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Abstract: The latest world atlas of desertification represents a turning point in the diagnosis of
desertification. While it forgoes desertification mapping due to the intrinsic complexity of the
phenomenon and the impossibility of measuring it using a single indicator, it introduces the con-
vergence of evidence paradigm, which identifies socioeconomic and biophysical variables whose
behaviour allows pointing out those areas prone to desertification. The Spanish National Action
Program Against Desertification (PAND), back in 2008, already implemented a similar approach to
identify five “desertification landscapes” within Spain using both socio-economic and climatic in-
formation. The PAND was not only pioneering but also, unfortunately, accurate. Desertification in
Spain has continued to worsen and the first two decades of the 21st century have consolidated an
agri-food model whose dynamics have exacerbated the desertification processes identified in the
PAND. Despite its scientific value, the PAND lacked a proper action plan and was completely de-
tached from the diagnosis. As a result, the diagnosis it provided was not followed by effective
actions to halt desertification in Spain. The Spanish government’s recent declaration of climate and
environmental emergency requires a new strategy to combat desertification. This commitment is
an excellent opportunity to update the diagnosis of the situation and, more crucially, to unify the
different desertification sectoral policies and actions under a single front. We provide here ele-
ments (e.g., analysis of agri-food trends and integration of plans and policies at different geo-
graphical and sectoral levels) for a roadmap to be designed around the pressures, impacts, and
drivers that define today’s Spanish desertification landscapes to effectively manage and avoid their
further degradation.

Keywords: desertification; diagnosis; socioeconomic factors; convergence of evidence; agriculture;
groundwater

1. Introduction

The Spanish government’s recent declaration of climate and environmental emer-
gency [1] has renewed its concern for desertification. Among the compromises made, the
drafting of a new Strategy to Combat Desertification (Commitment 21) stands out. The
Spanish government highlights the need to articulate it within a framework of joint ac-
tion by “strengthening synergies with rural development policies, biodiversity protec-
tion and recognition of environmental services, the promotion of energy transition op-
portunities and renewable energies.” [1] The new Spanish National Action Plan to
Combat Desertification (PAND; the official acronym) may represent an opportunity to
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link actions in different sectors and launch policies in which the several administrations
involved act in the same direction.

One of the first tasks in the implementation of PAND is to identify where desertifi-
cation occurs. The question is not easy as desertification is polythetic, i.e., it includes a
diversity of processes, such as soil erosion, biodiversity loss or groundwater degradation,
but none of them is a determinant to identify an area as desertified. As a result, mapping
it is a thorny issue [2,3]. The best currently available products are thematic—or mono-
thetic—maps, which capture a particular aspect of desertification [4], often targeting its
effects rather than its causes. Relevant examples for Spain include the LUCDEME project
on soil degradation [5] and, more recently, a land condition map [6] based on the rain-use
efficiency paradigm [7] to detect land degradation states and trends. Multicriteria maps
usually create more confusion than clarity [8], such as risk maps based on indicators that
aggregate variables through ambiguous and often subjective methodologies [9]. Alt-
hough sometimes they are based on some knowledge of the processes taking place, the
resulting index “is more a recipe than objective summarizations based on the process.”
[2].

The latest world atlas of desertification [10] (WAD) constitutes a state-of-the-art re-
flection of the approach to address desertification and the conceptual shortcomings [2,11]
that surround its assessment. Recognizing the complex nature of desertification [12] and
the ambiguity in the perception of this concept [12,13], the WAD forgoes mapping des-
ertification and proposes, alternatively, to apply a new approach: the convergence of
evidence. It consists of cross-referencing different types of information (bio-physical and
socio-economic) to detect desertification hotspots. The aim is to anticipate the potential
threats revealed by indicators such as the growth of irrigated area, decreasing rainfall, or
changes in population. In total, the WAD proposes using 14 global change issues to
identify geographical hotspots of ongoing land degradation across our planet. These is-
sues are divided in bio-physical (aridity, water stress, climate-vegetation trends, etc.) and
socioeconomic (population density, irrigation, livestock density, etc.). The areas where
multiple global change issues converge are identified as probably prone to land degra-
dation. Despite the implementation of global databases to detect convergence, the para-
digm insists on considering local conditions by adding more detailed contextual infor-
mation. In this way, trade-offs and solution pathways for land use and land use strategies
can be better identified [3].

