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ABSTRACT. In a complex and turbulent world, there is heightened interest in managing for resilience. However, resilience guides,
particularly those used in the development field, often lack a theoretical grounding in complex adaptive systems. There is a demand
for guidance on how to operationalize complexity in applications of resilience, such as resilience assessment and planning. This study
synthesizes lessons from how twelve cases of social-ecological resilience practice are engaging with complexity. We assessed how each
case engaged with complexity, according to a framework of six features of complex adaptive systems. The cases are situated in a diversity
of contexts, that include rural villages in Tajikistan, a Swedish municipality, Australian catchment management authorities, a Canadian
coastal fishery, and the Arctic council. Our results revealed two main ways of engaging with complexity: capturing and making sense
of the complexity of a social-ecological system (system complexity) and embodying complexity into the participatory process (process
complexity). Our comparison demonstrates that resilience practice provides a useful approach to address system complexity by, for
example, conceptualizing social-ecological interactions, identifying interactions across scales, and assessing system dynamics. Strategies
related to understanding the adaptive and emergent features of complex systems were less developed and widespread. The study also
revealed a set of strategies to address process complexity, such as facilitating dialogue, building networks, and designing a flexible and
iterative process, showing how complexity can be embedded into the resilience assessment process. The more participatory and embedded
cases of resilience practice were stronger in these process-oriented strategies. The complexity framework we used and the identified
practical strategies provide a theoretically-grounded resource for managers, decision-makers, and researchers on how to engage with

complexity when applying resilience in a variety of contexts, including development and landscape management.
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INTRODUCTION

The current Covid-19 pandemic shows how people have to
navigate an increasingly turbulent and complex world (Walker et
al. 2020). Human modification of the Earth system has created
new dynamics and connections that are causing local ecosystems
to behave in new ways, while also having an impact on distant
people and places (Steffen et al. 2011, Nystrom et al. 2019). A
local development organization in South Africa, for example,
works to strengthen water and food security, while dealing with
socio-economic inequalities and apartheid legacies. At the same
time, it also guides governance efforts to adapt to the ongoing
effects of climate change and national and international policy
decisions. In the face of thisincreased complexity and uncertainty,
there is heightened interest in managing for resilience (Xu et al.
2014). The application of this concept, through a wide range of
measurement and assessment approaches, spans diverse fields
linked to the sustainability sciences, such as natural resource
management, international development, food security, and
disaster management (Quinlan et al. 2015). Resilience guides,
particularly those used in the development field, often lack a
theoretical grounding in complex adaptive systems and practical
guidance on how to incorporate a complexity perspective
(Quinlan et al. 2015). However, a narrow, sectoral approach and
simple solutions are not likely to be effective in contexts of
complex sustainability challenges (Schultzet al. 2015). Navigating
these new challenges that span domains and interact across scales,
requires engaging with complexity and actively exploring new
modes of governance that build adaptive and transformative
capacities (Gunderson and Holling 2002, Chaffin et al. 2016).
Operationalizing a complexity perspective is, nevertheless,
challenging and there is a need for practical knowledge on how

to engage with complexity in a meaningful way in contexts of
resilience management, assessment, and planning (Bohensky et
al. 2015, Preiser et al. 2018). A field with a tradition in applying
complex adaptive systems approaches is social-ecological
resilience thinking and practice.

Complex adaptive systems theory forms a conceptual point of
departure for social-ecological systems research and resilience
thinking (Preiser et al. 2018, Folke 2006, Folke et al. 2016, Table
1). The evolution of resilience research (Berkes and Folke 1998)
has been significantly shaped by the theories and conceptual
development in the field of complex adaptive systems research
(Holling 1986, Levin 1998, Gunderson and Holling 2002).
Resilience of social-ecological systems is commonly understood
to refer to the system’s capacity to cope with shocks and absorb
disturbance by adapting and re-organizing while undergoing
change such that it retains the same structure, function, feedbacks,
and identity (Folke 2016). The concept stems from Holling’s
(1973) work in ecology showing that living systems can exist in
multiple states or "basins of attraction". Social-ecological systems
are a type of complex adaptive system that is capable of self-
organization and has the capacity to learn and adapt (Folke et al.
2004). Broadly speaking, resilience thinking helps one to
understand the internal factors and external influences that shape
how social-ecological systems evolve over time (Gunderson and
Holling 2002). A base assumption is that the interaction of
systems’ internal feedbacks with cross-scale dynamics can
produce shifts in the organization of systems, and that diversity,
surprise, and entanglement of people are key aspects for
understanding or managing resilience (Gunderson and Holling
2002, Folke et al. 2010).
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Table 1. Glossary of key terms. Resilience and complexity are terms that are defined and interpreted in many different ways. The

following definitions and key references are used in this study.

Term Definition

Key references

Resilience thinking

A conceptual framework, including the lens of social-ecological systems as complex
adaptive systems; concepts describing properties of such systems, such as resilience,

Walker and Salt 2006, Folke et
al. 2010, Biggs et al. 2015

adaptability, and transformability; and a normative orientation towards sustainable
people-biosphere relations and human well-being.

Resilience practice

Complexity

dynamic and adaptive.
Complex adaptive systems

have dynamic resilience.

Applications of resilience thinking in real-world settings, and/or at the interface of
science-policy-practice, including resilience assessment, planning and action.

Systems that contain adaptive components and capacities which allow the systems to
change and evolve over time in response to feedbacks and changes in the system
context. Complex adaptive systems have memory, so that past experiences can shape
future behavior, they have multiple modes of behavior, the ability to transform, and

Resilience Alliance 2010, Walker
and Salt 2012, Enfors-Kautsky et
al. 2018

A systems property that results from many diverse components that are interconnected Waldrop 1993, Cilliers 1998,
across temporal and spatial scales to produce their own pattern of behavior that is

Duit and Galaz 2008, Meadows
2008, Boulton et al. 2015
Holland 1995, Levin 1998,
Lansing 2003, Liu et al. 2007,
Cilliers 2008, Duit and Galaz
2008, Schoon and Van der
Leeuw 2015

Resilience practice— the application of resilience thinking in real-
world management and policy contexts (Table 1) — has
substantially increased in the past decade. These cases of resilience
assessment and resilience planning offer an opportunity to study
how a a complex adaptive systems perspective translates into
hands-on strategies and actions. Resilience practice builds on
previous research and practical experience within the Resilience
Alliance network (e.g., Holling 1973, Carpenter et al. 2001,
Gunderson and Holling 2002, Walker et al. 2002, Cumming et al.
2005). Applications of resilience combine different conceptual
elements for the purpose of understanding system dynamics in
complex social-ecological systems. The focal unit of study or
analysis is a social-ecological system, as opposed to individuals,
households, communities, or cities that are the focus of other
fields (e.g., psychological resilience, disaster risk resilience,
community resilience, climate resilience). Although not always
conducted as a participatory process, resilience practice draws on
participatory approaches to learning and conceptualizing
complex adaptive systems (Pretty et al. 1995, Bousquet et al. 2002,
Craig et al. 2002). While there is a growing number of resilience
applications, there have been few attempts made to capture the
lessons learned across cases and to document and integrate these
in the body of scientific literature (Sellberg et al. 2018).

In this study, we analyzed how a complexity perspective has been
operationalized across twelve cases of resilience assessment and
planning in different parts of the world in contexts of
development and natural resource management. This paper does
not present new concepts or theories, but rather contributes to
bridging complexity theory and practical applications of
resilience. We take a structured approach to examine this link
using a framework of six features of complex adaptive systems,
which capture various aspects of complex social-ecological
systems. The framework is based on Preiser et al. (2018) and builds
on the growing field of ‘translational systems research’ (Edson et
al. 2017) that aims to translate theoretical concepts developed in
the field of complex adaptive systems science (e.g., Wimsatt 1994,
Juarrero 1999, Bohensky et al. 2015) into practical applications.
So far, this field has not engaged much with applications of
resilience (De Vos et al. 2019). In this study, key individuals from

each case conducted a self-assessment of how they engaged with
the different features of complexity. Our results do not provide
in-depth knowledge on the individual cases, but an overview and
illustrative examples of the different practical strategies that are
used in social-ecological resilience practice for operationalizing
complexity. To our knowledge, this is the first systematic analysis
that describes how complexity has been operationalized across a
set of case studies involving resilience assessment and planning.
The strategies, tools, and insights we identified provide a
theoretically-grounded resource for managers, decision-makers,
and researchers on how to engage with complexity when applying
resilience in a variety of contexts, including development and
landscape management. Based on our findings, we discuss the
strengths and weaknesses of social-ecological resilience practice
in engaging complexity, reflect on the application of the
framework we wused, and provide recommendations for
practitioners who wish to engage more deeply with complexity in
their work with resilience.

METHODS

Cases of resilience practice

Our cases were selected during a workshop with resilience scholars
and practitioners in South Africa, in May 2017. The participants
of the workshop were connected to two organizations, both of
which have the explicit aim to (among other things) apply social-
ecological resilience thinking in practice: the research program
GRAID (Guidance for Resilience in the Anthropocene:
Investments for Development), which funded the workshop, and
the Resilience Alliance research network. The shared theoretical
basis of these organizations enabled a selection process that was
appropriate for our objective to compare cases of social-
ecological resilience practice. Furthermore, the selection was
narrowed down to cases that were sufficiently advanced in their
progress to be studied. Twelve cases from different contexts
around the world (Fig. 1, Table 2) were selected, allowing us to
explore the research question in diverse settings, in terms of
regional variation and approaches, highlighting different ways of
engaging with complexity.
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Table 2. Cases of resilience practice included in this study. The cases were initiated by different actors, academic or non-academic (see
lead actors in italic), and were to varying extents co-designed by researchers and practitioners. Cases are referred to in the text using
the bold part of the full case name. The order of appearance is based on when the case was initiated. The earliest case started in the

beginning of the 2000s, but the majority of cases were initiated after 2010.

Case

Key actors

Context

Approach

Goulburn-Broken Catchment
Management Authority (CMA)
Resilience Planning

Resilience Assessment in Roghun,
Tajikistan

Murray Catchment Management
Authority (CMA) Resilience Planning

Eskilstuna municipality resilience
assessment of food system

Arctic Resilience Assessment (Ch. 4:
What factors build or erode resilience
in the Arctic?)

