the diets of
indigenous people of the Altiplano in the central Andes. This endemic plant played an important role in pre-Columbian Andean civilizations
because of its very high protein content. Demand for quinoa in organic stores of North America and Europe in recent decades has resulted in the
rapid expansion of the cultivation of this plant throughout the Altiplano. Although an economic boom, this has resulted in various forms of land
degradation (due to overcultivation, the introduction of tractors, etc.; see Figure 2(a)) and has impacted the livelihoods of local populations in
many ways (e.g., changes in diet, community structure). Ironically, the high foreign demand for quinoa means it is now less accessible for
Bolivians because prices have been pushed-up.
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other parts of the world with regard to many economic and

health indices, such as having higher infant mortality rates,

severe shortages of potable water, and lower per capita income

(Reynolds et al., 2007a,b).
Combating Desertification

Formation of the United Nations Convention to Combat
Desertification (UNCCD)

Despite the work of the 1977 UNC PACD, as well as numer-

ous other international efforts, by 1991 it was concluded that

the PACD was not working and the problem of land degrad-

ation in the world was actually intensifying, rather than

abating. As a result, desertification remained a major issue for

the UN when they convened for the Earth Summit in Rio de

Janeiro 15 years later.

At the 1992 Rio Summit, the loss of biodiversity, climate

change, and desertification were singled-out as the greatest

threats to humankind and sustainable development. For each,

legally-binding international agreements were forged, known

respectively as the Convention on Biological Diversity, the

United Nations Framework Convention on Climate Change,

and the UNCCD. The UNCCD (established in 1994) deals

with land degradation in arid, semiarid, and dry subhumid

areas of the globe, collectively known as drylands, where some

of the most vulnerable ecosystems and peoples live. In fact, the

Millennium Ecosystem Assessment (2005) concluded that

‘‘desertification is potentially the most threatening ecosystem

change impacting livelihoods of the poor.’’
Defining Land Degradation and Desertification

The UNCCD (1994) formally defined desertification as the ‘‘y

reduction or loss of the biological and economic productivity
and complexity of terrestrial ecosystems, including soils, vege-

tation, other biota, and the ecological, biogeochemical and

hydrological processes that operate thereiny resulting from

various factors including climatic variations and human activ-

ities.’’ Land degradation was defined as a ‘‘reduction or loss, in

arid, semiarid, and dry subhumid areas, of the biological or

economic productivity and complexity of rainfed cropland, ir-

rigated cropland, or range, pasture, forest, and woodlands re-

sulting from land uses or from a process or combination of

processes, including processes arising from human activities

and habitation patterns, such as: (1) soil erosion caused by

wind and/or water; (2) deterioration of the physical, chemical,

and biological or economic properties of soil; and (3) long-

term loss of natural vegetation.’’ Although hundreds of defin-

itions for desertification and land degradation have been pro-

posed (review in Reynolds and Stafford Smith, 2002), we

believe the UNCCD’s definition to be most straightforward and

unambiguous.
Combating Desertification

As its title suggests (i.e., ‘‘to combat desertification’’), the

Convention adopted a proactive approach. What are the es-

sential elements involved in ‘‘combating’’ desertification?

The UNCCD adopted the following definition: ‘‘combating

desertification includes activities that are part of the integrated

development of land y for sustainable development.

These are activities specifically aimed at: (1) prevention

and/or reduction of land degradation; (2) rehabilitation

of partly degraded land; and (3) reclamation of desertified

land.’’

Although there are language and contextual differences,

many of the goals and objectives of the UNCCD are not unlike

those contained in the 1977 PACD. Hence, it is crucial to

understand why the PACD failed. Three major reasons are
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Table 1 Desertification involves ecological, meteorological, and human dimensions. These do not operate in isolation from each other but,
rather, are closely coupled via feedbacks, synergies and interactions. Some key questions usually associated with each dimension are given here

Dimension Key questions (examples)

Meteorological Will changes in surface energy and water balance caused by changes in land cover significantly affect vegetation?
Can changes in near surface climate caused by land degradation be translated into a recognizable contribution to

global-scale changes, that is, a desertification ‘‘warming signal?’’
Do bio-geophysical feedback-based climate models contain sufficient mechanism to accurately predict droughts?
What is the relationship between the loss of vegetation, albedo, surface roughness, and drought?
Will global climate change exacerbate the high natural variability of precipitation and temperature in drylands?

Ecological Are short-term ecosystem dynamics (e.g., decreases in plant cover) indicative of desertification?
Do long-term changes in dryland ecosystems alter the resource base of the entire system such that it moves beyond a

threshold whereby degradation accelerates and becomes irreversible? Do multiple thresholds exist?
How do the key physical drivers influence other factors such as animal disease carriers, for example, how do

temperature and drought affect insect behavior?
When is animal production a function of rainfall (plant production) and when is it decoupled?
If global climate change further exacerbates the already high natural variability of precipitation in dryland ecosystems,

will this lead to permanent degradation of their productive potential, particularly since there is a lack of ‘‘buffering’’ by
large reserves of organic matter in the soils or in woody vegetation?

