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20.1 Introduction
Land degradation in drylands, which is referred to as
desertification, is viewed by many as one of the most critically important issues facing many countries (e.g.,
Darkoh 1998; Dregne 1996; Kassas 1995). The United
Nations portrays it as one of the “most important global
change issues facing mankind” (UNCCD 1994). Land
degradation is a vital societal concern because of its impacts on human populations (food security, economics,
sustainability, etc.) and environment quality (dust storms,
trace gas emissions to the atmosphere, soil erosion, etc.)
(Vitousek et al. 1997). Like global climate change and biodiversity, desertification is the subject of an international
framework convention, the Convention to Combat Desertification (CCD), the aim of which is to “target poverty, drought and food insecurity in dryland countries
experiencing desertification, particularly those in Africa”
(United Nations 1994). The CCD was established by the
United Nations in order to facilitate the role of national
governments in enacting policies to combat land degradation. The Convention provides for a large infrastructure (e.g., a Secretariat and the Global Mechanism), which
is designed to mobilize and channel financial resources,
including the transfer of technology to developing countries (details in Chasek and Corell 2002).
However, in spite of its high profile and acknowledged
importance, desertification has remained stubbornly intractable. Part of the problem is that desertification tends
to stir up more disagreement and controversy than consensus (e.g., Leach and Mearns 1996; Reynolds and
Stafford Smith 2002a; Thomas and Middleton 1994).
While the reasons underlying the uncertainty and confusion associated with this topic are numerous (see reviews by Grainger et al. 2000; Reynolds 2001; Reynolds
and Stafford Smith 2002a), the bottom line is that desertification has proven to be a complex problem that is not
amenable to simple solutions. A second aspect of the
problem appears to reside with the CCD itself. The CCD
model has been roundly criticized for its deficiency of
directed research efforts, for lacking connections to “realworld” problems, and for serving solely as a mechanism
for some countries to elicit funds from donor nations

(Toulmin 2001). In spite of these criticisms, the CCD is the
primary vehicle for addressing desertification and has
inspired some successful spin-off activities that engage
scientists and various stake-holders (see Corell 1999).
In this chapter we provide a brief overview of the most
significant issues of land degradation in global drylands,
with an emphasis on the interaction between human and
natural dimensions of the problem. Despite considerable
work on case studies of land degradation in individual
regions of the globe, there is little integration between
social and biophysical sciences, and there are great opportunities for comparative studies across the many different social and biophysical systems. We discuss some
of the underlying causes of land degradation and their
consequences. Further, we discuss a joint initiative on
desertification of the Global Change and Terrestrial Ecosystems (GCTE) and Land-Use and Land-Cover Change
(LUCC) programs, which provided a framework to facilitate directed research effort and progress on this important global environmental issue. Land degradation
is an excellent topic for such an initiative given that LUCC
is geared to improve the understanding of land-use and
land-cover change dynamics, GCTE was focused on synthesis activities on critical topics in the terrestrial biosphere, and both programs are keen to engage both the
physical and social science communities for the development of science relevant to global change.

20.2 Drylands, Desertification, Drivers, and Scales
20.2.1 Distribution of People and Land-Cover Types
In general, drylands are characterized by low and variable rainfall, extreme air temperatures, and seasonally
high potential evaporation. Technically, drylands are
defined as regions that have an index of aridity (ratio of
mean annual precipitation to mean annual potential
evapotranspiration) of 0.05 to 0.65 (see Middleton and
Thomas 1997). Drylands can be further subdivided as
arid (0.05–0.20 index of aridity; ca. 30% of drylands),
semiarid (0.20–0.50 index of aridity, ca. 45% of drylands),
and sub-humid (0.50–0.65 index of aridity, ca. 25% of
drylands) and together cover approximately 5.2 billion
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hectares or about 40% of the land surface of the globe
(Table 20.1a). Drylands have two primary types of human uses: the overwhelming majority serve as rangelands
(>75% of drylands), while nearly 20% are rainfed or irrigated cropland. In terms of a land-cover classification,
shrubland is the dominant cover type (24% of drylands),
followed by cropland (20%), savanna (15%), grassland
(13%), forest (8%) and urban (3%) (Table 20.1b).
Drylands are home to over two billion people: 42% of
the Asian population, 41% of Africans, and 25 to 30% of
the rest of the world (Table 20.1c). Combined, Asia and
Africa contain 84% of all global drylands, dwarfing the
amount of dryland area on other continents. In terms of
importance, however, these numbers can be somewhat
misleading. While Europe contains only ca. 6% of the
world’s drylands, this represents about 32% of its land
mass and is home to 25% of its population. Similarly, Aus-

tralia contains about 13% of the world’s drylands but they
cover over 75% of the continent and are home to 25% of
its population. Hence in both Europe and Australia, drylands are crucial determinants of the economy, culture
and climate. Some of the highest densities of human
populations are in the dry sub-humid and semiarid areas of cropland, e.g., those in India, eastern China, and
Europe, and in the savannas of Africa (White et al. 2003).

