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A critical review of multi-criteria decision making
in protected areas

Monica de Castro® and Vicente Urios®

ABSTRACT: Multi-criteria analysis in collaborative decision making can provide a useful tool to im-
prove the governance in protected areas with strong conflicts between stakeholders. This paper offers an
in-depth review about MCDM methods in protected areas. The analysis considers the topics Land Use,
Management, Species, and Zoning and it is based in two dimensions: Methods and Participation. Topics
and MCDM methods and Topics and Participation were significantly related and contrasted using a Chi-
squared test, respectively. We have identified two groups by topics: Zoning and Species use continuous non
participative methods and Land Use and Management use discrete methods with increasing participation.
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Una revision critica de la toma de decisiones multi-criterio en areas protegidas

RESUMEN: El analisis multi-criterio para toma de decisiones colaborativa ofrece una herramienta util
para mejorar la gobernanza en areas protegidas, con fuertes conflictos de intereses entre agentes. Este
articulo ofrece una revision en profundidad sobre métodos MCDM en areas protegidas. El analisis con-
sidera los temas Uso de la tierra, Gestion, Especies y Zonificacion, y se basa en dos dimensiones: Mé-
todos y Participacion. Los Temas y las Técnicas MCDM vy los Temas y la Participacion estan significa-
tivamente correlacionados respectivamente segin un test Chi-cuadrado. Hemos identificado dos grupos:
Especies y Zonificacion usan métodos continuos no participativos y Uso de la tierra y Gestion, utilizan
métodos discretos donde la participacion es creciente.
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1. Introduction

Multi-Criteria Decision Analysis (MCA) is “an umbrella term to describe a co-
llection of formal approaches which seek to take explicit account of multiple criteria
in helping individual or groups explore decisions that matter” (Belton and Stewart,
2002, p.2).

The use of Multi-Criteria Decision Analysis for Decision Making (hereafter
MCDM) is particularly useful for resolving conflicts of interest, such as those related
to the management of natural resources in protected areas, where economic, ecolo-
gical and social interests clash with each other (Ananda and Herath, 2009). These
methods provide a structured framework of discussion that may be helpful in resol-
ving conflicts and optimizing resources. Moreover, they bring transparency to the
processes of participation in the formulation of public policy for natural resource ma-
nagement (Ananda, 2007) and are an interesting source of information for managers.

Multi-criteria analysis in collaborative decision making can be a useful tool
for implementing good governance. Graham et al. (2003) define good governance
in protected areas on the basis of five attributes: legitimacy and voice, direction,
performance, accountability and fairness. These attributes are based in the United
Nations Development Program principles of good governance: Participation, Con-
sensus orientation, Strategic vision, Responsiveness of institutions and processes to
stakeholders, Effectiveness and Efficiency, Accountability to the public and to insti-
tutional stakeholders, Transparency, Equity and Rule of Law (UNDP, 1999). On the
one hand, MCA provides a structured framework for decision making. On the other
hand, Group Decision Making provides a scenario where it is possible to incorporate
transparently the participation of stakeholders. The interactivity of the process has
more chance of success to achieve the maximum consensus and regain the loss of
reciprocity that sometimes is generated in protected areas. Thus, participatory multi-
criteria analysis can help to integrate some of these principles of good governance in
the management of protected areas.

The concern for a good governance in protected areas has been driven by (i) the
conflict generated by the use of resources, (ii) the growing role of local communities
in the management of natural resources (Ostrom, 2000) and (iii) the social demand
for an institutional framework characterized by globalization, transparency and pu-
blic participation (Dearden et al., 2005). These three factors have made necessary to
incorporate new forms of governance where stakeholder participation plays an im-
portant role in the structure of relations and that should be reflected in management
actions. Parallel to the interest promoted by the quality of governance, an impulse of
participatory MCDM has been generated (Mendoza and Martins, 2006). However, to
date, there is a lack of comprehensive reviews on the use of participatory MCDM in
protected areas.