Can ‘‘early warning’’ functional indices (based on soils, vegetation, biota, and ecological, biogeochemical, and
hydrological processes) be developed to indicate major physical restructuring of a system symptomatic of land
degradation?

What impact do exotic species have on land degradation processes?
What is the relationship of bush encroachment to desertification processes?

Human How do human populations in the various natural, seminatural, and intensively-managed dryland ecosystems of the
globe, affect those ecosystem goods and services considered vital to the sustainability of human populations?

What are the key socioeconomic drivers of land use that lead to desertification? For example, is there a relationship
between how land is used (accountability) and ownership (which tends to be low in poor countries and high in rich
ones)?

Are regional and national programs to combat desertification based on economic integration and sustainability of local
people who are most directly affected? How can local people be integrated into the decision-making process?

Is the ‘‘stake-holder’’ concept a feasible one at all scales of interest? Is it possible to reconcile the different viewpoints
of different stakeholders in relation to desertification issues?

What are the respective roles of government, local communities, and land users in maintaining sustainability of
drylands?

Do ecologically-sound land-use practices lie at the level of recognizing the rights and environmental knowledge of local
communities? What resources are needed to accomplish this?

What is the response of human activities to different stages of land degradation? Are there adaptive adjustments?
What is the role of technology in providing new opportunities for ecological sustainability in drylands of the globe?
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most often cited: (1) many processes and issues leading to

land degradation, for example, overcultivation of the land,

deforestation, overgrazing by livestock, and poverty, have their

roots in socioeconomic and political realms, and thus are not

amenable to technical or science ‘‘solutions’’ as proposed in

the PACD; (2) local populations were not included in drawing

up solutions; and (3) there was a failure to integrate the PACD

into other existing development programs. These problems

reflect the failure to recognize the simultaneous importance of

meteorological, ecological, and human dimensions of land

degradation (Table 1).

Recognizing these shortcomings, the Earth Summit sup-

ported a new, integrated approach to the desertification

problem, emphasizing programs and strategies to promote

sustainable development at the community level. Con-

sequently, the UNCCD places considerable emphasis on the

social dimensions of the problem and the role of local peoples

and nongovernmental organizations in solving local prob-

lems. There is a conspicuous emphasis on the human di-

mensions (a ‘‘grass-root’’ effort). There is now a clear
recognition that regardless of emphasis, dryland degradation –

given its ecological, meteorological, and human dimensions

(Table 1) – requires contributions from a multitude of dis-

ciplines to understand and identify useful resolutions (Rey-

nolds et al., 2007a).
10-Year Strategy

In 2007, a new 10-year strategy of the UNCCD (2008–2018)

was implemented with the goal ‘‘y to forge a global part-

nership to reverse and prevent desertification/land degrad-

ation and to mitigate the effects of drought in affected areas in

order to support poverty reduction and environmental sus-

tainability.’’ The new strategy is composed of three general

strategic objectives. A list of these objectives and their antici-

pated benefits are given in Table 2.

At the 2011 UNCCD conference in the Republic of Korea,

UN Secretary-General Ban Ki-moon reaffirmed the importance

of global desertification to the world community: ‘‘If we



Table 2 As the UNCCD entered its second decade, it adopted a new 10-year strategic plan (2008–2018) to enhance its implementation
(EMG, 2011)

Strategic objectives Expected benefits

To improve the living conditions of affected populations •People living in areas affected by desertification/land degradation and
drought to have an improved and more diversified livelihood base and
to benefit from income generated from sustainable land management.

•Affected populations’ socioeconomic and environmental vulnerability
to climate change, climate variability, and drought is reduced.

To improve the condition of affected ecosystems • Land productivity and other ecosystem goods and services in affected
areas are enhanced in a sustainable manner contributing to improved
livelihoods.

• The vulnerability of affected ecosystems to climate change, climate
variability, and drought is reduced.

To generate global benefits through effective implementation of the
UNCCD

•Sustainable land management and combating desertification/land
degradation contribute to the conservation and sustainable use of
biodiversity and the mitigation of climate change.

To mobilize resources to support implementation of the Convention
through building effective partnerships between national and
international actors

• Increased financial, technical, and technological resources are made
available to affected developing country Parties, and where appropriate
Central and Eastern European countries, to implement the Convention.

• Enabling policy environments are improved for UNCCD
implementation at all levels.
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protect, restore and manage land and soils we can tackle many

challenges simultaneously, such as poverty, food and energy

insecurity, biodiversity loss, climate change, forced migration,

and geopolitical instability.’’
Drivers of Desertification

Proximal and Underlying Factors

Desertification is driven by factors that vary from region to re-

gion. Geist and Lambin (2004) conducted an analysis of over

130 existing case studies (from throughout the world) in an

attempt to elucidate patterns. They identified four major

categories of proximal causal agents (i.e., drivers) (Figure 7):

(1) increased aridity; (2) agricultural impacts, including live-

stock production and crop production; (3) wood extraction and

other economic plant removal; and (4) infrastructure extension,

which could be separated into irrigation, roads, settlements, and

extractive industry (e.g., mining, oil, and gas). Only 10% of the

case studies were driven by a single cause (with approximately

5% due to increased aridity and 5% to agricultural impacts).