20.2.2 Defining Land Degradation
and Desertification
Land degradation and desertification are composite phenomena that have no single, readily identifiable attribute.
Perhaps this is why there are so many conflicting and
confusing definitions (see reviews by Reynolds 2001;
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Thomas 1997). For example, a common misunderstanding among land managers and stakeholders is to equate
land degradation solely with soil degradation. The definition of Stocking and Murnaghan (2001) emphasizes
changes in biophysical variables and implies an impact
on human populations: land degradation is how one or
more land resources (soils, vegetation, water, landforms,
etc.) has changed “for the worse,” signifying a temporary
or permanent decline in the productive capacity of the
land. While heuristic, we favor the definitions used by
the CCD (UN 1994), which go a step further by making it
clear that while biophysical components of ecosystems
and their properties are involved, the interpretation of
change as ‘loss’ is dependent upon the integration of these
components within the context of the socio-economic activities of human beings. The CCD’s definition states that
land degradation is the 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. In drylands, this involves
soil erosion and sedimentation, shifts in natural fire
cycles, the disruption of biogeochemical cycling, and a
reduction of native perennial plants and associated microbial and animal populations. The CCD’s definition of
desertification explicitly focuses on the linkages between
humans and their environments that affect human welfare in arid and semi-arid regions.

20.2.3 What Drives Land Degradation
and Desertification?
Desertification is caused by a relatively large number of
factors that vary from region to region, and that often
act in concert with one another in varying degrees. Geist
and Lambin (2004) carried out a worldwide review of
the causes of desertification, and from 132 case studies
identified four major categories of proximal causal
agents: (1) increased aridity; (2) agricultural impacts,
including livestock 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, gas). They concluded that only
about 10% of the case studies were driven by a single
cause (with about 5% due to increased aridity and 5% to
agricultural impacts). About 30% of the case studies were
attributable to a combination of two causes (primarily
increased aridity and agricultural impacts), while the
remaining cases were combinations of three or all four
proximal causal factors.
A primary objective of Geist and Lambin’s (2004) review was to identify general global patterns in causation of desertification. As such, the study identified specific agents as more or less important in particular re-
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gions, and indicated that these agents derive from underlying forces associated with particular combinations
of socio-economic (including technology) and biophysical factors characteristic of particular regions. For example, two underlying forces, climate and technological factors (either new technologies or deficiencies in
technology) were the key drivers of desertification in
the majority (54%) of the case studies in southern Europe. In Africa, climate, alone or acting in concert with
population demography, was a key driver in the 38% of
the case studies. In the United States, 50% of the case
studies were attributable to a combination of climate
and technology drivers or these two factors interacting
with economic forces. Desertification processes in Asia,
Latin America, and Australia could only be attributed
to more complex interactions among four or more underlying forces.