There have been several literature reviews on MCDM in natural resource mana-
gement. Ananda and Herath (2009), Huang ef al. (2011) and Kiker ef a/. (2005) have
reviewed the use of MCDM in natural resource management taking into account
contaminated sites, the latter two provide broad reviews while the former focuses on
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forest management. Moreover, the revisions of Diaz-Balteiro and Romero (2008),
Mendoza and Martins (2006), Proctor and Qureshi (2005), Vacik et al. (2014) and
Estévez and Gelcich (2015) consider participation. There has only been a mini-
review on the use of MCDM in protected areas, but it does not take into account
participation (Moffett and Sarkar, 2006).

Here, we provide a thorough review of studies on MCDM in protected areas. We
reviewed 164 articles on MCDM in protected areas from 2000 to 2016. The literature
review is analysed from two approaches: methods and participation. The first approach
analyses the different MCDM methods according to the problem needing to be solved.
The second one analyses the use of MCDM in collaborative decision making and the
type of participation. Both approaches are based on four key issues in protected areas,
or protected areas topics: Land Use, Management, Species and Zoning.

The three specific objectives of this paper are: (i) To review MCDM models and
their application in protected areas between 2000 and 2016, (ii) To identify the ma-
jor multi-criteria techniques in protected areas and the problems they solve, (iii) To
analyse the evolution of participation to these models.

2. Methods
2.1. Literature search

The literature review has been performed through a search among journals inclu-
ded in the Journal Citation Reports (Science and Social Science). Given the multi-
disciplinary nature of the research, the search was conducted in the following areas:
Operations Research/Management Science, Biodiversity Conservation, Economics,
Forestry, Environmental Sciences/Ecology, Agricultural Economics and Policy, Bu-
siness and Statistics/Probability.

2.2. Classification scheme

The analysis is based in two dimensions: MCDM methods and Participation, and it
has been considered through the topics Land Use, Management, Species and Zoning.

Multi-criteria methods

In this paper, the multi-criteria techniques have been grouped into eight classes:
(1) AHP/ANP, (ii) Value/Utility (iii) Outranking (iv) Continuous, (v) Fuzzy, (vi)
Soft, (vil) Mix and (viii) Others. The following paragraphs briefly describe these
main multi-criteria techniques used in natural resource management.

(i) AHP/ANP: The Analytical Hierarchy Process (AHP) uses a pairwise com-
parison in order to obtain the relative importance of the criteria and of the
alternatives on a hierarchical structure of the decision problem. It uses value
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judgments and quantifies the importance of the criteria and objectives to
prioritize management alternatives. Analytical Network Process (ANP) is a
generalization of AHP, where the base is not a hierarchical structure but a
network (Greco et al., 2005).

(ii) Value/Utility: The Multi-Atributte Value Theory (MAVT) and Multi-
attribute Utility Theory (MAUT): The first obtains a function value for each
criterion and then these individual functions are aggregated into a global va-
lue function. MAUT assumes that each criterion is directly associated with a
quantitative attribute measured in cardinal scale (Belton and Stewart, 2002).

(iii) Outranking Techniques: Preference Ranking Organisation METHod for
Enrichment Evaluations (PROMETHEE) performs pairwise comparisons of
the criteria and is based on improvement relationships to prioritize alternati-
ves (Belton and Stewart, 2002). ELimination Et Choix Traduisant la REalité
(ELECTRE) uses the same approach of PROMETHEE to define the ranking
of alternatives based on relations of overrating, but uses a concordance and
discordance analysis for the desirability of each alternative (Mendoza and
Martins, 2006).

(iv) Continuous methods: Linear programming, Goal Programming and Com-
promise Programming are the most popular methods to resolve problems
about management of natural resources. These techniques are continuous
models using optimization techniques to select the best possible alternative.
(Greco et al., 2005).

(v) Fuzzy methods: Use imprecise and uncertain information. This approach
specifies each alternative with some degree of membership (Ananda and He-
rath, 2009).

(vi) Soft systems methods: Use a very small structure, based on group participa-
tion. “They give primacy to defining most relevant factors, perspectives and
issues that have to be taken into account, and in designing strategies upon
which the problem can be better understood and the decision process better
guided” (Mendoza and Martins, 2006, p.17).