Approximately 30% of the case studies were attributable to a

combination of two causes (primarily increased aridity and

agricultural impacts), whereas the remaining cases were com-

binations of three or all four proximal causal factors.

Certain drivers are more or less important in a given re-

gion. The drivers evolve from underlying forces associated

with specific socioeconomic and biophysical factors charac-

teristic of a particular region. For example, Geist and Lambin

found that two underlying drivers, climate and technological

factors (either new technologies or deficiencies in technology)

were the key drivers of desertification in the majority (54%)

of case studies in southern Europe. In Africa, they found
that climate, alone or acting in concert with population

demography, was a key driver in the 38% of the case studies

whereas in the USA, 50% of the case studies were

attributable to a combination of climate and technology dri-

vers or these two factors interacting with economic ones.

Desertification processes in Asia, Latin America, and Australia

could only be attributed to more complex interactions among

four or more underlying forces.
Climate Change

One of the conclusions of the Fourth Assessment Report of the

Intergovernmental Panel on Climate Change (IPCC) is that

many dryland areas of the globe will suffer decreases in water

resources as a result of climate change. Both Africa and Asia

are expected to experience major changes, for example, in-

creasing air temperature and changes in precipitation (total

amount and season distribution). Under a range of climate

change scenarios, the IPCC posits that arid and semiarid land

in Africa will increase by 5–8% by 2080; overall, lower pre-

cipitation will lead to lower agricultural production in many

African countries. In Asia, especially in the central, south, east,

and southeast, freshwater availability is projected to decrease

in the next 40 years.

Global warming-induced droughts will likely exacerbate

land degradation. People will likely have to endure greater and

more frequent weather extremes (droughts, flooding). How-

ever, it is important to note that humans have the capacity to

adapt. For example, in the Sahel of West Africa there was a

decline in average rainfall of more than 30% between the

1960s and the 1990s, yet a rapidly growing human population

ultimately survived, demonstrating the capacity to adapt to

climatic uncertainty in the future (EMG, 2011).



Population factors

Agricultural activities Infrastructure Extraction Increased aridity

• Food demand: Responses
  of communities vary (e.g.,
  reducing fallow periods,
  cropping continuously,
  increasing fertilizer use)

• Migration

• Livestock production
  (nomadic/extensive
  grazing, intensive
  production)

• Irrigation, canals, boreholes • Deforestation and woodland
  degradation

• Digging for medicinal herbs

• Collection of plant or animal
  products

• Indirect impact of
  climatic variability
  (decreased rainfall)

• Direct impact on land
  cover (droughts,
  intense fires)

• Human settlements, roads,
  etc.

• Public/private companies
  (oil, gas, mining, quarrying)

• Crop production
  (annuals, perennials)

• Population density

• Special variables (product
  price changes,
  indebtedness)

Economic factors

• Market growth and
  commercialization

• Urbanization and
  industrialization

• Deficiencies of applications
  (poor drainage maintenance,
  water losses, etc.)

Technological factors

• New technology (irrigation,
  tractors, transport, etc.)

• Main driver without
  human impact
  (natural hazard)

Climatic factors

• Concomitantly with
  other drivers

• In causal synergies
  with other drivers

• Spread of market economies can
  undermine traditional practices

Policy and institutional factors

• Governmental policies (market
  liberalization, subsidies,
  incentives)

• Property right issues • Implementing agriculture on low
  fertility lands displaces traditional
  land uses, which is unsustainable

Cultural factors

• Public attitudes, values, and
  beliefs

• Indigenous, local environmental
  knowledge lost (and not appropriate in
  new areas where refugees relocate)

Civil and political strife

• Affects resources (land, water, wildlife) and
  food security

• Abandoned land left unattended

Underlying causes of desertification

Proximate causes of desertification

Figure 7 In a global survey Geist and Lambin found repeating causal patterns for drivers of land degradation, which resolved into four major
proximate causes explained by six major underlying drivers. Modified from Geist HJ and Lambin EF (2004) Dynamic causal patterns of
desertification. Bioscience 54: 817–829, with permission from University of California press.
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Drylands may also play an important role in mitigation of

climate change via the potential for sequestering of carbon in

soils. Whereas on a per unit area basis drylands may have a

low sequestration rate, their large expanse (B40% of the land

area of the globe, Figure 1) makes them very important.
Dimensions of Desertification

As alluded to above, we view desertification in terms of its (1)

meteorological dimensions, (2) ecological dimensions, and (3)

human dimensions (Table 1). Each of these is by itself quite

complex and difficult to predict. Importantly, the three are

highly interdependent. A failure to recognize the simultaneous

role of – and feedbacks between – these three dimensions has

led to many of the controversies and misconceptions alluded

to above. In this article, we explore the concept of desert-

ification based on these critical dimensions.
Ecological Dimensions

Short- versus Long-Term Ecosystem Dynamics
Nearly all drylands are characterized by extreme year-to-year

precipitation fluctuations. Hence, it is often difficult to
distinguish between short-term variability and long-term

changes in ecosystem appearance, as well as between tem-

porary and permanent changes. Short-term variability in pre-

cipitation tends to affect the range and frequency of resource

pulses, whereas long-term change alters the resource base: that

is, the entire system moves beyond some threshold. Once this

threshold has been crossed, it is unlikely that the system can

be returned to its predisturbed state, without expensive and

often extensive remediation efforts. All of this depends on the

interactions of numerous climatic, edaphic, and biological

factors in combination with the economic feasibility of

rehabilitation.