A similar approach to that put forward by the WAD was already proposed 20 years
ago by the SURMODES project (a surveillance system for assessing and monitoring des-
ertification) [13,14] in Spain. The identified desertification hotspots were the basis for the
five “desertification landscapes” listed in the first version of the PAND, which was re-
leased in 2008 (PAND-2008) [14,15]. Its purpose was to facilitate a better understanding
of the problem by summarizing the current situation in qualitative terms. It provided a
“reflection on the real root causes of desertification, the drivers of the phenomenon, and
its effects to help lay the foundations for the design of solutions.” [14,15]. This was an
important conceptual breakthrough, since the early detection of hotspots enables (unlike
when mapping degradation) the implementation of preventative measures that redirect
the future of the system before their drivers (e.g., soil loss, reduction in primary produc-
tivity or deterioration of water resources) make land degradation irreversible.

Sadly, the diagnosis was accurate, and many of the desertification landscapes iden-
tified by the PAND-2008 are areas where desertification is taking place today. The WAD
itself confirms this worsening situation by incorporating desertification in Spain as one of
its case studies [15,16]. This confirms the effectiveness of SURMODES as a diagnostic tool
and places it as the perfect candidate, after its update, to be adopted by Spain and other
countries to detect desertification before it becomes a severe problem. Here we: (i) ana-
lyse the contribution of the SURMODES project to detect desertification in Spain; (ii)
show the consequences of not implementing solutions tailored to the diagnosis made by
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the PAND-2008; and (iii) discuss the opportunity opened up by a new PAND to refine
SURMODES and update desertification landscapes in Spain.

2. SURMODES, a Pioneering Approach to Identify the Threat of Desertification

The SURMODES project
(http://www .eeza.csic.es/surmodes/surmodes/welcome.htm (accessed on 4 Febraury
2022)) turned around the way desertification was studied in the Mediterranean and Spain
in particular. In the 1990s, the usual approach to study desertification was to focus on the
most frequent imprints of land degradation, and therefore maps and studies on erosion
and vegetation cover, such as those carried out by the LUCDEME project in Spain [5],
were commonplace. Erosion was synonymous with desertification [16-18], and therefore,
detecting this process was the final goal (consequently, combatting desertification fo-
cused on controlling erosion). This approach is a way of showing inherited or relict des-
ertification [18,19], i.e., desertification that has already occurred. SURMODES, on the
other hand, distinguished desertification as a cause and degradation as an effect to sup-
port the most effective action to combat desertification, which is to anticipate its occur-
rence. The aim was to identify hotspots of ongoing desertification throughout Spain by
studying climatic and socio-economic indicators. In this sense, SURMODES worked as an
early warning system. It looked for hotspots of economic growth whose profitability
could attract more capital and people, and thus lead to situations of overexploitation. In
addition to locating the focus of potential desertification, the aim was to show which
combination of factors (technology, markets, and agricultural policies) was driving this
process to provide clues as to which stressors could be relieved to deactivate this situa-
tion.