(vii) Mix: Uses various MCDM methods mixed to resolve the same problem,
however, no one method are more important than another.

(viii) Others: Methods not included in the others groups.

Protected Area Topic

This review has focused on problems concerning protected areas, which in some

cases incorporate empirical studies.

The papers have been grouped in four topics: (i) Land Use, (ii) Management, (iii)

Species and (iv) Zoning, that include the following:
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(i) Land Use: It refers to spatial planning, land/water use plans and works inclu-
ding issues on the use of resources within protected areas. Two sub-groups
have been identified: Water, research carried out in river basins and Land,
all the others. Although this group shares many features with Management
and is difficult to define the threshold that distinguishes the topics, the land
use is the issue causing the majority of conflicts in protected areas. Because
of its importance it has been considered that it requires its own, unique topic.
The difference between the two groups is that while the models identified in
Management try to answer the question “how to manage?” the ones grouped
in Land Use answer the question “how to use?”

(ii) Management: It takes into account issues related to the distribution of re-
sources, such as project selection, design of policies and plans for sustainable
management of resources. Within this group, three subgroups were identi-
fied: Resources, Strategies and Tourism. Resources include studies that solve
problems on project prioritization and distribution of economic resources.
The studies included in Strategies analyse problems related to the zoning of
policies and management plans. Tourism refers to the management of sustai-
nable tourism in protected areas.

(iii) Species: It refers to problems on wildlife management, control of alien spe-
cies, zoning in relation to species distribution and ecosystem vulnerability.

(iv) Zoning: Includes problems on zoning and demarcation of protected areas and
on the assignment of conservation priorities at the spatial scale.

Participation

Reviewed works have been classified considering the participation and collabora-
tion of stakeholders, based on the model of Belton and Stewart (2002):

(i) No Participatory: Stakeholders’ preferences are not incorporated in any
stage of the decision-making process.

(ii) Participatory without Collaboration: The participants individually express
their preferences without interacting among each other. Individual surveys or
individual interviews are the usual methods to include this type of participa-
tion.

(iii) Collaborative: There is some interaction among participants in the decision
making process.

Time periods

The data has been grouped into three homogeneous intervals each lasting four
years in order to analyse the evolution of the observations: 2000-2003, 2004-2007,
2008-2011 and 2012-2016.
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2.3. Data analysis

Results of the literature review were summarized and a Pearson’s Chi-squared
was used to test for significant differences. Also the Fisher exact test has been used.
The analyses have been performed with the software R-Commander v.3.31 and Mi-
crosoft Excel 2010.

3. Literature review
3.1. Multi-criteria methods

The most used Multi-criteria methods are Continuous and MIX with 24.4 % and
20.7 % used respectively, followed by Value and AHP/ANP with 15.8 % and 13.4 %
of reviewed articles (Table 1).

TABLE 1

Number and percentages of reviewed papers by method and topics

AHP/ Out-

Topics ANP Contin.  Fuzzy Mix ranking Soft Value Others SUM %
Land Use 9 7 1 8 1 2 8 2 38 232
Management 9 8 9 11 2 2 10 7 58 35.4
Species 4 3 2 7 1 3 6 2 28 17.1
Zoning - 22 4 8 - - 2 4 40 244
SUM 22 40 16 34 4 7 26 15 164
% 13.4 24.4 9.7 20.7 2.44 42 15.8 9.1

Source: Own elaboration.

We found a strong dependence between Multi-criteria methods and topics
(p < 0.001 Chi-square). These results suggest that there are MCDM techniques that
fit better to specifics problems in protected areas. Considering the topics, clear trends
were found in Zoning and Species. The studies on Zoning use mostly continuous
techniques as Integer programming and heuristic models combined with GIS. On
the other hand, Land Use and Management mostly use discrete techniques, often
combining different techniques in the same model. Recently, some studies on Land
Use have been revised, and tend to combine GIS technology with participatory tech-
niques. These are explained in more detail in section 3.3.

