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Abstract: Growing concern about issues such as environmental quality or the sustainability of natural
resources has led to the use of the Decision Support System (DSS), which originated in the business
field, and is now part of environmental decision-making processes. The presence of environmental,
social, or economic dimensions has helped decision support systems to evolve to be able to tackle
investigations that can contemplate all these variables, such as in the case of multicriteria decision
analyses. In addition, new lifestyles, in which society recognizes more and more the contribution
of forests to its welfare, have led to the need to involve stakeholders in decision-making processes.
This article presents a review of different Multicriteria Decision Analysis (MCDA) and participatory
decision support systems applied to forest environments. This last point is presented from the
perspective of stakeholder participation in the processes and from the point of view of procedures or
tools used. To do this, some of the research performed in forest environments within this current
century is reviewed.
Keywords: DSS; MCDA; forest management; stakeholders’ participation; integrated assessment

1. Introduction
Decision Support Systems (DSSs) are means or tools to aid decision making. Sprague Jr. [1]
argued that DSSs were “characterized as interactive computer based systems, which help decision
makers use data and models to solve unstructured problems” [1] (p. 1). However, this definition
of DSSs was complemented by considering them as “any system that makes some contribution to
decision making” [1] (p. 2). The purpose of a DSS has been to help people to improve decision
making, as indicated by Kangas et al. [2]. DSSs were developed in the beginning to support business
managers. Later, they generated interest in the management of environmental quality and are
considered fundamental for the sustainable management of terrestrial and marine ecosystems [3].
Maintaining these environments is paramount for global environmental well-being, for climate
change, species conservation, and biodiversity conservation [4]. Natural resource management
presents diverse aspects, such as economic and recreational issues, that have to be considered
by decision makers. Mysiak et al. [5] added that “ . . . issues such as the increasing severity of
environmental problems and growing conflicts in the exploitation of natural resources have added
new challenges to DSS development” (p. 204). Kangas et al. [6] argued “in addition, there is more
and more often need to take account of multiple decision makers or participants in natural resource
decision making” (pp. 215–216).
The diversity of dimensions (environmental, social, and economic) has determined the search
and modelling of systems to process such a variety of information. DSSs have been adapted through
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integrated methodologies and tools—such as Multicriteria Decision Analysis (MCDA) methods—thus
facilitating the work of decision makers. Eom [7] expressed that the nature of the DSS tools had
evolved considerably and “are equipped with a variety of tools such as graphics, visual interactive
modeling, artificial intelligence techniques, fuzzy sets, and genetic algorithms”. Thus, for example,
as indicated by Kangas et al. [6] in order to respond to the heterogeneity of the data, a range of decision
support methods and multi-criteria techniques should be applied.
In the field of natural resources, and more specifically in a forest environment, DSSs have been
used in several studies, such as in Ananda [8], related to forest land use policies; Prell, Hubacek, and
Reed [9], in the use of national parks; Nordström et al. [10], in urban forest planning; Rosenberger,
Needham, Morzillo, and Moehrke [11], in their analysis in the implementation of an access payment
system to forests; or Acosta and Corral [12], in the planning of the use of forest tracks.
An important feature of participatory DSS is that it requires the participation of social actors
involved in an issue as a way to increase decision-makers’ knowledge. This has been one of the
determining factors in processes of participatory forest planning, as Vainikainen et al. [13] indicate.
Some authors have previously carried out reviews on forest issues, such as J. Kangas and
Kangas [14], or Díaz-Balteiro and Romero [15] on some of the multi-criteria approaches applied
to forest issues, or the one carried out by A. Kangas et al. [16] on voting techniques applied to forest
planning. In our case, the objective is to review the evolution of participatory DSS and MCDA, focusing
on those applied to forestry issues.
Some authors, such as, for example, Ananda et al. [17], de Steiguer et al. [18], Diaz-Balteiro et al. [15],
Kangas et al. [14], Mendoza et al. [19], Romero [20], and Sheppard [21], have previously conducted
reviews on the use of multicriteria approaches in forest planning. There has been an evolution in the
DSSs applied, from more technocratic positions to a growing commitment to the application of more
inclusive methodologies and evaluation processes in the face of a growing acceptance of the need
to involve social actors in decision-making processes [22]. In this sense, during this review, special
attention will be given to the more inclusive MCDAs developed in the last few decades, in order to
make a new contribution to the existing literature in this field.
Research has been selected which has provided data, not only on the parameters to be analysed,
such as alternatives and criteria, but also in regards to how it was chosen. The articles have been
selected taking into account their relevance based on the number of citations received and the scientific
character of the publications in which they have been published.
In fact, this review is based on an exhaustive survey of a large number of journal articles and
