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a b s t r a c t

The adoption of sustainable land management strategies and practices that respond to current climate
and human pressures requires both assessment tools that can lead to better informed decision-making
and effective knowledge-exchange mechanisms that facilitate new learning and behavior change. We
propose a learning-centered participatory approach that links land management assessment and
knowledge exchange and integrates science-based data and stakeholder perspectives on both biophys-
ical and socio-economic attributes. We outline a structured procedure for a transparent assessment of
land management alternatives, tailored to dryland management, that is based on (1) principles of
constructivism and social learning, (2) the participation of stakeholders throughout the whole assess-
ment process, from design to implementation, and (3) the combination of site-specific indicators,
identified by local stakeholders as relevant to their particular objectives and context conditions, and
science-based indicators that represent ecosystem services of drylands worldwide. The proposed pro-
cedure follows a pattern of eliciting, challenging, and self-reviewing stakeholder perspectives that aims
to facilitate learning. The difference between the initial baseline perspectives and the final self-reviewed
stakeholder perspectives is used as a proxy of learning. We illustrate the potential of this methodology by
its application to the assessment of land uses in a Mediterranean fire-prone area in East Spain. The
approach may be applied to a variety of socio-ecological systems and decision-making and governance
scales.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Drylands face multiple stresses and challenges that result from
the interplay of climate-related and human-induced pressures.
Current global changes, including climate change and increasing
resource use by an expanding human population, further exacer-
bate the impact of these pressures on dryland systems, leading to
land degradation (MA, 2005; Low, 2013). Furthermore, dry climate
types are projected to expand under the influence of ongoing
climate change (Feng et al., 2014). Responding to these pressures
requires actions at multiple levels. At the local scale, the adoption of
sustainable and adaptive management strategies and practices is
the critical challenge (Poulsen, 2013), which in turn requires
appropriate assessment methodologies (MA, 2005; Zucca et al.,
2012) and engagement strategies that contribute to effective
learning and behavior change (Allen et al., 2002).

Dryland degradation results from complex interactions of mul-
tiple drivers, and affects a plurality of social and ecological pro-
cesses and functions, often in complex, non-linear ways (Geist and
Lambin, 2004; Gisladottir and Stocking, 2005; Reynolds et al.,
2007), accompanied by multiple and often conflicting values, per-
spectives, attitudes and underlying sources of knowledge (Berkes
et al., 2006). The multi-faceted nature of dryland response to
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environmental and human pressures call for integrated, trans-
disciplinary assessment approaches that consider the variety and
trade-offs of land management impacts. However, regardless the
assessment approach followed, the effective use of the results tends
to be limited largely because local perspectives, interests, needs,
and knowledge, are inadequately considered (Estrella and Gaventa,
1998; Hisschemller et al., 2001; Whitfield and Reed, 2012). Despite
the many open questions on the benefits and risks of participatory
approaches (e.g., Coglianese, 1997; Irvin and Stansbury, 2004;
Webler and Tuler, 2001), it is acknowledged that the involvement
of stakeholders in the assessment process contributes to ensuring
the relevance and acceptance of the assessment approach and
outcomes; enriching the assessment with local and contextual
knowledge; and understanding and adequately considering the
influence of the governance and cultural elements on the system
assessed (Stirling, 2006; Salter et al., 2010).

Participatory processes are increasingly demanded by environ-
mental agencies, organizations, and international bodies such as
the United Nations Convention to Combat Desertification (UNCCD),
and are more commonly incorporated to environmental legislation,
assessment, planning, and decision-making (e.g., WFD, 2000;
UNCCD, 2009). Frameworks have been developed to evaluate
public participation processes (e.g., Rowe and Frewer, 2000),
participatory integrated assessment (e.g., Salter et al., 2010), and
the application of participatory research processes (e.g., Blackstock
et al., 2007), which provide insight into the essential elements of a
participatory environmental assessment. Accordingly, a variety of
participatory methods and tools have been developed over the last
decades (see for example van Asselt and Rijkens-Klomp, 2002) and
have been increasingly incorporated into decision-making and in-
tegrated assessment in land andwatermanagement programs (e.g.,
Mostert, 2003; Salter et al., 2010). However, stakeholder partici-
pation in the evaluation of dryland restoration and sustainable
dryland management is very scarce (Bautista et al., 2010; Schwilch
et al., 2011), and participatorymethods that effectively translate the
evaluation of previous and ongoing management and restoration
actions into new learning and enhanced capacity to responding to
land degradation have received limited attention (Rojo et al., 2012;
Schwilch et al., 2009, 2011; Derak and Cortina, 2014; Kong et al.,
2014).

Participatory processes in land management contexts are
assumed to contribute to efficiency and empowerment. However,
those outcomes can rarely be ensured, as they depend on suc-
cessfully addressing numerous critical issues, including stakeholder
engagement, adequate stakeholder representation and ownership
of the process, understanding of the attitudes and values of
stakeholders, and recognizing and reconciling conflicts (Reed,
2008; Reed et al., 2013; Madden and McQuinn, 2014; De Vente
et al., 2016; Wallace et al., 2016). For example, while stakeholder
engagement and empowerment are often cited attributes of
participatory processes, there is little evidence of the effectiveness
of participation regarding empowerment, little acknowledgement
of the many barriers to effective engagement, and very rare eval-
uation of engagement protocols (Carter, 2010; Cleaver, 1999).
Similarly, while the main expected outcome from participation is
mutual learning, which in turn is expected to lead to better
informed decisions and better acceptance of decisions (von Korff
et al., 2012), the learning-approach that underpins the participa-
tory process is often poorly conceptualized, and the efficacy of
participatory protocols with respect to learning is rarely evaluated
(Huitema et al., 2010; Newig and Fritsch, 2009; Rowe and Frewer,
2000). There is therefore a need for participatory protocols that
clearly define the pathway that leads to effective stakeholder
engagement and mutual learning, and provide the mechanisms
that allow the evaluation of the participatory process and
outcomes.
We responded to this need by developing a participatory

assessment approach, the PRACTICE Participatory and Integrated
Assessment Protocol (hereafter the PRACTICE Protocol), that aims
to: (a) integrate learning as a structural part of the assessment
approach, incorporating individual and collective learning oppor-
tunities in a way that can be measured and tracked, (b) involve and
engage a comprehensive representation of the relevant stake-
holders from the start and throughout the assessment process, not
only in the co-production of knowledge, but also in the design of
the assessment method itself, and (c) provide theoretical support
and guidelines for a complete participatory assessment process,
from stakeholder identification to the assessment of the process
itself, applicable to stakeholder participation in drylands world-
wide, that can be easily tailored to particular target socio-ecological
systems and context conditions, assessment scales, and alternatives
to be evaluated. We expect individual and social learning to be
emergent properties of the process that ultimately contribute to
individual and/or concerted adoption of good practices and to
strengthen resilience through capacity development of individuals
and communities.

In the following section, we present the core elements that
define the assessment approach proposed here, particularly with
regard to stakeholder involvement, individual and social learning,
and the selection of assessment criteria. Next, Section 3 presents
the details of the PRACTICE protocol. Section 4 illustrates the po-
tential of this methodology through its application to the assess-
ment of land uses andmanagement approaches in a Mediterranean
fire-prone area in eastern Spain. Finally, in Sections 5 And 6, we
review the achievements and limitations of the method proposed,
identify directions for future research, and implementation.

2. The participatory assessment approach

2.1. Stakeholder participation

The degree of involvement of stakeholders in a participatory
assessment process may range from a mere consultative role as
information providers to full partnership and control of the process
as co-designers and decision-makers, which implies increasing
interactive participation, collaboration, and stakeholder empow-
erment (Arnstein, 1969; Biggs, 1989; Pretty, 1995; Davidson, 1998;
Lawrence, 2006). The degree of involvement could also vary among
stakeholders (Luyet et al., 2012). Several authors have proposed
strategies to attribute the appropriate degree of involvement for
the specific process and/or for each identified stakeholder or
stakeholder group (Daniels et al., 1996; Vroom, 2003). Participatory
approaches that pursue effective stakeholder engagement and
empowerment should maximize the degree of stakeholder control
over the process (Arnstein, 1969; Davidson, 1998). Advancing from
existing frameworks, our approach facilitates full and equal
involvement to all interested stakeholders from the inception of
design to the final interpretation and communication of the out-
comes. Thus, the stakeholders that participate in the assessment
not only co-produce knowledge, they also co-design the assess-
ment method itself by defining and prioritizing the criteria and
indicators to be used, are the main actors involved in the analysis of
the data gathered, and co-generate the assessment outcome. The
key assumption underlying the goal of a wide involvement of all
relevant individual stakeholders, groups and organizations is that
the probability of adoption of improved management practices is
likely to be higher when all stakeholder interests have contributed
to design and conduct the assessment of the management alter-
natives (Beierle and Konisky, 2000; Young et al., 2013).