Since 2013, fewer studies using continuous techniques were reviewed. However,
the use of all discrete methods has increased since 2008. Moreover, the framework
of Adaptive Management in response to the biological complexity of ecosystems in-
corporates the concept of uncertainty in many studies on protected area management
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(Prato, 1999). The methods that treat uncertainty due to randomness, as stochastic
models have been displaced for methods that treat uncertainty due to imprecision,
as fuzzy models. There has been an increase in the use of simple models, that can be
easily understood by stakeholders, such as AHP and group participation techniques.
These tend to be unstructured and based on interaction and iteration. The use of Soft
Methods, for example, suggest that some MCDM techniques, orientated towards a
new paradigm of protected areas management, indicate a recognition towards the
importance of community participation.

The increase in the use of simple models that can be easily understood by stake-
holders such as AHP and group participation techniques unstructured and based on
interaction and iteration, for example, Soft methods, suggest some MCDM techni-
ques oriented towards a new paradigm of protected areas management, that gives
importance to community participation.

Finally, it is interesting to note an increasing trend to use Spatial MCA to work
on all topics since 2012. Riccioli et al. (2016) use this technique to analyse the
degree of some relevant features of biodiversity in the Region of Tuscany to solve
problems about management. Lu et al. (2014), Reza et al. (2013) and Walter et al.
(2016) use Spatial MCA to deal with problems about land use, zoning and species,
respectively.

3.2. Protected area topics

This review has focused on problems concerning protected areas, which in some
cases incorporate empirical studies. The papers have been grouped in four topics: (i)
Land Use, (ii) Management, (iii) Species and (iv) Zoning:

(i) Land Use: Refers to spatial planning, land/water use plans and, generally,
studies including issues on the use of resources within protected areas.

(ii) Management: Takes into account issues related to the distribution of resour-
ces, such as project selection, design of policies and plans for sustainable
management of resources.

(iii) Species: Refers to problems on wildlife management, control of alien spe-
cies, zoning in relation to species distribution and ecosystem vulnerability.

(iv) Zoning: Includes problems with zoning and demarcation of protected areas
and with the assignment of conservation priorities at the spatial scale.

The problem of land use has increased in relative terms over the last decade. Spe-
cies have also gained importance in recent years, although less steeply and zoning
increased very strongly between 2004 and 2007, but less in recent years. Management
has been stable in all periods, although it has been the most studied topic. The data
suggest a greater concern about issues caused by anthropogenic use of resources in
protected areas.
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Land use

The most used MCDM techniques are AHP and the techniques based on the
theory of value, such as Multi-attribute Value Theory (MAVT) and Multi-attribute
Utility Theory (MAUT). GIS studies, use discrete techniques such as AHP and
MAVT, unlike research on zoning which employs mainly linear and integer optimi-
zation and heuristic models.

The application of multi-criteria in water management often covers large areas
and includes a large number of stakeholders, as they tend to study large rivers. In this
review we have selected only those studies that include, even partially, a protected
area, and where the goal is to resolve issues on the sustainable use of water.

Management

Conservation planning at regional level includes the management of natural
resources organizations with opposite attributes and that have limited resources
available for implementation. This has created a need to prioritize between different
alternatives that optimize resource management but that also consider the preferences
of the stakeholders. Papers dealing with this issue in protected areas have analysed
problems on Resources, Strategies and Tourism.

Strategies: In this group only one paper using continuous techniques has been
reviewed. Bertomeu and Romero (2001) propose a model to maximize biodiversity
considering “the edge effect” in forest management plans, using Goal Programming.

In this subgroup studies that have applied discrete techniques are by far the most
abundant ones. Tzionas et al. (2004) design a Decision Support System based on
Fuzzy Logic to evaluate restoration strategies of a lake in Greece. Other studies like
Kijazi and Kant (2011) and Oikonomou et al. (2011) also use Fuzzy Techniques for
solving various problems with strategic management.

