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a  b  s  t  r  a  c  t

The  arid  southeastern  Iberian  Peninsula  is  a unique  region  in  which  conservation  and  human  development
have  coexisted  and  coevolved  over  many  decades.  However,  conflicts  between  economic  development
and  conservation  have  generated  increasing  concern  due  to the rapid  expansion  of greenhouse  hor-
ticulture  and  the abandonment  of  rural  and  mountainous  areas.  Human  decisions  regarding  land  use
management  have  affected  the status  of  ecosystems  and  therefore  the  ecosystem  services  supply.  We
identified  four  land  use-land  cover  changes  that  summarize  the  most  common  management  decisions.
These  include  greenhouse  horticulture  expansion,  urban  intensification,  rural  abandonment,  and  con-
servation  actions,  which  occur  through  protected  area  declarations.  This study  aims  to explore  the  social
relevance  of  land  use-land  cover  changes  on  the delivery  of eight  key  services  provided  by Spanish  arid
ecosystems  as  follows:  provisioning  services  related  to intensive  and  traditional  agriculture,  regulating
services  associated  with  water  regulation,  climate  regulation,  air  quality  and  erosion  control,  and  cultural
services  linked  to local  identity  and  tourism.  Through  402  face-to-face  questionnaires,  we analyzed  the
arguments  for  and  against  these  four  land  use-land  cover  types.  We  also assessed  their  impact  on  ecosys-
tem  services  and  the social  importance  and  vulnerability  of  ecosystem  services.  We found significant
differences  in  the  social  perception  of  the  positive  and  negative  impacts  of  land  use  types  on  ecosystem
services.  The  sample  population  recognized  the  negative  impacts  of  greenhouse  horticulture  on  regulat-
ing  services  that are, in  terms of  water regulation,  essential  for the  sustained  delivery  of  final  provisioning
services  related  to  agricultural  activities.  Overall,  traditional  agriculture  and  tourism  are  recognized  as
the  most  important  services.  A  controversy  between  the  two  opposite  models  of territorial  development
–  urban  development  and  nature  conservation  – highlights  the  need  to promote  new  strategies  of land
management.  Finally,  we  discuss  the  usefulness  of this  approach  to understand  the  arguments  affecting
the  promotion  of  land  use-land  cover  changes  and  to  visualize  the  ecosystem  service  trade-offs  under
different  management  strategies.
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1. Introduction

Land use-land cover (LULC) changes are a driver of global change
that directly affects the status and integrity of ecosystems, and in
last term its capacity to supply ecosystem services. LULC changes
thus merit special attention for land management and planning
due to their potentially negative consequences, creating trade-offs
between some ecosystem services (Nelson et al., 2010; Pereira et al.,
2012). For instance, the urban intensification that has occurred
in recent decades has been accompanied by large increases in
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resource consumption, habitat fragmentation and biodiversity loss
(Foley et al., 2005; Lawler et al., 2014). In other situations, LULC
decisions have preserved ecological values and ecosystem services
through conservation strategies, including the designation of pro-
tected areas (Abram et al., 2014). In this sense, LULC changes affect
both habitat characteristics linked to biodiversity and ecosystem
services that are vital to the maintenance of human well-being
(Foley et al., 2005; Schröter et al., 2005). Often, these decisions
create compromises or trade-offs when a given land management
strategy enhances the delivery of particular ecosystem services
while limiting others (Mouchet et al., 2014). For example, Butler
et al. (2011) identified a direct trade-off between food and fiber
production versus water quality regulation, and Rodríguez et al.
(2006) demonstrated how actions to enhance the supply of food
and timber have led to declines in nutrient cycling and flood reg-
ulation services. Other authors have identified trade-offs between
economic development and the provision of landscape aesthetic
value and water supply for human use (Vidal-Legaz et al., 2013).

In this context, management decisions should promote sustain-
able landscape strategies in which human needs are satisfied while
maintaining the capacity of the ecosystem to preserve key ecosys-
tem services (McShane et al., 2011). In fact, several studies have
stated the importance of exploring how land management influ-
ences the delivery of ecosystem services as different management
strategies can change the relationships among ecosystem services,
often creating opportunities to promote or deteriorate services
simultaneously (Bennet et al., 2009; Mouchet et al., 2014). In this
way, the aim of this study was to explore the arguments that sup-
port and oppose the promotion of LULC changes, as well as to assess
their impact on a variety of ecosystem services provided by arid
Spanish ecosystems. The selected ecosystem services included food
production from traditional agricultural methods, food production
from intensive agricultural methods, air quality, climate regulation,
water regulation, erosion control, tourism and local identity.