chapters published on participatory multi-criteria analysis applied to environmental problems and
forest issues in particular, in the last two decades.
This review uses as primary sources those articles published in scientific journals related to
forestry, environmental management and planning, DSSs and participatory approaches, and life and
social sciences publications. Together, chapters and books with citations were reviewed. The number
of citations as well as the review process to which the papers were subjected was taken into account in
the selection process.
Thus, the material subjected to analysis was reviewed as follows. In a first phase, journals were
browsed using the following keywords: forest planning and management, participatory MCA, MCDA,
participatory approaches, among others. The searching process was carried out through Google
Scholar, Scopus, and Scimago search engines.
In a second step, other scientific papers and books were selected for revision based on the
relevance given in the works read during the initial round. In total, 213 papers were revised.
This review focused on the implementation of several MCA approaches and participatory
techniques, allowing for a comparison, based on the degree of participation of social actors, in the
way that alternatives and criteria were selected and the MCDA method applied. It provides valuable
information for experts to choose methods for a given forest planning and management issue.
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To do this, some of the forest research published within this century is reviewed, identifying
MCDA in which a technocratic character has been present, in comparison to others that have been
more participative. This review describes guidelines that are fundamental to the achievement of the
objectives in decision making, which are not only relevant for consideration in forest environments,
but also applicable to other environments, where environmental, social, and economic dimensions
come into play.
2. Decision Support Systems
DSSs emerged in the 1960s and 1970s. Kilgour and Eden [23] express that in those decades, there
was a rapid evolution of information systems. Although different terminologies were used to label
different DSSs, they were all created with the same purpose, which is to facilitate decision making for
managers. Thus, in the 1970s, there was talk of Management Decision Systems (MDS); these systems
facilitated the work of managers, so that they could cope with problems through greater knowledge of
the environment [24]. In this sense, when it was not possible to structure a decision-making problem,
they provided “ . . . models of the environment from which a manager can develop insights into the
relationship of his decisions to the goals he wishes to achieve” [24] (p. 28).
A decade later, Scott Morton [25] contemplated Management Support Systems (MSS) and defined
them as the use of information technologies as an aid to management. In his research on the “state
of the art of research in management systems,” he considered three categories within MSS: (1) Data
Support; (2) Decision Support; and (3) Executive Support Systems (ESS). In the case of Data Support, it
was intended to provide information without regard to its use or to the user. Decision Support System,
considered as a subset of MSS, is “ . . . one that is focused on a specific decision or a specific class of
decisions” (p. 6). ESS focused on a manager’s or group of managers’ information needs across a range
of relevant areas of concern” (p. 9). In the research developed by Scott Morton [25], 91.9% of the cases
analysed were within the Decision Support category.
It could be said that this last fact was already an indicator of the strong position that DSSs were
in two decades from the end of the last century. However, DSSs have had to adapt to changes, for
example, the need to consider different dimensions (environmental, social, and economic) has required
tools that can process them, such as multi-criteria approaches used in forestry such as in Ananda [8]
or Nordström et al. [10], or in the field of water resources, in Paneque Salgado et al. [26]. In addition,
the participation of society in decision making has motivated the development of approaches that
allow this, such as the surveys used by Rosenberger et al. [11] or Gül et al. [27] in their forestry
research, or the focus groups developed by Corral Quintana [28] in public policy-making processes,
Corral-Quintana et al. [29] in desertification issues, or Acosta and Corral [12] in forest areas.
All this leads us to consider the existence of two elements: on the one hand, the processes, which
may be more or less participatory, and on the other hand, linked to these are the tools used for the
development of these processes.
In this paper, we consider that DSSs can be structured into three large modules (see Figure 1) that
contemplate the activities. In the first module is the collection of data related to the issue under study.
This information can be of a qualitative or quantitative nature. All these data are ordered in the central
module of the structure, in which the tools used to process and assess them are located, and may be
considered as a single criterion or according to a wider vision with various criteria. In the latter case,
the use of multi-criteria assessments could be used. Once the results of the assessments are obtained,
they go to the third module where they can be presented through different channels. For example, the
presentation of results is sometimes performed through maps processed with Geographic Information
Systems (GISs) or graphics such as rankings or dendrograms obtained in the NAIADE (Novel Approach
to Imprecise Assessment and Decision Environments) approach, designed by Munda in 1995 and
developed by the Joint Research Center of Ispra (Italy) [30].

Forests 2017, 8, 116

4 of 15

Forests 2017, 8, 116

4 of 15

Figure 1. Structure of Decision Support Systems.
Figure 1. Structure of Decision Support Systems.