We have stressed the inherent difficulties in teasing out

underlying causal factors that give rise to short- versus long-

term ecosystem dynamics in drylands (e.g., Figure 3). A case

study from the Serengeti in Tanzania is an excellent illus-

tration of this. In the 1970s, there was much concern that the

Serengeti was degrading and turning into a ‘‘desert.’’ The large

bush and acacia forests that characterized the Serengeti were

declining at an alarming rate. Elephants – who fed on these

trees – were largely considered responsible and many believed

that a culling program was the only way to save these

‘‘pristine’’ woodlands. In fact, these woodlands were not

pristine but instead a relatively recent feature of the Serengeti

MAC_ALT_TEXT Figure 7
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reflecting a sequence of complex interactions among eco-

logical factors (e.g., the lifespan of the acacias, the number of

wildebeest), human dimensions (cattle grazing, fire setting),

and meteorological factors (precipitation patterns) (Figure 8).

Woodlands in the Serengeti started appearing after an

outbreak of rinderpest disease in the 1890s, which devastated

wildebeest herds and local cattle populations, and which led

to mass human starvation. This decline in human populations

meant a decrease in fires, which were set to create new pasture

for cattle – and fewer fires meant higher establishment of

acacia seedlings and the eventual establishment of a forest in

the midst of grassland. By the 1920s and 1930s, the practice

of setting fires was becoming re-established as the human

population recovered; however, the new fires were more fre-

quent and hotter since conditions existed that favored grass

growth: low herbivory (wildebeest herds were still low) and a

relatively wet climate in the 1960s. These fires resulted in high

mortality of acacias seedlings and, by the 1960s, the oldest

trees (which have a lifespan of approximately 60–70 years)

started to die off. Yet, concerns about the Serengeti turning

into a ‘‘desert’’ were abated by the late 1990s as the Serengeti

was experiencing a ‘‘return of the forest.’’ Heavy poaching of

elephants, the recovery of the wildebeest populations, and

fewer fires set by humans all favored high recruitment of tree

seedlings.

This example illustrates several key elements of the con-

ceptual model of desertification: (1) that short-term dynamics

may not necessarily be indicative of long-term phenomena (i.e.,

system thresholds are extremely difficult to establish without

long-term studies); (2) natural ecosystems are complex and

difficult to predict; and (3) humans have major impacts on

natural systems in often unknown and unpredictable ways. This
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Figure 8 Dynamics of acacia forests in the Serengeti grasslands are a fun
human dimensions. Past failures to recognize the interdependencies of thes
concept, for example, short- vs. long-term changes.
serves to reinforce the view that land degradation is a complex

phenomenon that frequently evades simple characterizations.

Ecological Degradation
Drylands typically have a number of distinguishing ecological

characteristics that contribute to their susceptibility to dis-

turbance and, ultimately, to desertification. The natural vege-

tation is composed of various mixtures of grasslands,

shrublands, and savannas, with trees either scattered or con-

centrated along watercourses. Since vegetation cover is usually

relatively sparse, much of the soil is exposed directly to rain,

overland flow, sunlight, and wind. Many dryland soils are

sensitive to disturbances because they contain small amounts

of organic matter and have low aggregate strength. Both tillage

and grazing by domesticated animals can have profound ef-

fects – in a very short period of time – on these soils, including

lowering their permeability to water (thus decreasing infil-

tration), disturbing their surface integrity (thus, increasing

susceptibility to erosion and sedimentation), and decreasing

their quality (decreased nutrient status) for plant growth.

Although land degradation is often equated with soil deg-

radation, it is a more general phenomenon that involves whole

ecosystems. The UNCCD defines land degradation as the re-

duction or loss of the biological or economic productivity and

complexity. This reduction in the complexity of the land is the

major physical restructuring of a system, that is, symptomatic of

land degradation. In drylands, this includes erosion and sedi-

mentation by both water and wind, often resulting in a re-

distribution of topsoil, compacting of the soil, loss of soil silt

fraction, dune formation, and gully formation. There may be

shifts in natural fire cycles with a disruption of biogeochemical

cycling, including the redistribution of essential nutrients,
Ecological dimensions
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decreased efficiency of nutrient cycling, and increased nutrient

losses from the system. Both native perennial plants (cover and

biomass) and many associated microbial and animal popu-

lations are reduced, whereas exotic species increase in domin-

ance. All of this results in a decrease in the biological and,

hence, economic potential of the land.
‘‘Greening’’ of Drylands
In recent years, numerous studies have reported a ‘‘greening-

up’’ of drylands over large regions of the globe. These data are

akin to those presented in Figure 3 relating normalized dif-

ference vegetation index (NDVI) to precipitation. For example,

using data from 1983–2003, Helldén and Tottrup (2008)

found a strong greening trend in the Sahel (from west to east),

moderate greening in the Mediterranean and East Asia, but

insignificant greening in South Africa and South America.

