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ABSTRACT. Sustainability assessment oriented to improve current systems and practices is urgently needed, particularly in
the context of small farmer natural resource management systems (NRMS). Unfortunately, social-ecological systems (SES)
theory, sustainability evaluation frameworks, and assessment methods are still foreign not only to farmers but to many researchers,
students, NGOs, policy makers/operators, and other interested groups. In this paper we examine the main achievements and
challenges of the MESMIS Program (Spanish acronym for Indicator-based Sustainability Assessment Framework), a 15-year
ongoing effort with impact in 60 case studies and 20 undergraduate and graduate programs mainly in Ibero-America that is
attempting to cope with the stated challenges. The MESMIS experience shows that it is possible to conduct sustainability
assessments in the context of small farmers through a long-term, participatory, interdisciplinary, and multi-institutional approach
that integrates a solid theoretical background, a field-tested operational framework, learning tools specifically devised to facilitate
the understanding of sustainability as a multidimensional and dynamic concept, and a growing set of case studies to apply to
and get feedback from users. Specifically, through the dissemination of the MESMIS assessment framework in a large set of
case studies in a contrasting set of social-ecological contexts, we have been able to: (a) characterize the NRMS, their subsystems,
and their main interactions; (b) link attributes, i.e., general systemic properties, with sustainability indicators to assess critical
socioeconomic and environmental aspects of the NRMS; (c) integrate indicators through multicriteria tools and to expose the
multidimensional aspects of sustainability; (d) propose an initial multiscale assessment to articulate processes and actors at
different spatial scales; (e) develop multimedia learning tools, i.e., Interactive-MESMIS, to help users understand dynamic
concepts, trade-offs, and counter-intuitive behavior; and (f) promote participatory processes through role-playing games and
agent-based simulation models. Key challenges are related to the need to conduct long-term longitudinal studies that fully capture
system dynamic properties while at the same time actively involving relevant stakeholders through creative and lasting
participative processes. We outline an improved assessment framework that should help move the program in this direction.
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INTRODUCTION

Sustainability was first linked to a concept of sustainable
development that aimed to incorporate environmental
concerns within the framework of conventional economic
growth (WCED 1987). Relatively simple frameworks
(Stockle et al. 1994, Mitchell et al. 1995) and long lists of
loosely bundled “sustainability indicators” (UN 1996) were
used for short-term, rapid assessments. Since then, the
concept, goal, and tools have diversified, evolved, and become
more sophisticated. This has produced: (1) general theories of
sustainability of complex social-ecological systems (Holling
and Gunderson 2002, Young etal. 2006, van Noordwijk 2009);
(2) frameworks that integrate ecological and social drivers
across scales (e.g., Ostrom 2009); (3) models of regime shifts
in social-ecological systems (SES; e.g., Scheffer 2009); (4)
relevant indicators (e.g., Astier and Gonzalez 2008); (5)
multicriteria evaluation methods (Mayer 2008); (6)
involvement of relevant stakeholders (e.g., Collectif ComMod

2006, Daréetal. 2008, Janssen etal. 2010); and (7) case studies
at the local, regional, national, or global level (Sturtevant et
al. 2007, Astier et al. 2011).

Although research on natural resource management (NRM)
atthe local level is vast and diverse, most formal sustainability
analyses are only applied to regional, national, or global scales,
with emphasis on specific sectors, e.g., forestry, agriculture,
industry, and so on. Approaches for “sustainability in place,”
with emphasis on very local contexts and actors, are crucial
to underpin bottom-up adaptive comanagement strategies
(Manuel-Navarrete et al. 2006). However, these approaches
remain largely overlooked. Livelihoods of millions of
smallholders in developing countries are inextricably and
tightly dependent on resources and services provided by
natural ecosystems. These stakeholders are often marginalized
yet strategic in this process (Garcia-Barrios and Garcia-
Barrios 1992, Boege 2009). Poverty and unsustainable natural
resource management practices remain endemic to several
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peasantry territories. However, initiatives for improving
livelihood strategies are also emerging through the creativity
and motivation of local stakeholders and the support from
external organizations and governments. Such initiatives often
involve recovering traditional management practices for soil
conservation and restoration, development of efficient and
clean technologies suitable for local cultural practices and
preferences, and integrated agrosilvopastoral systems, among
other options.

Nowadays, however, contrasting NRM strategies, e.g.,
communal vs. private access; agricultural systems with low
vs. high industrial inputs; monocultures vs. highly diverse
polycultures, coexist in the same small farmer, or smallholder,
region, locality, or household (Garcia-Barrios et al. 2009a).
Under these circumstances, the critical question that needs to
be answered is: Will small farmers respond to the present
challenges and global social-ecological change by developing
sustainable NRM practices, production systems, rural
livelihoods, and governance schemes that will drive them out
of poverty traps while enabling critical ecological processes
to change but remain functional? Answers to this question are
diverse, highly contrasting, and subject to strong debate (Grau
and Aide 2008, Perfecto et al. 2009, Brussaard et al. 2010,
Perfecto and Vandermeer 2010).

We argue that, to answer this and other related questions, and
to bridge theory, empirical studies, and social action we need
long-term research, education, and policy building programs
that enable small farmers, and other related stakeholders, to
continuously assess the sustainability and the dynamic social-
ecological consequences of their NRM decisions.
Unfortunately, SES frameworks, sustainability evaluation,
and assessment methods are still foreign not only to farmers
but to most researchers, students, NGOs, policy makers/
operators, and other stakeholders.