20.2.4 Estimating the Extent of Desertification
Not surprisingly, obtaining accurate estimates of the
amount of drylands affected by desertification is a difficult task, fraught with numerous obstacles and complications. Nevertheless, the extent of global desertification is routinely reported as high as 70% of all drylands (UNCCD 2000)! Thomas and Middleton (1994)
and others view such estimates as suspect because they
are largely derived from the subjective judgments of
scientists and laypersons, surveys completed by local
governments, qualitative assessments, and data of varying authenticity and consistency. Unfortunately, the CCD
definition of desertification (Sect. 20.2.2), which we consider most authoritative at present, is not amenable to
easy quantification, especially as a single number or synthetic index.
A variety of problems confound estimates of the extent of desertification. For instance, observations made
on short-term ecosystem dynamics are often cited as
evidence of desertification ignoring the fact that drylands
are highly variable over time (both intra- and inter-annually) and that a temporary loss of vegetation cover due
to a short-term drought or to local land use (e.g., grazing) is distinct from – and not necessarily related to – a
permanent loss of vegetation associated with desertification (Reynolds 2001). Inaccurate estimations are also
fueled by technological barriers that preclude the monitoring of relevant variables, such as the cover of dry vegetation, that cannot be easily estimated using traditional
approaches (Asner et al. 2003). Another crucial, but often overlooked, concern is that desertification is usually
promoted by two or more causal agents (see Sect. 20.2.3).
In spite of the CCD definition, most estimates of desertification are derived solely from either biophysical factors (e.g., soil erosion, loss of plant cover, change in albedo) or socio-economic factors (decreased production,
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economic loss, population movements, etc.), but rarely
both types simultaneously (Stafford Smith and Reynolds
2002). When assessments are made without good knowledge of the underlying causes, it brings into question the
validity of the variables or sets of variables being used in
the assessment.
Over the years, in different arid and semiarid regions
of the world, there has been a concerted effort to
categorize and map various forms of land degradation
at various scales, but these efforts have failed to include a careful, systematic identification of the critical
variables that cause the observed dynamics (Stafford
Smith and Reynolds 2002). This problem lies at the
base of the confusion about how much ‘desertification’
there really is (see Batterbury et al. 2002). Stafford
Smith and Reynolds (2002) argued that much of this
confusion could be eliminated by focusing on a small
number of critical variables that contribute to an understanding of the cause, rather than effect, of desertification. Of course, this is all the more problematic when
we try to account for the causal factors driving desertification in different regions of the world and at different times: approaches developed to estimate desertification in one region may not be effective in others. The
failure to recognize these issues has led to the disparities of estimates of desertification in the literature and
is responsible for many of the disagreements alluded to
above (Stafford Smith and Pickup 1993; Stafford Smith
and Reynolds 2002).

20.2.5 Consequences of Desertification
There are few disagreements that desertification has a
large number of biophysical and socio-economic consequences, which range across a wide spectrum of spatial
and temporal scales. An in-depth treatment of the different consequences is beyond the scope of this chapter,
but some relevant ones are presented in Table 20.2 (and
see group reports in Reynolds and Stafford Smith 2002b).
From the socio-economic point of view, most consequences (especially in pastoral systems) are a direct consequence of the decline in ‘productivity’ or the capacity
of the land to support plant growth and animal production. During early stages of desertification such losses
are compensated by the social resilience of the local human populations, especially in developing countries, or
by economic inputs from government (Vogel and Smith
2002). However, when certain thresholds are crossed, social resilience or government subsidies may not be enough
to compensate for the loss of productivity, and this fuels a
battery of socio-economic changes that range from modifications in trade promoted by lower agricultural production to large population migrations (Fernández et al. 2002).
Virtually all of the biophysical consequences start with
the loss of vegetation and soil (Table 20.2). These losses
have a ‘cascading’ effect on other components and processes,
leading to a progressive deterioration of the ecological
structure and functioning of the system (Fernández et al.
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2002). The specific biophysical consequences of desertification differ substantially between geographical areas
of the globe as a function of the intensity and number of
driving forces at work, the extent of the impacted area,
the duration of the deterioration, and the resilience of
the system components (especially vegetation). Even
within a particular area we may find that there are different consequences depending upon the unique characteristics of the system. For instance, while Krogh et al.
(2002) found that some keystone species associated with
grasslands are negatively affected by shrub encroachment into former grasslands (a form of desertification,
Schlesinger et al. 1990), recent studies in the southwestern United States have shown that shrub encroachment
is associated with an increase in the species richness of
birds (Pidgeon et al. 2001), mammals (Whitford 1997)
and ants (Bestelmeyer 2005). Thus, some generalizations
regarding biophysical consequences of desertification
may be misleading or incorrect when applied to specific situations.