They suggest that the very strong greening found in the Sahel is

potentially a return to pre-Sahelian-drought rainfall con-

ditions, whereas climatic changes may be responsible for en-

hanced plant growth in the Mediterranean and East Asia.

These trends appear at odds with the UNCCD view that

desertification is increasing worldwide in response to climate

change, population growth, unsustainable land-use practices,

and urbanization. However, due to numerous time and spatial

scale issues, technical concerns, and other unknowns, Helldén

and Tottrup conclude that ‘‘at the moment there is no

clear understanding of this dryland ‘‘‘greening,’’ although it is

recognized that an explanation must include both biophysical

as well as human factors.’’
Meteorological Dimensions

Substantial improvements have been made in our under-

standing of the causes of interannual variability in dryland

climates, including the natural causes of droughts. For ex-

ample, it is accepted that variations in annual precipitation

levels are related to natural variations within the global-scale

climate systems. However, great uncertainties remain, and the

relationship between desertification and climate resembles the

proverbial ‘‘chicken and egg’’ problem. To what extent does

climate induce desertification? How do changes in land sur-

face properties due to land degradation, in turn, affect climate?

Since the two processes often work together, it is virtually

impossible to separate the impact of drought from that of

desertification.

Drylands are particularly vulnerable to climate variability,

of which precipitation is the most important component. For

example, a slight shift in seasonal precipitation and/or fre-

quency of extreme rain events could potentially lead to the

overexploitation of the meager resources of drylands and

contribute to the further degradation of the resource base on

which human populations are so dependent. Preliminary

studies with general circulation models (GCMs) in the 1980s

projected that a doubling of atmospheric carbon dioxide (due

to the rapidly expanding human population and associated

activities) would result in lower precipitation, as well as shifts

in the timing and frequency of rains, in the interior of large

continents. Recent GCM studies also predict increases in rain-

fall intensity and longer dry periods in many dryland regions
of the globe. In the long run, global climate change may fur-

ther exacerbate the already high natural variability of drylands,

leading to permanent degradation of their productive poten-

tials, particularly since there is a lack of ‘‘buffering’’ by large

reserves of organic matter in the soils or in woody vegetation.

The array of impacts of climate on land and the impli-

cations of degraded land surface for the climate system are

varied and complex. Human activities impact surface charac-

teristics (and, hence, its albedo) and the atmospheric com-

position of dryland regions, including the breakdown of soil

structure, reductions in soil moisture, increased surface runoff,

changes in species composition and cover, increase dust in the

atmosphere, and increases in aerosol and trace gas emissions

from burning. In response to such human impacts, dryland

climate is greatly influenced mainly via changes in energy

balance. Changes in albedo affect the amount of solar radi-

ation absorbed by the surface and changes in soil moisture

levels affect the portion of energy used in evaporation and

transpiration processes. Changes in surface roughness influ-

ence wind speeds and turbulence, which have a bearing on

evapotranspiration. Finally, changes in atmospheric com-

position may affect atmospheric temperature profiles, and

thus influence capacity to generate precipitation over land.
Human Dimensions

Rapidly changing social and economic conditions – along

with the potential for climate change – pose serious challenges

to many dryland regions of the world. Globally, there are

differences in socioeconomic factors (e.g., human population

growth rates) and biogeography (e.g., natural vegetation),

which play a large role in the type of major human activities in

any given area. Moreover, there are differences in how human

interference is affecting biodiversity and ecosystem func-

tioning in poor and richer countries. Taking these differences

into account, there are roughly six major classes of human

interference in drylands:

1. the loss of habitat;

2. the fragmentation of crucial habitat;

3. overexploitation (mainly overgrazing by domestic animals);

4. the spread of exotic organisms (aliens);

5. air, soil, and water pollution; and

6. climate change.

Although it is somewhat difficult to generalize about the

vulnerability of terrestrial ecosystems, some problems virtually

exist everywhere (e.g., habitat loss, habitat fragmentation, and

the direct and indirect effects of exotic species), whereas pol-

lution and climate change tend to be more significant threats

in richer, temperate zone nations. Key ecosystem ‘‘goods and

services’’ (e.g., food, construction materials, water purification,

flood control, climate regulations, soil maintenance, carbon

sequestration, nutrient recycling, wildlife habitat, erosion

control, tourism/recreation, etc.) are being seriously affected

(Table 3; see Ecosystem Services).

Given that all three of the developing regions of the world

– Africa, Asia, and Latin America – have similar percentages of

land degradation, and the highest levels of population growth,

desertification is a growing problem with major ecological,



Table 3 Four broad categories of ecosystem services used by the Millennium Ecosystem Assessment (MEA), including a general assessment of their economic value and application to drylands

Service Brief explanation Examples Economic value Application to desertification

Provisioning (¼ ‘‘goods’’) Material items for direct or near-
direct human use. Globally, often at
the expense of the other types of
services, there has been a trend to
increase production of most
provisioning services, largely due
to the expansion and intensification
of agriculture.