During the past 15 years, a group of researchers from Mexican
institutions and NGOs have made efforts to tackle the
aforementioned challenges by developing an integrated
research and development program named “MESMIS,” a
Spanish acronym for Indicator-based Sustainability
Assessment Framework. The framework is adapted to small
farmers, who constitute 63% of farmland in Latin America
(ECLAC 2009). In the context of MESMIS, small farmers are
those who commonly hold diversified and small-scale farms
(usually < 5 ha, but the specific farm-size threshold depends
on the country), employ family labor, and produce both
subsistence and commercial goods, i.e., crops, livestock, forest
products.

The MESMIS program simultaneously considers five
strategic and interrelated goals: (1) to integrate the theory of
complex systems into sustainability assessments; (2) to
develop and update a comprehensive and coherent
sustainability assessment framework that can allow
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stakeholders to make short- and long-term multicriteria
comparisons of alternative NRM strategies; (3) to facilitate
the learning processes by which stakeholders can understand,
use, and give feedback on the concepts, tools, and outcomes
of such assessments; (4) to validate the framework by
promoting a number of case studies; and (5) to promote and
facilitate the participation of all stakeholders in the assessment
process.

In this article we present the conceptual approach of the
MESMIS program, summarize its 15 years of experience,
identify the main contributions and challenges in its
implementation, and address areas of current and future
development of the methodology according to five main
components of our research approach: theoretical framework,
operative structure, case studies, teaching and training, and
participative processes. We briefly outline an improved
iterative evaluation cycle directed to incorporate more fully
the dynamic aspects of SES framework and the participation
of stakeholders into sustainability assessments. We conclude
by discussing the future challenges for assessing the
sustainability of small farmer natural resource management
systems (NRMS).

THE MESMIS PROGRAM

The MESMIS effort originated in the early 1990s in Mexico
in the context of an initiative launched by the Rockefeller
Foundation to foster alternative peasant NRMS. A critical
need for the Rockefeller Program was to develop a
sustainability assessment framework to address the following
questions: Can small farmers respond to global social-
ecological changes through their NRMS? Are these farmers
capable of creating functional and changing ecological
processes that can at the same time alleviate poverty in their
peasant communities?

Fromthe work of Conway (1994), Gallopin (1997), and Garcia
(1994), among others, it was clear that a sustainability
evaluation framework should go beyond approaches that focus
on short-term economic and productive aspects, such as
standard benefit-cost analyses. With this in mind, the
MESMIS framework was developed, critically integrating key
concepts regarding sustainable development, sustainability,
systemic approaches, natural resource management,
sustainability evaluation, and sustainability indicators
(Masera et al. 1999, Lopez-Ridaura et al. 2002).

In parallel, a first group of Mexican case studies was launched
to validate the MESMIS methodology in very diverse social
and environmental contexts (Lopez-Ridaura et al. 2002). Two
books were published (Masera et al. 1999, Masera and Lopez-
Ridaura 2000) that together with other outreach materials
helped MESMIS to be quickly adopted as a framework for
many more case studies in Latin America and a few in Spain
and Portugal. The MESMIS framework was also gradually
incorporated into more than 20 undergraduate and graduate



programs in these countries through training workshops and
courses continuously offered in Ibero-America. To date, more
than 190 professionals and technicians from 12 countries,
coming from the social and biological sciences, have
graduated from MESMIS courses. Significant work has been
done with local peasant communities and NGOs that allowed
the MESMIS Program to link the theoretical aspects to
concrete local realities, especially with small farmers.

So far, we have tracked more than 60 case studies conducted
mostly in Latin America, but also in Spain, Portugal, and the
United States (Speelman et al. 2007, Astier et al. 2011). Many
of these studies have been carried out by people trained in the
MESMIS courses. These rich experiences provided ample
evidence that a place-based approach to sustainability
assessment was not only useful to improve local and external
stakeholder capability to address complex and context-
dependent social-ecological problems, but also that small
farmers urgently called for tools and methods to assess their
own management strategies (Masera and Lopez-Ridaura
2000, Astier and Hollands 2007). However, new challenges
and a number of conceptual and methodological gaps became
manifest.

To cope with these challenges, the MESMIS Program evolved
in institutional terms, by including members from three
research centers and an NGO. In structural terms, it
simultaneously addressed five main tasks closely interlinked:
(1) atheoretical framework, which is the conceptual referential
background for the other four; (2) an operational structure, or
assessment framework, which is the methodological
framework that has been applied by users; (3) the case studies,
which are promoted mostly by projects aiming at developing
alternative peasant NRMS; (4) the teaching and training
program for those applying MESMIS; and (5) a participatory
framework supported by appropriate role-playing games,
scenario simulators, and group dynamic exercises (Fig. 1). We
describe and discuss in detail the contribution and challenges
of the MESMIS Program within each of the program
components.

CONTRIBUTIONS AND CURRENT CHALLENGES
FROM THE MESMIS PROGRAM

We argue that the five-component structure of the MESMIS
Program is key for sustainability assessments because
succeeding in this task implies working simultaneously at a
cognitive (knowledge-based); operational (method-based);
pedagogic (learning/training-based); and evidence (validation-
based) level. At a cognitive level, sustainability assessment
requires moving beyond conventional disciplinary approaches,
such as standard benefit-cost analyses, which conceive
assessments as optimization problems aimed at obtaining a
discernible “best solution.” Sustainability assessments need
to incorporate nonlinear dynamics, complexity, uncertainty,
and multiscale, multidimensional aspects, and trade-offs
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between management strategies. Local communities’ views
and knowledge must truly be considered in the process. At an
operational level, assessments need to provide a practical
method that can be put in practice by nonexperts, to show the
dynamics and multidimensionality of sustainability and
provide concrete guidance on how to improve the social-
ecological performance of existing small farmer NRMS. At a
pedagogic level, the program needs to provide the tools and
develop the abilities to make the key concepts associated to
sustainability understandable to wusers. Sustainability
assessments need to promote the active participation of all
stakeholders in case studies, and to facilitate the decision
making process. The rich information and experience provided
by these case studies should feed back into the rest of the
components as part of an overall “adaptive” process.

