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a b s t r a c t

Within the ecosystem services framework, this study explores local population preferences for different
land-use management options in the Nacimiento watershed (south-eastern Spain). To this end, we
analysed the benefits generated by the watershed through a choice experiment. We selected two
ecological (river quality and protected area), three socio-economic (traditional agriculture, ecotourism
facilities and wind farms) and one monetary (tax reallocation) attributes associated with various
ecosystem services in the area, where changes in land-use are occurring. The data were first analysed
using a multinomial logit model. Then, a mixed logit model was used to account for heterogeneity across
respondent preferences. Our results indicated that the respondents would support a new management
plan, focussing on traditional farming and river quality. Fostering traditional agriculture and ecotourism
were also supported by those who consider the preservation of local identity to be important; however,
greater priority should be given to integrating the protected area with the preservation of local identity
and the priorities of the local population. Furthermore, future stated preference studies to explore the
trade-offs among rural-area-management policies should consider using tax reallocation as payment
vehicle. These findings may offer important guidelines for the design of future land-use management
plans in semi-arid mountains.

! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years and particularly since the Millennium Ecosystem
Assessment (MA, 2005), ecosystem services have been considered
the framework for a new science able to uncover the human and
nature co-evolution (Blondel, 2006) and human dependence on
ecosystem processes and biodiversity (Díaz et al., 2006). This
framework incorporates ecological, cultural and socio-economic
aspects of ecosystems in current conservation policies (Harrison,
2010; TEEB, 2010); nevertheless, it is still limited in its applica-
tion to policy. One of themain limitations is that ecosystem services
without markets are hidden in cost-benefit analyses and thus in
environmental and landscape management (de Groot et al., 2010).
Here, the choice experiment (CE) is implemented as a stated pref-
erence technique that may be suitable for the valuation of

ecosystem services (Hanley et al., 1998). This economic tool eval-
uates the public’s preferences by asking respondents to choose
from a series of alternatives of choice sets, each described in terms
of different attributes and levels, relatedwith ecosystem services or
different management options (Turner et al., 2010). As a result, in
CE studies, perceptions of ecosystem-services delivery can be
explored to consider the preferences, trade-offs or potential
conflicts among different stakeholders and management options
(Barkmann et al., 2008; Kontogianni et al., 2010).

In the Nacimiento watershed (south-eastern Spain), where this
research took place, different factors of land-use change and
management policies determine the supply and demand for
ecosystem services, as briefly described in the following para-
graphs. The study area lies in the only arid zone in Europe (García-
Latorre et al., 2001), wherewater is limited and river quality is a key
factor in the provision of ecosystem services (Tielbörger et al.,
2010). This limitation has driven the construction of systems (irri-
gation channels or acequias) to collect water from snowmelt and
rainwater for use in crop fields (Pulido-Bosch and Ben Sbih, 1995).
These irrigation channels have been used for centuries, not only to
transport water for agriculture but also to maintain ecological
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functions (e.g., water quality or wildlife habitats) and cultural and
ethnological values (Fernández-Escalante et al., 2005; Rodríguez-
Vaquero, 2007); however, to avoid leaks, irrigation channels are
being modernised with impermeable materials, pipes, etc.
(Spalding, 2000).

In addition, terrace farming of olive trees, almond trees, fruit
orchards and vines is one of the main activities in the area
(Rodríguez-Vaquero, 2007). Terracing is a characteristic activity in
themountainous areas of theMediterranean Basin, where it is used
to avoid soil erosion and promote water saving (Blondel, 2006);
however, important land-use changes are occurring, with two
opposite courses of development: urbanisation and intensification
of farming in the more productive areas (downstream areas) and
abandonment of traditional activities in the less profitable or less
accessible areas (upstream areas; Plieninger et al., 2006; Schmitz
et al., 2003). The main land-use in the low watersheds is urbani-
sation and the intensification of agriculture in greenhouses,
generating aquifer depletion, unstructured territorial planning and
pollution; these changes have important impacts on soil fertility
and water quality (García-Latorre et al., 2001; Sánchez-Picón et al.,
2011). Meanwhile, farming in the high mountains, as in the Naci-
miento watershed, has been gradually abandoned because of the
rural exodus to intensified farming areas that occurred the 1970s, as
well as the ageing of the population, relief impediments (steep
slopes) and uncompetitive market prices (Sánchez-Picón et al.,
2011; Vidal-Legaz, 2011). The repercussions in terms of the loss of
ecosystem services are related to erosion and loss of cultural
identity and aesthetic values (Douglas et al., 1994; García-Llorente
et al., 2012; Sayadi et al., 2009). Additionally, since 1999, the
presence of a national park in the area has restricted local users’
access to provisioning services (e.g., food from agriculture) and has
promoted conservation and ecotourism. Meanwhile, over the last
ten years, the wind-farm surface area outside the national park has
increased considerably. It is clear that important land-use changes
have been occurring in recent decades, with implications for the
delivery of ecosystem services.

Here, we used the CE with the aim of exploring local stake-
holders’ preferences in regard to the design of a land-use
management strategy in the Nacimiento watershed. Using
discrete-choice models (multinomial and mixed logit models), we
analysed the importance of different attributes, evaluating land-use
management alternatives related with different ecosystem services
and values. Specifically, we (1) estimated coefficients for the attri-
butes included in the economic exercise, i.e., land area devoted to
traditional agriculture, ecotourism facilities, wind-farm surface,
river quality and protected area (PA) size; (2) estimated cross effects
between attributes and statements regarding land-use in the study
area; and (3) explored marginal willingness to pay (WTP) for the
attributes and welfare changes towards implementing hypothetical
land-use management scenarios.