The PRACTICE protocol relies on a transparent partnership
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between stakeholders and the scientific community. Scientists
contribute to the participatory platform representing one of the
various types of stakeholders. In this role, they propose criteria and
perspectives on the alternatives assessed in the same way as the
rest of the participants involved in the process. However, the most
specific contribution of scientists to the assessment partnership is
data gathering and processing. The group of participant scientists
would collect and provide assessment data as needed for the
criteria identified by the participatory stakeholder platform as a
whole. This group would also assist the assessment process by
processing and integrating assessment data and stakeholder per-
spectives by means of Multicriteria Decision Aid (MCDA) tools. The
collaboration between scientists and other stakeholders provides
themeans for continuous updating of assessment data and capacity
building, and can be an effective step toward collaborative adaptive
management. It is conceived as a way of putting science at the
service of a participatory decision-making process (Serrat-
Capdevilla et al., 2009), for which stakeholders control the
decisions.

2.2. An assessment process that targets learning

The participation of stakeholders in land management planning
or assessment, even when it implies a high degree of stakeholder
involvement, does not guarantee learning. People resist change in
their world views, unless they are effectively challenged by new
information and alternative perspectives (Allen et al., 2001; Reed
and Page, 2016). Our approach is underpinned by a constructivist
perspective (Kelly, 1955; Winter and Reed, 2016), which views
learning as a knowledge reconstruction process rather than a
knowledge transmission process. According to this perspective,
individuals are active experimenters that formulate hypotheses
about their world, test them, and if necessary revise them. How-
ever, pre-existing knowledge and beliefs are rather resilient and
shape the interpretation of new information. Elicitation and
assessment of these pre-existing world views, which aim to
explicitly articulate existing explicit and implicit knowledge (Fazey
et al., 2006), help the reconstruction e i.e. learninge process
(Walker and Winter 2007).

In agreement with these ideas, the PRACTICE protocol follows a
pattern of eliciting, confronting, and self-reviewing stakeholder
perspectives that aims to facilitate learning. Baseline stakeholder
perspectives are confronted with both assessment data and the
perspectives of other stakeholders, and this is done through in-
teractions and dialogue in a favorable environment for individual
and social learning, as well as for reflections on the learning process
itself (Finger and Verlaan, 1995; Keen et al., 2005; Reed et al., 2010).
However, such a participatory environment may still fail to result in
relevant changes in either individual or collective understanding
and attitudes. Responding to the increasing demand to evaluate the
outcomes and potential benefits of participatory approaches (Von
Korff et al., 2012), the PRACTICE protocol incorporates self-
evaluation mechanisms that operate at different steps of the pro-
cess. Of particular interest is the comparison between the stake-
holders' perspectives at the beginning and the end of each
assessment cycle, which serves both to test the effectiveness of the
learning approach and to reinforce transparency and the perceived
value of knowledge exchange and collaborative learning.

2.3. Assessment criteria and indicators

Land condition results from coupled humaneenvironmental
processes; assessing land management should therefore consider
biophysical as well as socioeconomic and cultural criteria that
relate to ecosystem services and to human well-being (UNCCD,
2009; Schwilch et al., 2011; Sommer et al., 2011). Furthermore,
sustainable management goals are based on social values, which
can be effectively captured and used via participatory approaches
(Winslow et al., 2011). Therefore, both local and scientific knowl-
edge are essential to dryland assessment. We propose integrating
site-specific assessment criteria, proposed by local stakeholders
and likely tailored to the particular goals and socio-environmental
context of the target management system, with science-based in-
dicators of dryland ecosystem services that are consistently
considered to be of critical importance by the United Nations
Convention to Combat Desertification (UNCCD), the Convention on
Biological Biodiversity (CBD), and the United Nations Framework
Convention on Climate Change (UNFCCC). Based on the progress
made in our scientific understanding of human-environmental
dynamics in drylands (Low, 2013; Poulsen, 2013), we propose
including biodiversity, which positively relates to dryland func-
tioning and the provision of ecosystem services (MA, 2005); water
and soil conservation, probably the most essential functions in
drylands (Whitford, 2002); and carbon sequestration, of unques-
tionable global importance, as common criteria to be considered in
the assessment of every dryland management practice. In the
framework of the participatory process, the local stakeholders and
experts will take into account the local context to propose the most
suitable indicators for these criteria. Other potential criteria to be
considered that relate to provisioning services and to socioeco-
nomic and cultural aspects, which vary greatly between sites and
regions, are generally best addressed by site-specific criteria pro-
posed by local stakeholders. Framing the selection of indicators by
the ecosystem services concept provides a common currency that
facilitates global, across-site, and context analyses of the partici-
patory process and the assessment outcomes (e.g., Sommer et al.,
2011; Papanastasis et al., 2015; Schleyer et al., 2015; Maesa et al.,
2016).

3. The method

The PRACTICE protocol integrates a number of participatory
methods into a learning pathway (Fig. 1). Identification and
engagement of stakeholders (Step 1) is followed by the elicitation at
the individual level (prior to interaction and discussion) of the
baseline views of stakeholders on both the management strategies
and practices to be assessed and the criteria that should be
considered in the assessment (Step 2). Step 3 focuses on prioritizing
the assessment criteria in the framework of a focus group meeting.
It provides the opportunity for stakeholders to review and discuss
with each other the criteria and indicators selected and define their
relative importance through both an individual and a collective
weighting exercise. This exercise contributes to identify trade-offs
between ecosystem services as well as to measure the level of
agreement amongst stakeholders concerning their socio-ecological
priorities. By selecting and prioritizing the criteria and indicators to
be considered in the assessment process, the stakeholders become
co-designers of the assessment method. Steps 4 and 5 represent
scientific and technical work to be performed by the local experts
and scientists regarding data collection and integration. Step 6 aims
to produce a collective integrated evaluation (across the entire
multi-stakeholder platform) of the management alternatives.

While this process results in an assessment product, the most
relevant expected outcome is the knowledge integration and
learning process. Step 6 provides the opportunity for stakeholders
to self-review and discuss the evaluation of the target management
alternatives after visualizing their impacts through the criteria they
identified as important, backed by data collected on those criteria,
and considering how the various alternatives outrank each other
with the help of MCDA tools. Both Steps 3 and 6 allow for the



Fig. 1. Overview of the participatory integrated assessment process in PRACTICE
Protocol. The main flow of participatory steps: Stakeholder identification and
engagement, elicitation of baseline perspectives, prioritization of assessment criteria,
and collective integrated evaluation (right side of the diagram) receives inputs from
and provides inputs to expert-based activities: science-based indicators, data gath-
ering, and Multicriteria Decision Analysis (left side of the diagram).
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measurement of changes in stakeholder perspectives through
quantitative comparisons of results combined with observations
and associated qualitative content analysis of the interactions and
discussion. There is an implicit cyclic nature in the process, in
agreement with the continuous and cyclic nature of learning (Kolb,
1984), as final assessment must be viewed as a new baseline
stakeholder perspective, both individual and collective, for any
potential future iteration of the assessment process.
3.1. Stakeholder identification and engagement

Identification and engagement of stakeholders in any partici-
patory process should ensure inclusivity and comprehensiveness,
so that all interested and affected parties and the appropriate va-
riety of viewpoints are considered (Richards et al., 2004). We pro-
pose using a chain-referral process (Bernard, 2006) to ensure a
comprehensive mix of stakeholders with connections with the area
and landmanagement system of interest. The chain referral process
allows stakeholders to influence who is included in the assessment
multi-stakeholder platform, contributing to building partnership
and reinforcing the role of the stakeholders as co-leaders and co-
designers of the assessment process.

The proposed tool in the PRACTICE protocol for this step is a
semi-structured interview (Denzin and Lincoln, 2011). This inter-
view seeks to both elicit information on each participant's knowl-
edge, perception, and experience on dryland management and
engage the potential participant. In this regard, it is essential to
share and agree with the stakeholders the basic principles and
goals of the participatory process right from the outset (Reed,
2008). As part of an informed consent process, the interviewer
will share with the potential participant a description of the risks
and benefits associated to participation as well as any other rele-
vant information requested that allows the stakeholder for
deciding whether to participate or not. The interviewwill end with
(chain-referral) question on other potential participants that the
interviewed stakeholder would recommend recruiting.

3.2. Baseline individual stakeholder evaluation and indicator
selection

Using a semi-structured interview with each stakeholder indi-
vidually, this step of the participatory process deals with four main
topics: (1) perception of the goals and socioenvironmental context
of themanagement alternatives to be assessed, (2) stakeholder self-
assessed knowledge on each land management alternative, (3)
positive and negative effects of each alternative, and (4) recom-
mendations for improvement of the alternatives assessed. Each
participant stakeholder is also asked to rate each alternative on a 1-
to-5 Likert scale, with 1 being a very bad choice and 5 being an
excellent choice. This semi-quantitative assessment facilitates
comparisons with the final participatory evaluation of the man-
agement alternatives. The semi-structured interviews for Step 1
and 2 can be performed as two parts of a single conversation,
provided that the step order is properly followed.

From the conversation on positive and negative effects of each
land management alternative, the interviewer elicits the implicit
evaluation criteria and indicators considered by each stakeholder.
For example, if a stakeholder mentioned “protection against
erosion” as a positive effect of a given land management practice,
“soil protection/conservation”would be listed by the interviewer as
a potential criterion for that stakeholder. This preliminary list of
criteria and indicators is then discussed with the interviewed
stakeholder for final confirmation on the evaluation criteria and
suitable indicators that he/she considers to be relevant.

