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Executive summary 

In the past three decades, ‘ecosystem services’ – or the benefits people obtain from 
ecosystems – have risen in prominence within policy and academic circles. Given the 
continuous degradation of ecosystems, concepts have been developed to minimize 
the trade-offs between ecosystem health and societal wellbeing. One such promising 
concept is the notion of Payment for Ecosystem Services (PES), which refers to 
incentives offered to farmers or landowners in exchange for managing their land to 
provide some sort of ecological service. To ensure the success of PES interventions, 
it is crucial to consider all local stakeholder needs, knowledge, fears and 
perspectives concerning the different land management options. To do so, effective 
tools and methods for effective stakeholder participation are needed. 

This paper introduces one such tool (OPTamos), an easy-to-use software that 
provides decision support in exploring the most convenient land management option 
for key stakeholders. The OPTamos decision support tool is based on the Social 
Multi-Criteria Evaluation (SMCE) approach designed to deal with pressing social and 
environmental problems in a complex world. The SMCE approach weighs the 
different values and options against a number of criteria in order to enable discussion 
and highlight the most acceptable result for all stakeholders involved. Even when 
decisions are not pressing, the SMCE process provides a learning opportunity 
among the stakeholders by stimulating discussion around a potential problem.  

SMCE (together with OPTamos) was implemented in the Mexican case study 
comprising the Cuitzmala watershed included in the project ROBIN. Stakeholders’ 
preferences show that they hope for an agricultural option of mixed land-use with a 
certain amount of PES. They deem this as an opportunity to meet their most 
important criteria: to reduce the levels of corruption, to increase the protection and 
rational use of the natural resources of the area, increase the employment 
possibilities and salaries, and enhance security. A REDD+ model region as an option 
to reach the goals of the land managers and ecological goals to achieve climate 
change mitigation would be a win-win option. Land users would like to participate in 
these actions. However, a general lack of knowledge and communication are 
currently the main barriers. 
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1. Introduction 

Publications abound that underline the importance of ecosystem services for human 
wellbeing, and society’s dependence on nature. Despite that recognition, we have 
continued to degrade our ecosystems, particularly in the last 50-60 years, as is 
evident from the 2005 Millennium Ecosystem Assessment (MEA) and the IPCC 
reports. 

The notion of Payment for Ecosystem Services (PES) has gradually emerged as a 
promising concept to deal with this challenge and minimise trade-offs between 
ecosystem health and societal wellbeing. The central idea of PES is that those who 
benefit from ecosystem services compensate the stewards who maintain the 
provision of those services. Seen as a positive externality that has not been properly 
integrated into the market, proponents of PES argue that this market failure needs 
correction to address our environmental crisis. While still at its infant stage, scholars 
are increasingly exploring this win-win situation, not only through the global 
environment change community, but also from within development practice 
(Ringhofer et. al. submitted). Today, hundreds of PES schemes (mostly local level 
arrangements) are being implemented around the world covering four main 
ecosystem services: biodiversity conservation, watershed services, carbon 
sequestration and landscape beauty. The UN programme on Reducing Emissions 
from Deforestation & Forest Degradation (REDD+) aims to enhance forest carbon 
pools by supporting the conservation, sustainable management and restoration of 
forests. 

Embedded within the project ROBIN (The Role Of Biodiversity In climate change 
mitigatioN), funded by the European Union Seventh Framework Programme1, this 
paper concerns itself with the development of a decision support tool called 
OPTamos that provides guidance on land-use planning and more precisely, on 
participatory decision making processes among local stakeholders in the context of 
PES schemes in Latin America. OPTamos is based on the Social Multi-Criteria 
Evaluation (SMCE) approach designed to deal with pressing social and 
environmental problems in a complex world where “facts are uncertain, values in 
dispute, stakes high and decisions urgent” (Funtowicz and Ravetz, 1994). 

Chapter 2 provides some background of the SMCE approach that was designed to 
support and navigate the complexities involved in participatory decision-making 
processes. Chapter 3 introduces OPTamos 2  (Options for Participatory Transfor-
mation and Management of Sustainable land use), a software tool we developed 
particularly to meet the needs of ROBIN. OPTamos is based on the Analytical 
Hierarchy Process (AHP), which is a linear additive model, where scores are derived 
through pairwise comparison in order to generate the relative importance of options 
and criteria. It is now available online with a simple interface designed to be intuitive 
and easy to use also for people who are not experts on decision-making processes. 
Chapter 3 then describes how to run the tool and illustrates the steps involved with a 
number of screen shots. The paper then shifts its focus to applying the SMCE 

1 (FP7/2007-2013) under grant agreement n° 283093 
2 “OPTamos” is the acronym of the name chosen for the software tool we developed. It also means 

“we opt/we chose” in Spanish.
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process in practice. Chapter 4 therefore deals with the practical application of an 
SMCE process to a Mexican case study and discusses the results generated through 
the use of the OPTamos tool. Chapter 5 reflects on some of the lessons learnt 
concerning the application of the OPTamos tool on the one hand, and the general 
SMCE process, on the other hand. Finally, since the OPTamos tool has been 
particularly designed for supporting land management decisions in Latin America, the 
annex provides a review of six case studies from Brazil and Bolivia in order to better 
understand the land use and land management options available to the local farmers 
involved, and points to some of the challenges and policy lessons that we can draw 
from these cases. 
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2. Social Multi-Criteria Evaluation (SMCE): a brief overview 

2.1. From MCA to SMCE 

The complexity of current environmental problems calls for sophisticated tools to 
shed light on the intertwined patterns of these issues and assist with decision making 
(Gamboa, 2008; Messner et al., 2006; Pereira and Quintana, 2002; Siciliano, 2009). 
Multi-Criteria Evaluation (MCE), or Multi-Criteria Assessment (MCA) methods try to 
meet these challenges. 

MCA is a tool that originates from economics and was designed to support decision-
making processes. The advantage of MCA is that it enables comparisons between 
different options, appraised through certain criteria using different units (Grimble and 
Wellard, 1997; Pereira and Quintana, 2002; Russi, 2007). Unlike cost-benefit 
analysis (CBA) 3  (Martinez-Alier et al., 1998), this capacity of MCA to deal with 
technical incommensurability, using weak comparability (ibid.) makes it possible to 
deal with complex problems, which cannot be compared, expressed and evaluated 
using a single unit (de Marchi and Ravetz, 2001; Siciliano, 2009). The advantage of 
MCA methods is that they make it possible to compare different (qualitative, 
quantitative, fuzzy) criteria, without translating them into a single unit (e.g. money) 
(Gamboa, 2008; Grimble and Wellard, 1997; Oikonomou et al., 2011; Russi, 2007; 
Siciliano, 2009). 

When dealing with complex problems, one needs to deal with both technical and 
social incommensurability (Munda, 2004). Whereas MCA tackles the former, Munda 
(Russi, 2007) introduced the concept of SMCE (Social Multi-Criteria Evaluation), a 
participatory approach to MCA that brings to the fore the problem of social 
incommensurability: 

“An effective policy exercise should consider not merely the measurable and 
contrastable dimensions of the simple parts of the system, that even if complicated 
may be technically simulated (technical incommensurability). To be realistic it 
should also deal with the higher dimensions of the system. Those dimensions in 
which power relations, hidden interests, social participation, cultural constraints, 
and other ‘‘soft’’ values, become relevant, and unavoidable variables that heavily, 
but not deterministically, affect the possible outcomes of the strategies to be 
adopted (social incommensurability)” (Munda, 2004). 

Summing up, SMCE methods are used when: 

 a problem has long-term consequences 
 facts are uncertain 
 values are contestable 

3 For an example of resource management options that are evaluated merely through the CBA lens 
see Heinzelring and Ackerman (2002) and Menegaki et al. (2007). Díez and Etxano (2008) illustrate 
the shortcomings of CBA and then explore the advantages of (S)MCE. See also Dodgson et al. 
(2009).
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 high stakes are involved 
 a decision is urgent 
 technical and social incommensurability exists. 

Since a participatory multi-criteria evaluation process involves many different parties 
and interests, it might not be possible to find a single best solution (Dodgson et al., 
2009). However this is not the aim of the participatory multi-criteria evaluation 
methods, which is rather to find an acceptable compromise for all relevant actors 
(Munda, 2004; Reed, 2008; Roux et al., 2010; Russi, 2007; Trutnevyte et al., 2012). 
The process itself serves as a platform for communication between (conflicting) 
stakeholders (Gamboa, 2008). Therefore the result of the process should not only be 
a compromise, but should also increase acceptance between all actors and the 
transparency of the decision making process (Reed, 2008; Russi, 2007). Case 
studies have shown that the reasons for a conflict around - and the unwillingness to 
implement and accept -  a policy or measure can often be found in the exclusion of 
civil society from the decision-making process or generally in the absence of dialogue 
between the stakeholders (de Marchi et al., 2000; Garmendia et al., 2010; 
Oikonomou et al., 2011). Hence, the SMCE process should ideally facilitate 
reciprocal understanding, the acceptance of legitimate opinions and social learning.  

2.2. The SMCE process 

“[...] the quality of a decision is strongly dependent on the quality of the process that 
leads to it” (Reed, 2008). The process itself is extremely important, since the way in 
which the problem is structured will determine the result (Gamboa and Munda, 2007; 
Garmendia et al., 2010; Munda, 2004). Figures 1 and 2 illustrate the key steps of a 
participatory multi-criteria process. However, it must be mentioned that the process 
steps do not follow strict rules. The circularity of the process might call for constant 
adaptations “[...] of elements of the evaluation process due to continuous feedback 
loops among the various steps and consultations among the actors involved”
(Munda, 2004). It also follows from this that the single steps are not self-contained 
but overlapping (Gamboa, 2008). 
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Figure 1. Feedbacks within the participatory multi-criteria evaluation process

Figure 2. Theoretical social multi-criteria evaluation scheme (source: Gamboa, 2008)
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2.2.1. Scoping phase 
An important initial step not included in the above process description is the scoping 
phase. Ines Omann (personal comm. 2011) has noted that the scoping phase should 
precede the whole process to clarify the aim of the evaluation and to define the 
geographical and temporal scale of the problem. This step will possibly overlap with 
the approaching phase. To be able to define the borders of the problem, one needs 
to analyse it. This leads to the identification of prominent stakeholders involved. The 
scoping phase will aid selection of a multi-criteria method that is suited to the needs 
and possibilities of the research context. 

2.2.2. Institutional and stakeholder analysis 
Reed et al. (2009) “[...] define stakeholder analysis as a process that: i) defines 
aspects of a social and natural phenomenon affected by a decision or action; ii) 
identifies individuals, groups and organisations who are affected by or can affect 
those parts of the phenomenon (this may include non-human and non-living entities 
and future generations); and iii) prioritises these individuals and groups for 
involvement in the decision-making process.”

Institutional analysis is the first step and is undertaken in order to shed some light on 
the history of the conflict, including the parties involved, power structures, and 
previous approaches to resolving it. Consequently, this step requires two main 
analyses to be performed, a historical and a stakeholder analysis. Official documents 
(administrative and legal documents) or newspaper articles and technical reports can 
be used to this end. Additionally, observations, interviews and surveys can be 
employed (Gamboa, 2008, 2006; Russi, 2007; Siciliano, 2009). Gamboa (2008) 
indicates that written information may have the advantage of objectivity, although this 
is not necessarily always the case. Whenever public participation is planned, this 
should start as early as possible and last throughout the whole process (Reed, 
2008).  

The stakeholder analysis (SA) overlaps with the historical analysis. As the historical 
analysis proceeds, more and more stakeholders will appear. This might call in return 
for more investigations into the institutional analysis. The SA serves to reveal 
stakeholders' different values and interests, their roles and possible alliances, as well 
as their available resources. Moreover, an SA also investigates who will be affected 
by certain actions and in what way (Grimble and Wellard, 1997; Reed, 2008). 
According to Grimble and Wellard, the most important differentiation in stakeholder 
categories is between affected stakeholders (passive) and affecting stakeholders 
(active). Another distinction can be drawn between stakeholder influence and 
importance (ibid.).  

Information gained in this step serves as input to define the problem, which is the 
starting point for the elaboration of options and criteria. This in turn allows for 
different options to be compared according to a set of criteria. “Options and criteria 
are built relying upon the information gathered in the previous step trying to include 
different world-views” (Gamboa, 2008; Messner et al., 2006; Russi, 2007).  
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Several methods can be used to interact with stakeholders. These might include 
institutional analysis, participant observation, in-depth interviews with key local actors 
and surveys (de Marchi et al., 2000; Gamboa, 2008). Reed et al. (2009) provide a 
table illustrating the various methods for stakeholder analysis (Table 1). Yet as Reed 
puts it, it is not the method applied that matters, but rather “[...] the way that group 
dynamics were handled by facilitators […], communication with participants […], the 
clarity of goals that were set and the quality of planning”. In the end, the results of the 
research should be given back to the community, not as given facts, but rather as 
inputs for the decision-making process (de Marchi et al., 2000). 

Table 1. Different methods for data collection (source: Reed et al., 2009)

Method Description Resources Strengths Weaknesses

Focus groups A small group 
brainstorm 
stakeholders, their 
interests, influence 
and other 
attributes, and 
categorise them 

High quality 
facilitation; room 
hire; food and 
drink; facilitation 
materials e.g. flip-
chart paper and 
post-its 

Rapid and cost-
effective; 
adaptable; possible 
to reach group 
consensus over 
stakeholder 
categories; 

Less structured 
than some 
options so 
requires effective 
facilitation for 
good results 

Semi-structured 
interviews

With a cross-
section of 
stakeholders to 
check/ supplement 
focus group data 

Interview time; 
transport 
between 
interviews; voice 
recorder 

Useful for in-depth 
insights into 
stakeholder 
relationships and 
to triangulate data 
collected in focus 
groups 

Time-consuming 
and hence costly; 
difficult to reach 
consensus over 
stakeholder 
categories 

Snowball sampling Individuals from 
initial stakeholder 
categories are 
interviewed, 
identifying new 
stakeholder 
categories and 
contacts 

As above: 
successive 
respondents in 
each stakeholder 
category are 
identified during 
interviews 

Easy to secure 
interviews without 
data protection 
issues; fewer 
interviews declined 

Sample may be 
biased by the 
social networks of 
the first individual 
in the snowball 
sample 

Interest-Influence 
matrix

Stakeholders are 
placed on a matrix 
according to their 
relative interest 
and influence 

Can be done 
within focus 
group setting, or 
individually by 
stakeholder 
during interviews 
or by researcher / 
practitioner 

Possible to 
prioritise 
stakeholders for 
inclusion; makes 
power dynamics 
explicit 

Prioritisation may 
marginalise 
certain groups; 
assumes 
stakeholder 
categories based 
on interest–
influence are 
relevant 

Stakeholder-led 
stakeholder 
categorisation

Stakeholders 
themselves 
categorise 
stakeholders into 
categories, which 
they have created 

As with semi-
structured 
interviews 

Stakeholder 
categories are 
based on 
perceptions of 
stakeholders 

Different 
stakeholders may 
be placed in the 
same categories 
by different 
respondents, 
making 
categories 
meaningless 
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Q methodology Stakeholders sort 
statements drawn 
from a concourse 
according to how 
much they agree 
with them, analysis
allows social 
discourses to be 
identified 

Materials for 
statement sorting; 
interview time; 
transport 
between 
interviews 

Different social 
discourses 
surrounding an 
issue can be 
identied and 
individuals can be 
categorised 
according to their 
‘t’ within these 
discourses 

Does not identify 
all possible 
discourses, only 
the ones 
exhibited by the 
interviewed 
stakeholders 

Actor-linkage matrix Stakeholders are 
tabulated in a two-
dimensional matrix 
and their 
relationships 
described using 
codes 

Can be done 
within focus 
group setting, or 
individually by 
stakeholders 
during interviews 
or by researcher/ 
practitioner 

Relatively easy,
requiring few 
resources

Can become 
confusing and 
difficult to use if 
many linkages 
are described 

Social network 
analysis

Used to identify 
the network of 
stakeholders and 
measure relational 
ties between 
stakeholders 
through use of 
structured 
interview/ 
questionnaire 

Interviewer, 
questionnaire, 
training in the 
approach and 
analyses, time, 
software 

Gains insight into 
the boundary of 
stakeholder 
network and the 
structure of the 
network; identifies 
influential 
stakeholders and 
peripheral 
stakeholders 

Time-consuming; 
questionnaire is a 
bit tedious for 
respondents; 
need specialist in 
the method 

Knowledge 
mapping

Used in 
conjunction with 
SNA; involves 
semi-structured 
interviews to 
identify 
interactions and 
knowledge

Same as semi-
structured 
interviews 

Identifies 
stakeholders that 
would work well 
together as well as 
those with power 
balances 

Knowledge needs 
may still not be 
met due to 
differences in the 
types of 
knowledge held 
and needed by 
different 
stakeholders 

Radical 
transactiveness

Snowball sampling 
to identify fringe 
stakeholders; 
development of 
strategies to 
address their 
concerns 

Training in the 
approach, time

Identifies 
stakeholders and 
issues that might 
otherwise be 
missed and 
minimizes risks to 
future of project 

Time-consuming 
and hence costly 

2.2.3. Generating options and criteria 
The generation of options involves a certain degree of stakeholder engagement. 
Researchers following Munda's approach use stakeholder opinions only as input, 
whereas other methods admit more free space. In SMCE, the generation of options 
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and criteria are based on stakeholder inputs and institutional analysis. “In this sense, 
SMCE is a much more creative instrument than either the CBA or technocratic types 
of MCA, where the alternatives are defined by the analyst without a real confrontation 
with the social actors” (Russi, 2007). 