Fig. 1. The MESMIS Program: its components and
interactions.

Theoretical Framework
Complex SES dynamics;
Indicators analysis and

integration

MESMIS Validation and Operational Structure
feedback; Long-term MESMIS Assessment

§ 3 ” 3
Case Studies
assessment Framework

Teaching & Training
Learning tools; MESMIS
interactive

Participatory Framework
Design/use role-playing
games and simulations

Theoretical framework: integrating SES dynamics into
sustainability assessments

Integrating human and environmental dimensions into an
operational framework for assessing small-scale NRMS
requires bringing together a robust theoretical framework with
user-friendly guidelines and tools applicable to different
social-ecological contexts and evaluation team skills. To cope
with this problem in the MESMIS framework, we have
attempted to integrate two contrasting approaches to
sustainability assessment: measurement-based and process-
oriented approaches. These two approaches are contrasted in
Table 1. In measurement based approaches, shown in the first
column, the goal is to decode the concept of sustainability into
a set of quantifiable and independent set of indicators, which
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Table 1. Approaches to sustainability assessment.

Measurement-based approaches

Process-oriented approaches

Theoretical conceptual framework

Focus of attention

Main goal

Methodological approaches
Main instruments

Timing of the assessment

Duration
Archetypical examples

Sustainable development targets and goals, 3
dimensional approach (social, economic,
environmental)

Benchmarking and ranking

Judge success in relation to the attainment of a
target or goal

Composite indices

Goal-oriented frameworks

Quantitative, reliable, and verifiable indicators

Ex post

Short-term assessments

FESLM (Smyth and Dumanski 1993)
CIFOR framework (Prabhu et al. 1999)
Stockle et al. (1994) framework

Dynamic systems
Complex adaptive systems

Identify and understand key drivers for
sustainability
Explore potential future scenarios

System attribute-based frameworks

Quantitative and soft modeling approaches,
Narratives

Ex ante (planning)

Long-term assessments

AMESH (Waltner-Toews and Kay 2005)
Resilience analysis (Walker et al. 2002)
Ostrom (2009) framework

can then be used to construct performance metrics to compare
(rank) and assess (benchmark) progress toward sustainability.
Most developed methodologies provide a set of guidelines for
the decoding process, based on a Principles-Criteria-
Indicators (PCI) hierarchical structure. Principles represent
universal goals of sustainable development, like those
established by the Agenda 21, which are progressively refined
and translated into an equivalent, but place-specific set of
indicators (Table 1).

Process-oriented approaches are also grounded on general,
and universal, sustainability principles. However, sustainability
is conceived as a systemic property rather than as a set of fixed
goals (Clayton and Radcliffe 1996, Holling and Gunderson
2002). The endeavor is to identify key variables and process
driving (un)sustainable dynamic regimes. Variables and
processes can be represented through quantitative or
qualitative models as well as narratives, because these
representations help to inform on functional relationships
between different domains of social-ecological systems. Such
understanding is important to anticipate future outcomes from
which society can take advantage of new opportunities or
undertake preventive measures to deal with potential dangers.
The evaluation is the means to develop plausible future
scenarios and for planning adequate strategies to cope with
them (ex ante assessment). Having long-term evaluation
periods is a crucial aspect to better understand SES dynamics.
The evaluation process is then forcibly conceived as a long-
term continuous activity. Process-oriented frameworks rely
on the emergent interdisciplinary fields of systems theory and
complex adaptive systems (Table 1).

In the MESMIS Program, NRMS are seen as systems
integrating social and environmental aspects currently thought
ofas SES (Berkes et al. 2002). These systems present multiple
social and environmental subsystems and internal variables

that exhibit complex behavior in time and space (Gunderson
and Holling 2002, Ostrom 2009), such as positive and negative
feedbacks, nonlinear responses, irreversible thresholds,
emergent properties, and unpredictable/unexpected/unwanted
results (Sterman 1994, Spector and Anderson 2000).
Specifically, we consider the sustainability of SES as a process
of “persisting by changing,” which is achieved by the
combination of short-term regulation and long-term
adaptation to ever-changing biophysical and social conditions
(Capra2002). This form of persistence through adaptive cycles
(Holling 2001) requires attributes such as stability, reliability,
and resilience in the short and medium terms, but also
instability, alternative equilibria, and adaptability in the long
term (Garcia-Barrios et al. 2008a, van Noordwijk 2009,
Jackson et al. 2010). To operationalize the evaluation, we
identify the most relevant attributes required by a specific
NRMS, translate them into an appropriate set of indicators at
different scales, and integrate them through multicriteria and
graphical methods, such as AMOEBA diagrams. We have
found that agent-based models and role-playing games are
very effective for assisting this process of analysis and
synthesis, and can help stakeholders understand and explore
scenarios of SES sustainability with a complex-adaptive
approach (Garcia-Barrios et al. 20095). We have also started
to incorporate these tools successfully into the sustainability
assessment processes (Garcia-Barrios et al. 2008, Speelman
and Garcia-Barrios 2010).