Resilience in the Limpopo basin
programme (Resilim-O)

Natural Resource (NR) Kangaroo
Island Resilience Planning

Resilience assessment in Astrid
Lindgrens Hembygd (ALH)

Managing bundles of ecosystem
services with multiple users in the
Helge 4 catchment

Quantifying SES resilience in coastal
Pacific Herring fishery

RAPTA pilot in Ethiopia (incl. a
national level pilot with GEF, and a
local level pilot with the Telecho
community)

Shyamnagar resilience analysis

CSIRO (leading the first resilience
assessment), Goulburn-Broken CM A,
Australian Resilience Centre

Resilience Alliance, Mountain
Societies Development Support
Program (MSDSP)

Murray CMA, Australian Resilience
Centre, University of Tasmania

Eskilstuna municipality, Stockholm
Resilience Centre, Albaeco

Stockholm Resilience Centre,
Stockholm Environmental Institute,
Arctic Council

AWARD

NR Kangaroo Island, Australian
Resilience Centre

Astrid Lindgrens Hembygd, Stockholm
Resilience Centre

Stockholm Resilience Centre,
Kristianstad Vattenrike Biosphere
Reserve

Simon Fraser University, Heltsiuk

First Nation

CSIRO, Stockholm Resilience Centre,
Global Environmental Facility
(GEF), UNDP, Telecho community

Mangroves for the future ( MFF)

Australia; Regional; Natural resource
management

Tajikistan; Regional; Development

Australia; Regional; Natural resource
management

Sweden; Local government; Food
security; Sustainable development

International policy forum; Arctic
council member states: Sweden,
Canada, USA, Norway, Denmark,
Russia, Finland, Iceland, and
indigenous representatives

South Africa; Regional; Natural
resource management; Water security;
Development

Australia; Regional; Natural resource
management; Climate change
adaptation

Sweden; Rural development;
Sustainability transitions;
Community resilience

Sweden; Management of ecosystem
services and multifunctional
landscapes

Canada; Coastal fishery; Indigenous
community, culture and practices

Ethiopia; Sustainable development;
Food security; Land degradation

Bangladesh; Ecosystem conservation;
Sustainable development; eco-system
dependent coastal communities

Resilience-based planning and
operations (based on a participatory
resilience assessment (Walker et al.
2009), and Resilience Alliance 2007,
but developed into an approach to
planning, Resilience Planning
(Sellberg et al. 2018))

Participatory resilience assessment
(based on Resilience Alliance 2007)

Resilience-based planning and
operations (based on Resilience
Alliance 2007, but developed into an
approach to planning, Resilience
Planning (Mitchell 2013, Griffith et
al. 2014, Mitchell et al. 2014, Sellberg
et al. 2018))

Participatory resilience assessment
(based on Resilience Alliance 2010,
see Sellberg et al. 2015)

Assessment of resilience framework
(based on Berkes et al. 2003, and
Biggs et al. 2015, see Huitric et al.
2016), includes a review of 19
different sub-cases across the Arctic.
Resilience-based planning and
operations (based on Pollard et al.
2014)

Resilience-based planning and
operations (based on Resilience
Alliance 2007, but developed into an
approach to planning, Resilience
Planning (Sellberg et al. 2018))
Participatory resilience assessment
(based on Hopkins 2008, 2011, and
Resilience Alliance 2010, see Sellberg
et al. 2017)

Participatory resilience assessment
(Malmborg et al. 2020, based on
Enfors-Kautsky et al. 2018; mapping
of ecosystem service bundles based
on Queiroz et al. 2015)

Assessment of resilience framework
(Salomon et al. 2019, based on Biggs
et al. 2012, and also Resilience
Alliance 2010, Cosens and Fremier
2014, Nemec et al. 2014, Allen et al.
2018)

Participatory resilience assessment
(based on The Resilience, Adaptation
Pathways and Transformation
Assessment (RAPTA) described in O
Connell et al. 2016, see also Maru et
al. 2017)

Participatory resilience assessment
(based on MFF Resilience Analysis
Guidelines, informed by e.g.
Resilience Alliance 2007, 2010)
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Fig. 1. Cases of resilience practice included in this study. The
Arctic case covers a much larger area compared to the others,
which are on a local-regional scale. Apart from the Arctic,
included countries are: Australia, Bangladesh, Canada,
Ethiopia, South Africa, Sweden, and Tajikistan.

~— "*’5;;\7' P

While all cases deal with the governance of social-ecological
systems for environmental and social sustainability, they represent
different contexts and issues. All are place-based, in that they
focus on a specific geographical area, but the scope ranges from
vast regions such as the Arctic, to catchment regions (Goulburn-
Broken, Murray, Kangaroo Island, Limpopo, and Helge &), local
villages or towns and surrounding landscapes (local Ethiopia case,
Tajikistan, Eskilstuna and ALH), and coastal areas (Pacific
Herring, and Shyamnagar). In some cases, communities are more
directly linked to and dependent on ecosystems and their
resources (e.g., Tajikistan, Arctic, Pacific Herring, Shyamnagar),
whereas in the Australian and Swedish cases, only a small part of
the population is directly dependent on regional resources for
their livelihoods. Several cases address very dynamic systems that
have experienced major shifts (e.g., Shyamnagar, the Arctic, and
Limpopo) while others exist in more stable contexts (e.g., the
Swedish cases). The focal issues range from specific concerns, such
as food security (Eskilstuna and Ethiopia) to a broader range of
ecosystem services and issues tied to a particular landscape,
region, or community (e.g., Goulburn-Broken, Limpopo,
Shyamnagar, and Helge &).

The cases used different approaches to resilience practice that can
be clustered into three overarching types: 1) Assessments of
resilience frameworks, 2) Participatory resilience assessments, and
3)Resilience-based planning and operations (Table 2). These three
types relate to different degrees of embeddedness within an
organization. The first type includes assessments of theory-based
resilience frameworks, often using literature reviews and expert
surveys with a purpose to both operationalize resilience theory
(Berkes et al. 2003, Biggs et al. 2015) and identify implications for
policy and practice. The majority of the cases belong to the second
type, participatory resilience assessments, which involve different
actors in the process of assessing resilience as a stand-alone
project. In the third type, resilience practice was less bound to a
discrete project and more an ongoing process that gradually
involved more people in the organization and influenced the
operations, structure, and culture of the organization (Australian
and Limpopo cases).
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Assessing how cases engaged with complexity

To identify activities and strategies used in the cases to deal with
the real-world complexity of social-ecological systems, we used a
framework of six general features of complex adaptive systems
(Preiser et al. 2018). The six features are: 1) contextual, 2) open,
3) relational, 4) dynamic, 5) adaptive, and 6) emergent (Table 3).
They are based on a synthesis of leading scholars' classifications
of complex adaptive system characteristics (e.g., Holland 1995,
Arthur et al. 1997, Levin 1998, Cilliers 1998, Chu et al. 2003). In
the absence of a unified theory of complexity, Preiser and
colleagues clustered similar properties of complex adaptive
systems into a typology of underlying organizing principles that
are intrinsic to the features and behavior of complex adaptive
systems. The framework particularly addresses the practical
implications that complex adaptive systems approaches could
have for social-ecological systems research. We use this framework
because it operationalizes a complex adaptive systems perspective
by offering a synthesis of the different features of such systems,
which in turn helped us to structure our assessment. By assessing
the strategies and approaches used in resilience assessment
processes to engage with complexity, explicitly or implicitly, we
further build on this bridge between theory and practice.

Table 3. Complexity framework. Six features of complex adaptive
systems, their definitions and general implications. See guiding
questions for how we assessed these features within the cases of
resilience practicein Appendix 1. The table is adapted from Preiser
et al. (2018).

Feature of Definition General
complex implication
adaptive

system

1. Contextual Components and systems have multiple Context matters

context dependent roles and identities.

Knowledge of complex adaptive systems

is observer-dependent and context itself

has agency in shaping meaning.

Boundaries are porous with exchange of Consider open

matter, information and energy. Systems systems

are embedded or nested in other

systems, with interactions across scales

and domains, and have potential

connections to distant places.

3. Relational ~ Consisting of networks of diverse
components, that are often redundant,
and can include elements of hierarchy.

2. Open

Relations matter

4. Dynamic  Displaying periods of fast and slow Assess system
change and non-linear interactions with ~ dynamics
potential thresholds or regime shifts, due
to enabling and constraining feedback
loops. Multiple trajectories or
equilibriums are possible.

5. Adaptive  Self-organizing and evolving, with Anticipate
decentralized control, and has memory  adaptation
and capacity to anticipate.

6. Emergent Emergent system behaviors and complex Expect complex
cause and effect relationships, e.g. emergent
meaning that same conditions can behavior

produce different outcomes, small inputs
can have large effects, high likelihood for
surprise, and any intervention will have
unintended consequences.
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To assess the cases, we used firsthand information from a person
involved in leading the resilience practice work in the case. The
direct involvement of key actors in the selected case studies was
a unique opportunity to gather tacit information about the cases.
For this reason, we asked the case representatives themselves to
conduct a reflexive analysis. A reflexive analysis is an explicit, self-
aware meta-analysis that is used to compare experiences and
procedures from for example participatory processes, and that
requires a clear framing or framework to be reliable and
transparent (Finlay 2002, Blackstock et al. 2007). In our case, the
framing was informed by the six general features of complex
adaptive systems (Preiser et al. 2018). We complemented the
firsthand information with existing documentation about the
twelve cases, including reports, policy documents, and, when
available, scientific literature (see references to the literature that
is publicly available in Table 2). Resilience practice cases are often
not for research purposes and therefore, not published in the
scientific literature. For two cases, the lead person was not
available for the reflexive analysis and we then used existing
documentation as our primary source of data. However, members
of the author team who were familiar with those cases reviewed
the information and assured that the quality of the analysis was
adequate to include these cases in the study.

For each complex adaptive system feature, we developed guiding
questions to interrogate the specific strategies and actions relevant
for resilience practice (see Appendix 1). We used these questions
as prompts to evaluate the cases, focusing specifically on
identifying actions and strategies, such as methods, tools, and
approaches, as well as ways of engagement. Additional ways of
engaging with a particular complexity feature, not covered by the
guiding questions, could also be added. We also noted if any of
the six features were not addressed within a case. We did not assess
the complexity of the social-ecological systems the cases were
situated in. In the responses, we aimed for such a level of detail
as would be useful for an external person wanting to conduct a
similar process. To better understand the background and capture
reflections of each case, we also included a set of general
questions. These questions concerned the rationale for using the
approach in that context, the advantages and disadvantages of
using the approach, and the most important contributions of the
assessment or process (see Appendix 1).

We analyzed the case information using thematic qualitative
analysis (Patton 2002) in two rounds of coding (Charmaz 2006).
First, we performed an initial coding resulting in preliminary
themes of strategies across the cases, including actions, practices,
and structures (such as networks or organizational structures).
The three types of approaches of resilience practice also emerged
from the initial coding (Table 2). We then performed a focused
coding in Atlas.ti (Friese 2012) using these preliminary themes
and revising them iteratively. The final codes are presented as
strategies in Table 4.

RESULTS

For each complex adaptive systems feature, we describe the main
strategies for engagement (Table 4) and provide examples from
the different cases (see Appendix 2 for further information about
the tools and concepts used by the cases, and Appendix 3 for
further supporting material). Some strategies mentioned by case
representatives related to multiple features. For example,
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Table 4. Overview of strategies for engaging with complexity. The
order of the strategies corresponds to the order they are presented
in the text.

Features of
complex
adaptive
systems

Main strategies of cases of resilience practice

1. Contextual e« Translating and adapting concepts, tools and processes to
local contexts; Connecting to local issues of concern;
Identifying locally relevant “entry points” to engage
participants

* Engaging with multiple values and definitions of the system
* People leading resilience practice reflecting on their own
roles in shaping outcomes

* Finding a useful way of defining the boundaries of the focal
system

« Identifying external drivers of change and interactions
across scales (e.g. above and below the focal system)

» Engaging key higher levels of governance and external
actors who shape system context and dynamics

* Building relations between science and practice and
integrating different disciplines and types of knowledge

* Highlighting and conceptualizing connections between
people and the biosphere (e.g. social-ecological systems);
Mapping social networks and governance relationships

* Facilitating dialogue and building networks between
different actors; Bringing actors together to develop
coordinated actions

« Identifying historical changes and trends

« Considering potential thresholds of concern and possible
regime shifts

« Conceptualizing and modeling system interactions and
feedbacks

* Developing alternative future scenarios and pathways

* Designing a flexible and iterative process; Enhancing
system understanding among participants

* Building a learning culture within the project, the approach
or in the organization; Building capacity of external actors in
planning, monitoring and learning

« Using theory-based resilience assessment framework
(including assessing key principles or attributes of resilience
and adaptive capacity)

 Enabling the creation of (multiple and/or shared) narratives
* Enabling a broader scope and reinforcing local perspectives
 Allowing for emergence through trust-building and a
flexible process

2. Open

3. Relational

4. Dynamic

5. Adaptive

6. Emergent

“engaging key higher levels of governance and external actors”
concerns both relational and open. However, we placed each
strategy only under the most relevant feature to minimize overlap
in the text.