In the arid ecosystems of the Mediterranean region of south-
eastern Spain, the consequences of LULC changes on the capacity
of ecosystems to provide services are especially important due to
the ecological vulnerability and high biodiversity of these ecosys-
tems (Palutikof et al., 1996; Sala et al., 2000; Lázaro et al., 2001;
Spanish NEA, 2014). This area is the driest region in continen-
tal Europe (García-Latorre et al., 2001; Armas et al., 2011) and
has experienced one of the most dramatic and significant LULC
transformations in all Europe, with enormous economic and socio-
cultural consequences (Aznar-Sánchez et al., 2011; Muñoz-Rojas
et al., 2011). It has one of the highest population growth rates in
Spain, where immigrants account for 22% of the total population.
It also has a birth rate above the Spanish average (Wolosin, 2008;
INE, 2011). Since 1960, land-planning strategies to promote socio-
economic development in this area caused four policy-based main
LULC changes: (1) a rapid transition toward intensive greenhouse
horticulture in coastal areas (representing 3.15% of the study area
surface) (UNEP, 2005; Aznar-Sánchez et al., 2011) promoted by the
National Institute of Rural Development and Colonization (Royal
Legislative Decree 24/06/41); (2) urban expansion associated with
population growth produced by agriculture intensification and
massive tourism along the coastline (2.65% of the study area sur-
face) promoted by the Andalusian Law 7/2002 in Urban Planning;
(3) rural abandonment produced by the exodus of people toward
urban areas along the coast (44.52% of the study area surface),
which is currently combated by the Spanish Law 45/2007 on Rural
Development; and (4) the declaration of the protected area net-
works with the aim of conserving the unique ecological value of
this territory (20% of the study area surface), as for example Sierra
Nevada National Park (Spanish Law 3/1999) or the Cabo de Gata Nat-
ural Park (Andalusian Legislative decree 314/1987) (Fig. 1). Based
on these land transformations, particularly related to agriculture

intensification, this period was  described as “the Almería miracle”
in response to the conversion of the driest regions in Europe into
one of the most economically prosperous areas in the country due
to the proliferation of greenhouse horticulture (Mota et al., 1996).

In the face of these land use transformation, this study explores
the arguments supporting and against these LULC changes, their
links with components of human well-being and the drivers of
change, and their impacts on ecosystem services supply. More
specifically, to understand the factors behind the promotion of
LULC changes in the study area, we  (1) identified the arguments
for and against the promotion of each LULC type, (2) analyzed the
social perception of the impacts of LULC on eight ecosystem ser-
vices provided by the region, and (3) explored the social importance
and perceived vulnerability of ecosystem services. Our research
contributes to an improved understanding of the relationships
between LULC transformation and human well-being and the inter-
action between LULC changes and ecosystem services. Finally, we
discuss how the results support specific targets of existing Euro-
pean policies in terms of the legal framework and strategies to
enhance biodiversity (Spanish Law 42/2007 on Natural Heritage
and Biodiversity) and rural development (Law 45/2007 on Rural
Development), and how they can contribute to promote new sus-
tainable land management strategies.

2. Study area: arid ecosystems of the Iberian Peninsula and
the occurring LULC changes

The study area is located predominantly in the Almería province
and, to a lesser extent, in the Granada province, covering approxi-
mately 1,220.711 ha (Fig. 1). The mean annual temperature in the
region varies from 12 to 18 ◦C, and the annual precipitation is
below 350 mm/year in most of this territory (Armas et al., 2011).
This region is distinguished by the presence of arid landscapes and
diverse land use types.

Over the last 50 years, this arid region has experienced one of the
largest LULC changes in the territory, which has been driven by the
introduction of intensive greenhouse agricultural practices. Before
1960, this area was  described as one of the poorest provinces in
Spain (Sánchez-Picón et al., 2011). Historically, the conditions for
human occupancy have been unfavorable, marked by scarce rain-
fall, rough land and frequent strong winds (Wolosin, 2008). The
development model was fundamentally limited by water scarcity,
and it was  dedicated to subsistence agriculture characterized by
dry farming with low yields. It was  not until 1970 that this
socio-economic model changed, led by the development of inten-
sive agriculture, the tourism sector and the construction industry
(CAMP, 2013). From 1982 to 2003, this region developed into the
major producer of vegetables for Spain and other European Union
countries. The region now holds the largest concentration of green-
houses in the world (approx. 26,750 ha) and is known as El Poniente
(UNEP, 2005) and The Plastic Sea of Almería (Aznar-Sánchez et al.,
2011) (Fig. 2A and B). The rapid development of this sector was
fueled through the use of groundwater (and later desalinized sea
water), the introduction of innovative technologies (such as biolog-
ical control), the high number of sunny hours and the absence of a
true thermal winter (CAMP, 2013).

As a result of the promotion of agricultural intensification, the
area experienced a population boom coupled with the develop-
ment of urban areas. On the one hand, the increasing population
led to a rise in urban intensification in littoral areas and con-
verted the Almería province into one of Spain’s most transformed
provinces. On the other hand, this urban intensification, coupled
with the lack of employment in rural areas and the low profits
from the traditional agriculture, provoked the migration of people
from rural areas to urban areas in search for better opportunities.
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