Some studies incorporate uncertainty through stochastic models. Prato (2000)
incorporates uncertainty in a stochastic model to identify the most efficient mana-
gement plan, at the landscape scale, and determines its efficiency, maximizing the
expected utility function. This work differences between publicly owned landscapes,
whose objective is the management of ecosystems and landscapes of private pro-
perty, with the goal of economic efficiency. Other studies have focused on solving
specific problems on wetland management. Pavlikakis and Tsihrintzis (2003) com-
pare three MCDM techniques from the Ecosystem Management approach: MAUT,
Compromise Programming and AHP to integrate stakeholders’ preferences on four
alternative management plans of a Greek National Park included in the Ramsar cate-
gory. Herath (2004) and Hajkowicz (2008) also include the preferences of local com-
munities in the management of wetlands in Australia using AHP and Direct Rating
respectively.

Finally, some studies concerning the identification of indicators for natural re-
source management in protected areas have been reviewed too: Mendoza and Prabhu
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(2000) define indicators of sustainable forest management in a forest in Malaysia
using participatory techniques such as the Delphi method and Nominal Group Tech-
nique for integrating the views of experts and stakeholders. Wolfshlener and Vacik
(2008) also used ANP to define indicators of sustainable forest management under
“pressure-state-response” and used them to evaluate four management strategies.

Tourism: The paper that we analysed on outdoor activities and tourism within
protected areas solved a variety of problems. Rudolphi and Haider (2003) is the only
revised paper that uses ELECTRE, specifically a hybrid between ELECTRE and
AHP, and applies it to define management plans for visitors to a National Park in
Canada and the conservation of ecological integrity. Gomez-Navarro et al. (2010)
used ANP to prioritize sustainable tourism management strategies at a National Park
in Venezuela incorporating the opinions of experts and stakeholders. Arabatzis and
Grigoroudis (2010) evaluated the satisfaction of tourists at a National Park in Greece
using specific software for this purpose, MUSA-Multi-criteria Satisfaction analysis,
based on MAVT. The most common form of participation methods used are indivi-
dual surveys.

Resources: The majority of the papers included in this subgroup used mainly
multi-criteria techniques based on the Expected Utility Theory (MAUT). Davis et
al. (2006) develop a theoretical framework for selecting conservation investments
that deal with different priorities of biodiversity conservation, considering the quality
of the resources, the threat to the quality of resources and the economic costs, in the
Sierra Nevada eco-region (California). Kurttila et al. (2006) calculated the subsidy
that compensates for the loss of utility derived from the conservation of biodiversity
on private land in Finland, firstly defining the utility functions and then maximi-
sing them through heuristic optimization techniques. Hajkowicz (2008, 2009) uses
MAUT and Compromise Programming to distribute financial resources for environ-
mental conservation in Australia. Schmoldt and Peterson (2001) used multi-criteria
analysis for the allocation of economic resources. They used AHP to prioritize eight
projects in a National Park according the allocation of economic resources.

Species

64.28 % of the papers relating to one or more species use GIS technology.
Young et al. (2011) designed a risk assessment for a rare plant, Panax quinquefolius
L. in a National Park in Virginia, USA, identifying potential areas of abundance to
strengthen protection regulations. Pasqualini ef al. (2011) evaluated different ma-
nagement options for the pine Pinus pinaster in Corsica, considering the fire risk,
using Spatial MCA.

Other studies use habitat requirements of specific species to solve problems on
species conservation. Store and Kangas (2001) and Kurttila et al. (2002) analysed
habitat requirements for a slow-growing tree species Skeletocutis odora and two
mammals Pteromys volans and Alces alces respectively. The first used a heuristic
optimization technique HERO, combined with AHP and GIS. The latter uses AHP
for weighting and SMART for the ranking of alternatives.
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Some studies focus on the conservation of forest species in Europe. Dhar et al.
(2008), prioritize six conservation strategies of a species of yew Taxus L. Bacata in
Austria, using AHP to evaluate them. Romero-Calcerrada and Luque (2006) used an
indicator species (Picoides trydactilus) for assessing the biodiversity of a forest of
Finland, obtaining functions and habitat suitability maps of this species.

In addition, the problems with habitat vulnerability may be analysed using spatial
data, at a landscape scale. Fuller ez al. (2010) assess the threats to biodiversity from
three areas in Malaysia including both protected and unprotected areas. They used a
GIS database to evaluate and incorporate biodiversity threats with Fuzzy functions.
Vimal et al. (2012) used the presence-absence of important species, large areas of
high ecological value and landscape diversity to identify spatial patterns of ecologi-
cal vulnerability.