Operational structure and case studies

The MESMIS framework proposes four basic methodological
premises and a cyclical sustainability assessment. The
premises are: (1) sustainability of NRM systems is defined by
seven general systemic attributes: productivity, stability,
reliability, resilience, adaptability, equity, and self-reliance;
(2) the assessment is context-based, and constrained to a
specific spatial and time scale; (3) it is thought of as a



participatory process requiring an interdisciplinary evaluation
team; and (4) sustainability is not measured per se but in
relative terms through the comparison of either two or more
contrasting  NRMS (cross-sectional assessment) or by
assessing one NRMS through time (longitudinal assessment;
Masera et al. 1999, Lopez-Ridaura et al. 2002).

The cyclical sustainability assessment is based in a step-wise
process that involves: (a) defining the context and the system
under analysis; (b) deriving critical points and sustainability
criteria, which are related to three areas of evaluation, i.e.,
environmental, social, and economic, and to the perceived
strengths and weaknesses of the system under analysis; (c)
deriving and measuring sustainability indicators along with
their evaluation units and optimum values; (d) integrating the
results by means of multicriteria graphic tools and analysis;
and (e) communicating results from the assessment, which
will in turn provide feedback to management decisions. Once
the recommendations from the evaluation process are applied,
a second stage is initiated, thus repeating the cycle. This
procedure ensures a consistent relationship between
sustainability indicators and general attributes (for a detailed
description of the assessment framework see Lopez-Ridaura
et al. 2002).

We selected 25 case studies out of the 60 documented by our
group to assess how the framework has been applied (Table
2). The case studies were chosen based on the quality and
quantity of available data. We found that most case studies
were conducted by academic institutions and, to a lesser extent,
by NGOs and groups of farmers. The case studies were mostly
executed independently from the MESMIS research team.
Therefore, the operational structure was often adapted to
satisfy the specific characteristics and objectives of the
different case studies. Thirteen of these cases took place in
Mexico, eight in Central and South America, three in Spain
and Portugal, and one in the USA.

Intensive collaboration among researchers, technicians, and
peasant families was required to define the system under
analysis (Lopez-Ridaura et al. 2002, Speelman et al. 2007,
Ortiz-Avila 2008). Usually the small farm integrates two or
more subsystems, i.e., crop-livestock, agroforestry, crop-
livestock-forestry (Fig. 2). To a lesser extent systems are
devoted only to cash crops, e.g., vineyards, cotton, agave, or
extensive livestock, i.e., grazing systems. Because of this
complexity, the evaluation usually focused on the subsystems
containing the commercial crops/products, leaving aside
subsistence crops and other elements, i.e., external or
nonmonetary income, that also contribute to the livelihoods
of the communities involved (Table 2). Usually two
contrasting NRM systems, a conventional or reference system
and an alternative one, are compared. In most cases, the
alternative NRMS is based on agroecological principles, such
as crop diversification, soil conservation, and external input
reduction (Astier et al. 2011).
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Most case studies connected indicators with systemic
attributes (Fig. 3). It was easier, however, to derive indicators
related with the productivity, both biological and economic,
attribute, than those related with resilience, adaptability, and
reliability. The derivation of some indicators, e.g., biodiversity
= stability and resilience, was more axiomatic than based on
empirical demonstration and/or dynamical analysis. Different
dimensions of sustainability were integrated into one set of
indicators to achieve a balance without oversimplification
(Table 2; Valentin and Spangenberg 2000).

Indicators were integrated using AMOEBA graphs, which
proved very useful to highlight the multidimensional character
of NRMS and also to communicate sustainability in a more
operational and appropriate way than aggregated indices. This
analytical tool helped farmers think about their management
strategies in a holistic way (Galvan-Miyoshi 2008). Most
AMOEBAS were used to show the state of the systems
assessed at a particular point of time. However, in some cases
the AMOEBA graph was also used as an innovative
monitoring tool, i.e., for ex post analysis of the time evolution
of the indicators selected during the assessment (Fig. 4). Only
a few case studies explored long-term and trade-off analyses
(See the Appendix).

Even though specific participatory techniques and tools were
used in each step of the assessment cycle (Ortiz-Avila 2008),
in many case studies the assessment teams struggled to
incorporate dynamic concepts into the evaluation.
Nevertheless, in seven cases the stakeholders had outstanding
participation in all steps of the evaluation (Table 2). Most of
the case studies involved a comparison of resource
management strategies across farms within a community. A
small set of case studies explored multiscale assessments, from
farm to region, by defining specific objectives for each
stakeholder at each relevant geographical scale, deriving
scale-dependent indicators, and linking them using functional
relationships (Lopez-Ridaura 2005, Lépez-Ridaura et al.
2005).

Only one evaluation cycle was performed in the great majority
of case studies. One of the few exceptions was the work of
Martinez (2005) in Sinaloa, Mexico, where an alternative
crop-forestry-grazing system, based on tropical legumes and
semifeedlot silage, was compared against a conventional
system over a nine-year period (Fig. 4; Martinez 2005, Astier
et al. 2011). Analysis of system dynamics and trade-offs
between attributes and indicators were not addressed in any
of the reviewed case studies.