2. The CE approach

This approach is based on the idea that any good (here, alter-
natives for land-use management in a watershed) could be defined
in terms of its attributes and the levels that these take (Bateman
et al., 2002). The approach was first applied to environmental
problems by Adamowicz et al. (1994). Since then, it has become
a popular stated preference method for environmental valuation
(Hoyos, 2010), particularly in the ecosystem services field. Some
studies focus on estimating the economic-welfare impacts of
changing the provision of a particular ecosystem service, such as
agriculture (Colombo et al., 2009), rural tourism (Albaladejo-Pina
and Díaz-Delfa, 2009) or clean energy (Bergmann et al., 2008).
Others have assessed a set of services provided in a particular

ecosystem, such as wetlands (Birol et al., 2006) or forest (Riera and
Mogas, 2006). However, to our knowledge, no other experimental
studies have used CE to valuate land-use management alternatives
for ecosystem services in semi-arid systems.

The advantages of the CE in comparison with contingent valu-
ation (the other stated preference method) include the following:
(1) the CE is an easier way to estimate the value of the particular
characteristics or attributes behind an ecosystem service (e.g., in an
economic valuation of ecotourism, a CE accounts for the impor-
tance of landscape views, traditions, or recreational activities); (2)
an opportunity to explore trade-offs among attributes; (3) avoid-
ance of some of the bias associated with other stated preferences
techniques (e.g., unfamiliarity or yea-saying in contingent valuation
studies; for more details, see Bateman et al., 2002; Hanley et al.,
1998). Indeed, one of the most important limitations of CE is
equity; theWTP is inherently a function of ability to pay (Jorgensen
et al., 2001). To manage this problem, we used tax reallocation as
payment vehicle because it was previously found to have higher
social acceptance than other conventional payment vehicles related
to taxes (Nunes and Travisi, 2008). In addition, previous economic
studies in the area have found that respondents largely reject new
taxes as payment vehicles (García-Llorente et al., 2011).

3. Study area: the Nacimiento watershed (south-eastern
Spain)

The study area is part of the Mediterranean Basin Hydro-
graphic Demarcation and covers 10 municipalities in Granada
and Almería provinces (598 km2). In a previous study (for more
details, see Iniesta-Arandia et al., 2011), the 10 municipalities
were grouped into 4 sectors (N1, N2, N3 and N4) based on socio-
economic similarity across a west-east gradient. N1 represents
municipalities in the Granada province, including Hueneja, Valle
de Zalabi and Dolar, which are characterised by the highest alti-
tude (more than 1000 m above sea level) and mainly devoted to
livestock, cereal crops (barley and wheat) and olive and almond
orchards. N2 represents the Upper Nacimiento of the Almeria
province, including Fiñana and Abrucena, with municipalities
dominated by olive and almond tree orchards. N3 is the inter-
mediate Nacimiento, including Abla, which is characterised by
a younger populationwith a higher level of formal education and an
economy devoted to new land-use and service-sector jobs. Finally,
N4 represents the lower Nacimiento, which contains the munici-
palities with the oldest populations and chronic depopulation
(i.e., Las Tres Villas, Nacimiento and Gergal). As is explained below,
these classifications were taken into account in the sampling-
strategy design (see Section 4.2.1).

The study area covers a complex landscape with a large amount
of topographic and climatic heterogeneity (Rundel, 2007) that
coincideswith a natural corridor delimited by the Sierras de Filabres
in the north and the Sierra Nevada massif in the south. Thus, the
study area covers an important region of one of the two Andalusian
national parks: the Sierra Nevada PA (see Fig. 1). Sierra Nevada was
declared a national park by the Spanish government in 1999. Ten
years before, its surroundings had been designated as a natural park
by the Andalusian Government. In addition, it was declared an
UNESCO Biosphere Reserve in 1986 in recognition of its excep-
tionally diverse plant, bird and animal species (Blanca et al., 1998).

4. Materials and methods

4.1. CE experimental design

The experimental design was split into three stages. The first
and second stages aimed to identify the relevant attributes
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(Table 1). The first stage incorporated a literature review and semi-
structured interviews with key stakeholders in the area (including
residents, managers and researchers) to identify potential factors of
high influences on land-use in the area. In the second stage, an
exploratory survey was carried out to explore the following: (a)
how people rank the importance of the factors of change identified
in the first stage and (b) which ecosystem services were most
important. In this sense, (a) the most important factors of change
according to the respondents were the following: decreasing use of
traditional agriculture, new clean-energy-production enterprises,

abandonment of rural areas, ecotourism, freshwater management
and river quality and conservation policies (Appendix A). In terms
of user demand, (b) the most important ecosystem services were
the following: traditional agriculture, clean energy (wind farms),
freshwater use, air quality, tourism and relaxation (Appendix B).
These data correspond to previous work in the study area (for more
details, see García-Llorente et al., 2011; García-Llorente et al., 2012)
and guided the selection of attributes.

In this context, based on the information compiled during
the first and second stages, six attributes were selected for the

Fig. 1. Study area and sample points.

Table 1
Fieldwork stages.

Stage Research activity Period Description Purpose

1 Literature review and semi-structured interviews
with 18 key stakeholders in the area

MarcheApril 2009 Identification of potential factors of high
influence over the area

Identification of relevant attributes to
include in the CE sampling

2 Exploratory survey
(N " 180 face-to-face questionnaires)

May 2009eFebruary 2010 Characterization of social perceptions
towards factors of change and ecosystem
services

Identification of relevant attributes to
include in the CE sampling

3 CE survey
(N " 200 face-to-face questionnaires)

July 2010 Assessing local population preferences
towards different land-use management
scenarios of the rural Nacimiento watershed

The selected attributes were analysed
through a CE exercise

M. García-Llorente et al. / Journal of Arid Environments 87 (2012) 219e230 221
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CE: (a) two ecological (river quality and PA size), (b) three socio-
economic factors (traditional agriculture, ecotourism facilities and
wind farms) and (c) one monetary attribute were used to calculate
welfare measures.

