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Drylands cover 41% of the earth’s land surface and sustain 38% of the global
population. The surface area of drylands affected by desertification is estimated at
10-20% of this land, making this one of the worst environmental problems worldwide.
Measures to combat desertification include restoration actions. Recent advances in
our understanding of dryland ecology have improved traditional restoration
techniques and fostered the development of new eco-technology. However, the
refinement of eco-technological tools and the success of experimental restoration
projects have not been accompanied by parallel increases in the efficiency and
reliability of management-scale restoration programs. In our experience, this is the
result of uncertainties about the long-term effects of restoration actions, scarce
knowledge on population and community dynamics, and cultural and socioeconomic
constraints to the implementation of new techniques and the improvement of
traditional ones. We suggest that i) adopting the ecosystem service approach to
identify restoration targets and evaluate restoration actions, ii) integrating restoration
actions into comprehensive development programs, and iii) creating networks of pilot
and demonstration projects may foster participative, adaptive and integrative
management plans, and contribute to livelihood quality in desertified areas.
Key words : arid zone, desertification, desertification control, planning, restoration.
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between restored and reference ecosystems and the rate at which the former
approaches the latter becomes a challenging task. Fourth, reference ecosystems may no longer exist, or may not be
particularly functional or diverse, and
thus not necessarily desirable (Cortina
et al., 2006). Last but not least, most
projects to combat desertification have
hardly been evaluated and monitored.
The strong emphasis on the control of
technical aspects of project implementation contrasts with an almost total
absence of integrated a posteriori
evaluation. With no proper evaluation,
there is no way to verify if the outcomes
of a project to combat desertification
qualify as ecological restoration or not.
The previous considerations may help to
harmonize opposing views on the
objectives of ecological restoration in
drylands. For example, the spread of
alien species constitutes a major environmental concern in the drylands of
California, the Northern Mediterranean,
South Africa and Australia, where control of aliens such as Acacia saligna,
Opuntia sp. and Eucalyptus sp. is
a major management priority (Van
Wilgen et al., 2001). Conversely,
species that are removed from these
areas are currently being planted in
drylands of Africa and Asia (figure 1). In
some cases, the use of alien species may
be justified for the production of goods
such as forage and fuelwood, and the
provision of ecosystem services such as
carbon sequestration and soil protection
because they facilitate the establishment
of native species or because alien
planting is one of the various actions
included in a larger management plan.
Similarly, agreement is lacking on
the impact of shrub encroachment (the
increase in density, biomass and cover
of native shrubs in former grasslands) in
studies from different dryland areas
(Schlesinger et al., 1990; Valone et al.,
2002; Maestre et al., 2009). Disagreement may reflect the complexity of this
process (Huxman et al., 2005), but
also cultural bias against/in favour of
grasslands and shrublands. As a result,
depending on the context, both the
removal and planting of woody species
become major priorities of ecological
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Drylands cover more than 40% of the
land, sustain more than 1/3 of the global
population and host a significant number
of hot-spots of biological diversity. Drylands worldwide are however currently
threatened by desertification (Reynolds
et al., 2007) Over the last decades,
international organizations launched
ambitious initiatives to evaluate the extent
of desertification, understand its causes
and, ultimately, combat dryland degradation. The attention of restoration ecologists concerning actions to combat
desertification has been comparatively
limited. For example, the number of
restoration projects from arid, semiarid
and Mediterranean areas included in the
Society for Ecological Restoration International (SERI) Global Restoration Database1 is relatively low (22 of a total of
226 projects). Similarly, the number of
scientific papers on dryland restoration
appearing in international environmental
journals, including Restoration Ecology,
the official journal of the Society for
Ecological Restoration International, is
also low (8 of a total of 183 articles;
[Aronson et al., 2010]). Of these
papers, very few deal with passive
restoration (the release of the stress
factor; [Aronson et al., 2010], whereas
this is one of the most commonly
employed management options to revert
dryland degradation (Requier-Desjardins
et al., 2009).
The ‘‘desertification’’ research community seems to be aware of the principles of
ecological restoration. United Nations
Convention to Combat Desertification
(UNCCD2) Article 2.2 explicitly mentions as one of its objectives ‘‘. . .the
rehabilitation, conservation and sustainable management of land and water
resources, leading to improved living
conditions, in particular at the commun-