Contextual

The contextual feature means that roles, identities and knowledge
of complex adaptive systems are context-dependent and depend
on the perspective of the observer (Table 3). A key strategy to deal
with this feature was to translate and adapt the process and issues
to the local context and actors, rather than focusing on pre-
decided issues and applying a blueprint approach. All cases
considered their context, but in different ways. In the Australian
cases, different sub-systems or “local landscapes” were identified,
differentiating priorities and implementation strategies, and
supporting the development of local plans together with local
actors. Two of the participatory cases identified a locally relevant
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“entry point” to start engaging participants. The Limpopo case
described that when developing systems diagrams collaboratively,
they “find a hooking point that matters for people”, such as food,
health, or water. Helge & found ecosystem services to be a useful
hooking point since the concept was gaining attention in the
Swedish governance context. Furthermore, by including a diverse
set of services, the ecosystem service bundles acknowledged many
different values in the landscape and became a concept that the
diverse group of participants could unite around. This helped
different stakeholders feel welcome and facilitated a dialogue
between them (see also relational). The Arctic and Pacific Herring
cases also combined their theory-based frameworks with locally
defined resilience outcomes (Arctic) or locally relevant metrics
and management eras (Pacific Herring).

Another key strategy cases used to acknowledge that knowledge
is context-dependent was to consider multiple values and
definitions of the system. For example, in the participatory cases,
this meant inviting a diversity of actors and carefully eliciting
their different perspectives in workshops (e.g., Helge 4,
Eskilstuna, Tajikistan, ALH). In cases where inequality was a key
concern these practices were generally more sophisticated. The
Tajikistan, Ethiopia, and Shyamnagar cases encouraged
perspectives of less powerful groups, such as women, youth, and
landless people, for example by meeting with different actor
groups separately, and by including “benefit for landless people
and women” as a criterion for assessing proposed activities.
Ethiopia and Shyamnagar also articulated multiple and
complementary pathways of change.

In our complexity framework, knowledge is considered observer-
dependentand has agency in shaping meaning (Table 3). However,
practitioners seldom reported explicitly reflecting on their own
roles in shaping outcomes. Only two cases had documented doing
this, by reflecting on project limitations (Ethiopia) or evaluating
the usefulness of the approach (ALH).

Open

The open feature highlights how system boundaries are porous
and that systems are embedded or nested in other systems, with
interactions across scales and domains (Table 3). Because systems
are open, the cases needed to find a useful way of defining their
focal systems. Some focused on a local community, while others
used administrative boundaries of a municipality or catchment
management authority. Helge 4, Shyamnagar, and Limpopo used
both administrative and biophysical boundaries, such as
catchments, rivers, and forests, which partially overlapped.
System definitions were driven by different factors, such as the
mandate of the organization, the perceived sphere of influence
of participants, key issues of concern, and the scale and resolution
of accessible data. For example, the Pacific Herring case used “a
region that loosely corresponded to the traditional territory
(including fishing areas) of the Heltsiuk First Nation”, as a way
of supporting the Heltsiuk First Nation, who “have some
authority over their traditional territory and are trying to reassert
this authority to gain more power in how fisheries are managed.”
This definition corresponded to the goals of their resilience
practice.

Once the system had been defined, all the cases identified external
drivers and cross-scale interactions, but each using different tools
and exercises (Appendix 2). Sometimes consideration of external
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drivers and scales above and below the focal system were part of
exercises to explore system dynamics, such as historical timelines
and systems diagrams. Others performed specific scoping
exercises, for example using V-STEEP, which captures factors
across six dimensions: values, social, technological, ecological,
economic, and political (Biggs and Rogers 2003, Pollard et al.
2014). Some cases described a lack of influence over critical
drivers, for example, Arctic communities’ influence over climate
change, which made participants feel overwhelmed or powerless.
Strategies to deal with this were to focus on the sphere of influence
(Limpopo) and to connect to higher-level, more influential actors
(see below). Most cases identified climate change as a key driver
influencing their system, but ALH and Kangaroo Island stood
out in that they also addressed the responsibility to decrease local
carbon emissions.

Some participatory resilience assessments addressed the open
feature by involving higher levels of governance and other key
actors shaping their system context (ALH, Eskilstuna, Ethiopia,
Helge 4). Depending on what was deemed appropriate for their
context, higher-level actors were involved in separate meetings or
as part of the resilience workshops. Involving these actors seemed
to increase a sense of agency or legitimacy. In Eskilstuna, a pre-
workshop with actors across organizational levels (e.g., national,
county, municipality) supported the municipality to take on the
issue of food security, even though they did not have a clear formal
mandate.

Relational

Relational implies that complex adaptive systems consist of
networks of diverse components and that relations matter (Table
3). By bridging different disciplines and types of knowledge, all
the cases were building relations across research fields, between
science and practice, and sometimes also with policy. Certain cases
pointed out how existing relationships and partnerships between
science and practice were part of enabling resilience practice in
the first place (e.g., Pacific Herring, Helge a) and that “this trust
would have been reinforced by continuing a long-term collaborative
relationship” (Pacific Herring). Five cases particularly highlighted
the concept of social-ecological systems as a way to integrate
different disciplines and types of knowledge, for example, the
Arctic case:

“We use the concept of social-ecological systems as a framework
for integrating the diverse types of knowledge needed to understand
the interactions taking place in the Arctic,...” ( Arctic Council 2016
Xi).

All cases also highlighted connections between people and the
biosphere by identifying system components across ecological
and social dimensions. Eleven cases conceptualized people-
biosphere connections using different tools and concepts, such as
ecosystem services, system diagrams, and conceptual models of
social-ecological systems (Appendix 2). In addition, four cases
mapped either social networks or governance relationships, roles
and responsibilities.

Apart from mapping relations, all the participatory cases were
facilitating dialogue and building networks between different
actors. Helge & and Limpopo used collaborative development of
system diagrams to facilitate dialogues (Appendix 2). A few cases
reported building bridges between different groups, for example,
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those interested in environmental sustainability and those more
interested in traditional forms of development (e.g., ALH,
Kangaroo Island). The strategy of bringing actors together in
coordinated action was most important for the cases of resilience-
based planning and operations (i.e., Goulburn-Broken, Murray,
Kangaroo Island, Limpopo). These organizations put effort into
developing partnerships across different actors and levels of
governance. The Limpopo case representative described that “a
lot of my role is seeing connections between things” and that the
organization “spends a lot of time to build trust around a common
practice”.

Dynamic

The dynamic feature captures the idea that complex adaptive
systems exhibit non-linear change with potential thresholds, due
to underlying feedback mechanisms. To assess system dynamics,
cases highlighted different key tools: historical timelines,
thresholds, system diagrams, and scenarios (Table 4). Four cases
emphasized the development of historical timelines (Eskilstuna,
Pacific Herring, Shyamnagar, Tajikistan). This activity
highlighted the loss of resilience over time, but also potential
opportunities in recent trends, and ultimately underscored a need
to build capacity in the system and reverse the trend of declining
resilience. Shyamnagar described the most powerful tool to
challenge people’s way of thinking as: “Any tool that visualizes the
trends, drivers, and pressure (e.g, timeline) helps people to
contextualize and think out of the box.”

Six cases focused on potential thresholds and regime shifts.
However, several reported struggling with applying the concept
because of pedagogical challenges, lack, of time or risk of
simplifying social aspects too much. For example, Limpopo
acknowledged existing thresholds in ecological systems, but in
multi-layered social-ecological systems with social and political
dimensions, thresholds are more “morphed and blurry”, which
made it difficult to define the “change state”. Despite these
challenges, several cases facilitated discussions of potential
thresholds in workshops, using different tools and heuristics
(Appendix 2). One application was to consider potential
thresholds, rather than trying to measure exact threshold levels
(Eskilstuna) and focusing on specific sub-systems, such as
terrestrial landscape health, rather than the region as a whole
(Kangaroo Island). Four cases used potentially critical thresholds
to direct monitoring and management since these are likely to
influence the future state of the system (Limpopo, Murray,
Ethiopia, Goulburn-Broken). Goulburn-Broken took this further
by incorporating critical thresholds in the organizations’ risk
register, which the Board has to address as part of their
accountability.

To identify system interactions and feedbacks, the most common
approach was to develop system diagrams, such as influence
diagrams or causal loop diagrams (Appendix 2). Murray, Helge
4 and Limpopo emphasized developing system diagrams
collaboratively as a key tool. Helge & reported how the exercise
highlighted system dynamics and interactions “that were not
obvious at a first glance, but that have become clear when we puzzled
together the different areas of expertise.”

The fourth key tool to assess system dynamics was to developed
alternative future scenarios or pathways (Appendix 2). The
scenarios served to explore uncertainty of key drivers and
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management decisions (Shyamnagar), implications of different
sets of interventions (Ethiopia), different responses to climate
change (Kangaroo Island), and a shared positive vision or
desirable pathway (Shyamnagar, Eskilstuna, Helge &).

Adaptive

The adaptive feature means that complex adaptive systems are
self-organizing and evolving, have memory, and capacity to learn
while responding to change (Table 3). Different types of cases
highlighted different strategies to deal with this feature. For
several of the participatory cases, a flexible and iterative process
design was key. In Helge &, the outcome of each exercise was
synthesized between workshops and discussed again with
participants. If needed, results were then updated before being
used as building blocks in the next steps of the process. In practice,
this meant that every final output was iterated two or three times
with participants, enabling learning and a more adaptive and
responsive process. Both the participatory cases and resilience-
based operations emphasized fostering learning experiences
among participants, particularly to enhance systems
understanding. Learning was supported by interactive workshop
exercises, facilitated dialogues between diverse perspectives, social
learning processes (e.g., Limpopo and Murray based on: Brown
and Lambert 2013, Engestrom 2016), and by having time for
iterations.

For the cases of resilience-based planning and operations,
building a culture of learning was a key strategy. The Australian
organizations planned for how to update their strategies when
necessary and regularly re-evaluate their goals and visions, by
incorporating ideas of triple-loop learning (Tosey et al. 2011),
adaptive management (Walters 1986), and adaptive governance
(Folke et al. 2005) (Appendix 2). They also structured how they
organized and updated evidence and assumptions underlying
their strategies. Previous research shows signs of organizational
change in two of these organizations (Goulburn-Broken and
Murray) such as the emergence of a shared language and a
strengthened capacity for continuous planning (Mitchell 2013,
Sellberg et al. 2018). AWARD, the organization leading the
Limpopo case, developed their own monitoring and evaluation
system to guide the way staff work with projects. They were
explicitly trying to build a culture around learning from failures
and unintended consequences:

“if something emerges—it’s ok, it’s endorsed with the way AWARD
works, the narration around it is much more important. For example,
if a workshop didn’t happen — why didn’t it happen, what can we
learn from that?”

The resilience-based planning and operations, as well as the
Ethiopia case, were also building capacity of external actors, for
example by forming learning networks around specific areas
where participants could learn from each other.

For the assessments of resilience frameworks, the frameworks
themselves were a key strategy to address the adaptive feature.
Pacific Herring used Biggs et al.’s (2015) seven resilience principles
and Arctic the four categories of resilience-building strategies by
Berkes et al. (2003). These frameworks include key principles or
attributes of resilience, representing a general capacity to adapt
and navigate change. These cases, including Limpopo, used
quantitative or qualitative data to assess how certain attributes
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are important for resilience (Arctic), how they have changed over
time (Pacific Herring), or how they could change with different
scenarios (Limpopo).