Overall, the information elicited in this step 2 from each
participant provides three critical elements to the assessment
process. First, it provides the baseline, spontaneous assessment of
the land management alternatives; this baseline assessment, once
analyzed and integrated, will later be compared with the final in-
dividual and collective assessment, allowing the transparent
tracking of the changes in perspectives produced along the process.
Second, it provides a preliminary list of indicators (and implicit
criteria) for the evaluation of the actions, which makes participant
stakeholders more likely to take ownership of the process. Third, it
contributes to making the pre-existing stakeholder perspectives
explicit, which will aid in the learning process.

The assessment indicators elicited from each stakeholder
through the semi-structured interviews, as well as the science-
based general (common) indicators described above (see Section
2.3), are then pooled and integrated in a single consolidated list.
The consolidated list will be then used in the prioritization of in-
dicators (Step 3).

3.3. Defining the assessment criteria: participatory prioritization of
indicators

The PRACTICE Protocol proposes developing this Step in the
framework of a focus group meeting. The facilitator of the meeting
first presents the consolidated list of indicators, providing a brief
description of each indicator, based on the various descriptions
given by the stakeholders during the previous (Step 2) interviews.
Second, stakeholder priorities regarding the assessment indicators
(and implicit criteria) are elicited through the ‘‘Pack of Cards’’ or
revised Simos procedure (Figueira and Roy, 2002), a method
designed to elicit weights for outranking Multicriteria decision
analysis (MCDA) approaches. It is a simple method that facilitates
the ranking of criteria in different levels and then indirectly de-
termines the weights for those levels.

The indicator weighing is first done individually, so that the pre-
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existing baseline prioritization of criteria is elicited. However, once
the first weighting results are recoded, the facilitator of themeeting
would promote group discussions on the general ranking and the
relative distance between criteria. This enables the stakeholders to
learn from each other and eventually reconsider their rankings,
while also offering the opportunity for subsequent analysis of
qualitative information on the stakeholders reasoning behind their
prioritization decisions (Ocampo-Melgar and Orr, 2016). Differ-
ences between the initial and final rankings can be used as indirect
metrics of the learning produced. The final post-discussion rank-
ings and derived weights are then incorporated into a MCDA (Step
5) where they are applied to the data collected for each indicator
and management alternative assessed.

3.4. Gathering science-based information

Step 4 addresses data gathering for the consolidated list of in-
dicators that resulted from previous steps. Frequently it is possible
and advisable to exploit already available data. However, additional
sampling and measurements may be necessary for many of the
indicators listed. Local researchers and experts within the assess-
ment stakeholder platform would lead data gathering, being
responsible for choosing the most appropriate metrics and survey
methods. The participation of other stakeholders is however
desirable and encouraged, as it would add the value of participatory
monitoring and training to the overall co-production of knowledge
process.

The PRACTICE protocol does not propose any particular socio-
economic or biophysical assessment, method, as these should be
tailored to the particular local conditions and constraints. However,
as general recommendations, data gathering should focus on sim-
ple metrics and standard methods which could be easily adopted
for future monitoring programs, and should meet the basic re-
quirements of replicability and comparability. For example, a vari-
ety of indices that are based on vegetation cover and pattern
metrics have proven to be useful as indicators for water (and soil)
conservation potential in drylands (e.g., Tongway and Hindley,
2004; Mayor et al., 2008; Mayor and Bautista, 2012). Regarding
carbon sequestration, the most frequently used indicators are soil
organic carbon (SOC) and above-ground biomass. Both indicators
have been included within the Essential Climate Variables list by
the UNFCCC (GCOS, 2010). Land productivity could be effectively
assessed in drylands using the ratio of Above-ground Net Primary
Production (ANPP) to precipitation e the rain use efficiency (Le
Hou�erou, 1984; Prince et al., 1998) as indicator. However, local
stakeholders will likely propose site-specific indicators that relate
to the productivity of the land and the provision of goods such as
food, fiber, fuel wood, and timber. General data available on socio-
economic and cultural indicators, even if available at fine admin-
istrative resolutions (e.g., municipality), may not capture the im-
pacts of the specific land management alternatives assessed.
However, this information can be refined to the management-
practice level by including predetermined suitable questions on
this topic either in the interviews andmeetings conducted with the
stakeholders in the first steps of the PRACTICE protocol or as part of
a specific socio-economic/cultural survey conducted ad hoc.

3.5. Integrating scientific data and stakeholder perspectives

Step 5 in PRACTICE Protocol applies MCDA to integrating the
stakeholder perspectives and prioritization on the assessment in-
dicators (reflected as the weights elicited in Step 3) with the
assessment data gathered in Step 4 for each of the selected in-
dicators. The capacity of MCDA to integrate multiple partial pref-
erences into a collective preference structure makes it a useful tool
in participatory assessment (Favretto et al., 2016). There is an
impressive number of operational approaches to MCDA, with their
relative advantages and disadvantages largely depending on the
characteristics of the problem addressed (Roy and Vanderpooten,
1996; Kangas and Kangas, 2005; Mendoza and Martins, 2006;
Diaz-Balteiro and Romero, 2008; Ocampo-Melgar et al., 2016a,b).
We propose adopting an outranking approach to MCDA (Figueira
et al., 2005). An outranking MCDA approach appears to be partic-
ularly suitable for achieving the learning goals pursued by the
PRACTICE protocol, mostly because this approach assumes that
there may be not only one best alternative, providing partial
ordering of pairs of alternatives and provides a transparent and
easy to communicate view of the criteria and associated perfor-
mance behind the outranking, which adds heuristic value to the
MCDA exercise. Several outranking approaches, including the most
common ELECTRE (Roy, 1991) and PROMETHEE (Brans and Vincke,
1985) could be used in this step of the PRACTICE protocol, yet
ELECTRE has proven to be particularly suitable (Ocampo-Melgar
et al., 2017).

3.6. Final collective integrated assessment

Step 6 finalizes the participatory assessment process. In the
framework of a participatory evaluation meeting, the facilitators
and the coordinators of data gathering and analysis share with the
rest of the stakeholder platform (1) an overview of the data and
average indicator weights that resulted from previous Steps 3 and
4; (2) a description of how the outrankingMCDAworks; and (3) the
MCDA outranking results. In addition to the MCDA outputs that
resulted from using the average weights elicited for each indicator
from the whole stakeholder platform, it is advisable to show some
examples of MCDA outputs resulting from the actual individual
weights of individual stakeholders. This way, the role played by the
relative importance given to each assessment criteria by the variety
of stakeholder can be easily demonstrated. The participants are
then encouraged to deliberate on the outputs presented; a process
that can be guided by few evaluation questions on the various steps
followed and their results.

Finally, the participants are asked to re-evaluate the land man-
agement alternatives, responding to the same questions used in
Step 2 for the elicitation of their baseline perspectives on the al-
ternatives. A variety of analytical and visual tools can help easily
integrate and visualize the collective assessment outcome resulting
from all individual evaluations (Case,1990). Critical reflection about
the differences between the baseline and final evaluations made,
either individual or collective, is expected to reinforce learning. The
assessment product, enriched with the knowledge and perspec-
tives of many, is of unquestionable value on its own and contributes
to better informed decision-making. However, knowledge inte-
gration and learning, together with increased trust, ownership, and
support for the assessment outcome are the most powerful po-
tential outcomes of the participatory process (Stringer et al., 2006;
Measham, 2009; Raymond et al., 2010).

4. Case study in eastern Spain: Ayora valley

The PRACTICE protocol was implemented in Ayora valley,
eastern Spain, for the participatory assessment of alternative land
uses in a fire-prone forest area. Ayora valley represents very well
the rural socio-ecological systems, land-use history, and environ-
mental pressures of Mediterranean mountainous landscapes. The
study area (38�5003400e 39�1001500N; 2�3804000e 2�5501000W) in-
cludes seven municipalities, the largest ones being Ayora and
Enguera. In 1979, the valley was affected by a large (~35,000 ha)
and devastating wildfire. The climate is characterized as dry
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Mediterranean, with long dry and warm periods in summer that
result in a high fire risk. Mean annual precipitation is 480 mm and
mean annual temperature is 14 �C. Elevations range between 500
and 1130 m.a.s.l. Soils are calcareous and stony, developed over a
variety of calcareous bedrocks: limestones, marls, dolomites,
calcareous sandstone, and conglomerates. One third of the area is
covered by agricultural lands, the rest being covered by shrublands
and forests. The area has been the target subject of a number of
research studies, mostly related to fire impacts, post-fire manage-
ment and restoration (e.g., Malak and Pausas, 2006; R€oder et al.,
2008; Valdecantos et al., 2009), which have provided useful infor-
mation and datasets on a variety of environmental aspects of the
site. This fact, together with the variety of land uses and land
management systems that can be found in the area, as well as the
variety of potentially conflicting stakeholders' interests, make
Ayora valley particularly suitable for demonstrating the participa-
tory assessment of land use and management alternatives as
guided by the PRACTICE protocol.