A large number of studies use the habitat requirements and the habitat vulnera-
bility of specific species to solve problems associated with species conservation in
protected areas. These problems are usually solved using Spatial MCA with multi-
techniques combined with GIS, similar to Zoning.

Zoning

The issues regarding the planning of protected areas also follow a very defined
profile; they solve virtually everything mainly through continuous techniques such
as Heuristic Models or Integer Programming combined with GIS. The uncertainty is
usually incorporated using simulation techniques, although some studies explicitly
incorporate stochastic functions as constraints of the objective function.

The most important concern of these studies is the adequate representation of di-
fferent species within spatial units that incorporate the degree of threat, vulnerability
and continuity in the models, considering cost constraints. In recent years there has
been a significant effort to model the spatial connectivity, which is incorporated into
the models through nonlinear functions of great complexity (Liu et al., 2012; Moila-
nen, 2007; Moilanen and Arponen, 2011; Wood and Dragicevic, 2007).

3.3. Participation

The topics that incorporate a higher percentage of studies using participation are
Land Use with 21.34 % followed by Management with 18.90 %. Moreover, partici-
pative Land Use papers highlight that 92.10 % of the studies focused on this topic
(Table 2).
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TABLE 2

Global and Topic Percentage of reviewed papers with participation

Topics Number of papers Global % Topic %
Land Use 35 21.34 92.10
Management 31 18.90 53.45
Species 11 6.71 39.29
Zoning 6 3.66 15

Source: Own elaboration.

We found a strong dependence between participation and PAT (p < 0.001 Chi-
square). These results suggest a strong tendency to incorporate stakeholders’ prefe-
rences when solving problems related to land use and management issues in protec-
ted areas and to not include them in the other topics. This may be due to the fact that
issues associated with the use of resources generate most of the conflicts.

Figure 1 shows the evolution of the participation in the considered period ac-
cording to the topics. It identifies a very significant increase in participation since
2008, considering all topics. This is due to the proliferation of participatory studies in
Species since 2008. This increase is particularly seen in regard to the control of alien
species between 2008-2011, though since 2011, the participation has increased in all
topics. However, while participation without collaboration shows a greater percen-
tage in the first two periods, the collaboration has increased in 2004-2007, but since
2008 it has reduced. This decrease in the level of collaboration could be due the fact
that decision-making processes, with a high degree of collaboration, are very labo-
rious and costly in both time and resources.

This increase in the collaborative processes in 2004-2011 is largely due to the
development of innovative MCA techniques in collaborative decision making in
the first decade of this century, for example, Deliberative Multi-Criteria Evaluation
(DMCE) and Decision Analysis Interview (DAI). The pioneering research in using
this type of methodology was carried out in Australia where Proctor and Dreschler
(2003) use a DMCE to identify appropriate options for recreation in a vast area of
2.4 million ha, which includes several protected areas with different degrees of pro-
tection. The process employs a software with interactive support among participants
and a Citizens Jury. Marttunen and Hamalainen (2008) use another participatory te-
chnique that implies a high degree of collaboration, the Decision Analysis Interview
(DAI), using multi-criteria analysis. This paper develops a process of collaborative
decision making to design a regulatory policy at a large watercourse. The main fin-
dings indicate the importance of special care in planning, design and preparation of
the process and emphasize the importance of interactivity to ensure data consistency.
On the other hand, interactivity generate transparency in the process and can increase
stakeholders’ confidence. Zendehdel et al. (2010), in Iran, introduced early colla-
boration in a deliberative process, using an intensity index (Social Rank Order of
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Alternative Impacts, SROAI) that is maintained throughout the process. The aim is to
ensure the consistency of the group’s decision and ensure transparency. In addition,
minority groups see their preferences represented in decision-making and all stake-
holders adopt a greater willingness to reach agreements.