GISs “are computer assisted systems for the capture, storage, retrieval, analysis and display of
GISs
“are[31].
computer
assisted
systems
capture, storage,
analysis andreduces
displaythe
of
spatial data”
It should
be noted
thatfor
thethe
combination
of GISretrieval,
with multi‐criteria
spatial
data”
[31].
It
should
be
noted
that
the
combination
of
GIS
with
multi-criteria
reduces
the
complexity for users in relation to other conventional practices, as indicated Greene et al. [32].
complexity
for users
relation
to other
conventional
practices,
as indicated
et al. the
[32].case of
As examples
ofincases
where
research
studies have
presented
resultsGreene
with GIS,
As et
examples
offorest‐dominated
cases where research
studies
have
presented
with
the case by
of
Greene
al. [32] on
landscapes
or the
research
into results
the effects
of GIS,
the strategies
Greene
et
al.
[32]
on
forest-dominated
landscapes
or
the
research
into
the
effects
of
the
strategies
Fürst et al. [33] might be mentioned. A more detailed analysis on the representation of results in
by
Fürstcan
et al.
mightin
beAcosta
mentioned.
A more
detailed analysis on the representation of results in
MCDA
be[33]
reviewed
and Corral
[12].
MCDA
can
be
reviewed
in
Acosta
and
Corral
[12].
Results can also be disseminated through technical reports such as the study carried out by
Results
be disseminated
technical
reports such as the study carried
out by
Ramani
et al.can
[34],also
whose
objective wasthrough
to develop
a performance‐measurement‐based
approach
to
Ramani
et
al.
[34],
whose
objective
was
to
develop
a
performance-measurement-based
approach
to
evaluate sustainable transportation for the Texas Department of Transportation. However, with this
evaluate
sustainable
transportation
fora the
Texas
Department
Transportation.
with
thisa
manner of
dissemination
of results,
wide
diffusion
is notofobtained.
This isHowever,
the reason
why
manner
of
dissemination
of
results,
a
wide
diffusion
is
not
obtained.
This
is
the
reason
why
a
broader
broader audience report is sometimes used, as in the research project VALSE (VALuation for
audience
report
is sometimespresented
used, as in
research [35].
project
VALSE
(VALuation
for Sustainable
Sustainable
Environments),
bythe
O’Connor
This
project
was developed
for the
Environments),
presented
by
O’Connor
[35].
This
project
was
developed
for
the
assessment
assessment and demonstration of policy‐making procedures. Procedures were designed and
and
demonstration
of
policy-making
procedures.
Procedures
were
designed
and
implemented
in
a
manner
implemented in a manner through which it was possible to address conflicts that arose in four real
through
which it scenarios
was possible
to address
conflicts
that arose
in four
real decision-making
scenarios
decision‐making
related
to natural
resources
and the
environment.
One of the phases
of
related
to
natural
resources
and
the
environment.
One
of
the
phases
of
the
VALSE
project
included
the VALSE project included the presentation of the results report to policymakers, researchers,
and
the
of thethrough
results report
to policymakers,
researchers,
and the interested
through
the presentation
interested public,
workshops,
symposia, and
a set of supporting
written public,
documents.
workshops,
symposia,
and
a
set
of
supporting
written
documents.
In the following section, some of assessment tools usually applied in forestry MCDA are
In
the following section, some of assessment tools usually applied in forestry MCDA are analysed.
analysed.
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3. MCDA in Forest Environments According to Different Assessment Tools Used
DSSs carried out in forest environments have used a variety of procedures or tools that have not
DSSs carried out in forest environments have used a variety of procedures or tools that have not
only served to increase the initial knowledge about the subjects being investigated, but also, through
only served to increase the initial knowledge about the subjects being investigated, but also, through
them, all the information has been processed and assessed. Kangas et al. [2] have recently stated that
them, all the information has been processed and assessed. Kangas et al. [2] have recently stated that
in planning and decision-making processes, different types of approaches can be applied, since there is
in planning and decision‐making processes, different types of approaches can be applied, since there
no “universal truth” about how to carry out a decision-making process. In this sense, at the end of
is no “universal truth” about how to carry out a decision‐making process. In this sense, at the end of
the last century, Keeney [36] considered it essential to find methods that could reduce the differences
the last century, Keeney [36] considered it essential to find methods that could reduce the differences
that arose between some experts in establishing the consequences derived from carrying out certain
that arose between some experts in establishing the consequences derived from carrying out certain
alternatives. These differences are also present due to the existence of several decision makers or other
alternatives. These differences are also present due to the existence of several decision makers or
stakeholders who have different opinions regarding the problem to be addressed [2].
other stakeholders who have different opinions regarding the problem to be addressed [2].
One of the approaches that allows the treatment of differences among social actors and is also
One of the approaches that allows the treatment of differences among social actors and is also
frequently used in forestry planning is the MCDA, defined by Belton and Stewart [37] as a set of