4.1. Socio-environmental context, land management system and
stakeholder platform

The socio-ecological system of Ayora valley dramatically
changed due to the 1979 wildfire. Before the wildfire, most of the
area was covered by productive Pinus halepensis and Pinus pinaster
forests that supported a relevant part of the economic activity in
the area (Baeza et al., 2007). After the fire, aimed to control post-fire
soil erosion and degradation, reduce fire risk, and provide
employment opportunities, the Spanish Ministry of Agriculture
designed an ambitious fire-management and reforestation plan,
implemented over a number of years by the National and Regional
Forest Administrations, which contributed to the current mosaic of
land uses in the area. Four of the most extensive land use/land
management alternatives were selected for this study: (1) shrub-
lands, developed on areas with poor tree regeneration after the
wildfire fire, mostly exploited for honey production and forage; (2)
high-density pine forests, developed from natural regeneration
after the fire; (3) pine forests from reforestation activities carried
out during the 1980's and 1990's on denuded and scrubland areas;
and (4) thinned pine forests, resulting from thinning and selective
clearing activities on high-density pine stands. Due to the large
wildfire, together with ongoing general socio-economic changes,
the dominant activity in the region, which was previously based on
forest productivity, transitioned to alternative uses of natural re-
sources, especially honey production and some other non-timber
forest products such as forage and mushrooms, as well as to the
wind power industry, and gradually to the tertiary sector, in
particular to rural tourism.

During the spring and summer of 2012, using a chain-referral
process, we recruited 32 stakeholders - most of them directly
linked to land management activities in the area - that actively
engaged in the participatory assessment process. This multi-
stakeholder platform (MSP) represented eleven different cate-
gories, including forest land users such as hunters and shepherds
(16%), fire and forest management agencies (16%), Regional
Department of natural resources (12%), forest land owners (9%),
environmental NGOs (9%), local industries, such as honey produc-
tion and wind power (9%), and other minor categories.

4.2. Selection and prioritization of assessment criteria

A 60e90 min semi-structured interview with each stakeholder
was conducted in order to elicit the initial individual evaluation of
the target alternatives and a set of locally relevant criteria. Each
stakeholder was asked to describe the positive or negative
outcomes they perceived to be associated with each alternative.
These outcomes formed the base for a preliminary list of criteria.
For example, several stakeholders mentioned the positive impacts
of some of the alternatives in local small industries and employ-
ment; from this comments, the criterion “economic wealth” was
elicited. The individual lists of criteria elicited from each participant
stakeholder were later integrated and consolidated across the
entire stakeholder platform. The stakeholder prioritization
(weighting) of the criteria selected was conducted in the frame-
work of two focus group meetings, each of them involving
approximately half of the Ayora MSP yet still representing the
majority of the 11 stakeholder categories. The decision to conduct
two meetings, each in a different town (Ayora or Enguera) was
made in order to minimize geographical constraints to participa-
tion. Using the Revised Simos' procedure (Figueira and Roy, 2002),
each participant stakeholder expressed his/her perspectives on the
relative importance of each criteria. After a group discussion on the
individual perspectives and overall results obtained, each stake-
holder had the opportunity to revise the prioritization (ordering of
indicator cards) made.

Overall, the Ayora MSP selected and valued 13 assessment
criteria that represented a suite of socio-economic, cultural, and
biophysical aspects (Fig. 2), including some (e.g., biodiversity, car-
bon sequestration) that had already been proposed by the inter-
national scientific community. As could be expected from the fire
history of the target area, the stakeholders consistently valued fire
risk as the most important assessment criterion, followed by soil
and water conservation. While (family) economic wealth was
highly valued, cost was the least valued criteria, probably reflecting
the fact that the type of management activities involved in the al-
ternatives assessed are mostly funded by public agencies. Aesthetic
and recreational value also received relatively low weights, in
agreement with the still very incipient development of the rural
tourism industry. The initial prioritization made by each stake-
holder varied little with the prioritization made after the group
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discussion on the weights, except for a slight increase in the
importance given to cost and cultural value and a slight decrease in
the importance of carbon sequestration. This outcome indicates
that the focus group discussion on the assessment criteria only
contributed to fine tuning the initial individual perspectives, but
did not result in critical changes in the relative importance given to
each of the indicators selected, which was very consistent among
the participant stakeholders.
4.3. Integrated assessment and collective evaluation

The assessment criteria proposed by the Ayora MSP were
translated into particular assessment indicators (Table S1; Sup-
plementary material). The data needed on each indicator were
gathered from a variety of sources, including direct field mea-
surements of biophysical indicators (e.g., plant species richness,
plant cover); field assessment of functional indices (LFA-indices for
infiltration and nutrient cycling; Tongway and Hindley, 2004);
expert judgments (e.g., on fuel models and fire risk); available re-
cords onmanagement costs; and interview-based surveys on socio-
economic and cultural aspects (e.g., on the aesthetic and cultural
values of the alternatives). Both quantitative, either continuous or
discrete, and qualitative (ratings) data were gathered (Table S1;
Supplementary material).

Considering the data on each of the indicators selected, the
average indicators' weights given by the multi-stakeholder plat-
form, and the integration of these through the outranking MCDA
method ELECTRE IS (Figueira et al., 2013), pine thinning outranked
all of the other actions, followed by pine reforestation, while
shrubland and dense pine forests were similarly outranked by the
other two, without major differences between them (Fig. 3).
Thinned pine forests performed equal or better than the other al-
ternatives on all criteria except cost. Pine reforestations performed
better than shrublands regarding soil and water conservation, as
well as aesthetic, cultural and recreational values. However, pine
reforestations and shrublands performed similar regarding the rest
of criteria, including productivity value, economic wealth, soil
quality, and biodiversity.

In December 2012, a final participatory evaluation meeting was
held in the town of Ayora, involving all participating stakeholders
in the Ayora MSP. The facilitators of the meeting (first and second
co-authors of this work) sequentially shared with the stakeholders
a summary of the data gathered, a description of the integration
process through the MCDA, and a summary of the MCDA results.
After the corresponding group discussions on the results and
methods presented, the stakeholders were asked to re-evaluate the
Thinned pine 
forest

Pine 
reforesta onShrubland

Dense pine 
forest

ubland
Pine

nse p

Fig. 3. Graph kernel of the outcome of ELECTRE IS MCDA on the four land use alter-
natives evaluated in Ayora. The arrows point towards the action that was outranked in
each two-way comparison. A double-direction arrow indicates no relevant differences
between the two alternatives compared.
target land use alternatives and propose positive and negative as-
pects, as well as rate the alternatives on a Likert scale (1e5),
following the same approach that the one used in the elicitation of
the initial, baseline stakeholder perspectives (Step 2 in the PRAC-
TICE protocol). With the aid of visual tools displayed on suitable
boards prepared ad-hoc, the stakeholders presented and shared
their re-evaluation results, which provided a general overview of
the overall assessment made by the entire Ayora MSP and facili-
tated further discussion. In parallel, a group of collaborating
research assistants analyzed the differences between the initial,
baseline stakeholder ratings and the final ones resulting from the
re-evaluation of the alternatives. The results from this comparison
(Fig. 4) showed significant shifts between initial and final per-
spectives towards a decreasing appreciation for most alternatives
(initially mostly rated as moderate-quality choices during the
elicitation of initial perspectives, and then mostly rated as bad
choices, during the final participatory evaluation), except for thin-
ned pine forests, which were rated as excellent choice by almost
100% of the stakeholders. To some extent the results from the re-
evaluation of alternatives reflected the MCDA results. For
example, the good MCDA-ranking of thinned pine forests probably
influenced the higher rating of this alternative in the final re-
evaluation. However, some other changes between the initial and
final ratings were not in agreement with the MCDA results and
instead reflected the influence of particular consensus-building
discussions during the evaluation meeting. These results high-
light the complex network of influences that may contribute to
relevant changes in perspectives and attitudes.

The differences found between the initial individual stakeholder
perspectives and the final re-evaluation of alternatives reinforced
the learning value given to the participatory process by the stake-
holders involved. A final discussion on the PRACTICE protocol
approach yielded very positive comments from the participant
stakeholders, who acknowledged and valued the collaborative
work and the exchange and co-production of knowledge between
scientists and non-scientists, as well as the potential of the
approach for successfully addressing a large variety of environ-
mental assessment and decision-making processes.

5. Discussion

The magnitude of existing and projected stresses on dryland
systems calls for the adoption of sustainable management systems
that help reverse current degradation trends and enhance pre-
paredness for the future. Many traditional and current manage-
ment practices and strategies are no longer suitable for this
purpose (Boko et al., 2007; FAO, 2011). At the same time, a number
of constraints, including a low capacity of existing knowledge
transfer systems to support stakeholders in their decision making,
limit the adoption of more sustainable management alternatives
(van Kerkhoff and Lebel, 2006). In this paper, we propose a
participatory assessment method, the PRACTICE protocol, that aims
to translate the evaluation of previous and ongoing management
actions into new learning and enhanced capacity to responding to
land degradation.

Despite the increasing application of participatory approaches
in many areas of environmental research and practice, it is often
argued that there is little evidence of their expected benefits,
particularly regarding social learning, adoption, and empowerment
(Cleaver, 1999; Rowe and Frewer, 2000; Newig and Fritsch, 2009).
This criticism points to the need for incorporating evaluation
mechanisms in the participatory protocols (Armah et al., 2009; Von
Korff et al., 2012). Our participatory assessment approach specif-
ically addresses this need by establishing self-evaluation opportu-
nities at different steps of the process. Thus, the PRACTICE protocol
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allowsmeasuring and tracking changes in stakeholders' views with
respect to the target alternatives under evaluation, and to their
decisions about selection and prioritization of assessment criteria
before and after interactions with other stakeholders. The protocol
also provides the means for those stakeholders to see the effect of
their decisions relative to actual data collected for each criterion.
Each stakeholder therefore has multiple inter-related opportunities
to learn, not only from other stakeholders, but also from systematic
feedback on the influence of their own decisions on the final out-
ranking of alternatives under evaluation. The process is trans-
parent in both the way it incorporates the diversity of knowledge
and values and the way it integrates data and stakeholder
perspectives.