As is explained above, the monetary attribute was expressed in
terms of a lump-sum tax reallocation from the seven-year invest-
ment of the Social European Union Fund (2007e2013; http://ec.
europa.eu/employment_social/esf/discover/spending_en.htm).
The investment of the European Social Fund Operational pro-
gramme for Andalusia was intended to promote employment and
consisted of 1155 756 489 V for 8 188 201 inhabitants of Andalusia
(2007e2013); the investment per inhabitant was thus 140 V over
seven years (20V per person per year). Following Nunes and Travisi
(2008), the tax reallocation assumes that there is a trade-off
between the public good, whose budget (in promoting employ-
ment) will be decreased to finance the improvement of the good
under evaluation (the land-use management proposed in the
watershed).

Table 2 shows a description of the attributes, their levels and
the associated ecosystem services. These attributes and their
respective levels constitute 256 possible combinations, which
needs from statistical design theory (e.g., orthogonal fractional
factorial designs or optimal designs) to reduce the number of
combinations to be included in the choice sets. Ngene software
was used to obtain a Bayesian D-efficient design that consisted of
only the main effects (Hensher et al., 2005), yielding 36 pair-wise
comparisons of alternative land-use management situations. The
situations were randomly blocked in four different questionnaire
versions (9 choice sets per block). Previous studies have shown
that this number of choice sets is appropriate because the benefit
of learning from the exercise after 9-10 choice sets is offset by
respondent fatigue (Caussade et al., 2005). Each set contained two
land-use management options (A or B) and an option to select
neither plan (status quo), which is preferable to offering only two
alternatives (Rolfe and Bennett, 2009). In addition, the inclusion of
the status-quo option is a suitable way to obtain welfare measures
that are consistent with demand theory and to avoid biases in the
WTP estimates (Louviere et al., 2000). The respondents were told
that if they chose the status quo, the investment of the European
Social Fund Operational programme for Andalusia to promote
employment would continue unchanged; however, none of the
proposed land-use management plans would be implemented.
Finally, we used unlabelled choice sets, which are preferred when
the aim is to study trade-offs among attributes (as is the case here;
Blamey et al., 2000).

4.2. CE data collection

4.2.1. Sampling strategy
The third stage of the experimental design consisted of data

collection for the CE exercise (Table 1). Datawere collected in July of
2010 in 200 face-to-face questionnaires containing 9 choice sets
per respondent. This work involved 1800 observations
(200 respondents # 9 choice sets; see the third section of Table 1).
Sampling was conducted at 30 different sample sites, including PA
offices, urban zones, city halls, agrarian offices, recreational areas
and agricultural fields. The sample sites were distributed across the
four socio-economic sectors described above (see Section 3), con-
ducting 50 questionnaires in each sector (Fig. 1). The population
sampled was randomly selected with the aim of covering a wide
range of backgrounds such as farmers, workers in the touristic
sector, housewives, government staff, PA managers, etc. The
sampling population was restricted to citizens 18 years of age and
older. In all cases, the questionnaires were tested through a prior
pre-sampling.

4.2.2. Questionnaire structure and contents
The questionnaire had five parts. The first section dealt with the

respondent’s relationship to the study area. The CE exercise was
presented in the second section and served to guide the respon-
dent’s preferences for future land-use management options in the
watershed related to the ecosystem services provided. For each
attribute, an explanation and visual information (GIS colour maps)
was provided showing the conditions in the past and in the present,
as well as those projected under the future proposal for land-use
management. The spatial area was expressed in hectares for the
land-use attributes (i.e., traditional agriculture, wind-farm surface
and PA size) and in the number of ecotouristic facilities for the
ecotourism attribute. Also includedwas the biological quality of the
river at different sample sites, as established using the Iberian Bio-
monitoring Working Party Index (IBMWP), which measures water
quality using species of macroinvertebrates as biological indicators
(Alba-Tercedor et al., 2002, Table 2; Appendix C). We also provided
an explanation of how to complete each choice card (Fig. 2). Then,
a set of 9 choice cards was presented to each respondent, who was
asked to state his or her preference (see Fig. 3). If respondents chose
‘status quo’, they were asked to provide a reason for the selection.
The third, fourth and fifth sections recorded a set of statements
regarding the Nacimiento watershed, the respondent’s environ-
mental behaviour and socio-demographic information, respec-
tively. These characteristics could be use as explanatory variables to
explore heterogeneity in preferences. The set of statements
regarding the Nacimiento watershed included the importance of
preserving the PA, the satisfaction of preserving the local lifestyle,
the possible economic limitation imposed by the PA and the
possible impact of wind farms on the landscape. The answers to
these questions were used together with the answers to the choice
sets to create cross effects among them. Information on the
respondent’s behaviour in relation to the environment was elicited
through a series of questions related to purchases of publications on
environmental issues, fair-trade and environmentally friendly
products, recycling and the number of PAs visited in the prior year.
These variables were measured on a Likert scale ranging from 1
(never) to 4 (always). Each respondent was also asked whether
he/she is a member of an environmental non-governmental orga-
nisation. Based on Birol et al. (2006), an environmental behaviour
index, ranging from 1 (low) to 4 (high), was calculated.

4.3. Model specification

Conditional logit (also called multinomial logit, MNL) and
random parameter logit (also called multinomial mixed logit, MXL)
models were used to determine respondents’ WTP for alternative
land-use-management plans for the watershed. We ran different
model specifications (MNL, MNL with interactions, MXL with
interactions) from the most simple but stringent model to the most
complex and flexible model.