Emergent

The emergent feature implies expecting complex emergent
behavior, including surprising outcomes and unintended
consequences (Table 3). This category included experiences of
positive emergent outcomes of resilience practice, as well as
strategies to adapt to surprising external events. An emergent
outcome across several cases was a shared narrative, motivating
a need to change or outlining an overarching aspiration. For
example, the Ethiopia case described the,

“emergence of a shared narrative that suggests taking pressure off
the environment by engaging with livelihood strategies less
dependent on natural resources.” ( Maru et al. 2017:69)

With these shared aspirations, participants could then collaborate
despite having different and sometimes conflicting interests and
priorities. Different tools, such as resilience principles, timelines,
scenarios, and system diagrams, were key in articulating a
narrative (see dynamic, adaptive). Dialogue and different forms
of engagement were important for the narrative to become shared
and owned by the participants (see contextual, relational).

Other emergent outcomes included a broader scope of operations,
reinforcement of local perspectives, and systems understanding.
The national Ethiopia case addressed a wider range of drivers
and activities related to land degradation and food security,
compared to the usual focus on natural resource management (see
open), which highlighted critical variables and activities needed
to address the root causes of problems. The broader scope also
encouraged the organization to collaborate with actors across
organizational boundaries and sectors (see relational). In the
Arctic and Pacific Herring cases, the involvement of researchers
helped to translate the knowledge of indigenous and local
communities for other contexts, such as bureaucratic processes
(see contextual, open). The Pacific Herring case representative
explained that the “...collaborators wanted their case documented
in peer-reviewed literature so that they could refer to it.” Some cases
also reported signs of increased understanding of systems among
participants, such as understanding connections between issues
(see adaptive). The Tajikistan representative described that,

“one positive unplanned outcome was a discussion on girls’
education and birth control options with the community leader after
making the connection between dwindling arable land, a growing
population, crop yields, and employment opportunities.”

A key strategy to allow for emergence, in general, was a flexible
process design, allowing for iterations, experimentation,
reflection, and adaptations to local contexts (contextual,
adaptive). This also helped to deal with surprising, external
changes. For example, Tajikistan experienced the major shock of
“the global economic crisis and mass return of workers from Russia
to the rural villages”, which they dealt with by including it in the
follow-up workshop with their communities and in their analysis.
Limpopo highlighted how a culture of learning and a flexible
project governance allowed for emergence, for example through
having flexible goals. Moreover, existing relations and trust
sometimes enabled positive emergent outcomes, such as
coordinated action.
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DISCUSSION

Resilience practice as an approach for understanding complex
adaptive systems

Our results show that resilience practice provides a useful
approach to understanding the complexity of social-ecological
systems, including governance system dynamics. While it is not
the only approach that does this, it has certain strengths that are
highlighted in the conceptual framework of resilience thinking,
such as people-biosphere connections, dynamics of change, and
interactions across scales (Gunderson and Holling 2002, Berkes
et al. 2003). These are key features in the early guides to resilience
practice (Walker et al. 2002, Resilience Alliance 2007). In the
twelve cases of resilience practice analyzed in this study, these
strengths emerged as core strategies that were employed across
the cases and relate to the first four complex adaptive system
features (Table4). These strategies include: adapting the approach
to local contexts (contextual), identifying cross-scale interactions
(open), conceptualizing social-ecological interactions (relational),
and a rich variety of tools and methods to capture system
dynamics (dynamic). While the cases highlight similar strategies
for the first three features, they emphasize different key tools in
understanding system dynamics, such as potential thresholds of
concern or alternative future scenarios. These core strategies
mainly concerned capturing the complexity of the social-
ecological system to be governed (“system complexity”) and
making sense of it through meaningful simplifications (Fig. 2).
Often, the people leading the assessment process did not know
beforehand which tool would provide the most insight into their
system, underscoring how useful it is to have a suite of tools
available and the flexibility to experiment with what works best
in a particular context. All the cases shaped these strategies into
situated practices according to the constraints and opportunities
of each case, for example by incorporating them into the
governance structures of the organization, as in the Shyamnagar
and Goulburn-Broken cases. Being skilled at adapting the
concepts and methods to the particular place and purpose is a
key advantage when engaging with complexity.

Fig. 2. Operationalizing complexity. The cases of resilience
practice operationalized complexity both through tools and
concepts to better understand and capture the complexity of a
social-ecological system (“system complexity”), and through
designing a participatory process that embodied different
features of complex adaptive systems (“process complexity”).

Process complexity System complexity
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The analysis also revealed areas of understanding complexity that
could be further developed within resilience practice to shed light
on additional aspects of social-ecological systems. These areas
include: assessing the adaptive capacity, general resilience or
option space of a social-ecological system (adaptive), mapping
social and governance relations (relational), and understanding
processes of emergence (emergent). For the first two, a few cases
adopted these strategies, but a majority of the cases did not. These
are areas that have been limited in resilience practice, but have
been given more attention in recent guides (e.g., Enfors-Kautsky
et al. 2018). Formal governance structures and cross-scale
interactions within the legal system are important to account for
when assessing the current resilience and past development
trajectory of a social-ecological system (Gunderson et al. 2017).
A thorough analysis of the legal system and the extent to which
it influences resilience is generally beyond the scope of the sort
of resilience cases that have been analyzed in this study. However,
more recent guides in resilience practice, such as the Wayfinder
(Enfors-Kautsky et al. 2018), include concepts and tools to help
in articulating the agency of different actors whilst taking into
account existing laws and regulations at different scales. These
types of exercises help participants become more aware of existing
flexibilities within the governance system (Garmestani et al.
2019), providing them with tools and language to strategically
navigate within their respective contexts.

While the emergent feature partly overlapped with the adaptive
feature, as such it was not explicitly addressed by the cases.
Compared to previous systems approaches, a complex adaptive
systems perspective emphasizes emergent and adaptive aspects
more (Hartvigsen et al. 1998). In the theory and basic research of
resilience thinking, the use of methods that highlight emergence,
such as participatory narrative inquiry, is more recent than those
that capture other characteristics of complex adaptive systems
(Preiser et al. 2018). Methods to capture the feature of emergence,
forexample, agent-based modelling (Railsback and Grimm 2011),
are yet to be applied within mainstream resilience practice, but
see e.g., Schliiter and Pahl-Wostl (2007). Insights from other
related approaches and research fields could also contribute to
strengthen the ability of resilience practice to capture these
features. More specifically, recent developments in assessing
pathway diversity offer a promising approach to quantifying
resilience in a way that roughly relates to a system’s option space,
yet integrates potential feedbacks from actions, thus embedding
emergent and adaptive features of complex systems (Lade et al.
2020). Similarly, the increasing body of scholarship on
sustainability transformations within social-ecological resilience
research (Westley et al. 2013, Olsson et al. 2014, Lindow 2017,
Horcea-Milcu et al. 2020, Lam et al. 2020) could help shed light
on social relations and complex societal change processes with
emergent outcomes. Recent research could also help to better
acknowledge power and situated agency in social-ecological
systems (Boonstra 2016, Jarnberg et al. 2018).

Embodying complexity in the participatory process

An additional set of strategies relating to process design emerged
in our analysis of the twelve resilience practice cases. These were
strategies that focus on operationalizing complexity in the
assessment, governance, or learning process “process
complexity” (Fig. 2). This meant viewing the process as a complex
system in itself, where outcomes cannot be controlled but only
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facilitated, enabled, and co-created with participants (Wall et al.
2017, Pereira et al. 2020). Not all systemic approaches integrate
a complexity perspective into aspects of process design,
facilitation and engagement (Boulton et al. 2015). Several of the
cases of resilience practice, however, had adopted such strategies.

These strategies particularly promoted relations, trust, and
learning as instrumental to operationalize a complexity
perspective, and mostly relate to the features of relational,
adaptive, and emergent. By emphasizing trust-building, the
process design becomes an embodiment of how complex adaptive
systems are relational. Factors such as trust and relations between
the case participants were both described as emergent outcomes
of collaboration and dialogue and as enabling a flexible process
and coordinated action (see also e.g., Freeth and Drimie 2016).
A flexible and iterative process design also enabled learning, which
is important for adaptive capacity both in organizations and in
the management procedures that they implement (Schultz et al.
2015). Emergence in the context of process design relates to
enabling positive emergent process outcomes that could help
navigate change in complex settings (Enfors-Kautsky et al. 2021).
Several of the participatory resilience assessments described
emergent outcomes, such as a shared narrative and increased
system understanding, which sometimes paved the way for
coordinated actions and capacity building. Apart from these
features, aspects of contextual and open, such as engaging with
multiple values and involving higher-level actors in the process,
are also related to process design.

Of the three different types of resilience practice outlined in the
Methods section (Table 2), both the participatory resilience
assessments and resilience-based planning and operations are
strongest in these process-oriented complexity features. We saw a
higher potential for positive emergent outcomes, for example, in
long-term, participatory and more embedded approaches to
resilience practice. These types of approaches imply a higher
degree of participation and, for the resilience-based planning and
operations, more ownership from the organization involved.
Therefore, they also require a larger organizational commitment
and more resources for the engagement process and to challenge
existing ways of planning and operating (Sellberget al. 2018). The
complexity features used in this study (Table 3) could potentially
be translated into design principles for participatory processes
that enable desirable emergent outcomes, such as learning
experiences and relations. However, when operationalizing the
emergent feature, other features of good governance also have to
be taken into account, such as accountability (Hahn 2011). Overly
flexible governance processes risk being experienced as
illegitimate, unfair, and disruptive if they are not balanced with
stability (Craig et al. 2017).

While the strengths discussed for understanding system
complexity originate from conceptual frameworks and have been
translated into tools and methods, the strategies related to process
complexity come from practice and have been built up through
practical experiences of applying resilience thinking. Since these
experiences have evolved over time, the articulation of how to
transfer strategies between contexts is better captured in later
versions of resilience practice guides, such as Wayfinder (Enfors-
Kautsky et al. 2018). Resilience practice could be further
strengthened by adopting insights from other related approaches
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that address aspects of process complexity, such as social learning
(e.g., Brown and Lambert 2013, Engestrom 2016), which already
was adopted by the Murray and Limpopo cases, and how to
develop narratives (e.g., Leach et al. 2010, Kurz 2014, Ingram et
al. 2015). It would also be beneficial to further develop and
integrate methods for encompassing multiple knowledge systems
into resilience practice (Tengé et al. 2014, Falardeau et al. 2018)
and how to enable adaptive processes of governance and co-
management (Walters 1986, Armitage et al. 2009, Schultz et al.
2015).

Reflecting on our framework of complex adaptive system features
After discussing the lessons for resilience practice, we will now
briefly reflect on the framework of complex adaptive system
features used in this study and how it could be applied. A complex
adaptive systems perspective calls for a certain modesty of the
frameworks and models used, since they are necessarily partial
(Preiser et al. 2018). The framework we used focuses on system-
level properties rather than on the agency of individuals. Even
though it does include the nested characteristic of systems
interacting across scales (see open, Table 3), more emphasis on
the agency of networks and initiatives across scales could help to
better understand the transformative capacity of governance
systems and of social-ecological systems (Westley et al. 2013,
Chaffinetal. 2016, Bennett et al. 2015, Lade et al. 2020). Complex
sustainability challenges often call for transformative change and
facilitating deliberate and positive change is becoming an
increasingly important aspiration of resilience practice (Enfors-
Kautsky et al. 2018). This motivates including transformative
capacities as, perhaps not a key feature, but at least a key interest
when navigating complex adaptive systems. We also have not
explicitly discussed the ethical and normative implications of a
complex adaptive systems perspective that Preiser et al. (2018)
highlight, such as the call for "more inclusive and integrative
modes of engaging with real-world problems" that comes with an
acknowledgment of interdependence. Even though, they were
often part of the underlying motivations and practices of the
resilience assessment cases we studied, an explicit discussion of
ethical implications could support the kind of reflexivity we hope
to encourage.