ity level’’, which is largely in agreement
with the aims of ecological restoration3.
Indeed, National Action Plans (NAP)
within UNCCD go a step further by
explicitly mentioning ecological restoration as one of their objectives and lines
of action (e.g., the Spanish NAP4). But to
what extent have the aims of ecological
restoration been adopted by projects to
combat desertification?
There is no simple answer to this
question. First, projects have multiple
objectives, including unwritten ones that
can be critical. For example, the official
aims of the Spanish National Reforestation Program, a vast endeavor launched
in 1939, were biophysical (wood production, hydrological control and soil
protection), whereas the creation of
employment was probably the main
(implicit) priority in a ruined post-war
country (Pem
an et al., 2009). An
evaluation of these actions that does
not take into account their socioeconomic impact, is biased and of little
use. Second, societal aims and aspirations change across generations and
across regions. The success of a particular action cannot be measured in the
same way in areas where consumption
of local natural resources is high as
in areas where natural resources are
imported. Similarly, priorities may
change in the time lapse between
project inception and process evaluation. This is particularly important in
drylands, where climate and societies
currently change at a faster rate than do
ecosystems. Third, our understanding of
community dynamics, ecosystem processes and the benefits provided by
restored ecosystems is often too poor
to accurately predict the outcomes of
management practices. Because of this
uncertainty, evaluating the distance
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establishment of tree cover, the increase
in biodiversity, the introduction of a
particular species), disregarding their
impacts on the provision of other goods
and services. For example, information
on the effects of conifer plantations on
biodiversity, water and carbon balance
or aesthetics is often scarce, despite the
significance of these plantations in drylands worldwide ([Maestre and Cortina,
2004; Pausas et al., 2004, [figure 2].
Over the last decades, this lack of
information has fuelled bitter discussions
on the benefits of these plantations that
are frequently based on partial views
and subjective perceptions.
By the end of the 20th century, a new
paradigm based on the incorporation of
an integrated ecosystem approach into
actions to combat desertification
emerged in response to programs that
were excessively focused on single or a
few services (Le Hou
erou, 2000). This
new paradigm was based on the use of
native species, low impact techniques
aimed at keeping what was left of the
original community composition and
ecosystem functioning, and the development of new ecological knowledge. This
trend was promoted by innovative
technological tools, which were often
based on traditional practices. These
include expertise on a wide array of
species, innovations in the production of
quality seedlings, the use of amendments to improve soil fertility, the design
of low-impact and efficient techniques
for soil preparation (figure 3), runoff
capture and water harvesting, the assemblage of protocols to control unwanted
species, and the use of mutualistic and
facilitative interactions (Sheppard et al.,
2006; Bainbridge, 2007; Cortina et al.,
2011). Still, despite these advances, the
success of restoration actions is not
guaranteed.
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Figure 1. An example of opposing views on environmental problems and restoration targets
from the western Mediterranean.
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A) Opuntia ficus-indica f. inermis Weber plantation in South Tunisia; B) invasive Opuntia ficus-indica L. Mill in
Sierra Filabres (Almerı́a, Spain.
Contrasting management techniques are used to expand or eradicate this species on both shores of the
Mediterranean.
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restoration in different drylands (Brudvig
and Asbjornsen, 2009; Cortina et al.,
2011). How can we reconcile such
contrasting views? Do they all qualify
as ecological restoration? We suggest
that the definition of restoration targets in
terms of community composition, ecosystem functioning and the provision of
goods and services represents a suitable
way to integrate such disparate management practices into a general framework
of dryland restoration.