According to Lancaster’s theory (Lancaster, 1966), any good can
be described as a group of characteristics or attributes and the
levels its take; being consumer decisions based on the utility of the
attributes; it is the level of satisfaction that an individual obtains
from a given alternative (Markandya et al., 2001). However,
considering the difficulty of completely describing anything in
terms of its characteristics, the random-utility model accounts for
the unobservable elements by adding an error term (Bateman et al.,
2002):

Uij " biXij ! !ij (1)

where the utility function Uij is partitioned into two partsdone
systematic and observable vector, Xij, related to alternative j and

M. García-Llorente et al. / Journal of Arid Environments 87 (2012) 219e230222
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Table 2
Description of the attributes, their levels and the associated ecosystem services used in the CE exercise.

Attributes Description ES related Value type Levels Status quo

N Denomination

Traditional
agriculture

Traditional crops surface area occupied by olive
trees, almond trees, vines or other typical crops.
Expressed in terms of hectares.

Provisioning: Traditional agriculture
Regulating: Erosion control
Cultural: Local ecological knowledge,
aesthetic values, local identity

Extractive direct use value
Indirect use value
Non-extractive direct use value

2 - Status quo
- Increase to recover surface as
in previous periods to 23 100 ha
(38.5% watershed surface)

22 100 ha (37% watershed
surface)

Ecotourism Tourism motivated by nature, quality of
environment in the PA, and outdoor activities
such as hiking. Expressed in terms of number of
tourist facilities (hotels, rural hostels, camps
and restaurants).

Cultural: Ecotourism Non-extractive direct use value 2 - Status quo
- Increase to 60 touristic
facilities

46 touristic facilities

Wind farms Alternative land-use related to energy
production based on wind farms.
Expressed in terms of hectares.

Provisioning: Clean energy Extractive direct use value 2 - Status quo
- Increase to 14 938 ha (25%
watershed surface)

12 556 ha (21% watershed
surface)

PA Hectares of PA size to be protected. Supporting functions
Regulating: habitat for species
Cultural: Ecotourism, existence values

Indirect use value
Non-use values

2 - Status quo
- Increase till 34 000 ha
protected by the inclusion of
Sierra Filabres in the PA (57%
watershed surface)

25 826 ha protected (43%
watershed surface)

River quality Expressed in terms of the river’s biological
quality. It was calculated using the Iberian
Biomonitoring Working Party (IBMWP), which
is a procedure for measuring water quality
using species of macroinvertebrates as
biological indicators (Alba-Tercedor et al.,
2002).

Regulating: Water quality, habitat for
species

Indirect use value 2 - Status quo
- Restoration of all the sites to
“very good quality” as EUWater
Framework Directive proposed
(Directive, 2000/60/EC) (EC,
2000)

Some river sample sites with
a very good biological quality
and other ones with poor
biological quality

Cost Tax reallocation from the monetary investment
of the European Social Fund Operational
programme for Andalusia to promote
employment for the period 2007e2013 per
habitant.

e e 5 - 84 V (60% tax reallocation)
- 63 V (45% tax reallocation)
- 42 V (30% tax reallocation)
- 21 V (15% tax reallocation)
- 0 V (non-tax reallocation)

Non-tax reallocation
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individual i, which represents a vector of observed attributes for the
good in question and bi, which is a vector of coefficients associated
with the attributes and an error term, !ij.

The MNL is considered appropriate to explain the factors behind
respondents’ choices (Garrod and Willis, 1999) and so, following
Hensher and Greene (2003), it is used as a first step in the analysis;
however, an important implication of this model is that the relative
probabilities of the two alternatives being chosen are unaffected by
the introduction or removal of other alternatives (independence
from the irrelevant alternatives (IIA) property (Luce, 1959)). In this
sense, this model assumes homogeneity across respondents’ pref-
erences. To resolve this issue, socio-demographic variables can be
included as interactions with attributes; however, there are still
limitations on the representation of preference heterogeneity
(Colombo et al., 2009). Thus, MXL appears as the most flexible
model to approximate random utility models (McFadden and Train,
2000). This model accounts for heterogeneity among individuals,
incorporates correlation in the utility between choices and allows
for random preference variations between respondents (Banzhaf
et al., 2001). Following Colombo et al. (2009) it can be expressed
as follows:

Uij " biXij ! !ij " biXij ! fjXij ! !ij (2)

where the utility function Uij is partitioned into three parts: Xij is
a vector of observed attributes for the good in question; b is the
vector of coefficients associated with these attributes; f is a vector
of deviation parameters (which represent the individuals’ taste;
tastes are assumed to be constant for a given individual across the
choices she/he makes, but not across the entire sample); and ! is
a random error term that is independent of the other terms in the
equation and is identically and independently distributed. For more

details on the models specifications, see Hensher et al. (2005),
Louviere et al. (2000), or Train (2009).

In this study, data were analysed using MNL and MNL with
interactions. Finally, the MXL was estimated to account for
heterogeneity across respondent preferences. Socio-demographic
variables were included in the models (in MNL with interactions
and MXL with interactions), as were cross effects between attri-
butes and statements regarding different land uses in the study
area (in MXL). Within the different model specifications, we
selected the best model among all possible combinations of vari-
ables guided by the Akaike information criterion (AIC) statistics
(Burnham and Anderson, 1998). All models were estimated using
LIMDEP 9.0 (NLOGIT 4.0., Econometric software).