The method designed in SURMODES, outlined in Figure 1, consists of two proce-
dures based both on climate and socio-economic risks. The first procedure (P1) produced
a map of potential desertification, while the second (P2) used this map to identify so-
cio-economic syndromes within provinces where desertification was developing. SUR-
MODES works at the provincial level (i.e.,, small regions with populations between
150,000 and 800,000 inhabitants). Since several aridity zones can occur in each province
(Figure 1A), only those with more than one half of their extension belonging to the dry
sub-humid, semi-arid or arid classes were included (Figure 1B). The economic conditions
risking desertification were then reflected through (i) the normalized annual increase in
gross value added in agriculture for the period 1967-1995; and (ii) the relative annual
increase in the rural population for the period 1965-1993 (Figure 1C). The intersection of
climate and economic conditions yielded the potential desertification map (Figure 1D),
where the provinces with both climatic and socio-economic conditions for desertification
were identified. P2 looked at agricultural land uses that had undergone fast growth in the
reference period (1967-1993). Data were obtained from the National Institute of Statistics
(www.inebase.es (accessed on 8 February 2022). The expansion of cropland was used as a
proxy variable of a potential threat of land degradation [19-22]. The provinces where the
increase in surface was due to only one or two land uses, which also were consumers of
limited resources in drylands (water, soil, fodder, etc.), were prime candidates for active
desertification. The territorial expression of such dynamics converged to five desertifica-
tion syndromes: (i) coastal irrigated agriculture; (ii) southern continental irrigated agri-
culture; (iii) northern irrigated agriculture; (iv) olive orchards in eastern Andalusia; and
(v) dehesas, a savannah-like formation of permanent grasslands with disperse holm oak
cover in the west of mainland Spain (Figure 1E). Additional information obtained from
technical and governmental documentation, and from field surveys, which included
mainly on-spot interviews with farmers and technical experts, was used to confirm the
hotspots detected by SURMODES.

Only one of the scenarios described above is related to livestock (dehesas). At the
time these maps were drawn up, it was striking that this use appeared to be related to
desertification, as this agro-silvo-pastoral use has always been considered a paradigm of
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sustainability [22,23]. However, erosion processes linked to the increase in stocking den-
sity [23,24] occurred over recent decades in these ecosystems, which have been associated
with the enormous increase in grazing livestock promoted by the incentives of the EU
Common Agricultural Policy [24,25]. Other scenarios include the expansion of olive
groves in Andalusia and the associated erosion problems, and irrigated agriculture. This
later case shows two variants: (a) herbaceous crops including non-food crops (alfalfa and
corn) related to soil salinisation in the north of Spain [25,26] and irrigated land in La
Mancha (central Spain), linked to the overexploitation of important regional aquifers
[26,27]; and (b) the Mediterranean coastal strip of southeastern Spain, which includes the
provinces of Alicante, Murcia, and Almeria. High-yielding horticultural crops (e.g.,
greenhouses) have thrived there (see Valera et al. [27,28] for a review), causing the dete-
rioration of numerous aquifers [28-30].
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Figure 1. Procedure for detecting desertification hotspots in Spain followed in the SURMODES
approach. The desertification potential map (D) is the intersection of aridity conditions (A,B) and
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socio-economic conditions (C). The landscapes most prone to desertification (1-5 in bottom-left of
the figure) are shown in panel (E). Source: SURMODES project [13,14]. Photographs taken from the
photo  library of CENEAM  (National Centre for Environmental Education;
https://www.miteco.gob.es/es/ceneam/centro-de-documentacion-ceneam/fototeca/default.aspx
(accessed on 4 February 2022)).

3. The Consequences of Ignoring an Accurate Diagnosis

SURMODES hotspots were the basis of the “desertification landscapes” included in
the PAND-2008 (Figure 2). Under this new designation, PAND-2008 included a collection
of syndromes mentioning drivers, land uses, environmental impacts, and areas that were
or could be potentially affected. It is worthy to note the lack of a cartographic expression
of desertification landscapes in the PAND-2008, which only points out their geographic
location, in a somewhat generic way in some cases, but did not accurately map them. The
three hotspots related to irrigation detected by SURMODES were grouped under “Irri-
gated areas with desertification risk” landscape. The hotspot related to erosion and olive
groves was extended to include “Woody crops affected by erosion” and “Rainfed her-
baceous crops with erosion risk”. Finally, dehesas were generalized to “Overgrazed ag-
roforestry pastoral systems”. The PAND-2008 also included a landscape related to relict
desertification (“Degraded shrublands and wastelands”), which encompasses a wide
range of land uses and land covers. These areas cover about 2 Mha in Spain and nowa-
days support formations of wasteland or scrubland resulting from the degradation of
more mature vegetation formations [14,15] driven by human actions carried out in the
past (e.g., mining and abandonment of agricultural terraces or deforestation).