A new framework
for dryland restoration
As mentioned above, integrated evaluation and monitoring were not considered
fundamental parts of management programs to combat desertification, and
this failure was partly responsible for
unwanted outcomes of these actions.
Their targets were usually defined on the
basis of one or only a few objectives (the

Ecological uncertainties
Re-establishing functional and self-sustaining landscapes under semiarid conditions is particularly challenging. The
combination of harsh climatic conditions, degraded soils and impoverished
communities increases the probability of
failed successional trajectories leading
to undesired communities, further degradation and wasted efforts. We suggest
that failures are frequently related to poor
understanding of species ecology and
community dynamics, along with inability to integrate climatic variability.
The literature shows many examples
where management techniques were
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ronmental conditions with increasing
technological inputs (including watering, mulching, runoff harvesting, etc.) at
a higher economic cost. In both cases,
it would be good to improve our ability
to forecast climatic conditions, a goal
that looks closer now than some decades
ago (Holmgren and Scheffer, 2001;
Mariotti et al., 2002). This topic is
particularly relevant, as climatic conditions in drylands worldwide may become
even harsher in the near future (Giorgi
and Lionello, 2008). As dryland restoration is planned on a time scale of
decades, further knowledge on species
ability to cope with new climatic conditions is urgently needed.
Finally, identifying the underlying
causes of failures in restoration actions
demands the design and implementation of comprehensive evaluation and
monitoring programs (Bautista and
Alloza, 2009). They should be based
on suitable indicators that can be
applied by practitioners and designed
to feed back on management. It is worth
noting that a proper evaluation of
restoration actions should include indicators of stakeholder perceptions. To
achieve this and other goals discussed
below, social participation is a must.
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Figure 2. Examples of Pinus halepensis plantations used to restore plant cover in South East
Spain.
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A) Pinus halepensis Mill. plantations in Elx ; B) Pinus halepensis Mill. plantations in Ricote valley (South East
Spain).
This species has been widely used to restore plant cover in semiarid Mediterranean areas with contrasted
success. Knowledge on the ecological impact of these plantations however remains limited.
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applied before enough information
on their consequences was available.
These include the use of alien herbaceous species in burnt areas of the
American West (Robichaud et al.,
2000) and the establishment of Lupinus
nootkatensis in eroded slopes on Iceland (Magnusson, 1997). For example,
woody species such as Quercus coccifera, Pistacia lentiscus and Rhamnus
lycioides have been extensively used
for the restoration of Stipa tenacissima
steppes in South East Spain (Cortina
et al., 2011), where they are considered keystone species. However, our

knowledge on the natural dynamics of
these species, on their long-term recruitment rate, longevity, sensitivity to soil
properties and ability to face long
intense drought is scarce.
The success of restoration actions also
depends on climatic variability. Years
with less moisture than average take a
toll on forest plantations. Two alternative
management options may be taken:
assume that sporadic recruitment is an
intrinsic trait of these species and plan
interventions on time scales that match
natural processes (i.e., the traditional
approach), or compensate harsh envi-
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Beyond ecology
Ecological restoration represents a
unique way of improving the provision
of goods and services while enhancing
livelihoods in degraded drylands. However, restoration actions are too often
carried out by the Forest Administration
or particular groups of interest with no
further social involvement. This is not
only a source of conflict, but a missed
opportunity to develop adaptive management, promote people involvement
and motivation and to improve restoration success.
Various tools may contribute to these
goals:
1. People may not be sensitive to
specific aspects of community composition and ecosystem functioning, but they
may better understand changes in ecosystem services such as water and fuelwood production and soil protection,
services that affect their day-to-day life
(Safriel and Adeel, 2005). Ecosystem
services provide a common language to
negotiate and reach consensus;
2. Restoration should not be implemented in isolated actions but integrated
into comprehensive development programs. There are many examples of this
approach in developing countries that
S
echeresse vol. 22, n8 2, avril-mai-juin 2011
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Ecological restoration is expensive. For
example, the cost of a 3-hectare plantation in SE Spain is similar to the total cost
of a graduate student (ca. 7,000 euros
per year5. Thus, we must be very careful
before advocating public expenditure in
restoration actions. Some alternatives to
fund restoration programs aimed at
combating desertification may be forwarded. First, the economic benefits derived
from restoration programs may pay for
the costs. For example, in Morocco the
costs of desertification may be 5 times
the costs of restoration (4.6% versus
0.8% of the Gross Domestic Product,
respectively [Requier-Desjardins et al.,
2009]. Second, the involvement of nongovernmental organizations (NGOs),
communities and most directly affected
stakeholders may reduce the costs of
restoration actions. Finally, integrating
restoration actions into development
programs may provide access to other
sources of funding. As an example,
European programs such as the Agricultural Fund for Rural Development
(EAFRD), the Regional Development
Fund (ERDF), the Cohesion Fund and
the LIFE-Environment and LIFE-Nature
include measures related to ecological
restoration.
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Figure 3. Technological tools and deeper knowledge of biotic and abiotic interactions are
partly responsible for recent improvements in restoration practices.