After the generation of options, criteria against which the options are to be evaluated 
have to be selected. Dodgson et al. (2009) point out that: “in all cases, whether the 
options are given or have to be developed, those conducting the MCDA should be 
open to the possibility of modifying or adding to the options as the analysis 
progresses”. Criteria can be correlated with certain categories, like social (e.g. equal 
distribution of a resource), economic (e.g. is the solution affordable?) and cultural 
(e.g. does the solution fit into the cultural background?) (Munda, 2004). In 
sustainability studies, criteria can represent the social, ecological and economic 
spheres.  

In addition, researchers have the task of translating the input from the stakeholders 
into measurable (qualitative, quantitative, or fuzzy) criteria (Gamboa, 2006). 
Following Munda's SMCE method, Gamboa (2008) emphasizes that stakeholders 
only give the inputs, but they neither choose nor determine the criteria, nor the 
criteria scores (Gamboa, 2008; Munda, 2004). 

2.2.4. Analysis 
There exists a large and ever growing body of multi-criteria decision aid methods, 
each with its own specifications in terms of how options are compared and 
aggregated. Decisions on which method should be applied depend on the situation 
(Soma, 2010), which is framed by the time and data availability, by the skills of the 
operators and by the institutional settings and financial resources (Dodgson et al., 
2009). 

After options and criteria are identified and before the data is computed, weights are 
assigned. The weighting is a translation of the values of each single criterion and 
gives preferences of the respective criteria. This means that every option is assigned 
a certain weight. Additionally, it is possible to identify thresholds, so that options are 
rejected if one of the criteria does not reach the threshold (Dodgson et al., 2009). 
Subsequently a software tool is used to analyse the weights. 

Dodgson et al. (2009) identify three ways to establish the option weights. The first of 
these is to use a simple graph. Whether a linear function is used depends on the 
criteria measured, so for example thresholds could be employed that illustrate a 
flattened curve once the threshold is reached. The second approach introduced by 
Dodgson et al. (2009) is a direct rating  by experts. This is employed if there is no 
agreement on the values of the respective criteria or no time available for calculating 
it. However the authors point out that there may be some problems with this 
subjective rating concerning its accuracy. A third possibility involves indirect 
weighting, asking decision makers and/or stakeholders to give a “[...] verbal pairwise 
assessment expressing [...]” the difference between the criteria. A computer 
programme can then translate these judgements into the weights (ibid.). 
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After the assignment of weights the data is ready to be analysed. The result not only 
gives a ranking, but also shows the distance between the different options (Dodgson 
et al., 2009). Dodgson et al. (2009) suggest taking a step back and clustering the 
results since this might provide more valuable insights. 

In addition, a sensitivity analysis should always be undertaken in order to reveal 
whether a change in weights also affects the results (Gamboa and Munda, 2007; 
Garmendia et al., 2010; Garmendia and Gamboa, 2012; Russi, 2007).  

2.2.5. Remarks on valuation 
Martinez-Alier et al. (1998) point out that there are certain hierarchies of values, 
which means that not everything can be compensated through money. This is 
indicative of a strong sustainability-based approach. Multi-criteria methods try to deal 
with this weak comparability, introducing different units for evaluation. If we have 
certain ideals concerning the relative value of things, these need to be reflected. 
Sustainability concepts can be integrated into the process, making a decision about 
this also a moral decision. 

Specific values need to be tested against certain dimensions (economic, ecological, 
etc.) and the dimensions are translated into criteria, so we need to assign different 
weights to the different criteria (Munda, 2004). “A consequence of these deep 
subjectivities is that in any normative exercise connected to a social decision 
problem, one has to choose an operational definition of ‘‘value’’” (ibid.). Munda refers 
to sustainability. Within this concept, an attempt is made to balance economic with 
environmental issues (“harmonization”) (ibid.). It is not possible to achieve 
harmonization in this respect, if one deals with many interests, so compromises need 
to be made (ibid.). “Sustainability is based on the concepts mentioned above since 
the final aim is not to maximize a single aspect or dimension but to reach a trade-off 
between the economic, environmental and social spheres” (Siciliano, 2009). 

2.2.6. Some of the most well-known multi-criteria decision making methods 

Multi-Attribute Utility Theory (MAUT): 
 complex → needs to be applied by experts 
 for bigger projects where money and time is available 
 uncertainty is considered explicitly 
 does not consider mutual independence of preferences 
 optimisation method 
 assumes that decision maker is rational, has perfect knowledge, is consistent 

in his/her judgement 
 only considers decision makers’ preferences 
 does not consider incomparability (→ compensatory)
 aim is to maximise utility 

(see Dodgson et al., 2009; Kiker et al., 2005; Polatidis et al., 2006). 
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Linear Additive Models: 
 follows the mutual independence of preferences assumption 
 does not consider uncertainty 
 generates an overall value of the options. This is the basic mathematical 

procedure of most MCA methods that follow the mutual independence of 
preferences approach. 

(see Dodgson et al., 2009). 

The Analytical Hierarchy Process (AHP): 
 linear additive model, but 
 weights are derived through pairwise comparison → relative importance of 

options and criteria 
 optimisation method 
 assumes that decision maker is capable of making relative judgements. 

(see Dodgson et al., 2009; Kiker et al., 2005). 

Outranking Methods: 
 pairwise comparison of options 
 “uses weights to give more influence to some criteria than others” (Dodgson 

et al., 2009) → importance coefficients → illustrating the relative importance of 
criteria 

 options must fulfil two criteria to outperform other options 
 uses threshold parameters (contested feature → where, how and who sets the 

threshold → arbitrariness)
 incomparable options could occur due to missing information, what makes the 

option not computable 
 uncertainty is considered explicitly 
 several outranking methods exist (ELECTRE, PROMETHEE, NAIADE); they 

all require 
◦ a precise definition of the circumstances in which one option outranks 

another one 
◦ a method by which the single pairwise results are combined to form an 

overall best option 
 does not need  translation into single scale 

 (see Dodgson et al., 2009; Gamboa, 2008; Kiker et al., 2005; Polatidis et al., 2006). 
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3. Choosing the right software for SMCE

The different steps of the SMCE process mentioned in the previous chapter generate 
large amounts of data. The use of a software tool allows to manage all that 
information within a reasonable time frame. However, choosing an appropriate 
software for this purpose is a critical step. This chapter reviews the most relevant 
software to date showing the lack of proper software fitting the purposes of the 
project ROBIN. This motivated the development of the new software OPTamos. The 
chapter highlights the appropriateness of using OPTamos for land use management 
decisions and how it contributes to the effectiveness of the SMCE process, namely to 
crystallize the stakeholder process to a number of clear steps, reducing the time 
needed for processing and analysing the information, and making the process easy 
to understand and handle by non-experts. 

3.1. Overview of available software for SMCE 

There is a wide range of software tools on the market for carrying out multi-criteria 
assessments. Each tool has been adjusted to meet the needs of a particular field of 
research or even a particular step within a decision making process; therefore, the 
results of the analysis will depend on the tool chosen to perform the evaluation 
(Buchholz et al., 2009). 

With the aim of evaluating the potential of different MCA tools with a special focus on 
stakeholder inclusion, Buchholz et al. (2009) reviewed several software tools. To 
narrow down the possibilities to a manageable number, the review started with a 
selection of tools based on previous studies focusing on application value (Mendoza 
and Martins, 2006), structure (Wolfslehner et al., 2005), and methodological 
approaches (Guitouni and Martell, 1998). The criteria chosen to evaluate the tools 
concern methodological implications, technical aspects and practical information 
value (Buchholz et al., 2009). The following table (Table 2) presents the justification 
for each criteria used for reviewing the chosen tools. 
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Table 2. Justification of criteria used for the review of MCA tools

Aspects Criteria Justification

Stakeholder

Stakeholder inclusion in decision-making Need for a high degree of 
stakeholder involvement

Application of qualitative data

Qualitative datasets are useful to 
assess options when there is 
uncertainty and/or stakeholder 
values impossible to quantify

Technical

Measures to deal with uncertainty Uncertainty plays a signicant role 
in decision-making

Inclusion of criteria hierarchies

Hierarchies can help to reduce 
complexity and make it easier 
understand for stakeholders with
no technical background

Use of thresholds Numerically precise thresholds are 
common in decision tools

Application

Ease of computation

User-friendliness is especially 
important when involving many 
stakeholders unfamiliar with 
technicalities

Dynamic re-evaluation
A decision tool should allow the re-
evaluation of decisions with new 
structures, insights or data

Transparency

Applications must rely on simple 
math and intuitive methods to gain 
acceptance, rather than being 
perceived as a “black box”

Communication of decision process and results

A critical feature is how well and 
easily communication of the 
decision process and results is 
supported

After a literature review we narrowed down the possibilities to four tools, taking into 
account the acceptance and use of the methodology, previous application in related 
fields of research, and the availability of the software. The four tools found most 
relevant in the market were (1) SuperDecisions, (2) DecideIT, (3) Decision lab, and 
(4) NAIADE. 

SuperDecisions can use an Analytic Hierarchy Process (AHP) structure or an 
Analytic Network Process (ANP) structure, depending on the needs of the user. For 
this, either an AHP or ANP structure will first need to be created. AHP is a 
methodology developed by Saaty (1980) to analyse complex decisions and to help 
decision makers to find a solution that best suits the overall goal. ANP was 
developed a few years later by the same author (Saaty, 1996) as a generalisation of 
AHP. The main difference between both methods is that AHP considers each 
element (criteria, options, and goal) as independent of one another, while ANP 
interlinks the elements building a network and taking into consideration the feedback 
provided between elements to compute the final ranking of the options (Saaty, 2004). 
In any case, the SuperDecisions software is based on pairwise comparisons and 
allows the use of quantitative and qualitative criteria (Buchholz et al., 2009). 
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DecideIT was designed by Danielson et al. (2003), based on a decision tree 
structure. It uses the DELTA method, a statistical approach to simplify the 
computation of complex functions. It follows the Multi-Attribute Utility Theory (MAUT –
Danielson and Ekenberg, 2007), allowing the use of imprecise statements and 
comparisons. 

Decision lab is based on the Promethee II (outranking) method. This methodology 
was developed in the mid-1980s by Brans et al. and it is an outranking method for 
multi-criteria analysis (Brans et al., 1984). Outranking methods compare scenarios in 
a pairwise manner in order to find which one is preferred, taking into account each 
criterion (Løken, 2007). The software is based on a decision matrix that evaluates 
scenarios against criteria, and the user chooses among different preference functions 
and thresholds (Buchholz et al., 2009). For further information about preference 
functions in Promethee, see Albadvi et al. (2007). 

NAIADE is a method and a software developed within the frame of a project from the 
Joint Research Centre (JRC) of the European Commission by Munda (2005). 
NAIADE is an outranking method, and as such uses pairwise comparisons to 
produce a ranking of options. It is based on a matrix of options against criteria and it 
allows for the use of precise, stochastic, or fuzzy numbers and/or linguistic 
expressions (Buchholz et al., 2009). As a basic principle, NAIADE avoids 
compensability; hence, a bad performance in the case of one criterion does not 
compensate for a good performance in the case of another, or vice versa (Gamboa 
and Munda, 2007). 

3.2. Why OPTamos? 

From the review of tools previously mentioned, the following matrix (Table 3) was 
produced, showing the comparison of each tool against each criterion. For the sake 
of comparison, in the table we have included OPTamos, the tool our project team 
developed (see description below). 
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Table 3. Matrix of tools analysed against criteria

Super Decisions DecideIT Decision Lab NAIADE OPTamos

Stakeholder 
inclusion in 
decision-making

Very good Difficult Difficult Difficult Very good

Application of 
qualitative data Good Not 

possible Good Very good Very good

Measures to 
deal with 
uncertainty

Difficult Very good Difficult Very good Very good

Inclusion of 
criteria 
hierarchies

Possible Possible Not possible Possible Possible

Use of 
thresholds Poor Good Very good Not possible Poor

Ease of 
computation Good Good Very good Good Very good

Dynamic re-
evaluation Difficult Difficult Very good Difficult Good

Transparency Very good Very good Good Poor Very good

Communication 
of decision 
process/results

Poor Good Good Poor Good

From the previous table we conclude that: firstly, since the data available and needed 
for conducting the SMCE process in ROBIN is mainly qualitative, the use of the 
DecideIT software was not feasible for this purpose. Also, the diversity of interests 
involved in ecosystem management requires the organization of criteria into 
hierarchies to better analyse their relative importance. Since Decision Lab cannot 
include the option of criteria hierarchies, this tool could not be considered as an 
option. Similarly, when working with stakeholder inclusion in decision-making 
processes, transparency is a very important issue in order for the results to be 
legitimate and accepted by all stakeholders. In this respect, NAIADE was also 
disqualified due to its lack of transparency, poor communication of results, and to 
include all stakeholders into the decision-making process. 

In summary, from all the shortlisted tools, DecideIT, Decision Lab and NAIADE could 
not be considered for ROBIN due to their limited functions and lack of transparency. 
With SuperDecisions, first the purchase of the software license was highly 
problematic. The company did not respond to our enquiries for months, and when 
they did, it was only with the product information that is available on the homepage, 
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but not how to obtain the software or its price that we had asked. Yet another 
problem we found with SuperDecisions (based on the free trial period) is that it could 
only be used by those with knowledge of multi-criteria analysis and certain software 
skills. This implies that common users or landowners (to whom ROBIN outcomes and 
products are intended at) would not only have problems accessing the software, but 
also in its use. In light of these circumstances, we opted for designing our own 
software OPTamos in order to conduct the different SMCE processes in ROBIN. 