Practical recommendations

Resilience practitioners might benefit from the findings of this
paper, as we hope to have highlighted how resilience practice can
incorporate a complexity perspective. As discussed, our results
do not provide a prescription or a blueprint for how practitioners
should go about designing particular assessments or processes in
particular contexts. Instead, we hope that this paper can provide
aresource bank with examples where one can gain new ideas and
new entry points to search for more in-depth guidance on a
specific tool or approach that is found interesting. Appendix 2
provides references to specific tools and concepts that have been
used in the case studies of this analysis. The examples presented
there come from a diversity of places, mainly focusing on the local
and regional scale, and in contexts of natural resource
management and development. Before being applied elsewhere,
therefore, adjustments might need to be made to better fit the new
context. The six features are complementary and help structure
an understanding for complex adaptive systems. The examples of
tools, exercises and aspects of process design connected to each
feature provide a means to operationalize complexity in real-
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world settings, such as within the scope of a resilience assessment
process. The guiding questions in Appendix 1 may also be used
to aid reflection and inspiration when developing new tools and
exercises with a specific feature in mind, or when evaluating an
already ongoing or completed process. While addressing the six
features of complex adaptive systems might not be sufficient to
deal with complexity in all contexts, we are confident that this
framework can strengthen and broaden existing work in resilience
practice.

CONCLUSIONS

This study has contributed with practical guidance and examples
of how to operationalize complexity, by synthesizing lessons from
twelve cases of social-ecological resilience practice situated in
diverse settings. We used a framework of six features of complex
adaptive systems to assess how the cases engaged with complexity.
Based on our results, we highlight two areas of operationalizing
a complexity perspective: understanding the complexity of a
social-ecological system (system complexity), and embodying
complexity into the participatory process (process complexity).
Our findings reveal core strategies across cases in addressing
system complexity, such as conceptualizing social-ecological
interactions and assessing system dynamics, showing a strength
in resilience practice in helping to understand and make sense of
complexity in a context of social-ecological systems. Potential
areas to improve are implementing methods for assessing adaptive
capacity and understanding processes of emergence. Several
cases, particularly the more long-term, participatory, and
embedded ones, also addressed process complexity by adopting
strategies that incorporated features of complex adaptive systems
into the process design. These strategies included designing a
flexible and iterative process that enabled trust-building, relations,
and learning experiences. Ways to further strengthen aspects of
process complexity are, for example, to further integrate methods
and insights from research on social learning, encompassing
multiple knowledge systems, and how to develop narratives.

Resilience and sustainability practitioners working from a
complex adaptive systems perspective can benefit from both the
framework and the identified practical strategies in the design and
ongoing practice of resilience assessment and planning. The
complexity framework and guiding questions are useful for a
deeper and more systematic reflection on different aspects of
complexity - both of social-ecological systems and of the
collective learning process and your own role in it. The practical
strategies identified in this study can provide practitioners with a
set of tools to better capture and engage with the complexity of
the places they are working within. The framework and related
identified strategies could also help practitioners design
participatory processes in complex settings that enable desirable
emergent outcomes, such as learning experiences, relations,
shared narratives, and coordinated actions.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.

php/12311
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Appendix 1. Assessment questions

We operationalized the complexity framework (Table 3) by adding a set of guiding questions
for assessing the cases (Table Al).

Table Al. Guiding questions for assessing how cases of resilience practice engaged with
complexity.

Features of CAS | Guiding questions

1. Contextual % How did you make the framework/framing of the assessment relevant for
the particular context?

Did you deal with the possibility of multiple valid descriptions and
framings? If yes, how?

Did you consider your own role in shaping the outcomes? If yes, how?

R
o

R
°

R
%

2. Open How did you capture and deal with cross-scale interactions, external
drivers, and teleconnections — both in the process and in the analysis?

+« How did you delineate the system, and why?

3. Relational

2
o

What relations did you build through the assessment process/resilience
interventions (e.g. through who you collaborated with)? And were there
any specific things you did that were useful in fostering dialogue and
building relations?

What relations between components in the system were you considering
explicitly in the analysis? Was there any specific framework or method
that was useful in capturing those relations?

2
o

4. Dynamic

R
°

Did you capture dynamics over time, and e.g. potential
regimes/thresholds, and feedback loops? Any specific approach or method
that you found useful?

5. Adaptive < How did you build in flexibility and learning in the assessment process to
deal with unexpected shocks /responses?

+ How did the process foster adaptive responses and/or learning
experiences?

6. Emergent < Were there any emergent, unplanned outcomes (positive or negative) of
the assessment process (e.g. better relations between people that did not
speak to each other before, more trust, activating different networks)?
And how did you deal with them?




% How did you allow for emergence (e.g. putting certain conditions in
place, or designing a process that allowed for new interactions and
novelty)?

To better understand the background of each case, and capture reflections about the case and
the approach used, we added a set of general questions:
e \What was the rationale/purpose for choosing this approach for this context?
e In what other types of contexts would you recommend using this approach? (were
there any requirements for using this approach? e.g., of data, or participation)
What are the advantages of this approach?
What are the disadvantages of this approach?
What was most useful in enabling you to better deal with complexity? (e.g., concept,
tool, engagement strategy, or something else that helped unlock the case)
Were there things you did that usefully addressed two or more of these features (1-6)?
What do you see, in the end, as the most important contribution of your
assessment/process?



Appendix 2. Tools and concepts
Examples of the tools and concepts used by the cases when engaging with different aspects of
complexity.

1. Tools and concepts for identifying external drivers and cross-scale interactions
External drivers and cross-scale interactions were identified during different types of exercises,
for example, when developing historical timelines, systems diagrams, state-and-transition
models, when defining system boundaries, or in specific scoping exercises. Approaches used
in scoping exercises were e.g. SWOT-analysis, which identifies strengths, weaknesses,
opportunities, and threats, and V-STEEP, which captures factors of systems or contexts across
six dimensions: values, social, technological, ecological, economic, and political (Biggs and
Rogers 2003, Pollard et al. 2014). Scales above and below the focal system were sometimes
included in, for example, historical timelines and systems diagrams (e.g., Eskilstuna,
Shyamnagar, Limpopo).

2. Tools and concepts for mapping relations

To conceptualize people-biosphere connections, cases mapped bundles of ecosystem services
within their region (e.g., Helge &), developed systems diagrams of social-ecological systems
(e.g., Pacific herring, Shyamnagar) and of how different system components influence each
other (e.g., Limpopo, Helge &), and used interactive workshop exercises that illustrated
connections (e.g., ALH). To describe social-ecological systems, some used frameworks and
heuristics, such as ecosystem services and human well-being as defined in the Millennium
Ecosystem Assessment (MA 2005) (e.g., Eskilstuna) or “the 3 L’s”: Landscapes, Livelihoods,
and Lifestyles (e.g., Ethiopia, Murray, Helge a).

To map relations between actors, cases used e.g., social network analysis (e.g., Tajikistan,
Murray), and focus group discussions (Shyamnagar). Limpopo used the Cultural Historical
Activity Theory (CHAT) (Engestrom 2016). CHAT offers different tools to explore issues
collaboratively with actors, including a heuristic of an “activity system”. Limpopo used this to
tease out the different roles, responsibilities and connections between actors at different levels
of governance in a “non-threatening way”.

3. Tools and concepts for facilitating dialogue and enhancing learning

To facilitate dialogue and enhance learning in workshops, cases used social learning processes
(e.g. Limpopo, Murray) (e.g., Brown and Lambert 2013, Engestrom 2016), collaborative
development of causal loop diagrams (e.g., Limpopo, Helge &), interactive workshop exercises
(e.g. ALH) (see e.g., Hopkins 2008:60), discussions in small groups with people with different
backgrounds and perspectives, and by establishing “ground rules” of listening and respecting
different perspectives (e.g., Eskilstuna) (informed by Yankelovich 2001).

The Australian organizations incorporated ideas of ‘triple-loop’ learning (Tosey et al. 2011),
adaptive management (Walters 1986) and adaptive governance (Folke et al. 2005) into their
organizations, as part of building a learning culture (Mitchell 2013, Sellberg et al. 2018).

4. Tools and concepts for assessing system dynamics
Historical timelines have been used to identify, discuss and visualize different eras, trends,
drivers of change, events, transformations, and changes in resilience and adaptive capacity over



time (see Resilience Alliance 2010). In some cases, the timeline was part of describing the
system, rather than assessing resilience and provided important context (e.g., Helge &,
Shyamnagar). The time span was usually more than a hundred years back.

Tools and heuristics to facilitate workshops discussions of potential thresholds, alternate
system states (current, desirable, undesirable) and what could drive system change, included:
state-and-transition diagrams (Ethiopia, Murray, Kangaroo Island), the “ice-cream-diagram”
(Murray) and other types of interactive workshop exercises (Eskilstuna, ALH). The ice-cream
diagram is a heuristic used to discuss the current situation (bottom of the ice-cream cone) the
vision or aspirations (the ice-cream), and the potential thresholds and limits of a desirable
development trajectory towards the vision (the edges of the ice-cream cone). Two cases
reviewed documented regime shifts in the scientific literature and the regime shifts database
(http://www.regimeshifts.org) to identify potential thresholds relevant for their context
(Eskilstuna, Arctic). Limpopo and Goulburn-Broken were informed by the approach of
strategic adaptive management (Biggs and Rogers 2003) and used the idea of thresholds to set
monitoring and management goals as ranges, rather than exact targets.

Systems diagrams include influence diagrams, causal loop diagrams and conceptual systems
models. Conceptual systems models illustrate how different parts of the system are related to
each other. Influence diagrams emphasize which components influence which, using boxes and
arrows (Heemskerk et al. 2003). Causal loop diagrams expand on this by specifying the kind of
interactions and identifying potential reinforcing and dampening feedback loops (Sterman
2000).

Different approaches to developing scenarios were: adaptation pathways (Wise et al. 2014)
(Kangaroo Island, Ethiopia), downscaling of national scenarios (Kangaroo Island), combining
two drivers in a scenario cross (Shyamnagar, Kangaroo Island), the ice-cream diagram
explained above (Helge &), and “Seeds of a Good Anthropocene” (Pereira et al. 2018) (Helge
a).

5. Theory-based resilience frameworks

Resilience frameworks that are based on theory make it easier to translate between cases and to
compare them. The theory-based frameworks used by the cases in this paper were primarily
based on social-ecological resilience theory. However, the frameworks adopted related but
different aspects of this body of theory. The most common frameworks used by the cases in
this study were the seven resilience principles (Biggs et al. 2015) (Pacific herring, Eskilstuna,
ALH, Goulburn-Broken) and the four categories of resilience-building strategies (Berkes et al.
2003) (Arctic, Shyamnagar). Other frameworks used were: five capitals of adaptive capacity
(Murray) and nine characteristics of resilient systems (Walker and Salt 2006) (Limpopo).



Appendix 3. Main strategies for engaging with complexity with supporting examples
from cases

Table 3A. Strategies for engaging with complexity. Examples from the twelve cases included in this
study (Table 2). Complexity is addressed through a framework of six features (Table 3).