Teaching and training: development of interactive
learning tools

Learning tools were designed to improve the courses and
effectiveness of training workshops in the last six years. A
first compilation of these tools was integrated in “Interactive-
MESMIS.” Highly graphic, fun, and pedagogic interactive
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Table 2. Main features of MESMIS case studies. Source: The authors based on the information from a sample of 25 case studies
conducted in Latin America, Spain, Portugal, and USA

Key aspects

Description and number of cases
(n=25)

Examples of the most representative of each category

NRM systems analyzed

Type of assessment
(longitudinal/cross-sectional)

Leading institutional evaluator

Spatial/organizative scale where
the evaluation is centered

Time length of the alternative
system

Degree of participation from
farmers

Indicators connected to
sustainability attributes as
defined by MESMIS

Integration of results using
multicriteria representation
techniques

Multiple evaluation cycles

Main results

Mixed (agroforestry, crops-livestock, crops-
livestock-forestry) — 10

Cash crops — 8
Basic crops — 1
Livestock - 4

Forestry — 1

Aquaculture — 1

Simultaneous, contrasting systems (i.e.,
reference vs. alternative) — 19
Longitudinal (same system before and after
management changes) — 6

Academic — 11

NGO -8

Government/extension centre — 3
Farm/Farmers group — 3

Plot/ single farm — 2

Community — 18

Regional/farmers association — 5

Short term (< 3 yrs) — 10

Medium term (3-5 yrs) — 3
Long term (> 5 yrs) — 10

N/A -1
Low —17
Medium — 1
High -7
Yes—19
No -6

AMOEBA/qualitative integration — 24

Modeling — 1

No -22

Yes—3

Alternative system more sustainable — 15
Mixed results — 3

Reference system more sustainable — 3

N/A -4

Modernized crop-livestock-forest system based on soil and water
conservation measures and diversification (local species and cultivars;
Gomes de Almeida and Biaconi 2007)

Traditional Chinampas for the production of vegetables (Merlin 2009)
Small-scale, multiple cropping systems (Moya et al. 2007)
Conventional vs. organic sheep production (Salcedo and Garcia-
Trujillo 2005)

Extraction vs. community managed forestry (Negreros-Castillo et al.
2000)

Wetlands in monoculture vs. multiculture (Moctezuma-Malagon et al.
2008)

Conventional vs. alternative small-scale maize-dairy systems (Brunett-
Pérez et al. 2005)

Dairy sheep farm evaluated three times over 10 years of technological
change (North and Hewes 2006)

Dehesa (Mediterranean agroforestry system, Gaspar et al. 2009)
Small-scale lemon production (Orozco and Astier 2007)

Conventional vs. organic cotton (Gomero and Velasquez 2007)
Indigenous Coffee Cooperative Unién de Ejidos Majomut, Chiapas
(Pérez-Grovas 2000)

Conventional vs. diversified crop-livestock-forestry system in an
experimental farm (Gutiérrez-Cedillo et al. 2012)

Tequila production, 27 farms in one community (Bowen and Zapata
2009)

Organic coffee growers association, 118 farms in one region (Cardenas-
Grajales et al. 2006)

Vineyards in organic transition (Pino-Torres 2007)

Conventional vs. organic coffee and agroforestry (Pérez-Grovas 2000)
Conventional vs. alternative irrigation system over 20 years (Ocampo-
Fletes 2004)

No alternative system evaluated (Bowen and Zapata 2007)

Farmers not involved in most steps of the evaluation process (Abbona et
al. 2007)

Farmers involved in definition of general sustainability criteria (Pino-
Torres 2007)

Farmers involved in design, measurement, and integration of
sustainability indicators (Aleman et al. 2007)

Use of all seven sustainability attributes defined by MESMIS (Aguirre
and Chiappe 2009)

Indicators derived from technological, economic, and social criteria
(Salcedo and Garcia-Trujillo 2005)

Use of AMOEBA graphs to present results (Duarte-Silveira 2005)

Linear programming used to define “ideal” system (Costa and Poeta
2008)

Agrosilvopastoral alternative systems based on multicropping evaluated
after four years (Astier et al. 2007)

Improved yields and income, more stable production, increased
participation (Aleman et al. 2007)

Traditional system had higher cost-benefit ratio, similar income and
lower agrochemical use (Merlin 2009)

Increased labor efficiency, but reduced productivity (North and Hewes
2006)

No alternative system (Orozco and Astier 2007)
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Fig. 2. A model of an agrosilvopastoral system generated in a case study in Chullpakasa, Bolivia. The first step of the
assessment framework aims to understand and describe the natural resource management systems (NRMS) to be evaluated in
systemic terms. Characterizing a NRMS implies describing its limits, subsystems, interactions, and its socio-environmental
context. In this case we see a system composed of four subsystems tightly linked. Usually this type of information is
generated in community workshops where stakeholders participate actively (Ortiz-Avila 2008).
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simulation models, embedded in fictitious but plausible social-
ecological narratives, were constructed. Step by step, the
following five concepts are assimilated by the user: (1) the
dynamic nature of sustainability attributes; (2) how natural
resources respond in a complex and nonlinear manner to
management strategies; (3) the adaptive-interactive character
of sustainable natural resource management strategies; (4)
trade-offs manifested among indicators when trying to
optimize them simultaneously; and (5) stakeholder necessity
for managing and solving conflicts that originated from their
contrasting interests and views (Garcia-Barrios and Pimm
2008).

A simulation model built to help people understand a complex
system should simplify things as much as possible, but not to
the point where the interesting characteristics of the

phenomenon are lost (Gilbert 2005). We attempt to create
models that provide a comprehensive overview of the range
of possible long-term behaviors and of the main drivers,
interactions, and thresholds involved (Garcia-Barrios et al.
2008a). These programs also help the user to learn abstract
concepts, first through a very experiential and interactive
process, and later through a conceptual method. Two of these
simulation models, SUSSTand LINDISSIMA (Garcia-Barrios
and Pimm 2008, Garcia-Barrios et al. 2008b) were included
in Interactive-MESMIS to facilitate the application of the
operational structure (See Fig. 5; http://mesmis.gira.org.mx/

).