OPTamos (Options for Participatory Transformation and Management of Sustainable 
land use) is based on the AHP structure. It is therefore based on pairwise 
comparisons4 allowing for the use of quantitative and qualitative data. It is an online 
tool with a simple interface designed to be intuitive and easy to use also for non-
experts on decision-making processes. The mathematical processes carried on by 
this tool have been programmed using the free available source code of the AHP 
based software ADX-dev designed by the WeAdapt project (https://weadapt.org/). 
The project team considered using an ANP method for OPTamos, however, in doing 
so would mean that OPTamos could only be used by experts familiar with multi-
criteria technique and reasonable software skills due to the complexity of the ANP 
method5. 

3.3. How to use OPTamos6

OPTamos is an online tool designed to support decision-making processes related to 
land use. Land managers, decision makers, consultants, researchers, etc. working at 
local or regional level may access this software free of charge from the following 
website: 

http://robin-decisionsupport.aau.at/aaahp/authenticated/detail.xhtml

After entering the address in any web browser, the user is presented with a login 
screen to access the main programme (Figure 3). This registration process allows 
the user to access and save the analysis he/she carries out in a confidential manner. 

4 Pairwise comparisons are used in AHP as well as in Outranking Methods. However, each one of 
these two methods (AHP and Outranking Method) processes the results of those pairwise 
comparisons in a different fashion, raising issues of transparency in the case of Outranking 
Methods (Dodgson et al., 2009).

5 As of now only SuperDecisions can perform ANP analysis, which apart from the fact that it is not 
easily purchased, a free ANP source code would in any case be difficult to use by common users, 
let alone land owners, the very purpose for which OPTamos was created.

6 A detailed step-by-step guide for the OPTamos software tool has been created. In addition, an 
animated video showing the use of the software is also available.

https://weadapt.org/
http://robin-decisionsupport.aau.at/aaahp/authenticated/detail.xhtml
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Figure 3. Access screen for the online software tool
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Logging in to the system leads to the home screen of the tool, where a new project 
can be started or an existing project can be loaded by clicking on the corresponding 
buttons (Figure 4). 

Figure 4. Home window from the online software tool, where a new project can be started or 
an existing project can be loaded

By clicking on the “new project” button, a new window is displayed (Figure 5). In this 
window, users introduce the goal of the analysis (the goal will become the name of 
the saved project), the criteria on which the decisions are taken, and the set of 
possible options. 

In this same window, the first set of weights defining the relative importance of the 
factors is introduced. This first set of pairwise comparisons defines the importance of 
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the options with regard to each one of the criteria. On the lower left-hand corner of 
the window a value of Inconsistency Ratio is displayed. The developer of the 
Analytical Hierarchy Process (AHP), on which this analysis is based, established that 
an acceptable value of inconsistency is ≤0.1 (Saaty, 1980). Thus, attention should be 
given to this value after introducing each batch of weights. This time, the pairwise 
comparisons define the importance of the criteria with regards to the goal. 

Figure 5. Window from the online software tool, illustrating the goal, criteria and options
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Once this set of weights is introduced, users move to the following window by clicking 
on the “next” button. In this window, the second set of weights is introduced (Figure 
6). 

Figure 6. Window from the online software tool, illustrating the relative importance of criteria

With the full structure defined and the weights introduced, the software is ready to 
run the analysis. By clicking on the “next” button, the software performs the AHP 
calculations and displays the results using bar graphics on one hand, and a 
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numerical matrix on the other hand. Both results represent the relative importance of 
each factor within the overall analysis (Figure 7). 

Figure 7. Example of results displayed by the online software online tool

This software tool also incorporates a sensitivity analysis feature. According to Panell 
(1997), running sensitivity analysis helps to:

 Test the robustness of the results
 Understand the relationship between input and output
 Reduce uncertainty by identifying the inputs causing it
 Search for errors
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 Simplify the system by identifying inputs with no effect on the output
 Enhance communication with decision makers

By clicking on the “sensitivity analysis” button, the user moves to a window where the 
sensitivity analysis can be performed (Figure 8). The user can give different values to 
each of the criteria and observe how the results and values of the other criteria vary 
in response to the new input.

Figure 8. Sensitivity analysis window of the online software tool
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4. Implementing SMCE in the Cuitzmala watershed (Mexico) 

Since OPTamos has been created within the framework of ROBIN, no previous 
experience with this tool exists. In order to show the utility and robustness of 
OPTamos, an evaluation of the software in relation to its use in practice is shown in 
this chapter using a specific case study of a stakeholder workshop in Mexico.

OPTamos was tested in a stakeholder workshop setting in Cuitzmala watershed 
(Mexico). The following sections will outline the context and experience of an SMCE 
process using OPTamos. 

4.1. Background of the study site 

The Cuitzmala watershed is located in the state of Jalisco in Mexico. It extends over 
almost 1,100 square kilometres and has a population of approximately 6,200 
inhabitants (Lopez et al., 2009). The vegetation of the area is tropical dry deciduous 
forest. There is a high deforestation rate and an uncontrolled use of forests and 
ecosystems. The area is an intricate mosaic landscape with active and abandoned 
cropland, pastures, fragments of original forest and fragments of secondary forest. 
There is a complex and plural social structure with tourism entrepreneurs, small-
scale farmers, industrial farmers, conservationists, public servants, indigenous 
communities, etc.

4.2. Description of the workshop settings 

The general aim was to reflect on the relationships between biodiversity and climate 
change, focusing on land management options in the region. More concretely, the 
stakeholder workshops had as an overall goal to decide on future land management 
options leading to desired outcomes in the Cuitzmala watershed. The ‘desired 
outcomes’ were not predefined, and it was expected that these would be identified 
based on the participants’ discussions. Against this background, a series of 
stakeholder workshops were conducted. The workshops were organized in 
collaboration with the local project partners from UNAM at different sites, with 
different stakeholders and a variety of methods. 

Workshop A 

Name: Biodiversidad, cambio climático & bienestar social: Pensando en el futuro
Place: Hotel Rul, Villa Purificación, Jalisco (Mexico)
Date: 22/11/2014 

In recognition of the fact that some of the participants had to drive several hours to 
attend the workshop, registration and introductory activities were planned to begin 
around 09:00, giving participants time to arrive at the location. They arrived gradually 
and were relaxed, talkative, and happy. Most of them knew each other and also knew 
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some of the members of the research team. After greeting one another, they chatted 
in small groups. As most of the participants had already been to previous workshops, 
they were familiar with the procedures and dynamics involved. 

Although a total of 115 stakeholders were invited, only 42 of them attended the 
workshop. Most of these were older than 45 years and a few were aged between 35 
and 45 years. The group was gender biased, with only 6 women participating. 
Attendees consisted of farmers, consultants, public servants, representatives of 
associations, business owners, etc. 

At the beginning of the workshop, a short welcome was given by the research team. 
This included a presentation by the ROBIN team and an explanation of the 
workshop’s objectives. All participants, even those who had already attended the 
previous workshops, listened carefully to the explanations of the workshop's 
objectives, methodology and structure, which were clear and easy for everyone to 
follow. Afterwards, all participants had the chance to briefly introduce themselves 
(stating their name, occupation, and where they came from). Although most of them 
did so in a neutral fashion, a few participants were enthusiastic and talkative. 

Figure 9. Some of the participants attending the workshop

Following the individual introductions, participants listened attentively to a 
presentation of the results of the previous workshop. This had focused on how 
participants perceived their particular situations and they were asked to provide 
information on how they saw their environment and their lives (what had changed in 
recent years, and how they perceived the present situation). Instructions were 
provided for completing a Fuzzy Cognitive Map (FCM) of the current situation, which 
was not finished in the previous workshop. All participants joined in the task, which 
was finished before stopping for the mid-morning break. 

After the break, an expert gave a presentation on wellbeing. This was conducted in 
an interactive way, encouraging participants to voice their views and opinions on the 
topic. There was general agreement among all participants on what they understood 
as wellbeing and what was necessary to achieve it. 

This was followed by a new activity, for which the participants were divided into two 
smaller groups, aiming to achieve a mix of occupations and generally provide 
heterogeneity. Everybody seemed content with the group to which they were 
assigned. 
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The idea of this group exercise was to imagine a future 20 years ahead. To this 
effect, one group had to define a scenario following the "business as usual" path, 
while the other group had to define the desired future scenario. Participants were 
asked to voice their ideas on the “characteristics” and “factors” for each of the two 
proposed scenarios. The concept of "factor" was difficult to understand at first. 
However, when participants were told that "factors" are the situations generated by 
the defined characteristics, the concept became clear to everyone. 

In a first step, the group members discussed among themselves and wrote their 
ideas down on cards. Although there was some initial confusion as to the aim of the 
exercise, this was clarified by further explanations and seeing some of the ideas 
offered by the other participants. The idea cards were then displayed on large wall 
posters, together with short explanations on each idea if deemed necessary. These 
ideas were discussed until a general agreement was reached among the group 
members. 

The idea cards were arranged on a large poster that had previously been divided into 
5 different sub-areas (social, ecological, economic, political, and cultural). Since there 
were no cards allocated to the cultural area and hardly any cards to the economic 
area, the moderator urged the participants to provide some ideas regarding what 
would happen in these two areas in the future if activities were to continue as before 
(“business as usual scenario”). Ultimately, there was a general consensus on the 
ideas presented on all the cards. 

Once the ideas were displayed on the wall, participants were asked to establish links 
between them using arrows. At the beginning it was difficult for the participants to 
establish such links, but after linking a few factors and talking about the meaning of 
each, the task became easier. Agreements on the links were reached easily, 
although the facilitator had to constantly encourage participants to talk. A particular 
card with the idea "loss of traditions" was especially interesting because it caused a 
great deal of discussion regarding its meaning, causes and consequences. 

From these ideas and the links between them, the research team derived the criteria, 
options and relative importance as required to carry out the analysis of information 
following the SMCE process. 

Figure 10. Participants of the workshop working in sub-groups
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Before lunchtime break at the same venue, the moderator asked participants to 
continue talking during the break about the workshop topics in a more relaxed and 
informal way. The participants did so, talking about and discussing not only the topics 
raised during the morning’s activities, but also their own jobs and daily lives. 

Afternoon tasks consisted of giving values to the relationships previously established. 
On the one hand, signs (+ or -) were given to each arrow. This appeared to be a 
clear task for all the participants. When they were asked about the sign for the next 
link, answers given were immediate and unanimous. When, on the other hand, 
numerical values were given to those relationships, this proved to be a more complex 
task. Values were from 1 to 4 (1 = low, 2 = normal, 3 = high, 4 = very high) and 
participants needed more time and discussion to reach agreement. The most 
extensive discussion took place around the topic "doing things because the law say 
so”, or “doing things because it is the right thing to do”. The role of the facilitator 
proved essential during this task as towards the end of the exercise, group 
participation decreased drastically and it was clear that people were tiring of 
assigning values. 

Two members of each of the two sub-groups, the “desired scenario” team and the 
“business-as-usual scenario” team, presented the results of the sub-group to all the 
other participants. These presenters were volunteers, and in the case of the 
“business-as-usual scenario”, were the ones who had participated most actively 
during the exercises. 

The whole group accepted the explanations of the speakers without disagreement or 
further comments. There was no need for the moderators to intervene and all 
explanations seemed to be clear and well understood by all. 

The multi-criteria evaluation method was presented at the end of this workshop, 
providing a useful opportunity to give information and answer questions about the 
new method. Expectations voiced by the stakeholders helped to better prepare for 
the next workshop with the discussion of results coming from SMCE. 

Figure 11. Group photo with workshop participants
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Workshop B 

Name: Reflexiones sobre la Interrelación entre Biodiversidad, Cambio Climático y 
desarrollo social: Propuestas para la Costa Sur de Jalisco
Place: Hotel Rul, Villa Purificación, Jalisco (Mexico)
Date: 20/02/2015 

This last workshop in a series of ROBIN workshops was dedicated to giving 
participants space to discuss the results of the work done so far and to end with a 
commitment to cooperate further on topics of sustainable development in the region. 
The local organizers also facilitated the workshop. The key contribution to discussing 
future options of land management consisted in presenting the results of the SMCE 
process obtained so far (definition of options, criteria and weights). Another important 
input came from the National Forestry Commission (CONAFOR), which presented 
the Payment for Ecosystem Services (PES) options for the region. 

Participants arrived gradually with numbers increasing throughout the day from 18 
participants at first to 39 by the end. As in the previous workshop, these were mostly 
men aged approximately 45 years, although there were also a few women and young 
people present. The group of participants comprised farmers, consultants, public 
servants, representatives of associations, and others. 

The workshop started with a general introduction to the aims of the workshop series, 
followed by individual participants introducing themselves to the group. All 
participants listened attentively to these presentations and to the introduction to the 
ROBIN team given by the moderator, as well as to the explanation of the workshop 
structure. The explanations appeared clear to everyone and there were no questions. 

The first activity consisted of a talk from UNI-KLU (Social Ecology Institute from the 
University of Klagenfurt), where the on-going SMCE method was explained and the 
following topics were presented: 

 How do we take decisions? 
 How can a structured method provide support for decision-making? 
 Explanation of the main ingredients for this evaluation: goal, options, criteria, 

and weights. 
 Information on how these were extracted from former workshops. 
 Results of submitting these ingredients to an analytical software tool. 

During this presentation, the first results of the SMCE process were presented 
(definition of options, criteria, and weights). These initial results were discussed 
further with the participants. In order to support these discussions, the participants 
were asked at the end of the presentation to comment on two forms, which contained 
the set criteria derived by the research team from the information provided in the 
previous workshops. They were also asked to fill in these forms providing ideas they 
felt were missing and the relative importance of these criteria. For this activity, the 
main group was divided into four sub-groups. These smaller groups were similar in 
size and composition. Participants felt comfortable with the groups to which they 
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were assigned, except for an elderly farmer’s wife who wanted to stay in the same 
group with her husband. Moving her to the desired group did not present a problem. 

The aim here was not to discuss preferences of land management options but the 
verification of criteria and values used in the analysis. The participants were very 
engaged in discussing criteria, adding new ones, clustering others and giving weights 
to them concerning the common goal of “deciding land management options leading 
to desired outcomes in the Cuitzmala watershed”.

All participants showed great interest in the activity and they took part with a sense of 
responsibility and duty. Researchers participated as observers in the group work. 
The information gathered in these working groups was crucial to provide a better 
understanding of stakeholder preferences. 

Once these tasks were completed, the groups reported back to the plenary and 
common themes were discussed further. A representative was chosen by each sub-
group to be the voice of their group, a role they were willing to perform. Everybody in 
the plenary listened to these representatives carefully. Within the sub-groups there 
was general agreement on the results presented, although a few comments were 
made regarding greater precision in some explanations. Although the facilitator 
intervened to clarify a few points, in general the questions were clearly explained and 
the answers were well understood. Some interventions showed that whatever the 
results, there was a need to address the root of present issues and related moral 
values. 

Figure 12. Presentation of results by the working groups

The activity concluded with a mid-morning break. Although this was short due to time 
constraints, participants had enough time to enjoy their drinks and snacks on the 
terrace of the venue, talking in small groups about what had been discussed in the 
previous session and about their lives and engagements. Only very few participants 
preferred spending the break alone. 