frequently used in forestry planning is the MCDA, defined by Belton and Stewart [37] as a set of
approaches that considers several criteria to help explore important decisions, such as corporate
approaches that considers several criteria to help explore important decisions, such as corporate
decisions or situations where there are many parties involved. Mendoza and Martins [19] added that
decisions or situations where there are many parties involved. Mendoza and Martins [19] added that
MCDA allows the treatment of mixed data, both quantitative and qualitative, as well as the opinions
MCDA allows the treatment of mixed data, both quantitative and qualitative, as well as the opinions
of experts. In this sense, as indicated by Kilgour and Eden [23], when the problem to be treated is well
of experts. In this sense, as indicated by Kilgour and Eden [23], when the problem to be treated is
defined these approaches can be used.
well defined these approaches can be used.
There are several examples of the application of multi‐criteria methodologies, including forest
research, such as the one carried out in the Eastern Alps, Italy by Fontana et al. [38], to compare
alternatives for land use. In this analysis, through the PROMETHEE II method they obtained a
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There are several examples of the application of multi-criteria methodologies, including forest
research, such as the one carried out in the Eastern Alps, Italy by Fontana et al. [38], to compare
alternatives for land use. In this analysis, through the PROMETHEE II method they obtained a
classification of the alternatives. These authors comment on the flexibility of the method, as it allows
them to make modifications to the weightings. Another example of research that has used multi-criteria
has been the one by Nordström et al. [10]. In this case, the Analytic Hierarchy Process (AHP) was used
for planning the Lycksele urban forest in Sweden. It allowed interested parties to make comparisons
of pairs of alternatives related to the specific criteria of the social group to which they belonged.
In addition, through AHP it was possible to determine the strength of preference for one criterion
or alternative over another. In the research by Ananda [8], AHP was also used—an issue that was
evidenced in the Diaz-Balteiro and Romero [15] review. On the other hand, in the case of NAIADE,
although its use has not been frequent, this discrete multi-criteria method allows the incorporation
of deterministic, stochastic, or diffuse measures of the behaviour of an alternative in relation to a
criterion [39].
The conflicts that arise between the desire to consume natural resources and the preservation of
forests make it necessary to use “ . . . management strategies that preserve the health and ecological
integrity of the forest at the landscape . . . ” [40] (p. 19). In this sense, Ananda et al. [41] (p. 13)
argue that AHP is suitable for forest planning, as it can accommodate conflictual, multidimensional,
incommensurable, and incomparable sets of objectives, and furthermore, “ . . . can formalise public
participation in decision making and increase the transparency and credibility of the process”. Thus,
Ananda et al. [41] consider that AHP can be used to obtain compromise solutions, becoming a valid
tool for participatory decision making in forest planning. AHP has also been used in reforestation
cases for riverbank stabilization and habitat protection, such as in Johnstone River catchment in North
Queensland [42], or in combination with a consultation model called DSD V1.1 (Decision Support
Dobrova), for the evaluation of the main objectives of forest management in southern Austria [43],
or to implement a method proposed by Diaz-Balteiro et al. [44], based on goal programming with
Zero-one variables, allowing the overall sustainability of each forest system to be determined.
Qureshi et al. [42] consider that AHP, however, presents some limitations such as: “Questionnaire
development can be difficult and time consuming”, “Stakeholder interviews can be long and
demanding of the interviewer and interviewee”, “Results are not always widely accepted” or
“Unrealistic expectations about policy decisions can be generated”. On the other hand, as stated by
Kurttila et al. [45], it can be used to avoid some limitations that are encountered when applying SWOT
analysis. For example, the AHP analysis, unlike SWOT, is capable of supporting decision-making
processes where uncertainties are present [45].
On the other hand, in the 1960s and 1970s, it was common to use the linear programming (LP)
technique [46]. However, when solving multi-objective problems, it was necessary for all immeasurable
objectives to be transformed into a common unit of measure, an issue that was often difficult to
achieve [46]. Fischer et al. [47] considered that decision makers’ preferences tended to present a
multi-objective nature in the majority of land resources related issues, so the use of multi-objective
optimization approaches would make it possible to cope with those situations in which objectives
cannot be expressed in the same measurement unit.
Steuer et al. [48] stated that the use of interactive multiple-objective linear programming simplified
decision-making processes, since it was characterized by not having to perform weights. At the same
time, the authors pointed out that another of its advantages was that it showed as a solution several
results, which would allow the planner to choose the option that he considered the most appropriate.
Several aspects, such as not having to perform weights or that it is only the planner or decision maker
who select one of the solutions, simplify the process development time, and can be considered an