To compare different models to determine which one fits better,
we used the log-likelihood ratio test (LL), following Hensher et al.
(2005):

$2%LLbase model $ LLestimated model&

$ c2%number of new parameters estimated in the estimated model& (3)

Marginal WTP measures were calculated as the ratio of two
parameters (Hensher et al., 2005) and it was important that both
parameters (a given attribute and cost) were statistically signifi-
cant; if not, no meaningful WTP measure can be obtained:

WTPattribute " $%battribute=bcost& (4)

Finally, beyond the marginal WTP estimations for single attri-
butes, we estimated the compensating surplus or welfare change in
five hypothetical future scenarios created by us with the informa-
tion compiled from the questionnaires. We calculated the amount
of money required to carry out a given land-use management

Fig. 2. Example of an attribute explanation (traditional agriculture) provided in the questionnaire.
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scenario, comparing the utility of any alternative option to the
reference alternative (status quo, SQ). It was calculated as follows
(Bennett and Blamey, 2001; Bergmann et al., 2008):

Welfare change " $1=bcost
!
USQ $ Ui

"
(5)

where bcost is the estimated coefficient of cost, Ui represents the
utility of any alternative option and USQ represents the utility of the
reference alternative.

The five hypothetical scenarios chosen as outcomes of the
implementation of particular land-use policies were as follows:

- Scenario 1-Conservation policy and river restoration: The PA
increases in size and a restoration effort is carried out in the
river. Land-use by wind farms, traditional agriculture and
tourism retain their status quo.

- Scenario 2-Conservation policy and active ecotourism:
Ecotourism facilities and the PA increase. Wind farms, river
quality and traditional agriculture retain their status quovalues.

- Scenario 3-Promoting agrotourism activities: Traditional agri-
culture and ecotourism facilities increase. The rest of the
attributes remain the status quo.

- Scenario 4-Fostering traditional farming and river restoration:
Traditional agriculture increase in surface area and a restora-
tion is carried out in the river. Wind farms, PA size and
ecotourism retain their status quo.

- Scenario 5-Promoting alternative uses: Wind farms and
ecotourism facilities increase in surface area. The river quality,
traditional agriculture surface and the PA size retain their
status quo.

5. Results

5.1. Characterisation of respondents

The local respondents in the study included: (1) residents in the
study area (e.g., farmers, housewives and rural-development
professionals; 61% of respondents), (2) individuals who do not
reside in the study area but who work there (e.g., PA managers and
researchers; 23% of respondents) and (3) people who go there
frequently to visit their relatives (e.g., locals displaced to large cities
by jobs in the greenhouse agriculture; 16% of respondents).

The respondents’ social-demographic information, environ-
mental behaviours, relationships with the study area and attitudes
towards the study area are shown in Table 3. The average age of the
respondents was 38.6 years and there was an almost even distri-
bution between male and female respondents. The sample
included respondents working in the agricultural, public adminis-
tration, PA and tourist sectors. The respondents presented an active
interest in naturewith respect to recycling habits and the frequency
of purchasing or consuming fair-trade and environmentally

Fig. 3. Example of a choice set containing two profiles and a status quo option. Each profile is described in terms of six attributes, including the tax reallocation. Each attribute has
two or more levels. A choice experiment contains a sequence of such choice sets.
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friendly products. Half of the respondents had visited a PA in the
previous year. Regarding their relationships with the study area,
69.5% of the respondents had families living there and 44.0% felt
a sense of attachment to the study area and supported the
conservation of the ecosystems as well as that of their cultural
identity (Table 3).

5.2. Utility coefficients estimation

The results of the MNL without interactions for the sample are
reported in the first column of Table 4. All of the attributes were

significant in the choice of a land-use management strategy in the
watershed and higher levels of any unique attribute increased the
probability that a management option would be chosen. In other
words, respondents preferred those watershed strategies that
resulted in the restoration of traditional agriculture, an increase in
ecotourism facilities, an increase in wind-farm coverage, the
restoration of river quality and an increased PA size. The sign of the
cost attribute revealed the disutility of choosing a choice set with
a higher cost level. The most important management attributes
were (ranked from most to least important) river quality, tradi-
tional agriculture, ecotourism, wind farms and PA. The negative and
significant sign of the ASC coefficient, assigned to the status quo
option, indicates a positive utility impact on any choice set that
differed from the status quo.

Considering that attributes and respondent characteristics
could vary, we used an MNL with interactions including socio-
demographic information, the results for which are shown in
the second column of Table 4. The model that fit the data best
included education and the environmental behaviour index,
which were included in the model as significant and positive
interactions with the cost attribute. Higher levels of education had
an interaction with cost, indicating that more highly educated
respondents associated the tax reallocation with a smaller
disutility than did the other respondents. Similarly, respondents
with higher environmental behaviour associated the tax reallo-
cation with a smaller disutility. The signs and statistical signifi-
cance of all attribute coefficients were consistent with the
previous model (first column of Table 4). The log-likelihood ratio
of the estimated model (LL " 9.18) rejected the null hypothesis
that the regression parameters are equal at the 95% level (c2(2)d.f.
critical value (p-value<0.05) " 5.99), better fitting the MNL model
with interactions.

Next, MXL was applied with interactions (third column of
Table 4), inwhich the wind-farms parameter was specified as being
uniformly distributed. The standard deviation of the wind-farm
coefficient was significant, confirming there is unobserved
heterogeneity across respondents. The log-likelihood ratio of the
estimated model (LL " 15.37) rejected the null hypothesis that the
regression parameters are equal at the 99% level (c2

(1)d.f. critical
value (p-value<0.01) " 6.64) compared to the MNL model with
interactions. Moreover, theMXL had a better overall fit compared to
the MNL models, with an R2 of 0.27 and 51.30% correct predictions.
This result suggested that improvement in the fit of the model was
attained first by the inclusion of education and environmental
behaviour index variables and second with the inclusion of the
wind-farm attribute as a random parameter.