Addition information was provided to participants after the break, with presentations 
given by experts on the topics of Payment for Ecosystem Services (PES) and 
REDD+ schemes. Participants paid attention and showed interest in these topics. 
The PES and REDD+ presentation included a video describing a REDD+ project 
implemented in the region, which evoked positive comments among the participants, 



36

who related it to their own experiences on their land. At the end of the presentations, 
there was general consensus among all participants as to what they understood by 
wellbeing and what would be necessary in order to achieve this. Some questions 
were also raised regarding how areas for PES were chosen and why some 
programmes offer only limited monetary incentives. All participants seemed satisfied 
with the answers provided to these questions by the presenter. 

Just before lunch, the moderator suggested dividing the group into working 
commissions by topic to elaborate an action plan. Participants were asked to choose 
which group they wanted to join after the lunch break. As requested, participants 
discussed the options over lunch, according to their personal interests, meeting again 
in small group settings, with some conversations revealing the degree of interest in 
topics discussed during the morning. 

After lunch, four groups were formed on the basis of participants’ interests. The 
groups were very heterogeneous in terms of size, ranging from a group of only two 
people, up to a group of twelve. Having chosen their own groups, all members were 
motivated to participate and to contribute their ideas and comments. The small group 
of two people, despite their motivation and belief in the importance of the topic, finally 
decided that the group was too small to function effectively and decided to join other 
groups instead. 

After group work, participants came together again for a plenary session and a 
representative of each group presented the results to the plenary. The presentations 
were concise and clear; meaning the intervention of the facilitator was not required. 
Participants agreed with what was being said, and hardly any further comments or 
contributions were made. 

Figure 13. Images during working group discussions



37

The main result of this discussion towards an action plan was the elaboration of next 
steps. For each of the next steps proposed, several sub-tasks had to be defined. 
Participants volunteered to oversee the development of these individual tasks, and a 
coordination group was created in order to support and follow up the development of 
the tasks. The local ROBIN team assumed responsibility for managing this group, 
providing the participants with reassurance that the work would continue even after 
the end of the ROBIN project. 

Having defined these tasks and responsibilities, the workshop drew to a close. In a 
concluding speech, the organizing team proposed that participants should take on 
responsibilities regarding the actions to be taken to reach the desired scenario. There 
was a high level of satisfaction among all participants regarding the discussions and 
the workshops in general, as well as excitement and motivation to continue further 
with the ideas and responsibilities discussed in the workshop. 

Figure 14. Group photograph of workshop participants

The results of these workshops are presented in a more extensive and precise way, 
including tables and descriptions, in the following Sections 4.3, 4.4, and 4.5. 

4.3. The SMCE process and application of OPTamos 

The workshops previously described generated information regarding (1) what 
possible options stakeholders have in order to achieve their desired goals, (2) on 
which criteria they base their decisions (what stakeholders take into account when 
they make a decision regarding an option), and (3) the relative importance of the 
different components of the SMCE process involved in their decision-making. From 
this information, a set of possible options (Table 4) and decision-guiding criteria 
(Table 5) were derived, providing insights into the relative importance stakeholders 
assign to each one of these components within the SMCE process. 
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Table 4. Set of options derived from the workshop information

Options
Establishing proper management of natural resources
Ensuring self-sufficient production of quality food products
Promoting the preservation of a clean environment
Creating greater employment with higher salaries
Establishing sustainable industries
Reducing crime
Making organization and bureaucracy easier
Preserving cultural identity
Elaborating proper public policies and implementing them effectively
Creating opportunities for education and training
Ensuring a functional, responsible and transparent government
Finding credits for production
Building more infrastructure
Promoting individualism
Promoting neoliberalism
Supporting the disarticulation of social structure

Table 5. Set of criteria derived from the workshop information

Class Criteria Description

Ecological

. Natural resources

. Forest cover

. Sustainability

. Agro-diversity

. Fisheries

. Use of natural resources in a way that 
avoids overexploitation and depletion

. Maintenance or expansion of the area 
covered by forests

. Development of activities or measures 
towards achieving sustainability

. Promotion and support to the cultivation 
of diverse crops (especially food crops)

. Maintenance or improvement of fisheries

Social

. Security

. Medical services

. Communal property

. Depopulation of rural areas

. Public services

. Social equity

. Poverty

. Control or eradication of crime and 
violence
. Availability of good quality medical 
services
. Maintenance of rights and communal 
ownership of common lands
. Prevention of migration, and fixation of 
rural communities
. Reliable provision of services such as 
maintenance of roads, waste collection, 
electricity, etc.
. Promotion of egalitarianism and social 
justice
. Diminution or eradication of poverty
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Economic

. Employment and salaries

. Markets

. Financial resources

. Ecosystem Services economic value

. Generation of steady jobs with adequate 
salaries
. Promotion and development of markets 
that foster the local economy
. Generation or attraction of money and 
investments

. Dissemination of the understanding of 
the economic value of nature

Cultural

. Education

. Cultural identity

. Information and communication

. Food quality

. Community services

. Dependency

. Available formal and non-formal 
education of good quality
. Maintenance of local language, 
traditions, knowledge, etc.
. Accessibility of news and local/regional 
events, and the transmission of this 
information through adequate channels
. Access to food that fulfils good quality 
standards
. Reliable provision of services such as 
childcare, cultural activities, etc.
. Influence from external cultures that 
jeopardize local identity

Political

. Corruption

. Bottom-up programs

. Politicians

. Prevention of corruption at different 
institutional levels
. Implementation of programs that take 
into account stakeholders’ perceptions 
from the beginning
. Support to politicians working towards 
the achievement of common goals 
instead of personal interests
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To analyse the information as presented would take days. In order to reduce the 
necessary time to a matter of hours, the options presented were divided into three 
main groups. This grouping of options is shown in Table 6. 

Table 6. Clustering of options into three main groups

Main Options Options derived from the workshops

Preservation with REDD+ and 
related measures

(Corresponding to the ROBIN 
scenario SSP1+C3+BD+ES)

. Establishing a proper management of natural resources

. Ensuring self-sufficient production of quality food products

. Promoting the preservation of a clean environment

. Creating greater employment with higher salaries

. Establishing sustainable industries

. Reducing crime

. Making organization and bureaucracy easier

. Preserving cultural identity

. Elaborating proper public policies and implementing them 
effectively

. Creating opportunities for education and training

Mixed land-use with partial 
PES financing

(Corresponding to the ROBIN 
scenario SSP5+C3+BD+ES)

. Finding credits for production

. Building more infrastructure

Industrial agriculture

(Corresponding to the ROBIN 
scenario SSP5+C0)

. Promoting individualism

. Promoting neoliberalism

. Supporting the disarticulation of social structure

When these results were shown to the stakeholders, they were contested by them. 
Through further discussions between the workshop participants and the research 
team, the information initially provided by the stakeholders was further explained and 
clarified, helping the research team to have a more comprehensive understanding of 
the contextual meaning of that information. 

Thanks to these further explanations, a new arrangement of options into the three 
main categories was carried out (Table 7), and some of the criteria were merged 
(Table 8). 
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Table 7. New arrangement of options after consultation with stakeholders

Main Options Options derived from the workshops

Preservation with REDD+ and 
related measures

. Establishing a proper management of natural resources

. Promoting the preservation of a clean environment

Mixed land-use with partial 
PES financing

. Finding credits to production

. Reducing crime

. Making organization and bureaucracy easier

. Elaborating proper public policies and implementing them 
effectively

. Preserving cultural identity

. Ensuring self-sufficient production of quality food products

. Creating opportunities for education and training

. Ensuring a functional, responsible, and transparent 
government

Industrial agriculture

. Promoting individualism

. Promoting neoliberalism

. Supporting the disarticulation of social structure

. Creating greater employment with higher salaries

. Building more infrastructure

. Establishing sustainable industries

Table 8. New set of criteria after merging criteria with similar meanings

Class Criteria Description

Ecological

. Natural resources

. Forest cover

. Sustainability

. Agro-diversity

. Use of natural resources in a way that 
avoids overexploitation and depletion

. Maintenance or expansion of the area 
covered by forests

. Development of activities or measures 
towards achieving sustainability

. Promotion and support to the cultivation 
of diverse crops (especially food crops)

Social

. Security

. Medical services

. Communal property

. Depopulation of rural areas

. Control or eradication of crime and 
violence
. Availability of good quality medical 
services
. Maintenance of rights and communal 
ownership of common lands
. Prevention of migration, and fixation of 
rural communities
. Reliable provision of services such as 
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. Public services

. Social equity

maintenance of roads, waste collection, 
electricity, etc.
. Promotion of egalitarianism and social 
justice including diminution or eradication 
of poverty

Economic

. Employment and salaries

. Markets

. Financial resources

. Ecosystem Services economic value

. Generation of steady jobs with adequate 
salaries
. Promotion and development of markets 
that foster the local economy
. Generation or attraction of money and 
investments
. Dissemination of the understanding of 
the economic value of nature

Cultural

. Education

. Cultural identity

. Information and communication

. Food quality

. Available formal and non-formal 
education of good quality
. Maintenance of local language, 
traditions, knowledge, etc.
. Accessibility to news and local/regional 
events, and the transmission of this 
information through adequate channels
. Access to food that fulfils good quality 
standards

Political

. Corruption

. Bottom-up programs

. Prevention of corruption at different 
institutional levels
. Implementation of programs that take 
into account stakeholders’ perceptions 
from the beginning

The difference between these arrangements of options and criteria, and the initial 
arrangement derives from the learning process undergone through the interaction 
between the stakeholders and the research team. The discussions with stakeholders 
regarding the initial arrangement led to a better understanding of the information they 
had initially provided, which in turn allowed for a more accurate distribution of the 
options into the three main groups. This grouping of options is an essential step to 
reduce the time required to conduct an analysis from days to hours. However, this is 
a critical step that can determine the final result of the analysis. 

An optimization of resources can be accomplished by prioritizing options and actions 
to achieve the desired future scenario. To support the decision-making process 
leading to this prioritization, software tools can be used. The OPTamos (Options for 
Participatory Transformation and Management of Sustainable Land Use) software 
was developed to match stakeholder needs, helping to combine the information 
provided by the stakeholders and providing a ranking of priorities for the different 
options. The new rearrangement of information was processed using the already 
finalized OPTamos software tool. The screenshots of Figures 15, 16, 17, 18 and 19 
show how the information was introduced into the software and what results this tool 
provided. 
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Figure 15. Initial screen of the OPTamos online tool 
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Figure 16. Relative importance of options with regard to criteria
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Figure 17. Relative importance of criteria with regard to the goal
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Figure 18. Screen with matrix results of the analysis
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Figure 19. Screen in which sensitivity analysis can be performed 
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4.4. SMCE results 

As previously described, the application of the software tool to the information 
gathered during the workshops with the relevant stakeholders resulted in a ranking of 
priorities for the possible options. To elaborate this final ranking, the software tool 
first produces a table presenting the relative importance of each criterion for each 
option, and as well as the relative importance of each criterion in the overall decision-
making process (Table 9). 

Table 9. Relative importance of each criterion for each option and the overall process
Importance with regard to the options

Criteria
Preservation 
with REDD+ 
and related 
measures

Mixed land-
use with 

partial PES 
financing

Industrial 
agriculture

% overall 

importance Incon.

Natural resources 56.00 37.33 6.67 12.90 0.09
Forest cover 59.38 35.35 5.27 6.40 0.05
Sustainability 36.10 57.75 6.15 2.22 0.01
Agro-diversity 22.93 71.02 6.04 2.33 0.09
Security 30.00 60.00 10.00 8.44 0.00
Medical services 7.86 30.09 62.06 3.44 0.03
Communal property 55.55 38.58 5.87 0.88 0.09
Depopulation of rural areas 7.19 33.91 58.90 0.88 0.06
Community services 7.19 33.91 58.90 6.41 0.06
Social equity and poverty 13.44 73.32 13.24 4.82 0.00
Employment and salaries 7.22 29.16 63.62 10.46 0.00
Markets 7.53 36.43 56.04 4.82 0.01
Financial resources 6.68 68.04 25.27 3.44 0.08
Ecosystem Services economic 
value 69.57 24.12 6.31 0.90 0.06

Education 11.38 57.49 31.14 3.44 0.06
Cultural identity 35.56 58.18 6.26 6.42 0.06
Information and 
communication 25.00 50.00 25.00 0.88 0.00

Food quality 23.73 67.80 8.47 0.88 0.08
Corruption 35.78 56.50 7.72 17.72 0.08
Bottom-up programs 55.55 38.58 5.87 2.33 0.09

The results for the importance of the individual criteria (Table 9) show that the most 
important criteria overall are corruption (17.72%), natural resources (12.90%), 
employment and salaries (10.46%), and security (8.44%). Table 11 also shows that 
the inconsistency values are all below 0.10, fulfilling the requirement stated by Saaty 
(1980) for valid analysis. 

Knowing on the one hand how important each criterion is for the stakeholders, and 
on the other hand how important they perceive each option to be with regards to the 
overall goal, the final priority ranking for the options is produced. As Table 10 shows, 
the combined values for importance provides the result that efforts and resources 
should be focused on developing mixed land-use for the region, combining small 
scale agriculture with the preservation of specific areas where the establishment of 



49

Payment for Ecosystem Services (PES) schemes is possible, which would provide 
economic support to the stakeholders managing these areas. 

Table 10. Results showing the ranking of priorities for the possible options

Priority Option % of importance

1 Mixed land-use with partial PES financing 47.48

2 Preservation with REDD+ and related measures 29.53

3 Industrial agriculture 22.99

These results show that stakeholders perceive mixed land-use as an opportunity to 
reduce the levels of corruption, to increase the protection and rational use of natural 
resources in the area, to increase employment options and salaries, and to enhance 
security. Although the other two options might well contribute to improving one or 
another of these situations, as an overall combination, the mixed land-use option 
appears more promising for achieving the goal of finding a land management option 
that leads to their desired future scenario in the region. 

4.5. Discussion and outlook  

In the final workshop, stakeholders were informed of the results of the analysis. It 
was explained to them how the information they provided had been managed, and 
how the analysis reaching these results had been performed. Once the results had 
been discussed and the process explained, the stakeholders worked together to 
identify next steps and actions that should be taken in order to move towards 
establishing mixed land-use in the region where, alongside productive activities, PES 
schemes could also be established. 

The proposed next steps and the specific tasks they imply are shown in Table 11. 
These also include an allocation of responsibilities of the stakeholders in charge of 
each step. 
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Table 11. Next steps proposed, specific tasks, and responsible stakeholders

Next steps Actions Responsible

Development of regional 
land-use planning

. To include local communities’ 
opinions within new regional land-
use planning

. SEMADET7

. SEMARNAT8

. Municipal governments

Establishment of an inter-
municipal management 
organization

. Support for a decentralized 
public body

. CONAFOR9

. Municipal governments

. SEMADET

Protection of areas with 
high biodiversity

. Search for available voluntary 
schemes

. Individual from SEMADET

.CONANP10

. Chamela Biosphere Reserve

Sierra de Manantlán 
Biosphere Reserve

Finding alternatives to 
establish agrosilvopasture 
systems

. Development of organic 
agriculture workshops

. To contact experts on 
agroecology from UNAM 

. Individual from UdG11

. UNAM12

Developing environmental 
education

. Development of courses

. Communities and primary 
schools requesting support and 
financing

. Development of a management 
strategy with the Secretariat of 
Public Education (SEP)

. Community administrations

. Individual from SEMADET

. Individual from JIRA13

. UdG and IIS14 to provide
information

Strengthening links 
between science, society, 
and policies

. Link work undertaken by 
SEMADET, social actors, politics, 
municipal institutions, and state 
administration

. Organizing a meeting with 
CONAFOR

. Enhancing public information on 

. Scientists’ network from 
Chamela Biosphere Reserve

. Individual from UNAM

. Individual from UNAM

7 SEMADET: Secretaría de Medio Ambiente y Desarrollo Territorial (Secretary of Environment and 
Regional Development)

8 SEMARNAT: Secretaría de Medio Ambiente y Recursos Naturales (Secretary of Environment and 
Natural Resources)

9 CONAFOR: Comisión Nacional Forestal (National Forestry Commission)
10 CONANP: Comisión Nacional de Áreas Naturales Protegidas (National Natural Protected Areas 

Commission)
11 UdG: Universidad de Guadalajara (University of Guadalajara)
12 UNAM: Universidad Nacional Autónoma de México (National Autonomous University of Mexico)
13 JIRA: Junta Intermunicipal de Medio Ambiente para la Gestión Integral de la Cuenca Baja del Río 

Ayuquila (Intermunicipal Association of Environment for the Integral Management of the Ayuquila 
River Lower Watershed)

14 IIS: Instituto de Investigaciones Sociales (Institute of Social Research)
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policies

Establishment of a support 
and tracking committee

. Establishing a committee to 
provide support and tracking of 
the activities developed

. UdG

. IIS

The steps proposed and the concrete actions focus on actively looking for financing 
and resources as well as on existing schemes and programmes that could be 
implemented in the region, which may have been previously overlooked. They also 
focus on organization and collaboration between institutions, including the creation of 
new institutions where deemed necessary. These next steps and options represent 
the first measures to be taken in order to establish a baseline upon which more 
actions can be built, moving towards a mixed land-use system with partial PES 
financing.