We have also developed AGRODIVERSITY, a very graphic
and user-friendly agent-based model that challenges users to
find the biological, ecological, and management parameters
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Fig. 3. Deriving indicators through the MESMIS framework. These are examples of common strengths/weakness and
indicators registered in case studies. Sustainability attributes are translated into criteria that, at the same time, connect
indicators with identified natural resource management systems (NRMS) strengths and weakness.
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that allow a crop, weed, herbivore insect/natural enemy
community to self-organize into a functionally biodiverse and
economically sustainable agroecosystem (Garcia-Barrios and
Speelman 2006, Speelman and Garcia-Barrios 2010).

These tools have been used in more than 20 local, national,
and international training workshops addressed to graduate
students, professionals, researchers, farmers’ group leaders,
and government officials. The favorable pedagogic results
have been documented (Garcia-Barrios et al. 2008b) even for
people with little formal education (Speelman and Garcia-
Barrios 2010). For those interested in understanding NRM
modeling better or engaging in writing simple dynamical
models, we have developed an illustrated introductory guide
(Garcia-Barrios et al. 2008a).

Participatory processes: methods and tools

The social process of NRM has become increasingly complex,
interdependent, and uncertain (Gunderson and Holling 2002,
Young et al. 2006). In consequence, the apparently
independent actions of different stakeholders involved can

produce unwanted and uncontrollable consequences for all
(Bouwen and Taillieu 2004).

Reconciling rural well-being with sustainable land use and
natural resource conservation in smallholder rural territories
is a complex and challenging social task that requires the
development of an adaptive comanagement process with the
active participation of all stakeholders involved (Ostrom 2009,
Poteete et al. 2010). This ultimately implies going beyond
strategic cooperation and achieving substantive cooperation
among social groups, which naturally benefits the most those
that have been the least favored (Garcia-Barrios and Garcia-
Barrios 2008).

A whole new field of interest in developing social-ecological
simulations and games for promoting participatory processes
in rural settings is now evolving (Bousquet et al. 2002, Daré
et al. 2008). Agent-based modeling has been proposed to be
well suited for capturing the complex biophysical and
socioeconomic settings and long-term behaviors found in
peasant natural resource management systems in many



developing countries (Berger et al. 2006, Speelman and
Garcia-Barrios 2010). The joint use of agent-based simulation
and role-playing games, increasingly referred to as
Companion Modeling (Collectif ComMod 2006), is relatively
new (Barreteau et al. 2003), but flourishing. This strategy
motivates stakeholders to become more involved, interact, and
thereby reframe their views, strategies, interests, and conflicts.
Role-playing games constitute a nonconfrontational social
space in which human actions and their consequences can be
explored and discussed by all stakeholders, including
scientists (Barreteau 2003). The combination of simulation
and role playing also generates a potentially powerful tool for
interactive learning. Participants simultaneously acquire not
only new eco-technical knowledge but also new social skills
such as the ability to understand each other’s views and
interests, collectively explore scenarios, negotiate, define, and
commit to practical solutions. Companion Modeling has
proven its capacity to help stakeholders understand, mediate,
and solve social conflicts involving common pool resources
in rural settings (Bousquet and Trebuil 2005, Gurung et al.
2006, Dar¢ et al. 2008).

Fig. 4. AMOEBA diagram showing progress toward
sustainability on agrosilvopastoral systems throughout a
nine-year period in Sinaloa, Mexico (created using Martinez
2005 and Perales et al. 2000). The diagram allows
stakeholders to readily see to what extent the systems are
improving in each of the selected indicators. Trade-offs, or
synergies, and trends can thus be observed. For example, we
can see that initial investment costs, yields, crop diversity
improved, while cost-benefit ratio is decreasing a bit. Also
participation in farmers’ groups remains a challenge.
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Within the context of the MESMIS, we have created a generic
role game called “Sierra Springs” that can be adapted to a
wider set of ecosystems and rural contexts (Garcia-Barrios et
al. 2009b). Through a dozen workshops (2009-2010), we have
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extended the educational use of Sierra Springs to other Man
and the Biosphere Reserves and to academic settings in Latin
America, Europe, USA, and South Africa. An online version
of this board game is on trial, available at http://chiapasgames.

org.

Our role-playing games are designed for two types of
participants: (1) farmers, NGOs, government agencies,
researchers, and other stakeholders that interact in a rural
territory, normally a mountainous watershed, and (2) students
and/or teachers. These games have been successfully played
by students ranging from rural primary schools to PhD students
at top universities in the USA.

Within this context, we are also currently developing a project
in the buffer zone of an important Man and the Biosphere
Reserve in Chiapas, Mexico, aimed at participatory design and
implementation of sustainable silvopastoral production
systems. This includes establishing experimental silvopastoral
plots with many farmers, and an ongoing ComMod process.
To date we have developed a thorough multiactor diagnosis
that addresses the levels of consensus over different
sustainability issues.

BASIS FOR AN IMPROVED ITERATIVE
EVALUATION CYCLE

To include the most recent developments in each of the five
components of the MESMIS Program, we propose an
improved iterative evaluation, or assessment cycle to be tested
and validated in a new set of case studies. This improved cycle
is also needed to cope with the main challenges that emerged
when applying the MESMIS approach in the different case
studies: (1) a lack of quantitative and qualitative analysis of
the system’ dynamical behaviors, and the consequent
difficulty to derive stability and resilience indicators, beyond
resorting to strong assumptions and generalizations; (2) an
insufficient consideration of trade-offs among attributes and
among indicators, at a given scale and across scales; (3) the
partial involvement of rural producers, and of other social
actors who operate across scales, in the evaluation and decision
making process; (4) the lack of longitudinal evaluations that
could help understand and improve the transition or
hybridization of the reference and alternative NRM system(s);
and (5) the lack of scientific approaches and tools that could
support local institutions conducting long-term participatory
evaluation even without funding for long-term research.