advantage. However, the lack of inclusion of the social actors may result in the possibility that not all
of the possible decision alternatives are contemplated, due to the fact that the contributions of all those
involved have not been considered.
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The participation of social actors in decision making requires techniques that adapt to new
needs [21]. Thus, Sheppard et al. [21] applied a method called public MCA, which focused on
the assessment of forest sustainability and allowed for the combination of expert evaluations and
stakeholder criteria weighting. In this method, the criteria can be established through the consultation
process either by experts or by stakeholders [49]. Consultation processes may be time and budget
consuming, which sometimes are limiting factors in research. However, it is a topic to consider, since
the inclusion of social actors might facilitate decision-making processes. Thus, Sheppard et al. [21]
asked participants about the effectiveness of this public planning process, and the majority (86%)
agreed on the success of MCA as a tool to support decision-making in forest management.
On the other hand, there are tools that allow planners to organize information in a graphical
way [50] and, in addition, make it easier for social actors to understand the results of the assessments
carried out. For example, Geographic Information Systems (GIS) make it possible to determine and
document the geographic location of the opinions of social actors, allowing the generation of thematic
maps from data that are stored in numerical layers that facilitate the identification of the location and
affected area [51]. In a review by Diaz-Balteiro and Romero [15], they point out that Hytönen et al. [51]
proposed a method to incorporate qualitative information provided by several individuals into a
geographic information system. This research is also mentioned in the review by A. Kangas et al. [16],
in which they emphasize that Hytönen et al. [51] “presented the so-called hope-map method, which
can be considered as an application of spatial voting”.
GIS has been used in other studies, such as the one by Greene et al. [32] in western
Newfoundland, Canada. The objective was to test the MCDA approach based on a GIS, combining
the exploratory phase with an assessment phase in an integrated Spatial Decision-Support System
(SDSS). These authors consider that the analysis of problems through maps and graphs facilitates
the discussion on the subject under study among social actors. Another example of the application
of GIS is the research carried out by Hayati et al. [52] in the Baharbon district of Kheyroud forest, in
Northern Iran, where the criteria information was transferred to ArcGIS in order to generate map
layers. From this information, alternatives for a road network could be designed.
In addition, it is possible to use integrated analyses in which the application of several tools
is combined. As an example, Acosta and Corral [12] can be cited, since in their research on the
planning of forest track uses, they combine institutional analysis (IA), participatory techniques (PT),
and multi-criteria assessment methods. Also, Nordström et al. [10] are supporters of this research
system; specifically, they talk about integrating MCDA in participatory forest planning. They comment
that this integration is feasible because in their work on the planning of an urban forest the results
obtained were introduced in the municipal plan of the locality.
The tools mentioned above have been applied in forest planning processes that are developed over
considerable periods of time, sometimes lasting several years. However, there are situations in forest
environments where decision making cannot wait, because the prevention of major disasters may
depend on quick decisions, as in the case of large-scale forest fires. In these specific cases, a number of
parameters such as topography, types of vegetable fuel in the area, meteorological conditions, transport
networks, public services and facilities, etc., must be known, as indicated by Keramitsoglou et al. [53].
These authors propose the integration of Remote Sensing, GIS, and Relational Database Management
System (RDMS) technology systems with interactive communication capabilities. The system combines
all the information in real time so that it allows decisions to be made that adapt to the situation in
which the fire is found [53].
On the other hand, Sheppard and Meitner [21] presented some premises that are related to how
to achieve more effective forest management processes, through participation. Some of these issues
involve evaluating the presence of stakeholder groups, as this contributes to impartiality and credibility,
as well as allowing the participation of those less organized or experienced actors. In addition, they
added that the information should be easy to understand, using graphics if necessary, for clarity.
In the review carried out by Díaz-Balteiro and Romero [15] (p. 3227), the work of Sheppard and
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Meitner [21] is highlighted for proposing the use of “ . . . a decision-making model for sustainable
forest management, involving local communities in Canada”.
Following the participation guidelines proposed by Sheppard and Meitner [21], it is considered
that one of the appropriate techniques for social actors to convey and debate their opinions is the focus
group. This participatory technique consists of low-cost and semi-structured meetings involving a
limited number of participants (Table 1), generally not exceeding 12 members, as recommended by
Aigneren [54] or Mahlau, Briz, and de Felipe [55].
Table 1. Number of participants in focus groups.
Author