A REDD+ model region as an option to attain both the goals of land managers and 
the ecological goals to achieve climate change mitigation would be a win-win option. 
Land users would like to participate in these actions. However, a general lack of 
knowledge and communication are currently the main barriers. In light of this, 
activities that aim to overcome information gaps and foster cooperation and 
knowledge exchange would be helpful in promoting these goals.

Although more steps and actions are needed before the goal can be reached, those 
already proposed and for which responsibilities have been taken are essential in 
initiating a change process that will lead to the achievement of the desired scenario.
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5. Lessons learnt from the SMCE process 

5.1. Evaluation of the OPTamos software tool    

The OPTamos software tool was designed to provide helpful support and assistance 
to any person making decisions based on multiple criteria. 

With this aim in mind, the software can be easily accessed via the website 
(http://robin-decisionsupport.aau.at/aaahp/authenticated/home.xhtml), with no 
restrictions15. Before accessing the software, users must register, providing a login 
and password of their choice, allowing them to save and access their analyses with 
confidentiality. 

Once the software has been accessed, the environment has been designed to 
display only the information and the choices needed to develop the analysis of 
information. In order to simplify the analysis, OPTamos divides this process into three 
consecutive steps: 

a) introduction into the software of the basic parameters (goal of the analysis, 
options, and criteria), 

b) introduction of the relative importance (weight) of the options with regard to 
the criteria, and 

c) introduction of the relative importance (weight) of the criteria with regard to the 
goal. 

An optional fourth step allows users to take the analysis a step further from the 
primary results and conduct sensitivity analysis to understand how the uncertainties 
of the input information affect the uncertainty of output results (for more information 
on sensitivity analysis and uncertainties, see Cukier et al., 1978; Tsay and Arora, 
1990; Winston and Goldberg, 2004). 

Throughout the analysis, the user can exercise constant control of the validity of the 
information they are introducing, thanks to the display of the inconsistency ratio 
value, which should never exceed 0.10 (see Saaty, 1980). The software allows users 
to go back to an early step and make modifications at any time in order to change the 
information provided or to correct any mistakes. 

Once all the data required is fed into the software, the user can move to the results 
window. Here the results are displayed using graphs (providing an easy 
understanding of the results at a quick glance), and also via a numerical matrix 
(which allows for a more in-depth understanding of the results and the interlinkage 
between the data provided). These results can be saved in the server and also 
downloaded in an Excel file format. 

15 A step-by-step guide on how to access and use the OPTamos software tool can be found in the 
appendix A.3 of the ROBIN Deliverable 3.2.1.

http://robin-decisionsupport.aau.at/aaahp/authenticated/home.xhtml
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The time required to conduct a full analysis depends mainly on the number of criteria 
and options for the specific case. As an example, an analysis similar to the one 
conducted for the case in Mexico takes up to several hours to complete. This time 
can be reduced given practice and familiarity of the user with the software, but it is 
still a long process. In order to obtain the maximum benefit of the time invested, the 
main recommendation is that the information to be used (criteria, options, and 
weights) should be provided by the stakeholders, and that before performing the 
analysis using the software tool, these three components of the SMCE process 
should be discussed until they are all clearly understood and accepted by the 
stakeholders as well as by the research team. 

5.2. Reflections on the process 

The transdisciplinary process of the social multi-criteria evaluation proposed in this 
deliverable can be shown in a schematic and idealized figure (Figure 20): 

Figure 20. Schematic model of a transdisciplinary process 

The process follows a series of steps: research starts in interdisciplinary teams, 
providing a sound basis of systems knowledge. Stakeholders are selected through a 
thorough stakeholder analysis or put themselves forward as participants to the 
process. Participatory elements in the form of stakeholder workshops are influenced 
by interdisciplinary research, where information is processed and next steps are 
prepared.  Workshops must be prepared very diligently, taking into account the need 
for effective translations between scientific language and real world problems. The 
method must be well chosen according to the level of education of the participants. 
Although the workshops should provide new forms of working as well as new 
knowledge, presentations must be given using suitable form and language. 
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From the implementation of SMCE in various workshops, we have learnt that the 
specific goals of the stakeholders are sometimes oriented more towards immediate 
practical solutions, which could differ from the more theoretical and long-term 
research goals of the scientists involved. However, understanding and accepting that 
these differences exist, workshops can still be used as vehicles to achieve the 
intended goals of both sides. For example, engaging in discussions related with 
issues of immediate and practical value motivates stakeholders to participate, and at 
the same time can provide valuable information for the research team that may 
afterwards be managed to achieve scientific goals. Following this approach during 
the workshops, stakeholders had a feeling of empowerment and the usefulness of 
the time invested, making them willing to participate in and be informed of future 
workshops and events. Based on this knowledge, better strategies can be designed 
for future workshops in order to engage groups of people that are not currently 
interested in participating in the workshops (i.e. it was not easy to encourage women 
and young people to participate in the stakeholder workshops in Mexico). 

Moreover where stakeholder participation is concerned, another lesson learnt is that 
it is not easy to plan and control who will participate in such workshops. A number of 
factors play a role in this issue (i.e. personal motivation for the topic, work or family 
obligations, personality of stakeholders, etc.). However, an important factor that 
should always be reflected upon concerns power relations among stakeholders. 
These relations may strongly impact on the results of the workshops, inhibiting some 
stakeholders from expressing their opinion in front of others, focusing or 
monopolizing the discussions, attempting to influence the decisions to be taken, etc. 
The potential for such situations to occur should be identified in time to avoid them 
and to provide a space where stakeholders can freely express their opinions. 

The success of a transdisciplinary process lies in having a relatively good 
understanding of the socio-ecological system in which the intervention is intended to 
take place. This means understanding the actors and components of the system as 
well as how they relate to each other. In other words, knowledge of the sub-networks 
and institutional arrangements is key to conducting a sound stakeholder process. For 
an intervention to be effective, the research team should be aware of how the society 
interacts with and colonizes nature, the divisions of labour that interact with the 
environment, which technology is applied to determine medium-term and long-term 
trends in society-nature interactions, leading to biophysical opportunities and traps. 

In general, transdisciplinary processes are open approaches that provide a joint 
learning experience for all participants (including the research team). This learning 
experience translates into feedback loops that provide new insights into the process. 
In order for the process to be successful, all participants should be open to learning 
from these new insights. Although transdisciplinary processes are open, they require 
quite a high degree of preparation. The basis of such processes is transparent 
communication from beginning to end. This includes a clear definition of roles and 
responsibilities at the beginning of the process, and identifying the role science plays 
to ensure acceptability and a satisfactory outcome for all those involved (see also, 
Haas et al., 2013). 
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ANNEX 1 

A review of selected PES schemes in Latin America

A1. Introduction 

The following review of selected PES schemes in Brazil and Bolivia that have 
attempted to incentivise smallholders to conserve forests aims to provide valuable 
insights into the decision-making processes among the stakeholders concerned with 
the PES schemes. One key finding from this review of cases is that a proper 
stakeholder process was not in place in most of the cases, and no guiding and 
processing software was used.

This chapter details six PES cases taken from peer reviewed literature and reports, 
from Brazil and Bolivia, covering different scales (from local to national programmes) 
and socioeconomic and policy settings. These cases were analysed across a set of 
criteria in a journal article paper “Payment for Ecosystem Services (PES) in Latin 
America: Analysing the performance of 40 case studies” (Grima et al., 2016). Results 
from this analysis show that of the six, only one is classified as successful, which can 
be attributed to a poor stakeholder process. 

For Brazil, the three cases include the Bolsa Floresta Programme (with Juma case 
study), NW Mato Grosso, and the Transamazon Project. For Bolivia, the report 
examines the Noel Kempff Mercado Climate Action Project, Los Negros, and La 
Aguada. All of these selected schemes involve some form of compensation for forest 
ecosystem services (in cash or in-kind), although they are currently at different 
implementation stages. 

A2. Brazil 

A2.1. The Bolsa Floresta Programme (BFP)  

Table 1. Overview of the Bolsa Floresta Programme

Ecosystem services Biodiversity, landscape, water and carbon

Objectives Deforestation prevention

Scale Spatial Regional (329,483 ha)
Temporal Long-term

Status Started in 2007 and is still operational

Transaction types Both cash and 
in-kind Cash and in-kind (direct grants to associations)

Cash Different types of payment; 160 US$/family/yr, 5,400 
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US$/reserve/yr, 22 US$/household/month
In-kind Infrastructure

Payment design

Payments differ depending on participant type (families, 
communities, associations)

 At household level: household heads receive 
R$50 (USD 22) per month (ideally paid to the 
wife)

 At community level: income grants (mostly in-
kind) for income generating activities average 
R$350 (USD 160) per participating family and 
year (R$4,000/USD 1,800 per community); social 
grants (mostly in-kind investments) to 
complement state programmes in education, 
health, and sanitation average around R$350 
(USD 160) per family and year (R$4,000/USD 
1,800 per community)

 At the level of associations, payments for 
organisational strengthening average R$ 12,000 
(USD 5,400) per reserve and year through direct 
money transfers to the grassroots organisations

All payments are administered (paid and monitored) by 
FAS

Sanctions

Families who have deforested a crop area up to 50% 
larger than the crop area in 2007 (when the BFP started) 
receive a ‘yellow card’ and must explain to the association 
the reasons for having increased deforestation. Those 
with a yellow card who continue deforestation in the 
following year receive a ‘red card’ and the payment will be 
suspended. If the new crop area is extended more than 
50% (compared to the 2007 baseline), a red card will be 
given immediately and payments stop. The families given 
either two consecutive yellow cards or three in alternate 
years will be excluded from the programme.
Non-compliance with BFP rules can be sanctioned 
through the suspension of payments after two previously 
repeated warnings. 

Actors involved

Buyer
Amazonas State Government, Bradesco Bank and other 
private companies such as the Marriot Hotel Chain and 
Coca Cola

Seller Over 35,000 individuals of traditional and indigenous 
smallholder communities of the Amazon

Intermediaries

Amazonas Sustainable Foundation (Fundaço Amazonas 
Sustentvel) in partnership with the State Secretariat of 
the Environment and Sustainable of Amazonas 
(Secretaria de Estado do Meio Ambiente e 
Desenvolvimento Sustentvel do Amazonas) with 
technical assistance from the Institute for Conservation 
and Sustainable Development of Amazonas (Instituto de 
Conservaço e Desenvolvimento Sustentvel do 
Amazonas) 

General description 
On the Amazonas state level, the Bolsa Floresta Programme (BFP) is probably the 
most widely known PES scheme. Launched in 2007, the programme was among the 
first initiatives in Brazil that relied on direct and conservation-conditional incentives 
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for large-scale biodiversity protection. It particularly targets the traditional and 
indigenous populations of the Amazon, granting them financial compensation for 
forest conservation (Viana, 2008). 

The programme design of BFP was inspired following a study visit to Costa Rica’s 
PSA 16  Programme in 2006 and a series of participatory workshops helped to 
gradually shape its final design. For programme implementation, the private 
Fundaço Amazonas Sustentvel (FAS, Amazonas Sustainable Foundation) was 
created through a partnership of the Amazonas State Government and Bradesco 
Bank in December 2007 in order to enable more political independence. In terms of 
funding, a USD 40 million trust fund has been set up with donations from the state 
government, Bradesco Bank and private companies such as the Marriot Hotel chain 
and Coca Cola. 

Bolsa Floresta consists of four interrelated components, which include three 
community-based investments and one family-based direct payment. 

1. Bolsa Floresta Renda (Income Component): all communities are eligible for a 
local investment grant of about R$4,000 (USD 1,800) per community, which 
accounts for about R$350 (USD 160) per participating family. Payments 
(mostly paid in-kind or in the form of direct grants to associations) are effected 
and monitored by FAS and are earmarked for income-generating activities that 
are in line with the protected area’s management plan.17 Investments typically 
target on-farm processing activities for value added of existing products and 
non-timber forest product value chains, or alternative income sources such as 
eco-tourism, aquaculture, small-livestock breeding, and native honey 
production. 

2. Bolsa Floresta Social (Social Component): this component operates at the 
level of the sustainable development reserves (SDR) and corresponds to 
investments (mostly in-kind, but also in the form of small community grants 
provided by FAS) worth around R$4,000 (USD 1,800) per community. As 
there are on average 11.4 families per community, this accounts for around 
R$350 (USD 160) per family and year. 18  These funds, which usually 
complement state and local government programs, are used to improve 
education, sanitation and health services, as well as communication and 
transportation infrastructure in the reserves. 

3. Bolsa Floresta Associaço (Association Component): these money transfers
support local grassroots organisations to improve local ownership. 
Associations of residents of Protected Areas receive support to strengthen 
their organisation, with a focus on office support, transportation and logistics. 
An average of R$ 12,000 (USD 5,400) per reserve per year is paid through 
money transfers to the grassroots organisations (Viana, 2010). 

16 PSA (Pago por Servicios Ambientales) is Costa Rica’s National PES Programme launched in 1996, 
the first of its kind in Latin America.
17 In-kind investments in each reserve have an average of R$140,000 (USD 63,000) per year (Viana, 
2010).
18 In-kind investments in each reserve within the BFSocial are at an average level of R$140,000 per 
year (Viana, 2010).
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4. Bolsa Floresta Familiar (Family Component): this household-level incentive is 
akin to a conditional cash reward for the provision of ecosystem services. It 
consists of a monthly transfer of R$50 (USD 22) to the female spouse, subject 
to a signed agreement on the adoption of a set of good forest management 
practices. For many, the family component represents the largest investment 
item. Families can only enrol for the family component after a minimum of two 
years of residence in the reserve. Participating families have to sign an 
agreement that includes a set of ‘good practice rules’ that in some aspects 
exceed the pre-existing requirements of the respective SDR management 
plan. 

Payment is distributed on three interrelated levels (family, community, and 
association/reserve) and delivered according to the subsequent implementation 
steps of the program (see Figure 18): first - after signing the agreements with the 
individual households - the monthly cash stipends are paid to the female spouse. In 
continuation, payments are made to the association and account for up to 10% of all 
the family allowances granted. After designing investment plans for these funds, the 
income component becomes active: this is mostly an in-kind investment at the 
community level. Finally, social grants are provided to improve education, sanitation, 
health and transport services and are paid (mostly in-kind, sometimes cash) to the 
individual reserves. Investments are decided upon in cooperation with public sector 
authorities.