We offer a general blueprint for building an improved iterative
evaluation cycle that could better address the practical
challenges of the MESMIS framework. We envision an
evaluation cycle consisting of six main steps, three of them
more linked to a diagnosis stage and three more related to a
participatory planning stage that feed back on each other (Fig.
6). It should be noted that the proposed evaluation is
longitudinal, i.e., the goal is to adaptively assess the
sustainability of a particular NRMS through time, and to build
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Fig. 5. LINDISSIMA. The online educational tool “Production System Design and Negotiation Among Stakeholders in
Conflict” in MESMIS-Interactive is a three-act drama in Spanish and English with 84 interactive screens that include
narratives, detailed tutorials, simulations, quizzes, and multiactor agroforestry system design. Users work in groups and learn
about sustainability attributes, nonlinear processes, multicriteria analysis, and conflict resolution.
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such assessment both with empirical time series of indicators,
and with qualitative and quantitative stylized dynamical
models of the systems’ components, interactions, and actual/
potential behaviors. Throughout the different steps, pedagogic
tools are applied to help participants understand concepts,
particularly those regarding nonlinear, multidimensional
processes; to collect and monitor information to assess the
different indicators; to build dynamical models and role-
playing games representing the NRMS; and to integrate results
with multicriteria methods to both collectively evaluate
possible scenarios and to enable a cooperative approach to
decision making. The evaluation cycle is therefore naturally
linked with the teaching and training component of the
MESMIS Program. Also, we hope that through the different

participatory processes, the use of interactive learning tools,
and by obtaining results tangible to local users, local
institutions will be better able to internalize the sustainability
assessment cycle and continue to carry it out on a long-term
basis even without external funding.

Step 1 involves an intuitive analysis of the NRMS main
components, interactions, drivers, and behavior(s). This
analysis is built on the knowledge and experience of
smallholders and other social actors involved in the process,
including researchers. In this step, participants attempt to
systematically describe the current status of the NRMS and
its main challenges and opportunities in terms of
sustainability.
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Fig. 6. The MESMIS Improved Iterative Evaluation Cycle encompasses a permanent process of participative diagnosis and
planning, which includes six main steps closely related that feed back on each other.
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In Step 2, indicators are selected and defined in the following
ways:

® The most relevant socio-environmental goals related to
the NRMS under analysis are listed and their current and
desired status is described quantitatively or qualitatively
by the actors, e.g., through statements like “we produce
one ton of maize per hectare and need to produce two
tons”; “riparian vegetation and water quality are
decreasing and we would like this to stop”; “local income
inequity is high and we want it to be reduced”; “actors A
and B compete for access to resources and would prefer
to cooperate if possible”.

® The most relevant current means and activities for

achieving such goals are listed and characterized
quantitatively/qualitatively, e.g., building on statements
like “we apply industrial fertilizer to maize and wish to
apply more as soil becomes impoverished”; “we have
doubled the cattle stocking rate”; “former staple food
producers have become middlemen for our marketable
cattle”.

Goals and means are represented explicitly as indicators
in a graphical conceptual model. Hypothetical cause and
effect relations are proposed and explored to identify
additional (hidden) critical variables, to integrate positive
and negative feedback loops among variables, and to



approximate quantitative/qualitative sustainability constraint
and threshold values for the indicators representing goals
and means.

As a result of the process, a manageable set of goal-oriented
indicators is selected by participants seeking to capture the
legitimate interests of all the stakeholders involved in the
assessment, and the smallest possible list of drivers and
interactions that define if such goals and means can be
sustained is derived. This latter process is more elaborate
because it requires that participants: (1) acquire an experiential
understanding of the dynamical and systemic nature of
sustainability attributes of NRMS; (2) build graphic
representations of their conceptual models of the NRMS,
including components, cause and effect relations, and
feedback cycles; (3) “play out” the qualitative dynamics of
critical indicators implicit in their diagrams, and discover the
desirable and undesirable attractor(s) of the hypothetical
system; and (4) confirm the relevance of the selected
indicators. Deriving the minimal set of both types of indicators
is key in reducing the costly and time consuming process of
monitoring them. To facilitate conducting this step, a host of
participatory processes for defining collective goals are
available in the literature (e.g., Lynam et al. 2007). Also,
highly intuitive and interactive didactic tools are becoming
available to introduce academics and nonacademics to the
basics of nonlinear dynamics, complexity science, and
sustainability science. Dynamical system teaching resources
(Garcia-Barrios and Pimm 2008) and agent-based modeling
tools have become more user-friendly, and have proved useful
in the MESMIS teaching experience, for example, the
LINDISSIMA and AGRODIVERSITY models. Conceptual
modeling and user-friendly simulation software based on
qualitative reasoning that can deal with qualitative and
incomplete information about the components and
interactions of NRMS is being developed (Bredeweg and
Forbus 2003, Bredeweg et al. 2009), and the first study cases
have been successful in modeling the restoration ecology of
specific NRMS (Salles et al. 2006).