FIGURE 1

Evolution of participative MCDM methods in reviewed papers

30
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- ~
- ~
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20 /
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Collaborative Participative = = = No Participative

Source: Own elaboration.

Since 2012, 64.10 % of the papers reviewed have used some type of participation.
The results are interesting particularly the increase in participation when zoning pro-
tected areas.

Land use

The use of resources is the issue that generates the most relevant conflicts in pro-
tected areas. This may be one of the reasons why the use of participatory and colla-
borative techniques experienced such a big increase. 92.10 % of articles reviewed in
this group include participatory techniques and 54.05 % include collaboration. This
result reflects the need for solutions close to consensus that minimize conflicts of
stakeholders on the use of natural resources.

Most of the studies that incorporate participatory techniques where developed in
Northern European countries. Ananda (2007) and Ananda and Herath (2008) incor-
porate stakeholders’ preferences to define land use in Finnish forests using AHP and
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MAVT. Hiltunen et al. (2009) employ interactive software that uses heuristics models
(MESTA) to support decision-making on sustainable forest management in Finland.

In the last few years there has been a tendency to use participatory techniques
combined with GIS. Fitzimons et al. (2012) and Arciniegas et al. (2011) incorporate
the preferences of the agents over spatial definitions of predefined criteria, in most
cases with satellite data and expert opinion. Strager and Rosenberg (2006) also dis-
cussed the same problem in the Cacapon River watershed, Virginia, identifying the
preferences before defining the maps with GIS. They analysed separately the prefe-
rences of “nonlocal” experts and of local stakeholders, finding significant differences.

Nordstrom et al. (2010) use GIS and MAVT to prioritize the use of a natural park
in Sweden, and also incorporate stakeholders’ preferences to define the criteria and
alternatives, from the early stages of the decision problem.

Arciniegas et al. (2011) also use interactive GIS maps with a novel use of visuali-
zation techniques (Table Touch) as a support tool for discussion in a decision-making
process on land use zoning in the Netherlands. However, these maps are designed
based on expert judgment with stakeholder preferences incorporated later.

GIS has also been used in combination with collaborative techniques. Duke and
Aull-Hyde (2002) and Mustajoki et al. (2011) incorporate deliberative techniques in
decision-making processes on land use. The first study considers the preferences of
the general population and the other two consider stakeholders’ preferences and use
deliberative techniques to elicit their preferences. Kazana et al. (2003) and Terra et
al. (2014) are the only studies classified in this group that do not consider the prefe-
rences of the stakeholders to resolve problems about land use. These studies suggest
a high heterogeneity in the employed techniques and also in the way to incorporate
stakeholders’ preferences into the decision making process.

The studies related to water use are characterized by a high degree of participation
and collaboration, often using collaborative techniques such as Decision Analysis
Interviews (DAI) and Deliberative Multi-Criteria Evaluation (DMCE). The only
research that does not include participative techniques is and Harmancioglu (2010).
However, Ananda and Proctor (2013) evaluate the scope of collaborative watershed
management and planning at a wetland system in northern Australia and they analyse
the high transaction costs related with collaborative initiatives. They note the impor-
tance of the institutional configurations that support the decision-making processes
as a key to control this problem.

Management

Most of the models that consider the preferences of stakeholders are included in
Tourism and Strategies. This may be due to two reasons: firstly, tourism is a major
source of short-term resources in protected areas and secondly, the management of
resources associated with the use of land is one of the largest problems generating
conflict, exacerbated in protected areas by restrictions arising from formal protection.
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Participation is included in the 53.45 % of the papers included in Management,
with the 19.30 % belonging to collaborative techniques. They have been used in
theoretical models concerning design and evaluation of macro-policies in recent
years. Oikonomou et al. (2011) compare different scales in the social assessment
with stakeholders and integrate the evaluation of ecosystem services in a protected
area in Greece. Another example is the evaluation of the social acceptability of three
management plans in a National Park on Mount Kilimanjaro developed by Kijazi and
Kant (2011).

Also Hjorste (2004) and Zendehdel et al. (2010) use participatory techniques.
These studies use various techniques such as Soft Systems, visualization and outran-
king techniques.