Finally, we explored the cross effects among the four statements
regarding the Nacimiento watershed (i.e., PA preservation is
important; preservation of local identity is important; PA imposes
an economic limitation; and wind farms cause landscape impacts;
see Table 3) and regarding attributes to explore possible land-use
conflicts or complementary effects (Table 5). Respondents who
gave high importance to maintaining the functions of PAs also
showed, on average, a higher probability of choosing an increase in
PA size and a higher probability of choosing an increase in
ecotourism facilities. Furthermore, respondents who gave high
importance to preservation of local identity demonstrated a higher
probability of choosing an increase in land area devoted to tradi-
tional agriculture and an increase in ecotourism. As expected, those
who believe that wind farms do not affect landscapes support the
construction of increased numbers of them in the watershed.
Finally, individuals who believed that the PA do not impose an
economic limitation demonstrated, on average, a higher probability
of choosing a river-quality-restoration option and a higher proba-
bility of choosing an increased number of ecotourism facilities.

Table 3
Respondents’ characterisation: social-demographic information, environmental
behaviour, relationship with the study area and attitudes towards it (confidence
interval at 95% in parentheses).

Individual characteristics Mean or % of
respondents

Socio-demographic information
Gender (% men) 56.0%
Age 38.6
Household size 3
Income (Net monthly income which reflected the

mid-point of six income intervals (0e900 V " 600 V;
900e1500 V " 1200 V; 1500e2100 " 1800 V; 2100
e2700 V " 2400 V; 2700e3300 " 3000 V;
'3300 " 3600 V))

1176.6

Education level 4.0% non-formal
studies
19.5% primary
38.5% secondary
38.0% university

Work in agriculture and/or livestock and/or forest
activities

19.0%

Work in the administration sector (e.g., agriculture
management, local development, government staff)

14.5%

Work in PA management 7.5%
Work in the touristic sector 5.0%
Environmental issues
At least I visited one protected area last year 52.0%
Environmental NGO membership 12.0%
Frequency that I read environmental publications

(1 " never; 2 " seldom; 3 " often; 4 " always)
1.91 (1.89e1.93)

Frequency that I buy or consume fair-trade and
environmentally friendly products (1 " never;
2 " seldom; 3 " often; 4 " always)

2.58 (2.56e2.60)

Frequency that I recycle (1 " never; 2 " seldom;
3 " often; 4 " always)

2.77 (2.74e2.79)

Relationship and statements towards land-uses in the study area
I have relatives from the study area 69.5%
Sense of attachment to the study area (I feel that I am

from: 1 " my village, Nacimiento watershed, or the
region (Alpujarra); 0 " otherwise)

44.0%

I think that the preservation of the PA is important
because they are privileged sites of ecological value
as well as sites for environmental education,
scientific knowledge, hiking activities, etc. (1 " I
completely disagree; 2 " disagree; 3 " agree;
4 " completely agree)

3.20 (3.18e3.22)

I take great satisfaction in knowing that it is today
guaranteed that our children and future generations
will continue to be able to observe the typical
Alpujarran lifestyle of the local inhabitants as well as
their local ecological knowledge related, for example,
to the freshwater use system through “acequias”
(1 " I completely disagree; 2 " disagree; 3 " agree;
4 " completely agree)

3.47 (3.45e3.49)

The presence of the PA is an economic limitation for the
region in terms of its lack of monetary value (1 " I
completely disagree; 2 " disagree; 3 " agree;
4 " completely agree)

2.43 (2.40e2.46)

Wind farms impact landscape beauty with negative
implications on tourism (1 " I completely disagree;
2 " disagree; 3 " agree; 4 " completely agree)

2.68 (2.65e2.71)
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5.3. Marginal WTP and welfare changes for hypothetical land-use
management scenarios

Table 4 (fourth column) reports the marginal WTP for the
attributes. Respondents were willing to pay the most for river

quality (an average of 10.17 V/person), followed by traditional
agriculture, ecotourism andwind farms. PAs engendered the lowest
WTP (5.36 V/person).

According to the valuation results presented in Table 6, fostering
traditional farming within a river restorationwas the most preferred
scenario (confidence interval of welfare change at 95% of
18.50e20.34 V/person), followed by promoting agrotourism activi-
ties (confidence interval of welfare change at 95% of 15.25e16.95V/
person). The promoting alternative uses scenario activities (confi-
dence interval of welfare change at 95% of 11.46e13.03 V/person)
and conservation policy and active tourism (confidence interval of
welfare change at 95% of 11.43e13.01 V/person) were the least
preferred scenarios.

6. Discussion

Our results indicate that the local populationwould support the
implementation of a new land-use-management strategy in the
watershed. In this way, higher levels of any single analysed attri-
bute increased the probability that a management scenario would
be selected. The most important attributes were river quality and
traditional farming, despite its lower potential economic profit-
ability (compared to energy production on wind farms or to
ecotourism). In the first case, the river quality was measured by the
IBMWP index because this measure is the most commonly
employed biological indicator in Spanish Mediterranean streams
(Munne and Prat, 2009; Sánchez-Montoya et al., 2007, 2010);
however, it could present variations related to seasonal differences
(Álvarez-Cabria et al., 2010) and future CE studies should explore its
combination with other biological indicators or with physical and
chemical indicators (Hanley et al., 2006). For example, other CE
studies that assessed water quality in the context of the Water
Framework Directive have employed used-based measures (e.g.,
quality suitable for swimming, fishing or drinking), which are easily
interpreted by the respondents (Martín-Ortega and Berbel, 2010).
Nevertheless, we obtained a good understanding of this attribute;
respondents highly valued regulating services that preserve the
ecological quality of the river. As Barkmann et al. (2008) found, in
CE exercises in which ecosystem services are carefully selected and
described, the degree of unfamiliarity and invisibility associated
with the ecosystem functions could be reduced. In the second case,
traditional agriculture, which was associated with provisioning

Table 4
Multinomial logit (MNL), MNL with interactions and mixed logit (MXL) with interactions: results of the estimations with standard errors (SE) in parentheses.