In Step 3, stakeholders integrate the selected goal-oriented
indicators and sustainability-driver indicators into role-
playing games, in the form of board games and spatially
explicit agent-based models. These games allow stakeholders
to display their goals and strategies, discover the dynamical
consequences of their management decisions, identify
thresholds and trade-offs, and reveal the coordination and
cooperation dilemmas involved in building a sustainable path
for the NRMS under scrutiny (e.g., Janssen et al. 2010, Garcia
Barrios et al. 2011). In the process, the indicators listed in step
2, and the model as a whole, are reconsidered and refined.
Different strategies for participatory modeling have been
developed and explored in the past two decades with success
(Etienne 2011). Of course, the modeling tools and resources
described in step 2 should also be used here.
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Step 4 involves the integrated assessment of indicators, using
multicriteria representation tools and techniques, with
continuous feedback from steps 2 and 3. For each indicator
the state of the system is judged according to a “scale of
preferences” in terms of sustainability, where optimal values,
targets, or critical thresholds are used to define the most
preferred state. Multicriteria representation tools such as the
AMOEBA diagram are commonly used at this stage.

In Step 5 a scenario exploration and assessment, which
involves a prospective analysis and social negotiation of
potential courses of action available for decision makers, is
undertaken and, therefore, trade-offs among attributes and
indicators can be visualized and analyzed. The final step (6)
is the selection of a desired scenario that is translated into a
set of adaptive/corrective actions oriented to improve the
sustainability of the NRMS under analysis. This process, in
turn, triggers a new diagnosis-planning cycle that begins at
time “t2” (Fig. 6). The Companion Modeling (COMMOD)
framework (Etienne 2011) and tools are well suited for aiding
in steps 3 to 6. We have started to conduct and test this
improved MESMIS evaluation cycle in the buffer zone of a
Man and the Biosphere Reserve in Chiapas, Mexico with
encouraging results (Cruz-Morales et al. 2011, Brunel-Manse
and Garcia-Barrios 2012).

CONCLUSION

The concept, the goals, and the strategies for achieving SES
sustainability are rapidly evolving in the midst of intense and
sometimes contentious debate. There is no single theory that
suffices for this challenge; approaches so far need to be
fundamentally eclectic and integrate recent developments
from measurement-oriented approaches to sustainability
assessment, theory of complex system dynamics, participatory
processes, agent-based simulation, and role-playing games. In
particular, within small-scale farm territories, natural resource
management is inextricably related to the livelihoods of
millions of smallholders in Latin America and the world at
large, and continues to be central in the analysis of sustainable
and unsustainable strategies and resultant SES scenarios.

Although the theoretical discussion about sustainability is
booming, funding for long-term research programs in Latin
America and for many other regions is still a major challenge.
The MESMIS Program has actually survived by surfing
through and bridging a large set of short-term projects.
Assessment and monitoring are seen by funders and
organizations more as the end-point of a project rather than a
continuous activity. Priorities are also on short-term impacts
rather than on sustaining longer term strategies. In fact, several
institutions explicitly preclude the funding for more than two
to three years, which completely contradicts sustainability
objectives. Finally, the assessment itself and the development
of learning and methodological tools are often a low funding
priority. These limitations should be urgently overcome.



Sustainability assessments need to support bottom-up,
adaptive comanagement strategies; therefore, characterizing
the local contextual circumstances that are most relevant for
sustainability in a given place is essential. Unfortunately, the
topic is still foreign not only to farmers but to many
researchers, students, NGOs, policy makers/operators, and
other interested groups. The MESMIS program has attempted
to bridge theory, empirical studies, and social action to enable
small-scale farmers and other relevant stakeholders to
continuously assess the dynamic social-ecological consequences
of NRM decisions made in these territories. So far the
experience has been rewarding, as the interest for the different
methods and tools developed within MESMIS continue to
grow, and more case studies are conducted aimed at finding
more sustainable alternatives for small-scale NRMS. Because
the MESMIS Program is itself an adaptive process, we have
proposed in this paper an improved operative framework with
emphasis on the dynamics/participatory aspects of
sustainability assessments.

Putting in practice this new form of sustainability assessments
requires a sustained, long-term, multi- and interdisciplinary
effort. To be effective this effort needs to encompass a range
of scenarios from the incorporation of sustainability science
programs into formal curricula in universities, to training
courses in rural settings. Finally but not least important, it
should be noted that these types of efforts will be more
successful in those circumstances and settings where adaptive,
participative governance of social-environmental processes is
already making significant progress.

Responses to this article can be read online at:
http.//'www.ecologvandsociety.org/voll 7/iss3/art25/
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Appendix. An example of the use of models to predict sustainability in small farming systems
under conservation tillage in the Purepecha’s highlands, México. The model was APSIM
(Keating et al. 2003; www.apsru.gov.au). In discussions and workshops with stakeholders,
scenarios were constructed comprising three levels of maize forage left over the soil -hereafter
named “crop residue retention”- (0%, 35% and 100%), in a maize farming system. Two
sustainability attributes were explored through maize yield and crop residues modeled for 20
years under different weather sequences. Figures A-1 and A-2 show the resilience of the system,
i.e., the ability to recover from an abrupt perturbation. This was tested by using a weather file
with one ‘stress’ year of low precipitation (884 mm yr'') (year 5, the third cropping year) in a 20
year weather sequence. It can be seen that in the year of stress, the 100% crop residue retention
system yields are the best of the three management types. However there is a fall of maize yield
in the first cropping year after the stress year, namely year 7, after which maize yields go up
again and stay higher than yields from the 0% and 35% crop residue retention systems. This fall
in yields is due to nutrient immobilization. Figures B-1 and B-2, illustrate the adaptability of the
systems, i.e., their ability to cope with new long-term environmental conditions, illustrated in
this case through a weather sequence with decreasing amounts of precipitation. The 100% crop
residue retention management shows very fluctuating yields and crop residue production
between years. After a very low maize yield and a relatively low crop residue production in year
5, the 100% regime produces higher yields and crop residues than the 0% or 35% residue
retention systems (Speelman 2004).

Figure A-1 and A-2
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