Species

Of the articles reviewed that include Species as a topic, 39.29 % contain participa-
tory techniques and 17.86 % include collaboration. These percentages refer to studies
on alien species control and reflect the need to include the views of stakeholders
collaboratively when considering problems with social and economic impacts. These
studies indicate the importance of including the preferences of local populations to
make effective management plans.

Zoning

Between 2012-2016, 90.63 % of the reviewed articles on Zoning exclude par-
ticipatory techniques, therefore only two of them considered the preferences of
the stakeholders. Sharifi et al. (2002) use collaborative techniques to integrate the
preferences of stakeholders to solve problems with illegal settlements in the Tunari
National Park in Bolivia. Bojorquez-Tapia et al. (2004) choose AHP and MAVT to
design a National Park in Mexico, integrating stakeholders’ preferences collaborati-
vely to define the boundaries and zoning the Sierra San Pedro Martir National Park.
This research is based on the approach “Land Suitability Assessment” (LSA), which
considers the interests of stakeholders in defining the appropriate use of the land.
These two analyses use GIS.

Nevertheless, we have found a different trend in the most recent period. There
has been a decrease of research related with zoning, however 42.86 % of the papers
reviewed include the participation of stakeholders. Zhang et al. (2013) integrate a
strong level of participation when zoning the Meili Snow Mountain National Park
(China) using GIS and Fuzzy methods. Lu et al. (2014) use Multi-criteria spatial
analysis based on a scenario analysis to identify the priority protection areas in
Taiwan. They include the stakeholders’ opinions using in-depth interviews with ex-
perts and stakeholders early in the process.
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4. Conclusions

The use of multi-criteria techniques in protected areas in recent years has been
important mainly to solve problems regarding “how to manage” rather than “where
to manage.” Multi-criteria techniques have been used in all topic areas. However,
they have been most commonly used to analyse decision making related to land use,
followed by zoning and problem management.

There seems to be a clear and upward trend in the use of participative, multi-crite-
ria methods in protected areas. Collaborative methods increased very fast at first, but
in the last few years their use has decreased, strengthening MCDM techniques with a
slighter level of participation.

We have identified two groups with marked differences in the use of multi-
criteria and participatory techniques. Species conservation and protected area zoning
generally use GIS technology and continuous methods, highly structured and highly
complex and do not consider the interests of stakeholders. However, the issues that
have an economic and social impact such as the problems concerning the control of
alien species, incorporate participatory techniques with a high degree of collabora-
tion, little structure and high iterativity. On the other hand, the problems of mana-
gement and land use employ discrete methods, used with an increasing degree of
participation.

Integrating participation in multi-criteria analysis seems to be associated with
the use of techniques that are easy to understand and use, requiring no specific
knowledge, which are flexible and which promote interactivity. Furthermore, the
concern to integrate the uncertainty due to the imprecision of individual preferences
becomes important, with a strong development of Fuzzy Logic based models, in re-
cent years. The need to adapt the processes of decision making not only to the charac-
teristics of the problem to be solved but also to participants seems to be of paramount
importance.

The inclusion of GIS technology in virtually all studies done in the last decade
on zoning and in recent years on land use is very important. The combination of GIS
technology with collaborative decision making becomes very useful in solving pro-
blems with land use. These studies can serve as a basis for developing participatory
models for problem solving in species conservation and in protected area design. In
fact, the use of Spatial MCA has significantly increased to help manage all types of
problems in protected areas.

The collaboration has been integrated, mainly through Soft Systems, to solve
problems with a major social impact, as with the problems of water use, alien spe-
cies control and some theoretical models on management. The enormous amount of
resources and time required does not allow an easy application and it would be ad-
visable to find a compromise between the availability of time and resources and the
degree of collaboration in the process of decision making.

Finally, we recommended the development of empirical studies on valuable and
vulnerable ecosystems with a high ecological value and with strong conflicts bet-
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ween stakeholders, applying participative MCDM to improve governance. In terms
of practice, MCDM must adopt a participatory posture with a balanced level of
participation, to ensure the voice of the stakeholders is heard in the decision-making
processes, with flexible and operational models.
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