Number of Participants

World Bank (1996) [56]
Aigneren (2002) [54]
Escobar and Bonilla-Jimenez (2009) [57]
Calvente and Rodríguez (2000) [58]
Mahlau et al. (2002) [55]
Rodríguez and Cerdá (2002) [59]

4 to 12
6 to 12
6 to 10
7 to 10
6 to 12
4 to 10

This technique has been applied to some forest research, such as Sheppard and Meitner [21],
Prell et al. [9], Greene et al. [32], and Idrissou et al. [60]. For example, in the case of Prell et al. [9], with
the use of a focus group together with interviews that were carried out, the relevance of the objectives
proposed in the project was guaranteed.
MCDA applied in decision-making processes in the forest environment might include procedures
and techniques that allow deliberations among the representatives of stakeholder groups. It will
favour the success of the decisions taken. In addition, it can be observed that, along with the different
assessment tools applied to decision making in the forest environment, there is an added value resulting
from the different styles of participatory processes, showing the importance of inclusive processes in
this type of analysis, which makes it especially important to dedicate a section to these processes.
4. MCDA in Forest Environments from the Perspective of the Inclusion of Actors
Participation can be evidenced, when it exists, in the collection of information, the assessment
process, and, finally, in the discussion of results and decision making. In this sense, DSSs can be
classified into four types (see Figure 2), taking into account the degree of participation of social actors.
Starting with those more technocratic processes, there are MCDA without participation, where decision
makers get assessment results based on the alternatives and criteria defined by the analyst. There are
also those in which the data collection is based on the information provided by the stakeholders.
However, there are cases in which the participation is more notable and not only intervenes in the
input phase, but also, is part of the “Assessment Procedure”. Finally, the most inclusive processes are
those in which stakeholders are present in all phases, including in decision making, where they have
the opportunity to participate in deliberations on the results of the assessment.
This description of the different degrees of participation of society in decision-making processes
can have repercussions on interests and shows similarities to Arnstein’s ladder [61]. For example, on
the ladder’s first steps is the most technocratic research, while the most participatory would be on
the top ones. The degree of involvement of society could be influenced by the interests of a few who
hold power. In this sense, Thomas [62] said that sometimes decision makers seek participation only
to obtain ideas, reserving the privilege of decision making for themselves. In these situations, it is
still a process with a certain technocratic character, since the role assumed by the citizens is that of
mere informers.
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Forests
2017,where
8, 116 they have the opportunity to participate in deliberations on the results of
8 ofthe
15
assessment.