Figure 2. Desertification landscapes considered in the PAND-2008. (A) “Irrigated areas with des-
ertification risk”. (B) “Woody crops affected by erosion”. (C) “Rainfed herbaceous crops with ero-
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sion risk”. (D) “Overgrazed agroforestry pastoral systems”. (E,F) “Degraded shrublands and
wastelands”. Photo sources: (A,C,D,F): CENEAM; (B): José Alfonso Gémez; (E): Gabriel del Barrio.

SURMODES was a methodology implemented within the PAND-2008, but it was
not the PAND-2008 itself. As an academic exercise, it anticipated the nonsense of accu-
rately mapping desertification scenarios, much in line with the later WAD. However,
PAND-2008 was a political program, and it had to meet the (then) perceived need of
conventional maps. Resulting from this clash, a desertification risk map, far from the
philosophy implemented by SURMODES, was further developed within the
PAND-2008. Specifically, this risk map represents an index that brings together a series of
variables in a subjective way, ignoring the dynamic nature of desertification and the in-
teraction between the different processes [2]. Moreover, the map is built on variables that
reflect the impact of desertification (erosion and overexploitation of groundwater), and
not on its drivers (irrigation expansion and food demand). In our opinion, it is at this
point where PAND-2008 started to be undermined in becoming an effective tool to
combat desertification. Instead of being a real action plan following the causes that give
rise to desertification landscapes (i.e., curbing the threats that were starting to generate
active desertification problems), the desertification strategy became a kind of “White
paper on desertification” without any executive or binding character.

SURMODES was in line with the current desertification diagnosis procedure and
was validated by the WAD. In fact, one of its case studies illustrated the progress of
desertification in Spain [15,16]. Through a statistical analysis of land-condition trends
and states [7], places where land degradation has occurred or is occurring are detected.
Some agricultural ecosystems, which essentially coincide with those indicated in the di-
agnosis, exhibit clear signs of active degradation processes, which could drive them to-
wards terminal states in which exhausted and unproductive systems are ultimately
abandoned. Areas of increasing intensification, particularly where marginal lands are
under irrigation, appear now as prominent land degradation hotspots. Twenty years on,
desertification does not seem to have been adequately addressed in Spain. The first two
decades of the 21st century have consolidated an agri-food model whose dynamics have
exacerbated the land degradation processes that were detected at the end of the last
century. The following points illustrate this trend:

(i) The Spanish primary sector has become marginal in terms of employment (3.8%)
and GDP (2.6%) [31,32]. However, it is still a strategic sector that occupies a large part of
the territory (23.8 Mha or 47% of the landscape, including cropland and pastures [32,33]).
The Spanish agri-food model has undergone a series of changes as a result of the coun-
try’s modernization, rural exodus, and its entry into the European Economic Community
[33-35]. The industrialization of agriculture has led to a significant increase in the bio-
mass produced but, above all, to a concentration of the biomass extracted from primary
crops, embodied by the specialization in the Spanish agrarian sector in livestock, fruit
and vegetables, and olive oil production [33,34].

(if) Over 2 Mha of cropland have been lost so far in the 21st century (Figure 3A), and
livestock farming is now mainly carried out in industrial sheds [35-37]. Between 2005
and 2013, over 108,000 farms have been lost and the only category showing considerable
growth (25%) is those without grazing land [37,38] (Figure 3C). Abandoned lands are at
the mercy of various threats of degradation [38-40], as we will discuss below.

(iii) Yields per hectare have increased considerably due to the technification of the
sector and the expansion of irrigation (Figure 3B). Irrigated areas have increased by 86%
during the period 19602000, i.e., 1.57 Mha [41,42]. The tendency, although with smaller
increases (12% during the period 2000-2019), has continued upwards in recent years,
reaching 3.82 Mha in 2019 [41,42] (Figure 3A). In terms of livestock farming, Spain is
immersed in the so-called livestock revolution [42,43]. In general, animal production is
decoupled from the environment due to the process of livestock intensification that has
occurred over the last decades in Spain [37,38]. Consequently, overgrazing and ero-
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sion-related processes have vanished. The rapid process of livestock stabling and the
widespread use of animal feed is behind land re-greening in 30% of the territory [6]. This
leads, however, to the creation of more vulnerable landscapes to wildfires [18,19,43,44].
Spain has become the leading feed producer in the EU [44,45], and its meat production
continues to grow (Figure 3D). The general improvement in land condition and the huge
import of soya used in the manufacture of animal feed [37,38] can be interpreted as a
transfer of the degradation to those regions that produce the raw materials.