Case study Juma 

Table 2. Overview of the Juma case study

Ecosystem services Biodiversity, landscape, water, and carbon

Objectives Deforestation prevention

Scale Spatial Regional (123,000 ha)
Temporal Long-term (44 years)

Status
The project started in 2006, when the SDR was created; 
the first crediting period ends in 2016; the overall project 
will end its activities in 2050

Transaction types

Both cash and 
in-kind Cash and in-kind (direct grants to associations)

Cash Different types of payment; 160 US$/family/yr, 5,400 
US$/reserve/yr, 22 US$/household/month

In-kind Infrastructure

Payment design

As payment rules apply as for the overall BFP
Payments differ depending on participant type (families, 
communities, associations)

 At household level: household heads receive 
R$50 (USD 22) per month (ideally paid to the 
wife)

 At community level: income grants (mostly in-
kind) for income generating activities average 
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R$350 (USD 160) per participating family and 
year (R$4,000/USD 1,800 per community); 
social grants (mostly in-kind investments) to 
complement state programs in education, 
health, and sanitation average around R$350 
(USD 160) per family and year (R$4,000/USD 
1,800 per community)

 At the level of associations, payments for 
organisational strengthening average R$ 12,000 
(USD 5,400) per reserve and year through direct 
money transfers to the grassroots organisations

All payments are administered (paid and monitored) by 
FAS

Sanction Same as BFP (yellow and red cards in case of non-
compliance)

Actors involved

Buyer
Amazonas State Government, Bradesco Bank and other 
private companies such as the Marriott Hotel chain and 
Coca Cola

Seller 380 families from 43 communities within and at the 
border of the Juma Sustainable Development Reserve

Intermediaries

Amazonas Sustainable Foundation (Fundaço 
Amazonas Sustentvel) in partnership with the State 
Secretariat of the Environment and Sustainable 
Development of Amazonas (Secretaria de Estado do 
Meio Ambiente e Desenvolvimento Sustentvel do 
Amazonas) with technical assistance from the Institute 
for Conservation and Sustainable Development of 
Amazonas (Instituto de Conservaço e 
Desenvolvimento Sustentvel do Amazonas) 

The Juma case study, one of the 15 SDR that are part of the “Bolsa Floresta”, will 
provide more insights into the attractiveness of PES to local smallholders19. This case 
study is important insofar as it faces relatively high internal and external deforestation 
pressures compared with other SDRs. The project has a dual status. On the one 
hand, it forms part of the BFP (as it is located within one of the 15 SDR) and is 
therefore coordinated and administered by FAS and eligible for all the four BFP 
program components. On the other hand, it has been selected as a REDD+ pilot 
project site and this means that FAS can tap into extra financial resources as 
compared to the other 14 SDR where the Bolsa Floresta Program operates (Gebara, 
2013). Created in 2006, Juma has been divided into strict preservation, intensive-use 
and extensive-use zones, defined by the degree of allowed human intervention and 
land use. It covers 5,896 km2, of which about 4,200 km2 are dense Amazonian 
rainforest - mostly unflooded lowland forest (terra firme), but also some seasonally 
flooded forest (várzea).

19 Juma was also independently validated with ‘gold status’ according to CCBA Standards in 2008 and 
became the first certified REDD+ programme in the Amazon. 
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Local implications for PES 
In order to better understand the land use and land management options available to 
local farmers in the programme (and hence implications for PES), we will examine (1) 
the situation of the smallholders, (2) the challenges facing the initiative, and (3) the 
lessons we can draw from it. Much of the following reporting is largely based on two 
recent surveys: the first was conducted by Börner et al. (2010) and the second 
survey was carried out by a team of CIFOR researchers (Sills et al., 2014), who have 
investigated various REDD+ projects “on the ground”. In Juma, the team of 
researchers sampled a total of 70 households, which account for 14% of the total 
household number (i.e. 495) in the reserve. 

The situation of the smallholders 
Around 380 families live in 43 communities in and at the border of the reserve who 
depend on traditional agriculture (cassava and fruit) and extractive activities such as 
gathering fruits, fishing and hunting for food. In cash terms, the average household in 
Juma is close to Brazil’s ‘extreme poverty’ line (monthly income of BRL 70 or USD 
42 per capita) (Börner et al., 2010). However, households are shown to be markedly 
better off when subsistence sources are included. High subsistence incomes come 
from swidden cassava cropping, and forest and fish extraction. Indeed, forest and 
fish extraction make up 29% of income in Juma, was generally found to be as 
important an income source as agriculture, even across income quintiles (Börner et 
al., 2010). In the women’s meetings, participants reported that men go to the forest 
on a weekly, if not daily (81-100% frequency) basis throughout the year to hunt and 
collect wild products. Throughout the year, women occasionally go to the forest (0-
20%) to collect wild products or traditional medicines, but go daily during the dry 
season to make charcoal and hunt alongside the men. 

Börner et al. (2010) conclude from their study results that current livelihood strategies 
are largely focused on forest extraction and small-scale clearing for agriculture and 
are therefore still quite harmonious with SDR and Bolsa Floresta regulations. Indeed, 
several households in the reserves were reported to have left up to 30 ha fallow over 
the last three years, which could be a result of conservation efforts under Bolsa 
Floresta. Furthermore, the availability of forestland for clearing has decreased for 
almost two-thirds of respondents from Juma. 60% of respondents attributed this 
decrease to the creation of the reserve or related reasons (e.g. sanctions) (see Sills 
et al., 2014). 

Table 3. Socioeconomic and forest dependence indicators in Juma

Socioeconomic characteristics
Total income (USD) 9706
Total income from forest (USD) 3002
Total value of livestock (USD) 175

Total land controlled (ha) 92

Indicators of household forest dependence
Share of income from forest (%) 29
Share of income from forest product sales vs. subsistence (% vs. %) 31.0 vs. 68.91
Share of income from agriculture (incl. livestock) (%) 43.89
Area of primary and secondary forest cleared (ha) 1.72
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Area left fallow (ha) 2.81
Percentage of households leaving land fallow 77
Percentage of households clearing forest 87

The main current challenges 
As a REDD+ pilot site, Juma’s main challenges may be summarized as follows: 
firstly, its large geographical scale poses a challenge for monitoring and enforcement 
of Bolsa Floresta rules. Since remote sensing cannot detect the relatively small 
changes in land cover that are characteristic of the small-scale forest clearing in this 
region, much effort has gone into local capacity building to assist in monitoring and 
take responsibility for the programme.20

Another challenge has been the strong focus on Bolsa Floresta’s financial rewards 
provided by the “Family Component”, which was the first direct cash payment for 
avoided deforestation to be implemented in the Amazon. Currently this (minimal) 
reward is not meant to be permanent, nor is it necessarily intended as compensation 
for the opportunity cost of keeping forest standing, but rather represents a conditional 
reward in return for good forest stewardship. However, when the researchers (see 
Sills et al., 2014) asked about the peoples’ hopes for the programme, 77% of 
respondents mentioned the need to increase the value of this payment. Similarly, 
half of the primary concerns cited by the respondents were that Bolsa Floresta would 
lead to a decrease in household income through changes in livelihood practices, or 
that it would not properly compensate the household for the loss in forest income. 
Opportunity costs are said to be higher for those households with larger agricultural 
production potentials, as production losses are not fully compensated for by the PES 
transfers. A detailed study on local opportunity costs by Börner et al. (2013)21, on the 
other hand, concludes that the average income forgone as a result of compliance 
with Bolsa Floresta rules lies at or even below the level of direct compensation 
transfers: most participants are therefore likely to become better off in terms of net 
income from participating in the programme, even when only the cash transfer 
component is considered (that is, without also counting the benefits from the other 
Bolsa Floresta components). 

Lessons from this initiative 
To analyse any potential (environmental and socioeconomic) “spill over” effects of 
these PES payments (i.e. the effect of these cash transfers on conservation 
behaviour), Bakkegaard and Wunder's (2013) household sample in Juma reveals 
that transfers did not have negative spill overs on land use, but rather led to (positive) 
marginal reductions in the area of land under crop and early fallow (see Sills et al., 
2014). 

20 To date, more than 180 families to date have so far been excluded from Bolsa Floresta for reasons 
including relocation or violating the rules of the contract. The researchers projected three future 
scenarios and estimated that only if farmers were to apply more than 333 kg of fertiliser per hectare to 
substitute for reduced nutrient input from burning secondary vegetation biomass (which is restricted by 
Bolsa Floresta), the monthly Bolsa Floresta compensation payment would become insufficient to cover 
opportunity costs. 
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The main lessons from this case may largely be drawn from its relative success.22

First, the use of cash transfers to promote forest conservation may be considered a 
socio-culturally acceptable strategy in Brazil. 23  Moreover, the programme is also 
embedded in various positive contextual factors, like (1) low deforestation pressure in 
target areas; (2) a rather homogeneous, subsistence-oriented resident population; (3) 
and rules that are very similar to pre-existing conservation rules in the protected 
areas (Börner et al., 2010). 

A2.2. The Northwest Mato Grosso Project (Cotriguaçu Sempre Verde) 

Table 4. Overview of the Mato Grosso Project

Ecosystem services Biodiversity, carbon

Scale Spatial Sub-regional
Temporal Mid-term

Status Project development 2009-2011, current parallel 
implementation of three interrelated project approaches

Transaction types
Both cash and 
in-kind Cash and in-kind (direct grants to associations)

Cash
In-kind Infrastructure

Payment design

Design schemes are currently elaborated for forest 
conservation especially on private lands, since 
these areas account for 89% of the accumulated 
deforestation in the region, and they hold 56% of 
its forest remnants. Incentives include 
the dissemination of sustainable practices through 
training and demonstrative areas. As far as direct 
payments are concerned, debates are still ongoing 
regarding the extent to which this should be 
implemented.

Sanctions No

Actors involved
Buyer

Instituto Centro de Vida (ICV), State Environmental 
Secretariat of Mato Grosso (SEMA/MT), TNC, L'Office 
National des Forests International (ONF-I), and 
municipal government Cotriguaçu

Seller 2,100 settler families distributed within three settlements 

Intermediaries Instituto VC

22 The programme has brought various benefits: (1) financial benefits on various levels: individual, 
community, association and reserve level; (2) social benefits through the association-building 
component that adds to building social capital; (3) an increase in human capital, as local households 
have become more collaborative with the efforts to monitor external reserve intrusions and more 
knowledgeable in forest conservation issues. 
23 Some 18 million households in Brazil already benefit from cash transfers, e.g. Bolsa Família (family 
grant), one of the largest conditional cash transfer programmes in the Global South. 
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General description 
In comparison to the state of Amazonas, Mato Grosso is located in the heart of the 
so-called ‘Arc of Deforestation’ at the southern end of the Amazon. It disposes of a 
relatively dense road network and is well connected to the main population centres in 
the centre-south Brazilian regions. Mato Grosso has a strong commercial agricultural 
sector, dominated by extensive cattle and soy production. Soy and cattle expansion 
are also responsible for Mato Grosso being the Brazilian state with the highest level 
of deforestation. 24  However, the state has built a state-wide system of forest 
governance and legislation. This includes (1) a private property registry that now 
includes 30% of the land outside of protected areas and associated environmental 
licensing of private land use, (2) protected areas and indigenous lands, (3) ecological 
and socioeconomic zoning and (4) a law for regularising rural properties, the so-
called MT Legal (Micol et al., 2008).

The northwest region of Mato Grosso is composed of seven municipalities with a 
population of about 120,000. The region is considered the last forest frontier in Mato 
Grosso and still retains more than 80% of forest cover. The municipality of 
Cotriguaçu, however, has been “blacklisted” by the Brazilian Ministry of Environment 
due to its continuously high deforestation threats, a legacy of its colonisation history. 
Today, around 2,100 settler families are distributed among three settlements.25 The 
northwest region was chosen as a REDD project site in 2008 and for a first phase, 
the municipality of Cotriguaçu has been chosen as a priority area. Since the 
municipality’s 9,400 km2 are shared among conservation units (14%), indigenous 
lands (18%), smallholder settlements (14%) and private lands (54%), its diversity of 
land uses was thought to provide an ideal scenario for a REDD pilot site. 

The NW Mato Grosso Project26 (hereafter NW Mato Grosso), that targets all actors in 
the municipality, is based on the following three project components: (1) 
improvement of the governance of forests in the region; (2) incentives for forest 
conservation on private lands; and (3) guaranteed compensation for indigenous and 
other traditional peoples and for local rural communities. The project funding has 
been approved by the Amazon Fund, managed by the Brazilian National 
Development Bank with large donations from Norway and Germany, and more 
recently by the Brazilian company Petrobras. 

Local implications for PES 
For the following local insights, challenges and lessons, the data was drawn from a 
sample study of 122 randomly selected households in four communities in the project 

24 In the period from 1996 to 2005, Mato Grosso accounted for 39% of the total deforestation in the 
Brazilian Amazon region. 
25 Traditionally occupied by indigenous groups, the municipality witnessed two colonisation waves, 
one in the 1980s (landless small farmers from the south of Brazil) and another one in the 1990s 
(landless farmers from the southern part of Mato Grosso and other neighbouring states). As a result, 
the municipality had to absorb more people than expected, and the necessary conditions, such as 
electricity, health, and education access, to keep the colonist farmers on these lands, could not be 
provided. This contributed to the abandonment and re-colonisation of these areas by new settlers. 
26 The project is also a follow-up of the GEF/UNDP/SEMA project implemented from 2001 to 2010 that 
aimed to promote alternative land use systems and territorial environmental management. It can 
therefore rely on the already existing sustainable management practices and network structures in 
place. 
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area (approx. 30 households in each of the communities, see Sills et al., 2014). 

The situation of smallholders 
According to a recent study by Duchelle et al. (2014), the main income sources for 
the local communities in Cotriguaçu are from livestock (30%), wage labour and 
business (21%), government payments (20%) and crops (16%), especially rice. 
Income from the forest and the environment is indeed fairly negligible, which shows a 
minimal reliance on forest products. This correlates with the household surveys 
conducted by Sills et al. (2014), who reported that despite the short distance to the 
forest (on average less than an hour), only a handful of households reported having 
occupations related to forests. 

The most important forest product is charcoal, which many households use for 
cooking. However, there is now increasing interest in products derived from the 
babaçu (Orbignya phalerata) palm for its economic potential (e.g. oil production from 
the fruits, charcoal from the coconut cover, and handicrafts from the leaf). Local 
households seek to construct livelihoods around cattle ranching for milk or beef 
production and even tend to reduce their agricultural activities in favour of cattle 
ranching. In fact, “many small producers dream of becoming large cattle ranchers, no 
longer dependent on crops, and certainly not on forests.” (Sills et al., 2014). 