Variables MNL MNL with interactions MXL with interactions Marginal WTP (V per person)

Coefficient (SE) Coefficient (SE) Coefficient (SE)

ASC $1.043*** (0.126) $1.023*** (0.126) $0.845*** (0.161)
Traditional agriculture 0.482*** (0.055) 0.484*** (0.055) 0.638*** (0.106) 9.25 [8.61e9.88]
Ecotourism 0.373*** (0.055) 0.378*** (0.055) 0.473*** (0.083) 6.85 [6.29e7.42]
Wind farms 0.324*** (0.055) 0.324*** (0.055) 0.372*** (0.077) 5.39 [4.85e5.93]
PA 0.291*** (0.054) 0.290*** (0.054) 0.370*** (0.080) 5.36 [4.81e5.92]
River quality 0.519*** (0.056) 0.525*** (0.056) 0.702*** (0.115) 10.17 [9.51e10.84]
Cost $0.046* (0.025) $0.288*** (0.086) $0.354*** (0.108)
Education*Cost e 0.029** (0.014) 0.036** (0.017) e

Env. behaviour index*Cost e 0.076* (0.039) 0.083* (0.163) e

Wind farms standard deviation 2.291*** (0.667)

Log likelihood function $1448.291 $1443.699 $1436.014
R2 (adjust) 0.261 0.264 0.266
% of correct predictions 50.94% 51.10% 51.30%
AIC 1.626 1.623 1.623
Number of observations 1800 1800 1800

Statistical significance at the *** " 1%, ** " 5%, and * " 10% levels.
Marginal WTP is calculated using Equation (4) and refers to the mean WTP in the MXL model (confidence interval at 95% in brackets). Considering that in this model
specification the cost attribute interact with the socio-demographic variables it was adjusted (following Westerberg et al., 2010) using: badjusted
cost " bcost ! (bcost*education # education) ! (bcost*env.behaviour # env. behaviour).

Table 5
Estimation results (full sample with statements regarding the Nacimiento River
watershed cross effects). Notes: Calculations are performed using the MXL with
interaction procedure (standard errors (SE) in parentheses). n.s. non significant.

Variables Coefficient (SE)

ASC $0.900*** (0.161)
Traditional

agriculture
n.s.

Ecotourism n.s.
Wind farms 0.736** (0.289)
PA n.s.
River quality 0.565* (0.303)
Cost $0.309*** (0.102)
Traditional

agriculture
*PA preservation is important n.s.
*Preservation of local identity is important 0.254*** (0.096)
*PA imposes an economic limitation n.s.
*Wind farms cause landscape impacts n.s.

Ecotourism *PA preservation is important 0.186** (0.091)
* Preservation of local identity is important 0.212** (0.095)
* PA imposes an economic limitation $0.107* (0.065)
*Wind farms cause landscape impacts n.s.

Wind farms *PA preservation is important n.s.
* Preservation of local identity is important n.s.
*PA imposes an economic limitation n.s.
*Wind farms cause landscape impacts $0.377*** (0.082)

PA *PA preservation is important 0.262*** (0.091)
* Preservation of local identity is important n.s.
*PA imposes an economic limitation n.s.
*Wind farms cause landscape impacts n.s.

River quality *PA preservation is important n.s.
* Preservation of local identity is important n.s.
*PA imposes an economic limitation $0.161** (0.064)
*Wind farms cause landscape impacts n.s.

Log likelihood
function

$1386.964

R2 (adjust) 0.291
% of correct

predictions
53.03%

AIC 1.590
Number of

observations
1800

Statistical significance at the *** " 1%, ** " 5%, and * " 10% levels.
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(i.e., farming production), regulating (i.e., erosion control) and
cultural (i.e., local ecological knowledge, aesthetic values, local
identity) services was also highly valued. Our findings suggest that
CE approaches for the valuation of ecosystem services are likely to
include both direct and indirect use values and to highlight the
importance of the ecological processes underlying the ecosystem
services delivery related to different land-use management
options.

As a monetary attribute, we used a tax-reallocation format.
Several studies have focused on understanding the effect of the
payment vehicle on individual participation in stated-preference
exercises (e.g., García-Llorente et al., 2011), with particular atten-
tion to budget-reallocation payment regimes (Nunes and Travisi,
2008). In our study, the monetary attribute had a negative and
meaningful influence on WTP measures and was well understood
by the public. We found that the WTP variable behaves as expected
even in those areas with low salaries and falling employment. The
case study presented here suffers from unemployment values
higher than 25% (García-Llorente et al., 2011) and is categorised as
a priority area to be revitalised by the Spanish legislation (Law 45/
2007; MARM, 2010). As the economic valuation of ecosystem
services in developing countries and poorest regions entails a key
challenge due to income restrictions (TEEB, 2010), this study
demonstrates that the tax-reallocation-vehicle payment offer an
alternative for regions with low incomes or depressed economies.
In addition, more highly educated respondents and higher envi-
ronmental behaviour associated the tax reallocation with a smaller
disutility than did the other respondents. Here, the tax reallocation
was expressed in terms of the monetary investment of the Euro-
pean Social Fund Operational programme, which is intended to
promote employment, in part through fostering education and
training programmes; this difference could explain the lower
disutility expressed by respondents with higher education, who
most likely would not participate in these programs. It would be
valuable to explore the influence of other budget sources in future
studies.