Forests 2017, 8, 116

8 of 15

This description of the different degrees of participation of society in decision‐making processes
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Studies such as Khadka et al. [71] have demonstrated that joint participation in the structuring
of problems related to participatory forestry planning in the period 2002–2011 has, on a global level,
increased and fostered commitment to agreements in some cases and improved knowledge sharing
among social actors, experts, and authorities, while also contributing to the collaborative integration
of scientific knowledge and non‐experts. In this sense, several authors reaffirm the importance of
involving social actors in environmental processes, such as Buchy and Hoverman [72], Funtowicz
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Studies such as Khadka et al. [71] have demonstrated that joint participation in the structuring
of problems related to participatory forestry planning in the period 2002–2011 has, on a global
level, increased and fostered commitment to agreements in some cases and improved knowledge
sharing among social actors, experts, and authorities, while also contributing to the collaborative
integration of scientific knowledge and non-experts. In this sense, several authors reaffirm the
importance of involving social actors in environmental processes, such as Buchy and Hoverman [72],
Funtowicz and Strand [73], Hernández-González, and Corral [74]; Kangas et al. [75], Kangas et al. [76],
Mendoza and Prabhu [77], Nordström et al. [10], Saarikoski, et al. [78], Sheppard and Meitner [21],
or Vainikainen et al. [13].
4.1. Participation in the Proposal and Assessment of Alternatives
In the processes developed for decision making on forest planning, the social actors can carry out
the proposal of alternatives or even their assessment. For example, in research such as that carried out
by Ananda [8], De Meo et al. [66], Acosta and Corral [12], Corral et al. [79], González and Quintana [80]
or Nordström et al. [10] different degrees of involvement have been detected. In Ananda [8], the
selection process of the alternatives was carried out with the participation of some forest service
officials. This selection was based on the status quo and discussions with officials, and the data from
various forest management reports were consulted. It could be said that in this case, participation on
the choice of alternatives was limited. However, interviews were conducted so that the social actors
made a peer-assessment of the alternatives and obtained a total of 2332 comparisons. Preferences
in weights were quantified, allowing each group to know the opinion of the other participants, also
contributing to the transparency of the process.
There is other research in which the degree of involvement of social actors in the choice of
alternatives is greater. For example, in De Meo et al. [66], a participatory process was carried out
through consultations to find out the preferences and perceptions of social actors in relation to forest
landscape planning. The information gathered in this process, together with the data on forest
inventories, led to the elaboration of a draft of planning alternatives. It should be noted that the
interviews were structured in several sections, the first ones involved general data of interviewees and
the rest dealt with questions related to forest management (a) grazing and the relationship between
grazing and forest; (b) the link between farmers and the territory; and (c) the value attributed to
landscape and the perception of changes in the landscape. This grouping allowed for an individualized
analysis to be carried out, and the management guidelines were defined in a shared way by policy
makers. De Meo et al. [66] emphasized that the questions were closed to facilitate the analysis and
indicated that the data obtained from the interviews allowed a better understanding of the context
of the area under study and revealed that this type of action is fundamental for the development of
a forest landscape plan. However, we consider that although these types of questions may facilitate
the analysis, they have a weak point, because through them, the participation of social actors is
being limited, because actors cannot express all their knowledge or experiences on the subject under
investigation. From our point of view, although the analyses are more laborious, in the structure of the
interviews a space for open-ended questions as well as closed questions should be included, so as to
allow a broader collection of the interviewees’ perceptions.
This type of questionnaire, with closed and open questions, was used in the research developed
by Acosta & Corral [12]. This way of obtaining information allowed them to obtain better knowledge
in relation to the different perceptions of social actors. Although the analysis was more complex,
because it was necessary to organize all the data obtained to be able to process them, it was guaranteed
that the assessed alternatives arose from the contributions of the social actors. In addition, the final
phase of this research allowed representatives of stakeholder groups to discuss the results obtained.
Sometimes, when the research is related to the planning of the use of forest land, it is interesting to
break with the monotony of surveys, in which a series of questions and answers follow, by providing
maps that allow the interviewee to place their proposals geographically as to the different uses, thus
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achieving greater clarity of information. This type of questionnaire was used by Nordström et al. [10],
where interviews were carried out in which maps were provided for social actors to identify areas
of special interest and to express why they were important to them. Based on this information and
based on existing forest data, three alternatives to strategic plans were presented. The social actors
established their preferences through consultation forms and with the AHP, the classification of the
alternatives was determined. Nordström et al. [10] indicated that in some situations where sufficient
time is not available, it is necessary to present to the stakeholders a small number of actions, including
expressing that implementing them, could be not only because of a lack of time, but also because of
a lack of resources. They added that, since decision-making is based on proposed alternatives, they
should be small and realistic, and should represent the interests of stakeholders.
4.2. Choice of Criteria for Assessments in the Proposal and Assessment of Alternatives
The social actors sometimes carry out the choice of criteria for assessments, whereas in other
studies experts perform it. In some research published in 2013, the choice of parameters has been
linked to experts (e.g., Fontana et al. [38] or Hayati et al. [52]). In the first case, criteria emerged
from meetings that were held with 30 experts (agriculture, forestry, nature conservation, research,
etc.) in forest land uses. While in the second, they surfaced via e-mail questionnaires sent to nine
forestry engineering experts who were responsible for stating the most important criteria affecting
the planning of the network of forest roads, from a technical, economic, and environmental point of
view. However, in other research published previously, the voters for or against the criteria have been
social actors (e.g., Hiltunen et al. [63] or Nordström et al. [10]). In the first case, eight criteria were
selected that emerged from the discussions and were approved by consensus of the interested parties.
They were related to issues of biodiversity, recreation and tourism, economy, and social impacts linked
to the region. In the second case, it was the stakeholder representatives who proposed them through
interviews. Nordström et al. [10] and Hiltunen et al. [63] stated that with stakeholder participation
a better structuring of the problem had been achieved. Nordström et al. [10] further added that this
action provides knowledge of the social perspective and greater transparency and credibility for
interested parties. In the review by Díaz-Balteiro and Romero [15] (pp. 3228–3229), they emphasized
that Hiltunen et al. [63] “proposed the use of GDM techniques in participatory strategic forest planning
in state-owned forests in Finland. Five voting methods, including Borda’s rule and voting approval
were applied.”
On the other hand, in relation to the weighting of criteria, a temporal progression of participation
has not been found; for example, in Gül et al. [27] or Hayati et al. [52], it is the experts who carry out
this work. In the case of research developed by Gül et al. [27], the weighting coefficients arose from
surveys with local experts in green space management. In the case of Hayati et al. [52], information on
the weightings of these parameters also arises through questionnaires. This way of developing the
weighting of the criteria leaves aside the information that can be provided by social actors and that
could benefit the results of the study. However, this is not the case in all research, since in some studies,
such as those developed by Derak and Cortina [65], these data are obtained through interviews with
social actors. In other studies, there is a further step towards participation and in addition to the
weighting of the criteria by the people concerned, the results are discussed, and in those cases where
they do not fit their preferences, there is an opportunity to adjust the weights, so that the results are
close to the interviewee’s opinions, as happened in Mustajoki et al. [67].
4.3. Are Inclusive Processes Necessary in Input, Assessment Procedure, and Outcome Phases?
It is considered that inclusive processes can be carried out in one or more of the phases (Input,
Assessment Procedure, and Outcome) in which DSSs are developed. However, the existence of a
procedure or guide that answers the following questions is not known:
(A) When should there be inclusive processes?
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If there is participation in Input, should there also be participation in the following phases?
If there is no participation in Input, can there be inclusive processes in the following phases?