Features of | Main strategies and examples from cases
CAS

1. Contextual | Translating and adapting concepts, tools, and processes to local contexts:

— Tailoring the process and approach to match existing approaches, and to be
responsive to local concerns and contexts (e.g. Ethiopia, Tajikistan,
Shyamnagar, Eskilstuna, ALH, Pacific herring, Helge &, Arctic, Limpopo),
e.g. by starting workshop with a community walk (Tajikistan), focusing the
limited time on what was new relative to existing work in the organization
(Ethiopia), developing their own resilience practice approach adapted to
their context (Murray, Goulburn-Broken, Kangaroo Island, Shyamnagar,
Limpopo), adapting resilience metrics and principles to the local contexts
(Pacific herring, ALH), and letting resilience outcomes, “of what” and “to
what”, be defined for each case by local case experts (Arctic) (relates to 5.
Adaptive).

— Identifying different sub-systems within the system/region, e.g. based on
different livelihoods and landscape dynamics (Helge &, Shyamnagar,
Goulburn-Broken, Kangaroo Island, Murray), and differentiating priorities
and implementation strategies between the sub-systems, and/or supporting
development of local/sub-regional plans and visions (Goulburn-Broken,
Murray, Kangaroo Island, ALH).

— Framing resilience in a more normative, contextual sense, e.g. by focusing
on resilience as a positive attribute of communities and their livelihoods,
(Shyamnagar, ALH, Arctic).

— Adapting language and terms to the local context, from e.g. Ethiopian
village, to Australian natural resource management and planning, to an
international UN organization (e.g. Murray, Ethiopia).

— Formulating multiple purposes for the process, from the perspectives of the
participants and the different partner organizations (ALH).

— Starting with a first workshop with only the partner organization, or only
community elders and leaders, to familiarize them with the approach,
evaluate its usefulness for them, and let them decide whether they want to
proceed with a resilience assessment or not (Ethiopia (local), Eskilstuna).

— Performing a “social test” on proposed strategies to check that their
relevance for lay people and local communities (Shyamnagar).

— Tailoring process depending on access to resources and data (e.g. Kangaroo
Island).

Connecting to local issues of concern:

— Linking to global sustainability goals and research, e.g. SDGs, planetary
boundaries, global sustainability challenges (Eskilstuna, ALH, Kangaroo
Island, Ethiopia).

— Linking to policy objectives, e.g. national policies, debates and goals




(Eskilstuna, Helge &), organizational goals and priorities (Shyamnagar),
funding directed towards climate adaptation (Kangaroo Island), overarching
goals and focus issue set by GEF Food Security IAP program (Ethiopia).
Inviting local politician to welcome participants and introduce why the topic
is important (Eskilstuna).

Linking to resilience theory and research, e.g. by using a more descriptive
definition of resilience (not as a goal) (Ethiopia), by using a framework of
resilience attributes and adapting and operationalizing them, to be relevant
for the local context (Pacific herring, ALH, Eskilstuna, Arctic), or by using
resilience planning criteria to assess proposed strategies against, e.qg. if they
are framed in terms of social-ecological systems and categorizing them as
more or less transformative (Shyamnagar).

Involving resilience researcher(-s) or experts in the process to increase
legitimacy and/or learning of resilience assessment (e.g. ALH, Murray).
Outcome of resilience assessment supporting the perspectives of local
and/or indigenous communities (Arctic, Pacific herring), and publishing in
peer-reviewed scientific literature to create legitimacy of that perspective
(Pacific herring).

Identifying locally relevant “entry points” to engage participants:

Defining a focal issue that is of interest for partners (Tajikistan, Eskilstuna,
Helge &, Limpopo, Ethiopia), such as rural water management (Tajikistan),
or food security (Ethiopia, Eskilstuna), and sometimes defining focal issues
in workshop with e.g. community leaders (Ethiopia (local)).

Finding “a hooking point that matters for people”, and “allow entry points
to be whatever it is that hooks them” (i.e. the participants), when developing
causal loop/influence diagrams collaboratively (Limpopo, Helge a).
Hooking points were e.g. food, health, and water (Limpopo), or ecosystem
services (Helge a).

Engaging participants from where they are at, and starting “with something
that was their expertise”, e.g. through a historical timeline exercise, and
mapping of ecosystem service bundles (Murray, Helge a).

Framing reason for participating in process/project around professional
development (Helge &, Eskilstuna), or concrete benefit for them (i.e. not
only research) (Limpopo).

Using an entry point that is broad and inclusive enough (such as bundles of
ecosystem services in a certain landscape, or all food produced and
consumed in an area) to make different stakeholders and perspectives feel
welcomed and valued, and facilitate dialogue between different interests
(Helge &, Eskilstuna) (relating to 3. Relational).

Engaging with multiple values and definitions of the system:

Including diverse types of knowledges (e.g. expert, local, traditional) (e.g.
Shyamnagar, Arctic, Ethiopia).

Facilitating group discussions that encourage inclusion of different
perspectives and values (Helge &, Eskilstuna, Tajikistan), e.g. by finding an
inclusive entry point (see above), setting ground rules of listening with
respect (Eskilstuna), and through workshop exercises eliciting participants’
values or viewpoints (e.g. Eskilstuna, ALH, Tajikistan) (relating to 3.




Relational: facilitating dialogue).

— Selecting case studies representing a diversity of activities, livelihoods, and
challenges within the bigger region (Arctic), and including multiple
perspectives and framings of the Arctic, as well as of resilience (Arctic, Ch.
2).

— Consulting and comparing different conceptual models of the system,
including indigenous views (Pacific herring). In the herring case, conceptual
models exposed and illustrated sophisticated pre-existing systems
understanding, e.g. the Heltsiuk had an artistic mural in their office that
depicted the Pacific herring as part of a complex SES that had all the same
components as the systems model developed by researchers.

— Allowing development of multiple influence diagrams relating to different
sub-systems and their dynamics (Helge ).

— Relating to, or recommending, the Multiple Evidence Based approach
(Tengo et al. 2014) (Arctic, Pacific herring, Ethiopia).

— Encouraging participation and perspectives of more marginal, or less
powerful groups, in the system, such as women, youth, and landless people
(Tajikistan, Ethiopia), e.g. by using “benefit for landless people and
women” as one of the criteria for assessing proposed activities (Ethiopia).

— Carefully selecting participants representing different areas of expertise and
interests in the system (e.g. Helge &, Eskilstuna).

— Dividing participants into different groups (e.g. youth, men, women),
meeting with different groups separately (e.g. different livelihood groups
and elite informants), or interviewing participants separately, to better
capture their different perspectives (Ethiopia, Shyamnagar, Helge a).

— Enabling “unresolved questions and contested issues” to be “articulated
more clearly and discussed in a structured and safe manner” (Ethiopia
(local)).

— Atrticulating multiple, and complementary, pathways of change (Ethiopia,
Shyamnagar), even though the Shyamnagar case chose one of them as the
desired scenario.

People leading resilience practice reflecting on their own roles in shaping the
outcomes:
— Keeping notes on reflections during the process (Eskilstuna).
— Ciritically reflecting on lessons learned, limitations of project, and their roles
(Ethiopia).
— Reflecting on and reframing role of organization and changing the
organizational culture (Murray) (relating to 5. Adaptive).

2. Open

Finding a useful way of defining the boundaries of the focal system:

— Using the administrative boundaries of the municipality (Eskilstuna), or the
catchment management authority (Goulburn-Broken, Murray, Kangaroo
Island), or “a region that loosely corresponded to the traditional territory
(including fishing areas) of the Heltsiuk First Nation” (Pacific herring).

— Focusing on the community or village and its surroundings, or people’s
livelihoods, as a system (ALH, Ethiopia, Arctic).




Using a mix of administrative boundaries, and biophysical boundaries (e.g.
a protected forest, a river, a catchment) to define the system spatially
(Shyamnagar, Limpopo, Helge a), and these boundaries are only partially
overlapping (Limpopo, Helge d).

Including scales above (and below) the focal system in e.g. historical
timeline, conceptual model of system, or influence diagram (Eskilstuna,
Shyamnagar, Limpopo), or excluding external drivers in the systems
diagram (Helge ).

Identifying sub-systems, or “local landscapes” within their regions, that
have fuzzy and partly overlapping geographical boundaries, and are defined
by both social and ecological factors (e.g. livelihoods, landscapes, and
lifestyles) (Murray, Kangaroo Island, Goulburn-Broken).

Bounding the system is used as an exercise, or key tool, with participants
(Shyamnagar, Limpopo).

Using key issues to help define the system boundaries (e.g. Limpopo,
Shyamnagar, Eskilstuna).

Focusing on the perceived sphere of influence (Limpopo, Helge 4).

Spatial boundaries were also driven by the scale and resolution of accessible
data, and different boundaries were used for different variables (Helge a).
Target regions/states and project sites were set by GEF's Food Security IAP
program, which the resilience assessment was part of (Ethiopia, national).
Acknowledging that place is tightly linked to cultural identity and heritage
(Pacific herring, Shyamnagar).

System definitions were defined in each case (Arctic), but the overarching
geographical boundary was the Arctic council countries, even though
acknowledging multiple definitions of the Arctic (Ch. 2).

Including cases in the “wide present” or present day (Arctic).

Including the main events and policies that shaped the system from 1960's
and onwards (Shyamnagar).

The time span of timelines were usually more than a hundred years back
(Eskilstuna, Pacific herring, Shyamnagar).

Identifying external drivers of change and interactions across scales:

Exploring external drivers and events over time, e.g. by including and
discussing them in the historical timeline exercise (Eskilstuna, Helge &,
Shyamnagar), or by exploring their influence over different time periods
(Pacific herring).

Identifying potential drivers, or threats (and opportunities), with participants
(Eskilstuna, ALH, Helge &), based on a kind of SWOT-analysis (Strengths,
Weaknesses, Opportunities, Threats) (Eskilstuna, ALH), or using V-STEEP
(incl. values, social, technological, economic, environmental, and politico-
legal) (Limpopo).

Introducing a set of global challenges motivating a need to transition to
sustainability (incl. climate change, ecosystem integrity, income inequality,
etc.) in workshop exercise where participants presented “context cards”
with facts to each other in small groups (ALH).

Facilitating group discussions of consequences of drivers for focal system
or community values (Eskilstuna, ALH).




Including external drivers in influence/causal loop diagrams (Ethiopia,
Limpopo).

Including scales above and below the focal system, and interventions and
drivers on different scales, as part of the general systems model of the SES
(Shyamnagar).

Including (external) drivers in state-and-transition models (Kangaroo Island,
Murray, Ethiopia).

Including cross-scale linkages and external drivers (e.g. climate change,
larger scale political economy, global and regional economics) as part of
bounding the system (Limpopo).

Identifying key drivers of change for their region, or different global and
national trends and their implications, in their resilience-based plans
(Goulburn-Broken, Kangaroo Island), and mentioning change in drivers as
part of what could trigger a review of the plan (Goulburn-Broken).
Identifying climate change, or “climate variability”, as a key driver of
change (e.g. Kangaroo Island, Murray, Goulburn-Broken, Arctic),
sometimes driven by funding for climate change adaptation (Kangaroo
Island).

Drivers were included in each of the reviewed cases, identified from the
case perspective (including e.g. mining, socio-political changes, resource
change, climate change) (Arctic).

Discussing connections between cases in their region, and between cases
and higher scales, through e.g. regime shifts, or drivers of change (Arctic).

Engaging key higher levels of governance and external actors who shape
system context and dynamics:

Involving actors across scales or organizational levels (e.g. municipality,
county, national), or higher-level actors relative to the focal scale, in the
participatory process (Helge &, Eskilstuna, ALH, Ethiopia (national)).
Having separate meetings with higher-level governance actors relative to
the focal scale (Ethiopia (local)).