In participatory processes, special attention has to be paid to the
adequacy and representativeness of the stakeholders involved,
avoiding biases in the identification and selection of the partici-
pants (Luyet et al., 2012; Newig and Fritsch, 2009; Stanghellini,
2010). The PRACTICE protocol relies on the combination of
analytical (top-down, primed by pre-identified stakeholders) and
reconstructive (bottom-up, identified through the referral process)
stakeholder identification methods, which can be efficient with
respect to time and resources needed, but also effective in the
identification of traditionally marginalized or peripheral stake-
holder groups (Reed et al., 2009). However, bias is still possible and
there is risk of reproducing existing homogeneous networks. By
using a multiple entry point to the chain referral process, this bias
can largely be avoided (Luyet et al., 2012).

Overall, the approach presented here qualifies for being a
collaborative and transformative type of participation (Lawrence,
2006), in which participants control the process and share de-
cisions. It also meets most of the essential principles for successful
participation identified in the literature, including the integration
of local and scientific knowledge; an early involvement of stake-
holders; and a transparent process that promotes learning and trust
among stakeholders (Reed, 2008; Luyet et al., 2012). This approach
has been successfully used in contrasting land management sys-
tems such as public forest lands in the Mediterranean Europe (the
current study), semiarid rangelands under federal management in
southwestern USA (Ocampo-Melgar and Orr, 2016), and livestock
farming in the South African Kalahari (Kong et al., 2014), among
other systems (Rojo et al., 2012). It must be stressed however that
the proposed protocol shares with existing participatory frame-
works a variety of potential risks, including the potential for
resulting in a costly and time consuming process, generating
stakeholder frustration, identifying and bringing new conflicts to
the surface, involving stakeholders that are not relevant to the issue
addressed, ignoring individual and relative levels of power within
the group of participating stakeholders, etc. (Armah et al., 2009;
Luyet et al., 2012; Mitchell et al., 1997), which can largely influ-
ence the outcomes of a participatory process (De Vente et al., 2016;
Reed et al., 2009; Rowe and Frewer, 2005). Furthermore, land
management decision-making is influenced by many situational
factors such as financial resources, land tenure, and social norms, so
that high level of knowledge and positive attitude alone did not
always result in behavior change (Kong et al., 2014; Leeuwis, 2000).
Although a transparent learning-centered participatory approach
can help to reveal and deal with some of these factors, there is a
need for more interdisciplinary research to understand the multi-
scale network of influences that drive stakeholder management
decisions. In addition, using this type of approach to evaluate al-
ternatives under a variety of future scenarios can enhance adaptive
capacity and help build resilience in the management system
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(Whitfield and Reed, 2012).

6. Conclusions and final remarks

Based on the assumption that site-specific behavioral changes in
land management are more likely by engaging the relevant stake-
holders in the assessment of alternatives, and by doing so in ways
that facilitate effective knowledge exchange and learning, we
propose a participatory assessment method that systematically
incorporates individual and collective learning opportunities, as
well as the means to track and evaluate the changes in stake-
holder's perspectives that may result from the participatory pro-
cess. The strongest points of our approach are the transparent
learning-centered nature of the process, the co-production of
knowledge facilitated by democratic rather than technocratic
interaction between scientists and stakeholders, and the involve-
ment of stakeholders as both co-designers of the assessment
method and evaluators of the management practices. However, as
it is the case for all participatory processes, the realization of the
expected benefits of this participatory assessment approach will
eventually depend on the competent fine-tuning and imple-
mentation of the various critical steps in the process and the
appropriate consideration of the political and social contexts.

The participatory assessment method presented here may be
initiated by local scientists, experts, NGOs, or governmental
agencies, which may also act as facilitators. A significant aspect of
the approach is the idea of partnership between scientists and
stakeholders. Both groups interact in a complementary way,
contributing with their respective strengths to the assessment
process. However, the process is entirely stakeholder-centered: the
stakeholders are the actual evaluators of the target management
actions and strategies and the decision-makers regarding their
implementation. Although the PRACTICE approach is tailored to the
assessment of dryland management, it may be adapted to a wide
range of socio-ecological systems and governance scales. The spe-
cific multi-stakeholder platform and the target alternatives to be
assessed would define the implementation scale of the approach.

The approach proposed is valuable as a means to generate and
exchange knowledge that ultimately contributes to improve deci-
sionmaking, yet it is most valuable as an end itself, as a process that
promotes learning and trust among stakeholders, facilitating the
integration of scientific and local knowledge. This is the most
powerful outcome. Quoting a participant stakeholder from Ayora
case study “Conversely to common ways of decision-making in
forest management, this method facilitates equal participation to
all concerned actors, a good model to apply in a variety of decision-
making processes.”

Acknowledgements

The PRACTICE protocol was developed in the framework of the
project PRACTICE: Prevention and Restoration Actions to Combat
Desertification. An integrated Assessment, funded by the European
Commission (GA226818). We are grateful to the research teams in
the PRACTICE partnership for their feedback on the protocol, and to
the stakeholders and research assistants that participated in the
Ayora case study. This research was also funded by the European
project CASCADE (GA283068), and the Marie Skłodowska-Curie
Actions Fellowship of the European Union (GA 629677) “S4S, Sci-
ence for Society Solutions”, awarded to B.J.O.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.jenvman.2016.11.050.
References

Allen, W., Bosch, O., Kilvington, M., Oliver, J., Gilbert, M., 2001. Benefits of collabo-
rative learning for environmental management: applying the Integrated Sys-
tems for Knowledge Management approach to support animal pest control.
Environ. Manag. 27 (2), 215e223.

Allen, W., Kilvington, M., Horn, C., 2002. Using Participatory and Learning-based
Approaches for Environmental Management to Help Achieve Constructive
Behaviour Change. New Zealand, Lincoln. Landcare Research Contract Report
LC0102/057.

Armah, F.A., Yawson, D.O., Alkan Olsson, J., 2009. The gap between theory and
practice of stakeholder participation: the case of management of the Korle
Lagoon, Ghana. Law, Environ. Dev. J. 5/1, 73. http://www.lead-journal.org/
content/09073.pdf (Accessed 16 April 2016).

Arnstein, S.R., 1969. A ladder of citizen participation. J. Am. I. Planners 35 (4),
216e224.

Baeza, M.J., Valdecantos, A., Alloza, J., Vallejo, R., 2007. Human disturbance and
environmental factors as drivers of long-term post-fire regeneration patterns in
Mediterranean forests. J. Veg. Sci. 18 (2), 243e252.

Bautista, S., Orr, B.J., Alloza, J.A., Vallejo, V.R., 2010. Evaluation of the restoration of
dryland ecosystems in the northern Mediterranean: Implications for practice.
In: Courel, M.F., Schneier-Madanes, G. (Eds.), Water in Arid and Semi-arid
Zones. Advances in Global Change Research. Springer, Dordrecht, The
Netherlands.

Beierle, T.C., Konisky, D.M., 2000. Values, conflict, and trust in participatory envi-
ronmental planning. J. Policy Anal. Manag. 19 (4), 587e602.

Berkes, F., Reid, W.V., Wilbanks, T.J., Capistrano, D., 2006. Conclusions. Bridging
scales and knowledge systems. In: Reid, W.V., Berkes, F., Wilbanks, T.J.,
Capistrano, D. (Eds.), Bridging Scales and Knowledge Systems: Concepts and
Applications in Ecosystem Assessment, first ed. Island Press, Washington D.C.

Bernard, H.R., 2006. Research Methods in Anthropology: Qualitative and Quanti-
tative Approaches, fourth ed. AltaMira Press, Lanham, MD, U.S.A.

Biggs, S., 1989. Resource-poor Farmer Participation in Research: a Synthesis of Ex-
periences from Nine National Agricultural Research Systems. OFCOR Compar-
ative Study Paper 3. International Service for National Agricultural Research;
The Hague. The Netherlands.

Blackstock, K.L., Kelly, G.J., Horsey, B.L., 2007. Developing and applying a framework
to evaluate participatory research for sustainability. Ecol. Econ. 60, 726e742.

Boko, M., Niang, I., Nyong, A., Vogel, C., Githeko, A., Medany, M., Osman-Elasha, B.,
Tabo, R., Yanda, P., 2007. Africa. Climate change 2007: impacts, adaptation and
vulnerability. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., Van der Linden, P.J.,
Hanson, C.E. (Eds.), Contribution of Working Group II to the Fourth Assessment
Report. Cambridge University Press, Cambridge, UK and New York, NY, USA.

Brans, J., Vincke, P., 1985. A preference ranking organization method. Manag.. Sci. 31
(6), 647e656.

Carter, J., 2010. Protocols, particularities, and problematising Indigenous 'engage-
ment' in community-based environmental management in settled Australia.
Geogr. J. 176 (3), 199e213.