Crops, forage, livestock, wild-caught
fish or animals, freshwater, timber,
fuel, fiber.

Provisioning services are relatively
easy to quantify and value, since
formal or informal markets often
exist, and where they do not,
substitute values can be estimated.

Desertification is often a direct
consequence of overuse of provisioning
services, driven by complex external and
internal factors such as population
pressures and poverty. Examples of
declining provisioning services in drylands
include wild plant and animal products,
fuelwood, genetic resources, clean air, and
freshwater.

Regulating Keep the flow of other ecosystem
services within a desired range,
and prevent ecosystem
‘‘disservices’’ such as natural
disasters from getting out of hand.
The MEA suggests that globally
70% of regulating services have
been degraded. At a global scale,
climate change can be seen as a
breakdown of climate regulating
services.

Pollination, climate regulation, flood
attenuation, air and water quality
maintenance, pest regulation.

Drylands are inherently variable so
valuing these services is difficult
(the value of regulating services is
often delivered via other services).
Nevertheless, an increase in
certainty and a decrease in risk
have economic value. The
breakdown of regulating services
can have dire social and
environmental consequences.

Vegetation cover buffers both the
hydrological and production systems. The
weakening of regulating services can be
slow and continuous, or irregular and only
apparent during extreme events. For
instance, catastrophic floods may be a
combination of reduced infiltration, reduced
slowing of overland flow due to a
combination of soil compacting and the
loss of ground cover coupled with an
intense storm event.

Cultural Cultural services make the world a
place in which people want to live.
The MEA suggests there has been
a rapid decline in many cultural
services over the past century.

Recreation, esthetic, artistic
appreciation, educational, scientific
benefits, spiritual inspiration, sense
of place.

People of all cultures value nature.
Many of these services are easily
quantified and valued, because
well-established markets exist,
such as for ecotourism. Others
require more indirect approaches,
such as hedonistic pricing, for
example, the increase in value of a
property when it has a nice view.

Empirical evidence suggests cultural services
are readily traded for provisioning services
in times of need, or simply because their
economic value is not appreciated. For
example, some dryland ranchers use
excessive stocking rates to maximize short-
term profit with the knowledge that it will
lead to destructive feedbacks (erosion, loss
of plant cover) to the very land they value.

Supporting Underlying ecosystem processes
that allow provisioning, regulating
and cultural services to be
provided. Often constitute the
‘‘slow variables.’’

Net primary production, habitat for
biodiversity, soil formation and
nutrients cycling.

Always delivered via provisioning,
regulating and cultural services,
and should be valued through
those other services to avoid
double counting.

In desertification it is typically the reduction
of supporting services that ultimately leads
to the persistent decrease in the ability of
the system to provide provisioning and
regulatory services.

Source: Modified with permission from Safriel U, Adeel Z, Niemeijer D, et al. (2005) Dryland systems. In: Hassan R, Scholes R, and Ash N (eds.) Ecosystems and Human Well-Being: Current State and Trends. The Millennium Ecosystem Assessment

Series, pp. 623–662. Washington, DC: Island Press.
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economic, and social implications. However, to understand

the human dimensions of desertification, it is important to

compare and contrast different regions of the world to each

other, seeking out generalities, particularly in richer versus

poorer countries. As new economic policies are adopted, many

pastoral and dryland farmers are marginalized and must move

to urban areas; socioeconomic conditions are rapidly chan-

ging, for example, the rise of tourism, intensification of high-

tech agriculture, and the shifting of populations to urban

environments. Often, such changes result in the abandonment

of land for traditional agriculture and the rise in demand for

water for urban expansion, tourism, and irrigation, resulting

in increased land- and resource-use conflicts.

The human dimensions of desertification represent some

of the most complicated and perplexing issues in identifying

the causes of and solutions to land degradation. For example,

in large areas of Africa, civil strife and government policies are

key factors influencing resources (land, water, and wildlife),

land degradation, and food security. Civil strife displaces

people, often to other marginal lands and in great numbers;

their abandoned land is left unattended, indigenous man-

agement systems are lost, and they are forced to use methods

of ranching and farming that are often not appropriate in

these new areas. In some countries, government policies have

encouraged planned human settlements in the wetter margins

of arid and semiarid lands or nearer to water supplies. This has

led to land-use conflicts between agriculture, livestock, wild-

life, and human settlements, as a result of the intrusion of

agriculture into lands traditionally used for domestic stock.
Ecosystem Services

Reduction in the provision of ecosystem services as a result of

water scarcity, overintensive use of services, and climate

change is a much greater threat in drylands than in nondry-

land systems (Table 3). As noted, a key feature of most dry-

land areas is that there is a very tight, direct coupling between

human livelihoods and use of natural resources (for instance

collecting firewood, obtaining water from wells, hunting

game, and raising livestock). Hence, the protection of the

supporting services is critical in drylands because they

underpin all the other services, and degradation is expensive

and difficult (sometimes effectively impossible) to reverse

(Table 3).