(iv) Relocation of agricultural production from the humid north to the (semi-)arid
south [38—41]. Technological development (use of groundwater and other hydraulic in-
frastructures) has eliminated water restrictions typical of drylands, and this has allowed
the use of more favourable thermal conditions for enhancing crop production. This has
decoupled areas of current high agricultural productivity from those with better natural
resource provision, leading to a large dryland area that is regularly irrigated.

(v) One third of all irrigated land in the European Union is located in Spain [45,46].
Many irrigation schemes in Spain are focused on productivity (irrigation, with only 14%
of the agricultural area, generates 60% of the total agricultural production [45,46] and
uses 65% of available water resources [46,47]) and are associated with the decline and
deterioration of groundwater bodies and their associated ecosystems [17,30,47-49]
[18,31,48-50]. Between 2000 and 2016, groundwater use in Spanish agriculture has in-
creased from 4.08% to 22.4% [50,51], which means that 73% of groundwater —about 7 hm?
per year —is used by agriculture [51,52]. Groundwater bodies have continued to degrade
due to the constant increase in irrigation surface [30,31,47,48,52,53], threatening adjacent
ecosystems, including emblematic national parks such as Dofiana and Tablas de Daimiel
[53-55].

(vi) The level of food consumption has risen, and to cover the gap between demand
and supply more food, or the raw materials to produce it, it is being imported. The pro-
portion of domestic land used within the territory of a country compared with land used
outside a country’s territory is 37-63% in Spain [55,56]. In other words, Spain has become
a net importer of biomass, going from 773 kt in 1900 to 31,929 kt in 2008, with 42% going
to animal feed [33,34].
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Figure 3. Evolution of variables showing the intensification of Spanish agriculture: (A) Decrease in
agricultural area while irrigated area increases (2000-2018) [41,42]; (B) Yield increase for different
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crops (2000-2018) [41,42]; (C) Decrease in the number of farms with a relative increase in the
number of farms with less than 5 ha (2005-2013) [56,57]; (D) Increasing feed and meat production
(2000-2019) [44,45,57,58].

4. Perspectives under a New PAND

It seems that the interest in desertification is raising in Spain, and proof of this is the
commitment of the Spanish Government to develop a new PAND. This promising op-
portunity may reaffirm the successes of the past and amend the mistakes that prevented
halting the progress of desertification in Spain. The first step is to update the desertifica-
tion diagnosis to detect the current desertification landscapes. We must not lose sight of
the fact that the most recent data of the previous diagnosis date back to 1993. Since then,
some trends have deepened (global warming and depopulation of Spanish rural areas),
and new threats have emerged (growth in the number of industrial farms, irrigation of
traditionally rainfed woody species, and increased demand for fruit and vegetable
products, to name a few). The SURMODES structure is still valid, but it is necessary to
include new variables (e.g., groundwater condition, crop prices, and energy and water
requirements per crop type) that capture the current desertification drivers. For example,
it makes little sense to link desertification to population density since agriculture is
highly mechanized and tends to occupy sparsely populated areas. Today, the pressure on
land arises from the demand for food from markets that may be thousands of kilometres
away from production sites.

Although diagnoses are essential to delimit a problem and know its magnitude, no
matter how good and technically sophisticated they may be, if they do not lead to pro-
posals or solutions, they are useless [58,59]. The new PAND must be substantiated
around the drivers behind the landscapes, understanding their raison d’étre and the
stakeholders and policies involved. This analysis points to the design of preventive ac-
tions, although mitigation actions should also play an important role. The latter should
aim at restoring already desertified lands that are part of the “Degraded shrublands and
wastelands” landscape and occupy 20% of the territory [6]. However, the former is more
complex, since they come up against enormous obstacles. Indeed, development plans
such as irrigation [59,60] have broad social and political support and are behind the
economic growth of regions historically resigned to a modest standard of living. At the
same time, these initiatives set in motion degradation mechanisms that threaten their
very survival in the medium and long term.