ré

A) The spider back-hoe facilitates the establishment of target key species, avoiding deleterious effects of large
slope modifications; B) Stipa tenacissima L. shadow benefits seedlings of woody species such as Pinus
halepensis (Gasque and Garcı́a-Fayos, 2004).
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developed countries should adopt to
improve the efficiency of these interventions (Dongier et al., 2003; Raddaoui,
2009). This point is particularly challenging, as it demands collaboration between
different government Departments and
effective participative management. Furthermore, integrated projects provide the
opportunity to adjust the duration of the

actions to ecologically and socially
meaningful time scales;
3. A network of pilot and demonstration
projects needs to be established to test
new techniques at a management scale,
provide evidence of good management
practices and contribute to knowledge
exchange [Li et al., 2007; Vilagrosa
et al., 2008], figure 4).

Conclusions
Actions to combat desertification should
adopt the principles of ecological restoration to meet the challenges posed by this
worldwide environmental problem. At the
same time, restoration ecologists should
devote further attention to degraded
drylands in accordance with the magnitude of this problem. Technological tools
and strategies to combat desertification
have significantly improved over the
last decades, but uncertainties about
the outcomes of restoration actions, particularly in response to climate change,
are still substantial. Our understanding
of the ecology of key species should be
increased to improve our ability to
prescribe efficient restoration actions.
But ecological and technological improvements will have a modest impact on
dryland capacity to provide ecosystem
services and contribute to human welfare
unless participative, adaptive and integrated management strategies are
implemented. &
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de tiempo entre 1946-1961, en varias provincias
espa~
nolas. Cuadernos de la SECF 30: 319-24.

Dongier P, Van Domelen J, Ostrom E, Ryan A,
Wakeman W, Bebbington A, 2003. CommunityDriven Development. In: The World Bank, ed.
PRSP Sourcebook. Volume 1. Washington (DC) :
World Bank.

rt

This text was written thanks to the funding
received from project RECUVES (Spanish
Ministry of the Environment, Rural and
Marine Areas; 077/RN08/04.1), project GRACCIE (Spanish Ministry of Science and Innovation, Consolider-Ingenio
2010 Program; CSD2007-00067) and
Generalitat Valenciana (Programa G.
Forteza; FPA/2009/029). We thank
Marjolein Visser for her kind invitation
and Ramon Vallejo for his common sense,
effort and inspiration. CEAM Foundation
is partly funded by Generalitat Valenciana and Fundaci
on Bancaja.

Cortina J, Amat B, Castillo V, Fuentes D, Maestre
FT, Padilla FM, (submitted). The restoration of
vegetation cover in the semi-arid Iberian southeast J Arid Environ.
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