Table 5. Socioeconomic and forest dependence indicators in Mato Grosso Project

Socioeconomic characteristics COMM 1 COMM 2 COMM 3 COMM 4
Total number of households versus sampled 
households 185(31) 35(30) 65(30) 70(31)

Year founded 2004 2006 1992 1993
Total income (USD) 12,017 14,085 9,481 14,018
Total value of livestock (USD) 36,969 16,271 21,153 23,659
Total land controlled (ha) 47.7 29.6 52.7 89
Indicators of household forest dependence
Share of income from forest (%) 3.02 2.27 2.13 3.69
Share of income from agriculture (%) 53.86 55.5 40.34 36.83
Area of secondary forest cleared (ha) 1.32 0.1 0 2.01
Area left fallow (ha) 4.89 3.34 3.36 9.73
Percentage of households leaving land fallow 23 37 37 42
Percentage of households clearing forest 42 47 37 39
Percentage of households reporting decreased 
opportunity for clearing forest 74 67 86 90

The main current challenges 
Given its multi-sectorial and multi-stakeholder approach, the first challenge relates to 
the difficult situation for local governance. The multiple stakeholders from the 
different sectors have notably different goals due to their divergent views on land 
use. This creates a challenge for institutionalizing the programme locally and meeting 
the demands of these different sectors while maintaining a holistic vision for 
sustainable development in the municipality. 
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Another challenge is a political one and may apply to many programmes of this kind. 
In Brazilian political culture, there is a tendency to discontinue policy initiatives from 
opposing parties. Hence, if there are changes in political leadership resulting from 
electoral politics, the programme may run the risk of no longer being supported by 
the municipal government. A final challenge relates to the lack of proper road 
infrastructure that represents a significant barrier to any conservation, development 
and marketing initiative in the region. In general, the roads in Cotriguaçu are of poor 
quality and many areas remain isolated during the rainy season. 

Lessons from this initiative 
For the time being, PES is not included in the project but demands are being voiced 
more loudly to include it when the project expands to other municipalities. Although 
compensation for avoided deforestation was planned initially, the programme took  a 
direction that did not include direct cash payments. While proponent organizations 
needed to mend some initial expectations regarding the receipt of immediate cash 
benefits, the programme evolved to incorporate a broader vision of promoting green 
development in the municipality through responding to local demands and building 
confidence with multiple stakeholders. 

Although the Cotriguaçu programme is not the only multi-stakeholder initiative of this 
scope in the Brazilian Amazon, it still provides some important lessons for this kind of 
multi-stakeholder approach. First, in order to work with the different stakeholders, it 
was first of all important to create a multi-stakeholder team within the implementing 
organisation ICV (Instituto Centro de Vida) and work internally through the conflicts 
associated with the different values and visions. A second lesson we can learn from 
Cotriguaçu is the need to promote local autonomy for an initiative in order to avoid 
political short-sightedness. Hence, what is needed for the programme is greater 
political maturity to place it onto the political agenda of the municipality so that it will 
not be forgotten after the next election. Demonstration of the early positive effects of 
the programme could be one way to strengthen the initiative and keep it on the 
political agenda of the municipality over the longer term. 
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A2.3. The Sustainable Settlements in the Amazon Project  

Table 6. Overview of the Transamazon Project

Ecosystem services Biodiversity and carbon 

Objectives To increase the profitability of areas already deforested 
to reduce the need for farmers to open new forest areas

Scale Spatial Regional (Pará State)
Temporal Mid-term (10 years)

Status Incipient, planned for a duration of 10 years

Transaction types
Both cash and 
in-kind Cash and in-kind

Cash 218 US$/household/yr
In-kind Technical assistance and provision of inputs

Payment design
PES rewards are based on opportunity costs, 
sustainable land use options

Sanctions No

Actors involved

Buyer Amazon Fund (Brazilian National Development Bank)

Seller 350 colonist settlers

Intermediaries Amazon Environmental Research Institute (IPAM)

General description 
The state of Pará is the second largest Brazilian state with an area of over 1.2 million 
km2. It is the greatest producer and exporter of wood in the Brazilian Amazon region, 
meeting 40% of production and 60% of all exports in all the Amazon states. Hence, 
this region contributes to more than a third of total deforestation in the Brazilian 
Amazon. Yet Pará has been rather innovative in pushing its environmental policy 
context forward, and it was the first state to launch the Green Value Added Tax 
(ICMS)27 in July 2013, a new compensation scheme to incentivise further cuts in 
deforestation.

The Sustainable Settlements in the Amazon Project (hereafter Transamazon project) 
focuses on the conservation of standing forests, increased agricultural production in 
areas already deforested, and the improvement of living conditions for small farmers 
in the Transamazon highway region of central Pará. The Transamazon region began 
to be colonised in the 1970s with the opening of the BR-230 Highway that attracted 
small farmers who received government incentives to settle in the region. Many were 

27 The system provides payments for landowners' compliance with the country's forest code, which 
governs how much forest a private landholder must maintain. It is in fact the first state level policy to 
create fiscal incentives for reducing deforestation.
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granted land titles by INCRA and credits to jump-start small production systems. 
Later during the same decade, though, the state started to favour large-scale 
agribusiness settlements in the region, which in turn made the region highly attractive 
to loggers and land speculators. This resulted in serious land conflicts, especially 
between small farmers and more powerful actors. During the 1980s, the Catholic 
Church played an important role in helping settlers organise themselves to demand 
government support, improve their agricultural practices and build more viable 
production systems. The leaders of this movement later formed the NGO Fundação 
Viver, Produzir e Preservar (FVPP). In the 1990s, FVPP implemented training 
programs for farmers’ children and secured international program funds (e.g. from 
the World Bank). 

In 2004, the region also became a pilot area for the implementation of the federal 
Proambiente program for carbon sequestration and biodiversity. During 2005 and 
2006, participating households in the Transamazon project received payments over a 
six-month period related to the adoption of more sustainable agricultural practices. 
Families were selected to participate based on two main criteria: membership in a 
representative organisation (mainly the rural workers union) and interest in adopting 
agroecological practices. This initiative, however, came to a standstill when 
Proambiente was cut short in 2010. This current project intends to provide continuity. 
Preapproved by the Brazilian National Development Bank (BNDES) in 2010 and 
officially approved in 2012, the project was renamed Sustainable Settlements in the 
Amazon: the challenge of the transition from frontier family production to a low 
carbon economy. 

Local implications for PES 
For the following local insights, challenges and lessons, the data was drawn from a 
sample study of 137 randomly selected households in four communities in the project 
area. This household sample was stratified by community and by participation in the 
project (see Sills et al., 2014). 

The situation of smallholders 
Most local household heads are migrants from other regions (especially the 
impoverished northeast) and only settled there in the 1970s and 1980s. Local 
livelihoods are mainly based on agriculture and cattle ranching (in three of the four 
study communities, households derived the largest share of their income from crops). 
The higher average value of agricultural income in the study communities 2 and 3 are 
partly explained by their more fertile soils, which is particularly important for cocoa 
production28. Forest and environmental income are negligible in all four communities. 

Despite this small percentage of income derived from the forest, the forest is still a 
large part of the locality’s subsistence pattern. Nearly all men and women go to the 
forest (generally on their own plot) to collect products. Women are most likely to 
collect firewood, vines, fruits, herbs and traditional medicines, and to fish. Men’s 

28 Smallholders also mentioned that, as a permanent crop, cocoa does not require the use of fire as a 
management tool. In fact, cocoa has been promoted by NGOs in the region, including IPAM, and other 
private firms as a sustainable crop with good economic returns for families. 
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principal activities in the forest are hunting, fishing, logging, collecting fruits and 
vines, monitoring the forests on their properties and clearing the vegetation around 
the property limits. Most households that reported clearing forest (between 2008 and 
2010) did so for the purpose of growing crops. All communities mentioned that there 
was a reduction in the area under swidden agriculture, due to families’ increased 
focus on permanent agriculture and greater environmental consciousness. 

Table 7. Socioeconomic and forest dependence indicators in Transamazon Project

Socioeconomic characteristics COMM 1 COMM 2 COMM 3 COMM 4
Total number of households versus sampled 
households 198(33) 220(33) 65(30) 70(31)

Year founded 1982 1987 1972 1982
Total income (USD) 5,699 13,827 16,500 6,456
Total value of livestock (USD) 3,244 5,522 12,319 4,592
Total land controlled (ha) 81.7 90.7 119.9 66.5
Indicators of household forest dependence
Share of income from forest (%) 6.79 12.8 3.46 5.57
Share of income from agriculture (%) 48.4 59.04 54.11 38.19
Area of secondary forest cleared (ha) 2.16 2.73 3.08 2.4
Area left fallow (ha) 4.41 2.97 7.93 4.39
Percentage of households leaving land fallow 76 45 53 71
Percentage of households clearing forest 70 82 86 83
Percentage of households reporting decreased 
opportunity for clearing forest 94 82 78 74

The main current challenges 
The Transamazon initiative faces various challenges. The biggest of these are 
associated with government policy (especially the delays in issuing regulations for 
the implementation of CAR), complexities associated with land tenure regularization 
and modifications to the Brazilian Forest Code (according to IPAM, the amnesty for 
illegal deforestation offered by the revised Forest Code has reduced households’ 
motivation to conserve forest). Only 12% of all respondents have official land titles, 
with the rest being either official settlers in land reform projects with some 
documentation but no title, or squatters with no official recognition of their land rights. 
Without land titles, however, no credit or permits for the legal management of forest 
products can be acquired. 

When asked about the REDD+ programme, families expressed concern that the 
initiative would reduce their incomes and that they would not receive alternative 
sources of income. They also reflected on the potentially negative impacts on 
household livelihoods and food security if the initiative limited their land use and 
agricultural practices. Other respondents indicated that they were worried about 
initiative mismanagement and minimal financial resources being allocated to the 
communities. Households’ main recommendation focused on improving local 
production systems through technical assistance and improvement of basic 
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infrastructure, such as roads and transportation. If farmers decide to invest in cash 
crops, they need roads in good condition for year-round transport of their products; 
otherwise, transportation costs remain exorbitantly high. Second, farmers 
emphasized the need for meaningful participation and alignment of REDD+ benefits 
with local needs. Third, households emphasized the need for transparency and local 
participation in the management of initiative funds. 

Lessons from this initiative 
The Transamazon programme is unique in that it originated from Proambiente, one 
of the first federal initiatives to apply the idea of PES in Brazil. Some of the positive 
aspects of this programme have been taken over for this REDD+ initiative, including 
the property management plans. Given the heterogeneity of livelihood strategies 
and household preferences, these plans allow customized individual actions that take 
into account household differences. This is particularly important in the Transamazon 
region, where not only differences in farmers’ preferences, but variation in the 
ecological conditions of the plots (e.g. soil types) and household structure make a 
single approach unworkable. 

In addition, households in the Transamazon emphasized the importance of linking 
specific initiatives with public policy reforms, as they were deeply dissatisfied with the 
interruption of Proambiente (Cromberg et al., 2014). They also emphasized the need 
for basic services, and community utilities and infrastructure, which historically had 
been neglected by the government and constitute obstacles to improving their 
productive systems. For this reason, subnational REDD+ initiatives must be linked to 
transformative policies and measures at municipal, state and national levels, such as 
agrarian reform and land tenure regularization, broad-based technical assistance, 
appropriate rural credit lines and provision of infrastructure, and basic services in 
rural areas. This REDD+ initiative will not be able to promote sustainable production 
systems if households lack the infrastructure to store and transport their goods for 
sale at competitive prices. 

A final lesson is that the implementing NGO IPAM has tried to create partnerships at 
different levels of government (municipal, state and federal) to improve and expand 
basic infrastructure. At municipal level, IPAM has led the creation of the Inter-
municipal Consortium for Sustainable Development of the Transamazon and Xingu in 
2011. The goal of this effort was to work with five municipal governments to create 
alternative production strategies that would reduce carbon emissions in the region 
and to discuss the infrastructure needs of rural areas. At the state level, IPAM has 
participated in forums to discuss the state government’s strategy to reduce 
deforestation. At the federal level, IPAM has partnered with INCRA to clarify land 
tenure and implement registration in CAR. More broadly, IPAM has advocated a 
nested approach to REDD+, which includes a low-emission strategy at the 
jurisdictional level. 
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A3. Bolivia 

A3.1. Noel Kempff Mercado Climate Action Project (NKMCAP) 

Table 8. Overview of NKMCAP

Ecosystem services Carbon 

Objective
Reforestation and regeneration of an area 
degraded by former logging activities, slated for 
future logging or predicted to be deforested

Scale Spatial Regional (642,184 ha)
Temporal Long-term (30 years)

Status The project started in 1997, ongoing for 30 years

Transaction types

Both cash and in-
kind Cash and in-kind 

Cash Two one-time payments to buy concessions and 
rights and a several community support projects

In-kind Community projects and micro-credits

Payment design

Three categories of payments:
 Two one-off payments buying out 

logging concessionaires and landowners 
(USD 1.6 MIO)

 The 10-year stream of funds allotted to 
community development and leakage 
prevention (APOCOM)(USD 0.85 in 
1997 + USD 0.5 in 2003) 

 The park budget support to ensure 
permanence of carbon protection

Payments for logging concessionaires and 
landowners are conditional on abandoning all 
rights - not only service provision; for 
communities: payments are non-conditional

Sanctions No

Actors involved

Buyer American Electric Power, Pacificorp and British 
Petroleum, Funds from the Nature Conservancy

Seller Concessionaires (selling their rights), absentee 
landowners and communities

Intermediaries FAN (Friends of Nature Foundation - NGO) and 
SERNAP (National Protected Area Service)

General description 
The Noel Kempff Mercado Climate Action Project (hereafter NKMCAP) is a 
deforestation avoidance project established in Santa Cruz department in 1997. 
Through buying logging concessions, it expanded the area of the Noel Kempff 
National Park by 70%, with the primary aim being to sequester carbon dioxide and 
store carbon that would have been released by timber harvesting and deforestation. 
It also promoted activities aimed at reducing carbon leakage, such as monitoring of 
logging companies. Noel Kempff was the result of a partnership between the 
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government of Bolivia, an international NGO (The Nature Conservancy), a national 
NGO (Fundación Amigos de la Naturaleza) and three multinational energy 
corporations (American Electric Power, British Petroleum Amoco, and PacifiCorp), 
which contributed to the USD 11 MIO cost of the project. Communities have received 
support to gain land title, access micro credit, exploit eco-tourism, and to work as 
park guards. Covering an area of 634,000 ha, where 237 indigenous families have 
relied on the land for subsistence, and expected to avoid emissions of 7 to 10 MIO 
metric tons of carbon over 30 years, it is the largest forest-based carbon project in 
the world and one of the first pilot projects in deforestation avoidance (Asquith et al., 
2002; Robertson and Wunder, 2005).

The total project cost was USD 9.5 million in 2002 (Asquith et al., 2002). Of this total, 
USD 1.6 million was used to buy out the forest concessionaires who were planning to 
log parts of the expansion area, and a small amount was paid to buy out private 
property owners inside the same area. Another USD 1.25 million29 have gone to a 
multifaceted community development project in the three communities bordering the 
park and to three smaller communities. The community project’s aim is both to 
ensure that livelihoods are not adversely affected by the park expansion and to 
prevent future deforestation in bordering areas. Funds were designated for 
microcredit lending, various basic social services and the legal establishment of the 
Bajo Paragua Communal Indigenous Lands (TCO), among other initiatives.

Local implications for PES 
For the following local insights, challenges and lessons the data was primarily drawn 
from Cross and McGhee (2015) and Robertson and Wunder (2005). 