Regarding the coefficient estimations, we found consistency
with other CE studies. Bengochea et al. (2007) also found a positive
and significant influence of an attribute related to PAs in a natural
park located in eastern Spain. Hanley et al. (2006) found that the
effect of river ecology attributes in a river-improvement project was
positive and statistically significant. Through a CE exercise,
Bergmann et al. (2008) found that Scottish citizens generally
support the expansion of clean-energy projects. Our results also
showed a positive and significant contribution of increasing wind-
farm surface area. This result should be interpreted with caution, as
support for energy projects depends on local involvement in their
management; community ownership usually improves public
attitudes towards wind farms (Warren and McFadyen, 2010), as
well as the public perception of ecological and aesthetic impacts

(García-Llorente et al., 2012; Soini et al., 2011). In fact, through the
cross effects (Table 5), we found that the respondents who believed
that wind farms do not affect landscapes are more likely to support
the of more wind farms in the watershed. In addition, using the
estimates derived when having into account the statements
regarding land-use, we determined the influence of ecological,
utilitarian and local identity factors. Stakeholders who valued local
identity supported traditional agriculture and ecotourism. Mean-
while, stakeholders with higher ecological profiles (stating that PA
preservation is important and don’t compromise economic goals)
also support investment in PA and river quality. In this sense, it is
important to note that the PA attribute received the lowest support
in the CE (Table 4); furthermore, we did not find a significant
relationship between valuing local identity and valuing the PA
attribute (Table 5). PAs are one of the main strategies in conser-
vation policy (Rodríguez-Rodríguez et al., 2011), but they could also
play an important role in the delivery of ecosystem services (EEA,
2010; Palomo et al., 2011), the land-use management of multi-
functional areas (Bengtsson et al., 2003; García-Mora and Montes,
2011; Margules and Pressey, 2000) and the improvement of the
local economy or rural mountain areas (PDS, 2004). Greater efforts
should be made to integrate PAs with the preservation of local
identity and the priorities of the local population.

Finally, a land-use management strategy that promotes tradi-
tional farming within a river-restoration project was the option with
the most support and greatest welfare gains, but it also showed the
highest and most diversified ecosystem-services delivery (see
Table 2). In fact, previous research in the study area has found that
multi-functional landscapes, which supply many regulating and
cultural services, are preferred and garner more social support for
their conservation than do other landscapes (García-Llorente et al.,
2012). In accordance with Sayadi et al. (2009), our results indicate
that traditional agriculture is one of the principal activities in the
region, not only as a provisioning service but also because of its role
in the delivery of cultural services such as aesthetic values, local
identity and local ecological knowledge. Traditional agriculture also
provides regulating services, such as erosion control, hydrological
regulation and water quality, through the management of terraces
and traditional irrigation channels. Water quality is crucial in
a mountainous community in the Spanish semi-arid region, where
water constraints have shaped a local identity based on water
management (e.g., traditional irrigation channels) and the need for
diverse ecosystem services (Spalding, 2000); however, land aban-
donment in the high mountains has increased the vulnerability of
this system and has thrown into question their capacity to be
a source of ecosystem services (Vidal-Legaz, 2011). In this context,
fostering traditional farming and integrating ecological, economic
and social idiosyncrasy would be necessary for successful
management in European mountain ecosystems (EEA, 2010). As
García-Llorente et al. (2012) stated, in Mediterranean mountains, it

Table 6
Welfare changes from alternative future land-use management scenarios.

Attributes Hypothetical future scenarios

Conservation policy
and river restoration

Conservation policy
and active ecotourism

Promoting
agrotourism
activities

Fostering traditional
farming within a
river restoration

Promoting new
land-uses

Traditional agriculture Status quo Status quo Surface increased Surface increased Status quo
Ecotourism Status quo Facilities increased Facilities increased Status quo Facilities increased
Wind farms Status quo Status quo Status quo Status quo Surface increased
PA Surface increased Surface increased Status quo Status quo Status quo
River quality Restoration Status quo Status quo Restoration Status quo
Confidence interval of

welfare change at
95% (V/person)

14.67e16.40 11.43e13.01 15.25e16.95 18.50e20.34 11.46e13.03
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is necessary to emphasise the role of the local population in
keeping and shaping rural areas. Here, we found that local pop-
ulation positively and significantly values higher levels of ecolog-
ical, social and economic attributes in future land-use management
strategies.

7. Conclusions

By using the CEmethod, this study estimates the preferences for
different land-use management options focused on improving the
current ecological and socio-economic environment related to
abandonment of traditional agriculture, adaptation to the arrival of
new land-uses (ecotourism and wind farms) and management of
water quality in a semi-arid watershed in the Mediterranean basin.
The most important attributes were river quality and traditional
agriculture, followed by ecotourism, wind farms and PA. Therefore,
a land-use management strategy focused on increasing the land
area devoted to agriculture and improving the river quality was the
preferred scenario; being also the one related with the highest and
most diversified ecosystem service delivery. Under water
constraints and relief impediments in a mountainous rural region
in the south-east of Spain, strong connections appear among
traditional agriculture, river quality and the preservation of local
identity. Furthermore, maintenance of traditional agriculture
activities in a mosaic of other land-uses, such as ecotourism, clean
energy production and conservation policies, is essential to main-
taining ecosystem integrity to deliver ecosystem services (Swift
et al., 2004), as well as to maintain the viability of rural pop-
ulations (García-Llorente et al., 2012). This pilot study may yield
essential information to design future land-use management plans
in mountainous semi-arid systems based on social preferences for
different land-uses and their related ecosystem services.
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