In the section Combating Desertification, the author sug-

gests the UNCCD’s definition of land degradation and

desertification (‘‘the reduction or loss of the biological and

economic productivity and complexity of terrestrial eco-

systems y resulting from various factors including climatic

variations and human activities’’) to be the most straight-

forward and unambiguous one available. The Millennium

Ecosystem Assessment (2005) expressed this definition in

terms of the balance between the demand and supply of

ecosystem services that support the well-being of humans.

Since human needs change over time, the viability of achiev-

ing and maintaining sustainable livelihoods depends on a

suite of ecosystem services, rather any single one (see Table 3).

This is the objective of sustainable land management,

which is defined as ‘‘the use of land resources, including soils,
water, animals and plants, for the production of goods to meet

changing human needs, while simultaneously ensuring the

long-term productive potential of these resources and the

maintenance of their environmental functions’’ (Liniger et al.,

2011). Nevertheless, not all ecosystem services are equally

vulnerable to degradation and have differing importance.

Within limits, trade-offs can be made between services of

different types without incurring degradation but the non-

linear responses of ecosystem services to human appropriation

must be considered as critical thresholds exist and, in some

cases, once surpassed trade-offs cannot be safely made. For

example, poorly managed cropland or the conversion of ran-

geland to cropland may affect multiple services (especially

provisioning, regulating, and supporting) resulting in in-

creased pressure on the remaining natural resources that have

impacts beyond the local scale. Often, the expensive use of

external inputs such as irrigation and fertilization may ensure

a positive balance of services locally, but in the long term can

lead to desertification through processes such as water-logging

and salinization of the soil.
The Dryland Development Paradigm

With regard to addressing the causes and consequences of

desertification, we can summarize the main points in this

article as follows:

1. ecological, meteorological, and human (social–economic)

variables interact to form coupled human (H)–environ-

mental (E) systems;

2. change in these coupled H–E systems is omnipresent but

is manifested in different ways, for example, slowly

evolving (or chronic) and abrupt;

3. H–E systems are not in equilibrium, often exhibiting

multiple ecological and social states;

4. cross-scale interactions between humans and the en-

vironment are scale-dependent (see Figure 6); and

5. local environmental knowledge (LEK) can play an im-

portant role in understanding both short- and long-term

processes.

Based on the three dimensions of desertification (Table 1)

and the aforementioned summary points, Reynolds et al.

(2007a) proposed the Dryland Development Paradigm

(hereinafter, the ‘DDP’), which is a new synthetic framework

for global desertification. The DDP consists of five principles

(P1–P5, Table 4). This conceptual model has practical impli-

cations for an effective approach for understanding H–E sys-

tems and formulating models useful for decision-making.

A conceptual model is shown in Figure 9.

As noted under dryland syndrome (see The Dryland

Syndrome), there is a close dependency of human livelihoods

(H) on the environment (E) in drylands. These dependencies

are dynamic, always changing (P1, Table 4). The critical

linkages between these subsystems are created by (1) human

activities and decision-making on the one hand (H-E) and

(2) environmental controls and feedbacks pertaining to the

flow of ecosystem services on the other (E-H). As a result,

ecosystem goods and services of importance to local



Table 4 Five principles of the DDP, for coupled H–E systems, their significance and implications for research, management and policy

Principle Why important in drylands Key implications for research, management,
and policy

P1: H–E systems are coupled, dynamic, and
coadapting, so that their structure, function,
and interrelationships change over time.

The close dependency of most drylands
livelihoods on the environment imposes a
greater cost if the coupling becomes
dysfunctional; variability caused by
biophysical factors as well as markets and
policy processes, which are generally
beyond local control, means that tracking
the evolving changes and their functionality
is relatively harder and more important in
drylands.

ki-1: Understanding dryland desertification
and development issues always requires the
simultaneous consideration of both human
and ecological drivers, and the recognition
that there is no static equilibrium ‘‘to aim
for.’’

P2: A limited suite of ‘‘slow’’ variables are
critical determinants of H–E system
dynamics.

Identifying and monitoring the key slow H and
E variables is particularly important in
drylands because high variability in ‘‘fast’’
variables masks fundamental change
indicated by slow variables.

ki-2: A limited suite of critical processes and
variables at any scale makes a complex
problem tractable.

P3: Thresholds in key slow variables define
different states of H–E systems, often with
different controlling processes; thresholds
may change over time.

Thresholds particularly matter in drylands
because the capacity to invest in recovering
from the impacts of crossing undesirable
thresholds is usually lower per unit (area of
land, person, etc.); and, where outside
agencies must be called on, the transaction
costs of doing so to distant policy centers
are usually higher.

ki-3: The costs of intervention rise nonlinearly
with increasing land degradation or the
degree of socioeconomic dysfunction; yet
high variability means great uncertainty in
detecting thresholds, implying that
managers should invoke the precautionary
principle.

P4: Coupled H–E systems are hierarchical,
nested, and networked across multiple
scales.