The situation of smallholders 
Seven indigenous communities (population 1,025) adjacent to the NK-CAP area 
have received livelihood support in the form of economic development initiatives and 
community-based benefits. In order to compensate for the economic losses that 
resulted from the park expansion, a community support project with a corresponding 
fund APOCOM30 was initiated with an initial budget of USD 0.8531 million and projects 
included agroforestry, animal husbandry and planting of commercial palms. The 
Program for the Sustainable Development of Local Communities ran from 1997 to 
2001 and improved community access to basic health, education and communication 
services. The Community Development Program ran from 2002 to 2006 and initiated 
income-generating activities (community forestry and micro-enterprise). There have 
also been community initiatives in capacity building, organisational empowerment 

29 The rest of the project funds were allotted to various NKMCAP project components, including 
carbon monitoring and verification, development of FAN’s science department (USD1.2 m), future park 
protection (USD 1.5 m), the establishment of Canopy Pharmaceuticals (a research entity exploring the 
potential for commercialisation of botanical pharmaceuticals), high-end ecotourism at Flor de Oro 
(USD 0.25 m) and institutional support for the Bolivian government’s climate change office (USD 0.25 
m) (Asquith et al., 2002). 
30 Direct cash payments to communities were never considered because of the unsustainable ‘boom’ 
phenomenon they could have produced (see Robertson and Wunder, 2005). 
31 The project initially covered a 5-year period (1996 to 2001) but was expanded for another 5 years 
with an additional USD 0.5 m. 
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and securing land titles. These development programmes have been designed to 
encourage long-term commitment of indigenous communities to the conservation 
project. 

The main current challenges 
Local smallholders are facing various current challenges. The first relates to the 
limited success of the development projects (see Boyd in May et al., 2008).32 Since 
then, the project has been redesigned and now includes microcredit programs of 
approximately USD 50,000, investing for instance in improved agriculture, heart-of-
palm processing and handicrafts. However, the success of these microcredit 
schemes is limited as the “majority of loan recipients were unable to repay their 
debts” (May et al., 2008). The initial flaw of many of the micro-enterprise projects is 
the haphazard way in which they were decided upon: FAN staff visited the 
communities and created “wish lists” of desired projects. While the community input 
is the fundamental component of any project, the parameters of the project were not 
clearly established. As a result, many local stakeholders viewed the projects as 
outside “gifts”, rather than viable potential future income generators to which they 
should dedicate their time. Also, employment losses were partially offset by the 
creation of new posts (e.g. park guards, tourist guides). But the creation of new jobs 
has been overshadowed by the loss of previous employment.33 Another significant 
economic effect has been the park expansion’s impact on local natural-resource use. 
The limitation of traditional use rights as a result of the park expansion affected the 
level and extent of several economically important activities, including farming and 
hunting. Subsistence hunting and fishing are permitted to a certain degree, but the 
exact limits are unclear and have been interpreted differently by community 
members, by FAN and by the park guards. Furthermore, the primary social cost 
incurred as a result of the project appears to have been the loss of healthcare, as the 
previous timber company active in the area funded the services of a medical doctor 
for half a day per week and subsidised medicines. The project has attempted to 
compensate by establishing better health and education facilities, however, no 
information was available to determine the impact. Finally, the establishment of the 
joint Communal Territory (TCO) has helped unite the communities and improve their 
community organisation. They have also been supported in designing and 
implementing a management plan. 

Lessons from this initiative 
It is important that PES project design addresses the issue of the opportunity costs 
that will be faced by smallholders whose access or use will be restricted by the 
scheme. Failure to do so is common. According to Asquith et al. (2002), the Noel 
Kempff Mercado project failed to fine-tune the compensation package for 
smallholders to compensate those hardest hit by unemployment on account of 
sawmill closures.

32 According to a study in 2002 (Asquith et al., 2002), in terms of economic profit, per-capita gains 
range from USD 100 to USD 250/month. Before the park expansion, the Moira timber concession 
employed most of the men in Florida, one of the three communities. For 10 months of the year, 20 
men from Florida earned between USD 66 and USD 133 per month.  
33 Though 6 of the 12 new permanent park guards were from the community, 13 of 25 families in one 
of the three communities lost employment due to acquisition of timber concessions. 
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A3.2. Los Negros Watershed Project (Los Negros) 

Table 9. Overview of Los Negros Project

Ecosystem services Biodiversity and water

Objective
Protection of a buffer zone around Amboró National 
Park (community of Santa Rosa), through in-kind 
payments (beehives, barbed wire, fruit trees) to 
landowners, subsidized by donor funds.

Scale Spatial Regional (upper Los Negros watershed – 2,774 ha)
Temporal Short-term (< 10 years)

Status Ongoing since 2003

Transaction types
Both cash and
in-kind
Cash Annual (ex ante); 1.5 - 3 US$/ha/yr
In-kind Beehives + technical assistance

Payment design

Annual contracts, USD 3/ha/yr – only in-kind payments 
(beehives) to landowners; (initially one artificial beehive 
was to be given by the Los Negros inhabitants to those 
landowners in Santa Rosa that voluntarily agreed to set 
aside 10 ha of primary forest for conservation)

Sanctions

According to the contract design, property owners who 
do not comply with setting aside land for protection are 
no longer eligible for future payments (in principle, once 
a violation is documented, the beehives should be 
returned to Natura)

Actors involved
Buyer Pampagrande Municipality / US Fish and Wildlife 

Service

Seller Santa Rosa farmers (46 landowners)
Intermediaries Fundación Natura Bolivia (NGO)

General description 
The headwaters of the Los Negros River are embedded within a valley of over 
27,000 ha located within the buffer zone of Amboró National Park, one of Bolivia’s 
most species-rich national parks. The primary upstream population centre, Santa 
Rosa del Lima, lies 35 km from the downstream community of Los Negros (Hoffman, 
2009). 

As Table 10 shows, inhabitants of the Los Negros watershed earn their income 
primarily through crop farming and therefore depend on the river as a water source 
for irrigation, while the downstream Los Negros community has significantly more 
irrigation infrastructure and farming is more intensive. Following a constant decrease 
in water levels over the past 15 years, the downstream community (Los Negros) 
started to accuse the upstream community (Santa Rosa) of diverting too much water 
for irrigation and clearing the forests that were vital to river protection. This has even 
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led to road blockades and demands that no more colonists should be allowed to 
enter the area. 

Table 10. General characteristics of Los Negros valley (source: Asquith et al., 2008)

Upper watershed

Santa Rosa de Lima, 
Palmasola, and Sivingal

1,328 inhabitants
Higher rainfall
Rain-fed production of maize and beans 
Extensive cattle grazing
Average annual income 8,000 BOL (USD 1,100) 

Downstream

Los Negros

2,970 inhabitants
Mostly irrigated agriculture (tomatoes, onions, potatoes) 
2-3 harvests annually
Major markets: Santa Cruz and Cochabamba
Average annual income: 11,500 BOL (USD 1,426) 

Local implications for PES 
For the following local insights, challenges and lessons, we have primarily drawn 
from Robertson and Wunder (2005). 

The situation of the smallholders 
In 2003, the Bolivian NGO Fundación Natura Bolivia introduced a payment for 
environmental services scheme for watershed management and biodiversity in the 
valley. The project initially started with five upper watershed landowners who entered 
the PES scheme, offering to protect 592 ha of land of varying types of vegetation. 
According to data from 2008 (see Asquith et al., 2008), 46 farmers are now being 
compensated for protecting 2,774 ha of land. Annual contracts allow the landowners 
who choose to participate in the PES to decide which plot to enrol and the length of 
the contract at an established annual payment rate. All payment is made in-kind34 and 
is specified as follows: USD 3 for cloud forest and grassland without intervention, 
USD 2.25 for moist forest and old growth forest subject to temporary cattle grazing, 
USD 1.50 for old growth subject to permanent cattle grazing and secondary forest. 
The current agreement is valued at USD 3/ha/yr payable in beehives (the actual 
incentive is one beehive and training in apiculture per 10 ha of cloud forest 
protected). 

Robertson and Wunder (2005) examine two options to derive the economic benefits 
for the local population: first, in terms of using the direct value of beekeeping assets; 
second, through examining the unique benefits which the farmers would not have 
been able to access without the project. So to start with, how much benefit is derived 
from the beehives? If the beehive is managed correctly (yielding on average 20-30 kg 
of honey per year), gross income from honey production is approximately USD 38 to 
57 per year. If all the honey was to be sold, transportation costs to the nearest 

34 According to Robertson and Wunder (2005), support for an in-kind payment instead of cash came 
from the community environmental committees and from some farmers themselves, with the view that 
‘if people receive a cash payment, they will probably spend it quickly’.
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purchaser (some 70 km away) would be about 2 BOL/kg (one trip for every 20 kg), 
making the income net of commercialisation USD 31 to 46/hive per year. As far as 
the second aspect is concerned, the authors consider labour costs and calculate 
negative first-year returns, which the skilful beekeepers could transform into a return 
of USD 12.66/ha, while the less skilled farmers, however, would remain with negative 
returns (meaning that returns to labour would fall short of the local wage rate). As a 
result, the livelihood effects are generally positive, but only minor in size and effect. 
The gains from the beehives are minimal, and those recipients who are less skilful 
beekeepers may in extreme cases even be losing money because they could instead 
allocate their labour to other, more remunerative, activities. 

The main current challenges 
The introduction of this ‘activity-restricting’ PES scheme (except for some 
beekeeping, much agricultural employment was lost) revealed many challenges at 
first, especially since there was a great deal of scepticism about the forest-water 
connection, some land tenure insecurity in Santa Rosa and, more importantly, a 
deep-rooted dislike for paying for irrigation water, which until then had been free. 

The PES scheme has also triggered positive and negative social effects. On the one 
hand, it has been successful in bringing together upstream and downstream farmers 
to address problems that were previously not acted upon. With the setup of the 
Environmental Committee, an ambience of dialogue was created where previously 
only resentment and bitterness existed (Porras and Neves, 2006). On the downside, 
however, the PES system has also caused substantial conflicts within Santa Rosa. 
People sceptical of the project, in particular those without land, have called for the 
project’s termination, calling payments unfair and regressive, as those who have land 
are generally better off to begin with. Related to that is the issue of property rights 
raised by the PES: landless campesinos upstream consider handing over payments 
to those who are already better off to be unfair. Obviously these farmers have an 
interest in keeping land for open access and efforts to reduce open access are bound 
to create conflict (Robertson and Wunder, 2005). Another challenge for this PES 
initiative has been the slow process of building trust between the service buyers and 
providers. However, such small projects require intensive one-to-one interactions 
with farmers to ensure their success.

Lessons from this initiative 
There are direct and indirect benefits and lessons learnt from this initiative. In terms 
of direct benefits, this initiative has certainly built social capital through the formation 
of four functioning environment committees in the watershed and an Association of 
Beekeepers. Hence, these environmental committees act as conflict alleviators. 
Upstream – downstream tensions are now lower, and cooperation has increased, as 
there is increasing recognition that watershed management is everyone’s problem, 
and one that must be solved cooperatively (Asquith et al., 2008; Robertson and 
Wunder, 2005). In terms of indirect benefits, the PES scheme also has activity-
enhancing effects that benefit some of the landless people in the valley. For example, 
some participants have sold beehives to landless people specialising in apiculture, 
thus creating an “intra-village secondary market” to exchange beehives for cash, 
whereas other farmers are hiring landless community members to help with honey 
processing.
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A3.3. La Aguada Water Planting Project (Siembra del Agua) 

Table 11. Overview of La Aguada Project

Ecosystem services Water

Objective To assist local, rural communities in acquiring potable 
water. 

Scale Spatial Local (63 ha)
Temporal Long-term

Status Precursors of this project started in 1993, since then 
consecutive initiatives in the area

Transaction types
Both cash and 
in-kind Cash and in-kind (infrastructure for USD 200 value)

Cash One-off cash payment: USD 700
In-kind

Payment design

One-off cash payment for land purchase and in-kind 
compensation to the ranchers in the form of the 
construction of a drinking pool outside of the enclosed 
area (USD 200); from users: in-cash one off from donor 
funds.
Funds involved: USD 900 in total. The water cooperative 
bought the 30 ha land for USD 700 and ICO financed 
the cattle drinking pool at a cost of USD 200

Sanctions Payments conditional on abandoning all rights, not only 
service provision

Actors involved
Buyer ICO (Eastern Training Institute)

Seller Landowners (24 local families that have formed a local 
water cooperative)

Intermediaries

General description 
Having been ongoing since 1993, the project is led by the NGO “The Eastern 
Training Institute” (ICO), to protect water quality in La Aguada community by fencing 
off riverside areas and prohibiting cattle grazing. No regular payments are involved 
since the land was purchased but there have been in-kind rewards for the land users 
(construction of a drinking pool outside of the enclosed area). Twenty-four families 
have organised themselves into a water cooperative, which has bought the land 
around the community’s water source. As Robertson and Wunder (2005) highlight, 
these projects "are not driven by conservation, but exclusively by the demand for 
cleaner water and a more stable water supply". Since the inception of the La Aguada 
project, ICO has expanded the protection activities to 14 other micro-watersheds. 
The model became known as the ‘Water Planting Project’ (Siembra del Agua, in 
Spanish). In 2003, ICO initiated a parallel project in the municipality of Mairana, in the 
province of Florida, bordering Vallegrande to the north. 
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Local implications for PES 
The assessment for the local smallholders focuses on the La Aguada project, as it is 
the only watershed in the Water Planting Project in which a cash payment from 
environmental-service beneficiaries was made to environmental-service providers. 
The payment follows a direct, one-time purchase of land for environmental-service 
protection. Most of the insights have been drawn from Robertson and Wunder 
(2005).

The situation of the smallholders 
All 24 households in La Aguada are members of the local water cooperative. Before 
the establishment of the domestic water system, community members carried water 
up to 2 km each way in buckets from the headwaters. In the immediate vicinity, cows 
gathered to drink, defecate and urinate directly into the water. After a series of 
negotiations with landowners and ranchers facilitated by ICO, the water cooperative 
arrived at a one-time compensation payment of US$700 for the 30 ha of private land 
that would be enclosed. Importantly, the original landowners still maintained 
ownership of the property. Overall, according to Robertson and Wunder (2005), the 
origins of the PES systems are demand-driven, and the results in La Aguada – in 
terms of conservation effects - appear to be both positive and sustainable (see Table 
12 below).
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Table 12. Environmental threat changes as a result of PES in La Aguada (from Robertson and 
Wunder, 2005)

Threats Threat level 
before

Threat 
level after

Land area 
affected (ha)

Conservation 
effect

Cattle grazing (compacted soil 
and water contamination) High Zero 510 +++

Land clearing Medium Zero 33 ++

The main current challenges 
Despite the positive conservation effects, the economic benefits appear to be 
minimal. The landowners who were paid to abandon their crops or pastures have 
continued to farm in a nearby area, which means that the land enclosure incurred 
some opportunity cost, but did not jeopardise people’s basic livelihoods. Certainly 
social pressure from other residents was brought to bear and may have been a key 
factor, rather than the payment alone. Nevertheless, the service-providing 
landowners have also benefited from the scheme in their dual role as service users, 
in terms of receiving clean water (suitable for drinking). As concerns the social 
benefits, it is assumed that despite concrete studies, the cleaner water has had a 
positive impact on local health conditions. 35  On the downside, the project also 
triggered some social tensions among some community members, albeit only 
temporarily.

Lessons from this initiative 
There are several reasons why the initiative has been successful. First, the 
environmental-service providers were at the same time beneficiaries and thus had an 
internal incentive to protect the watershed. They were also living in the same 
community as the service users, thus being exposed to subtle social pressure to 
comply. This situation is very different from, for instance, that in Los Negros, where 
the watershed linkage is between villages, without many social ties that would 
provide pathways for social pressure to give priority in land-use decisions to the 
collective water good. Second, the link between land use and water quality was clear 
in the La Aguada case. Third, the landowners affected were few, and the payments 
and in-kind compensations provided to them and the cattle ranchers were sufficient 
to cover the opportunity costs so that no conflicts arose; this tranquillity may also be 
attributed to the small number of actors that have maintained unity for other, 
exogenous reasons. 

35 In La Aguada, there was, according to one local NGO worker, clean water for 24 hours a day. 
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