Case, D.D., 1990. The Community's Toolbox: the Idea, Methods and Tools for
Participatory Assessment, Monitoring and Evaluation in Community Forestry.
FAO Regional Wood Energy Development Programme, Bangkok, Thailand.
http://www.fao.org/docrep/x5307e/x5307e00.htm (Accessed 16 April 2016).

Cleaver, F., 1999. Paradoxes of participation: questioning participatory approaches
to development. J. Int. Dev. 11 (4), 597e612.

Coglianese, C., 1997. Assessing consensus: the promise and performance of nego-
tiated rulemaking. Duke Law J. 46, 1255e1349.

Daniels, S.E., Lawrence, R.L., Alig, R.J., 1996. Decision-making and ecosystem-based
management: applying the Vroom-Yetton model to public participation strat-
egy. Environ. Impact Asses 16 (1), 13e30.

Davidson, S., 1998. Spinning the wheel of empowerment. Planning 3, 14e15.
Denzin, N.K., Lincoln, Y.S., 2011. The SAGE Handbook of Qualitative Research, Fourth

ed. Sage Publications, Los Angeles, USA.
De Vente, J., Reed, M.S., Stringer, L.C., Valente, S., Newig, J., 2016. How does the

context and design of participatory decision making processes affect their
outcomes? Evidence from sustainable land management in global drylands.
Ecol. Soc. 21 (2), 24 [online] URL. http://www.ecologyandsociety.org/vol21/iss2/
art24/.

Derak, M., Cortina, J., 2014. Multi-criteria participative evaluation of Pinus halepensis
plantations in a semiarid area of southeast Spain. Ecol. Indic. 43, 56e68.

Diaz-Balteiro, L., Romero, C., 2008. Making forestry decisions with multiple criteria:
a review and an assessment. For. Ecol. Manag. 255, 3222e3241.

Estrella, M., Gaventa, J., 1998. Who Counts Reality? Participatory Monitoring and
Evaluation: a Literature Review. Institute of Development Studies, Sussex, UK.

FAO, 2011. The State of the World's Land and Water Resources for Food and Agri-
culture (SOLAW) e Managing Systems at Risk. Food and Agriculture Organi-
zation of the United Nations, Rome and Earthscan, London.

Favretto, N., Stringer, L.C., Dougill, A.J., Dallimer, M., Perkins, J.S., Reed, M.S.,
Atlhopheng, J.R., Mulale, K., 2016. Multi-Criteria Decision Analysis to identify
dryland ecosystem service trade-offs under different rangeland land uses.
Ecosyst. Serv. 17, 142e151.

Fazey, I., Proust, K., Newell, B., Johnson, B., Fazey, J.A., 2006. Eliciting the implicit
knowledge andperceptions of on-ground conservation managers of the Mac-
quarie Marshes. Ecol. Soc. 11 (1), 25 [online] URL: http://www.
ecologyandsociety.org/vol11/iss1/art25/.

http://dx.doi.org/10.1016/j.jenvman.2016.11.050
http://dx.doi.org/10.1016/j.jenvman.2016.11.050
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref1
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref1
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref1
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref1
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref1
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref2
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref2
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref2
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref2
http://www.lead-journal.org/content/09073.pdf
http://www.lead-journal.org/content/09073.pdf
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref4
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref4
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref4
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref5
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref5
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref5
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref5
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref107
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref107
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref107
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref107
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref107
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref6
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref6
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref6
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref7
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref7
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref7
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref7
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref8
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref8
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref9
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref9
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref9
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref9
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref10
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref10
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref10
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref11
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref11
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref11
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref11
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref11
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref12
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref12
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref12
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref13
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref13
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref13
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref13
http://www.fao.org/docrep/x5307e/x5307e00.htm
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref15
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref15
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref15
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref16
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref16
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref16
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref17
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref17
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref17
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref17
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref18
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref18
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref108
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref108
http://www.ecologyandsociety.org/vol21/iss2/art24/
http://www.ecologyandsociety.org/vol21/iss2/art24/
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref20
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref20
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref20
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref21
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref21
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref21
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref22
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref22
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref23
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref23
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref23
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref23
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref24
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref24
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref24
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref24
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref24
http://www.ecologyandsociety.org/vol11/iss1/art25/
http://www.ecologyandsociety.org/vol11/iss1/art25/


S. Bautista et al. / Journal of Environmental Management 195 (2017) 35e4544
Feng, S., Hu, Q., Huang, W., Ho, C.-H., Li, R., Tange, Z., 2014. Projected climate regime
shift under future global warming from multi-model, multi-scenario CMIP5
simulations. Glob. Planet. Change 112, 41e52.

Figueira, J., Roy, B., 2002. Determining the weights of criteria in the ELECTRE type
methods with a revised Simos' procedure. Eu. J. Oper. Res. 139, 317e326.

Figueira, J., Greco, S., Ehrgott, M., 2005. Multiple Criteria Decision Analysis: State of
the Art Survey. Springer International Series, U.S.A.

Figueira, J.R., Greco, S., Roy, B., Słowi�nski, R., 2013. An overview of ELECTRE methods
and their recent extensions. J. Multi-Criteria Decis. Anal. 20, 61e85.

Finger, M., Verlaan, P., 1995. Learning our way out: a conceptual framework for
socialeenvironmental learning. World Dev. 23, 505e513.

GCOS, 2010. Implementation Plan for the Global Observing System for Climate in
Support of the UNFCCC, p. 138. GCOS Rep. https://www.wmo.int/pages/prog/
gcos/index.php?name¼GCOSReportstoUNFCCC (Accessed 6 March 2016).

Geist, H.J., Lambin, E.F., 2004. Dynamic causal patterns of desertification. BioScience
54 (9), 817e829.

Gisladottir, G., Stocking, M., 2005. Land degradation control and its global envi-
ronmental benefits. Land Degrad. Dev. 16, 99e112.

Hisschemller, M., Tol, R., Vellinga, P., 2001. The relevance of participatory ap-
proaches in integrated environmental assessment. Integrat. Ass 2, 57e72.

Huitema, D., Cornelisse, C., Ottow, B., 2010. Is the jury still out? Toward greater
insight in policy learning in participatory decision processesdthe case of Dutch
citizens' juries on water management in the Rhine Basin. Ecol. Soc. 15 (1), 16
[online] URL. http://www.ecologyandsociety.org/vol15/iss1/art16/.

Irvin, R.A., Stansbury, J., 2004. Citizen participation in decision making: is it worth
the effort? Public admin. Rev. 64 (1), 55e65.

Kangas, J., Kangas, A., 2005. Multiple criteria decision support in forest manage-
ment e the approach, methods applied, and experiences gained. For. Ecol.
Manag. 207 (1e2), 133e143.

Keen, M., Brown, V.A., Dyball, R., 2005. Social Learning in Environmental Manage-
ment. Towards a Sustainable Future. Earthscan, London, UK.

Kelly, G.A., 1955. The Psychology of Personal Constructs, I & vol. II. Norton, New
York, U.S.A (2nd printing: 1991, Routledge, London, New York, U.S.A.).

Kolb, D.A., 1984. Experiential Learning: Experience as the Source of Learning and
Development. Englewood Cliffs, Prentice Hall, New Jersey, U.S.A.

Kong, T.M., Austin, D.E., Kellner, K., Orr, B.J., 2014. The interplay of knowledge,
attitude and practice of livestock farmers' land management against desertifi-
cation in the South African Kalahari. J. Arid. Environ. 105, 12e21.

Lawrence, A., 2006. ‘No personal motive?’ Volunteers, biodiversity, and the false
dichotomies of participation. Ethics Place Environ. 9 (3), 279e298.

Le Hou�erou, H.N., 1984. Rain use-efficiency: a unifying concept in arid-land ecology.
J. Arid. Environ. 7, 213e247.

Leeuwis, C., 2000. Reconceptualizing participation for sustainable rural develop-
ment: towards a negotiation approach. Dev. Change 31, 931e959.

Low, P.S., 2013. Economic and social impacts of desertification, land degradation
and drought. In: White Paper I. UNCCD 2nd Scientific Conference. UNCCD
Secretariat, Bonn. http://2sc.unccd.int (Accessed 6 March 2016).

Luyet, V., Schlaepfer, R., Parlange, M.B., Buttler, A., 2012. A framework to implement
Stakeholder participation in environmental projects. J. Environ. Manag. 111,
213e219.

MA (Millennium Ecosystem Assessment), 2005. Ecosystems and Human Wellbeing:
Biodiversity Synthesis. World Resources Institute, Washington, DC, U.S.A.

Madden, F., McQuinn, B., 2014. Conservation's blind spot: the case for conflict
transformation in wildlife conservation. Biol. Conserv. 178, 97e106.