20.2.6 Scale and Hierarchy
The importance of scale is manifest in a number of ways
when evaluating the extent and effects of desertification (Sect. 20.2.4). Obviously, humans are most concerned with the local subset of degradation that impacts
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them personally. Reynolds and Stafford Smith (2002a)
use a hypothetical case-study of gully formation (overgrazing by cattle leads to loss of vegetative cover and,
ultimately, soil erosion) to illustrate how different segments of society (the stake-holders) see such problems
with differing degrees of concern. Whereas an ecologist might view erosion gullies as a breakdown in ecosystem function, this will resonate with a farmer only if
the gullies have a demonstrable impact on his values,
i.e., meat production by his cattle. If not, the farmer will
not consider this as ‘degradation’. Alternatively, other
stake-holders, such as urban dwellers in a nearby town,
may consider this localized soil erosion and gully formation a more serious problem because of the potential for silt runoff into the town’s reservoir and its adverse effects on water quality.
Because local activities often have regional consequences (e.g., localized erosion gullies impacting regional
water quality) and regional issues can, in turn, have local
impacts, it behooves us to assume a multifactor, multiscale, hierarchical view of desertification. In Table 20.3,
we illustrate representative scales of interest in desertification viewed from both socio-economic and biophysical perspectives. Coupled socio-economic and biophysical systems must be hierarchically nested in order to
avoid errors that will undoubtedly occur if we attempt to
extrapolate understanding over a range of scales that is
too great, e.g., trying to predict what will happen at the
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household level based on observations made at the national scale. Sørbø (2003) describes examples from east
Africa to show the importance of scale in pastoral herding communities. These pastoral communities are networked into various localized units, which function in a
complex interplay of local and regional social, economic,
and political factors, all of which have evolved over many
years against a backdrop of severe environmental instability and unpredictable contingencies. It is not surprising that ‘top-down’ attempts to ‘manage’ these systems
fall short of expectations. This is consistent with Batterbury et al.’s (2002) observations that, in arid and semiarid lands, the highest levels of the ‘management hierarchy’ are invariably quite remote from marginal lands and,
consequently, have weak political and economic feedbacks. An important objective of institutions such as the
CCD should be to provide a context within which levels
in the hierarchy become more integrated and aware of
the issues (Batterbury et al. 2002; Lambin et al. 2002).

20.3 Joint GCTE-LUCC Desertification Initiative
The simultaneous assessment of biophysical and socioeconomic drivers (and consequences) of desertification has
been recognized as one of the most challenging – but potentially rewarding – topics for further research (see review by Reynolds 2001). In an attempt to address this
challenge, the GCTE and LUCC programs of the International Geosphere-Biosphere Programme joined forces
to establish an initiative on desertification. The intent of
this initiative was to bring together researchers from the
various global change programs, representing both natural and human-influenced systems, with the objective of
stimulating, developing, and refining a new paradigm to
bear on this important global change concern.
One of the key, initial products of this GCTE-LUCC
initiative was a book on global desertification (Global
Desertification. Do Humans Cause Deserts?), which explicitly addresses many of the significant interactions and
feedbacks between natural and human-influenced dryland systems. Focusing on the multitude of interrelationships within coupled human-environment systems that
cause desertification, and drawing heavily from the chapters of this book, Stafford Smith and Reynolds (2002)
proposed the Dahlem Desertification Paradigm (DDP).
The DDP is a new synthetic framework that is unique in
two ways:
! First, the DDP attempts to capture the multitude of
interrelationships within human-environment systems that cause desertification, within a single, synthetic framework; and
! Second, the DDP is testable, which ensures that it can
be revised and improved upon as a dynamic framework.

In this section we briefly present an outline of the key
elements or assertions of the DDP and describe one
method we are using for testing it. As is the case for many
paradigms, the constituent ideas contained within the
DDP themselves are generally not new, but rather, they
bring together much of the previous work on this difficult topic in a way that reveals new insights.

20.3.1 Dahlem Desertification Paradigm
The DDP consists of nine assertions (Table 20.4), which
embrace a hierarchical view of land degradation and
highlight key linkages between socio-economic and biophysical systems at different scales. The first three assertions relate to the working framework of the DDP while
the remaining ones focus on its implementation, limitations, and potentials. The main points of the DDP are:
1. that an integrated approach, which simultaneously
considers both biophysical and socio-economic attributes in these systems, is absolutely essential to
understand land degradation (assertions #1, #7);
2. that the biophysical and socio-economic attributes
that govern or cause land degradation in any particular region are invariably ‘slow’ (e.g., soil nutrients) relative to those that are of immediate concern to human
welfare – the ‘fast’ variables (e.g., crop yields). It is necessary to distinguish these in order to identify the causes
of land degradation from its effects (assertion #2);
3. that socio-ecological systems in drylands of the world
are not static (assertions #3, #6);
4. that while change is inevitable, there does exist a constrained set of ways in which these socio-ecological
systems function, thereby allowing us to understand
and manage them (assertion #9);
5. that restoring degraded socio-ecological systems to
more productive, sustainable states requires outside
intervention (assertion #4)
6. that socio-ecological systems in drylands of the world
are hierarchical (assertion #8). Hence, scale-related
concerns abound and desertification itself is a regionally-emergent property of localized degradation (assertion #5)
The strength of the Dahlem Desertification Paradigm
is in its cross-scale conceptual holism. While the term
desertification is only useful at the higher levels of aggregation, and degradation (appropriately refined) at the
lower levels, the DDP framework embraces all these levels of concern. For example, at the international level,
implementation of the CCD must be framed in terms of
changes in coupled human-environment systems that
matter to humans, which dramatically changes the meaning of the “extent of desertification” (Sect. 20.2.4) and
both the timing and distribution of funding for inter-
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vention. Similarly, at the household or community level,
where concern is on the specific type of land degradation that is occurring and its local socio-economic consequences, the DDP channels resources towards identifying those essential biophysical and socio-economic
slow variables that really matter in terms of quantifying
current and future risk.