Identifying higher-level governance (e.g. actors, institutions, capacity,
networks) as critical levers of change (Arctic, Pacific herring, Ethiopia).

3. Relational

Building relations between science and practice and integrating different
disciplines and types of knowledge:

Engaging with people and knowledges, across disciplines (e.g. natural and
social), and across research and practice (All the cases: i.e. Arctic, Pacific
Pacific herring, Tajikistan, Ethiopia, Shyamnagar, Eskilstuna, LSS, Helge 4,
Murray, Goulburn-Broken, Kangaroo Island, Limpopo).

Using the concept of social-ecological systems to integrate different
disciplines and types of knowledges (e.g. Arctic, Shyamnagar, Murray,
Goulburn-Broken, Kangaroo Island).

Researchers and practitioners working together to design and perform the
process (e.g. Eskilstuna, ALH, Murray, Tajikistan).

Using bridging individuals (e.g. case experts in Arctic case, resilience
expert in the Australian cases and Shyamnagar, research communicator in
Eskilstuna case) and organizations (e.g. Ethiopia, Arctic) to help bridge




research and practice, or being a bridging organization in itself (Limpopo).
Strengthening social science competences within the organization (which
was previously lacking in a natural science dominated field) (Murray,
Goulburn-Broken).

Bridging theoretical and empirical understanding of resilience (e.g. Arctic,
Pacific herring).

Facilitating networking between different resilience practitioners, i.e.
individuals and organizations interested in a resilience approach, e.g. by
organizing conferences and presenting at international and national forums
(e.g. Ethiopia, Eskilstuna, Goulburn-Broken, ALH).

Highlighting and conceptualizing connections between people and the
biosphere:

Identifying and describing (place-based) social-ecological systems
including components/values/drivers of a focal system across ecological,
social and economic dimensions (Arctic, Pacific herring, Tajikistan,
Ethiopia, Shyamnagar, Limpopo, Eskilstuna, ALH, Helge &, Murray,
Goulburn-Broken, Kangaroo Island), e.g. using the heuristic of Landscape,
Livelihoods, and Lifestyle (Ethiopia, Helge &, Murray), or the Millenium
Ecosystem Service Assessment (2005) framework of ecosystem services
and human wellbeing (Eskilstuna).

Mapping connections between people and the biosphere or environment,
such as (bundles of) ecosystem services, natural resources, management
practices and interventions, community/institutional responses to social and
environmental change (e.g. Helge &, Arctic, Shyamnagar, ALH, Kangaroo
Island), using e.g. existing statistics, review of research cases according to
social-ecological resilience framework, interactive workshop exercises, and
transect walks.

Developing a conceptual model of the social-ecological system showing
how social and ecological components are connected and influence each
other (e.g. Herring, Shyamnagar, Helge &, Goulburn-Broken)

Mapping connections between different issues, values/needs, activities, and
drivers (system mapping) (Ethiopia, Limpopo, ALH, Helge 4, Kangaroo
Island), using e.g. causal loop diagrams.

Mapping social networks and governance relationships:

Identifying and mapping governance relationships, institutions, roles and
responsibilities of actors, and/or social/actor networks (Tajikistan, Limpopo,
Shyamnagar, Murray), using e.g. social network analysis (Murray), the
CHAT framework (Limpopo), social mapping, venn diagrams, and focus
group discussions (Shyamnagar).

Facilitating dialogue and building networks between different actors:

Including different community/interest groups in a participatory process,
and e.g.: increasing trust and mutual respect among them; facilitating
dialogue on difficult issues, tensions, and interconnectedness of issues;
creating a broader ownership of the process and an emerging shared
narrative (e.g. Ethiopia, Limpopo, Eskilstuna, Helge &, Shyamnagar,
Tajikistan), e.g. through social learning processes and collaborative




development of causal loop diagrams (Limpopo), and using small, diverse
groups, and establishing “ground rules” of listening and respecting different
perspectives (Eskilstuna).

Building bridges between divides of different groups of people, e.g. more
interested in sustainability vs. more traditional forms of development (in
their organizations and among residents) (e.g. ALH, Kangaroo Island), and
different sectors within an organization, e.g. sustainable development and
crisis management (Eskilstuna).

Building relations and networks between the actors leading the resilience
practice and local actors, communities, and partners (e.g. Pacific herring,
Shyamnagar), e.g. through facilitating local-level planning (ALH, Murray,
Goulburn-Broken, Kangaroo Island), creating a community council (incl.
previous critics of their organization) and devolving responsibility of
developing the resilience-based plan to them, and strengthening capacity of
actor networks (Murray), mapping community values and going through a
major consultation with community and partners in developing the
resilience-based plan employing multiple engagement techniques
(Goulburn-Broken, Kangaroo Island), by “not coming from only a research
perspective”, but also “working with them on a concrete project”, through
the organization having worked in the area for several years, and by projects
being part of longer-term programs and becoming more of an ongoing
process (Limpopo).

Bringing actors together to develop coordinated actions:

The organization/actor itself taking on a leadership role of bringing different
actors together, e.g. to articulate common objectives and coordinate efforts
to reach them (e.g. Goulburn-Broken, Murray, Kangaroo Island), develop
collaborative projects and building trust around a common practice (e.g.
Limpopo), develop a joint action plan (e.g. Eskilstuna, Helge &), and source
funding (e.g. Goulburn-Broken, Shyamnagar).

4. Dynamic

Identifying historical changes and trends:

Developing a historical timeline, with participants and/or other data sources
(e.g. Eskilstuna, Pacific herring, Tajikistan, Shyamnagar, Murray,
Goulburn-Broken, Kangaroo Island, Limpopo, Helge &), which e.g. has
been used to identify, discuss, and visualize different eras, trends, drivers of
change, events, transformations, and changes in resilience and adaptive
capacity over time. Some cases used other frameworks and heuristics to
explore and analyze timelines, e.g. the adaptive cycle, or adaptation
pathways (Goulburn-Broken, Kangaroo Island, Limpopo).

Including a historical perspective on how system interactions and
components have changed over time, e.g. through workshop exercise
(ALH), or through developing causal loop diagrams for different eras
(Limpopo), which were useful for enhancing system understanding (5.
Adaptive), and facilitating dialogue among participants (3. Relational).
Assessing how different general resilience attributes have changed over
time (i.e. over three management eras), illustrated using spider diagrams
(Pacific herring).

Looking backwards at the near history of 19 cases and investigating
resilience outcomes so far (i.e. loss, maintenance, or transformation)




(Arctic).

— Describing states and trends and causes of different core system
components (e.g. crops, animals, soils), which was part of system
description (Ethiopia).

— Developing time series of different variables (e.g. Limpopo, Eskilstuna).

Considering potential thresholds of concern and possible regime shifts:

— Struggling with, or avoiding, applying the concept of thresholds, because of
e.g. pedagogical challenges, lack of time, or risk of simplifying social
aspects too much (ALH, Eskilstuna, Ethiopia, Shyamnagar, Limpopo).

— Facilitating discussion of potential thresholds/regime shifts in workshops,
including e.g. the state of the system (current, desirable, undesirable), what
could drive a system change, and which drivers or variables are e.g. most
influential, critical, controlling, and possible to influence (Eskilstuna,
Ethiopia, Murray, Kangaroo Island, Limpopo), e.g. by developing state-and-
transition diagrams (Ethiopia, Murray, Kangaroo Island), or using the “ice-
cream-diagram” (Murray). Some cases documented different levels of
evidence of boxes and relationships in the state-and-transition diagrams
(e.g. Murray).

— Interpreting non-linear dynamics, such as critical mass, as potential
thresholds when this has come up in workshop discussions and interviews
without actively searching for thresholds (Helge a).

— Reviewing potential and documented thresholds and regime shifts relevant
for their context/system in the literature and regime shift database
(Eskilstuna, Arctic (Ch. 3)), including identifying drivers of regime shifts
across scales and potential cascading effects (Arctic, Ch. 3).

— Performing workshop exercises with participants to illustrate and create
understanding of concepts of thresholds, drivers, and regime shifts (ALH).

— Identifying (potential) critical thresholds in key variables (e.g. soil acidity,
soil salinity, nutrient cycling, household capital, market linkages) that
warrant monitoring because they will influence the future state of the
system (Ethiopia, Goulburn-Broken), e.g. using existing data, identifying
threshold parameters and threshold levels when possible, and assigning a
level of rigor in evidence, and differentiating thresholds relevant for
different social-ecological systems (Goulburn-Broken).

— Collaborating with researchers to identify and address gaps concerning
thresholds, e.g. related to tipping points in social systems (Goulburn-
Broken) (relating to 3. Relational).

— Using idea of thresholds to inform monitoring and management goals, e.g.
informed by strategic adaptive management, that systems are managed and
monitored within a range, and not against an exact target, acknowledging
lack of control (Goulburn-Broken, Limpopo).

— Incorporating critical thresholds in the organizations’ risk register, which
Board have to address as part of their accountability (Goulburn-Broken).

Conceptualizing and modelling system interactions and feedbacks:
— Developing systems diagrams, including interactions between different
social and ecological components related to key issues of concern, and
including e.g. slow and fast changes (Shyamnagar), developed together with




participants/with input from stakeholders (Ethiopia, Pacific herring, Murray,
Limpopo, Helge ).

Using dynamic systems modelling of a specific interaction (i.e. how mining
and water treatment works effects water quality), which clarified the time
lag of mitigation measures (Limpopo). Model was based on stakeholder
input and data, and required resources for staff and specialists, as well as
access to data.

Doing a workshop exercise mapping social, ecological and technical parts
of the community and their connections, to facilitate understanding of
system (ALH).

Co-constructed state-and-transition diagrams were also used to discuss
feedback loops (Ethiopia).

Using idea of feedback loops to make sense of results from workshop
discussions (Eskilstuna).

The approach was not focused on analyzing system dynamics, but rather
general resilience attributes (Arctic), but another chapter in the report used
causal loop diagrams to identify drivers of regime shifts (Ch. 4).

Developing alternative future scenarios and pathways:

Exploring different possible future scenarios at workshop (Eskilstuna),
mostly serving to highlight differences between the current trajectory and a
more desirable pathway, which motivated a need to change (Eskilstuna).
Using adaptation pathways approach to develop three complementary
pathways, including different sets of interventions and challenges, also
recognizing unknown implications and need for more knowledge and
analysis (Ethiopia).

Developing four plausible future scenarios, represented in a scenario cross,
to explore uncertainty of key drivers and management decisions, and
identify a shared, positive vision (Shyamnagar).

Identifying four different possible future scenarios in responding to climate
change, through using an adaptation pathways approach (check their ref to
Wise et al. 2014), combined with national scenarios presented in a scenario
cross, and relating them to the community’s vision (Kangaroo Island).
Regionalizing climate change projections, as part of funding for making
plans that were “climate ready” (Kangaroo Island).

Collaboratively developing three scenarios relevant for water governance
(found useful for some) (predecessor of Limpopo)

Brainstorming on potential “seeds” of a positive future, initiatives of new
ways of thinking and acting that are marginal today, and discussing how
they could scale up, or not, in the future (Helge a).

Conducting workshop exercise on future visions, using the 3 L’s heuristic
(Landscapes, Lifestyles, Livelihoods) and the “ice-cream”-diagram,
identifying conditions for moving towards the vision and not (Helge ).