In response to questions (B) and (C), some of the research examples above can be cited, in which
some consider participation only in one phase, while in others, it is present in several of them. As an
example of inclusion in one of the stages, we can cite the work of Ananda [8] or that of Hayati et al. [52].
In the first case, the stakeholders are present in the Input Phase, while in the second, they are in the
Assessment Procedure. In Hiltunen et al. [63], Derak and Cortina [65], and De Meo et al. [66], greater
participation has been observed. For example, in the first two, stakeholders’ opinions were taken into
account during the Input and Assessment Procedures, while in the latter, they were present in Input
and Outcome, allowing them to define, together with decision makers, the guidelines for management.
There is other research, of a more participative nature, that develops the three phases with the presence
of the people involved, as happened in Acosta and Corral [12].
With regard to answering question (A), participation is considered to enrich and favour research.
In addition, those affected should be present to achieve success in the decision making. However,
we believe that participation should not be generalized by creating an application manual, since
each study has its peculiarities that must be analysed to be able to trace an initial planning of each
of the stages of the process, allowing them to be modified during its development. As stated by
Guimarães and Corral [22] (p. 2): “One of the key features of a DSS would be an adaptive system that
could correspond to participants’ needs, i.e., supporting a variety of decision-making processes, yet
independent of any one in particular.”
A first contact with representatives of the different groups is advised in order to obtain more
in-depth information related to the case study. However, sometimes the informants do not have
sufficient knowledge to be able to give a reliable opinion, so it is recommended that the individuals
responsible for collecting information should not be trainees, but should have adequate experience
that allows them to detect if indeed the data are appropriate to be included in the process. Also, in the
Outcome Phase, the presence of the different groups is also suggested, so that they can dialogue and
discuss the results obtained. By contrast, the presentation of results in research in which there has been
no initial participation can cause delays in the process, since participants may not share the different
options that have been assessed and propose new alternatives, which may be accepted or not by others,
leading in the latter case to the failure of decision making, as discussed previously.
5. Conclusions
This review of DSS reveals the importance of the development of processes that contemplate
procedures that favour the success of decision making. Of the three types of MCDA defined, in relation
to participation, the one that best fits the purpose is the one that not only allows social actors to
contribute information and to express their preferences, but also enables them to deliberate the results
obtained, as happened in Mustajoki et al. [67] or Acosta and Corral [12]. This type of debate contributes
to the emergence of new alternatives, which in some cases could be more viable than those raised at the
beginning of the processes. In addition, the presence of social actors in these processes allows greater
knowledge of the state of the issue to be addressed, while also achieving mutual learning between
participants and the decision makers. This will also ensure that the decisions taken are better received
by the population, as discussed by Pereira and Quintana [81] and Van der Sluijs et al. [82].
Although participation sometimes occurs in the final stages of the processes, we advocate early
participation, as some authors support, such as Nordström et al. [10]. Thus, a key question that
arises is ‘what limits, on some occasions, a more active collaboration of society in the decision-making
processes?’ We believe that this can be due to several reasons, among them the lack of information in
communities in relation to the environmental issues that are linked to the forest environments, and
for this reason the tendency of managers to disregard the opinions of social actors. This lack could be
solved through providing information and training among society members, so that they are aware of
the perceptions and values that lead to the sustainability of forest environments. Another possible
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cause could be the interests of certain circles at the top, which may be adversely affected by the views
of social actors. However, we cannot generalize—it would be necessary to study in each case the
reason for this lack of participation, since each geographical area is characterized by a series of factors
(environmental, social, economic, and legal) that cannot be extrapolated to other places.
Regarding the application of procedures or tools, the use of MCDA stands out because it allows
the treatment of the environmental, social, and economic dimensions that are present in forest
environments. Likewise, although we recognize that it is more laborious, the use of questionnaires
that include open and closed questions is suggested during data collection in order to allow the
stakeholders to be able to openly express their needs and points of view.
In addition, it is advisable to use maps or schemes that help stakeholders to not only better
understand the process, but to also serve as a basis for researchers to present the results of the
assessment, thereby facilitating discussion among participants. In short, MCDA should contemplate
procedures or techniques through which the participation of social actors in all phases of the process
is allowed.
Finally, we consider that it is not possible to generalize, so each study must be planned so
that during its development, modifications are allowed. In addition, we advocate strongly for the
presence of stakeholders in different stages (Input, Assessment Procedure, and Outcome) in the terms
discussed above.
Author Contributions: Montserrat Acosta carried out the analysis. Corral Quintana provided expertise in
methodology and structure of the assessment. The article was improved by the contributions of all of the
co-authors at various stages of the analysis and writing process.
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