Maesa, J., Liquetea, C., Tellerb, A., Erhardc, M., Paracchinia, M.L., Barredoa, J.I.,
Grizzettia, B., Cardosoa, A., Sommaa, F., Petersenc, J.-E., Meinerc, A., Royo
Gelabertc, E., Zalc, N., Kristensenc, P., Bastrup-Birkc, A., Bialac, K., Piroddia, C.,
Egoha, B., Degeorgesd, P., Fiorinad, C., Santos-Martíne, F., Naru�sevi�ciusf, V.,
Verboveng, J., Pereirah, H.M., Bengtssoni, J., Gochevaj, K., 2016. An indicator
framework for assessing ecosystem services in support of the EU Biodiversity
Strategy to 2020. Ecosyst. Serv. 17, 14e23.

Malak, D.A., Pausas, J.P., 2006. Fire regime and post-fire normalized difference
vegetation index changes in the eastern iberian Peninsula (Mediterranean ba-
sin). Int. J. Wild. Fire 15 (3), 407e413.

Mayor, A.G., Bautista, S., 2012. Multi-scale evaluation of soil functional indicators for
the assessment of soil and water retention in Mediterranean semiarid land-
scapes. Ecol. Indic. 20, 332e336.

Mayor, A.G., Bautista, S., Small, E.E., Dixon, M., Bellot, J., 2008. Measurement of the
connectivity of runoff source areas as determined by vegetation pattern and
topography. A tool for assessing potential water and soil losses in drylands.
Water Resour. Res. 44, W10423.

Measham, T.G., 2009. Social learning through evaluation: a case study of over-
coming constraints for management of dryland salinity. Environ. Manag. 43,
1096e1107.

Mendoza, G.A., Martins, H., 2006. Multi-criteria decision analysis in natural
resource management: a critical review of methods and new modeling Para-
digms. For. Ecol. Manag. 230 (1e3), 1e22.

Mitchell, R.K., Agle, B.R., Woodstakeholder, D.J., 1997. Toward a theory of stake-
holder identification and salience: defining the principle of who and what
really counts. Acad. Manag.. Rev. 22 (4), 853e886.

Mostert, E., 2003. The challenge of public participation. Water Policy 5 (2), 179e197.
Newig, J., Fritsch, O., 2009. Environmental governance: participatory, multi-level e

and effective? Environ. Policy Gov. 19 (3), 197e214.
Ocampo-Melgar, A., Orr, B.J., 2016. Participatory criteria selection: finding conflic-

tive positions in environmental post-assessment of land management and
restoration actions. Soc. Natur. Resour. 29 (1), 119e130.
Ocampo-Melgar, A., Bautista, S., deSteiguer, J.E., Orr, B.J., 2016a. Potential of an

outranking multi-criteria approach to support the participatory assessment of
land management actions. J. Environ. Manag.. 195 (P1), 70e77.

Ocampo-Melgar, A., Valls, A., Alloza, J.A., Bautista, S., 2016b. Fuzzy rule-based de-
cision support system for evaluation of long-established forest restoration
projects. Restor. Ecol. 24 (3), 298e305.

Papanastasis, V.P., Bautista, S., Chouvardas, D., Mantzanas, K., Papadimitriou, M.,
Mayor, A.G., Kioukioumi, P., Papaioannou, A., Vallejo, V.R., 2015. Comparative
Assessment of Goods and Services provided by Restoration Actions in Medi-
terranean Rangelands: Grazing Regulation and Reforestation. Land Degrad. Dev.
Published online. http://dx.doi.org/10.1002/ldr.2368. wileyonlinelibrary.com.

Poulsen, L., 2013. Costs and benefits of policies and practices addressing land
degradation and drought in the drylands. In: White Paper II. UNCCD 2nd Sci-
entific Conference. UNCCD Secretariat, Bonn. http://2sc.unccd.int (accessed 6
March 2016).

Pretty, J.N., 1995. Participatory learning for sustainable agriculture. World Dev. 23,
1247e1263.

Prince, S.D., Brown de Colstoun, E., Kravitz, L.L., 1998. Evidence from rain-use effi-
ciencies does not indicate extensive Sahelian desertification. Glob. Change Biol.
4, 359e374.

Raymond, C.M., Fazey, I., Reed, M.S., Stringer, L.C., Robinson, G.M., Evely, A.C., 2010.
Integrating local and scientific knowledge for environmental management.
J. Environ. Manag. 91, 1766e1777.

Reed, N., Page, N., 2016. Changing behavior to being more environmentally friendly.
In: Winter, D.A., Reed, N. (Eds.), The Wiley Handbook of Personal Construct
Psychology. John Wiley & Sons, Ltd, Chichester, UK.

Reed, M.S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., Prell, C.,
Quinn, C.H., Stringer, L.C., 2009. Who's in and why? A typology of stakeholder
analysis methods for natural resource management. J. Environ. Manag. 90 (5),
1933e1949.

Reed, M.S., Evely, A.C., Cundill, G., Fazey, I., Glass, J., Laing, A., Newig, J., Parrish, B.,
Prell, C., Raymond, C., Stringer, L.C., 2010. What is social learning? Ecol. Soc. 15
(4) r1 [online] URL. http://www.ecologyandsociety.org/vol15/iss4/resp1/.

Reed, M.S., Fazey, I., Stringer, L.C., Raymond, C.M., Akhtar-Schuster, M., Begni, G.,
Bigas, H., Brehm, S., Briggs, J., Bryce, R., Buckmaster, S., Chanda, R., Davies, J.,
Diez, E., Essahli, W., Evely, A., Geeson, N., Hartmann, I., Holden, J., Hubacek, K.,
Ioris, I., Kruger, B., Laureano, P., Phillipson, J., Prell, C., Quinn, C.H., Reeves, A.D.,
Seely, M., Thomas, R., van der Werff Ten Bosch, M.J., Vergunst, P., Wagner, L.,
2013. Knowledge management for land degradation monitoring and assess-
ment: an analysis of contemporary thinking. Land Degrad. Dev. 24, 307e322.

Reed, M.S., 2008. Stakeholder participation for environmental management: a
literature review. Biol. Conserv. 141 (10), 2417e2431.

Reynolds, J.F., Stafford Smith, D.M., Lambin, E.F., Turner II, B.L., Mortimore, M.,
Batterbury, S.P.J., Downing, T.E., Dowlatabadi, H., Fern�andez, R.J., Herrick, J.E.,
Huber-Sannvald, E., Leemans, R., Lynam, T., Maestre, F.T., Ayarza, M., Walker, B.,
2007. Global desertification: building a science for dryland development. Sci-
ence 316, 847e851.

Richards, C., Blackstock, K.L., Carter, C.E., 2004. Practical approaches to participation.
SERG Policy Brief No. 1. Macaulay Land Use Research Institute, Aberdeen,UK.

R€oder, A., Hill, J., Duguy, B., Alloza, J.A., Vallejo, V.R., 2008. Using long time series of
Landsat data to monitor fire events and post- fi re dynamics and identify
driving factors. A case study in the Ayora region (eastern Spain). Remote Sens.
Environ. 112 (1), 259e273.

Rojo, L., Bautista, S., Orr, B.J., Vallejo, R., Cortina, J., Derak, M., 2012. Prevention and
restoration actions to combat desertification. An integrated assessment: the
PRACTICE Project. S�echeresse 23, 219e226.

Rowe, G., Frewer, L.J., 2000. Public participation methods: a framework for evalu-
ation. Sci. Technol. Hum. Val. 25, 3e29.

Rowe, G., Frewer, L.J., 2005. A typology of public engagement mechanisms. Sci.
Technol. Hum. Val. 30 (2), 251e290.

Roy, B., Vanderpooten, D., 1996. The European school of MCDA: emergence, basic
features and current works. J. Multi-Criteria Decis. Anal. 5, 22e37.

Roy, B., 1991. The outranking approach and the foundations of ELECTRE methods.
Theor. Decis. 31, 49e73.

Salter, J., Robinson, J., Wiek, A., 2010. Participatory methods of integrated assess-
ment - a review. WIREs Clim. Change 1, 697e717.

Schleyer, C., G€org, C., Hauck, J., Winkler, K.J., 2015. Opportunities and challenges for
mainstreaming the ecosystem services concept in the multi-level policy-mak-
ing within the EU. Ecosyst. Serv. 16, 174e181.

Schwilch, G., Bachmann, F., Liniger, H.P., 2009. Appraising and selecting conserva-
tion measures to mitigate desertification and land degradation based on
stakeholder participation and global best practices. Land Degrad. Dev. 20 (3),
308e326.

Schwilch, G., Bestelmeyer, B., Bunning, S., Critchley, W., Herrick, J., Kellner, K.,
Liniger, H.P., Nachtergaele, F., Ritsema, C.J., Schuster, B., Tabo, R., van Lynden, G.,
Winslow, M., 2011. Experiences in monitoring and assessment of sustainable
land management. Land Degrad. Dev. 22, 214e225.

Serrat-Capdevila, A., Browning-Aiken, A., Lansey, K., Finan, T., Vald�es, J.B., 2009.
Increasing socialeecological resilience by placing science at the decision table:
the role of the San Pedro Basin (Arizona) decision-support system model. Ecol.
Soc. 14 (1), 37 [online] URL. http://www.ecologyandsociety.org/vol14/iss1/
art37/.