Drylands are often more distant from
economic and policy centers, with weak
linkages; additionally, regions with sparse
populations may have qualitatively different
hierarchical relationships between levels.

ki-4: H–E systems must be managed at the
appropriate scale; cross-scale linkages are
important in this, but are often remote and
weak in drylands, requiring special
institutional attention.

P5: The maintenance of a body of up-to-date
LEK is key to functional coadaptation of H–E
systems.

Support for LEK is critical in drylands because
experiential learning is slower where
monitoring feedback is harder to obtain
(owing to more variable systems, larger
management units, in sparsely populated
areas) and, secondarily, where there is
relatively less research.

ki-5: The development of appropriate hybrid
scientific and LEK must be accelerated both
for local management and regional policy.

Source: Reproduced from Reynolds JF, Stafford Smith DM, Lambin EF, et al. (2007a) Global desertification: Building a science for dryland development. Science 316: 847–851.
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populations are changing and evolving over time. This close

dependency of livelihoods on the environment may impose a

high cost if the H–E linkages become unbalanced or dys-

functional (P1). Often this is due to variability caused by

biophysical factors as well as markets and policy processes,

which are generally beyond local control, means that tracking

any changes that are occurring (which is always happening)

and their overall importance to the stability of the H–E

balance is crucial but very difficult.

The DDP emphasizes the importance of ‘‘slow’’ or con-

trolling variables in both H and E domains (P2). For example,

terrestrial primary production is dependent on both soil

moisture and nutrients; however, nutrients in the soil change

very slowly over time (hence, is a ‘‘slow’’ variable), whereas the

residence time of soil water changes very rapidly (a ‘‘fast’’

variable). ‘‘Slow’’ variables are important, because they actually

control changes of state, whereas ‘‘fast’’ variables usually reflect

unimportant variability within states. For example, at any
given time, the degree of soil fertility would be more im-

portant to a management decision than soil water content

(the latter of which will change within hours).

As discussed, thresholds matter in drylands. However, the

DDP posits that only thresholds of interest should be the

‘‘slow’’ variables. If a threshold is crossed, it can lead to major

imbalances in the entire system. Furthermore, the capacity of

H–E systems to recover from the impacts of crossing un-

desirable thresholds is often slow and if distant policy centers

must be called on for assistance, the transaction costs of doing

so are usually high (P3, Table 4).

The principles of the DDP introduced thus far – that is,

‘‘slow’’ and ‘‘fast’’ variables, thresholds and constant changes

in the interactions, and thus balance of H–E interactions – all

depend on the scale of interest (P4, Table 4), of which there

are numerous ones. For example, the slow variables of interest

regarding the welfare of a single household, an ejido (in Latin

America, this is communal land shared by all people of a
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Figure 9 Schematic depicting interactions between human (H) and environmental (E) components of the land system. P1–P5 refer to DDP
principles in Table 2. These systems coevolve as balanced networks of feedbacks and interactions between H–E components in spite of
constantly changing external drivers. Decision-making (H-E) and ecosystem services (E-H, e.g., grazing land and clean air) are key linkages
between components (moderated by an effective system of LSK, P5). Many studies have tended to focus on each subsystem (i.e., H-H and
E-E) at the expense of the linkages between them. Reproduced from Verstraete MM, Scholes RJ, and Stafford Smith M (2009) Climate and
desertification: Looking at an old problem through new lenses. Frontiers in Ecology and the Environment 7: 421–428, with permission from ESA.
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community), or a nation may be quite different. In managing

H–E systems, such cross-scale linkages are important in de-

cision-making, but in drylands they are often remote and

weak, requiring special institutional attention and monitoring

support (see The Dryland Syndrome).

Lastly, the loop in Figure 9 implies that links between the

H and E subsystems are mediated in practice by human

mental models and local and scientific knowledge (LSK) (P5,

Table 4). Differing management and policy decisions are often

dependent on LSK. ‘‘Local knowledge’’ per se is not always very

local: It may be the knowledge of distant policymakers about

how their institutions operate as much as local farmers’

understanding of the effects of different levels of grazing.
Conclusions

Desertification (land degradation in drylands) is the loss of

biological and economic productivity, and biodiversity in arid

and semiarid croplands, pastures, rangelands, and subhumid

woodlands of the world. It is due mainly to nonsustainable

human activities, such as overcultivation, overgrazing, de-

forestation, and poor irrigation practices and is often triggered

or exacerbated by climate variability, mainly drought. A new

integrated assessment paradigm, the DDP, has been proposed

as a tool to aid in tackling the complexity of this phenom-

enon. The DDP, which is based on the simultaneous roles and

complex feedbacks among the meteorological, ecological, and

human dimensions of this problem, provides a roadmap (not
a recipe) for thinking about drylands management issues.

Historically, the failure to recognize and include the inter-

dependencies of these three dimensions has slowed progress

by the UNCCD in tackling the enormous problem of dryland

degradation, although recent developments are encouraging.

International researchers – representing a wide range of dis-

ciplines such as ecology, atmospheric science, social sciences,

policy, and integrated assessment – must work together to

successfully address this pressing global problem.
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