20.3.2 Initiatives to Test the Dahlem
Desertification Paradigm
The joint GCTE-LUCC initiative on desertification is
embodied within the ARIDnet 1 research network
(Reynolds et al. 2003). The general objectives of this network are to foster international cooperation, discussion,
and exchange of ideas about global desertification (as
summarized in the DDP), to conduct case studies, representing a range of biophysical/socio-economic land degradation types around the world, and to facilitate communication between researchers to foster more practical, field-level interactions with stakeholders in sustainable land management.
To accomplish these objectives, ARIDnet is organized
into three nodes (North/South America; Asia/Australia;
Europe/Africa) and is pursuing four specific tasks
(Fig. 20.1):

1

Assessment, Research, and Integration of Desertification.

Fig. 20.1. ARIDnet is an international research network organized
into three nodes (North/South America; Asia/Australia; Europe/Africa) and is pursuing four tasks (see text): paradigm-building, conducting case studies, developing a synthesis, and to facilitate participation via network-building

! Paradigm-building. Using workshops and symposia
conducted in different parts of the world, ARIDnet
will develop and refine the contents of the DDP
through the joint participation of the international
community of desertification researchers, stakeholders, and policy-makers;
! Case studies. Working Groups are specifically formed
to develop case studies throughout the world in order
to test the DDP in a well-stratified, comparative manner. These case studies are based on existing data and
specific stakeholders, and represent a wide range of
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the biophysical and socio-economic conditions existing in drylands;
! Synthesis. The numerous case studies will feed into a
quantitative assessment of what really matters in desertification. This synthesis will especially focus on
those interactions between key biophysical and socioeconomic variables; and
! Network-building. ARIDnet strives to recruit and foster the participation of a diversity of researchers from
different fields and countries in the activities of the
network.

20.4 Management of Desertified Drylands
In preceding sections we provided examples of the magnitude and importance of desertification as a major local and
global environmental problem. In order to prevent further
degradation and to restore degraded lands, a number of
countries have enacted environmental policies to establish management actions to combat desertification. These
actions are diverse but can be grouped under three headings: avoidance, monitoring, and restoration.

20.4.1 Avoidance
Management actions to avoid desertification are rarely
proactive. If they exist, they normally are focused on the
human drivers of desertification. Such actions vary
widely according to the socio-economic conditions of a
particular country, but often include the use of economic
subsidies to promote changes in land use or crops (Harou
2002), the diversification of human activities in the areas affected (Pamo 1998), and the establishment of educational programs to improve education and social welfare (Vogel and Smith 2002). The latter activity is of crucial importance since one of the core causes of desertification in developing nations is the extreme pressure on
the land resulting from high population growth (Geist
and Lambin 2004; Le Houérou 1996). However, there are
examples of success in reducing demographic growth and
in implementing sustainable production systems in desertified areas worldwide (Arkutu 1995; Vogel and Smith
2002), indicating that with appropriate resources and
political willingness, some of the most important desertification drivers can be controlled.