Sommer, S., Zucca, C., Grainger, A., Cherlet, M., Zougmore, R., Sokona, Y., Hill, J., Della
Peruta, R., Roehrig, J., Wang, G., 2011. Application of indicator systems for

http://refhub.elsevier.com/S0301-4797(16)30938-0/sref25
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref25
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref25
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref25
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref26
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref26
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref26
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref27
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref27
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref28
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref28
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref28
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref28
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref29
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref29
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref29
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref29
https://www.wmo.int/pages/prog/gcos/index.php?name=GCOSReportstoUNFCCC
https://www.wmo.int/pages/prog/gcos/index.php?name=GCOSReportstoUNFCCC
https://www.wmo.int/pages/prog/gcos/index.php?name=GCOSReportstoUNFCCC
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref31
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref31
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref31
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref32
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref32
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref32
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref33
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref33
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref33
http://www.ecologyandsociety.org/vol15/iss1/art16/
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref35
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref35
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref35
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref36
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref36
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref36
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref36
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref36
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref36
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref37
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref37
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref38
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref38
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref38
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref39
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref39
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref40
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref40
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref40
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref40
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref110
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref110
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref110
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref41
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref41
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref41
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref41
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref42
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref42
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref42
http://2sc.unccd.int
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref44
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref44
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref44
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref44
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref45
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref45
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref46
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref46
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref46
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref47
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref48
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref48
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref48
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref48
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref49
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref49
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref49
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref49
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref50
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref50
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref50
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref50
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref51
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref51
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref51
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref51
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref52
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref52
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref52
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref52
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref52
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref53
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref53
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref53
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref53
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref54
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref54
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref55
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref55
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref55
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref56
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref56
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref56
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref56
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref57
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref57
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref57
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref57
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref58
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref58
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref58
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref58
http://dx.doi.org/10.1002/ldr.2368
http://wileyonlinelibrary.com
http://2sc.unccd.int
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref64
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref64
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref64
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref65
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref65
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref65
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref65
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref66
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref66
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref66
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref66
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref67
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref67
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref67
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref67
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref68
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref68
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref68
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref68
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref68
http://www.ecologyandsociety.org/vol15/iss4/resp1/
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref70
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref71
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref71
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref71
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref72
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref73
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref73
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref74
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref74
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref74
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref74
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref74
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref74
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref75
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref75
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref75
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref75
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref75
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref76
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref76
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref76
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref77
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref77
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref77
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref78
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref78
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref78
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref79
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref79
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref79
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref80
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref80
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref80
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref81
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref81
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref81
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref81
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref81
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref82
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref82
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref82
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref82
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref82
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref83
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref83
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref83
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref83
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref83
http://www.ecologyandsociety.org/vol14/iss1/art37/
http://www.ecologyandsociety.org/vol14/iss1/art37/
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref85
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref85


S. Bautista et al. / Journal of Environmental Management 195 (2017) 35e45 45
monitoring and assessment of desertification from national to global scales.
Land Degrad. Dev. 22, 184e197.

Stanghellini, P.S.L., 2010. Stakeholder involvement in water management: the role
of the stakeholder analysis within participatory processes. Water Policy 12 (5),
675e694.

Stirling, A., 2006. Analysis, participation and power: justification and closure in
participatory multi-criteria analysis. Land Use Policy 23 (1), 95e107.

Stringer, L.C., Dougill, A.J., Fraser, E., Hubacek, K., Prell, C., Reed, M.S., 2006.
Unpacking “participation” in the adaptive management of socialeecological
systems: a critical review. Ecol. Soc. 11 (2), 39 [online] URL. http://www.
ecologyandsociety.org/vol11/iss2/art39/.

Tongway, D.J., Hindley, N., 2004. Landscape Function Analysis: Procedures for
Monitoring and Assessing Landscapes. CSIRO Publishing, Brisbane, Australia.

UNCCD, 2009. UNCCD 1st Scientific Conference: Synthesis and Recommendations.
ICCD/COP(9)/CST/INF.3. UN Convention to Combat Desertification. http://www.
unccd.int/en/programmes/Science/Conferences/Pages/1st-Scientific-
Conference.aspx (accessed 6 March 2016).

Valdecantos, A., Baeza, M.J., Vallejo, V.R., 2009. Vegetation management for pro-
moting ecosystem resilience in fi re-prone Mediterranean shrublands. Restor.
Ecol. 17 (3), 414e421.

van Asselt, M., Rijkens-Klomp, N., 2002. A look in the mirror: reflection on partic-
ipation in integrated assessment from a methodological perspective. Glob.
Environ. Change 12, 167e184.

van Kerkhoff, L., Lebel, L., 2006. Linking knowledge and action for sustainable
development. Annu. Rev. Env. Resour. 31, 445e477.

Von Korff, Y., Daniell, K.A., Moellenkamp, S., Bots, P., Bijlsma, R.M., 2012. Imple-
menting participatory water management: recent advances in theory, practice,
and evaluation. Ecol. Soc. 17 (1), 30.
Vroom, V., 2003. Educating managers for decision making and leadership. Manag..

Decis. 41 (10), 968e978.
Walker, B.M., Winter, D.A., 2007. The elaboration of personal construct psychology.

Annu. Rev. Psychol. 58, 453e477.
Wallace, K.J., Wagner, C., Smith, M.J., 2016. Eliciting human values for conservation

planning and decisions: a global issue. J. Environ. Manag. 170, 160e168.
Webler, T., Tuler, S., 2001. Public participation in watershed management planning.

Hum. Ecol. Rev. 8 (2), 29e39.
WFD, 2000. Directive 2000/60/EC of the European Parliament and of the Council of

23 October 2000 Establishing a Framework for Community Action in the Field
of Water Policy.

Whitfield, S., Reed, M.S., 2012. Participatory environmental assessment in drylands:
introducing a new approach. J. Arid. Env. 77, 1e10.

Whitford, W.G., 2002. Ecology of Desert Systems. Academic Press, London.
Winslow, M.D., Vogt, J.V., Thomas, R.J., Sommer, S., Martius, C., Akhtar-Schuster, M.,

2011. Science for improving the monitoring and assessment of dryland degra-
dation. Land Degrad. Dev. 22, 145e149.

Winter, D.A., Reed, N. (Eds.), 2016. The Wiley Handbook of Personal Construct
Psychology. John Wiley & Sons, Ltd, Chichester, UK.

Young, J.C., Jordan, A., Searle, K.R., Butler, A., Chapman, D.S., Simmons, P., Watt, A.D.,
2013. Does stakeholder involvement really benefit biodiversity conservation?
Biol. Conserv. 158, 359e370.

Zucca, C., Bautista, S., Orr, B.J., Previtali, F., 2012. Desertification: prevention and
restoration. In: Jorgensen, S.E. (Ed.), Encyclopedia of Environmental Manage-
ment. CRC Press - Taylor & Francis Group, New York, U.S.A.

http://refhub.elsevier.com/S0301-4797(16)30938-0/sref85
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref85
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref85
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref86
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref86
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref86
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref86
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref87
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref87
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref87
http://www.ecologyandsociety.org/vol11/iss2/art39/
http://www.ecologyandsociety.org/vol11/iss2/art39/
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref90
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref90
http://www.unccd.int/en/programmes/Science/Conferences/Pages/1st-Scientific-Conference.aspx
http://www.unccd.int/en/programmes/Science/Conferences/Pages/1st-Scientific-Conference.aspx
http://www.unccd.int/en/programmes/Science/Conferences/Pages/1st-Scientific-Conference.aspx
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref92
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref92
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref92
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref92
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref93
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref93
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref93
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref93
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref94
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref94
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref94
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref95
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref95
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref95
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref96
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref96
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref96
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref97
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref97
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref97
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref98
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref98
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref98
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref100
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref100
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref100
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref101
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref101
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref101
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref102
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref102
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref102
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref111
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref103
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref103
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref103
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref103
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref104
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref104
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref104
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref105
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref105
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref105
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref105
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref106
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref106
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref106
http://refhub.elsevier.com/S0301-4797(16)30938-0/sref106

	Integrating knowledge exchange and the assessment of dryland management alternatives – A learning-centered participatory ap ...
	1. Introduction
	2. The participatory assessment approach
	2.1. Stakeholder participation
	2.2. An assessment process that targets learning
	2.3. Assessment criteria and indicators

	3. The method
	3.1. Stakeholder identification and engagement
	3.2. Baseline individual stakeholder evaluation and indicator selection
	3.3. Defining the assessment criteria: participatory prioritization of indicators
	3.4. Gathering science-based information
	3.5. Integrating scientific data and stakeholder perspectives
	3.6. Final collective integrated assessment

	4. Case study in eastern Spain: Ayora valley
	4.1. Socio-environmental context, land management system and stakeholder platform
	4.2. Selection and prioritization of assessment criteria
	4.3. Integrated assessment and collective evaluation

	5. Discussion
	6. Conclusions and final remarks
	Acknowledgements
	Appendix A. Supplementary data
	References