5. Adaptive

Designing a flexible and iterative process:

Adapting the workshop process, format, focal issue, or participants, or
adapting the engagement strategy, during the course of the process
(Eskilstuna, ALH, Murray, Goulburn-Broken, Helge ), e.g. by adding




another workshop (Eskilstuna), re-evaluating the approach (Murray),
changing the workshop format after testing it once (ALH), inviting
competencies that were missing (Helge &), and trying diverse ways of
engaging with residents in their region (e.g. meetings, online forums,
postcard campaign) and seeing what worked and not (Goulburn-Broken),
e.g. enabled by trust in the project team (Eskilstuna), or when partner
expectations were not met (Murray), or by the iterative and reflective and
responsive process.

Adapting the operationalization of the theoretical framework, e.g. after
testing them with participants and getting feedback from collaborators,
tailoring indicators and metrics to the context (Arctic, Pacific herring), and
adapting methods for collecting data by making interviews semi-structured
to also capture rich qualitative responses (Pacific herring).

Presenting preliminary results (e.g. conceptual model, ecosystem service
mapping, system diagram, timeline, pathways), getting feedback from
participants and revising, in 1-3 iterations (e.g. Pacific herring, Ethiopia,
Eskilstuna, Helge a).

Acknowledging that the approach is an iterative process, that steps do not
have to be performed sequentially, but will be adapted to the context and
iterated (Ethiopia, Limpopo).

Adapting to external shocks and changes, e.g. by including them in the
discussions and analysis, or by making use of opportunity to frame focal
issue for political relevance (Tajikistan, Eskilstuna).

Accommodating missing or ambiguous information, by designing approach
to deal with missing or ambiguous information about factors (Arctic), or not
knowing how to incorporate important issue with unclear dynamics (Helge
a).

Making space for reflection and evaluation during every stage of the
process and at the end of each workshop (e.g. Ethiopia, Eskilstuna,
Limpopo), and having a follow-up workshop six months after to give space
for reflection and delivering results (Tajikistan).

Experiencing different responses and outcomes in different communities
(e.g. Tajikistan), partly managed by skilled facilitation (e.g. ALH).

Enhancing system understanding among participants:

Focusing on creating social/collective learning processes, where you
activate participation and learning, e.g. by engaging people both within and
outside the organization in developing the resilience-based plan (Murray),
“recognizing that you take people along a journey where they question
assumptions and recreate a new meaning collectively” (Limpopo), and
developing experiential learning tools and workshop exercises, stimulating
discussions in workshops (ALH).

Enhancing understanding of, e.g.: how to use theoretical concepts and
operationalize resilience theory (e.g. Ethiopia, Eskilstuna); specific
environmental impacts using participatory monitoring (Limpopo); system
dynamics, unintended consequences and surprise (e.g. by involving
participants in developing system diagrams and models and through
methods of experiential learning) (e.g. Limpopo, Helge &, ALH); what
might need to change and discussing transformational change (e.g. Ethiopia,
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Eskilstuna); interacting drivers across domains, and how causes, problems,
and activities are interconnected (Ethiopia).

Participants questioning underlying assumptions, e.g. that increasing food
production is the way to improve food security (Ethiopia).

Participants learning from each other through a workshop format giving a
lot of space for group discussions around a common interest, with people
with different backgrounds and perspectives, and giving space for long-term
thinking and bigger questions of where we want to go (Eskilstuna, Helge 4).
Interviewing some of participants and/or organizers (Eskilstuna, ALH,
Helge &), “stimulating reflective responses” among participants (Pacific
herring).

Having too short time for more in-depth learning among participants (only
one one-day workshop — no time for iterations) (ALH).

Enhanced system understanding of participants, e.g. seeing connections
between different issues, and underlying causes (Tajikistan, Ethiopia).

Building a learning culture within the project, the approach, or in the
organization:

Incorporating continuous learning, reflection and updates in their planning
framework (e.g. through operationalizing triple loop) (Murray, Kangaroo
Island), and adaptive management and adaptive governance into how they
implement the plan, e.g. having structured ways of organizing and updating
evidence and assumptions (Murray, Goulburn-Broken, Kangaroo Island),
and strengthening capacity in line with continuous planning (Murray).
Building a learning culture in the organization, or around the approach and
its application, including e.g. setting a learning framework with impact
pathways and desired outcomes to evaluate against (Ethiopia), reflecting on
the approach and its application and what they learned, and all the time
evaluating and making space for reflection (Ethiopia, Limpopo), and
developing an own monitoring and evaluation system, “Monitoring
Evaluation Reporting and Learning” (MERL) to guide the way their staff
work with projects (Limpopo).

Promoting learning across case studies using the same approach, e.g. using
meta-indicators that could be aggregated (Ethiopia), or a standardized
process (Shyamnagar).

Making learning and method development an explicit goal of the project,
e.g. by presenting it as a learning process from the start, with uncertain
outcomes (Eskilstuna, ALH), holding training workshops with field staff,
and a follow up mini-conference with development professionals working
in the region to report back on the assessment findings and outputs
(Tajikistan).

Interviewing some of participants and/or organizers (Pacific herring), and
evaluating/reflecting on benefits and challenges of the approach (Eskilstuna,
ALH, Helge a).

Experiencing change in the organizational culture, e.g. an emerging learning
culture, system understanding, and a shared language (Murray, Goulburn-
Broken).

Building capacity of external actors in planning, monitoring and learning:
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Building capacity of community in planning, monitoring, evaluation and
learning, e.g. by outlining a learning framework and engaging them in the
resilience planning process (Ethiopia)

Using process outputs (e.g. ToC, system description, system assessment,
options and pathways, conceptual models, assumptions) as a basis for
monitoring, evaluation, and adaptive management (Ethiopia, Shyamnagar,
Kangaroo Island, Goulburn-Broken, Murray).

Strengthening capacity of actor networks (Murray), building learning
networks in different arenas, and supporting community-based monitoring
of certain issues using apps (Limpopo).

Facilitating/supporting local-level planning (in local landscapes, social-
ecological systems, or communities) within their regions (Goulburn-
Broken, Murray, Kangaroo Island, ALH).

Devolving responsibility of developing resilience-based plan to a
community committee (Murray).

Encouraging stakeholders to make space for reflection and evaluation
(Limpopo).

Learning in the sense of professional development in the leading partners,
e.g. in resilience thinking, how to apply resilience assessment and
operationalize resilience principles to a specific context (e.g. ALH,
Eskilstuna, Ethiopia).

Using theory-based resilience assessment framework:

Assessing general resilience attributes in a social-ecological system using
qualitative and quantitative data, showing how certain attributes are
important for resilience (Arctic), how they have been eroded over time
(Pacific herring), and how they could change under different scenarios
(Limpopo).

Using framework of general resilience attributes/principles, or adaptive
capacity to, e.g. in local scale planning (Goulburn-Broken, Murray, ALH),
to e.g. organize results from the resilience assessment process (Shyamnagar,
ALH, Eskilstuna), evaluate actions and projects (existing and potential) in
workshops with participants (Eskilstuna, ALH), and assess the adaptive
capacity of communities in community workshops (Murray).

Using and adapting frameworks of: seven resilience principles (Biggs et al.
2015) (Pacific herring, Eskilstuna, ALH, Goulburn-Broken), four categories
of resilience-building strategies (Berkes et al. 2003) (Arctic, Shyamnagar),
five capitals of adaptive capacity (Murray), and characteristics of resilient
systems (Walker and Salt 2006) (Limpopo).

Identifying different climate adaptation pathways and highlighting need to
stay in an “adaptive space” where options are kept open, and where there
are less negative impacts btw actions in different sectors/systems (Kangaroo
Island).

Recommending enhancing certain attributes of general resilience, such as
diversity, social learning, and knowledge networks (Arctic), and
highlighting potential leverage points for a governance transformation
(Pacific herring).

12




6. Emergent

Enabling the creation of (multiple and/or shared) narratives:

— An emerging (shared) change narrative, motivating a need to change and/or
outlining an overarching vision/aspiration/potential (Eskilstuna, Ethiopia,
Shyamnagar, Limpopo, Helge &, Arctic).

— Finding an aspiration or focus that is shared between participants and
possible to collaborate on, even though they have different (and sometimes
conflicting) interests and priorities, e.g. “the mosaic landscape” (Helge ),
or “local food” (Eskilstuna).

— Involving people with different interests and perspectives, capturing
diversity and facilitating dialogue, participation and new interactions, e.g.
through discussions in small, diverse groups, or in separate groups, and
through practices of respectful listening or social learning, and diverse
forms of engagement (relating to 3. Relational, and 1. Contextual)
(Eskilstuna, Helge &, Ethiopia (local), Shyamnagar, Murray, Kangaroo
Island, Limpopo).

— Giving participants or partners influence over the process design and/or
focus, e.g. by involving them early/from the outset (e.g. Kangaroo Island),
and letting them decide focal issues and whether to continue or not (e.g.
Eskilstuna, Ethiopia), and by co-designing process with them (e.qg.
Eskilstuna, ALH), or by devolving responsibilities to them (Murray).

— Ownership in the process outcomes, e.g. by the community (Ethiopia
(local)).

Enabling a broader scope and reinforcing local perspectives:

— Legitimacy, of e.g. process and outcomes (ALH), a broader scope/role of
the leading organization (Eskilstuna), or the authority and perspectives of
indigenous/local communities (Pacific herring, Arctic).

— Broadening the scope of the usual operations of the organization, which
encouraged new partnerships (Ethiopia (national), Eskilstuna).

AIIowmg for emergence through trust-building and a flexible process:
Adapting to surprising, external events (e.g. the global economic crisis), or
changes (e.g. the disestablishment of water governance arrangements
because of a withdrawal of government), by including events in the
analysis, or gradually changing how the organization operates by focusing
more on civil society (Tajikistan, Limpopo).

— Working with formulating qualitative narratives around emergence
(Limpopo).

— Project governance that allows for flexibility in goals and outcomes
(Limpopo).

— Collective action between different actors in the face of a crisis, which e.g.
“managed to keep the water in the Olifants river flowing” (Limpopo).

— Trust and collaboration, e.g. in the project team/between partners (e.g.
Eskilstuna), or between different partners/stakeholders and the leading
organization (Murray).

— Trust, mutual respect, understanding, and/or networks between community
actors/stakeholders with different perspectives, values and knowledge (e.qg.
Ethiopia (local), Shyamnagar, Kangaroo Island).
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Arranging a separate meeting to discuss contested issues that arose
(Ethiopia (local)).

Providing participants with a space to reflect, think more long-term, and
discuss possibilities, compared to the everyday, short-term focus (Ethiopia
(local), Helge ).

A flexible process design, allowing for iterations, changes, experimentation,
and space for reflection, and adaptations to context and participant
responses during the process (relating to 5. Adaptive, and 1. Contextual)
(Eskilstuna, Helge a, ALH, Ethiopia (local), Limpopo).

Experiencing having too little time for iterations (ALH), workshop
exercises not working well and as anticipated, because of e.g. unclear intent
and difficult terms (i.e. not adapting to local context) (Eskilstuna),
organizational procedures limiting “the time and flexibility available to try a
new approach and allow extensive local participation.” (p. 46) (Ethiopia
(national)), and using methods that were not really designed to allow for
new interactions or novelty, e.g. Pacific herring case was more about
validating existing knowledge, to give more legitimacy to the Heltsiuk First
Nation’s authority over their traditional territory, and “allowed for small
surprises to be revealed”.

Trust and relations between partners and actors, and also funders (relating to
3. Relational) (Eskilstuna, ALH, Limpopo).

Building a culture of learning and reflection into the organization/project
and way of operating, through e.g. adaptive governance, adaptive
management, and strategic adaptive management (e.g. Murray, Limpopo,
Kangaroo Island, Goulburn-Broken, Ethiopia).
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