20.4.2 Monitoring
The monitoring of desertification is an increasingly important development in the management of dryland areas. The establishment of long-term and rigorous monitoring programs is an effective way to assess the status
of natural resources and the evolution of desertification

processes. Such programs could provide an “early warning” of pending concerns, e.g., the detection of changes
in ecosystem attributes and processes at stages where
management actions would be most cost-effective (see
Fernández et al. 2002).
It is encouraging to see increased research dedicated
to the development of easily accessible monitoring methods based on simple soil and vegetation indicators (e.g.,
Pyke et al. 2002; Tongway and Hindley 1995). These methods are based on the collection of basic information of
those vegetation attributes and soil properties (e.g., cover,
spatial pattern, resistance to penetration and texture) that
largely determine the ecosystem’s resilience to erosive
forces and its ability to use water and nutrients. An important goal of these methods is to minimize the training and equipment required so as to increase their availability to nations with low economic resources. These
ground-based methods are complemented with the use
of remote sensing data, which have been successfully
employed to monitor desertification processes in the U.S.
(Asner and Heidebrecht 2005), South America (Asner and
Heidebrecht 2003), Africa (Prince et al. 1998), Australia
(Bastin et al. 2002) and Europe (Imeson and Prinsen
2004). Remote-sensing approaches are often based on
measuring the same vegetation and soil attributes as
ground-based methods, but they allow the establishment
of monitoring programs at larger spatial scales. However, they often require the use of expensive equipment
and appropriate training, two factors not available in
many countries. Furthermore, recent studies suggest that
traditional remote sensing measurements (e.g., NDVI
measured during the growing season) do not provide an
adequate indication of biophysical degradation (Asner
et al. 2003). Further advancement in desertification
monitoring depends upon a coordination between
ground- and remote sensing-based research and the establishment of sound and cost-effective methodologies
appropriate for particular regions.

20.4.3 Restoration
While we might hope that future actions of land owners,
communities, regions, and nations will begin to adopt
management practices and policies that minimize or
avoid desertification, the sad fact is that vast areas of drylands are already in a wretched state, with varying degrees of reduced plant cover, impoverished species diversity, and depleted or eroded soils (Whisenant 1999).
Restoration actions in these lands have traditionally focused on the biophysical variables, especially those aimed
at increasing plant cover and halting soil erosion. Often,
and irrespective of the underlying drivers of desertification, restoration efforts involve the establishment of
woody plants (Whisenant 1999), which is deemed crucial to stop further degradation, and to foster recovery
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of ecosystem structure, composition, and functioning
(Reynolds 2001). Such afforestation programs, which
have been carried out since the 1800s, have resulted in
millions of hectares of conifer trees (mainly) planted in
drylands of Spain, Turkey, Morrocco, Algeria, Argentina,
China, and many other countries (Richardson 1998;
Pausas et al. 2004; Sánchez Martínez and Gallego Simón
1993; Gao et al. 2001). While some of these efforts have
been effective in controlling desertification, many have
failed (Odera 1996), and in some cases have exacerbated
the degradation process (see review by Maestre and
Cortina 2004).
In other instances, restoring desertified lands has involved instituting changes in land management practices
(e.g., Pyke et al. 2002; Sørbø, 2003). Again, these may be
undertaken without full understanding of the causal
mechanisms involved, or without an appreciation of the
socio-economic conditions (Sørbø, 2003), and again are
prone to failure. This history of lack of success suggests
a clear need to address fundamentals. First, as we have
emphasized throughout this chapter, it is important to
have a sound understanding of both the biophysical and
human dimensions of causality. Second, we must incorporate as much of our knowledge of dryland structure
and functioning as possible into our management actions. In this respect, important advances have been made
in the application of conceptual and practical ecosystem
models. Third, we must carefully evaluate and incorporate existing socio-economic attributes. Fourth, we must
assess the potential for successful rehabilitation. Lastly,
we must strive for improved restoration methodologies,
including the use of new understanding of key ecosystem processes, e.g., plant-plant interactions (Maestre et al.
2001) and the role of soil heterogeneity in plant establishment (Maestre et al. 2003).
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odologies regarding the monitoring, prevention and remediation of desertification. The DDP emphasizes the
need to address all socio-economic levels (local, regional,
national, international) in the development of effective
desertification policy decisions. The DDP emphasizes
moving beyond isolated studies of various parts of the
desertification problem and toward establishing an integrated program of causal links of dryland degradation,
from climate dynamics to ecological impacts to policy
response strategies, which can be applied to a wide range
of temporal and spatial scales. The challenges of building the necessary political and scientific bridges are enormous, but so is the need for urgent action to understand
and manage desertified drylands worldwide.
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Paradigm provides the necessary theoretical framework
for bringing researchers and policy-makers together for
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