What is really at stake is the short-term vision of land management, which seeks to
maximize the flow of primary productivity of ecosystems [60,61] to the detriment of a
vision that fully contemplates and values natural capital. The conflict is ethical in scope
and the transition to a more sustainable world, in which individual well-being increases
and humanity prospers rather than survives, requires a shift away from current economic
measures [61,62]. We are trapped in a decision-making system in which immediacy is
paramount. The political cost of dismantling or threatening a process of economic growth
is very high. Jean-Claude Juncker, former president of Eurogroup, delivered a lapidary
phrase when talking about economic reforms: “We all know what to do, but we don’t
know how to get re-elected once we have done it.” [62,63]. This is the tragedy of deserti-
fication. Nobody wants to confront it while it is occurring because many of its drivers
support economic growth that make all actors involved (politicians, stakeholders, farm-
ers and, in general, the population of the area) reluctant to take this problem seriously.
The fact that this growth may not be sustainable is not a sufficient argument to stop the
dynamics of overexploitation of natural resources. It is impossible to reconcile agriculture
and the environment without effective coordination of the different policies and admin-
istrations involved. Desertification is, for example, the deterioration of an aquifer, but it is
also the fact that the population is impoverished because it cannot exploit groundwater
once this happens. Therefore, solutions fall somewhere between the unbridled use of
resources and their total conservation.
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A plan that addresses desertification must manage the conflicting environmental
and developmental expectations that co-exist in the United Nations Convention to
Combat Desertification [64], and should integrate varied aspects of society. The new
PAND should coordinate, as far as possible, the different sectoral policies that, in one
way or another, are related to desertification. Figure 4 shows some of them, such as poli-
cies related to water, forestry management, agriculture, or the Agenda 2030 that monitors
the status and achievements of the Sustainable Development Goals (SDGs) [63,65].
However, there are many others, such as the Plan of Measures to Meet the Demographic
Challenge, aimed at combating depopulation and guaranteeing social and territorial co-
hesion in Spain [64,66], or regional rural development programs to promote comple-
mentary activities or activities other than agriculture [65,67]. The challenge is substantial
because it is necessary to align commitments and strategies operating at various spatial
scales. In an increasingly globalized world, many factors interact favouring and disfa-
vouring sustainable development, and go beyond local and national contexts [66,68]. The
transversal character of SDGs, their interlinkages [67,69], synergies, and contradictions
[68,70] form an example that illustrates the need for a governance scheme to guide the
PAND construction process. The identification of trade-offs and priority actions require
the integration of environmental policy considerations into core institutional thinking
with other policies and related activities, as well as with coordination and harmonization
to ensure policy coherence [69,71].
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Figure 4. Implementation of the new PAND. The diagnosis must be the envelope of the actions to
be carried out, which are of two types: prevention and mitigation measures. The plan must be able
to fit and coordinate the different policies related to desertification launched at national (green),
European (red), and global (blue) scopes.

5. Conclusions

Spain tackled the diagnosis of desertification in a very precise manner, developing
more than 10 years ago a methodology similar to the convergence of evidence being
proposed by the WAD as a new paradigm to study and combat desertification. Unfor-
tunately, the diagnosis was not followed by a plan that adequately addressed the prob-
lem. Consequently, the potential desertification landscapes that were correctly detected
have evolved into territories that have lost part of their valuable natural resources, such
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as fertile soil and groundwater. The situation detected in 2000 has worsened due to the
deepening of global warming, the intensification of agriculture, or the territorial imbal-
ance between rural/urban and inland/coastal areas. These drivers are entrenching old
desertification landscapes and generating new ones.

The Spanish government’s declaration of climate emergency has launched a series of
priority objectives, including the development of a new strategy to combat desertifica-
tion. The new PAND is an excellent opportunity to (i) update desertification landscapes
with a methodology that has already proven its worth as it coincides with the most cut-
ting-edge concept of desertification diagnosis; and (ii) design a set of measures consistent
with the diagnosis. In addition, this plan should coordinate a common front that en-
compasses the various initiatives related to desertification scattered in different local, re-
gional, national, and European policies and programs.
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